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Abstract
Nowadays, patients require the highest quality of treatment, but generally prefer to spend as little time as possible
in the dental chair. Therefore, there is significant benefit for using new technologies such as CAD/CAM (computer
aided design/computer aided manufacturing), which provides both quality and speed. There is an increase in
ceramic materials and ceramic blocks/discs available, with varying properties. This has resulted in some confusion
and difficulty in making an informed decision about which material is best for a specific clinical situation. The
objective of this review is to provide an overview and comparison of basic mechanical properties of currently used
CAD/CAM ceramic materials based on a review of the currently available literature.
Keywords: Dental ceramics, CAD/CAM, mechanical properties

Introduction
Today’s patients often prefer whiter teeth
and a smile with a straight alignment in a
minimum amount of time [1,2]. As a result,
the dental practitioner has to determine the
right ceramic material with the appropriate
optical properties in order to provide a result
that the patient finds aesthetically pleasing
while simultaneously meeting the requirement
of strength and longevity. Knowledge of the
different ceramic materials and their varying
optical and mechanical properties are thus
essential for a dental practitioner, in order that
they can determine the best material for the
varying clinical situations.
Ceramics are mostly composed of two
phases: crystals and glass matrix. The crystals
and glass ratio determines the mechanical and
optical properties of the ceramics [3].
This paper provides an overview of some
of the commonly used CAD/CAM ceramic
blocks used for dental restorations based on a
review of the currently available literature.
The focus will be on the material composition
and mechanical properties. The range of the
mechanical properties such as flexural
strength, elastic modulus and fracture
toughness are presented as well.
Basic description of mechanical properties
Mechanical properties describe physical
properties of materials exhibits under an
applied load.

Flexural strength: Flexural strength is the
maximum stress when the material is exposed
to flexural loading. To measure flexural
strength, common method is to use the three
point bending test (uniaxial measurement) or
ball
on
ring
configuration
(biaxial
measurement) [4,5]. Its clinical importance is
that it relates to how well the material can
withstand chewing force. This is an ideal stage
which is not including fatigue of the material.
This value can help dentist to decide which
material is better for anterior or posterior
region, since the chewing forces in the
posterior area are generally higher [4].
Elastic modulus: The Elastic or Young’s
modulus describes the elasticity of the
material. It is calculated as the stress strain
ratio based on the linear part of stress strain
curve. Clinical relevance for dentist is that it
describes stiffness of the material [4].
Fracture toughness: Fracture toughness is
the energy need for failure of the material.
Brittle material such as ceramics have low
fracture toughness [4]. To measure the
fracture toughness of brittle material, one
usually uses single-edge-V-notched beam test
(bending
method)
or
indentation
strength/fracture method [6]. Clinical
importance is that it describes how well the
material can withstand the critical propagation
of flaws under the applied load [5].
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Every material of a dental restoration
should mimic the mechanical properties of
the replaced tissue. Thus, the mechanical
properties of ceramics should be ideally close
to enamel and dentin. Enamel grinds food,
thus its abrasion resistance is important. The
hardness value should be prioritized for
enamel. Dentin absorbs bite forces, thus
strength and elastic modulus should be
prioritized there [7].
CAD/CAM ceramics
CAD/CAM ceramics are available in
blocks or discs of different sizes, colors,
optical features and sintered stage. These
blocks or discs are grinded/milled with
diamonds burs or metal cutters to the desired
shape of the restoration - this is called
subtractive machining process. Based on
sintered stage of block, the manufacturing can
be divided into soft or hard machining.
Presently CAD/CAM machining materials
can be categorized as:
▪ Glass ceramics: Feldspar ceramics mainly
containing silica
▪ Glass ceramics reinforced with crystals:
Leucite reinforced ceramics, Lithium
disilicate ceramics, Zirconia reinforced
lithium disilicate ceramics
▪ Polycrystalline ceramics: Zirconia ceramics
which consist only in a crystalline matrix
[8]
▪ PICN- Polymer infiltrated ceramics
network
Feldspar ceramics
The feldspar ceramics for CAD/CAM use
are made from a similar material as traditional
feldspar ceramics but by different process,
called extrusion molding, to achieve the
desired blocks or discs shape [9]. For example,
Vita Mark II (Vita Zahnfabrik) consists of
30% fine grinded ground feldspar particles.
The average size of the particles is 4
micrometers [10–12]. In the feldspar ceramics
the leucite crystals arise due to firing process
when the feldspar is melting. Leucite crystals
have a very similar diffraction index as glass
matrix. For this reason, restorations made
from this ceramic can have a good esthetic
result due to their translucent properties [13].

