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Abstract

Objective: This narrative review synthesizes the current literature on modern
zirconia materials used for tooth-supported and implant-supported restorations.
It provides an up-to-date review of the evolution of zirconia materials, modern
manufacturing technologies, and clinical applications and provides guidance for
clinicians’ decision-making.

Methods: A non-systematic literature review was conducted using PubMed/
MEDLINE and Scopus on 30 June 2025. The following keywords were used:
“zirconia” AND “dental” AND “restoration” OR “prosthesis”. Filters applied:
from 30 June 2015 to 30 June 2025 (last 10 years). This study focused on
reviews, clinical studies and in vitro studies concerning the evolution of zirconia
materials and their current clinical applications for tooth-supported and implant-
supported restorations, with particular reference to advances in manufacturing
technologies and monolithic solutions.

Results and Discussion: Over the last ten years, the increase in demand for
metal-free restorations and advances in CAD-CAM technologies have made
zirconia an increasingly popular solution for tooth and implant-supported
restorations. The first generations of zirconia materials were widely used in
producing prosthetic restorations in the form of zirconia-ceramic systems. Still,
they had aesthetic limitations and technical complications that affected their use.
Recent developments in zirconia materials have focused on effectively balancing
aesthetic and mechanical properties. Monolithic shade-gradient and strength-
gradient multilayered zirconia materials represent the latest development,
introduced to imitate the characteristics of natural teeth and potentially expand
clinical applications in aesthetic areas. These materials, together with modern
manufacturing and sintering technologies, which are increasingly efficient and
offer potential advantages in terms of time and cost, are promising but, to date,
lack clinical data.

Conclusions: Monolithic zirconia is a promising alternative to traditional
tooth and implant-supported restoration systems. Furthermore, advances in
manufacturing processes and simplified design make it an advantageous option
in terms of time and cost. However, monolithic zirconia restorations lack medium-
and long-term clinical data. For this reason, in-depth knowledge of the latest
generation of zirconia materials is recommended regarding their chemical and
physical properties and the technical manufacturing processes involved. This
allows for the correct selection of materials, safe restoration design, a favorable
prognosis, and aesthetic results in line with patient expectations.

Keywords: Zirconia materials, Monolithic Zirconia, Zirconia evolution, Zirconia
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Introduction

With its excellent aesthetic, mechanical and
biocompatibility properties, Zirconiais a well-established
material used to manufacture tooth-supported and
implant-supported restorations. Continuous advances
in CAD/CAM (computer-aided design /computer-
aided manufacturing) technologies have simplified
the production process and increased the quality of
prosthetic restorations, helping to increase the number
of users of zirconia materials. These advantages have
made zirconia an increasingly popular alternative
to traditional metal-ceramic systems, without the
drawbacks of metal restorations, such as aesthetic
limitations and potential allergic reactions (1,2). In recent
years, research and technological development have
driven the development of new materials, expanding
the range of zirconia materials available, allowing
clinicians to personalize their restorative solutions and
meet the needs of individual patients. The ability of
recent generations of zirconia to combine translucency
and strength has increased the versatility of the
material and boosted its popularity (3,4). However, the
growing range of zirconia materials available requires
constant updating on the clinical applications of these
materials, for which we currently have little long-term
clinical data (>10 years of follow-up) (5). This narrative
review aims to synthesize the current literature on
modern zirconia materials used for tooth-supported
and implant-supported restorations. The purpose of this
study is to provide an updated review of the evolution of
zirconia materials, modern manufacturing technologies
and their current clinical applications, and to provide
guidance for clinicians’ decision-making.

Methods

A non-systematic literature review was conducted using
PubMed/MEDLINE and Scopus on 30 June 2025. The
following keywords were used: “zirconia” AND “dental”
AND ‘“restoration” OR “prosthesis”. Filters applied:
from 30 June 2015 to 30 June 2025 (last 10 years).
This study focused on reviews, clinical studies and
in vitro studies concerning the evolution of zirconia
materials and their current clinical applications for
tooth-supported and implant-supported restorations,
with particular reference to advances in manufacturing
technologies and monolithic solutions.

