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Introduction 

In 1776 ceramic material was first suggested for a dental appli-
cation by the French chemist Alexis Duchateau who worked in 
collaboration with the dentist Dubois de Chemant to produce the 
first complete denture. The material used was a mixture of  potash 
feldspar (K2O.Al2O3.6SiO2, 70-80%), quartz (SiO2, 10-30%) and 
kaolin (Al2O3.Si02.2H2O, 0-3%) [1]. Since then the potential of  
the material was understood and from an aesthetic and a hygiene 
standpoint ceramic could fulfill the requirements to replace lost 
natural teeth. Thus, Duchateau’s work gave stimulus to others to 
continue the development of  ceramic with new chemical compo-
sition and novel fabrication methods, to produce dental restora-
tions that have translucency, and colour close to natural teeth.

Charles H. Land of  Detroit introduced in 1889 the first dental ce-

ramic restoration for a prepared tooth [2]. The ceramic employed 
was a high fusing feldspathic material (1050°C–1200°C) contain-
ing 15 vol.% of  crystalline quartz that was condensed over a plati-
num foil, adapted directly on the prepared natural tooth [2]. De-
spite its aesthetic advantage due to a high content of  feldspathic 
glass, which provided a translucent restoration [3], the material 
was extremely brittle (flexural strength 60 MPa) [4] causing frac-
ture during service [5]. At this point, the main disadvantage of  
the ceramic was the relatively low strength, which limited the use.

Gradually dental ceramics have become popular due to the im-
provements in strength, and in recent years they have been used 
in a wide variety of  clinical applications. Dental ceramic restora-
tions could be fabricated with a single layer of  ceramic or with 
multi-layers that are composed of  ceramic coping and veneering 
porcelains. Therefore, dentists and dental technicians have a range 
of  ceramic restorative systems that are comprised of  specially for-
mulated materials and expensive equipment for the fabrication of  
a restoration (Table 1).

Unfortunately, the contemporary dental ceramic restorative sys-
tems are not indicated for every clinical application due to their 
difference in material properties, such as opacity, translucency, 
strength and toughness of  the materials. Thus, the clinician 
should select an appropriate type of  ceramic material for each 
specific clinical demand, for example high aesthetic quality or 
strength. Therefore, it is important to understand the mechanical 
and optical properties, the application and limitations of  ceramic 
materials because this will guide the dentist during the selection, 
as well as enhancing an effective communication and collabora-
tion with the dental laboratory. In addition, the manufacturing 
of  ceramic dental restorations requires skilled dental technicians 
with knowledge of  ceramic materials and fabrication methods. 
For this, scientific information on the strengthening mechanisms 
of  ceramic materials and fabrication methods associated with the 
dental restoration are necessary. Furthermore, the fracture resist-
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ance and clinical performance of  dental ceramic have improved 
owing to the design of  the restoration, tooth preparation and ad-
hesive cements. These contributing factors are also outlined.

Strengthening Mechanism of  Dental Ceramics

Dental ceramics have a chemical composite that contains a high 
content of  feldspathic glass and crystalline phase [2]. The high 
proportion of  glassy phase allows the transmission of  the light 
providing the translucency necessary to produce an aesthetic res-
toration [6] but it imparts to the material the brittle propriety of  
glass [7]. The strength of  the ceramic depends on surface defects 
like cracks and micro porosities [8, 9] or on internal voids (Figure 
1) [1]. The deformation of  the ceramic by the application of  ex-
ternal tensile stresses initiates the propagation of  cracks (Figure 
1b), resulting in the fracture of  the material [10]. Considerable 
research has emphasized enhancing the strength characteristics 
of  dental ceramics and several directions are recognized. One 
method is to strengthen the glassy ceramic by adding a second 
crystalline phase. The internal reinforcement of  the ceramic is 
achieved by the dispersion of  crystals in the glass matrix (i.e. dis-
persion strengthening) or by the crystallization of  the glass. With 
these methods new ceramic materials have been developed that 
have translucent, semi-translucent, semi-opaque and opaque opti-
cal properties [11] (Figure 2a). Translucent and semi-translucent 
ceramic materials are used to fabricate single layer restoration 
while semi-opaque and opaque ceramic materials are employed as 
external reinforcement of  the glassy porcelain material, produc-
ing multiple-layered dental ceramic restorations. Another method 
to reinforce the porcelain is to bond it onto a metal [12] known 
as porcelain fused to metal (PFM) dental restorations. The im-
provements in strength of  the dental ceramics have been also ac-
complished by the introduction in dentistry of  novel fabrication 
methods (i.e. heat press and computer aided design, computer 
aided milling) that produces materials with a homogeneous mi-

crostructure thereby reducing internal defects (Figure 1a).

