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KEY POINTS

� A wide range of ceramic materials is available, and the classification of these materials will
facilitate the selection of the appropriate one for each clinical scenario.

� The development of color-gradient, composition-gradient, and translucency-gradient ma-
terials has improved the esthetics of monolithic ceramic restorations.

� The introduction of additive manufacturing in the fabrication of ceramic restorations has
the potential to enhance the esthetics of monolithic restorations and improve the
manufacturing process.
INTRODUCTION

Technological developments in the field of dental manufacturing have revolutionized
the production of metal-free dental restorations. Ceramic restorations have gained
popularity over the last 2 decades among clinicians because of their favorable optical
(improved correspondence to tooth structures), mechanical (resistance to material
loss through fracture or wear), biological properties (biocompatibility and inertness),
chemical stability (resistance to changes in pH and temperature, and exposure to
stains), and thermal characteristics (good thermal insulation).1 In addition, they offer
a lower cost of production and more efficient manufacturing techniques, which have
led to the replacement of conventional metal-ceramic restorations with all-ceramic
restorations in recent years, according to a nationwide survey.2

The aim of the present article is to provide an overview of the different types of
dental ceramics, recent advances in terms of composition, manufacturing methods,
and clinical indication and evidence realted to each category of cearmic.
CERAMICS

A wide range of ceramics is available in the market for the fabrication of indirect res-
torations, and they can be classified based on their composition/microstructure or
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manufacturing method. Considering the composition, ceramics can be classified into
glass-matrix based, polycrystalline, and resin-matrix based.1,3 This classification
helps clinicians understand the advantages and disadvantages of each specific mate-
rial in the oral cavity. In addition, it would enable the clinicians to recognize the optimal
surface treatment for the delivery of indirect restorative materials when using resin ce-
ments. Considering the manufacturing techniques, ceramics can be fabricated
through layering, slip-casting, heat-pressing, subtractive computer-aided design/
computer-aided manufacturing ([CAD/CAM], also called milling), and additive CAD/
CAM (also called 3D printing) processes.4 Table 1 presents samples of each category
of ceramics, manufacturer’s recommended surface treatment for bonding clinical in-
dications, and minimum thickness of restoration based on the indication.
GLASS-BASED CERAMICS

Glass-based ceramics are composed of an amorphous glass phase and a crystalline
phase.5 The glass phase predominantly consists of silicon dioxide (silica) and is asso-
ciated with high translucency, relatively low fracture resistance, and brittleness.6,7 The
glass phase plays an important role in the process of bonding the resin cements to ce-
ramics. The crystalline phase reinforces the structure, improves mechanical proper-
ties, and controls the optical properties of these ceramics.5

Feldspar-reinforced glass-ceramic is a traditional ceramic material that is predom-
inantly composed of feldspar (potassium-based [KAlSi3O8] and/or sodium-based
[NaAlSi3O8]), quartz/silica (SiO2), and kaolin (Al2O3$2SiO2$2H2O).8,9 Kaolin is opaque
and is added to improve the mechanical properties. Feldspathic porcelain is used
for veneering metal or ceramic cores or as a monolithic veneer when layered over plat-
inum foil or a refractory die. Feldspathic porcelain contains 15 to 25 vol% crystalline
phase (leucite).10 In addition, fine-particle feldspar-based CAD/CAM blocks are avail-
able that contain approximately 30 vol% crystalline phase, providing higher mechan-
ical properties compared to feldspathic porcelain. These are indicated for the
fabrication of single-unit restorations in esthetic areas.10,11 Feldspar-based glass-ce-
ramics have optimal optical properties but relatively weak mechanical properties.9

Layering ceramics with feldspathic porcelain increases the risk of prosthetic compli-
cations, including fracture and chipping, when compared with monolithic restora-
tions.11,12 Based on a systematic review, feldspathic veneers have a high survival
rate of 95.5% after 10 years, with fracture being the main prosthetic complication.13