Evolution of zirconia materials for dental
applications

Zirconia is generally considered a ceramic material,
but from a physical and chemical point of view, it is a
metal oxide with unique ceramic properties,
characterized by polymorphism and allotropy. For use
in dental applications, zirconia is stabilized at room
temperature by adding a specific percentage of yttrium
oxide (Y203), which affects the crystalline structure
and characteristics of the material (6). Tetragonal
Polycrystalline Zirconia represents the first generation
of zirconia introduced in dentistry stabilized with 3mol%
Y203 and 0.25wt% alumina (AI203), called 3Y-TZP (3
mol% Y203 Tetragonal Zirconia Polycrystal). This
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material has a tetragonal structure and high mechanical
performance: the presence of tetragonal zirconia grains
gives the material a toughening mechanism called
“Phase Transformation Toughening” (PTT), which
results in a significant increase in fracture toughness
(3.5-4.5 MPa-m1/2) and flexural strength (1200-1500
MPa) (7,8). The mechanism is based on the ability of
the tetragonal structure to counteract the propagation
of cracks through a phase transformation of the
structure called tetragonal-monoclinic (T-M) associated
with volumetric expansion. Although stress-induced
transformation is the reason for zirconia’s mechanical
performance, it also makes it susceptible to a
phenomenon known as “low-temperature degradation”
(LTD) or simply “aging”. This involves the T-M phase
transformation in the surface of the zirconia exposed to
the oral cavity, which propagates within the material
through a nucleation and growth mechanism,
generating microstructural defects and compromising
the mechanical behavior and surface roughness of the
material over time (9,10). Although the LTD mechanism
introduces  uncertainties about the long-term
performance of the restoration, the data available on
3Y-TZP have shown acceptable durability in the oral
cavity (4,11). Due to its mechanical properties and
opacity, this material is caused by the birefringence of
its tetragonal structure and the quantity and size of its
alumina particles. It is suitable for fixed prosthetic
frameworks and provides an aesthetic felspathic
ceramic veneering. However, zirconia-ceramic systems
are vulnerable to chipping and delamination of the
veneering ceramic, with significantly higher numbers
than metal-ceramic solutions (12). The technical
complication attributable to significant differences in the
coefficient of thermal expansion (CTE) between
zirconia and ceramic veneering and the reduced
fracture resistance of the latter have led to the search
for alternative solutions in ‘full-contour’ zirconia (11,13).
To this end, a second generation of more translucent
3Y-TZP zirconia was introduced in 2012, significantly
reducing AI203 content (0.05wt%) and lowering
porosity. This material has a tetragonal structure,
improved translucency, flexural strength of 900-1300
MPa, and fracture toughness of 3.5-4.5 MPa-m1/2.
The improved optical properties have made it possible
to create zirconia restorations without necessarily
resorting to veneering ceramics, which are therefore
defined as “full-contour” or monolithic (9,13). However,
the opacity of the material’s tetragonal birefringent
crystals does not allow for aesthetic results comparable
to glass ceramics, making it a second choice for the
anterior area. The advantages of second-generation
monolithic zirconia are wear resistance and, when
polished to a mirror finish, low abrasiveness on
opposing teeth, lower bacterial adhesion and better
adhesion to soft tissues, making it advantageous for
implant restorations (11). However, the reduced Al203
content and surface exposure to the oral environment
expose it to a potentially higher susceptibility to the LTD
phenomenon (4). In 2015, the third generation of
zirconia was introduced with 5mol% Y203 and a higher
sintering temperature. The result is a zirconia with a
stable cubic-tetragonal microstructure characterized by
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a cubic phase of up to 53%, called cubic zirconia or
5Y-PSZ (13,14). The material’s structure allows for high
translucency: in particular, the number and size of the
crystals, which are larger than those of 3Y-TZP, favor
light transmission, reducing the refraction effect and
providing better translucency. However, an increase in
the number of cubic crystals affects the crack
propagation pattern, reducing flexural strength (400—
900 MPa) and fracture toughness (from 2.2 to 2.7
MPa-m1/2) (7). The increased cubic phase in zirconia
structure makes this material resistant to the LTD
mechanism and less susceptible to aging (9,10). Due to
its aesthetic and mechanical characteristics, 5Y-PSZ
suits monolithic restorations in the anterior areas (11).
However, the material’s mechanical properties do not
meet the mechanical requirements for restorations in
heavy-load areas. To overcome the mechanical
limitations of 5Y-PSZ, the fourth generation of zirconia
was introduced in 2017, characterized by a 4mol%
Y203 content, which is referred to in the literature as
4Y-TZP or 4Y-PSZ. In this case, the cubic phase
accounts for approximately 25% of the structure,
providing the material with moderate translucency
(80% translucency) but improved flexural strength
(600-1000 MPa) and fracture toughness (2.5 to 3.5
MPa-m1/2) compared to 5Y-PSZ and better aging
resistance compared to 3Y-TZP (7,13,14). Due to its
optical and mechanical properties, this material
represents an interesting compromise between 3Y-TZP
and 5Y-PSZ. A recent study shows that 4Y-PSZ can be
used in posterior areas when reasonable aesthetics
must be combined with adequate mechanical strength
(15). For the correct selection of zirconia materials, it is
important to note that the Y203 content can also be
expressed in weight percent (wt%). Therefore, 5-6wt%
of Y208 is equivalent to 3mol%, 7-8wt% is equivalent
to 4mol% and 8-9wt% is equivalent to 5mol% (16). In
the evolutionary path of zirconia materials, current
advances are geared towards imitating the
characteristics of natural teeth, following the biomimetic
principle (17). In this sense, the introduction of
monolithic zirconia, defined as ‘multilayer’, created to
imitate the color and translucency of natural teeth,
should be understood (18). In 2015, multichromatic (or
polychromatic) multilayer 3Y-TZP zirconia (M3Y) was
introduced, also referred to by some authors as “shade-
gradient multilayered 3Y-TZP”. In the same year,
multichromatic multilayer 5Y-PSZ zirconia (M5Y) or
“shade-gradient multilayered 5Y-PSZ” was introduced
(4,11,19). These types of multilayer zirconia are defined
as multichromatic because they are pre-pigmented in
layers and have a uniform yttrium content and phase
composition. With this material, the color gradient of the
monolithic restoration determines a succession of color
shades between the cervical and incisal portions of the
restoration, imitating the natural tooth. The pigment
compositions are the only difference between the
layers, leading to significant differences in shade but
not in the translucency and strength of the layers.
Highly translucent M5Y is a successful material
because it allows the production of monolithic crowns
with high aesthetic value even without feldspathic
ceramic veneering. The search for a compromise

