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Abstract: The aim of this study was to perform a narrative review to identify the modifications
applied to the chemical structure of third- and fourth-generation zirconia ceramics and to determine
the influence of these changes on the mechanical and optical properties. A bibliographical search
using relevant keywords was conducted in the PubMed® and EBSCO databases. The abstracts and
full texts of the resulting articles were reviewed for final inclusion. Fifty-four articles were included
in this review. The analyzed topics were: (1) the composition of first- and second-generation zirconia
materials (Y-TZP), (2) the behavior of the studied generations in relation to mechanical and optical
properties, and (3) the modifications that were carried out on third-generation (5Y-TZP) and fourth-
generation (4Y-TZP) zirconia materials. However, studies focusing on these specific characteristics in
third- and fourth-generation zirconia materials are scarce. The review shows that there is a lack of
sufficient knowledge about the chemical modifications of zirconia in the new generations.

Keywords: zirconia materials; ZrO2 generations; ZrO2 indications

1. Introduction

The natural appearance results in fixed dental prosthesis (FDPs) treatments have
been guided by the evolution of dental ceramics; zirconium dioxide (ZrO2) is part of this
evolution [1–6].

The polycrystalline structure of zirconium dioxide (ZrO2) is arranged on cells (mesh)
shaped in three different phases: cubic, tetragonal, and monoclinic. They transform from
one phase into another, induced by a combination of temperature, humidity, and stress
stimulus [7–16].

Three mol% yttria-stabilized tetragonal zirconia polycrystalline (3Y-TZP) is a ceramic
system that exhibits high strength, fracture toughness, hardness, wear resistance, good
frictional and non-magnetic behavior, electrical insulation, low thermal conductivity, corro-
sion resistance in acids and alkalis, modulus of elasticity similar to steel, and coefficient
of thermal expansion similar to iron. However, poor translucency has been one of the
characteristics to improve in this material [17–29].

Yttria-stabilized tetragonal zirconia polycrystalline is termed Y-TZP. Zirconia-based
ceramics used for biomedical purposes typically exist as a metastable tetragonal partially
stabilized zirconia (PSZ), which means that trapped energy still exists within the material,
preventing the system from transforming into the monoclinic phase at room temperatures.
However, 3 mol% yttria-stabilized tetragonal zirconia polycrystalline (3Y-TZP) suffers a
phase transformation when mechanical or physical stress is applied. It has been observed
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that fatigue creates micro-cracks in the structure of zirconia materials. When a crack
propagates in 3Y-TZP (that has these metastable tetragonal particles), a stress-induced
transformation occurs at the end of the crack and only the particles near this transform from
the tetragonal into the monoclinic phase; this process is called transformation toughening
(TT) [6,10]. This transformation toughens the material in the following two different ways:
the energy needed for fracture is first dissipated during transformation and second through
residual compressive stress [4,7,11,21,25].

On the other hand, 3Y-TZP under oral conditions has shown an accelerated aging, af-
fecting a long lasting prosthesis. Scientists who have investigated the biomaterial behavior
have named this phenomenon as “low temperature degradation (LTD)”, where the tetrago-
nal zirconia (t-ZrO2) phase spontaneously transforms to the monoclinic (m-ZrO2) phase
as a response to the variation of temperature in the mouth and the presence of humidity
(hydrothermal aging), regardless of any mechanical stress. The consequences of hydrother-
mal aging are surface roughening due to loss of crystals, enhanced wear rates, detrimental
strength, and fracture toughness, followed by catastrophic failures [4,8,11,12,16].

To maintain stability of the crystalline form at room temperature yttria, magnesia,
and other oxides have been added to zirconia materials. Güth et al. [6] described four
generations of zirconia material based on its chemical structure: first-generation 3 mol%
Y2O3 0.25% Al2O3 (3Y-TZP); second-generation 3 mol% Y2O3 0.05% Al2O3; third-generation
5 mol% Y2O3 0.05% Al2O3 53% cubic structure (5Y-TZP); fourth-generation 4 mol% Y2O3
0.05% Al2O3 (4Y-TZP).

In 2015, a new ceramic system was introduced to the market: the third-generation
5-mol% yttria-stabilized tetragonal zirconia polycrystal (5Y-TZP). Increasing the yttria
content (Y3O2) to 5 mol% was a modification that offered enhancement in the translu-
cency of zirconia. The result is a fully stabilized zirconia with a stable cubic–tetragonal
microstructure. The cubic phase reaches approximately 50% of the structure. The size
and number of the crystals, which are larger than the 3Y-TZP, favor the light transmission,
reducing the refraction effect and giving better translucency. On the other hand, an increase
in the number of cubic crystals affects the crack propagation pattern, reducing the flexural
strength and the fracture toughness of the material [1,6,10,12,30].

