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Abstract

Background: Full-arch implant-supported screw-retained prostheses are widely used for the rehabilitation of eden-
tulous patients. Conventional metal-acrylic hybrid prostheses have demonstrated acceptable clinical outcomes,
however, mechanical complications, prosthetic wear, and biological issues remain concerns. Monolithic zirconia
prostheses with a metallic substructure have been proposed as an alternative, potentially improving long-term cli-
nical performance.

Materials and Methods: A systematic review and meta-analysis were conducted following predefined eligibility
criteria. A comprehensive search of CENTRAL, PubMed, Embase, and Epistemonikos databases was performed
for studies published between 2000 and 2025. Non-randomized clinical studies with a minimum follow-up of 1
year comparing full-arch implant-supported screw-retained metal—zirconia prostheses with metal—acrylic prosthe-
ses were included. Fully monolithic zirconia restorations, partial fixed prostheses, and non—full-arch rehabilitations
were excluded. Risk of bias was assessed using the ROBINS-I tool, and the certainty of evidence was evaluated
according to the GRADE approach. Quantitative synthesis was conducted when appropriate.

Results: Twelve studies fulfilled the inclusion criteria, with eleven included in the meta-analysis. Metal-zirconia
prostheses showed significantly lower prosthetic wear (RR=0.29; 95% CI, 0.14—0.59) and a reduced risk of pe-
ri-implantitis (RR=0.67; 95% CI, 0.47-0.96). Marginal bone loss favored metal-zirconia prostheses (SMD=-0.36).
Trends toward improved prosthesis survival (RR = 1.05) and reduced prosthesis loss (RR = 0.09) were observed.
No significant differences were found regarding implant survival, framework fractures, esthetics, or speech. Most
studies exhibited moderate to critical risk of bias, mainly due to confounding factors.
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Conclusions: Within the limitations of predominantly non-randomized evidence, metal-zirconia implant-supported
screw-retained complete-arch prostheses demonstrate a more favorable clinical profile than metal-acrylic prostheses,
particularly in terms of prosthetic wear, peri-implantitis, and marginal bone loss. Although overall survival rates were
comparable, trends toward improved prosthesis longevity were observed. Well-designed randomized clinical trials
with long-term follow-up are required to confirm these findings.

Keywords: Zirconia, Implant-Supported Screw-Retained Complete-Arch Prostheses, metal-acrylic, full-arch rehabi-
litation, implant-supported, systematic review, meta-analysis.
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Introduction

Complete edentulism constitutes a complex clinical sce-
nario with profound functional, esthetic, and psychoso-
cial implications, substantially impacting patient quality
of life and representing a significant public health con-
cern due to its high prevalence in the elderly and asso-
ciation with systemic comorbidities. Oral implantology
has emerged as the treatment modality of choice over
conventional removable prostheses, providing more pre-
dictable, stable, and durable rehabilitations. Implant-Su-
pported Screw-Retained Complete-Arch Prostheses (IS-
CAPs), fixed intraorally yet retrievable for maintenance,
optimize masticatory function, esthetics, and facial su-
pport while circumventing the biomechanical limita-
tions inherent to conventional alveolar ridge—supported
prostheses [1,2].

IS-CAPs incorporate design features that render them
particularly suitable for atrophic alveolar ridges: (a) they
enable full-arch rehabilitations supported by only four to
six implants; (b) they allow strategic implant angulation
to maximize bone contact and avoid critical anatomical
structures, reducing distal cantilevers and optimizing
load distribution; (c) their arched configuration provides
quadrangular anchorage to counteract occlusal forces
and facilitate immediate loading when indicated; and (d)
they minimize the need for extensive bone augmenta-
tion by efficiently utilizing residual bone.[3] IS-CAPs
also confer reduced occlusal loading on soft tissues,
enhanced esthetics through acrylic, resin, or zirconia
veneering, improved patient comfort, and masticatory
efficiency approaching that of natural dentition. Their
retrievability allows for hygiene and prosthetic adjust-
ments, achieving high survival rates for both prostheses
(93-100%) and supporting implants (88—100%). Howe-
ver, reported limitations include food impaction, phone-
tic alterations, hygiene challenges, risk of mucositis and
peri-implantitis, acrylic tooth fractures, mechanical mis-
fits, marginal bone loss, and increased cost and technical
complexity associated with CAD/CAM planning and
multi-implant frameworks [2,4].