Leucite-reinforced glass-ceramic contains leucite (KAlSi2O6) crystals that originate
after heating feldspar to a high temperature (approximately 1300�C).9 Leucite crystals
play an important role in reinforcing the ceramic through toughening mechanisms that
inhibit crack propagation, and adding leucite to the amorphous glass-matrix improves
the mechanical properties.1 In addition, the index of light refraction of leucite crystals
is close to that of the glass-matrix, which leads to relatively high translucency and
optimal optical properties.14–16 Pressable leucite-reinforced ceramics contain 40%
to 50% wt leucite crystals, while CAD/CAM blocks typically contain 35 to 45 vol%
leucite crystals.16 This type of ceramic is appropriate for single restorations in esthetic
areas but needs to be carefully considered for posterior restorations because of its
relatively weak mechanical properties.7,17–19 Following 13 to 15 years of clinical ser-
vice, leucite-reinforced glass-ceramic crowns have shown approximately 80% sur-
vival, with fracture and periodontitis accounting for the majority of clinical failures.16

Lithium disilicate glass-ceramic (LDS) is composed of LDS crystals (65–70 vol%)
embedded in a glass-matrix. There are 2 major crystal phases: lithium metasilicate
(Li2SiO3) and lithium disilicate (Li2Si2O5). LDS ceramics are available in blocks for
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Table 1
Ceramic materials and example products

Category Type Product Name

Flexural
Strength
(MPa)a Surface Treatmentb Clinical Indicationsb

Minimum Thickness per
Indication (mm)b

Glass-matrix Feldspar-reinforced VITA Mark II
VITA TriLuxe
VITA TriLuxe forte
VITA RealLife
(VITA North
America, Yorba
Linda, CA)

154 Etch with 5% HF for 60 s Inlays, Onlays, Veneers,
Crowns, Veneer structure
for FPDs

Inlay: 1.5
Onlay: 1.5
Veneer:

Cervical 0.2–0.3
Middle 0.5
Incisal 0.5–0.7

Crown:
Axial 1.0
Incisal 1.5
Occlusal 1.5–2.0

Leucite-reinforced IPS Empress CAD
(Ivoclar, Schaan,
Liechtenstein)

160 Etch with 5% HF for 60 s Inlays, Onlays, Veneers,
Crowns

Inlay: 1.5
Onlay: 1.5
Veneer:

Cervical 0.6
Middle 0.7
Incisal 0.7

Crown:
Axial 1.0
Incisal 2.0
Occlusal 1.5–2.0

Lithium Disilicate IPS e.max
CAD (Ivoclar)

530 Etch with 5% HF for 20 s Inlays, Onlays, Veneers,
Crowns, 3-unit FPDs on
teeth up to 2nd Premolar,
Implant

Crowns

Inlay: 1.0
Onlay: 1.0
Veneer:

Cervical 0.4–0.6
Middle 0.5–0.6
Incisal 0.5–0.7

Crown: 1.0–1.5
Connector: 16 mm2

(continued on next page)
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Table 1
(continued )

Category Type Product Name

Flexural
Strength
(MPa)a Surface Treatmentb Clinical Indicationsb

Minimum Thickness per
Indication (mm)b

Amber Mill
(HASSBIO,
Kangneung,
Korea)

450 Etch with 5% HF for 30 s Inlays, Onlays, Veneers,
Crowns, 3-unit FPDs on
teeth up to 2nd premolar

Inlay: 1.0
Onlay: 1.0
Veneer:

Cervical 0.3–0.6
Middle 0.3–0.6
Incisal 0.4–0.7

Crown:
Axial 1.0
Incisal 1.5
Occlusal 1.5

Rosetta SM (HASSBIO) 400 Etch with 5% HF for 20 s Inlays, Onlays, Veneers,
Crowns, 3-unit anterior

FPDs

Inlay: 1.0
Onlay: 1.0
Veneer:

Cervical 0.3–0.6
Middle 0.3–0.6
Incisal 0.4–0.7

Crown:
Axial 1.0
Incisal 1.5
Occlusal 2.0

n!ce (Straumann,
Freiburg, Germany)