Figure 1 depicts the range of flexural
strength measured by the three point bending
test [10,12,14–22], figure 2 shows the range of
elastic modulus [15,20,23–26] and figure 3
demonstrates the range fracture toughness
[9,15,20,22,27] of feldspar ceramics (Vita
Mark II).
The indications for this type of ceramic
are: inlay, onlay, veneer, partial crown,
anterior crown, and veneering material for
oxide ceramic substrate [22,25,28,29]. The
main advantages are esthetics, translucency,
wide range of block shades, while the
disadvantages
include
fragility
and
translucency [23].
The ceramics are grinded in a fully sintered
stage (hard machining). Cooling water is used
to protect overheating of the grinding material
[9,30]. The restoration can be finally treated
by polish, glaze, stains or personalized with
cut back technique [23]. Due to the high
content of ceramics and poor mechanical
properties, this ceramic material is
recommended to be fixed by adhesive fixation
to increase the restoration resistance to
fracture [31].
Examples of representative CAD/CAM
ceramics that can be found on the market are
Vita Mark II (Vita Zahnfabrik), Cerec blocs
(Sirona Dental Systems), Vita TriLuxe forte
(Vita Zahnfabrik), Vita RealLife (Vita
Zahnfabrik).
Leucite reinforced glass ceramics
The leucite glass ceramics consists of
leucite crystals and glass matrix. For example,
IPS Empress CAD (Ivoclar -Vivadent) is 3045% represented by leucite crystals
(KAlSi2O6) which are approximately 1-10
micrometers in diameter [3,9,32]. Leucite
crystals influence the thermal expansion of
material and eliminate the propagation of
cracks if the fracture energy is absorbed by
crystals. The difference between the thermal
expansion of the crystals and the glass matrix
causes an increase in resistance and flexural
strength [29].
Figure 1 depicts the range of flexural
strength values which were measured by three
point bending test [9,12,15,18,22,29,33], figure
2 shows range of elastic modulus
[15,23,25,34–36] and figure 3 demonstrates
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the fracture toughness [15,22,34,36] of leucite
reinforced glass ceramics (IPS Empress
CAD).
Indications for leucite glass ceramics are:
inlay, onlay, partial crown, veneer, and
anterior crowns [22,28,29]. Their advantages
include good aesthetics, translucency, wide
range of block shades, while the disadvantages
are mainly fragility and translucency [23].
The ceramics blocks are also present and
grinded in fully sintered stage (hard
machining) and cooled by water during the
grinding process to protect overheating
[4,9,30]. The final surface treatment is the
same as for feldspar ceramics [23]. This
ceramic has higher content of glass and the
adhesive fixation is also recommended to
increase the strength of final restoration [31].
Examples of representative CAD/CAM
ceramics on the market are IPS Empress
CAD (Ivoclar -Vivadent); Initial LRF Block
Universal (GC); Initial LRF Block
CEREC/InLab Blocks (GC).
Lithium disilicate glass ceramics
Lithium disilicate glass ceramics appear on
the market under the name IPS e.max CAD
(Ivoclar-Vivadent). These ceramic provides
good mechanical and esthetics properties.
Lithium disilicate glass ceramics consists of 70
% lithium disilicate crystals (Li2SiO5) and
retains relatively high translucency properties
[9]. Translucency is achieved due to the low
refractive index of lithium disilicate crystals
[3]. Crystals dimensions are 1.5-5 micrometers
[9,13]. The large amount of crystals help to
increase the strength [29]. IPS e.max CAD is
produced in partially crystallized stage and is
called blue stage because of the color of
partially crystallized block of ceramic. Blue
stage consists of 40% of the meta-silicates
crystals (Li2SiO3), around 0.2-1 micrometers
in diameter. This composition enables easier
milling and less deterioration of grinding
tools. The restoration after milling is still in
the partially crystalline state and has to
undergo a crystallization process. During this
process, the meta-silicate crystals are dissolved
and the lithium disilicate crystals are
crystalized. After the crystallization process,
the ceramics obtain the shade, translucency,
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and the mechanical features described above