It is relevant to recall the findings attained by Zhang et al. [13] in 2020 that describe
3Y-TZP ceramics. These ceramics allow less light transmission because of the large refrac-
tion of light in two different directions (optically anisotropic)—an effect of the tetragonal
phase—causing light diffusion and light deflection at the grain boundaries that enhance
the translucency of zirconia ceramics [12,17,31–34].

The mechanism for increasing yttria oxide as a strategy to reach a higher translucency
in the zirconia materials involves better aging stability but lower flexural strength and
fracture toughness, mainly due to the change in the phase composition [35–39]. Compared
with 3Y-TZP that consists of ~80 wt% tetragonal phase and ~20 wt% cubic phase, PSZ
stabilized with 4–6 mol% yttria used for dental purposes contains a 40–70 wt% cubic phase
influenced by the yttria stabilizer concentration and the sintering temperature. Increasing
the cubic phase in the zirconia structure transforms the composition into a nonbirefringent
(refraction in two directions) and non-transformable (loss of grains and aging) under
humidity and stress conditions [13–15,17–19].

In 2017, manufacturing companies launched the fourth-generation 4-mol% yttria-
stabilized tetragonal zirconia polycrystals (4Y-TZP) of zirconia. Compared with the third-
generation, the yttria content was reduced to 4-mol%, which led to an enhancement
of the flexural strength and fracture toughness, with a combined reduction in translu-
cency [6,10,14,31]. Comparing the strength, toughness, and translucency of zirconia restora-
tions allows clinicians and dental lab technicians to make assertive decisions based on the
evidence of prosthetic restoration on one or more than three units. For this reason, the
research question sought to identify the expectancy of an enhancement of the different
properties when comparing the third- and fourth-generation of zirconia materials.
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The aim of this study was to retrieve the papers that analyze the modifications per-
formed in the chemical structure of third- and fourth-generation zirconia ceramics in order
to determine how these structural changes have influenced the strength, toughness, and
translucency of these materials.

2. Materials and Methods
2.1. Study Selection

This study consisted of an extensive search of the literature available on dental mate-
rials worldwide. The search was limited exclusively to papers in English, between 2015
and 2022, that feature on the two main search engines (PubMed® and EBSCO) and that
are published in of the most influential indexed journals in the materials and dental field.
A first search was performed in October 2021 and a second search was conducted in July
of 2022.

2.2. Inclusion Criteria

Clinical trials (randomized controlled trials), meta-analysis, systematic reviews, in vitro
studies, and literature reviews were included in the present study. The following charac-
teristics were taken into account: zirconia materials, translucent zirconia, cubic zirconia,
ultra-translucent zirconia, mechanical properties, chemical structure, and load bearing of
translucent zirconia.

2.3. Exclusion Criteria

Books and documents, all papers in a foreign language (not in the English language),
and zirconia materials investigated in other applications different from fixed prosthodontics
were excluded.

2.4. Study Quality Assessment

The search strategy was designed and set up by one reviewer (A.A.), who also per-
formed the electronic search. All the studies that fulfilled the inclusion criteria were
included in this review. The title and abstracts of all articles identified by the electronic
search were read and assessed by one of the authors (A.A.). A shortlist of studies was then
compiled and subjected to full text analysis and data extraction by the contributing authors.
A manual search of the analyzed articles was also carried out. The methodological quality
of all selected full-text articles was assessed using the guidelines given by PRISMA and
CONSORT [40].

First, the authors analyzed those papers that described zirconium oxide as a pure
element in nature and its modifications, including its chemical structure, phase transforma-
tion, and low-temperature degradation. Second, the authors classified those papers that
reported data on third- and fourth-generation zirconia materials.

3. Results

The original search strategy—based on keywords mentioned—resulted in 322 papers.
However, the total number of papers that met the inclusion criteria for the review was
64, whereby 45.6% addressed first- and second-generation zirconia materials and 54.3%
studied third- and fourth-generation zirconia materials. A total of 64 articles was reviewed,
of which 20 were discarded and 44 related to third- and fourth-generation zirconia were
used, with a further 10 articles added to address generalities of the review. The flow chart
of the obtained results of the literature search is given in Figure 1.
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lucency of the available materials. Studies that addressed these specific characteristics in 
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All selected papers are distributed according to the information they offer regarding 
the composition and features of zirconia materials. A summary of the in vitro studies and 
the observational study articles reviewed in this paper can be found in Table 1. 

Figure 1. Flow chart of the literature search.

This study aimed to understand the chemical composition of zirconia ceramics and to
determine which modifications have been carried out. The first selection of papers allowed
the authors to categorize the composition of first- and second-generation zirconia materials
(Y-TZP) and to identify the behavior of the studied generations of zirconia materials
regarding abrasiveness and wear, marginal accuracy, and cementation. The second selection
permitted to establish the modifications that were carried out in third-generation (5Y-TZP)
and fourth-generation (4Y-TZP) zirconia materials, allowing to understand how these
modifications have influenced the flexural strength, fracture toughness, and translucency
of the available materials. Studies that addressed these specific characteristics in third- and
fourth-generation are scarce.