350 Etch with 5% HF for 20 s Inlays, Onlays, Veneers,
Crowns, Implant

Crowns

Inlay: 1.0
Onlay: 1.0
Veneer: 0.6
Crown: 1.0

CEREC Tessera
(Dentsply Sirona,
York, PA, USA)

700 Etch with 5% HF for 30 s Inlays, Onlays, Veneers,
Crowns

Inlay: 1.0
Onlay: 1.5
Veneer:

Cervical 0.4,
Middle 0.6,
Incisal 1.0

Crown: 1.0–1.5
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GC Initial LiSi
Block (GC, Tokyo,
Japan)

400 Etch with 5%-9% HF for
20 s

Inlays, Onlays, Veneers,
Crowns, Implant

Crowns

Inlay: 1.0
Onlay: 1.0
Veneer:

Cervical 0.6,
Middle 0.6,
Incisal 0.7

Crown: 1.0
Lithium Silicate Obsidian� (Glidewell

Laboratories,
Newport Beach, USA)

385 Etch with 5% for 10 s Inlays, Onlays, Veneers,
Crowns

Inlay: 1.0
Onlay: 1.0
Veneer:

Cervical 0.6,
Incisal 0.7

Crown:
Axial 1.0–1.5
Incisal 1.5
Occlusal 1.5

Zirconia-reinforced Lithium
Silicate

CEREC Celtra�
Duo (Dentsply
Sirona)

370 Etch with 5%- HF for
30 s

Inlays, Onlays, Veneers,
Crowns

Inlay: 1.5
Onlay: 1.5
Veneer:

Cervical 0.4
Middle 0.6
Incisal 1.0–1.5

Crown:
Axial 1.0–1.5
Incisal 1.5
Occlusal 1.5

VITA SUPRINITY�
PC (VITA North
America)

420 Etch with 5% for 20 s Inlays, Onlays, Veneers,
Crowns, Implant Crowns

Inlay: 1.0
Onlay: 1.0
Veneer:

Cervical 0.4
Middle 0.6
Incisal 0.7

(continued on next page)
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Table 1
(continued )

Category Type Product Name

Flexural
Strength
(MPa)a Surface Treatmentb Clinical Indicationsb

Minimum Thickness per
Indication (mm)b

Crown:
Axial 1.0–1.5
Incisal 1.5
Occlusal 1.5

Polycrystalline 3Y Katana HTML Plus
(Kuraray
Noritake Dental,
Tokyo, Japan)

1150 Air-particle abrasion with
50 mm Alumina at 3
bar for 10 s

Inlay, Onlay, Veneer,
Crowns, FPDs,
Frameworks

Inlay: 0.5
Onlay: 0.5
Veneer: 0.4
Anterior Crown: 0.4
Posterior Crown: 0.5
Connector: 7–9 mm2

IPS e.max ZirCAD
LT (Ivoclar)

1200 Air-particle abrasion with
25–70 mm Alumina at 1
bar or 70–110 mm
Alumina at 1.5 bar

Full or Partial Crowns,
Copings, FPDs with max 2
Pontics, FDP frameworks
with max 2 Pontics

Anterior Crown: 0.4
Posterior Crown: 0.6
Connector: 7–12 mm2

4Y Katana STML
(Kuraray
Noritake
Dental)

750 Air-particle abrasion with
50 mm Alumina at
3 bar pressure for 10 s

Inlays, Onlays, Veneers,
Crowns, monolithic FPDs
(up to 3-unit),
Frameworks (up to 3-
unit)

Inlay: 1.0
Onlay: 1.0
Veneer: 0.4
Anterior Crown: 0.8
Posterior Crown: 1.0
Connector: 12–16 mm2

IPS e.max ZirCAD
MT (Ivoclar)

850 Air-particle abrasion with
25–70 mm Alumina at
1 bar or 70–110 mm
Alumina at 1.5 bar

Crown, 3-unit FPDs Anterior
Crown: 0.8

Posterior
Crown: 1.0

Connector:
12–16 mm2

5Y Katana UTML
(Kuraray
Noritake Dental)

550 Air-particle abrasion with
50 mm Alumina at 1 bar
for 10 s

Inlays, Onlays, Veneers,
Crowns, Anterior FPDs
(up to 3-unit), Anterior
Frameworks (up to 3-
unit)