Internal Reinforcement of  the Ceramic

All ceramics are brittle materials, some compositions more than 
others. Approximately 0.1% deformation of  any ceramic may 
result in fracture [13]. A fundamental method to improve the 
strength and toughness of  ceramics is to increase its rigidity (elas-
tic modulus) [14] by introducing in the glass matrix of  the material 
a proportion of  crystals that have high strength and elasticity [12, 
14, 15]. The crystals within the glass matrix impede the propaga-
tion of  cracks through the bulk of  the material when under ten-
sile stress, increasing therefore the strength of  the ceramic [16]. 
The strength of  the ceramic material depends also on the amount 
and particle size of  the crystalline phase [16]. Binns (1962) [15] 
and Jones et al., (1972) [13] demonstrated that both strength and 
modulus of  elasticity of  the ceramic progressively increases with 
the proportion of  crystalline phase with a particle size smaller 
than 5µm. Based on this concept two categories of  ceramic ma-
terials, aluminous porcelains and glass- ceramics, have been de-
veloped for the construction of  dental restorations. However, an 
important feature distinguishes aluminous porcelains from glass-
ceramics. For the aluminous porcelains most of  the crystalline 
phase is introduced when the composition of  the material is pre-
pared (i.e. dispersion strengthening), while in the glass-ceramic 
the crystalline phase is the product of  the crystallization of  the 
glass [17].

Aluminous Porcelains

The dispersion strengthening method, which represents one of  
the most important development in dental ceramics [18], was 
first introduced in dentistry by McLean and Hughes in the 1960’s 
to produce aluminous porcelain [19]. The system consisted of  
opaque aluminous porcelain coping, which could be built up by 
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Table 1. Overview of  Dental Ceramics Restorative Materials.

Materials Reinforcement Crystal Phase 
(Vol.%)

Fabrication Methods Strength (MPa)

Internal External
Aluminous Porcelains

Vitadur-N
Hi-Ceram

In-Ceram Alumina

Dispersion 
Strengthening

Alumina (40)
Alumina (40)
Alumina (80)

Pt foil/Sintering
Refractory/Sintering

Slip-cast

120
150
446

Vitadur-Alpha
VITAVM7

Fused-to-Ceramic Alumina (10)
Alumina (15)

Sintering
Sintering

80
105

Glass-Ceramics
Dicor

IPS Empress 1
IPS Empress 2

Dicor MGC

Crystallization 
of  Glass

Fluoromica (50)
Leucite (35)

Lithium disilicate (65)
Fluoromica (65)

Centrifugal cast
Heat-pressed
Heat-pressed
CAD/CAM

160
160
350
110

Empress ERIS Fused-to-Ceramic Fluorapatite (5) Sintering 85
Feldspathic Porcelains

Carrara Vincent
Mark II

Dispersion 
Strengthening

Fused-to-Metal Leucite (25)
Sanidine (45)

Sintering
CAD-CAM

107
85

Polycrystalline Ceramics
Procera

Keramos®Zr
Cercon Ceram S

Ceramic Oxide Alumina (99.9)
Zirconiuum (99.0)

CAD-CAM 601
1000
1000
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hand with a brush, and condensed over a platinum foil and sin-
tered at the temperature of  1050°C. The porcelain material was 
strengthened by a dispersion of  aluminum oxide crystals (Al2O3), 
into a feldspathic glass. The microstructure consisted of  40 vol.% 
of  alumina, which increased the flexural strength of  the material 
up to 120 MPa but it decreased the transmission of  the light re-
sulting in poor translucency of  the dental restoration [5, 14] (Fig-
ure 2). Thus, the coping was veneered with layers of  weaker (i.e. 
80 MPa) feldspathic porcelains (VitaDur N, Vita Zahnfabrik, Bad 
Säckingen, Germany) (Table 1) with better optical properties and 
fired at a lower temperature. However, the macrostructure of  the 
dental ceramic restoration was affected by flaws and voids (Figure 
1a) as a result of  poor adaptation and wetting of  the porcelain 
slurry on the platinum foil [20, 21]. In order to minimize defects 
in the microstructure and to improve the strength of  the dental 
restoration, a new aluminous porcelain was subsequently devel-
oped and introduced under the name of  Hi-Ceram (Vita Zahn-
fabrik, Bad Säckingen Germany). The aluminous porcelain slurry 
was condensed and sintered on a refractory die and it showed a 
flexural strength of  150 MPa [22]. Still, the disadvantages of  both 
aluminous porcelain materials remained that the strength was in-
adequate to restore posterior teeth [4] and the dental restoration 
had a dull appearance.