All selected papers are distributed according to the information they offer regarding
the composition and features of zirconia materials. A summary of the in vitro studies and
the observational study articles reviewed in this paper can be found in Table 1.
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Table 1. Summary of clinical and in vitro studies analyzed.

Year of Publishing
(Study Design)

Authors
(Country) Aim Sample Size Material Zirconia Type Results Conclusions

2020
(in vitro)

Zucuni et al. [32]
(Brazil)

Evaluate the effect of
distinct surface
treatments (grinding,
polishing, and glaze)
of fully stabilized
zirconia (FSZ).

Disc of FSZ (n = 15).
Size: 0.8 mm in
thickness and 10 mm
in diameter.

ZirCAD MT Multi
(Ivoclar Vivadent,
Schaan,
Liechtenstein)

4Y-TZP

Grinding generates
scratches and defects
on the material’s
surface. Polishing
and glaze show
surface smoothening
effects. None of the
surface treatments
affected the
mechanical
properties.

The surface
treatments of the
occlusal surface of
zirconia restorations
do not impair the
fatigue behavior of
the restorations.
The ground FSZ
surface should be
polished or glazed
for smoothening
effect.

2020
(in vitro)

Moqbel et al. [15]
(Germany)

Evaluate the
influence of aging
and surface
treatment on surface
roughness, biaxial
flexural strength
(BFS), and Vickers
hardness (VHN) of
translucent dental
zirconia.

Eighty disc-shaped
zirconia specimens.
Size: 1.2 mm in
thickness and 12 mm
in diameter.
Half were not aged and
the other half were
aged in autoclave for
20 hrs.

High translucent
zirconia
(Katana HT10,
Kuraray, Tokyo,
Japan)

4Y-TZP

Aging and particle
air abrasion
increased the BFS.
The hardness was not
influenced
significantly by
aging.

Particle air abrasion
and aging
demonstrated a
significant
transformation from
tetragonal phase
to-monoclinic phase,
which led to
significant increase of
BFS.

2019
(in vitro)

Na- Kyoung Yu et al.
[41] (Korea)

Evaluate the effect of
two coloring liquids
and the position of
multi-layered
zirconia on flexural
strength.

Sixty multi-layered
specimens were
divided into incisal
and cervical positions.
Three subgroups (n =
10): non-shaded,
acid-based coloring
liquid, and aqueous
coloring liquid.

3M Lava Esthetic
(3M Deutschland
GmbH, Germany)

5Y-TZP

The flexural strength
of multi-layered
zirconia was 400–500
MPa.
There was no
statistically
significant difference
among all groups.

The different coloring
liquids did not affect
the flexural strength
of multi-layered
zirconia of all
positions
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Table 1. Cont.

Year of Publishing
(Study Design)

Authors
(Country) Aim Sample Size Material Zirconia Type Results Conclusions

2019
(in vitro)

Kurtulmus-Yilmaz
et al. [28]
(Turkey)

Investigate the
influence of surface
treatments
conducted in pre-
sintering and post-
sintering stages on
flexural strength and
optical properties of
zirconia.

Zirconia blocks
partially sintered were
milled in different
geometries for three
tests.
Flexural strength (n =
70): bar- shaped.
Color evaluation (n =
70): square-shaped.
Topographic analysis
(n = 12): disc-shaped.
Groups: pre-sintered,
post-sintered, and
control.

GC Initial zirconia
disk
(GC America Inc,
EEUU)

3Y-TZP

Post-sintered groups
exhibited higher
values on mechanical
properties.

Surface treatments
performed at the
post- sintering stage
had a favorable effect
on flexural strength.
Surface treatments
performed before
sintering increased
translucency and
caused higher ∆E00
values.

2019
(in vitro)

Jansen et al. [9]
(Germany)

Test and compare
two high-speed
sintering protocols
and one conventional
sintering protocol on
the translucency,
phase content, grain
sizes, and flexural
strength of three
zirconia materials.

Total of 450 specimens
of 3 zirconia materials
(n = 150)

3Y-TZP:
Ceramill (ZI) and
Zolid (ZD).
4Y-TZP: Zolid (HT)

Ceramill Motion 2
(Amann Girrbach
AG)

3Y-TZP 20%
translucency, 1200
MPa BFS.
3Y-TZP reduced
Al2O3 25%
translucency, 1000
MPa BFS.
4Y-TZP 30%
translucency, 900
MPa BFS.

ZI: sintering
protocols did not
affect the
translucency of BFS.
ZD: showed
significantly lower
translucency for
high-speed protocols.
HT: showed
significantly lower
translucency for
high-speed protocols.