Inlay: 1.0
Onlay: 1.0
Veneer: 0.4
Anterior Crown: 0.8
Posterior Crown: 1.0
Connector: 12–16 mm2
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Composition-gradient Katana YML
(Kuraray
Noritake
Dental)

750–1100 Air-particle abrasion with
50 mm Alumina at 3 bar
for 10 s

Monolithic crowns,
monolithic FPDs, cut-
back frameworks

Inlay: 1.0
Onlay: 1.0
Veneer: 0.4
Anterior Crown: 0.4
Posterior Crown: 0.5
Connector size: 7–9 mm2

IPS e.max ZirCAD
Prime (Ivoclar)

650–1200 Air-particle abrasion with
25–70 mm Alumina at
1 bar or 70–110 mm
Alumina at 1.5 bar

Crown and copings, FPDs
with max 2 pontics, FPD
frameworks with max. 2
pontics

Anterior Crown: 0.8
Posterior Crown: 1.0
Anterior Framework: 0.4
Posterior Framework: 0.6
Connector size: 9–12 mm2

IPS e.max ZirCAD
Prime Esthetic
(Ivoclar)

650–850 Air-particle abrasion with
25–70 mm Alumina at
1 bar or 70–110 mm
Alumina at 1.5 bar

Crowns and 3-unit FPDs Anterior Crown: 0.8
Posterior Crown: 1.0
Connector size: 12–16 mm2

IPS e.max ZirCAD
MT Multi (Ivoclar)

650–850 Air-particle abrasion with
25–70 mm Alumina at
1 bar or 70–110 mm
Alumina at 1.5 bar

Crowns and 3-unit FPDs Anterior Crown: 0.8
Posterior Crown: 1.0
Connector size: 12–16 mm2

Cercon� ht ML
(Dentsply Sirona)

750–1200 Air-particle abrasion with
110–125 mm Alumina at
2–3 bar

Crowns, Telescopic Primary
Crowns, FDPs with max 2
pontics

Crown: 0.4
FDP: 0.5
Connector size: 6–12 mm2

Resin-matrix Subtractively
Manufactured (Milled)

Lava ultimate
(3M, Saint
Paul, USA)

200 Air-particle abrasion with
50 mm Alumina at 2 bar
until surface becomes
matte

Inlays, Onlays Inlay: 1.5
Onlay: 1.5

VITA Enamic (VITA
North America)

150 Etch with 5% HF for 60 s Inlays, Onlays, Veneers,
Crowns, Implant
Supported Crown

Inlay: 1.0
Onlay: 1.0
Veneer:

Cervical 0.3
Middle 0.3
Incisal 0.3

Crown: 1.0

(continued on next page)

C
u
rre

n
t
D
e
n
ta
l
C
e
ra
m
ics

1
6
1

D
escargado para D

aniela Zúñiga A
güero (danyzuag@

gm
ail.com

) en N
ational Library of H

ealth and Social 
Security de C

linicalK
ey.es por Elsevier en abril 30, 2025. Para uso personal exclusivam

ente. N
o se 

perm
iten otros usos sin autorización. C

opyright ©
2025. Elsevier Inc. Todos los derechos reservados.



Table 1
(continued )

Category Type Product Name

Flexural
Strength
(MPa)a Surface Treatmentb Clinical Indicationsb

Minimum Thickness per
Indication (mm)b

CERASMART�
(GC)

238 Air-particle abrasion with
25–50 mm Alumina at
1.5 bar or Etch with 5%
HF for 60 s

Inlays, Onlays, Veneers,
Crowns, Implant
Supported Crown

Inlay: 1.5
Onlay: 1.5
Veneer:

Cervical 1.0
Incisal 1.5

Crown: 1.5
AVENCIA �
(Kuraray
Noritake
Dental)

225 Air-particle abrasion with
30–50 mm Alumina at 1–
2 bar

Inlays, Onlays, Veneers,
Crowns

Inlay: 1.0
Onlay: 1.0
Veneer:

Cervical 0.4
Middle 0.6
Incisal 0.5–1.5

Crown: 1.5
Additively Manufactured

(Printed)
Ceramic Crown
(SprintRay, Los
Angeles, USA)

150 Air-particle abrasion with
50 mm Alumina at 1 bar

Inlays, Onlays, Veneers,
Crowns

Veneers: 0.5
Crowns:

Margin 0.5
Axial 1.0
Incisal 1.0
Occlusal 1.0

VarseoSmile�
TriniQ� (BEGO,
Bremen, Germany)

120 Not indicated in IFU Inlays, Onlays, Veneers,
Crowns, Anterior FPDs
(up to 7-units with no
Pontic or 3-units with 1
Pontic)

Veneers: 0.5
Crowns: 0.7
FDPs: 1.0
Connector: 14–16 mm2

Flexcera Smile Ultra
Plus (Desktop
Health, Newport
Beach, USA)

112 Not indicated in IFU Inlays, Onlays, Veneers,
Crowns, FDPs

Crowns:
Axial 1.0
Occlusal 1.5

Connector: 14–16 mm2
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Rodin� Sculpture
2.0 (Pac-Dent,
Brea, USA)

200 Not indicated in IFU Inlays, Onlays, Veneers,
Crowns, FDPs up to 5-
units

Inlay: 1.5
Onlay: 1.5
Veneer:
Cervical 0.5
Middle 0.5
Incisal 1.0

Anterior Crown: 1.0
Posterior Crown: 1.5
Connector: 6–9 mm2

Abbreviation: FPD, fixed partial dentures; HF, hydrofluoric acid; IFU, instructions for use.
a According to the information provided by themanufacturer, different types of flexural tests might be used, hence, direct comparison between products might not be

possible.
b According to the manufacturer’s recommendation.
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milling processes and ingots for pressing through the heat-pressing technique.1 The
CAD/CAM blocks of lithium disilicate contain lithium metasilicate and phosphorus
pentoxide (P2O5).

20 This precrystallized state has a lower flexural strength
(z130 MPa), allowing for an easier machining process.10,21,22 Once the milled resto-
ration is placed in an oven and the temperature rises above 750 �C, phosphorus pent-
oxide acts as a nucleating agent, promoting volume nucleation and the crystallization
of lithium metasilicate into LDS.5 This results in a high volume of well-interdigitated
and long LDS crystals with a small amount of residual glass matrix and lithium ortho-
phosphate (Li3PO4).

20 The result is excellent mechanical strength, with a biaxial flex-
ural strength exceeding 400 MPa.1 Moreover, the mismatch between the coefficients
of thermal expansion of LDS crystals and that of the glass-matrix results in a compres-
sive stress around the crystals, which increases the fracture resistance of LDS ce-
ramics.10,22 The pressable LDS ingots are also available in a fully crystallized state.5

The combination of appropriate optical properties, strong physical strength, and
high bond strength has made LDS glass-ceramics one of the most widely used and
well-documented glass-based ceramics.3,7,17,23 A recent systematic review and
metaanalysis have shown that LDS glass-ceramics have a high survival rate when
used as single-tooth restorations, including partial coverage, veneer, and crown. How-
ever, glass-based ceramics need to be cautiously considered for fixed partial dentures
as low survival rates and irreparable complications have been reported.24

Since the expiration of the patent on LDS held by Ivoclar (IPS e.max CAD), several
companies have produced LDS glass-ceramics with different advantages: a fully crys-
tallized LDS CAD/CAM block (GC Initial LiSi, GC) and a fully crystallized lithium alumi-
nosilicate glass-ceramic CAD/CAM block reinforced with lithium disilicate (n!ce,
Straumann) that does not require any additional firing, LDS embedded in a glassy ma-
trix with lithium aluminosilicate crystals (Li0.5Al0.5Si2.5O6, also called virgilite) that has
higher strength and only requires 1 additional glazing firing (CEREC Tessera, Dentsply
Sirona), and nano-sized LDS crystals in the form of a precrystallized CAD/CAM block
(Amber Mill, HASSBIO) capable of achieving different translucencies by changing the
firing cycle are among the innovations in LDS glass-ceramics.20