Glass-Ceramics

Glass-ceramics materials are the result of  a controlled crystalli-
zation of  glass [9] by which a second crystal phase, to reinforce 
the glass, is produced. The crystallization process is achieved by 
subjecting the glass to a careful heat treatment which results in the 

nucleation, and growth of  crystals within the glass [17, 23]. The 
conversion process from glass to ceramic is called ceramming [5, 
24] and involves a two-stage heat treatment. The first stage al-
lows the formation of  nuclei by means of  nucleating agents that 
were melted into the glass. After a required period of  time, the 
temperature is raised to cause crystal growth. The crystallization 
process produces glass-ceramic with a macrostructure that con-
sists of  a residual glass matrix with fine randomly oriented crystals 
and without voids, micro-cracks or other porosity [23] (Figure 3). 
This feature imparts to the material much higher strength than the 
original glass. The first glass-ceramic was introduced in dentistry 
by MacCulloch in 1968 to produce posterior teeth for dentures. 
The glass-ceramic system was based on lithium, zinc oxide and 
silica (Li2O.ZnO.SiO2) and metal phosphates were used as nucle-
ating agents [25]. At that time, MacCulloch suggested that glass-
ceramics could be used for producing full anatomy crowns, inlays 
and veneers by casting molten glass.

Based on this principle in 1984 a new glass-ceramic was intro-
duced under the trade name of  Dicor (Dentsply Inc., York, Pa) 
for the production of  dental ceramic restorations [26]. Its com-
position was primarily magnesium aluminosilicate glass with 50 
vol.% of  fluoromica crystals (K2 Mg5 Si8 O20 F4) [27]. It repre-
sents the first technique to process dental ceramic that used the 
lost-wax and casting techniques, at that time already extensively 
used in the dental laboratory for the construction of  PFM dental 
restorations. The glass was first centrifugally cast at temperatures 
of  1370°C into a phosphate- based refractory mould. After the 
glass restoration was re-embedded in an investment material and 
converted by means of  a secondary heat treatment of  six hours 
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Figure 1. Fractography of  layered ceramic structure. (a) It shows an internal void. (b) The crack propagated from the ce-
ramic coping towards the veneering porcelain.

a b

Figure 2. (a) Proportion of  glass phase and crystal phase; mechanical and optical properties of  dental ceramics. (b) Me-
chanical property of  dental ceramics according to the crystals content.

Translucent Semi-translucent Semi-opaque opaque1000

750

500

250

0
100:0 75:25 50:50 25:75 0:100

0
0 25 50 75 100

250

500

750

1000
Veneering porcelains
One-layer restorations
Ceramic cores

Strength (M
Pa)St

re
ng

th
 (M

Pa
)

Optical  Properties Dentak Ceramicsa b

Glass: Crystal (vol.%) Crystals Content (vol.%)



Isgrò G*, Sachs A (2015) Evolution of  Dental Ceramic From The Platinum Foil to CAD-CAM Technologies: Review. Int J Dentistry Oral Sci. S1:003, 12-20.
15

http://scidoc.org/IJDOS.php

at the temperature of  1075°C into a ceramic [28, 29]. The com-
pletion of  the restoration required the application to go through 
firing cycles of  thin layers (50-100µm ) of  colorant glass to mimic 
the natural tooth colour [27]. Clearly, this represented an aesthetic 
limitation because of  the surface colour. An alternative technique 
was to cut back the full ceramic crown and veneered it with a 
feldspathic enamel porcelain layer (Dicor Plus, Willi’s Glass) to 
provide depth translucency effect [4]. The disadvantages of  the 
Dicor system were ceramic shrinkage due to the casting followed 
by the ceramic procedure [24], the time required for the fabrica-
tion of  the restoration and that the material was provided as a 
single milky white translucent shade [27].