The biggest influence
in translucency was
exerted by the
specimen thickness
followed by the
sintering protocol.
No monoclinic phase
was detected in any
group. Grain size
increased with
increasing final
sintering
temperature.
High-speed sintering
increased BFS in ZD
and HT. Translucency
was decreased in ZD
and HT.
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Table 1. Cont.

Year of Publishing
(Study Design)

Authors
(Country) Aim Sample Size Material Zirconia Type Results Conclusions

2019
(in vitro)

Vieira Cardoso et al.
[3] (Brazil)

Determine the effect
of different sintering
temperatures on the
microstructure and
optical properties of
FSZ.

Bar-shaped FSZ
specimens were
divided into 2 groups
(n = 15) according to
final sintering
temperatures (1450ºC
and 1600ºC).

Fully stabilized
zirconia blocks
(Prettau® Anterior,
Zirkonzahn GmbH,
Italy)

5Y-TZP

Reflectance and sum
of light absorption-
scattering values
were significantly
different.
Translucency, opacity,
and flexural strength
showed no statistical
differences.

Higher sintering
temperatures increased
the grain size but did
not change the crystal
phase concentration.

2019
(in vitro)

Elsayed et al. [36]
(Germany)

Evaluate fracture
strength of
full-anatomical
crowns
manufactured from
three different types
of zirconia with three
different contents of
yttrium oxide.

Total of 48 specimens
divided into three
groups (n = 16):
3Y-TZP, 4Y-TZP, and
5Y-TZP.

Group A, DD Bio
ZX2 (3Y-TZP) (Dental
Direkt)
Group B, DD cubeX2
HS (4Y-TZP) (Dental
Direkt)
Group C, DD cubeX2
(5Y-TZP) (Dental
Direkt).

3Y-TZP
4Y-TZP
5Y-TZP

The highest fracture
strength was shown
in 3Y-TZP, the lowest
in 5Y-TZP.

Increasing the content
of yttrium oxide in an
attempt to improve the
optical properties can
reduce the mechanical
properties after aging
of the ceramic.

2019
(in vitro)

Auzani et al. [31]
(Brazil)

Evaluate the effect of
shading procedures
on fatigue
performance and
optical properties on
4Y-TZP.

Seventy-five discs of
Y-TZP ceramic were
divided into 5 groups
(n = 15).

IPS e.max ZirCAD
MT BL (Ivoclar
Vivadent, Schaan,
Liechtenstein)

4Y-TZP

Shading technique
negatively affected
the mechanical
fatigue properties of
4Y-TZP.

The shading technique
used for pigmentation
affects translucency,
opalescence, and
fatigue properties of
4Y-TZP.

2019
(in vitro)

Zhang et al. [23]
(Belgium)

Evaluate two-body
wear of three zirconia
ceramics stabilized
with 3, 4, and 5% mol
yttria and to compare
their wear behavior
with
lithium-disilicate
glass-ceramic.

Sixteen
rectangular-shaped
specimens from three
grades of zirconia
ceramics and a
lithium-disilicate
glass-ceramic.

Zpex (3Y-TZP)
Zpex 4 (4Y-TZP)
Zpex smile (5Y-TZP)
(Tosoh, Tokyo, Japan).

IPS e.max CAD
blocks (IPS e.max
CAD HT A2, Ivoclar
Vivadent, Schaan,
Liechtenstein)

3Y-TZP
4Y-TZP
5Y-TZP

The three zirconia
ceramics showed a
similar and limited
amount of wear. The
wear resistance was
higher than
lithium-disilicate.

The threshold in stress
intensity for crack
growth along with
microstructural
homogeneity and
surface degradation
are also key
parameters that should
be taken into account.
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Table 1. Cont.

Year of Publishing
(Study Design)

Authors
(Country) Aim Sample Size Material Zirconia Type Results Conclusions

2019
(in vitro)

Kou et al. [42]
(Sweden)

Analyze the effects of
artificial aging on
surface roughness,
transparency, phase
transformation, and
BFS of different
zirconia products.

Twenty discs.
Size: 1.1 mm in
thickness and 13 mm
in diameter.

DD cubeX2 (Dental
Direkt Gmbh,
Spenge, Germany)
Prettau Anterior
(Zirkonzahn GmbH,
Gais, Italy).

4Y-TZP
5Y-TZP

DD cubeX2 had
higher positive
values on mechanical
properties than
Prettau Anterior both
before and after
artificial aging for 10
hrs.

Within the
limitations of the
present in vitro study,
both DD cubeX2 and
Prettau Anterior
seem to be relatively
aging resistant.
However, a wider
range of measured
flexural strength
indicated that Prettau
Anterior probably is
a less stable material
than DD cubeX2,
which also means
that the flexural
strength of DD
cubeX2 could be
more predictable.

2019
(in vitro)

Hayasi et al. [22]
(Japan)

Clarify the influence
of translucent
tetragonal zirconia
polycrystals on wear
properties of esthetic
dental materials.