[9,10,37,38].
Figure 1 depicts the range of flexural
strength measured by the three point bending
test [9–13,17,18,22,25,33,39–43], figure 2
demonstrates range of elastic modulus
[23,25,26,34,35,39,42–46] and figure 3 shows
the fracture toughness [22,25,27,34,40–47] of
lithium disilicate glass ceramics in fully
crystallized stage (IPS e.max CAD).
These ceramics are sold in a fully sintered,
partially crystalized stage [4]. After the hard
milling by water cooling, the restoration needs
to undergo the crystallization process to
achieve final crystallinity, strength and optical
features. The final surface treatment for
monolithic restoration includes polishing,
staining, glazing or cut back technique, and
the restoration can also be veneered with
conventional ceramic [23]. Both cementation
types (conventional/adhesive) are reported,
but to maximize strength, adhesive
cementation is usually preferred to reinforce
the present ceramics [11,30,48,49].
Suitable indications for Lithium disilicate
glass ceramics are: inlay, onlay, veneer, partial
crown, anterior and posterior crown [29],
endocrowns [23], three-unit bridges up to
premolar, anterior and posterior implant
abutments and implant crowns, and veneering
material [22,28]. The main advantages include
good aesthetics, mechanical strength, wide
range of block shades and good optical
properties. The disadvantage of lithium
disilicate ceramics is usually low translucency
[23].
Example representatives are IPS e.max
CAD (Ivoclar-Vivadent); Amber Mill (Hass);
Obsidian
(Glidewell
Laboratories);
Suprême.cad (Suprême); Rosetta SM (Hass);
MAZIC Claro CAD (Vericom).
Lithium di-silicate ceramics reinforced with
zirconia
New lithium disilicate ceramics reinforced
with zirconia are appearing on the market.
Lithium di-silicate ceramics reinforced with
zirconia consist of a fine-grain crystalline
phase of lithium metasilicate and lithium
disilicate with an average size of crystals being
about 0.5-0.7 micrometers. These lithium
disilicate ceramics are reinforced with 8-10
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wt% of zirconia which is dissolved in glass
matrix [37,39,49–51]. This results in higher
flexural strength. An example of the lithium
disilicate zirconia ceramics on the market is
the Vita Suprinity (Vita Zahnfabrik). This
material is sold in the partially crystallized
form, so it is easier to mill the restoration [37].
Figure 1 shows range of flexural strength
values measured by the three point bending
test [12,14,25,33,42–44], figure 2 refers to the
range of elastic modulus [25,42–46] and figure
3 depicts range of fracture toughness [25,42–
46,52] of zirconia reinforced lithium disilicate
glass ceramic in fully crystallized stage (Vita
Suprinity).
Lithium disilicate zirconia reinforced
ceramics is sold in fully sintered partially/fully
crystalized state. After water-cooled hard
machining, the restoration in partially
crystalized state has to undergo thermal
heating process called crystallization. During
this thermal process, the ceramic will reach
final crystallization and increase in strength.
Final surface treatment is identical to the
lithium disilicate ceramics [23]. The adhesive
fixation is recommended [49,50].
The types of restorations which can be
indicated for Lithium disilicate zirconia
reinforced ceramics are veneers, inlays, onlays,
anterior and posterior crowns [29],
endocrowns, bridges of small extent in
anterior region [23]. The advantages of this
ceramics are good esthetics, mechanical
strength, wide range of blocks shades and
their optical properties. The disadvantage is
typically less translucency [23]. Available
products on the market are Vita Suprinity
(Vita Zahnfabrik); Celtra Duo (Sirona
Densply). Celtra Duo is sold in fully
crystallized form.
Zirconia ceramics
Zirconia is a polycrystalline ceramic. It is a
highly crystalline ceramic without an
intervening matrix. Chemically it is zirconium
dioxide [13]. Zirconia is available in three
crystalline forms: monoclinic, tetragonal and
cubic. The monoclinic form is stable from
room temperature to 1170°C and the density
is 5.6 g/cm2. Tetragonal phase is stable from
1170°C to 2370°C. This form has good
mechanical properties with density of 6.1