Material selection is a critical determinant of IS-CAPs
longevity, functionality, and esthetics. Metal-acrylic
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(MA) systems, while cost-effective and easily fabrica-
ted, are susceptible to long-term complications such as
wear, fractures, and debonding, necessitating periodic
maintenance [5]. Metal-zirconia (MZ) IS-CAPs have
been developed to address these limitations, providing
superior wear resistance, color stability, and biocompati-
bility, thereby enabling more predictable and durable re-
habilitations. The principal drawback remains the higher
cost and technical complexity of fabrication associated
with zirconia materials.

The objective of this study is to conduct a systematic
review and meta-analysis to evaluate the clinical perfor-
mance of monolithic zirconia prostheses with a metallic
framework compared to conventional metal-acrylic IS-
CAPs, focusing on the incidence of prosthetic compli-
cations.

Materials and Methods

This systematic review and meta-analysis was con-
ducted in full accordance with the Preferred Repor-
ting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and was prospectively registered
in the PROSPERO database (CRD420251090216) [6].
The research question was structured according to the
PICO framework as follows: Population (P): patients
rehabilitated with implant-supported screw-retained
complete-arch prosthesis; Intervention (I): monolithic
zirconia IS-CAPs with a metallic substructure; Com-
parison (C): conventional metal-acrylic IS-CAPs; and
Outcome (O): clinical performance in terms of prosthe-
tic complications. Accordingly, the research question
was formulated as follows: In patients rehabilitated with
Implant-supported screw-retained complete-arch pros-
thesis, do monolithic zirconia prostheses with a metallic
substructure demonstrate superior clinical performance,
in terms of prosthetic complications, compared to con-
ventional metal—acrylic hybrid prostheses?

The inclusion and exclusion criteria were defined accor-
ding to the PICO framework. Eligible studies comprised
randomized controlled trials, non-randomized clinical
trials, and prospective or retrospective cohort studies pu-
blished in peer-reviewed journals. In vitro studies, case
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reports, case series, narrative reviews, previous systema-
tic reviews, editorials, and expert opinions were exclu-
ded. The selected studies included patients rehabilitated
with IS-CAPs who had completed both the surgical and
prosthetic phases, and with a minimum clinical follow-up
of one year. Studies involving patients without definitive
prosthetic rehabilitation or with insufficient follow-up
data were excluded. The intervention of interest consis-
ted of implant-supported screw-retained complete-arch
prostheses (IS-CAPs) fabricated from monolithic zir-
conia materials with a metallic substructure, excluding
single crowns, partial fixed prostheses, removable pros-
theses, and overdentures. The intervention of interest
was restricted to implant-supported screw-retained com-
plete-arch prostheses supported by a full-arch metallic
bar-type framework as the definitive substructure. Tita-
nium abutments, ti-bases, intermediate inserts, or partial
metallic components were not considered equivalent to
a metallic substructure and were therefore excluded. The
comparison group included conventional metal-acrylic
IS-CAPs with a metallic substructure; studies compa-
ring other types of rehabilitations were excluded. Only
studies reporting prosthetic complications, including
framework fracture, decementation, wear, replacement
of teeth or screws, and acrylic or zirconia fractures, were
included, while those lacking data on prosthetic compli-
cations or with unavailable outcome data were excluded.
Publications from the year 2000 onward were conside-
red, with no language restrictions applied.

An exhaustive electronic search was performed across
the Cochrane Central Register of Controlled Trials
(CENTRAL), PubMed, Embase, and Epistemonikos da-
tabases. The search period spanned from January 2000
to June 2025. Search strategies were tailored to the in-
dexing structure and syntax of each database. The query
combined descriptors related to full-arch implant-su-
pported prostheses and prosthetic materials, applying
Boolean operators to maximize sensitivity and coverage.
The final search strategy was as follows: (“All-on-Four”
OR “Supported Fixed Complete Dental Prostheses” OR
“Complete-arch implant-supported” OR “Fixed Pros-
thesis” OR “Fixed Dental Prostheses” OR “Full Dentu-
re” OR “Full Mouth Rehabilitation” OR “Fixed Dental
Prosthesis” OR “Complete Denture””) AND (“Technical
Complications” OR “Prosthesis Survival Rates” OR
“Metal-Acrylic” OR “Zirconia” OR “Zirconia-Based”
OR “Milled Zirconia” OR “Metal Framework™).