To overcome these difficulties a new glass-ceramic was developed 
at the University of  Zurich in collaboration with a dental com-
pany (Ivoclar-Vivadent, Schaan, Liechtenstein) and introduced in 
the market under the trade name of  IPS Empress. This system 
was supplied in pre-cerammed cylinders of  various shades that 
contained 35 vol.% of  leucite (K2O-Al2O3-4SiO2) crystals meas-
uring between 1 to 5 µm dispersed in glass matrix [30]. The manu-
facture of  dental ceramic restorations with the IPS Empress sys-
tem was similar to the Dicor system except that the glass-ceramic 
was processed by means of  a heat-pressing technique. First the 
glass-ceramic was softened at 1150ºC inside the channel provided 
by the design of  the refractory mould. Then, the ceramic was 
pressed into the mould at 5 bar air-pressure by means of  a spe-
cial designed furnace [31]. This pressing process eliminated the 
shrinkage of  the ceramic material resulting in a good fit of  the 
restoration [4, 5, 30] and in a better distribution of  the crystalline 
phase within the glass matrix [31, 32] (Figure 3).

The developed glass-ceramic materials exhibited a flexural 
strength in the range of  160 MPa [28, 33], which value was com-
parable to those of  the early aluminous porcelains [19, 22], but 
the glass- ceramic materials improved the aesthetics of  the dental 
ceramic restoration. Therefore, they were best suited to fabricate 
single layer full crown, inlay, onlay and veneer dental restorations 
[26, 31]. Further improvement of  the dental glass-ceramic was the 
development of  a strong material thus expanding its application 
for more demanding clinical situations. 

External Reinforcement of  the Porcelain

Substrates like metal and high strength ceramic materials are of-
ten used to reinforce the weak feldspathic veneering porcelains 
that have a strength of  80 MPa [34, 35], applied to reproduce the 
morphology and aesthetic of  natural teeth. As a result, multiple-
layered restoration shows an improved clinical performance such 

as longevity (i.e. PFM) or aesthetic and biocompatibility (i.e. por-
celain fused to ceramic coping) compared to single layer dental 
ceramic restorations (i.e. full crown, inlay, onlay).

Porcelain-Fused-to-Metal

Porcelain-fused-to-metal system was introduced as a restorative 
material in 1962 when Weinstein et al., (1962) [36] developed a 
thermally compatible feldspathic porcelain that was fused onto a 
gold coping. It is still widely used today. The composition of  the 
porcelain designed for metal is essentially feldspathic glass that 
contains about 18 vol.% of  leucite (K2O-Al2O3-4SiO2) crystals 
[29] (Table 1). Leucite is a mineral with a thermal expansion in the 
range of  17 to 20 ppm/°C that raises the low thermal expansion 
of  feldspathic glasses that is in the range of  6 to 10 ppm/°C in or-
der to match the thermal expansion of  the metal (i.e.14 ppm/°C) 
[29]. The thermal compatibility in the PFM system reduces the 
risk of  cracking on cooling of  the veneering material during fabri-
cation [37]. In addition to this, the metals coping, at the fit surface 
of  the restoration can withstand the tensile stress produced by 
occlusal force owing to their ductile behaviour. Metals have yield 
strengths (YS) ranging from 450 to 862 MPa [7] which means 
that stress below these values does not cause permanent deforma-
tion. Furthermore, cracks that propagate from the surface of  the 
veneering porcelain are stopped by the underlying metal coping 
preventing the fracture in two halves of  the restoration. Presently 
PFM are the most clinically successful system that provides por-
celain restoration with high reliability. Therefore, they are indicat-
ed in the construction of  long-span FPDs to be used in areas of  
high stress. On the other hand, the PFM system presents several 
disadvantages. Firstly, there is a potential of  alloy corrosion lead-
ing to toxicity and allergy [38]. Secondly, the restoration requires, 
for depth translucency effect, substantial tooth reduction in order 
to provide enough space for metal coping, opaque, dentine and 
enamel porcelains [4]. If  there is little room for the translucent 
porcelains, the light is reflected from the opaque porcelain that 
is necessary to mask the metal coping and the dental restoration 
appears too bright.

Porcelain-Fused-to-Ceramic

The increasing demand for restorative materials with improved 
aesthetics, strength and biocompatibility have brought about the 
development of  high strength ceramics substrates as substitute for 
the metal framework. The concept of  this type of  high strength 
ceramic came with the extensive use of  crystals to strengthen the 
glass. The materials in this method contain more than 50 vol.% 
concentrations of  crystals in the glass matrix (Figures 2 and 3). 
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Figure 3. Photomicrographs of  IPS Empress 2 Glass- Ceramic (etched with 30% of  Sulphuric Acid and after with 4% of  
Hydrofluoric Acid).
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Although the higher content of  crystalline phase makes ceramic 
coping an opaque material, still it has better aesthetic properties 
compared to PFM. This is due to the residual glass matrix and the 
nature of  the crystals, which provide the materials with a certain 
amount of  translucency [23, 39].

