Ceramics
In this article ceramics, their indications, properties, and manufacturing techniques are discussed.
In the light of the variety of all-ceramic restorative materials, the successful application of all-ceramic materials depends on the clinician's ability to select the appropriate material, manufacturing technique, and cementation or bonding to match intraoral conditions, esthetic requirements, and treatment plan.
In general, the clinical shortcomings of ceramic materials include: 
1. Brittleness
2. Crack propagation
3. Low tensile strength, marginal accuracy and wear resistance. 

An all ceramic restoration is composed of a high strength core and a veneering porcelain (glass + crystalline phase of fluoroapetite, leucite or Al2O3.
Factors to prevent failure: 
1. Inherent mechanisms to retard crack propagation
2. Correct patient selection and diagnosis.
3. Minimum 3-4 mm thickness connector measuring from interdental papilla to marginal ridge.

Types of ceramics:
A) Glass ceramics (supplied mainly in the form of ingots):

*IPS Empress 2
Manufacturing technique: heat pressing
Lithium disilicate ceramic. 
Plasticizing temperature: 920oC
Flexural strength: X 3 that of IPS Empress 
Indication: 3 unit FPDP anteriorly (may extend to 2nd premolar)

* IPS Empress
Manufacturing technique: heat pressing
Leucite reinforced glass ceramic.
Indication: single unit complete coverage anteriorly.

*IPS Eris
Fluoroapetite-based veneering porcelain
Indication: veneer restorations with IPS Empress and IPS Empress 2 cores.

*IPS e-max Press
Manufacturing technique: heat pressing
Lithium disilicate based ceramic with enhanced physical properties and translucency compared to IPS Empress 2.

* IPS ProCAD
Manufacturing technique: milled
leucite reinforced ceramic
Finer particle size than IPS Empress
Designed to be used with CEREC inLab system.
Available in multiple shades.

*Vita Mark II
Machinable fieldespathic porcelain.
Manufacturing technique: milled
Used with CEREC 1 system.
Improved strength and finer particle size (4 µm) than Vita Mark I
Composed of 60-64% SiO2 and 20-23% Al2O3.
Handling: etch with HF and apply saline coupling agent and adhesive composite resin cement.
Available in monochromic ingots that are later characterized or multicolored ones.

Fieldespathic porcelains could also be copy milled using an acrylic model and then replicating using porcelain.

B) Alumina-based ceramics (supplied mainly in the form of blanks):

*InCeram Alumina (Glass impregnated aluminum oxide ceramic)
Indications: single restorations and 3 units anterior FPDPs.
Manufacturing technique: slip casting or milling.
Using slip casting technique a slurry of densely packed (70-80% wt) Al2O3 is sintered at a temperature of 1120oC for 10 hrs creating a porous skeleton that is then infiltrated by lanthanum glass at a firing temperature of 1100oC for 4 hrs.

*In-Ceram Spinell
Manufacturing technique: milled
Acts as a modification and an alternative to the opaque core of In-Ceram Alumina.
Composition: magnesia and alumina to increase translucency while decreasing flexural strength.
Indication: anterior crowns only.
Veneer: fieldespathic porcelain.

* Synthoceram
Manufacturing technique: milled
High strength glass impregnated aluminum oxide ceramic.
Fabricated using CICERO technology along others (laser, sintering..)
Veneer: leucite-free glass ceramic

* In-Ceram Zirconia
Manufacturing technique: slip cast or milled.
Modification of In-Ceram Alumina through an addition of 35% partially stabilized zirconia oxide to the slip composition for strength.
Veneer: fieldespathic porcelain
Indication: posterior crowns and FPDPs due to opacity.

*Porcera (high purity aluminum oxide ceramic)
Manufacturing technique: densely sintered
Composition: 99.9% pure aluminum oxide.
Veneer: low fusing glass ceramic matching the elastic modulus of Porcera core.
Possesses the highest strength of all alumina-based ceramics. 
Copy milled and dry pressed over a 20% enlarged model and then sintered at 1550oC to eliminate porosities and reach original dimensions.

C) Zirconia-based ceramics:

Zirconia as a material exists in three forms that are temperature dependent:
1. Cubic at 2680oC
2. Tetragonal below 2370oC
3. Tetragonal-monoclinic transformation below 1170oC that is accompanied by 3-5% volume expansion increasing internal stresses.

Yttruim oxide (Y2O3 3% mol) is added to reduce expansion and maintain material at tetragonal form at room temperature.
The material exhibits a phenomenon termed transformation toughening which acts as a means to retard crack propagation. This phenomenon has no prophylactic effect on crack progression however.

Favorable properties of partially stabilized zirconia include:
1 . Chemical and dimensional stability.
2. High mechanical strength
3. High fracture toughness.

Zirconia-based ceramics w/wt metal are the material of choice for the fabrication of all ceramic implant abutments.

Survival:
Major complications: fracture of veneering and/or core porcelain
Minor complications from most frequent to less: cracking and chipping of veneer > endodontic therapy > caries = decementation.
When encountered, minor complications generally do not require restoration refabrication.
Survival rates of all-ceramic restorations range from 88-100% 2-5 yr and 84-97% 5-14 yrs.
Reporting survival rates is highly subjective and depends on what a particular clinician regards as "failure". 

Material properties:
The strength of an all-ceramic restoration is dependent on the ceramic material used, core-veneer bond strength, crown thickness, design, bonding techniques and characteristics of the supporting material.

Marginal and internal fit:
McLead stated that a max of 120 µm marginal discrepancy is clinically acceptable.
Poor marginal adaptation results in cement dissolution, marginal leakage, plaque retention and secondary decay.
Internal gapping (perpendicular distance from axial surface of prepared tooth to inner casting surface of restoration) is generally greater than marginal gapping; this fact is especially important when dealing with glass ceramics which depend largely upon the mechanical properties of the cement to resist functional forces.

Cementation and bonding:
To improve success with glass and alumina-based ceramics use non acid-base cements.

Surface conditioning:
*Fieldesphathic porcelain: etch and apply saline coupling agent (Do not abrade with air-borne particles)
*Alumina-based ceramics air-particle abrasion or by using tribochemical silica coating process.
Using In-Ceram Alumina, the process involves cleaning the tooth => coating with 110 µm high purity Al2O3 at 250 KPa for 14 seconds => coat with 110 µm or 30 µm of silica modified high purity Al2O3 leaving surface partially coated with SiO2 => apply a saline coupling agent => apply adhesive resin cement.
Porcera: airborne particle abrasion (50 µm for 15 s)
Zirconia-based ceramics: cemented conventionally (compomers, resins, RMGI,..) due to their high fracture resistance and the fact that they do not require an adhesive interface.

Color and esthetics:
Ceramics arranged in sequence of translucency: 
In-Ceram Spinell> IPS Empress> Porcera> IPS Empress 2> In-Ceram Alumina> In-Ceram Zirconia = Metal.
In-Ceram Spinell and IPS Empress 2 are used for high-average translucency requirements.
Porcera used for average translucency.
In-Ceram Alumina/Zirconia are used for mimicking opaque natural teeth, for posterior teeth or nonesthetic areas.

A minimum of 0.7 mm In-Ceram Alumina core thickness is needed to mask underlying dentin and a minimum of 2.0 mm thickness is needed for IPS Empress.

Increasing tooth reduction will improve esthetics for metal ceramic and semi-opaque all ceramic restorations but will not enhance shade matching for semi-translucent specimens (IPS Empress, In-Ceram Spinell...)

Tooth structure transmits light. Metal ceramic restorations diffuse and reflect light and consequently appear brighter intraorally.
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