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ABSTRACT

Objective: To determine the clinical performance of partial coverage restorations (PCR) (onlays, occlusal veneers, and partial
crowns) composed of different ceramic and ceramic-based materials to treat extended posterior defects.

Materials and Methods: MEDLINE, Scopus, CENTRAL, ClinicalTrials.gov, and the International Clinical Trials Registry
Platform were searched (inception-February 2024) for randomized controlled trials (RCT) comparing posterior PCRs composed
of different ceramic and ceramic-based materials with a minimum follow-up of 1year.

Results: Six RCTs were included. Resin matrix ceramic (RMC) and lithium disilicate (LDS) restorations had a 3-year survival
rate of 89.3% (95% CI 76.4-95.3) and 93.7% (95% CI 83.7-97.7), respectively, and leucite-reinforced glass ceramic (LRGC) resto-
rations a range between 96.1% (95% CI 90.1-98.9) compared with RMC and 98.3% (95% CI 90.8-100) compared with LDS. After
1-3years of follow-up, LDS slightly outperformed RMC on restoration failure and loss of retention (1.56 more failures and 1.78
more loss of retentions for RMC per 100 restoration-years [low certainty evidence|). No statistically significant differences be-
tween ceramic and ceramic-based materials were detected in short-term follow-up (1-3years of follow-up). The long-term perfor-
mance of posterior PCRs is uncertain.

Conclusion: The survival of LDS restorations may slightly outperform RMC restorations after 3years of follow-up across out-
comes, except for bulk fracture. RCTs providing medium to long-term data are needed.

Clinical Significance: Ceramic and ceramic-based PCRs are a reliable treatment option to restore extended posterior defects.

1 | Introduction have introduced a paradigm shift in restorative dentistry,
moving from full-coverage crowns to minimally invasive,
Advancements in adhesive dentistry and CAD/CAM technol- defect-oriented restorations [1]. Compared to crowns, partial

ogy (computer aided-design/computer-aided manufacturing) coverage restorations (PCR) can preserve residual sound tooth
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structure and achieve a superior bond strength when bonded
to enamel [2-4]. In contrast, full-coverage crown preparations
are more invasive, with an average tooth substance removal
between 67.5%-75.6% compared to 35.5%-46.7% for PCRs [5].
The term “partial coverage restoration” includes inlays that
do not cover any cusp, onlays that cover at least one or more
cusps [6], and partial crowns that cover larger portions of the
clinical crown but leave at least one or more axial surfaces
uncovered [7]. The type of ceramic material used for the
fabrication of PCRs is critically important, as each ceramic
group possesses distinct mechanical and physical properties.
PCRs in the posterior region require fracture resistance, as
opposed to those in the anterior region, which demand supe-
rior esthetics [8]. Ceramic systems used for the fabrication of
PCRs can be classified into silicate ceramics, polycrystalline
ceramics, and resin matrix ceramics (RMC) depending to the
phases present in their chemical composition [9, 10]. Silicate
ceramics can be further subdivided into feldspar porcelain,
leucite-reinforced glass ceramics (LRGC), and lithium disil-
icate (LDS) ceramics [9]. Feldspar porcelain and glass ceram-
ics, available for conventional manufacturing or in blocks for
CAD/CAM processing, consist of both vitreous and crystal-
line phases with a glassy matrix that can be etched [11]. LRGC
were introduced as early generations of CAD/CAM blocks to
increase the strength of glass ceramics by adding of approxi-
mately 35% leucite crystals by volume [12, 13]. However, the
highest strength in glass ceramics (3-4 times higher than
that of original glass-rich ceramics [118 MPa]) was achieved
by precipitating LDS crystals [13-15]. Pressable versions of
these LDS ceramics have been available since the mid 1990's.
However, with the development of subtractive machining,
CAD/CAM machinable chairside blocks have successively
supplemented the injection molding technique [16]. More re-
cently, RMC were developed as a group of CAD/CAM restor-
ative materials combining the advantages of polymers (low
antagonist wear and improved flexural strength) with those of
ceramics (color stability and structural durability) [9, 17, 18].
Based on their microstructure and industrial polymerization
mode, RMC can be further classified in polymer-infiltrated
ceramic network (PICN) with a porous feldspar ceramic net-
work infiltrated by polymers and in resin nano ceramics with
a polymeric matrix reinforced by nano or nanohybrid ceramic
fillers [17, 19]. Available evidence shows that digital work-
flows achieve clinical outcomes for PCRs that are superior to
those of conventional methods, including better accuracy, fit,
time efficiency, and overall success [20, 21]. Multiple factors
impact the outcomes of PCRs. These include the complexity of
the tooth's topography, preparation design and depth, bonding
protocol, digitalization technique, fabrication technique, and
material choice, as well as the proficiency of both the dentist
and the lab technician [22-24]. Previous systematic reviews
on this topic only compared PCRs with single crowns [25-27]
or with direct composite restorations [8, 28, 29], or failed to
apply a comparative effectiveness approach [1, 30]. Thus, the
purpose of this systematic review, the first of its kind, was to
determine the effect of PCRs composed of different ceramic
and ceramic-based materials on the survival rate and associ-
ated technical, biological, and esthetical complications.

2 | Materials and Methods
2.1 | Study Design

The report of this review follows the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) [31] state-
ment. The protocol was registered in the PROSPERO database
(CRD42024542471). To inform the scope of this systematic re-
view, a scoping review including a broad systematic literature
search was conducted to obtain a synoptic view of the available
evidence (32). The review research question (PICO) was defined
as P (Patients): Patients with extended defects treated with PCRs
on posterior teeth; I (Intervention): Ceramic and ceramic-based
PCRs(Onlays, occlusal veneers, partial crowns); C (Comparison):
Comparison of different ceramic and ceramic-based materials;
O (Outcome): Restoration failure and complications of PCRs;
and (S) (Study): Randomized controlled trials (RCT).

2.2 | Information Sources and Search Strategy

To identify completed and ongoing studies, a sensitive search
strategy was developed by an experienced information scientist
based on text analysis of 10 relevant PubMed references known
to the authors. The search was run from inception of each data-
base to 19 February 2024 (date of last search for all databases)
in the following databases and study registers: MEDLINE (via
PubMed), the Cochrane Central Register of Controlled Trials
(via Cochrane Library), Scopus, WHO International Clinical
Trials Registry Platform and ClinicalTrials.gov without restric-
tions regarding language or publication type. The full details of
our search strategy are provided in Table 1. Potentially eligible
studies were also identified manually from the reference list of
included articles.