between translucency and strength in multilayer
materials led 2016 to the introduction of the M3Y-5Y
multilayer zirconia with hybrid composition, also known
as “strength-gradient zirconia”. This zirconia is
multichromatic but with variable yttria content and
phase composition: this results in a monolithic
restoration in which two materials (3Y-TZP and 5Y-PSZ)
with  different  mechanical and translucency
characteristics coexist, which we could therefore define
as multi-resistant and multi-translucent (4,11,19).
Subsequently, with the introduction of 4Y-PSZ, in 2018-
2019, multichromatic multilayer 4Y-PSZ zirconia (also
known as shade-gradient multilayered 4Y-PSZ) and
M4Y-5Y hybrid multilayer zirconia were introduced to
the market. In monolithic strength-gradient zirconia
restorations, the incisal/occlusal area features zirconia
with greater translucency (4/5Y-PSZ), while high-
strength zirconia is used for the cervical area. From a
microstructural point of view, there is a gradient in the
yttria content from the cervical to the incisal sections,
with a progressive increase in the cubic phase content
and, therefore, in translucency (18,19,20). The
combination of different generations of zirconia within
the same material significantly impacts the aesthetic
result of monolithic zirconia restorations. It represents a
promising  compromise  regarding  mechanical
characteristics (21). However, even though multilayer
systems offer a combination of the advantages of
different generations of zirconia, further in vitro studies
are needed to investigate potential critical issues
regarding the strength of the material and its
susceptibility to LTD. Furthermore, the recent
introduction of these materials on the market means
that medium- and long-term data on their clinical
performance are unavailable. It should be noted that
the favorable longitudinal prognosis of zirconia
restorations is linked to their ability to withstand occlusal
loads, which can vary from 200 to 1000 N (22). In this
regard, it is important to consider that the fracture
resistance of strength-gradient restorations is
determined by the amount of weaker zirconia in the
occlusal portion of the restoration and not by the
stronger zirconia present in the cervical portion (16).

