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Сажетак: Иницијални концепт постојећих ЦАД/ЦАМ система за интраоралну дигитализацију обухвата три начела: реконстукцију керамичким надокнадама високих естетских перформанси, једну посету пацијента и минимално уклањање зубне супстанце (инлеји и онлеји уместо круница). Међутим, различите клиничке индикације индукују примену ЦАД/ЦАМ система за екстраоралну дигитализацију и материјала са посебним механичким и естетским карактеристикама. У раду аутор описује структуру, оптичке и механичке карактеристике керамичких материјала који се користе у стоматолошким ЦАД/ЦАМ системима. Данас су на тржишту присутни различити керамички материјали намењени денталним ЦАД/ЦАМ технологијама: силикатна керамика, инфилтрациона керамика и оксидне керамике. Бројни ЦАД/ЦАМ системи употребљавају керамичке блокове од силикатне керамике за израду инлеја, онлеја, фасета, делимичних или целих круна. Основне карактеристике силикатне керамике су боја керамичких блокова у више нијанси и високе естетске перформансе. Блокови који су израђени од инфилтрационе керамике у основи потичу из Вита Ин-Церам система и имају различите механичке и оптичке карактеристике. Блокови оксидне керамике за ЦАД/ЦАМ системе израђени су од алумина оксида и цирконијум оксида. Блокови од алумина оксида су намењени изради појединачних круница у фронталној или бочној регији усне дупље, као и изради трочланих мостова у фронталној регији. Цирконијум оксидна керамика поседује изузетне механичке карактеристике и индикована је за израду круница, мостова и индивидуалних абатмената на имплантима. Капице ових надокнада поседују високу рендген контрастност што је веома значајно за евалуацију маргиналног интегритета надокнада. Боја цирконија керамике је слична боји зуба, али транслуценција и транспаренција нису задовољавајуће. Други део чланка приказује актуелне трендове у развоју естетских и механичких карактеристика керамичких материјала који се употребљавају у ЦАД/ЦАМ технологијама.
Кључне речи: ЦАД/ЦАМ, керамика, фиксне зубне надокнаде

Abstract:The initial concept of current CAD/CAM systems for intraoral digitization had three tenets: esthetic ceramic reconstruction, a single patient visit and minimal tooth reduction (inlays and onlays instead of crowns).However, different clinical indications induce aplication of CAD/CAM systems for extraoral digitization and ceremics materials with specific aesthetics and mechanical properties. The author reviews the structure, optical characteristics and mechanical properties of ceramic materials for CAD/CAM–fabricated restorations.On the market today are available different ceramic materials for the CAD/CAM technology: silica based ceramics, infiltration ceramics and oxide high performance ceramics.Several CAD/CAM systems offer silica based ceramic blocks for the fabrication of inlays, onlays, veneers, partial crowns and full crowns. The basic characteristics of silica based cereamic material are multicolored layers and highly esthetic.Blocks of infiltrated ceramics for CAD/CAM systems originate from the Vita In-Ceram system and they hawe various optical and mechanical characteristics. Currently available oxide high performance ceramics for the CAD/CAD technology are blocks of aluminum oxide and zirconium oxide.Alumina oxide ishigh performance ceramic. It is clinically indicated in cases of crown copings in the anterior and posterior area, and 3-unit fixed partial dentures (FPDs) in the anterior region.Zirconium dioxide ceramics have excellent mechanical properties.Zirconium oxide ceramics are indicated for the fabrication of crowns, FPDs and individual implant abutments. The cores have high radiopacity which is very useful in evaluation of marginal integrity. Circonia has a color similar to teeth but if translucency is needed then other ceramic materials should be considered. This paper presents recent trends in development of aesthetical and mechanical  properties of ceramic materials for CAD/CAM technology.
Kay words: CAD/CAM, ceramic, fixed partial denture