2.3 | Study Selection

Reviewers participating in the screening process were calibrated
to ensure optimal application of eligibility criteria. Two review-
ers (P.K. and S.P.) independently conducted title and abstract
screening using a pre-piloted form, including variables com-
patible with the eligibility criteria (Table 2). Potentially eligible
articles from the title and abstract screening were then evalu-
ated using full texts (L.P. and S.P.). Discrepancies in screening
processes were resolved by discussion or with a third reviewer
serving as arbiter (P.G.).

2.4 | Data Extraction

Two reviewers (L.P. and S.P.) independently extracted relevant
information from the included studies. Variables for data ex-
traction were: Study design, number of participants at baseline,
number of participants at follow-up, number of drop-outs, tooth
vitality, restoration type, restoration material, preparation de-
sign and thickness, restoration thickness, workflow, follow-up
time, placed number of restorations, number of restorations at
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TABLE1 | Search strategies of included databases.

Search strategy
MEDLINE via PubMed #1
crown*[tw] OR onlay*[tw] OR overlay*[tw] OR inlay*[tw] OR veneer*[tw]
#2
“Dental Restoration, Permanent”[mh] OR restor*[tw]
#3

Scopus (advanced search)

Cochrane Central Register of
Controlled Trials (via Cochrane
Library), Issue 2 of 12, February
2024

ClinicalTrials.gov

WHO ICTRP

10 relevant PubMed records
(PMIDs) used to develop the
search strategy

“Dental Restoration Failure”[mh] OR “Survival Analysis”’[mh] OR
“Survival Rate”[mh] OR survival[tw] OR fractures[tw]
#4
#1 AND #2 AND #3=5840

TITLE-ABS-KEY((crown* OR onlay* OR overlay* OR inlay* OR veneer*)
AND restor* AND (failure OR survival OR fractures) AND (random* OR trial
OR placebo OR groups) OR (cohort OR (control AND study) OR (control AND

group*) OR {follow-up} OR {follow up} OR {time factors} OR CI))=5609

1. (crown* OR onlay* OR overlay* OR inlay* OR veneer*):ti,ab,kw
2. [mh “Dental Restoration, Permanent”] OR restor*:ti,ab,kw
3. [mh “Dental Restoration Failure”] OR [mh “Survival Analysis”] OR [mh “Survival
Rate”] OR (survival OR fractures):ti,ab,kw
4, #1 AND #2 AND #3 =894

((crown OR crowns OR onlay OR onlays OR overlay OR overlays OR inlay
OR inlays OR veneer OR veneers) AND (restore OR restored OR restoring OR
restoration OR restorations) AND (failure OR survival OR fractures)) =219

((crown* OR onlay* OR overlay* OR inlay* OR veneer*) AND
(restor*) AND (failure OR survival OR fractures)) =30

23342329[PMID] OR 26891618[PMID] OR 24600653[PMID] OR 28689915[PMID]
OR 33012530[PMID] OR 22372380[PMID] OR 34415434[PMID] OR
34624421[PMID] OR 29214376[PMID] OR 32500864[PMID]

TABLE 2 | Eligibility criteria.

Inclusion criteria

Exclusion criteria

o Human trials

« Language: English

» Peer-reviewed articles
« Study design: RCTs

« Studies with a mean follow-up time of at least 12 months
« Studies including at least 10 patients

« Clinical examination of patients at follow-up visit

» Material composition is still commercially available

o Silicate ceramics

o Feldspar

«  Leucite-reinforced
o Lithium disilicate

« Case reports and case series, expert opinions, animal
studies
« In vitro studies

« Poster abstracts, interviews, or protocols
 Article not written in English
« Studies with the same sample

« Data extracted based on charts (no clinical examination of
patients)

« Cast restorations (e.g., gold, metal oxides)

« Inlays and direct composite restorations

« Studies not meeting the inclusion criteria

«  Lithium silicate/phosphate glass ceramics
° Resin matrix ceramics (materials contain ceramic

particles)
o  Zirconia

« Restorations on permanent teeth

« Separate outcome for ceramic, various ceramic compositions,

and composite restorations reported

« Separate outcome for PCRs, inlays, and full crowns reported
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follow-up, total number of failed units, survival rate definition,
total number of survived units, survival rates, and complications.

2.5 | Outcome Measures

Restoration failure was the primary outcome of this review.
Different types of biological, technical, and esthetical compli-
cations, as well as preparation design and thickness, were ana-
lyzed as secondary outcomes:

« Survival rate: Number of restorations remaining in situ
at the final follow-up visit with or without the need for
maintenance.

Failure rate: Number of restorations lost, removed, or
remade.

Bulk fracture rate: Number of restoration failures due to cat-
astrophic bulk fractures.

Chipping rate: Number of restorations with minor or major
chippings.

Loss of retention rate: Number of restorations with one or
more cementation failures.

Endodontic complication rate: Number of teeth with end-
odontic problems after the restoration placement.

Tooth fracture rate: Number of teeth with a tooth fracture
after the restoration placement.

Secondary caries rate: Number of teeth presenting a caries
lesion associated with the restoration.

Marginal adaptation: Score of teeth presenting a vertical dis-
tance between the finish line of the prepared tooth and the
margin of the restoration.

Esthetic and surface properties: Score of teeth present-
ing surface luster, marginal staining, color match, surface
roughness, and wear.

Preparation design and thickness: Type of prepara-
tion design, geometry, reduction, and extension of the
preparation.

2.6 | Certainty of the Evidence

Two reviewers (A.C.-L. and L.P.) independently assessed
the certainty of the body of evidence using the Grades of
Recommendation, Assessment, Development, and Evaluation
approach (GRADE). In GRADE, five domains are assessed to
rate down the certainty of the evidence from RCTs (i.e., Risk of
bias, inconsistency, indirectness, imprecision, and publication
bias) [33, 34]. The software GRADEpro (www.gradepro.org) was
used to generate a summary-of-findings table. The risk of bias of
the included studies was assessed using the Cochrane risk-of-
bias tool for randomized trials (RoB 2.0) [35]. Five domains were
assessed: Bias arising from the randomization process, bias due
to deviations from the intended intervention, bias due to miss-
ing outcome data, bias in the measurement of the outcome, and
bias in the selection of the reported result. The risk of bias was
judged as high, low, or some concerns.