Modern manufacturing technologies

The production of a zirconia restoration originates from
powders compacted into blocks or discs by dry, axial or
isostatic pressing (23). Today’s most commonly used
method is cold isostatic pressing at 200-250 MPa. The
pressure used in compacting the powder determines
the density of the material. It is a critical step regarding
the possible formation of defects that can affect the
mechanical reliability of the restoration (23). The most
widely used method for obtaining zirconia structures is
subtractive manufacturing (SM), which uses CAD-CAM
technologies (Figures 1,2). SM production processes
include the so-called “in-office chairside” for same-day
restorations or the more traditional process involving
dental laboratories or milling centers (24). Zirconia can
be machined in sintered form (complex machining) or in
pre-sintered form (soft machining) using computerized
numerical control machines (25).
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Figures 1,2. Images of the CAD phase of an implant-sup-
ported full-arch fixed dental prosthesis designed for multilay-
er zirconia materia

The milling process of sintered zirconia is considered
complex and costly in economic terms, involving tool
wear and long processing times, generating residual
stresses that can promote the aging mechanism and
negatively affect the mechanical properties of zirconia
(8). Due to these critical issues, the pre-sintered
blocks’ milling process remains the first choice (24).
Pre-sintered blocks are milled to an oversized shape of
approximately 20-25%. At this stage, the efficiency and
number of milling axes in CAD/CAM machining devices
directly influence the process’s precision, speed and
versatility. These characteristics determine the quality
of the dental restoration (2). Five-axis milling is the first
choice for complex geometries that require extreme
precision (2) (Figures 3,4). After the milling process,
the zirconia undergoes sintering, which causes the
material to contract and form its final microstructure
(28). Conventional sintering takes approximately 8-12
hours, including the heating, holding and cooling phases
(26). As an alternative to SM production techniques,
additive manufacturing (AM) techniques, also known
as 3D printing, have recently been introduced for
zirconia materials (25,27). AM uses a computerized 3D
model to produce restorations using a layer-by-layer
approach (25). Unlike SM, which has high material
waste, limited precision in producing complex details,
and relatively high manufacturing time and costs, AM
offers high accuracy and resolution, low production
times, less material waste, and high efficiency (25,27-
29). Most studies in the literature on zirconia dental
restorations using AM focus on digital light processing
(DLP) and stereolithography (SLA) techniques, similar
technologies that use UV light and lasers, respectively
(25). The current limitation of these technologies is
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that, in most cases, zirconia for AM has lower flexural
strength values than conventional zirconia obtained by
SM (200-831 MPa versus 900-1200 MPa) (27).

On the other hand, the values for hardness and
fracture toughness are comparable (25). The data in
the literature on AM are scarce and relatively recent (all
published after 2010). AM is a promising technology,
but to date, the final products are less reliable than
those obtained by SM. SLA and DLP require studies
identifying indications and clinical applicability in
prosthetic restorations (27). The potential cost
advantages of AM technology will likely drive the
development and adoption of this technology (8).

Figures 3,4. Pre-sintered zirconia implant-supported pros-
thesis is milled to an oversized shape of 20%. The CAM
“soft machining” process required five-axis milling, which is
ideal for complex geometries.

Modern sintering technologies

The conventional zirconia sintering protocol, which
involves slow heating and cooling phases (from 5°C to
10°C per minute) and high temperatures (from 1350 to
1600°C) with dwell times between 2 and 5 hours, can
induce undesirable microstructural transformations in
the material with alteration of mechanical and optical
properties and also precludes the delivery of dental
restorations on the same day (23,24,30). To make
pre-sintered zirconia available chairside, “speed” and
“high-speed” sintering protocols have recently been
developed using dedicated, latest-generation ovens
(24), allowing zirconia restorations to be delivered in
a single appointment. Although high-speed sintering
protocols currently lack precision, clinical, mechanical
and optical performance studies, the available data
are encouraging (30-33). However, one limitation of
these protocols is that sintering parameters, with the
exception of duration, are not always provided in full
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by manufacturers (31). Furthermore, further research is
needed on the effectiveness and applicability of sintering
parameters to new materials. Some authors argue that
rapid sintering applied to certain types of zirconia or
restorations with unsuitable geometric parameters can
lead to structural defects or uneven densification (34-
36). For this reason, it is crucial to select the type of
zirconia suitable for rapid sintering and, if necessary,
it is advisable to consult the manufacturer (23). To
date, these technologies are dedicated to single
dental restorations or FPDs. Among the rapid sintering
protocols proposed as an alternative to conventional
zirconia sintering is microwave (MW) sintering. The
volumetric nature of MW heating allows for: uniform
heat distribution; lower thermal stress; reduced sintering
times (up to 6 times faster than conventional); uniform
and better controlled microstructure; high material
density; high surface quality; mechanical properties
of the material comparable to conventional sintering;
optical properties of the material similar to conventional
sintering; reduced energy and processing costs
(26,29,37,38). This technology currently lacks data on
sintering protocols, which require further studies on the
latest generation of zirconia materials.