The first high strength ceramic material for dental restoration was 
developed by Sadoun [40] in 1980’s and marketed under the trade 
name of  In-Ceram (Vita Zahnfabrik, Bad Säckingen, Germany). 
The ceramic material consisted of  80 vol.% of  alumina crystals 
dispersed in a lanthanum aluminosilicate glass matrix [41] (Fig-
ure 4). The framework was shaped by a unique procedure known 
as slip-cast technique. The slip, which is a dispersion of  alumina 
particles ranging in size from 1 to 5 µm [37] in water, was applied 
with a brush onto a gypsum refractory die. The water from the 
slip, was absorbed by the porous mould and then the framework 

was sintered in a furnace for 4 hours at 1100°C. The porous alu-
mina was subsequently infused with a low-viscosity sodium lan-
thanum glass and fired at 1150°C for 4 hours [29]. The higher 
concentrations of  alumina in combination with the slip-cast pro-
cessing provided the dental ceramic restoration with an outstand-
ing mechanical property. The flexural strength of  the In-Ceram 
dental ceramic has been reported to be 446 MPa [42], which is 
four times greater than the earlier conventional aluminous porce-
lains. Therefore, the In-Ceram system was the first dental ceramic 
indicated for the production of  posterior crowns and anterior 
FPDs. The disadvantages of  this system were extensive tooth 
reduction to produce an aesthetic restoration, the time needed 
for the manufacture of  the ceramic framework and the need for 
special equipment [4].

In the 1990’s another high strength glass-ceramic material for the 
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Figure 4. Photomicrographs of  In-Ceram Dental Ceramic before Glass Infiltration.

production of  multi-layered dental ceramic restorations was in-
troduced and marketed under the trade name of  IPS Empress 2 
(Ivoclar- Vivadent, Schaan, Liechtenstein). The main crystalline 
phase of  the ceramic material consists of  65 vol.% of  elongated 
and randomly oriented lithium disilicate (Li2Si2O5) crystals (Figure 
3) measuring between 0.5 to 5 μm in length [30]. The microstruc-
ture also contains a second crystalline phase made of  5 vol.% of  
lithium orthophosphate (Li3PO4) crystals measuring approximate-
ly 0.1 to 0.3 μm [5, 30]. The fabrication of  the restoration involves 
first the production of  the framework, by means of  the lost-wax 
technique in combination with a heat-pressing method. Then, the 
ceramic framework is veneered with a glass-ceramic consisting 
of  fluorapatite crystals dispersed in aluminosilicate glass matrix 
[30] (Table 1) to reproduce the final morphology and color of  
the natural tooth. The measured flexural strength of  the ceramic 
material is 350 MPa [43] and therefore, it is recommended for the 
production of  single anterior and posterior crowns and three-unit 
anterior FPDs. A new marketed high strength dental ceramic sys-
tem is IPS e.max Press. The microstructure, mechanical proprie-
ties and application are the same as those of  IPS Empress 2.

Advances in Dental Ceramic and CAD-CAM 
Technologies

In recent years computer-aided-design (CAD) and computer-aid-
ed-milling (CAM) technologies have been introduced in dentistry 
as new methods to manufacture dental ceramic restorations either 
in the dental practice (referred to as the chair side concept) or in a 
milling centre [30, 44, 45]. CAD-CAM technologies require three 
functional steps [44, 46]. Firstly, the acquisition of  digital data 
either from the prepared teeth of  the oral cavity or it is recorded 
from a model cast. Secondly, the restoration design is proposed 

by the CAD software taking into account all functional aspects. 
Thirdly, the shape of  the restoration is produced from a prefab-
ricated block of  ceramics by subtractive manufacturing process 
[47] using the CAM software and a computer numerical control 
(CNC) milling machine.