INTRODUCTION

Metal ceramic restorations have been available in dentistry for more than three decades. [1] Need to improved esthetics and regarding the biocompatibility of the matal ceramic restorations has lead to the introduction of all-ceremic restorations. [2]Dental ceramics are materials that are part of systems designed with the purpose of producing dental restorations that in turn are used to replace missing or damaged dental structures. The literature on this topic defines ceramics as inorganic, non-metallic materials made by the heating of raw minerals at high temperatures. [3]There are numerous advantages of all ceramic restorations: esthetics, wear resistance, precise contur and contacts and biocompatibility. [4,5,6] Dental ceramic is complex material and therefore developed two concepts that are simplifying the understanding of this material. [7]
First concept, ceramics fall into three main composition categories: predominantly glass, particle-filled glass and polycrystalline.  (Figure 1. )  Predominantly glass ceremics have a high content of glass making this type of dental ceramic highly esthetic. This type is the best in mimicking the optical properties of enamel and dentin. Optical effects are controlled by manufactures by adding small amount of filler particles. In particle-filled glass ceramic filler particleshasadded to the glass matrix to improve the mechanical properties. Fillers can be crystalline particles of high-melting glasses. Polycrystalline is type of ceramic contains no glass. Atoms are packed into regular crystalline arrangement making it tougher and less susceptible to crack propagation.Highly esthetic ceramics are predominately glass, and ceramics that exhibit high strength are generally crystalline. (Table 1) [7]
In second concepts, ceramics can be considered as a composite material, in which the matrix is glass that is lightly or heavily filled with crystalline or glass particles.
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Figure 1. Schematic representation of basic classes of dental ceramics


Advancement of computer technology has been implemented CAD/CAM systems in dental practice. CAD/CAM tehhnolgy in dentistry were divided in to two groups: CAD/CAM systems for the intraoral and extraoral digitization. The initial concept of current CAD/CAM systems for intraoral digitization had three tenets: esthetic ceramic reconstruction, a single patient visit and minimal tooth reduction. However, different clinical indications induce aplication of CAD/CAM systems for extraoral digitization and ceremics materials with specific aesthetics and mechanical properties. 
The aim of this article is represent the structure, optical characteristics and mechanical properties of ceramic materials for the CAD/CAM fabricated restorations.

Table 1. Dental ceramics according to matrix and filler
	MATRIX
	FILER

	Esthetic Ceramics
(High glass content)

Alumino silicate glass
(Feldspatic)
	High-melting glasses, Nepheline, Albite
(about 40%)

	
	Leucite
(40%-50%)

	Structural ceremics
Low glass content
(Particle filled glass)
Special Silicated Glasses
(Hihg litium or lantanum)
	Lithium Disilicate
(70%)
Alumina,Spinel,
Alumina/Zirconia
(70%) 

	Non glass content
(Policristaline)
Alumina
Zirconia
	Magnesium 3%
Ytrium, Cerium,
 Aluminium (3%-5%)




















CERAMIC MATERIALS FOR CAD/CAM TECHNOLOGY 

Mainly, machinable ceramics are available on the market as prefabricated glass-ceramic ingots.After the 3D digitization of prepared tooth, or plaster model,CAD software designs the virtual restoration and sends the data to the computer-controlled milling machine that grinds the ceramic block according to the desired shape. Ceramic ingots are cut by tools that are controlled by the computer. [8] In this way, fixed dental restorations can be made in whole (inlays, onlays, crowns, venners),or cors for crowns and bridges.
Ceramics materials available for the CAD/CAM technology can be divided into three groups:silica based ceramics, infiltration ceramics and oxide high performance ceramics. [9]