Lithium silicate glass-ceramic (LS) is composed of dendritic LS (Li2SiO3) nanocrys-
tals embedded in a glass-matrix. Upon heating and the crystallization process, the
nanocrystals spheroidize through a solution-reprecipitation process and results in
round LS crystals (43 vol%) and new lithium orthophosphate nanocrystals within the
glass-matrix.25,26 Very limited data are available in the literature regarding the clinical
performance of this type of glass-ceramic. After 1 year of clinical use, a lower wear
rate of the opposing enamel and comparable clinical success have been reported in
comparison to monolithic zirconia crowns.27,28

Zirconia-reinforced lithium silicate glass-ceramics (ZLS) are composed of round and
submicrometric lithium metasilicate (Li2SiO3) and lithium orthophosphate (Li3PO4)
crystals. Tetragonal zirconia particles (10 wt%) have been added to the glass matrix
with the goal of improving the mechanical properties of this material.29 ZLSs are avail-
able in precrystallized and crystallized CAD/CAM blocks. Crystallization firing turns the
smaller lithium metasilicate crystals into LDS (Li2Si2O5) crystals and removes the
inherent cracks inside the glass-matrix, resulting in higher flexural strength, surface
hardness, and fracture resistance.30,31 Hence, fully crystallized material is biphasic
and contains both LS and LDS crystals, and the zirconia particles are dispersed in
the glass-matrix.31,32 In comparison to LDS, ZLS has a higher amount of glass-
matrix (45 vol%). In terms of machinability, ZLS has been shown to be one of the
most difficult glass-ceramics to machine.33 Considering the optical properties, ZLS
has higher translucency in comparison with LDS.34 Higher translucency also translates
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Current Dental Ceramics 165
to lower masking ability, necessitating thicker restorations to mask discolored teeth
and metallic substrates.35 However, there is no conclusive evidence of higher me-
chanical strength for ZLS compared to LDS.29 Additionally, very limited data are avail-
able regarding the long-term clinical outcomes of this type of glass-ceramic. After
5 years, partial coverage restorations fabricated from ZLS with minimal thicknesses
of 0.5 to 0.75 mm or 0.75 to 1.0 mm in premolar and molar areas resulted in a cumu-
lative success rate of 80%. The main complications were material fracture (only in res-
torations with an occlusal thickness of 0.5–0.75 mm) and loss of retention (only in
molar restorations). Success rates for premolar and molar restorations were 100%
and 69%, respectively. The authors concluded that occlusal thickness and the loca-
tion of the restoration play important roles in the clinical success and survival of
ZLS restorations.36
POLYCRYSTALLINE CERAMICS

Polycrystalline ceramics are characterized by a lack of a glassy phase, and the grains
are densely arranged, resulting in higher mechanical properties compared to glass-
based ceramics. However, the absence of a glassy matrix and the anisotropic charac-
teristics of the grains lead to lower translucency in these ceramics.37 Alumina and zir-
conia are the primary polycrystalline ceramics used in dentistry, with zirconia being
predominantly used for the fabrication of a wide range of restorations, from single
teeth to full arch implant-supported prostheses. This preference is because of its
high strength, excellent fracture resistance, and reasonable esthetics.5

Zirconia contains 3 phases: monoclinic, tetragonal, and cubic. The monoclinic
phase is stable and consists of grains that are approximately 4% to 5% larger
than tetragonal grains. The tetragonal phase is mechanically strong and has the abil-
ity to transform into the monoclinic phase in the presence of stress, such as cracks or
exposure to a moist environment. This transformation results in larger monoclinic
grains that can prevent further crack propagation, a phenomenon known as transfor-
mation toughening.38,39 The tetragonal phase is anisotropic, which leads to light
deflection at the grain boundaries and results in lower translucency.37 The cubic
phase has the lowest mechanical properties but the highest optical properties as
it is isotropic in different crystallographic directions, with its refractive index not
dependent on grain orientation. A higher proportion of the cubic phase results in
increased translucency at the cost of lower mechanical properties. Additionally,
the cubic phase does not possess the phase transformational capability observed
in the tetragonal phase.37,38