To ensure comprehensiveness, the reference lists of all
included articles were manually screened for additional
eligible studies. Furthermore, a complementary manual
search was conducted to identify any relevant publica-
tions potentially missed by the electronic strategy. Grey
literature sources were explored to minimize publication
bias and ensure the broadest possible evidence base.

A rigorous two-stage screening process (title/abstract
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and full-text review) was independently performed by
three reviewers. Discrepancies were resolved through
discussion or consultation with a fourth reviewer when
necessary. No automation or artificial intelligence tools
were employed during the selection process. For each
included study, data were independently extracted re-
garding authorship, publication year, country of origin,
outcomes evaluated, and principal conclusions. The me-
thodological quality and risk of bias of the non-rando-
mized studies were assessed using the Risk Of Bias In
Non-randomized Studies of Interventions (ROBINS-I)
tool, developed by the Cochrane Collaboration. Four au-
thors independently performed the evaluations, and any
discrepancies were resolved through consensus after
structured discussion.

Treatment effects were reported as relative risk (RR),
odds ratio (OR), or absolute risk difference (RD) with
95% confidence intervals. RR was preferred for com-
mon outcomes, while OR was used for rare events or
imbalanced groups. Meta-analyses were conducted
in RevMan 5.4 using fixed- or random-effects models
based on heterogeneity, quantified with 12 (<25% low,
25-75% moderate, >75% high). Outcomes unsuitable
for pooling were summarized narratively. The overall
certainty of the evidence for each outcome was assessed
using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) methodology
[7]. Summary of Findings tables were constructed for
principal primary outcomes following the GRADE Wor-
king Group recommendations, (Tables 1,2).

Results

A total of 920 records were identified through electronic
database searches. After removing 42 duplicates, 878 re-
cords were screened by title and abstract, of which 849
were excluded for not meeting the inclusion criteria, lea-
ving 29 articles for full-text evaluation. Ultimately, 12
studies met the eligibility criteria and were included in
the systematic review [8-19].

Of these, 11 studies were incorporated into the quanti-
tative analysis [8-14,16-19]. The study by Pefiarrocha
et al. [15] was considered only for qualitative analysis,
as it did not report data compatible with meta-analysis
(Fig. 1). Most excluded studies lacked direct compari-
sons between MZ and MA IS-CAPs, and several eva-
luated only monolithic zirconia restorations without
a metallic substructure, which were beyond the scope
of this review. All studies were observational, mostly
retrospective, conducted across diverse countries. Par-
ticipants were adults over 50 receiving full-arch fixed
implant-supported prostheses with confirmed osseointe-
gration. Interventions compared metal-zirconia and me-
tal-acrylic prostheses on at least four implants with cast
or milled frameworks and acrylic overlays.

Risk of bias: Of the 12 non-randomized studies, eight
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showed moderate risk [12-17,19,20] and four critical ris-
ks [8-11], mainly due to confounding (D1). Participant
selection (D2) and deviations from interventions (D4)
were often moderate risk, while other domains inclu-
ding intervention classification, missing data, outcome
measurement, and selective reporting (D3, D5-D7)—
showed low risk (Fig. 2).

Marginal bone loss: Four non-randomized studies, [8—
11] including 130 patients, were synthesized. The fixed-
effect model demonstrated a statistically significant di-
fference in marginal bone loss (MBL) between MZ and
MA IS-CAPs, yielding an SMD of -0.36 (95% CI: -0.71
to 0.00; Z = 1.98; P = 0.05). Heterogeneity was null (I
= 0%). The certainty of evidence was rated as Moderate
(Fig. 3a).

Prosthetic tooth fracture: Eight non-randomized stu-
dies [8-12,17,19,20], comprising 401 participants with
a mean follow-up of 5 years, contributed to the pooled
analysis. The fixed-effect model estimated a non-signifi-
cant RR of 0.78 (95% CI: 0.54-1.12; P = 0.18), corres-
ponding to an absolute difference of 51 fewer fractures
per 1,000 MZ restorations. Heterogeneity was low (I? =
14%) (Fig. 3b). The certainty of evidence was rated as
Low.