2.7 | Data Analysis

For individual studies, survival rates and incidence rates (IR
per 100years) of restoration failures and complications were
estimated assuming a Poisson distribution. Effect sizes and
their 95% confidence intervals for comparisons of IR between
two a priori defined subgroups (vital versus non-vital teeth)
were calculated. Effect estimates from included studies were
pooled using a random-effects model, and incidence rate
ratios (IRR) and 95% confidence intervals were calculated
and presented in tables and forest plots. Between-study het-
erogeneity, such as the test of homogeneity (level of signifi-
cance =0.10), variance between studies (t2), and I* statistic
were calculated. Statistical tests were two-sided at a signifi-
cance level of significance =0.05. Stata 16.1/IC for Unix was
used for statistical analysis. Narrative statements summariz-
ing study results were created for the outcomes of marginal
adaptation, esthetic properties, preparation design, and res-
toration thickness.

3 | Results
3.1 | Study Selection

A total of 12,592 records were identified by the search. After du-
plicate removal using Deduklick [36], 7912 records were identi-
fied, which were selected for title/abstract screening (Figure 1).
123 full-text articles remained for full-text screening, and 117
references were excluded. The main reasons for exclusion were
the reporting of aggregated data combining outcomes for inlays
and onlays, anterior and posterior restorations or other types of
ceramic restorations (n=>51), references identified as interim
reports of eligible studies with the same population (n=16),
and studies not using an RCT design (n=22). Six RCTs report-
ing head-to-head comparisons among different ceramic and
ceramic-based materials were included in this review (Table 3)
[37-42].

3.2 | Study Characteristics and Risk of Bias
Assessment

All studies were conducted in academic settings. A total num-
ber of 472 PCRs was placed in 324 participants. The dropout
rate varied between 0% and 44%. Four RCTs investigated on-
lays [37, 39-41], one partial crowns [38], and one occlusal ve-
neers [42]. Due to a similar extension of the preparation, the
study reporting on occlusal veneers was included as an onlay
in the meta-analysis. Four studies compared RMC and LDS
[37, 39, 40, 42], one LRGC and LDS [38], and one study RMC
and LRGC [41]. No PCRs fabricated from zirconia were identi-
fied in the included studies. Four studies reported short-term
(1-3years) [37, 39, 40, 42], one study mid-term (4-6years) [41],
and one study long-term (> 7 years) [38] follow-ups. Three stud-
ies applied a fully digital workflow [37, 41, 42], and two stud-
ies applied a hybrid conventional-digital workflow [39, 40].
One study compared Press (LDS) and CAD (LRGC) ceramics
and used a conventional impression method; hence, a con-
ventional and conventional-digital workflow was performed
[38]. Two studies performed cementation with resin-based
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Studies assessed for eligibility (n = 123)

Studies excluded (n = 117)
—> Pooled data (n =51)

Missing data (n=2)
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Wrong intervention (n =14)

Wrong study design (n=22)

No clinical examinations performed (n=7)
Same sample (n=16)

Material not commercially available (n=4)
Less than 10 patients included (n=1)

Studies included in review (n =6)

FIGURE1 | Prisma Flow chart for article selection.

composite materials [38, 42]. Three studies used dual-curing
resin cement [39-41] and one study used two different types
of cement; however, it was not reported whether they used
dual or light-curing [37]. Due to large clinical heterogeneity
of adhesion protocols (adhesives, cements, and surface pre-
treatment), the influence of the cementation technique was
not analyzed in this review. The risk of bias assessment across
studies showed concerns about limitations arising from the
randomization process and deviation from the intended inter-
vention (Figure 2).

Included studies ongoing (n = 0)
Studies awaiting classification (n = 0)

3.3 | Outcomes
3.3.1 | Survival and Failure Rates

Four studies reported data suitable for meta-analysis
[37, 39, 40, 42], and two studies meeting eligibility criteria were
not included in the pooled estimate [38, 41]. None of the six in-
cluded studies provided a formal definition of survival. Instead,
two studies delivered a definition of failure [38, 42]. One of
these studies defined a failure as restoration replacement [38]
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Domains: Judgement

D1: Bias arising from the randomization process. ,

D2: Bias due to deviations from intended intervention. ’ High

D3: Bias due to missing outcome data. - Some concerns
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. ‘ Low

FIGURE2 | Risk of bias assessment summary according the Revised Cochrane risk-of-bias tool for randomized trials (Rob2).

and the other study as both restoration replacement and unac-
ceptable complications that were reparable [42]. Four studies
with short-term follow-up (1-3years) reported study-specific
survival rates between 83.1%-100% for RMC and 90%-100% for
LDS [37, 39, 40, 42]. Survival rates of 97% for LRGC and 100% for
LDS were reported after 7years of follow-up [38]. A study with
mid-term follow-up did not provide any survival rates; instead,
the probability of fracture was specified [41] (Table 3). The fail-
ure incidence rate estimate was 3.69 per 100 restoration-years
(95% CI 1.59-8.57) for RMC and 2.13 per 100 restoration-years
(95% CI 0.79-5.74) for LDS onlays. Translated into overall sur-
vival rates, estimated annual survival rates were 96.3% (95% CI
91.4-98.4) for RMC and 97.9% (95% CI 94.3-99.2) for LDS and
3-year survival rates were 89.3% (95% CI 76.4-95.3) for RMC
and 93.7% (95% CI 83.7-97.7) for LDS. Two additional studies not
included in the meta-analysis (n =85 restorations, 5-7years fol-
low-up) suggested an estimated 3-year survival rate for LRGC of
96.1% (95% CI 90.1-98.9) compared with RMC [41] and of 98.3%
(95% CI90.8-100) compared with LDS (Table 4) [38]. For the out-
come of restoration failure after 1-3years follow-up, the meta-
analysis including 252 restorations showed an IRR of 1.74 (95%
CI 0.54-5.57; I’=0.00; p=0.228) [37, 39, 40, 42] (Table 5 and
Figure 3). In absolute terms, RMC restorations may experience
1.56 more failures per 100 restoration-years compared to LDS
(low certainty of evidence) (Table 6). Two additional studies not
included in the meta-analysis (n=169 restorations) suggested
that RMC restorations compared to LRGC show an IRR of 0.75
(95% CI:0.17-3.35) [41] and LRGC compared to LDS of 1.92 (95%
CI0.06-57.23) [38] (Table 5).