The first-generation of zirconia contained 3 mol% yttria (also known as 3Y) to sta-
bilize the tetragonal phase and was predominantly composed of the tetragonal
phase. These discs were monochromatic, and the restorations made from them
were strong but had high opacity. The second-generation of zirconia discs became
polychromatic to mimic the natural gradation of shade in a tooth from the incisal to
the cervical area, thereby minimizing the need for staining in monolithic restorations.
Additionally, these discs were produced with varying amounts of yttria: 3 mol% yttria
(3Y) resulted in the highest proportion of tetragonal phase, 4 mol% yttria (4Y) yielded
approximately 75% tetragonal phase and 25% cubic phase, and 5 mol% yttria (5Y)
provided approximately 50% tetragonal phase and 50% cubic phase.37,40 Consid-
ering the difference in translucency between a natural tooth in the incisal area (which
is predominantly enamel and exhibits higher translucency) and the cervical area
(which is predominantly dentin and has lower translucency), a third-generation of zir-
conia was introduced to replicate not only the shade gradation from incisal to
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cervical but also the translucency gradation. These discs contain a higher amount of
yttria in the incisal area (resulting in a higher percentage of cubic phase and higher
translucency) and a lower amount of yttria in the cervical area (resulting in a higher
percentage of tetragonal phase and lower translucency).40,41 The goal is to eliminate
the need for layering the incisal area with feldspathic porcelain for esthetic reasons
as the layering can create a weak point in the restoration and lead to chipping and
fracture.41

Another advancement in the field of polycrystalline ceramics is the introduction of
additive manufacturing methods, with the ultimate goal of fabricating highly custom-
izable restorations that feature multiple shades, materials, and translucencies.42 The
most commonly used technologies for printing zirconia are vat polymerization
methods using digital light processing or stereolithography printers as well as 3D
gel deposition technology.43 In comparison to milled zirconia, additively manufactured
zirconia samples have demonstrated higher flexural strength,44 comparable internal
and external fit and accuracy,45–47 similar grain size and crystalline structure,48 com-
parable fracture toughness,49,50 a higher rate of phase transformation and low temper-
ature degradation,51 lower surface hardness,52 and increased surface roughness and
porosity.53 Although the additive manufacturing of zirconia shows promising potential,
there are several areas that require further investigation, including the critical powder-
to-liquid ratio of the slurry, high viscosity of the slurry and the potential for air bubble
entrapment leading to porosities, agglomeration of powder remnants in the print
resulting in failure points, interlayer defects, and various parameters in the printing
process (such as nesting angle and support configuration) as well as in postprinting
processes (including debinding and sintering).42

The combination of strongmechanical properties and improvements in the esthetics
of monolithic zirconia restorations has made this material 1 of the most widely used by
clinicians in various clinical scenarios.54 According to a recent systematic review and
metaanalysis, monolithic zirconia crowns on natural teeth have a very high survival
rate, ranging from 91% to 100%.55 Another analysis of single implant crowns revealed
that monolithic zirconia crowns have comparable short-term survival rates when
compared with metal-ceramic restorations. It was reported that monolithic zirconia
crowns had a significantly lower chipping rate (0% in monolithic zirconia vs 7.61% for
metal-ceramic).56 Additionally, a systematic review andmetaanalysis indicated that zir-
conia is a suitable material for anterior single-retainer–resin-bonded fixed dental pros-
theses, with a success rate of over 80% over a period of 3 to 10 years.57 Regarding full
arch implant-supportedprostheses,monolithic zirconia restorations have shownahigh
survival rate of 97.23% with an average follow-up period of 4 years.58
RESIN-MATRIX BASED CERAMICS