Several dental ceramic systems that embrace the concept of  
CAD-CAM technologies have been introduced but they differen-
tiate in chemical composition of  the material used [44]. Marketed 
systems like Cerec 3 and Cerec inLab (Sirona, Bensheim, Ger-
many) are CAD-CAM systems that process a number of  machin-
able ceramics which evolved from existing dental ceramics [27] 
for the manufacturing of  dental ceramic restorations. The Cerec 
3 system, processes a feldspathic porcelain (Vitablocks Mark II, 
Vita Zahnfabrik, G) which contains 45 vol% of  sanidine as the 
major crystalline phase [42, 48] with a flexural strength of  85 MPa 
[42]; and two glass-ceramics, one has leucite as crystalline phase 
(ProCAD, Ivoclar-Vivadent Schaan, L) and the other contains 
65 vol.% of  mica crystals (Dicor MGC, Dentsply Inc., York, Pa) 
[49] with a flexural strength of  110 MPa [27, 30, 42, 45]. The 
advantage of  this system is that it allows inlays, onlays, veneers 
or full crowns to be fabricated and cemented in a single visit of  
the patient. The Cerec inLab system processes blocks of  alumi-
nous porcelain (In-Ceram, Vita Zahnfabrik, Germany) that are 
pre-sintered by the manufacturer, to fabricate three unit bridges. 
After the framework is milled, it is infiltrated with lanthanum glass 
and fired for 40 minutes. This represents an advantage over the 
slip-cast technique where 4 hours for the infiltration are required 
[27, 45]. The framework is then veneered with porcelain in a con-
ventional manner in the dental laboratory.

The introduction of  the CAD-CAM technologies has opened the 
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way to new advanced ceramics such as high-purity powder alu-
mina (99.9% Al2O3) [50, 51] and yttria-stabilized tetragonal zirco-
nium polycrystalline (Y-TZP) [52, 53] ceramic materials (Figures 
2 and 5).

The Procera dental ceramic (Nobel Biocare, Göteborg, Sweden) 
system manufactures single ceramic coping made of  99.9% alu-
mina powder [51]. First the image of  the tooth preparation is ob-
tained by scanning the plaster die. Then the image is enlarged 
by the CAD software by 20% to compensate for the volumetric 
shrinkage of  alumina powder during sintering [51]. Next, the mill-

ing machine directed by the CAM software produces the refrac-
tory die on which the alumina powder is manually applied [44]. 
Then, the outer surface of  the ceramic in the green body is milled 
and the coping is densely sintered with a dry pressing technique 
and fired at the temperature of  2050ºC. The final product consists 
of  a dense crystalline structure with an average grain size of  4 μm 
and a flexural strength of  601 MPa [51]. The coping is returned 
to the dental laboratory for the application of  the veneering por-
celains. The Procera system is employed only in the fabrication of  
single crowns placed in the anterior and posterior region of  the 
mouth [51].

Figure 5. Photomicrographs of  Pre-Sintered Y-TZP.

The Y-TZP has better mechanical and optical properties than alu-
mina [52] and it can be used for the fabrication of  the framework, 
for anterior and posterior bridges and full crown dental ceramic 
restorations. The notable mechanical properties such as strength 
and toughness of  Y-TZP come from a transformation phase 
termed “transformation toughening”[54]. The strength mecha-
nism of  the Y-TZP depends on the addition of  approximately 
2-3% mol of  yttrium oxide (Y2O3) into the material. As a result, 
the zirconium particles retain at room temperature a no-equilib-
rium or metastable tetragonal (TZP) phase [53-55]. The presence 
of  cracks introduced by the manufacturing process [56] causes the 
metastability of  the zirconium particles to convert into the stable 
monoclinic phase. The transformation phase which depends on 
the particle size and quantity of  Y2O3 [53-57] increases the vol-
ume of  the particles by 4%, thereby inducing compressive stress 
on the crack tip inhibiting the propagation of  crack and increas-
ing the resistance of  the material to fracture [54]. The flexural 
strength of  the sintered Y-TZP has been reported to be between 
914 to 1021 MPa [56, 57], which is far higher than all the ceramic 
systems used in dentistry before.

Currently two commercially available dental ceramic systems such 
as KeramosZr® produced by CAD-CAM Dental Technology 
Center® (Barcellona PG, Me, Italy) and Cercon Smart Ceram-
ics (DeguDent GmbH, Hanau, Germany), utilize Y-TZP ceramic 
to manufacture underlying ceramic frameworks and full anatomy 
crown. However, these two dental ceramic systems use different 
CAD- CAM technologies to process the partially sintered Y-TZP 
blank. KeramosZr® system is considered to be a true CAD-CAM 
system because the dental ceramic restoration is digital designed 
by the software, while in the Cercon system the framework is 
made first in wax by the dental technician and after the wax it 
is scanned. In both systems the image is enlarged by 20% by the 
CAM software to compensate for the dimensional change of  the 
Y-TZP material during the sintering process [56]. Due to the high 
strength of  the Y-TZP, the milling in the pre sintered condition 

represents an advantage in terms of  time and it does not require 
the use of  expensive diamond tools because the green blank has 
the consistency of  chalk. Then in both systems the milled dental 
restoration in the green body is sintered at the temperature of  
1400ºC to transform the material into ceramic [53].