Disc shaped.
Size: 1.0 mm in
thickness and 13 mm
in diameter.

Zpex100 Zpex (Tosoh,
Tokyo, Japan) 5Y-TZP

The wear volume of
TZP was extremely
small. Polished
translucent TZP
indicates that wear
hardly occurs.

No visible wear was
found on translucent
TZP.
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Table 1. Cont.

Year of Publishing
(Study Design)

Authors
(Country) Aim Sample Size Material Zirconia Type Results Conclusions

2019
(in vitro)

Elsaka et al. [43]
(Egypt)

Evaluate the optical
and mechanical
properties of newly
introduced
monolithic
multilayer zirconia
with two types of
monolithic zirconia.

Thirty bar-shaped
specimens.
Size: 18 mm × 4.0
mm × 3.0 mm

Ceramill Zolid FX
Multilayer (CZF)
(Amann Girrbach,
Koblach, Austria)
Prettau Anterior (PA)
(Zirkonzahn GmbH,
Bruneck, Italy)
Zenostar Translucent
(ZT) (Wieland Dental
GmbH, Lindenstrabe,
Germany)

CZF: 4Y-TZP

PA: 5Y-TZP

ZT: 4Y-TZP

Optical properties:
CZF revealed
significantly higher
translucency parameter
(TP) and lower contrast
ratio (CR) compared
with PA and ZT
monolithic zirconia.
Mechanical properties:
ZT showed
significantly higher
flexural strength and
fracture toughness
compared with CZF
and PA.
CZF revealed
significant higher
hardness values
compared with PA and
ZT.
CZF and PA revealed
higher brittleness index
than ZT monolithic
zirconia.

The optical and
mechanical
properties of the
tested monolithic
zirconia are material
dependent.
Fully stabilized
monolithic zirconia
materials (CZF and
PA) are relatively
more translucent
than partially
stabilized zirconia
(ZT).

2018
(in vitro)

Ebeid et al. [44]
(Germany)

Evaluate the effect of
zirconia surface
treatment on its
surface roughness,
phase transformation,
and biaxial flexural
strength (BFS) in
pre-sintered and
post-sintered stages.

Forty zirconia
ceramic discs.
Size: 1.2 mm in
thickness and 12 mm
in diameter.

Pre-sintered and
post-sintered
zirconia.
Bruxzir Shaded
(Glidewell, CA,
EEUU)

5Y-TZP

The pre-sintered
treated group and
control group showed
no monoclinic phase,
while the post-sintered
group showed higher
portions of monoclinic
phase. BFS was higher
in post-sintered group.

Air abrasion in the
pre-sintered stage
might be a surface
treatment method to
produce better
surface roughness
without subjecting it
to early degradation.
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Table 1. Cont.

Year of Publishing
(Study Design)

Authors
(Country) Aim Sample Size Material Zirconia Type Results Conclusions

2018
(in vitro)

Juntavee et al. [45]
(Thailand)

Evaluate the effect of
different sintering
temperatures and
sintered-holding
times on flexural
strength of
translucent
monolithic zirconia.

One hundred and
thirty-five (135)
zirconia specimens
were prepared in a
bar shape at the
dimension of 12 mm
width, 25 mm length
and 1.8 mm in
thickness from
Y-TZP.

Zirconia blanks
(Y-TZP, VITA YZ HT
color®, Vita
Zahnfabrik,
Säckingen, Germany)

4Y-TZP

Increasing sintering
temperature resulted
in higher flexural
strength and
prolonged
sintered-holding time
resulted in higher
flexural strength

Flexural strength of
monolithic Y-TZP
was influenced by
modification of
sintering
temperature and
duration of sintering
time.

2018
(in vitro)

Camposilvan et al.
[12]

(Brazil)

Analyze the
microstructural
features, mechanical
properties,
translucency, and
aging behavior of the
current generation of
zirconia.

Disc-shaped of four
different commercial
zirconia materials (n
= 20).

Full strength: Aadva
ST (ST) (Aadva
GCTech, Leuven,
Belgium)
Enhanced translucency:
Aadva EI (EI) (Aadva
GCTech, Leuven,
Belgium)
High translucency:
Aadva NT (NT)
(Aadva GCTech,
Leuven, Belgium)
High translucency
multi-layered: Katana
UTML (ML)
(Kuraray Noritake
Dental Inc, Aichi,
Japan)

ST: 3Y-TZP
0.2% Al2O3

EI: 3Y-TZP
0.05% Al2O3

NT: 5Y-TZP
0.05% Al2O3

ML:
5Y-TZP
unknown Al2O3

The high amount of
cubic phase in
5Y-TZP improves
translucency but at
the expense of
strength and
toughness.

Hydrothermal
degradation takes
place in the
state-of-the-art
3Y-TZP and is
minimal in the
third-generation
zirconia.