Implant survival: Seven studies [8-11,13,16,17], inclu-
ding 1,685 implants with a mean follow-up of 5 years,
were analyzed using a fixed-effects Mantel-Haenszel
model. The pooled RR was 1.01 (95% CI: 1.00-1.03;
Z = 1.77; P = 0.08), with an absolute difference of
approximately 10 additional failures per 1,000 implants
in the MZ group. Heterogeneity was low (I2=11%) (Fig.
3c). The certainty of evidence was rated as Low.
Prosthesis survival: Eight non-randomized studies [8-
11,13,16,17,20], comprising 396 prostheses with a mean
follow-up of 5 years, were synthesized. The fixed-effect
model produced a pooled RR of 1.05 (95% CI: 0.99—
1.11; Z = 1.72; P = 0.09). Absolute differences corres-
ponded to 49 additional surviving prostheses per 1,000
MZ units. Heterogeneity was low (12 = 17%) (Fig. 3d).
The certainty of evidence was rated as moderate.
Peri-implantitis: ~ Six ~ non-randomized  studies,
[8,11,13,14,16,17] totaling 1,129 patients with a mean
follow-up of 5 years, were included. The fixed-effect
model estimated a RR of 0.67 (95% CI: 0.47-0.96; Z =
2.20; P=0.03), equivalent to an absolute reduction of 31
peri-implantitis events per 1,000 MZ restorations. Hete-
rogeneity was low (I = 18%) (Fig. 4a). The certainty of
evidence was rated as Low.

Framework fracture: Eight non-randomized studies,
[8-12,17,19,20] including 401 participants with a mean
follow-up of 5 years, reported five framework fracture
events. The fixed-effect model yielded a non-significant
RR 0f 0.76 (95% CI: 0.13—4.33; Z=0.31; P =0.76), co-
rresponding to an absolute difference of 4 fewer events
per 1,000 MZ restorations. No heterogeneity was detec-
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Fig. 1: Flow diagram of identification of studies.

ted (I* = 0%) (Fig. 4b). The certainty of evidence was
rated as Low.

Esthetic complications: Two non-randomized studies,
[11,17] including 118 participants with a mean follow-up
of 5 years, contributed four esthetic complication events.
The fixed-effect model yielded a non-significant RR of
0.38 (95% CI: 0.07-1.96; Z = 1.16; P = 0.25), corres-
ponding to 25 fewer events per 1,000 MZ restorations.
Heterogeneity was negligible (I* = 5%) (Fig. 4c). The
certainty of evidence was rated as Very Low.

Speech complications: Two non-randomized studies,
[11,17] totaling 118 participants with a mean follow-up
of 5 years, reported seven speech-related events. The
random-effects model estimated a non-significant RR
of 0.26 (95% CI: 0.04-1.54; Z = 1.49; P = 0.14). The
absolute difference corresponded to 59 fewer complica-
tions per 1,000 MZ restorations. No heterogeneity was
observed (I? = 0%) (Fig. 4d). The certainty of evidence
was rated as Very Low.

Prosthesis loss: Eight non-randomized studies [8—
11,13,16,17,20] including 396 prostheses over a mean
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Reports excluded:

No direct MC-MA
comparison

monolithic zirconia without
metal substructure;
non-hybrid prostheses;

no prosthetic outcome data;
follow-up < 1 year

follow-up of 5 years reported six prosthesis losses. The
fixed-effect model showed a significant reduction with
MZ restorations (RR = 0.09; 95% CI: 0.02-0.51; P =
0.006), corresponding to 23 fewer events per 1,000 pros-
theses, with no heterogeneity (I> = 0%) (Fig 4e). The
certainty of evidence was Very Low.

Prosthetic wear: Eight non-randomized studies, [8,9—
12,17,19,20] totaling 401 participants with a mean fo-
llow-up of 5 years, were included. The random-effects
model showed a statistically significant RR of 0.29
(95% CI: 0.14-0.59; Z = 3.46; P = 0.0005). The absolu-
te difference corresponded to 267 fewer wear events per
1,000 MZ restorations (109 vs. 376 per 1,000). Modera-
te heterogeneity was observed (I> = 55%) (Fig 4f). The
certainty of evidence was rated as Moderate.