3.3.2 | Bulk Fracture

The bulk fracture incidence rate was 0.32 per 100 restoration-
years (95% CI 0.05-2.27) for RMC and 1.07 per 100 restoration-
years (95% CI 0.35-3.33) for LDS (Table 7). For the outcome of
bulk fracture after 1-3years follow-up, the meta-analysis includ-
ing 252 restorations shows an IRR of (0.53 (95% CI 0.20-1.37);
2=0.00; p=0.124) [37, 39, 40, 42] (Figure 4). In absolute terms,
RMC restorations may experience 0.75 fewer bulk fractures per
100 restoration-years compared to LDS (low certainty of evidence)
(Table 6). Two additional studies not included in this meta-analysis

(n=169 restorations) suggested that RMC restorations compared
to LRGC show an IRR of 0.25 (95% CI 0.03-2.24) and LRGC com-
pared to LDS of 1.92 (95% CI 0.06-57.23) [38, 41].

3.3.3 | Chipping

The chipping incidence rate was 2.29 per 100 restoration-years
(95% CI 0.97-5.40) for RMC and 1.89 per 100 restoration-years
(95% CI 0.70-5.09) for LDS (Table 8). For the outcome chipping
after 1-3years follow-up, the meta-analysis including 252 res-
torations revealed an IRR of (1.10 (95% CI 0.26-4.57); I>=0.00;
p=0.849) [37, 39, 40, 42] (Figure 5). In absolute terms, RMC res-
torations may experience 0.4 more chippings per 100 restoration-
years compared to LDS (low certainty of evidence) (Table 6). Two
additional studies not included in the meta-analysis (n =169 res-
torations) suggested that RMC restorations compared to LRGC
show an IRR of 1.00 (95% CI 0.06-15.99) and LRGC compared to
LDS of 0.64 (95% CI 0.11-3.83) [38, 41].

3.3.4 | Loss of Retention

The loss of retention incidence rate was 2.76 per 100 restoration-
years (95% CI 0.93-8.24) for RMC and 0.98 per 100 restoration-
years (95% CI 0.23-4.14) for LDS (Table 9). For the outcome loss
of retention after 1-3years follow-up, the meta-analysis including
212 restorations showed an IRR of (1.54 (95% CI: 0.01-196.50);
2=49.74; p=0.740) [37, 40, 42] (Figure 6). In absolute terms,
RMC restorations may experience 1.78 more loss of retentions
per 100 restoration-years compared to LDS (low certainty of evi-
dence) (Table 6). Two additional studies not included in this meta-
analysis (n=169 restorations) suggested that RMC restorations
compared to LRGC show an IRR of 1.00 (95% CI 0.02-50.40) and
LRGC compared to LDS of 0.96 (95% CI 0.02-48.38) [38, 41].

3.3.5 | Endodontic Complications
The endodontic complication incidence rate was 0.92 per 100

restoration-years (95% CI 0.14-5.98) for RMC and 0.53 per 100
restoration-years (95% CI 0.05-5.39) for LDS (Table 10). For the
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outcome endodontic complication after 1-3years follow-up, the
meta-analysis including 252 restorations revealed an IRR of 1.16
(95% CI0.20-6.79; I*=0.00; p=0.811) [37, 39, 40, 42] (Figure 7).
In absolute terms, RMC restorations may experience 0.39 more
endodontic complications per 100 restoration-years compared to
LDS (low certainty of evidence) (Table 6 ). Two additional stud-
ies not included in this meta-analysis (n =169 restorations) sug-
gested that RMC restorations compared to LRGC show an IRR
of 4.00 (95% CI 0.18-88.70) and LRGC compared to LDS of 0.96
(95% CI: 0.02-48.38) [38, 41].

3.3.6 | Tooth Fracture

For the outcome tooth fracture after 1-3years follow-up,
one study suggested an IR of 0.67 (95% CI 0.08-2.41) per 100

TABLE 5 | Results for the outcome restoration failure; RMC versus
LDS, single studies and meta-analysis summary.

Study IRR (95% CI) Weight
Fasbinder et al. 2020 0.75 (0.17-3.35) —
Guess et al. 2013°¢ 1.92 (0.06-57.23) —
Hassan et al. 20244 1.00 (0.14-7.10) 22.14%
Schlichting et al. 20224 0.33 (0.01-9.94) 7.38%
Souza et al. 20214 1.00 (0.02-50.40) 5.54%
Zhang et al. 20224 2.65 (0.84-8.33) 64.94%

Overall? 1.74 (0.54-5.57)
Test of overall effect=1 1.51, p=0.228

tau? 0.00

e 0.00

H? 1.00

Test of homogeneity (Q) 1.82, p=0.611

Abbreviations: LDS: Lithium disilicate; LRGC: Leucite-reinforced glass ceramic;
RMC: Resin matrix ceramic.

2Random-effects model, REML.

PRMC versus LRGC.

‘LRGC versus LDS.

dRMC versus LDS, standard continuity correction when no failures were
observed.

Study

restoration-years for RMC and no events for LRGC [41]. Another
study revealed an IR of 0.58 per 100 restoration-years (95% CI
0.01-3.26) for RMC and no events for LDS [37]. No tooth frac-
tures were observed in the other four included studies after
1-3years follow-up [38-40, 42] (Table 11).

3.3.7 | Secondary Caries

No secondary caries was reported in any of the studies.

3.3.8 | Marginal Adaptation

At 1-year follow-up, RMC and LDS showed deteriorations in
marginal adaptation from baseline assessment of 100% excellent
to 90% [39]. At 2-year follow-up, deterioration was noticed in
both ceramic materials, with better scores for RMC compared
to LDS; however, no statistically significance was detected
between both materials after two years [40, 42]. At 3-year fol-
low-up, RMC and LDS onlay restorations were both assessed
as clinically excellent [37]. A study comparing RMC and LRGC
onlays reported scores greater than 93% alfa for all restorations
over a 5-year observation period [41]. In contrast, LRGC and
LDS partial crowns revealed significantly decreasing alfa rat-
ings for the marginal adaptation of both groups over 7years of
follow-up [38]. Marginal adaptation seems to be high in short
and mid-term, while deteriorations are noticeable in long-term
(low certainty of evidence) (Table 6).