SILICA BASED CERAMIC

Silica based ceramic blocks are made from materials that contain mainly silicon dioxide (known as silica or quartz), which contains various amounts of alumina. Aluminosilicates found in nature and contain various amounts of potassium and sodium, are known as feldspars. Feldspars are modified in various ways to create the glass used in dentistry. Synthetic forms of aluminosilicate glasses are manufactured for dental ceramics. This category of materials has a large range of glass–crystalline ratios and crystal types. The glass composition is basically the same as the pure glass category. The difference is that varying amounts of different types of crystals have either been added or grown in the glassy matrix. The primary crystal types today are leucite, lithium disilicate or fluoroapatite. Some authors this type of ceramics divided into three subcategories: 
Subcategory 1 – Low to moderate leucite-containing feldspathic glass. 
Subcategory 2 – High leucite containing (approximately 50%) glass. The glassy phase is based on an aluminosilicate glass. These materials have been developed in powder/liquid, machinable and pressable forms.
Subcategory 3 -  Lithium-disilicate ceramic is a type of glass ceramic where the aluminosilicate glass has lithium oxide added. [10]
Composition of glass ceramics consisted of: 45-70% SiO2, 8-20% MgO, 8-15% MgF2, 5-35% R2O + RO, where R2O has a range between 5-25% and is composed of at least one of the following oxides: 0-20% K2O, 0-23% Rb2O and 0-25% Cs2O to improve translucency and RO, which has a range between 0-20%, and is composed of at least one of the following oxides: SrO, BaO and CdO. Additional conponents may account for up to 10% of Sb2O5 and/or up to 5% of traditional glassy colorants.[11,12]Glass ceramics are highly esthetic and can be etched with hydrofluoric acid for adhesive bonding.
Leucite-reinforced feldspar glass glass-based ceramics are made from materials that contain mainly silicon dioxide (also known as silica or quartz), which contains various amounts of alumina.Ceramics materials are containing high amounts of leucite crystals (35% by volume). The basic component of this ceramic is feldspathic porcelain, consisting of 63% SiO2, 19% Al2O3, 11% K2O, 4% Na2O and traces of other oxides. Leucite crystals are added to the aluminum oxide. [13,14]
In order to be able to extend the use of resin-bonded ceramic restorations a glass ceramic based on a SiO2–Li2O system has been developed. Kelly refers to a ceramic as a “glass-ceramic” when the filler particles are added mechanically during manufacturing precipitate within the starting glass by special nucleation and growth-heating treatments. The crystalline phase that forms is a lithium disilicate (Li2Si2O5) and makes up about 70% of the volume of the glass ceramic.[15]
Lithium disilicate ceramic blocks for CAD/CAM have high stability values (360 MPa) making them suitable for fabrication of posterior crowns and 3-unit FPDs. [16, 17] An example of a lithium disilicate ceramic block is the IPS e.max® CAD which is used frequently because of its superior esthetics, excellent color stability, and its high resistance to wear. 
All ceramic blocks that are made from silica based ceramics offer several CAD/CAM sistems for the fabrication of inlays, onlays, veneers, partial crowns and full crowns. They are produced as ceremic blocks with multicolored layers – improved optical and esthetical characteristics[Vitablocs TriLuxe (Vita), Vitablocs RealLife (Vita),  IPS Empress CAD Multi (Ivoclar Vivadent), Cerec Blocks C In (Sirona)] and the monochromatic blocks for the fabrication of posterior crowns [Vitablocs Mark I, II (Vita), Cerec Blocks (Sirona)].(Figure 2)
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Figure 2. VitaBlocs Triluxe Forte


INFILTRATION CERAMICS

Blocks of infiltrated ceramics for CAD/CAM systems originate from the Vita In-Ceram system. This material has an alumina content of 85%.Strength of ceramic porous core is only about 6–10MPa. The porous structure is then infiltrated with a lanthanum glass, which has a low viscosity when fired at 1100°C for 4–6 h, which increases the strength. The melten glass is able to penetrate into the pores, producing a dense ceramic. 
Ceramic is also chemically inert and has low electrical and thermal conductivity but, most importantly, it has unique optical properties. It has moderate strength of about 350 MPa and good translucency. The esthetics and functional form are then achieved by the use of conventional feldspathic dental ceramics. [18,19]VITA In-Ceram SPINELL (MgAl2O4) has the highest translucency of all oxide ceramics and is perfectly suited for the fabrication of all-ceramic anterior frameworks. This applies particularly to vital tooth stumps and young patients.