In the current
generation of
so-called tetragonal
zirconia, short aging
times have been
observed. Glaze acts
as a barrier against
hydrothermal
degradation.
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Table 1. Cont.

Year of Publishing
(Study Design)

Authors
(Country) Aim Sample Size Material Zirconia Type Results Conclusions

2018
(in vitro)

Yan et al. [39]
(EEUU)

Evaluate the
load-bearing capacity
of monolithic lithium
disilicate and novel
ultra-translucent
zirconia restorative
systems of various
compositions.

Ten disc-shaped
specimens were
prepared from three
dental zirconia and
lithium disilicate (n =
10).
Size: 1.0 mm in
thickness and 12 mm
in diameter.

Dental zirconias.
(Luxisse series;
Heany Industries,
EEUU)

Lithium disilicate
(IPS e.max CAD;
Ivoclar Vivadent,
Lichtenstein).

5Y-TZP

4Y-TZP

3Y-TZP

Load-bearing
capacity of LiDi (872
N) is superior to
5Y-PSZ (715 N) when
bonded and
supported by
dentin-like substrate,
while 3Y-TZP still
holds the highest
load-bearing capacity
(1195 N).
The translucency of
5Y-PSZ approaches
that of LiDi, which
are superior to both
4Y-PSZ and 3Y-TZP.

When adhesively
bonded to and
supported by dentin,
lithium disilicate
exhibits similar
load-bearing
properties to 4Y-PSZ
but much better than
5Y-PSZ

2017
(in vitro)

Schriwer et al. [46]
(Norway)

Evaluate whether
factors of the
production methods
or the material
composition affect
load at fracture,
fracture modes,
internal fit, or crown
margins of
monolithic zirconia
crowns.

Sixty crowns made of
different dental
zirconia materials.

Soft-machined (3)
Hard-machined (2)
Prismatik BruxZir
(Glidewell
Laboratories)
Dental Direkt (Bio
ZX2, Dental Direkt
GmbH)
ZirkonZahn,
(Zirconia—Prettau
Zirconia)
NobelProcera
(Nobel Biocare)
Denzir Y-TZP, Denzir
Mg-PSZ, (Denzir AB)

5Y-TZP
4Y-TZP
3Y-TZP

Internal fit:
statistically
significant
differences in
internal fit at occlusal
cement gap.
Margin quality:
hard-machined had
almost flawless
margins, less severe
margin defects.
Load fracture:
correlation between
the severity of
margin defects and
load fracture.

Production method
and composition
affect internal fit,
crown margin
quality, and the load
at fracture of crowns.
Hard-machined
offers better
characteristics.
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Table 1. Cont.

Year of Publishing
(Study Design)

Authors
(Country) Aim Sample Size Material Zirconia Type Results Conclusions

2016
(in vitro)

Pozzobon et al. [25]
(Brazil)

Evaluate the effect of
air abrasion. Eighty blocks.

3Y-TZP ceramic
blocks (VITA
In-Ceram YZ, Vita
Zahnfabrik, Bad
Säckingen,
Germany).

3Y-TZP

Bond strength is
affected by particle
size factor; 110 µm
particles promoted
higher bond strength.

The 30 µm and 110
µm silica coating
created t-m phase
transformation.

2016
(in vitro)

Schatz et al. [29]
(Germany)

Evaluate the
influence of
specimen
preparation and test
method on flexural
strength of
monolithic zirconia.

Total of 720
specimens.

Pre-sintered zirconia
Ceramill Zolid
(Amann Girrbach,
Koblach, Austria)
Zenostar Zr
Translucent
(Wieland + Dental,
Pforzheim, Germany)
DD Bio zx2
(Dental Direkt,
Spenge, Germany)

5Y-TZP

4Y-TZP

3Y-TZP

The different
polishing procedures
influenced the mean
flexural strength
independently of
which zirconia was
tested and which test
method was applied.
After sintering the
wet polished
specimen produced
significantly higher
flexural strength than
specimens polished
before sintering.

The specimen
preparation method
significantly impacts
the flexural strength;
roughness was
higher with dry
polished specimens.

2016
(in vitro)

Bomicke et al. [30]
(Germany)

Compare ultimate
fracture load, load at
first damage, and
fracture pattern for
posterior fixed dental
prosthesis (FDPs)
manufactured from
translucent Y-TZP.

Premolar sized FDPs
in 4 groups (n = 16)

Y-TZP (Cercon ht
medium; DeguDent
GmbH).
Veneered complete
crown retained.
Monolithic complete
crown retained.
Monolithic partial
veneer crown
retained.
Monolithic resin
bonded

5Y-TZP

No debonding or
structural defects
detected before
fracture loading.

Cracking of veneer
occurred. Monolithic
270◦ partially
veneered crown
retained, which
seemed to debond at
forces below 500 N.
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Table 1. Cont.