Furthermore, the heating rate (30°C/min) is lower
than some recent fast sintering protocols (~ 100°C/
min). However, preliminary data are promising [26;37].
Regardless of the type of sintering used, it is essential
to consider that the sintering temperature and dwell
time are the main parameters that can influence the
grain structure and mechanical and optical properties
of zirconia materials, and multilayer materials seem
to be more susceptible to this critical issue (39-42).
In particular, high temperatures and long dwell times
seem to increase grain size and translucency, at
the expense of mechanical strength (8). Therefore,
optimizing sintering parameters is crucial to balance
translucency and strength in zirconia restorations (21),
and this appears to be a critical point, particularly for the
latest generation of strength-gradient zirconia materials
due to their structural complexity. In this regard, it is
helpful to consider that most manufacturers of zirconia
materials often provide specific sintering temperatures
and times based on the zirconia powder used (23).

Zirconia tooth-supported restorations

Over the past 50 years, metal-ceramic systems
have been considered the gold standard for dental
restorations regarding reliability and aesthetics (43).
Changes in dental treatment requirements, increased
demand for metal-free restorations, technological
developments, and advances in dental materials
have favored CAD/CAM workflows over conventional
technologies, making zirconia an increasingly popular
solution (44). Today, zirconia crowns are an established
alternative to metal-ceramic crowns, encouraging
survival rates. In particular, tooth-supported zirconia
crowns have been found to have a 5-year survival rate
of 91.2% with no statistically significant differences
between  zirconia-ceramic and  metal-ceramic
systems (45). Although some authors have found no
significant difference between monolithic and veneered

restorations in terms of survival and biological and
technical complications, the use of monolithic zirconia
can be considered an advantageous treatment for tooth-
supported restorations with potentially fewer failures
and complications than veneered zirconia restorations
(46). The absence of veneering ceramic eliminates
the unknowns associated with weak links between the
structure and glass-ceramic and the incompatibility of
the thermal expansion coefficient of the materials (46).
A recent systematic review of CAD/CAM crowns in
monolithic zirconia confirms that this material is viable
for single crown restoration, particularly in the posterior
area (47). Furthermore, an in vitro study reveals that
monolithic zirconia crowns demonstrate better marginal
adaptation than porcelain-veneered ones (48). Despite
the significant lack of clinical data, monolithic zirconia
restorations can be considered effective options for
mitigating the incidence of technical complications
and are already widely used in current clinical practice
[44;5]. The mechanical properties of zirconia also allow
it to be used as a framework material in tooth-supported
fixed dental prostheses (FDPs). The material of choice
for these solutions is 3Y-TZP, which is suitable for
heavy-load areas due to its mechanical characteristics.
It has been shown that posterior FDPs made of
zirconia-ceramic can have clinical results at 10 years
comparable to those of posterior metal-ceramic FDPs,
with a survival rate of 91.3% (49). However, the limitation
of these solutions is the chipping of the veneering
ceramic, which at 51.7% is much more significant than
the percentages exhibited by metal-ceramic FDPs (49).
A recent systematic review on 3-unit posterior zirconia-
ceramic FPDs concludes that these solutions represent
a predictable treatment in the medium term, with a
survival rate of 95.4% compared to 96.9% for metal-
ceramic FPDs with comparable biological or mechanical
complications, except for the technical complication of
ceramic chipping, which is more common in zirconia-
ceramic systems (50). Another contemporary study
found that short- and medium-term evidence favors
traditional metal-ceramic FDPs over zirconia-ceramic
FDPs (51). Other authors state that, even though most
of the studies examined have short follow-ups, zirconia
restorations demonstrate relatively high success and
survival rates, defining these solutions as a current
clinical alternative that is acceptable from a mechanical
and aesthetic point of view and feasible for both crowns
and FPDs in the anterior and posterior areas (52).
However, chipping the veneering ceramic remains the
limitation of zirconia-ceramic systems (51,52). There
appears to be a correlation between chipping and
FDP length: the probability of chipping in 4- and 5-unit
FDPs is 4.9 times higher than that observed in 3-unit
FDPs (8). If designed correctly, the new generations
of shade-gradient and strength-gradient zirconia
materials (3,4) developed for monolithic restorations
may be promising solutions for FPDs. A recent in vitro
study shows that the latest generation of zirconia
materials with appropriately designed connectors can
be considered a promising and potentially reliable
material for monolithic FDPs in heavy load-bearing
areas (15). However, the recent introduction of these
materials on the market means that medium- and long-
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term data on their clinical performance are unavailable.
Clinical studies on monolithic zirconia posterior FPDs at
3 years are encouraging, revealing a survival rate close
to 100%, with a significantly lower rate of technical
complications than zirconia-ceramic systems (8). In a
recent systematic review, monolithic FPDs still showed
slightly higher failure and complication rates than
monolithic single crowns. For monolithic single crowns,
the prevalence of failure rates was lower (1%) than that
of FPDs (5%). However, the data should be interpreted
cautiously because only four studies included monolithic
FPDs (46). A recent application of zirconia in dental
restoration is for veneers for anterior teeth. Recent ultra-
translucent zirconia materials combine high strength
with improved aesthetics, allowing thinner veneers
(approximately 0.3 mm and even less), enabling more
conservative tooth preparation than traditional glass
ceramics [8;53]. Although still in the early stages of
clinical application, ultra-translucent zirconia veneers
are a promising solution (8). Another recently proposed
application for zirconia is occlusal veneers: a recent
in vitro study testing occlusal veneers in zirconia of
1, 1.5, and 2 mm thickness found an average fracture
toughness of 1086-1640 N, significantly higher than
traditional glass-ceramics (54). For this application, the
minimum thickness of zirconia occlusal veneers can be
1 mm, unlike lithium disilicate, for which a thickness of
1.5 mm is recommended. However, zirconia veneers
require further dedicated studies.