OXIDE HIGH PERFORMANCE CERAMICS

Oxide high performance ceramic are blocks of aluminum oxide and zirconium oxide  currently available for the CAD/CAD technology.[20]
Alumina oxide (Al2O3)is a high performance ceramic.It is also known by its mineralogical name corundum (in Tamil korundam). In this system a bimodal grain distribution with a medium grain size of 3 µm is used. At a temperature of 1120°C a sintering process takes place in which the AI particles, by means of diffusion processes at the surface, form a bond with their contact points.The structure thereby obtained exhibits a chalky consistency and at this stage is still easy to process. It is only after a further processing step, namely that of glass infiltration, that the high strength, typical tooth colour and translucency are obtained. For the glass infiltration a special glass is used which has an excellent wetting power to corundum and demonstrates a very low viscosity at the infiltration temperature of 1100 °C, in order to completely fill the free porosities between the Al2O3 particles. Advantages of alumina oxide ceramic: optimum aesthetics and excellent biocompatibility, good light transmission properties, high functional stress due to excellent physical values, high degree of acceptance among the patients etc. It is clinically indicated in cases of crown copings in the anterior and posterior area, and 3-unit FPDs in the anterior region [In-Ceram AL Block (Vita) and inCoris Al (Sirona)].VITA In-Ceram ALUMINA for CEREC has a flexural strength of 500 MPa and a fracture toughness of 3.9 Mpa.
Mechanical properties of zirconia are very similar to those of metals and its color is similar to tooht color. Garvie proposed (1975) a model to rationalize the good mechanical properties of zirconia, by virtue of which it has been called ,,ceramic steel,,. Its well known thet zirconia crystals can be organised in three different patterns: monolitic (M), cubic (C) and tetragonal (T). By mixing ZrO2 with other metallic oxides, sach as MgO, CaO or Y2O3, can bee obained exelent molecular stability. Yttrium – stabilized zirconia is all so known as tetragonal zirconia (TZP). Yittrium stabilized zirconium oxide ceramics (ZrO2 Y-TZP) have excellent mechanical properties. They have high flexural strength (750- >1000 MPa) when compared to other dental ceramics.[21] Yttrium-oxide is added to zirconia in order to stabilize the tetragonal phase at room temperature, which as a result can prevent crack propagation in the ceramic (transformation strengthening). [22,23]
Unlike glassy ceramics, oxide high performance ceramics cannot be pressed as a fully dense material into slightly oversized molds. High oxide ceramics are formed from powders that can be packed only to 70% of their theoretical density. This ceramics shrink around 30% by volume (10% linear) when made fully dense during firing. For the final fixed dental restoration to fit well, the amount of shrinkage needs to be accurately predicted and compensated for. Well-characterized starting powders that can be uniformly packed are a prerequisite for achieving predictable and reproducible shrinkage.
Two approaches are offered commercially for fabrication of dental restorations from oxide ceramics, both of which create oversized greenware (unfired part) using 3-D data sets and the specific shrinkage characteristics of well-behaved starting powders.
1. In the first approach, an oversized die is manufactured based on 20,000 measurements taken during the mechanical scanning of a laboratory die. Aluminum oxide or zirconium oxide is pressed onto the oversized die and predictably shrunk during firing to become well-fitting, single-crown substructures (Procera, Nobel Biocare).[26]
2. In the second approach, blocks of partially fired (10% complete) zirconium oxide are machined into oversized greenware for firing as single- and multiple-unit prostheses substructures (Cercon, Dentsply Prosthetics; Lava, 3M-ESPE; YZ, Vita). In these systems, individual blocks are bar coded with the actual density of each block (for the fine-tuning of shrinkage calculations), and the milling machines can keep track of the number of blocks milled and automatically change milling tools to assure accuracy of fit.[27]
Zirconium oxide ceramics are indicated for the fabrication of crowns and bridges, FPDs and individual implant abutments. The cores have high radiopacity which is very useful in evaluation of marginal integrity. Zirconia has a color similar to teeth but if translucency is needed then other ceramic materials should be considered.
Today, dental industry developed and introduced an innovative zirconium dioxide material wich can be used to implement booth, crowns and bridges as well as aesthetic frames for individual ceramic veneers. Transparent zirconia ceramics using titanium oxide asa sintering additive were firstly reported by Tsukuma.[28]  Positive meshanical properties of the ,,withe,, zirconium dioxide was combined with the positive photo-optical properties of the translucent zirconium dioxide.The translucent zirconium dioxide is characterised by its natural translucency, composition contain: (ZrO2+HfO2+Y2O3) > 99.00% and 1.00% aluminum oxide and other oxides. Flexural strength is 1200MPa ± 200. This material is a simple and efficient alternative to the non-precious-metal full cast crown, especially in the posterior region. 
The first hybrid dental ceramic in the world with a dualnetwork structure isVITA ENAMIC.The dominant fine structure ceramic (86 % by wt.) is reinforced by an acrylate polymer in this material to ensure that both materials penetrate one another. VITA ENAMIC is a hybrid material that combines the positive characteristics of  ceramic and  composite.(Table 2,3) This innovative hybrid material ensures unique balance between strength andelasticity and provides high absorption of masticatory forces.Basic characteristics and advantages of this material are:
• Lower brittleness than pure ceramic and betterabrasion behavior than composite.
• Compared to silicate ceramic, it is possible to mill restorations with thinner walls.
• Enamel-like abrasion properties and antagonist protectionachieved by the fine-structure ceramic.
• Higher elasticity than traditional dental ceramics, the acrylate polymer provides flexibility.
• High reliability, VITA ENAMICfeatures a crack-stop function.