g/cm2. The cubic phase is stable at over
2370°C and its density is 6.27 g/cm2. Due to
the low mechanical properties of the
monoclinic phase, it is good to eliminate this
phase in the composition of the ceramics
[9,53]. Tetragonal/cubic zirconia can be
partially stabilized in room temperature by
adding an oxide such as yttria (Y2O3), ceria
(CeO2) or magnesia (MgO) [4,9].
Zirconia ceramics have a unique feature
called
transformation
toughening.
Transformation toughening occurs when the
propagation of the crack induces the stress
which results in a phase change from
tetragonal phase to monoclinic phase. Due to
this phase transformation, there is a volume
increase of 3-5 % which results in
compressive stress around the walls of the
crack. This closes the crack in transformation
zone, decreases crack propagation and
increases the toughness of material [4,13].
The manufacture of zirconia restorations
can be divided to soft machining process,
hard machining manufacture [4]. The zirconia
blocks or discs for CAD/CAM technique are
sold in three states: chalk or green state (nonsintered), pre-sintered or fully sintered state
[5].
The not fully sintered states are softer and
easier for milling. This causes less wear of
milling burs. Milling of non-sintered and presintered blocks is called soft machining
process and has to be followed by sintering
process. The green stage is very porous and
could absorb a lot of water, thus, dry milling is
required to avoid drying time before sintering.
The restorations from non-sintered and presintered zirconia ceramics are milled in a
larger sizes to allow for a shrinkage during the
sintering process (about 20-25%) [23,30,53].
The fully crystalized blocks are manufactured
by grinding with diamonds burs with water
cooling. The disadvantages of hard machining
process of fully crystalized blocks are higher
wear of grinding burs and longer grinding
time. The advantage is the non-shrinkage of
the material [30].
The fixation of zirconia ceramic is mostly
done with conventional cementation, but
adhesive fixation of zirconia ceramic is also
possible. The zirconia is not etchable by
hydrofluoric acid due to the absence of glass
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nor contain silica to achieve chemical bond
with silane coupling agent. To achieve micro
retention, air abrasion with alumina particle or
tribochemical silica coating is used to increase
surface roughness. Then the surface is treated
with adhesive with MDP monomer
(methacryloyloxydecyl dihydrogen phosphate
monomer) to achieve chemical bond between
dental surface and resin cement. If the surface
is air abraded with silica coated alumina
particles, the surface can be treated with the
silane coupling agents for glass ceramics
[31,54].
3Y-TZP zirconia
The 3Y-TZP (yttria tetragonal zirconia
polycrystals) frameworks are very opaque due
to the high content of alumina. The
monolithic form requires veneering with glass
ceramics to achieve an improved esthetic
result [55]. The manufactures later introduced
a dedicated monolithic zirconia, having lower
content of alumina which increases
translucency, but is still quite opaque
compared to glass ceramic. 3Y-TZP is