3.3.9 | Esthetic and Surface Properties

The evidence on esthetics and surface properties is heteroge-
neous across individual studies, with the evidence rated as
very low certainty for all these outcomes (Table 6). For RMC,
statistically significant deteriorations were detected after
6 months of follow-up for surface luster, marginal staining,
and color match. In contrast, for LDS no statistically signif-
icant differences were detected, except for marginal staining
[37]. At 1year follow-up, both LDS and RMC were considered
clinically acceptable, with no statistically significant differ-
ences in color match or marginal staining between both mate-
rials [39, 40]. However, a study reported a slight deterioration
in surface luster in the LDS group, which was statistically

Hassan et al. 2024

Schlichting et al. 2022
Souza et al. 2021

Zhang et al. 2022

Overall

Heterogeneity: ° = 0.00, /* = 0.00%, H* = 1.00
Test of ;= 6; Q(3) = 1.82, p=0.61

Test of = 0: t(3) = 1.51, p=0.23

IRR Weight
with 95% ClI (%)
—‘— 1.00[0.14, 7.10] 22.14
- 0.33[0.01, 9.94] 7.38
1.00[0.02, 50.40] 5.54
-~ 2.65[0.84, 8.33] 64.94

i 1.74[0.54, 5.57]

0.02  0.20 1.00 50.00

Random-effects REML model
Knapp-Hartung standard errors

FIGURE3 | Forest plot on the outcome of restoration failure including four RCTs with a comparison of RMC and LDS.
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TABLE 7 | Events and bulk fracture rates of all included studies.

No. of Mean FU Total FU No. of Incidence rate (IR)?

Study Material rest. (month) (years) complications per 100years (95% CI)?
Fasbinder et al. 2020 LRGC 60 60.0 300.0 4 1.33(0.36-3.41)

RMC 60 60.0 300.0 1 0.33(0.01-1.86)
Guess et al. 2013 LDS 24 84.0 168.0 0 0(0-2.20)

LRGC 25 84.0 175.0 1 0.57 (0.01-3.18)
Hassan et al. 2024 LDS 20 24.0 40.0 0 0(0-9.22)

RMC 20 24.0 40.0 0 0(0-9.22)
Schlichting et al. 2022 LDS 24 27.1 54.2 0 0(0-6.81)

RMC 36 27.1 81.3 0 0 (0-4.54)
Souza et al. 2021 LDS 20 12.0 20.0 0 0(0-18.44)

RMC 20 12.0 20.0 0 0(0-18.44)
Zhang et al. 2022 LDS 55 36.0 165.0 3 1.82(0.37-5.31)

RMC 57 36.0 171.0 1 0.58 (0.01-3.26)
Summary®

LDS 119 279.2 3 1.07 (0.35-3.33)

RMC 133 312.3 1 0.32(0.05-2.27)

Abbreviations: CI: Confidence interval; FU: Follow-up; LDS: Lithium disilicate; LRGC: Leucite-reinforced glass ceramic; No. of complications: Number of

complications; No. of rest.: Number of restorations; RMC: Resin matrix ceramic.

2Assuming Poisson distributed complications, confidence interval of IR are one-sided when no complications were observed.
bStudies with RMC and LDS (Hassan, Schlichting, Souza, Zhang) estimation by random-effects Poisson regression.

IRR Weight
Study with 95% CI (%)
Hassan et al. 2024 ] 1.00[0.02, 50.40] 16.67
Schlichting et al. 2022 - 0.67 [0.01, 33.60] 16.67
Souza et al. 2021 » 1.00 [ 0.02, 50.40] 16.67
Zhang et al. 2022 D e 0.32[0.03, 3.09] 50.00
Overall - 0.53[0.20, 1.37]
Heterogeneity: 7° = 0.00, /° = 0.00%, H* = 1.00
Test of 6, = 6; Q(3) = 0.40, p=0.94
Test of 6 = 0: t(3) =-2.12, p=0.12

002 020 1.00 50.00

Random-effects REML model
Knapp-Hartung standard errors

FIGURE4 | Forest plot on the outcome of bulk fracture including four RCTs with a comparison of RMC and LDS.

significant [39]. At a 3-year follow-up, esthetic properties of
RMC and LDS presented deteriorations with no statistically
significant difference [37]. Another study, including occlusal
veneers composed of RMC, exhibited significantly more de-
terioration in surface roughness than their LDS counterparts
[42]. The same study found that color match and marginal
staining were also slightly better for LDS; however, no sta-
tistical significance was detected [42]. Two studies detected
broader wear facets in RMC restorations up to 5 years follow-up
[37, 41]. However, only a limited number of restorations were
affected. Most studies did not find a significant difference be-
tween RMC and LDS regarding wear [39-41], except for one
study with significantly more deterioration in the RMC group
after 3years of follow-up [37]. One study comparing RMC and

LRGC onlays reported scores greater than 93% alfa concern-
ing all evaluated esthetic properties (surface luster, marginal
staining, color match) over a 5-year observation period [41].
LRGC and LDS partial crowns revealed deteriorations of color
match and surface roughness over 7years of follow-up, which
were significantly more frequent in LDS than LRGC [38].

3.3.10 | Preparation Design and Thickness

Different preparation designs were described in the included
studies concerning geometry, reduction, and extension of
the preparation. One study applied a non-retentive prepa-
ration design with occlusal reduction solely [42]. Regarding
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TABLE 8 | Eventsand chipping rates of all included studies.

No. of Mean FU Total FU No. of Incidence rate (IR)? per

Study Material rest. (month) (years) complications 100years (95%-CI)?
Fasbinder et al. 2020 LRGC 60 60.0 300.0 1 0.33(0.01-1.86)

RMC 60 60.0 300.0 1 0.33(0.01-1.86)
Guess et al. 2013 LDS 24 84.0 168.0 3 1.79 (0.37-5.22)

LR GC 25 84.0 175.0 2 1.14 (0.14-4.13)

Hassan et al. 2024 LDS 20 24.0 40.0 0 0(0-9.22)

RMC 20 24.0 40.0 0 0(0-9.22)
Schlichting et al. LDS 24 27.1 54.2 1 1.85(0.05-10.28)
2022 RMC 36 27.1 81.3 5 6.15 (2.00-14.35)
Souza et al. 2021 LDS 20 12.0 20.0 1 5.00(0.13-27.86)

RMC 20 12.0 20.0 0 0(0-18.44)
Zhang et al. 2022 LDS 55 36.0 165.0 3 1.82(0.37-5.31)

RMC 57 36.0 171.0 2 1.17 (0.14-4.22)
Summary®

LDS 119 279.2 5 1.89 (0.70-5.09)

RMC 133 312.3 7 2.29 (0.97-5.40)

Abbreviations: CI: Confidence interval; FU: Follow-up; LDS: Lithium disilicate; LRGC: Leucite-reinforced glass ceramic; No. of complications: Number of

complications; No. of rest.: Number of restorations; RMC: Resin matrix ceramic.