The more recent type of restorative materials is resin-matrix based ceramics, which
have been introduced with the goal of combining the advantages of polymer and
ceramic materials.3 These materials contain an organic matrix with a high ratio of
ceramic particles embedded as filler. In 2013, the American Dental Association
(ADA) Code on Dental Procedures and Nomenclature recognized materials with “pre-
dominantly inorganic refractory compounds” as dental ceramics, which was different
from the previous version, where “nonresin inorganic refractory compounds” was the
criterion for ceramic materials.6 In comparison to all-ceramic materials, resin-matrix
materials are not brittle and have shock-absorbing properties, which can be clinically
important, especially in implant restorations where the damping effect of the peri-
odontal ligament does not exist.59
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The initial version of CAD/CAM resin-matrix ceramics (Lava Ultimate, 3M) is called
“resin nanoceramic,” which contains silica and zirconia nanoparticles and nanocluster
particles (80 wt%) incorporated in a highly cross-linked polymeric matrix. The ceramic
fillers are treated with a silane coupling agent to improve the bond between the filler
and the resin-matrix. This has resulted in a modulus of elasticity (14.5 GPa) close to
that of dentin with wear resistance and fracture resistance higher than those of com-
posite resins.60 The other type of resin-matrix ceramic (VITA Enamic, VITA North
America) is a “polymer-infiltrated ceramic network,” where 2 three-dimensional net-
works are interpenetrated. The ceramic network contains feldspar ceramic (86 wt%
and 75 vol%), and the polymer network contains methacrylate polymers (14 wt%
and 25 vol%).6 The modulus of elasticity (28 GPa) falls between that of dentin and
enamel.60 Another available CAD/CAM resin-based ceramic (CERASMART, GC) fea-
tures a “flexible nanoceramic” and is composed of alumina-barium-silicate particles
embedded inside a polymer matrix, resulting in higher flexural strength and a lower
modulus of elasticity (10 GPa) compared to the aforementioned types of resin-
based ceramics.6,60 Another CAD/CAM block (AVENCIA, Katana Noritake) is manu-
factured by densely compressing nanoscale silica filler particles (62 wt%) into a block
and impregnating it with resin monomer, which is later heat-polymerized to achieve a
block with a lower modulus of elasticity (8 GPa) and higher polishability.61

Recent advances in the field of additive manufacturing have allowed for the fabrica-
tion of printed crowns with advantages such as lower costs for equipment and mate-
rials, the ability to fabricate multiple restorations at the same time, and the lack of need
to change burs as observed in milling units.62 In 2023, the ADA removed the require-
ment that materials be “pressed, fired, polished, or milled,” and allowed 3D printed
materials with over 50% filler content to be included and covered by insurance as per-
manent ceramic crowns.63 Currently available printable materials advertised as final
restorations contain up to 50% filler content. The lower filler content, in comparison
to milled materials, enables the resin to flow better in the resin tank during printing
and also allows light to pass through for proper curing.64 The filler content has been
reported to be silica-based in some tested resins while the matrix is methacrylate-
based, including urethane dimethacrylate and bisphenol A-glycidyl methacrylate .
Additionally, other resins, including triethylene glycol dimethacrylate and ethoxylated
bisphenol A-dimethacrylate are added to reduce viscosity and improve the flowability
of the liquid resin.63,64 Innovative technologies, such as digital press stereolithography
(DPS, Sprintray), are allowing manufacturers to increase the filler content and improve
the mechanical properties of the restorations.
Because this category of materials is relatively new to the market, limited data are

available on the clinical performance of these materials. Debonding has been re-
ported as the main complication of 1 type of resin-matrix based ceramic blocks
(Lava Ultimate, 3M), which has led to the contraindication of this material for full
coverage restorations65; in a clinical trial on implant-supported restorations, and
an 80% debonding rate was reported within the first year of clinical use.66 Other
resin-matrix ceramics have shown acceptable clinical performance and survival
rates comparable to other ceramic restorations when used as partial coverage or
full coverage restorations, according to short-term clinical trials and systematic re-
views.67–71 Very limited data are available on 3D printable resin-matrix ceramics,
and although short-term clinical data suggest acceptable clinical performance,72

well-designed, long-term clinical studies are required to establish the clinical perfor-
mance of these materials. It should be noted that one of the challenges in designing
and conducting these studies is the fast-paced nature of changing and replacing
these materials with new ones.
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