Flexural strainght of this material is 150-160 MPa and it is indicated for the fabrication fullyesthetic single tooth restorations (crowns, inlays, onlays and veneers)  if the preconditions for the adhesive or self-adhesive bonding technique are present.

Table 2.Chemical composition of the fine-structure feldspar ceramic
[bookmark: _GoBack]
	Oxides
	% by weight

	SiO2
	58-63

	Al2O3
	20-23

	Na2O
	6-11

	K2O
	4-6

	B2O3
	0,5-0,2

	CaO
	<1

	      TiO2
	          <1













Table 3. Material ratio - ceramic – polymer
	        Component
	 % by weight
	  % by volume

	Feldspar ceremic
	           86
	            75

	Polimer
	           14
	            25



The shades of VITA ENAMIC have been matched with VITA 3D-MASTER, which is the only tooth shade system available on the market thattakes all 3 color dimensions into account. The shade of this restorations can be easily characterized (staining technique) with the special VITA ENAMIC STAINS (polymerization).Thenthe surface is sealed with a special varnish.  For this purpose, the specialVITA ENAMIC STAINS KIT, including 6 shades and accessories, is available. [31]

CERAMIC STRENGTH AND FRACTURE TOUGHNESS

Strength and fracture toughnessare two properties that often are quoted regarding ceramics intended for structural purposes.
Mechanical failure of ceramic materials is completely controlled by brittle fracture. Brittle behavior combined with surface flaws resulted in relatively low ceramic strengths. Increased crystalline-filler content within the glass matrix, with a more even distribution of particles and finer particle size, has yielded significant improvements in the flexural strength of ceramic materials.All ceramics fail because of crack propagation at a critical strain of 0.1%. [29]
Fracture toughness is a measure of a material’s ability to resist crack growth. Fracture toughness has been reported to be between 8 MPa  and 10 MPa  for zirconia. This is significantly higher than any other ceramic, and roughly twice the amount reported for the alumina ceramics. Clinically, restorations are not loaded to failure as is done in a flexural strength test; instead, millions of subcritical loads (chewing) are applied. Materials ultimately fail because of this cyclic fatigue by crack propagation. Materials with higher fracture toughness are more ideal clinically as it takes more energy to cause crack growth. Other factors such as stress corrosion and residual flaws in the material greatly affect the final strength of a finished material. [30] There are tree tips of ceramic crack:
Interactions.These occur when obstacles in the microstructure act to impede the crack motion. These are generally second-phase particles and act to deflect the crack into a different plane so that it is no longer subject to the normal tensile stress that originally caused its propagation.
Shielding.These are a result of events that are triggered by high stresses in the crack tip region that act to reduce these high stresses. Transformation toughening and microcrack toughening are two mechanisms that have been identified as leading to crack tip shielding.
Bridging.This occurs when the second-phase particles act as a ligament to make it more difficult for the cracks to open. Crack bridging is best understood for bonded fiber composites.This mechanism has been shown to be important in large-grain Al2O3 and possible whisker-reinforced ceramic materials.

CONCLUSION

There is not a single universal material or system for all clinical situations.Today, all-ceramic materials will continue to improve, particular aesthetical, optical and mechanical properties.  This means that selection of a material should be based on esthetic and strength required.It seems, that the future trends in the development to be directed to the production of materials which will be a combination of different cainds of materials and their best qualities. 
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1. Schematic representation of three basic classes of dental ceramics. Predominantly glass-based

Figure
ceramics are lightly filled with colorants and opacifiers to mimic natural esthetics and are the weakest
ceramics. Glasses containing 35 to 70 percent filler particles for strength can be moderately esthetic as
full-thickness restorations, but generally they are vencered. Completely polycrystalline ceramics (no
‘glass), which are used to create strong substructures and frameworks via computer-aided design/
computer-aided manufacturing processes, always are veneered.
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