2Assuming Poisson distributed complications, confidence interval of IR are one-sided when no complications were observed.
bStudies with RMC and LDS (Hassan, Schlichting, Souza, Zhang) estimation by random-effects Poisson regression.

IRR Weight
Study with 95% CI (%)
Hassan et al. 2024 = 1.00[0.02, 50.40] 9.55
Schlichting et al. 2022 ———— 3.33[0.39, 28.53] 31.85
Souza et al. 2021 = 0.50 [0.02, 14.90] 12.74
Zhang et al. 2022 —— 0.64[0.11, 3.85] 45.86
Overall —~l— 1.10[0.26, 4.57]
Heterogeneity: 7° = 0.00, /* = 0.00%, H* = 1.00
Test of 6, =6: Q(3) = 1.58, p = 0.66
Test of 8 = 0: t(3) = 0.21, p = 0.85

002 020 1.00 50.00

Random-effects REML model
Knapp-Hartung standard errors

FIGURES5 | Forest plot on the outcome of chipping including four RCTs with a comparison of RMC and LDS.

preparation thickness, one study reported an occlusal re-
duction of at least 2mm [38], and three studies of 1.5-2mm
[39-41]. The lowest occlusal reduction was 0.4-0.6 mm at the
central groove and 1.0-1.3mm at the cusp tips, which was
performed for occlusal veneers composed of RMC and LDS
[42]. One study did not provide any information about prepa-
ration thickness [37]. Two of the included studies specified a
restoration thickness of 1.5-2mm [39] and 1.5mm [38]. Only
the aforementioned study on RMC and LDS occlusal veneers
applied a minimally invasive restoration thickness of 0.55 mm
at the central groove, 0.89 mm at the internal cusp slope, 1 mm
at the cusp tip, and 0.78 mm at the marginal ridge [42]. After
2.3years of follow-up the study (n=60 restorations) did not
identify any bulk fracture; however, five chipping fractures in

the RMC arm were observed [42]. The certainty of the evi-
dence for preparation and restoration thickness was rated as
very low (Table 6).

3.4 | Subgroup Analysis
3.4.1 | Tooth Vitality

Subgroup comparisons of onlay restorations placed on vital
versus non-vital teeth were performed for the outcomes of res-
toration failure, bulk fracture, chipping, loss of retention, and
endodontic complication including 140 restorations on vital
[39, 40, 42] and 112 on non-vital teeth [37]. When comparing

16 of 22

Journal of Esthetic and Restorative Dentistry, 2024

85UB017 SUOWIWOD SAIIER.D 3(cedldde ayy Aq pausenob afe sajoie YO ‘8sn Jo S9N 10y Areiq18UIUO A8]IAA UO (SUDNIPUCD-PUE-SWLS)W00 A8 | Ale.d|Buluoy/:Sdny) SUONIPUOD pue sWwe 1 8y} 885 *[G202/T0/60] U0 AkiqiTauliuo A1 eiuelAsuted JO AsAIN AQ ESEET PR ITTTT 0T/I0p/W00 A8 1M Aeiq iUl |uo//Sdiy Woj papeoiumod ‘0 ‘0Z880.LT



TABLE 9 | Eventsand loss of retention rates of all included studies.

No. of Mean FU Total FU No. of Incidence rate (IR)?

Study Material rest. (month) (years) complications per 100years (95%-CI)?
Fasbinder et al. 2020 LRGC 60 60.0 300.0 0 0(0-1.23)

RMC 60 60.0 300.0 0 0(0-1.23)
Guess et al. 2013 LDS 24 84.0 168.0 0 0(0-2.20)

LRGC 25 84.0 175.0 0 0(0-2.11)
Hassan et al. 2024 LDS 20 24.0 40.0 2 5.00 (0.61-18.06)

RMC 20 24.0 40.0 0 0(0-9.22)
Schlichting et al. 2022 LDS 24 27.1 54.2 0 0(0-6.81)

RMC 36 27.1 81.3 0 0 (0-4.54)
Zhang et al. 2022 LDS 55 36.0 165.0 1 0.61 (0.02-3.38)

RMC 57 36.0 171.0 9 5.26 (2.41-9.99)
Summary®

LDS 99 259.2 3 0.98 (0.23-4.14)
RMC 113 292.3 9 2.76 (0.93-8.24)

Abbreviations: CI: Confidence interval; FU: Follow-up; LDS: Lithium disilicate; LRGC: Leucite-reinforced glass ceramic; No. of complications: Number of

complications; No. of rest.: Number of restorations; RMC: Resin matrix ceramic.

2Assuming poisson distributed complications, confidence interval of IR are one-sided when no complications were observed.
bStudies with RMC and LDS (Hassan, Schlichting, Souza, Zhang) estimation by random-effects poisson regression.

Study

IRR Weight
with 95% CI (%)

Hassan et al. 2024

.—.—

0.25[0.01, 5.54] 31.50

Schlichting et al. 2022

Zhang et al. 2022

Overall

Heterogeneity: 7° = 2.24, I = 49.74%, H* = 1.99
Testof6,=6;:Q(2) =3.94, p=0.14

Testof @ =0:1(2) =0.38, p=0.74

L 0.67[0.01, 33.60] 23.93

—M—— 868[1.10, 68.54] 4456

e 1 54 [ 0.01, 196.50]

Random-effects REML model
Knapp-Hartung standard errors

T T 1
0.20 1.00 196.50

FIGURE 6 | Forest plot on the outcome of loss of retention including three RCTs with a comparison of RMC and LDS.

RMC and LDS, no statistically significant differences were iden-
tified for onlay restorations placed on vital versus non-vital teeth
(restoration failure: p=0.22, bulk fracture: p=0.54, chipping:
p=0.43, loss of retention: p=0.05, endodontic complication:
p=0.92) (Supporting Information).