Principles of tooth preparation and cemen-
tation

The principles of tooth preparation for zirconia veneered
restorations typically involve occlusal or incisal
reduction of 1.5-2.0 mm and axial surface reduction
of 1.0-1.5 mm. Options for finish line designs may
include horizontal shoulder, chamfer finish line, or less-
invasive knife-edge (5,55). The advent of monolithic
zirconia has altered the fundamental principles of
tooth preparation, facilitating more conservative
approaches with distinct biological benefits for the
tooth. The aesthetic and mechanical characteristics
of the latest zirconia generation permit the fabrication
of thinner restorations, thus reducing the extent of
tooth preparation and conserving dental tissue. This
approach aids in maintaining tooth vitality, diminishing
postoperative sensitivity, and decreasing the likelihood
of biological complications (56). Nonetheless, the
limited available data preclude a unanimous consensus
on the optimal preparation principles for monolithic
zirconia restorations. When determining the extent
of tooth preparation, it is essential to consider that
reducing the mol% of Y203 in zirconia enhances
fracture resistance; however, decreasing thickness
compromises fracture resistance regardless of zirconia
type (6). Atooth preparation allowing for a 1 mm occlusal
thickness appears sufficient to ensure the longevity and
durability of monolithic zirconia restorations (8). Some
authors recommend an occlusal reduction of 1-1.5 mm
(5). An occlusal thickness of 1.0 mm or 1.5 mm can
provide zirconia restorations with greater strength than
lithium disilicate (8). Although some scholars consider
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a minimum occlusal reduction of 0.5 mm feasible (57),
it should be noted that occlusal thicknesses of 0.5 mm
in monolithic zirconia restorations may pose a risk of
fracture in areas subject to heavy loads (5).
Furthermore, a factor often underestimated is that
modern literature accepts some adjustment of zirconia
prosthetic restorations upon delivery, during immediate
follow-up/fitting, or even after a specific period post-
delivery (58-60). Specifically, approximately 60% of
ceramic restorations require clinical adjustments to
occlusal or axial surfaces at the time of delivery (58,59).
Therefore, clinicians must consider this when designing
tooth preparations and determining restoration
thickness. Regarding axial surface reduction, areduction
of 1 mm is deemed appropriate for monolithic zirconia
tooth-supported restorations. The recommended finish
line design is a light chamfer; however, feather-edge
preparation has also been proposed as a viable option
(5,16). Although some research suggests that minimally
invasive vertical preparation with a marginal thickness
of 0.5 mm for monolithic zirconia crowns is feasible
(61), it must be acknowledged that a 0.5 mm thickness
is critical and may expose the zirconia to fracture
risk (8). Zirconia restorations can be cemented using
traditional cements such as glass ionomer cement
(GIC) or resin cements, selected based on the structure
and retention capacity of the abutment tooth (5,16).
Resin cements are predominantly employed due to
their mechanical strength, aesthetic qualities, and low
solubility (21). Given zirconia’s chemical inertness and
absence of a glass phase, mechanical and chemical
surface treatments have been developed to achieve
reliable and durable bonding between zirconia and
resin cements. Mechanical treatments include airborne-
particle abrasion, tribochemical silica-coating, selective
infiltration etching, and laser treatment. Chemical
treatments encompass silanization, hydrofluoric acid
etching, hot etching, and using primers containing
10-methacryloyloxydecyl dihydrogen phosphate (10-
MDP) (8,21,62). A recently introduced treatment known
as gas plasma appears less effective (62). The literature
unanimously agrees that an effective bonding protocol
must combine mechanical and chemical treatments
(16,21,63). The most well-documented mechanical
treatment is airborne-particle abrasion with 50 pm
alumina (Al203) particles at a pressure of 2.5 bar for
10 seconds, at a distance of 10 mm. The preferred
chemical treatment involves using a primer based on
10-MDP, applied for 2-3 minutes (16,64). Choosing
between resin cement adhesives or self-adhesive
cements should be made carefully, considering the type
and color of the resin cement. Photopolymerization
for 40 seconds per surface is recommended (5,16).
Some experts advise selecting surface pretreatments
based on the resin cement and zirconia types, which
are crucial in determining the most suitable surface
conditioning methods (6,65). Ultimately, further
long-term clinical studies are necessary to establish
consensus guidelines for the adhesion of full-coverage
and partial-coverage zirconia restorations, especially
concerning new high-translucency zirconia materials
(8,63).
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Zirconia implant-supported restorations