Year of Publishing
(Study Design)

Authors
(Country) Aim Sample Size Material Zirconia Type Results Conclusions

2016
(in vitro)

Zhang et al. [8]
(Belgium)

Evaluate the optical
properties,
mechanical
properties, and aging
stability of Y-TZP
with different
compositions.

Five different Y-TZP
materials were used
to evaluate different
properties as follows:
translucency
parameter (TP) (n =
10),
bending strength (n =
10),
fracture toughness (n
= 8),
Vickers hardness (n =
10).

Zpex Smile 5Y-TZP
(Tosoh, Japan)

3Y-0.05Al:
0.05% Al2O3
5Y-0.05Al:
0.05% Al2O3
Lab made powders:
3Y-0.25Al-0.2La
0.25% Al2O3 and
0.2% La2O3
3Y-0.1Al-0.2La:
0.1% Al2O3 and
0.2% La2O3

Lowering the
alumina content
below 0.25%
increased the
translucency of
3Y-TZP ceramics, but
hydrothermal aging
stability was reduced.
Higher yttria content
introduced 50% of
cubic zirconia phase
and gave rise to the
most translucent and
aging-resistant; but
fracture toughness
and strength were
sacrificed.

Slight variation in
composition resulted
in a substantially
different
translucency,
mechanical
properties, and
hydrothermal
stability.

Adding 0.2%mol
La2O3 can modify
the grain boundary
chemistry by means
of segregation and
provide a promising
combination of
higher translucency,
better aging stability,
and similar
mechanical
properties.

2016
(in vitro)

Pilo et al. [26]
(Israel)

Evaluate changes in
surface chemistry of
Y-TZP frameworks
induced by zirconia
primer treatments.

Discs of Y-TZP were
treated with different
primers.

Lava (3M ESPE Seefeld,
Germany)

Zirconia primers:
Bisco Z-Prime Plus
Bisco, Inc, Schaumburg
IL, EEUU)
Danville Z-Bond
(Danville Materials Inc,
S Ramon, CA, EEUU)

3Y-TZP

Both primers
induced carboxylate
salt formation on
Y-TZP, promoting
chemical adhesion.

Primers produced
strongly adsorbed
films on Y-TZP, with
evidence of
carboxylate and
phosphate salts
formation.

Abbreviations: TZP—tetragonal zirconium dioxide polycrystals; FSZ—fully stabilized zirconia; Y-TZP—yttrium oxide partially stabilized tetragonal zirconium dioxide polycrystals;
3Y-TZP—3 mol% yttria-stabilized tetragonal zirconia polycrystals; 4Y-TZP—4 mol% yttria-stabilized tetragonal zirconia polycrystals; 5Y-TZP—5 mol% yttria-stabilized tetragonal
zirconia polycrystals; BFS—biaxial flexural strength; VHN—Vickers hardness; ∆E00—CIEDE 2000; FDPs—fixed dental prosthesis.
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4. Discussion

Zirconia materials have evolved into several formulations, depending on powder
composition, sintering additives, heat treatment, and other processing factors.

4.1. Third-Generation Y-TZP: Increasing Yttria Content

For Y-TZP, the translucency properties are tailored by its cubic content, which can be
controlled by both the yttria content and the sintering temperature. Increasing the yttria
content gives way to third-generation zirconia materials (5Y-TZP or 5Y-0.05Al) 5 mol% Y2O3
0.05% Al2O3. Due to 53% of its structure being found in cubic polycrystals, it received the
name of cubic zirconia or the so-called fully stabilized zirconia (FSZ) [3–12,15,17–19,35,36].

In general, a higher yttria content and sintering temperature will have a greater cubic
content and better translucency. Nevertheless, this also triggers a lower strength and tough-
ness [1,5,10,12]. The structure allowed (5Y-0.05Al) to have a much higher translucency
than other (3Y-TZP) ceramic systems, which contained about 90% birefringent tetragonal
zirconia. Cubic zirconia is optically isotropic, without light scattering at the grain bound-
aries [29,34,43,47–49]. Moreover, since cubic zirconia is a stable phase and the yttria content
in the residual tetragonal zirconia of (5Al-0.05Al) was high (about 3.9 mol%), 5Y-0.05Al was
resistant to hydrothermal aging [16]. However, the mechanical properties of (5Y-0.05Al) are
a crucial drawback. Cubic zirconia is brittle and the tetragonal zirconia with a higher yttria
content has a lower ability of transformation toughening. Therefore, (5Y-0.05Al) had lower
fracture toughness. The low toughness, combined with the larger grain size of (5Y0.05Al),
also resulted in a much lower strength [5,10,12,15,17]. Third-generation zirconia (5Y-TZP)
exhibits 35–40% translucency and 500 MPa BFS, which does not fulfill the mechanical
requirements for multiple-unit fixed dental prosthesis [9,15]. Increasing the content of
yttrium oxide in an attempt to improve the optical properties can reduce the strength and
toughness after aging of the ceramic [9,15,17].