4 | Discussion

This is the first systematic review, including meta-analysis
based on RCTs comparing PCRs composed of different ce-
ramic and ceramic-based materials (RMC, LRGC, and LDS).
The results suggest that PCRs, either composed of RMC or
LDS, have 3-year survival rates of 89.3% (95% CI 76.4-95.3) and
93.7% (95% CI 83.7-97.7), respectively [37, 39, 40, 42]. Studies
not included in the meta-analysis also show similar results
[38, 41]. After 1-3years of follow-up, LDS slightly outperforms

RMC regarding the outcomes of restoration failure and loss of
retention (1.56 more failures and 1.78 more loss of retentions
for RMC per 100 restoration-years). A small, insignificant dif-
ference was detected in favor of RMC compared to LDS for the
outcome of bulk fracture (0.75 fewer bulk fractures for RMC
per 100 restoration-years). For the outcome of chipping, little
to no difference was found (0.4 more chippings and 0.4 more
endodontic complications for RMC per 100 restoration-years).
None of these short-term follow-up differences between resto-
ration materials were statistically significant. Bulk fractures
and loss of retention were the most common mechanical com-
plications reported, whereas endodontic complications and
tooth fractures were the most frequently reported biological
complications. The evidence was rated as very uncertain for
the outcomes of tooth fracture, secondary caries, marginal
adaptation, esthetic properties, preparation, and restoration
thickness.
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TABLE 10 | Events and endodontic complication rates of all included studies.

Mean FU Total FU No. of Incidence rate (IR)?

Study Material No. of rest. (month) (years) complications  per 100years (95%-CI)*
Fasbinder et al. 2020 LRGC 60 60.0 300.0 0 0(0-1.23)

RMC 60 60.0 300.0 2 0.67 (0.08-2.41)
Guess et al. 2013 LD 24 84.0 168.0 0 0(0-2.20)

LRGC 25 84.0 175.0 0 0(0-2.11)
Hassan et al. 2024 LD 20 24.0 40.0 0 0(0-9.22)

RMC 20 24.0 40.0 2 5.00 (0.61-18.06)
Schlichting et al. LD 24 27.1 54.2 1 1.85(0.05-10.28)
2022 RMC 36 27.1 81.3 0 0 (0-4.54)
Souza et al. 2021 LD 20 12.0 20.0 0 0(0-18.44)

RMC 20 12.0 20.0 0 0(0-18.44)
Zhang et al. 2022 LD 55 36.0 165.0 0 0(0-2.24)

RMC 57 36.0 171.0 0 0(0-2.16)
Summary®

LDS 119 279.2 1 0.53(0.05-5.39)
RMC 133 312.3 2 0.92 (0.14-5.98)

Abbreviations: CI: Confidence interval; FU: Follow-up; LDS: Lithium disilicate; LRGC: Leucite-reinforced glass ceramic; No. of complications: Number of

complications; No. of rest.: Number of restorations; RMC: Resin matrix ceramic.

2Assuming Poisson distributed complications, confidence interval of IR are one-sided when no complications were observed.
bStudies with RMC and LDS (Hassan, Schlichting, Souza, Zhang) estimation by random-effects Poisson regression.

IRR Weight
Study with 95% ClI (%)
Hassan et al. 2024 ——Jll——4.00[0.18, 88.70] 32.43
Schlichting et al. 2022 il 0.33[0.01, 9.94] 27.03
Souza et al. 2021 L 1.00 [ 0.02, 50.40] 20.27
Zhang et al. 2022 L] 0.96 [ 0.02, 48.63] 20.27
Overall —~ T 1.16[0.20, 6.79]
Heterogeneity: 7° = 0.00, /* = 0.00%, H* = 1.00
Test of 6 = 6: Q(3) = 1.15, p=0.77
Test of 6 =0:t(3) =0.26, p=0.81

0.'02 0.|20 l.IOO 50.'00

Random-effects REML model
Knapp-Hartung standard errors

FIGURE 7 | Forest plot on the outcome of endodontic complication including four RCTs with a comparison of RMC and LDS.

A previous systematic review on the longevity of ceramic on-
lays reported survival rates ranging between 91% and 100% after
2-5years follow-up [1]. Two additional systematic reviews on
the performance of PCRs estimated a 5-year survival rate of 92%
[8, 30] for glass ceramic and 90% [8] to 95% [30] for feldspar ce-
ramic. Available systematic reviews on this topic differ from the
present one since they did not compare ceramic materials but
assessed them against single crowns [25-27] or direct compos-
ite restorations [8, 28, 29], or did not implement a comparative
effectiveness framework to determine treatment effects [1, 30].
Furthermore, most systematic reviews did not distinguish the
extent of the restoration (inlay or onlay) [8, 27, 43]. The only
available systematic review with a similar comparison among
ceramic and ceramic-based materials (RMC and all-ceramic
PCRs) [17], did not include a meta-analysis and only reported

success rates. A previous systematic review stated that the elastic
and flexible properties of RMC are the most probable reason for
the superiority of RMC regarding bulk fractures, which might
result in greater resilience and improved ability of stress absorp-
tion compared to brittle ceramics [17]. This assumption is con-
firmed by one study not included in the meta-analysis (n =120
restorations) that also observed slightly more bulk fractures (four
LGRC, one RMC) for LGRC compared with RMC after 5Syears
[41]. In alignment with the present review findings, other stud-
ies also identified bulk fracture and loss of retention as the most
common causes of PCR failures [1, 29, 30]. Loss of retention
occurred as a failure of the cementation interface and might
therefore be associated with a lower bond strength of RMC com-
pared to LDS [1]. A previous study investigating the influence
of surface treatment on the bond strength of different CAD/
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TABLE 11 | Events and tooth fracture rates of all included studies.

Mean FU Total FU No. of tooth Incidence rate (IR)?