Zirconia is currently a material that has also found
widespread use in implant-supported restorations. It
represents a valid alternative to metal-ceramic systems
for rehabilitating partially edentulous patients, both
in single crowns and FPDs. The first applications of
zirconia in implant-supported restorations involved
zirconia-ceramic systems, which were subject to
the technical complication of chipping the veneering
ceramic. However, this complication was also found
in metal-ceramic restorations (45,66). The aesthetic
limitations of the first generations of zirconia and the
technical complications associated with chipping the
veneering ceramic led to the introduction of monolithic
solutions. Currently, monolithic zirconia represents
the most modern and promising solution in implant
prosthodontics. It has the advantage of resolving the
technical complications associated with ceramic fracture
or chipping and significantly simplifying the technical
manufacturing process (67,68). In clinical applications
for implant restorations, the latest generation of
monolithic zirconia eliminates the need for veneering
ceramic in functional areas. In contrast, areas of high
aesthetic importance can be managed with micro-
veneering (67,68). Although knowledge regarding the
survival and prosthetic complications of single crowns
and FPDs in monolithic zirconia remains limited, early
data are promising (69,70). A recent systematic review
reports excellent short-term survival rates (<5 years)
for both single crowns (100%) and FPDs (99.6%) in
monolithic zirconia supported by implants. However,
medium-term data (>5 years) are still lacking (69).
Another study emphasizes that implant-supported
monolithic zirconia single crowns and FPDs can be an
effective and safe treatment option due to favorable
short-term survival and low prosthetic complications
(70). In 24 months of follow-up, monolithic zirconia
FPDs reported a failure rate of 0% and a complication
rate of 4% (70). The results of a recent study suggest
that the prosthetic material does not appear to have
a significant impact on the survival rates of implant-
supported partial restorations: multi-unit restorations in
the posterior region made with metal-ceramic, zirconia-
ceramic, and monolithic zirconia systems demonstrate
high and comparable survival rates (71). Although
metal-ceramic systems are less in demand with the
advent of zirconia, they may be highly indicated in
cases of minimal prosthetic space, or partial dentures
with extended cantilevers (67).

Zirconia full-arch implant-supported resto-
rations

Recently, zirconia has been introduced as a promising
alternative to traditional solutions for implant-supported
full-arch restorations. Although long-term clinical data
are still lacking, short- and medium-term performance is
encouraging (72,73).Arecentstudy reports survival rates
between 88% and 100% and prosthetic complications
that usually do not compromise rehabilitation (74).
From an economic point of view, despite higher initial
costs compared to traditional solutions, they reduce
overall complications and higher survival rates (75).