Indirect contributing factors to strength dental ce-
ramic restoration

The thickness ratio of  ceramic coping and veneering porcelain 
combined with the geometry of  the crown and bridge frame-
works determine the strength of  the whole dental ceramic res-
toration [59, 60]. Although ceramic materials with high flexural 
strength and high elastic modulus have been developed, dental 
technicians tend to use these proprieties to produce a thinner 
coping in order to make more space for the aesthetic veneering 
porcelain. As a consequence, the ceramic coping will deform [10] 
during functional load due to the decrease of  its stiffness, reach-
ing easily the critical strain of  0.1%. Wakabayashi and Anusavice 
[61] showed that the fracture resistance of  the dental ceramic res-
toration depends on the rigidity of  the whole structure, which 
can be achieved by increasing the thickness of  the ceramic coping 
with a thinner veneering porcelain layer. In the case of  FPDs the 
dimensions of  the connectors which connect the copings to the 
pontic are important for the longevity of  the restoration. It has 
been shown from fractographic analysis [61] that failure of  FPDs 
tends to occur at the connectors where cracks initiate and propa-
gate towards the pontic, which is the area of  loading.

Tooth preparation also is a factor in the failure of  dental ceram-
ics as the design of  the restoration depends on the shape of  the 
preparation. A smooth preparation of  the tooth gives adequate 
support to the crown by providing uniform ceramic thickness and 
accuracy of  the fit [11]. Routinely, tooth reduction should be be-
tween 1.5-2.0 mm in the incisal or occlusal surfaces, while on the 
labial and lingual side the reduction should be between 1.0-1.5 
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mm [28]. The design of  the tooth preparation should also include 
a shoulder that has a width of  at least 1 mm for the whole circum-
ference of  the tooth. It is also important to smooth and round the 
angels of  the preparation to reduce the stress concentration [11] 
on the inner surface of  the dental ceramic restoration.

The fracture resistance of  a dental ceramic restoration may be 
improved by the adhesion to the underlying tooth structure [5]. 
Different adhesive luting systems such as glass ionomer-based 
or resin composite-based cements, are available to lute a restora-
tion [62]. However, for some dental ceramic systems in which the 
materials contain a portion of  glass, only resin-based cement is 
recommended to lute the restoration. Horn (1983) [63] has devel-
oped method which combines mechanical and chemical bonding 
in order to increase the adhesion between the porcelain and tooth 
structure. This new adhesive technique provides mechanical re-
tention for the resin-based cement by etching the fit surface of  
the ceramic restoration with hydrofluoric acid owing to its abil-
ity to remove the glass phase [64] of  the ceramics thus creating 
surface irregularities [5, 62]. Mechanical retention can also be pro-
duced on the tooth structure by etching the dentin with phos-
phoric acid [5, 62]. The chemical bonding is provided with a silane 
coupling agent (i.e. dentin adhesive) and then the restoration is 
cemented. In addition, resin-based cement has the potential to 
increase the fracture resistance of  a dental ceramic restoration 
[5, 37, 65, 66]. Isgró et al., (2010) [66] demonstrated using the 
deflection test that the polymerisation shrinkage of  resin-based 
cement induces a beneficial compressive stress state across the 
glass-ceramic discs tested. This finding accounts for the improved 
clinical performance of  adhesively cemented dental ceramics res-

torations. Unfortunately, this adhesive technique cannot be ap-
plied to alumina or zirconium polycrystalline ceramics, because 
it is impossible to etch the materials with hydrofluoric acid or to 
treat them with a silane coupling agent [65] as there is no glass 
phase in the macrostructure (Figure 5).

Discussion

Ceramics are used in restorative dentistry because they are bio-
compatible and they have high aesthetic qualities. Their selection 
for restoring missing teeth depends on the needed strength and 
desired level of  aesthetics, the amount of  tooth structure that can 
be preserved and the available laboratory support. Two elements 
are important for the success of  a dental ceramic restoration: 1 
advances in the chemical composition leading to more strength 
but less aesthetic; 2. advance in fabrication methods. This review 
of  the developments of  dental ceramics shows that major im-
provements of  the mechanical properties of  ceramics have so far 
only been achieved by changing the chemical composition of  the 
material. Crystals have been added to the chemical composition 
of  the ceramics, up to a level where the glass matrix (Figure 6) has 
been completely replaced as in polycrystalline ceramics such as 
Y-TZP (Figure 5).