Discussion

This systematic review and meta-analysis compared
monolithic zirconia IS-CAPs with a metallic substructu-
re to conventional metal-acrylic IS-CAPs. The findings
highlight how material properties and structural design
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shape biomechanical behavior, failure patterns, and
biological performance. Mechanically, MZ prostheses
are characterized by the rigidity of the zirconia—metal
assembly, which limits energy absorption and channels
stresses toward transitional zones, increasing susceptibi-
lity to microcracks, particularly in areas with uneven zir-
conia thickness or compromised bonding interfaces [21-
24]. Maintaining optimal veneer thickness (1.0-1.5 mm)
and uniform support is critical to prevent chipping, the
predominant failure mode in MZ prostheses [22,23]. By
contrast, MA prostheses benefit from the viscoelasticity
of acrylic resin, which attenuates occlusal loads, but this
advantage is offset by low fracture toughness and high
wear, explaining the greater volumetric loss, tooth deta-
chment, and prosthetic wear observed in clinical practi-
ce. These biomechanical patterns are consistent with the
pooled evidence demonstrating significantly lower wear
for MZ designs.
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Framework and connection design further influence
prosthetic longevity. Internal Morse taper connections
and well-integrated frameworks improve load distri-
bution and reduce mechanical complications [23,25].
CAD/CAM-milled or sintered frameworks offer superior
dimensional precision and microstructural homogeneity
compared with conventionally cast metal, minimizing
residual stresses and fatigue risk [29,30]. Digital fabri-
cation enables controlled zirconia thickness, parallelism
among implants, and more uniform stress distribution,
supporting the improved resilience and reduced prosthe-
tic wear observed in MZ prostheses. Biologically, MZ
prostheses exhibited lower peri-implantitis incidence,
likely due to smoother surfaces, lower porosity, reduced
biofilm adhesion, and greater chemical stability relati-
ve to acrylic resin [31,32]. These features may enhance
soft-tissue compatibility and limit inflammatory respon-
ses, although further high-quality randomized studies are
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Fig. 3: Forest plots for Outcomes 1: (a) Marginal bone loss; (b) Prosthetic tooth fracture; (c) Implant survival; (d) Prosthesis survival.

required to confirm these findings. Material-specific fai-
lures were observed, with MA prostheses failing mainly
through wear, fracture, and tooth detachment, while MZ
prostheses exhibited veneer chipping or delamination
due to zirconia brittleness and stress concentration. The-
se patterns highlight the importance of careful prosthetic
design, adequate load distribution, and optimal veneer
support to maximize long-term outcomes.

The antagonist arch may play a clinically relevant role
in the development of mechanical and biological com-

plications. Differences in occlusal scheme, material
properties, and force distribution between natural den-
tition, complete dentures, and implant-supported fixed
prostheses could partially explain the heterogeneity ob-
served among studies. Unfortunately, the limited and
inconsistent reporting of antagonist characteristics pre-
vented formal assessment of this variable in the present
analysis.

A key limitation of this review is its reliance on predomi-
nantly non-randomized and retrospective studies, many
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Fig. 4: Forest plots for Outcomes 2: (a) Peri-implantitis; (b) Framework fracture; (c) Esthetic complications; (d) Speech complica-

tions.; (¢) Prosthesis loss; (f) Prosthetic wear.
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of which presented serious or critical risk of bias accor-
ding to the ROBINS-I tool. Most included investigations
were subject to confounding, selection bias, and hete-
rogeneity in prosthetic designs, occlusal protocols, and
follow-up periods, which limits generalizability. Con-
sequently, the overall certainty of evidence, as assessed
by the GRADE approach, ranged from moderate to very
low for several outcomes, including marginal bone loss,
implant survival, and peri-implantitis. These limitations
require cautious interpretation of the pooled estimates
and preclude definitive causal inferences. Therefore, the
conclusions of this meta-analysis should be considered
preliminary. High-quality randomized controlled trials
with standardized protocols and long-term follow-up are
needed to confirm these findings.

Conclusions

Within the limitations of mainly non-randomized evi-
dence, monolithic zirconia IS-CAPs with a metallic
substructure demonstrated a more favorable clinical
profile than metal-acrylic prostheses, with lower pros-
thetic wear and reduced peri-implantitis. Trends also
favored improved prosthesis survival and reduced loss,
while marginal bone loss was lower for MZ prostheses.
Although veneer chipping remains a material-specific
limitation, overall complications were predictable. The-
se findings support MZ hybrids as a durable and bio-
logically advantageous option, but the predominance
of observational studies and low certainty of evidence
underscore the need for high-quality randomized trials
to confirm these results.

Clinical Significance

Metal—zirconia implant-supported screw-retained com-
plete-arch prostheses may reduce prosthetic wear, pe-
ri-implantitis, and marginal bone loss compared with
conventional metal—acrylic designs. These findings su-
pport their use as a predictable alternative for full-arch
implant rehabilitation and may assist clinicians in balan-
cing long-term biological stability, mechanical perfor-
mance, and material selection.
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