The reference design for zirconia is the screw-retained
prosthesis (76), which allows for simplified clinical and
technical complications management. The success
of the screw-retained zirconia framework is linked to
knowledge of the materials, correct design, and the
high precision required by 3Y-TZP, which, due to its
mechanical characteristics, is the reference material
in this prosthetic solution (76). First-generation 3Y-TZP
is indicated for implant-supported prostheses as a
framework associated with aesthetic veneering ceramic.
Compared to titanium structures, one advantage is
that zirconia requires a thinner aesthetic ceramic layer
for teeth and pink gums (77). However, the limitation
of these zirconia-ceramic solutions is the high rate of
technical complications related to ceramic chipping,
which is clinically unacceptable (72,78). In addition, the
zirconia-ceramic system’s ceramization techniques and
firing cycles can distort the framework and compromise
the accuracy of the restoration. This mechanism,
despite conflicting data on the subject (79,80), can
significantly affect the marginal fit of full-arch screw-
retained zirconia-ceramic restorations (80). Introducing
the second generation of 3Y-TZP has simplified implant
prosthetic design, allowing monolithic restorations
and resolving the technical complications associated
with veneering ceramic (81). However, the second-
generation monolithic 3Y-TZP framework still requires
“cut back” in the CAD phase in non-functional areas
to accommodate minimal ceramization of aesthetic
regions, including the gingival area (76,81). Recent
studies have confirmed that implant-supported solutions
in monolithic zirconia demonstrate higher survival and
success rates than zirconia-ceramic restorations, with
significantly fewer prosthetic complications (82,83).
Although scanners and CAD/CAM technology currently
allow for the creation of highly complex screw-retained
zirconia restorations with acceptable misfit values (84),
it should be noted that without optimal adaptation, the
zirconia structure is prone to fractures during screw
insertion and tightening.

Furthermore, the zirconia framework requires careful
design, especially in cases involving cantilevers
and patients who grind their teeth (22,85). It should
be noted, however, that catastrophic fractures of
monolithic zirconia full arches are rarely reported, with
the few cases of fracture mainly caused by mismatched
implant component sizes (8). Regarding materials,
in screw-retained restorations, second-generation
3Y-TZP monolithic zirconia offers sufficient mechanical
reliability, albeit with aesthetic limitations (86). Recent
monolithic shade-gradient and strength-gradient
multilayered zirconia materials appear promising
solutions in this clinical scenario. However, clinical
data are lacking. Furthermore, the complexity of screw-
retained rehabilitation seems to introduce uncertainties
about the strength of a heterogeneous structure,
such as strength-gradient multilayered zirconia. An
alternative design to screw-retained monolithic zirconia
has recently been introduced, which aims to overcome
some design and clinical critical issues. This type of
implant-supported rehabilitation has been defined
by some authors as Hybrid Metal-Zirconia Implant
Prosthesis (87,88). This solution involves a primary
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metal structure (substructure or bar) supporting a
secondary structure (superstructure) made of latest-
generation zirconia (89-91). This design combines
the advantages of both materials, offering potentially
aesthetic and reliable restorations (Figure 5).

Figure 5. The implant-supported full-arch fixed dental pros-
thesis in zirconia serves in this case as a superstructure
supported by a titanium bar. The zirconia material used is
the latest generation M3Y-5Y multilayer hybrid zirconia,
which has undergone microwave (MW) sintering.

The material of choice for the bar is titanium due to its
biocompatibility, tensile strength, fracture resistance,
and low weight. The bar allows for versatile use on
differentimplant platforms, compensates for unfavorable
angles, and offers the possibility of segmentation if
necessary (87-89). Preliminary data on this prosthetic
design show an encouraging survival rate with minimal
technical complications in the short term (92). However,
there are currently no design guidelines or data on
the medium- and long-term performance of titanium-
zirconia restorations (Figures 6,7).

by a simplified design and less prone to technical
complications than previous zirconia-ceramic systems.
Monolithic zirconia is currently a promising alternative
to metal-ceramic and glass-ceramic systems in both
clinically relevant aesthetic cases and cases requiring
high mechanical reliability, including full-arch implant-
supported restorations. Furthermore, the evolution
of manufacturing processes and simplified design
make it an advantageous option in terms of time and
cost. However, monolithic zirconia restorations lack
medium- and long-term clinical data. For this reason,
in-depth knowledge of the latest generation of zirconia
materials is recommended, both in terms of their
chemical and physical properties and the technical
manufacturing processes involved. This allows for the
correct selection of materials, safe restoration design,
a favorable prognosis, and aesthetic results in line with
patient expectations.
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Conclusions

The growing demand for metal-free restorations and
advances in CAD-CAM technologies have made
zirconia an increasingly popular solution for tooth
and implant-supported restorations. The evolution
of zirconia has led to the introduction of materials
with superior aesthetic qualities, shade-gradient and
strength-gradient multilayered zirconia, which allow for
the production of monolithic restorations characterized
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