commonly stabilized with 3 mol% of yttria
[3Y-TZP] and the tetragonal phase is
stabilized at room temperature. Both forms
exhibit transformation toughening.
The mechanical properties of these forms
are similar [23,46,53,53]. Zirconia causes wear
of the antagonist enamel that can be
improved with a surface finishing and
polishing technique [55]. Figure 1 depicts the
range of flexural strength measured by three
point bending test [12,18,43,46,53,56], the
range of elastic modulus is shown in figure 2
[15,43,56] and figure 3 shows the fracture
toughness [15,34,43,46,57] of 3Y-TZP
ceramics. Since the mechanical properties for
3Y-TZP zirconia are predominantly reported
for a whole group rather than for individual
brands of this material, the mechanical
properties for the whole group are shown
here.
Suitable indication for restorations from
3Y-TZP ceramics are crowns, bridges,
implants abutments, implants, orthodontic
brackets, endodontics posts [9]. The
advantages of 3Y-TZP ceramic are its
mechanical
properties,
while
the
disadvantages include worse aesthetics, less
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translucency and implementation [23] and
antagonist wear [55].
Examples of representative CAD/CAM
ceramics on market are: Framework zirconia –
Vita YZ T (Vita Zahnfabrick); In-Ceram
Classic Zirconia (VITA North America);
In-Ceram YZ (VITA North America);
inCoris ZI (Dentsply Sirona); IPS E.max
ZirCad LT MO (Ivoclar Vivadent). Monolytic
zirconia – IPS E.max ZirCad LT (Ivoclar
Vivadent); Lava Plus (3M ESPE); Katana HT,
ML (Kuraray Noritake); Cercon HT (Dentsply
Sirona); Vita YZ HT (Vita Zahnfabrick);
inCoris TZI, TZI C (Dentsply Sirona);
BruxZir
Full-Strength
(Glidewell
Laboratories); Pretau Zirconia (Zirkonzahn).
Cubic zirconia
Currently, a more translucent zirconia form
is available on the market, namely cubic
zirconia or 4Y-TZP/5Y-TZP (yttria stabilized
zirconia) zirconia. It is zirconia stabilized with
4 or 5% yttria and contains a higher percent
of cubic phase. 4Y-TZP contains more than
25% of cubic phase and 5 Y-TZP zirconia up
to 50 % of cubic phase. This increases the
translucency of the material [23,43,58]. The
translucency is also achieved by reduction of
light scattering due to larger size of grains and
less grains boundaries. The size of the grains
is around 1.5 µm while 3Y-TZP has size of
grains around (0.5-1µm) [23,43]. The main
disadvantages of these materials are that they
have smaller amount of tetragonal phase and
the cubic phase does not undergo
transformation toughening [58]. Thus, the
mechanical features such as strength and
toughness decrease in comparison with
conventional zirconia. The flexural strength is
denoted around 500 to 700 MPa [43]. Suitable
indications for this ceramic material are
veneer, inlay, onlay [43], single crown and
anterior three-unit bridge [58]. The advantages
can include esthetics, higher translucency in
comparison with conventional zirconia and
the disadvantages are low mechanical
properties.
There are very few experimental
measurements of the mechanical properties of
the new zirconia, thus they were not included
in the graphs. Examples of representative
CAD/CAM ceramics on market can be 4Y-