Study Material No. of rest. (month) (years) fractures per 100years (95%-CI)?
Fasbinder et al. 2020 LRGC 60 60.0 300.0 0 0(0-1.23)

RMC 60 60.0 300.0 2 0.67 (0.08-2.41)
Guess et al. 2013 LDS 24 84.0 168.0 0 0(0-2.20)

LRGC 25 84.0 175.0 0 0(0-2.11)
Hassan et al. 2024 LDS 20 24.0 40.0 0 0(0-9.22)

RMC 20 24.0 40.0 0 0(0-9.22)
Schlichting et al. 2022 LDS 24 27.1 54.2 0 0(0-6.81)

RMC 36 27.1 81.3 0 0 (0-4.54)
Souza et al. 2021 LDS 20 12.0 20.0 0 0(0-18.44)

RMC 20 12.0 20.0 0 0(0-18.44)
Zhang et al. 2022 LDS 55 36.0 165.0 0 0(0-2.24)

RMC 57 36.0 171.0 1 0.58 (0.01-3.26)

Summary not — — —
performed

Abbreviations: CI: Confidence interval; FU: Follow-up; LDS: Lithium disilicate; LRGC: Leucite-reinforced glass ceramic; No. of complications: Number of

complications; No. of rest.: Number of restorations; RMC: Resin matrix ceramic.

2Assuming Poisson distributed complications, confidence interval of IR are one-sided when no complications were observed.

CAM restorative materials revealed the highest bond strength
(100.31 +£10.7 MPa) for LDS (IPS e.max CAD, Ivoclar) pretreated
with hydrofluoric acid in combination with universal adhesive
(Scotch Bond Universal, 3MEspe) luted with a dual-curing adhe-
sive cement (Variolink N, Ivoclar) [44]. The lowest bond strength
(23.63+9.0 MPa) was detected for RMC (Lava Ultimate, 3SMEspe)
without any surface pretreatment, while sandblasting in combi-
nation with the application of the universal adhesive (Scotch
Bond Universal, 3MEspe) was identified as the most effective
pretreatment method for Lava Ultimate (100.19 +£19.7 MPa). In
contrast, the bond strength of LDS (IPS e.max CAD, Ivoclar) was
64.48 +£10.3 MPa without any surface pretreatment [44]. Hence,
RMC might be more susceptible to bonding failure if the bonding
protocol is not applied properly [17]. Besides ceramic fracture,
loss of retention and chipping were identified as the most com-
mon mechanical complications, which is in line with the current
literature [26]. Chipping was reported to be more prevalent in
posterior than in anterior teeth due to greater masticatory loads
and lateral forces on the balancing cusps [21, 27]. Regarding
maintenance, RMC restorations may be slightly superior to all-
ceramic restorations since minor chipping fractures might be
repairable with composite resin, avoiding the need for an imme-
diate restoration replacement [42]. Only one included study in
this review, including RMC and LDS occlusal veneers, applied a
minimally invasive restoration thickness of 0.55mm at the cen-
tral groove, 0.89 mm at the internal cusp slope, 1 mm at the cusp
tip, and 0.78 mm at the marginal ridge [42]. No bulk fracture oc-
curred after a mean follow-up of 2.3 years; however, five chipping
fractures in the RMC arm were observed. Although a review ar-
ticle [24] and several in vitro studies [45-47] on the performance
of occlusal veneers suggested that the ceramic thickness can be
successfully reduced up to 0.7mm and above, a previous RCT

comparing lithium silicate (LS) partial crowns with 0.5-0.74 and
0.75-1.0mm thickness observed a higher number of fractures in
the thinner (0.5-0.74 mm) restoration group [48]. More RCTs on
the performance of PCRs with minimally invasive restoration
thicknesses and precise descriptions of the applied preparation
designs are needed. Some previous studies identified loss of tooth
vitality as a significant risk factor for the restorations’ survival
[30, 49]. The present short-term results do not support these find-
ings since no statistically significant differences were detected in
the subgroup analysis of different outcomes. Inferior survival
may be related to the lack of the remaining tooth substance and,
hence, the lower capacity to support the ceramic restoration
[1, 43]. One of the included studies compared Press and CAD ce-
ramics and observed similar favorable results (e.maxPress:100%,
ProCAD:97%) after 7years of follow-up [38]. Surface properties
(e.g., microstructure, topography, roughness, and fractal dimen-
sion) and adaptation (marginal and internal fit) of CAD and
Press ceramics were reported to be considerably different [50]. A
previous systematic review suggested that the risk of restoration
failure may be 1.84 times higher for CAD/CAM fabricated ce-
ramic restorations compared to their conventional manufactured
counterparts [21]. In a recently conducted systematic review, 11
studies showed better results (marginal and internal fit, accu-
racy, fracture resistance, and long-term clinical performance)
for PCRs fabricated with the conventional workflow, 10 with the
digital workflow, and two studies reported similar outcomes [20].

The strength of this systematic review resides in the rigor of the
methods, the use of meta-analytical techniques, and Poisson
modeling to estimate incidence rates across studies. Another
strength is the use of the GRADE approach to assess the cer-
tainty of the evidence across outcomes and its presentation using
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a GRADE summary-of-findings table, which is unique to this re-
view. Although the certainty of the body of evidence was found to
be low to very low, the present results represent the best available
evidence to inform the performance of PCRs on posterior teeth.
The RCT design is considered the gold standard for assessing the
effect of clinical interventions since they are designed as compar-
ative studies aiming to minimize confounding and other types of
bias [17, 51]. This review also has limitations as the majority of
the included studies assessed clinical outcomes in a short-term
follow-up. In addition, studies reported in languages other than
English were excluded. Nonetheless, it is expected that the body
of evidence included in this review is a reliable representation of
the best available evidence on the topic.

With regard to implications for future clinical research, RCTs,
including the use of split-mouth designs and larger sample sizes
with longer follow-up periods, are needed. In addition, the appli-
cation of standardized assessment methods across clinical out-
comes can facilitate a better comparison across primary studies
and the conduct of more robust meta-analyses. This systematic
review provides valuable insights for clinicians to enhance the
efficacy and predictability of PCR treatments. For appropriate
decision-making, dental professionals should inform their pa-
tients about the properties as well as desirable and undesirable
outcomes of individual materials. While RMC may be more sus-
ceptible to cementation failure and deterioration in wear and
surface luster over time, LDS obtained more favorable results in
all investigated outcomes, with the exception of bulk fracture.
Further studies are needed to assess the long-term performance
of PCRs on posterior teeth.

5 | Conclusion

The survival of LDS restorations may slightly outperform RMC
restorations after 3years of follow-up across outcomes, except
for bulk fracture. No statistically significant differences were de-
tected between different ceramic and ceramic-based materials
in the short-term (1-3years of follow-up). The long-term perfor-
mance remains uncertain. Ceramic and ceramic-based PCRs are
a reliable treatment option to restore extended posterior defects.
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