Although crystallised ceramics have a high strength, the absence 
of  residual glass does not allow the transmission of  the light, af-
fecting therefore the translucency of  the material [68]. This rep-
resents a serious limitation for use when an aesthetic dental ce-
ramic restoration is required. An alternative method to improve 
the optical properties of  a dental ceramic restoration is to fuse 

Figure 6. Photomicrographs of  Carrara Vincent Porcelain (etched with 1% of  Hydrofluoric Acid for 10 seconds).

a translucent porcelain material, (i.e. high glass content) onto an 
opaque ceramic coping (i.e. high crystals content). This design 
combines aesthetics with mechanical strength. However, it is not 
clear whether the strength of  the multiple-layered structure is 
improved sufficiently to be able to withstand to the functional 
forces in the oral environment thus extending the longevity of  the 
dental ceramic restoration. Several causes, such as thermal incom-
patibility of  the components materials, might affect the dental 
ceramic restoration owing to the residual thermal stresses. Isgró 
and co-authors [69] used the deflection test to visualize stress-
induced deformation in layered dental ceramics. The maximum 
mean deflection of  the layered ceramic discs occurred with the 
largest mismatch in thermal contraction values of  the ceramic and 
veneering porcelain [69]. A distorted multi-layer dental ceramic 
could affect the strength and the fit of  the restoration and lead to 
its premature failure. In addition, stress distributions and there-
fore failure behaviour, can be quite different in multiple-layered 
ceramics structure, with materials having different elastic proper-

ties, than in a monolithic structure.
Specific fabrication methods have been combined with new den-
tal ceramic materials, producing restoration with less defects. For 
instance, for the construction of  a dental restoration use of  heat 
pressed glass-ceramics offers several advantages over the use of  
traditional aluminous porcelains and their sintering method. In 
the traditional method, in which the ceramic powder is mixed 
with the liquid binder and condensate, the ceramic in green state 
shrinks during sintering, resulting in warping and distortion of  the 
dental restoration [10] and correction firings are necessary. The 
pressing technique produces a dental ceramic restoration with the 
final shape and produces it with a homogeneous microstructure, 
free of  defects (Figure 3) that can occur during the condensation 
process [2, 10, 29] (Figure 1a). However, a good result of  a heat-
pressed ceramic depends on the viscous flow characteristic of  the 
glass matrix and its dependence on temperature [10].

Also CAD-CAM technology offers some important advantages. 
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It eliminates error sources that might arise from indirect proce-
dures such as wax-up and investment expansion. In addition, the 
Y-TZP blanks, supplied in a partially or fully sintered state, are in-
dustrially pre-fabricated by the manufacturer to be pore-free [27] 
(Figure 5). After the milling procedure, the Y-TZP restoration in 
green state is sintered in one firing. This eliminates macrostruc-
tural change which can occur during the build-up of  ceramic lay-
ers during repeating firing procedures. It has been observed that 
leucite ceramic undergoes microstructural and thermal expansion 
changes due to additional crystallization of  the glass as a result of  
repeating firing [70, 71].

Although many advances in dental ceramics have been reached, 
research for an ideal material continues to be the central issue. 
The search for a dental ceramic material with the required aesthet-
ics and the strength for restoring continuing missing teeth in the 
posterior region of  the mouth is not over yet.

Conclusion

In restorative dentistry, ceramic is a biocompatible and aesthetic 
material but its use was in the past restricted to restore posterior 
continuing missing teeth. However, several advances in dental ce-
ramics concerns the composition, have created improved ceramic 
materials which have made them indicated for the fabrication of  
free-metal restorations to restore continuing missing teeth in both 
the anterior and posterior region of  the mouth. The develop-
ments have been, to the introduction of  high strength ceramics, 
for the fabrication of  one-layer restorations, and the fabrication 
multiple-layered restoration made of  ceramic coping to support 
aesthetic porcelain. Another development has been the introduc-
tion of  novel fabrication methods of  dental ceramic restorations. 
These developments have increased the longevity of  dental ce-
ramic restorations while maintaining acceptable aesthetic stand-
ards. As a result, the dentist can now meet the demands of  pa-
tients when an aesthetic and biocompatible restoration combined 
with strength is required.
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