Acta Stomatologica Marisiensis 2021;4(1)

ISSN 2601-6877, ISSN-L 2601-6877 (print) ISSN 2668-6813, ISSN-L 2601-6877 (online)

TZP- IPS e.max ZirCAD MT (Ivoclar
Vivadent); Katana ST/STML; Zpex 4
(Tosoh). 5Y-TZP: Lava esthetics (3M ESPE);
Katana UT/UTML (Kuraray Noritake);
BruxZir Anterior (Glidewell Laboratories);
Pretau Anterior (Zirkonzahn); Zpex Smile
(Tosoh).
Polymer Infiltrated ceramic network
(PICN)
PICN is ceramic network which is
infiltrated by polymer. It contains ceramic (75
% v/v, 86% w/w) and polymer (25% of v/v,
14% w/w) [10,22,37,59]. This ceramic mostly
contains 23% alumina and polymer and is
composed mainly of TEGDMA (triethylene
glycol dimethacrylate) and UDMA (urethane
dimethacrylate). Due to the added polymer in
the ceramics, the hybrid ceramics are less hard
than traditional ceramics and therefore cause
less antagonist wear. Therefore the material
lost over time is higher in comparison with
traditional ceramic [60]. The flexural strength,

elasticity and abrasion are very similar to
dentin [61].
Figure 1 depicts the range of flexural
strength values measured by the three point
bending test [10,14,19,21,22,25,37,39,40], the
range of elastic modulus is shown on figure 2
[23–25,39,40,62,63] and figure 3 demonstrate
range of fracture toughness [22,27,40,62,63]
of PICN (Vita Enamic – Vita Zahnfabrik).
The final surface is polished to high gloss
and the restoration can be also individualized
by staining. Manufacturers denote adhesive
fixation, including hydrofluoric acid etching of
inner- surface and application of silane
coupling agent.
Inlay, onlay, veneer, anterior and posterior
crown can be made from these type of
ceramics [22,28,29]. The advantages of PICN
are the mechanical properties, rapid milling,
implementation and low antagonists’ wear.
Disadvantages can be less aesthetics and
sustainability [23].

Figure 1. Flexural Strength. Boxing graph shows the range of flexural strength in MPa for each ceramic group.
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Figure 2. Elastic Modulus. The boxing graph shows the range of elastics modulus in GPa for each ceramic group.

Figure 3. Fracture Toughness. The boxing graph shows the range of fracture toughness in MPam 1/2 for each ceramic
group.

Discussion
As could be seen in Figures 1-3, zirconia
ceramic 3Y-TZP has the highest values of all
the mentioned mechanical properties: flexural
strength (900-1416 MPa); elastic modulus
(200-210 GPa) and fracture toughness (3.245.5 MPam1⁄2).

The lowest values of flexural strength (97154 MPa) and fracture toughness (0.7-2.34
MPam1⁄2) are shown with Vita Mark II. This is
likely due to the highest amount of glass in its
composition. The lowest value of elastic
modulus is reported for Vita Enamic (21.537.95 GPa). This is in line with the statement
from Ceren at al. that elastic modulus of Vita
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Enamic exhibits the similar properties as
dental tissues.
Vita Enamic has likely the closest elastic
modulus to dentin which is likely due to the
added polymer. It is still controversial topic
amongst dentists whether PICN and
nanoceramics should be classified as ceramics.
In PICN the matrix reinforced by polymer is
ceramics, but in resin nanoceramic the matrix
reinforced by ceramic is polymer, therefore
PICN should be considered a ceramic, but the
resin nanoceramics should not. PICN is also
sometimes classified as hybrid ceramic. Some
authors and manufactures include resin
nanoceramic in the hybrid ceramics. Since this
brings even more confusion, we referred to
PICN hybrid as a ceramic.
For feldspar ceramic and leucite reinforced
ceramic the use for crowns in posterior region
is not indicated due to deficient mechanical
characteristics to resist the loading from
posterior chewing forces.
The ratio of crystals and glass composition
influence the mechanical and optical
properties of ceramic material. Based on the
presented information, one can conclude that
if the ceramics predominantly consists of glass
matrix, the resulting restoration will be more
translucent with good aesthetic but weaker. If
the ceramics consists predominantly of
crystals, the resulting restoration will have
very good mechanical properties but will be
opaquer. It follows that crystals increase the
mechanical resistance and glass matrix adds
aesthetics and a potentially a more natural
look for a ceramic restoration. Nevertheless, it
was shown that transmission of light through
the material can also be influenced by the size
of crystals, quantity of crystals, crystalline
phase, pigments and wavelength and thus
influence the translucency of the ceramic
material [64].
The clinician has to also keep in mind the
fatigue of the material. The strength values
from three-point bending test denote the
maximum stress when the material is exposed
to a single load. The ceramic restorations are
subjected in the mouth to the cyclic loads several times a day during the chewing
process. If the ceramic material is loaded
several times under the yield point (the point
where plastic deformation of material occurs),

it can cause the fatigue of ceramic material.
This means that the material strength reduces,
and this can lead to a failure of the material.
The fatigue of material can be also influenced
by other condition in patient mouth such as
pH changes, humidity and thermal changes
[4].
Conclusion
There are various CAD/CAM ceramic
groups which have different mechanic and
aesthetic properties. The clinician should
identify the differences between these
ceramics in order to be able to choose
properly the suitable material for each
individual case.
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