4.2. Fourth-Generation Y-TZP: Decreasing Yttria Content

Fourth-generation zirconia materials are created to enhance strength and toughness,
but again translucency and light reflection are diminished. The (4Y-TZP) 4 mol% Y2O3 0.05%
Al2O3 exhibits 30% translucency, 900 MPa BFS, and better aging resistance [9,15,18,19].

Currently, three zirconia grades based on the percentage of yttria content are available
for monolithic dental restorations, namely 3Y-, 4Y-, and 5Y-PSZ (mol% yttria partially stabi-
lized zirconia). These three grades have a broad and inversely proportional balance between
translucency and strength and, therefore, offer different clinical indications [6,18,20–22].

Zhang investigated the remaining tetragonal phase and its role in 4Y- and 5Y-PSZ
(mol% yttria partially stabilized zirconia). Both materials had similar basic properties.
However, 5Y-PSZ (mol% yttria partially stabilized zirconia) had a variation on the mi-
crostructure. When 5Y-PSZ was processed from an yttria co-precipitated powder, in which
the 5 mol% Y2O3 stabilizer was already homogeneously distributed inside, the zirconia
starting powder had a significantly higher translucency, biaxial strength, and aging stability,
demonstrating that the cubic content and the microstructure of the remaining tetragonal
grains had considerable influence on the properties of 4Y- and 5Y-PSZ (mol% yttria partially
stabilized zirconia) [13,23–27].

The literature supports the findings regarding the difference in the properties between
third- and fourth-generation zirconia materials. The third-generation shows better optical
properties than the fourth-generation zirconia materials, but the fourth-generation zirconia
exhibits better strength.

The abrasiveness and wear are closely related to grain size; thus, third- and fourth-
generation zirconia show a similar grade of wear that is very close to enamel wear [4,7,12,15,23].
Regarding surface treatment and cementation, third- and fourth-generation zirconia lack
adhesiveness and need to undergo the same surface treatments to improve the surface
roughness [25–29,33,50,51]. Alammar et al. [52], in 2022, conducted a systematic review
on the bonding of high translucency zirconia and concluded that the bonding protocols
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already applied on conventional zirconia (particle abrasion treatment, MDP primers, and
resin cements) provide the best results also on this type of zirconia, as they provide a
long-term adhesive bond without compromising the physical properties.

Most of the studies that analyze the ageing of zirconia ceramics focus on the study of
the influence of changes generated by hydrothermal conditions in the oral environment.
These changes are influenced by the phase transformation of the zirconia and at the same
time the affectation caused by crack propagation in the fracture, which is studied by
using compressive stress. The aging resistance is higher in third- than fourth-generation
zirconia due to the cubic phase percentage [4,7,12,17,32,38,42]. No differences were found
in the marginal accuracy and internal fit of zirconia materials in the third and fourth
generation [24,30,46]. Nevertheless, in recent years, especially after the emergence of
translucent zirconia, there has been an increase in research on the cyclic fatigue of these
materials to fill the gap in the literature on the dynamic ageing of these materials. As
commented by Baldi et al. [53] in 2022, it is observed that there is a lower strength and
marginal sealing of high translucent zirconia compared with zirconia-reinforced lithium
silicate under cyclic fatigue, so there is still a need for further research.

The manufacturing and processing techniques affect the optical properties of zirconia-
based restorations [3,9,12,17,30,45]. Restorations manufactured with the full-contour tech-
nique using 4YT ZP-MT were the darkest and most translucent. The 3YTZP-LT produces
the lightest and least-translucent restorations [3,5,10,12,14,30–32,36,43,45,46,54]. UV ag-
ing caused zirconia-based restorations to be darker and more yellow, red, saturated, and
opaque [17,31–34].

Despite the previous efforts that have been devoted to the study of this material, there
is evidently a lack of a comprehensive understanding of the chemical structure. An absence
of unified terminology and several strategies adopted by manufacturing companies to
improve the characteristics of this ceramic system originate a gap in the knowledge that
allows mistakes when clinicians and lab technicians are using Y-TZP as a ceramic material.
A limitation of this review of the literature is that the behavior of new generations of
zirconia under cyclic fatigue has not been analyzed. Future research needs to analyze the
cyclic fatigue and the clinical behavior of this material.

5. Conclusions

Zirconia ceramics are widely used in the biomedical field. Regarding the physicochem-
ical features and optical and mechanical properties, the expectancy of an enhancement of
the mechanical properties with a combined reduction in its light optical properties when
comparing the third- and fourth-generation zirconia was confirmed. The fourth-generation
zirconia material 4Y-TZP shows better mechanical properties but less percentage of translu-
cency. Clinicians should be careful when zirconia material is their choice when performing
fixed restorations. Translucency is not always an advantage; if discolored stumps were the
base of their restoration, translucent zirconia materials would become disadvantageous.
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