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Section 67: Ceramics II
(Handout)

1.Definitions: 

ceramics: n. 1: compounds of one or more metals with a nonmetallic element, usually oxygen. They are formed of chemically and biochemically stable substances that are strong, hard, brittle, and inert nonconductors of thermal and electrical energy. 2. The art of making porcelain dental restorations. (derived from the Greek "keramos" meaning potter or pottery, related to a Sanskrit term meaning burned earth).

stress force per unit area (commonly expressed as a PASCAL = 1N/m2, or MPa=10x6 Pa)

strain deformation/original length of a body when subjected to stress

elastic modulus stress/strain

strength maximum stress a material can withstand before failure

compressive strength maximum stress a material can withstand in compression 

fatigue strength progressive fracture under repeated loading

flexural strength or flexure strength -see transverse strength the flexural strength of feldspathic porcelains is generally in the range of 60-70MPa.

shear strength the maximum stress that a material can withstand before failure in a shear mode of loading 

tensile strength maximum stress a material can withstand before failure in tension

transverse strength obtained when a load is applied in the middle of a simple beam which is supported at each end (three point bending test) also called Modulus of Rupture(MOR).

yield strength the stress at which a material begins to function in a plastic manner

fracture toughness the ability to be plastically deformed without fracture, or the amount of energy required for fracture measured in MPa-m(1/2). Typical values for ceramics are 0.8-2.6

indentation hardness resistance to permanent surface indentation or penetration

Brinell hardness hardness tested by measuring the resistance to penetration of a small steel or tungsten ball, typically 1.6mm in diameter

Knoop hardness hardness tested with a carefully prepared diamond indenting tool with a pyramidal shape 

Vickers hardness hardness tested with a 136 degree diamond pyramid 

coefficient of thermal expansion the change in length per unit length of a material for a one degree centigrade change in temperature.

2. Properties

A. Firing Shrinkage - linear shrinkage of 11-15%, volumetric shrinkage 27-45%. (Porcelains with different sized particles will have reduced sintering shrinkage.) 

B. Enamel abrasion -Effect of porcelain on enamel wear: Unpolished unglazed porcelain wears enamel significantly more than glazed or polished porcelain. there is no significant difference between polished or glazed porcelain. Wear is accelerated in the presence of carbonated/acidic soft drinks.

3. Composition - feldspar (potassium aluminum silicate) 75-85%, quartz 12-22%, kaolin 3-5%, modifiers (eg., leucite- increases CTE, also affects optical properties, strength, hardness, and is abrasive; metal oxides- added for color)
     After heating, porcelain solidifies as a supercooled liquid. The absence of crystallization on cooling and solidification is called vitrification. 

4. History

A. We already know about:

1. Alexis Du Chateau and Nicholas Dubois de Chemant: In 1774, Alexis Du Chateau, a French chemist became dissatisfied with the odor, taste, and discoloration of his hippopotamus ivory dentures. He noticed that his porcelain mortar and pestle which he used in his daily preparation of medical compounds did not stain. With the assistance of de Chemant, a Parisian dentist, he made the first successful porcelain dentures.

2. Land introduced the first fused feldspathic porcelain inlays and crowns in 1886

3. McLean and Hughes High strength ceramic core of glass-alumina 1965

4. Dicor see below

5. Willi's Glass - porcelain veneered Dicor glass ceramic

B. But did you know about:

1. Cerestore - developed by the Coors Biomedical Co. and later sold to Johnson & Johnson. The use of a shrink-free ceramic coping formed on an epoxy die by a transfer moulding process overcame the limits and firing shrinkage of conventionally produced aluminous porcelain jacket crown. The Cerestore crown was veneered with conventional porcelains.(Flexural strength approx 150 MPa.)

5. The present state of brittle, esthetic rocks. 

A. Hertzian indentation testing clinical variables of masticatory force and cuspal curvature correspond with Hertzian variables contact load and sphere radius. Failure modes are "brittle"- classic macroscopic fracture driven by tensile stresses, and "quasi-plastic" mode -diffuse microdamage, below the contact, driven by shear stresses. Brittle responses are noted in fine glass-ceramics and porcelain, quasi-plastic responses are observed in coarse glass-ceramics and zirconia, while the medium glass ceramics and alumina exhibit an intermediate response.

B. Chemical/Mechanical fatigue relationship -both cyclic mechanical fatigue and chemical environmental fatigue(moisture) independently influence porcelain strength. Moisture has been shown to have a greater effect on strength during strength testing (a stress corrosion phenomenon).

6. Methods of strengthening porcelain

1. Ion Exchange - addition of rubidium nitrate to leucite reinforced porcelain increased mean flexural strength.

2. Addition of Sodium Oxide (Na2 O) in glass matrix addition of NA2 O can increase the flexural strength of a leucite containing porcelain.

3. Addition of Barium for titanium/porcelain systems - the bonding strength between a commercial porcelain and titanium increased by the addition of barium to the porcelain in amounts of 5-15% mass%. In testing, fracture occurred at the interface between the titanium and titanium oxide, or within the titanium oxide. Coefficient of thermal expansion for titanium is 8.8-9.2 x 10(-6)/Cdegree, and for the porcelain, 10 x 10(-6)/Cdegree.

7. Recent developments in ceramics 

A. Leucite reinforced glass-ceramics(OPTEC HSP/OPTIMAL OPC, IPS EMPRESS) 

1. Composition Leucite (KAlSi2 O6) reinforced (23.6wt% colored ceramic, 41.3wt% opaque ceramic) 

2. Process IPS Empress uses a system of injection molding, utilizing a conventional lost wax technique. A special investment and prolonged burnout cycle. The investment mold is placed in the bottom of the IPS Empress injection molding system and the selected glass ingot placed in the upper chamber for molding under pressure. Alternatively, a coping may be molded upon which porcelain is added.(although this may reduce strength).

3. Strengths flexural strength @134MPa

4. Weaknesses - translucency

5. Indications single unit anterior/veneer

6. Contraindications- posterior units,; cases where opacity is desired

B. Cast glass-ceramics (DICOR, DICOR MGC)

1. Composition/

2. Process developed by Corning glass. Conventional lost wax process, utilizing a castable polycrystalline (tetrasilicic fluoromica) glass-ceramic material. Dicor can be used to fabricate a coping, upon which aluminous porcelain can be placed, or cast to full shape. A special centrifugal casting machine is required. The initial cast restoration exhibits transparency requiring further heat treatment (ceramming) for crystal development. Color developed using several coats of surface glaze. 

3. Strengths 120-150MPa. Better performance when acid etched and cemented with a resin composite cement. High failure rates seen when zinc phosphate or glass ionomer cement used.

4. Weaknesses high translucency

5. Indications - anterior single units in low stress areas where high translucency is desired. Dicor MGC (Machinable Glass Ceramic) is available for use with the CEREC system (see below)

6. Contraindications posterior/high stress bearing areas

C. High alumina ceramics (INCERAM, INCERAM SPINELL)

1. Composition/

2. Process In-Ceram consists of two three-dimensionally interpenetrating phases. A dispersion of alumina particles in water, called a slip, is painted on a gypsum die. The water, flowing under capillary pressure into the gypsum die, compacts the alumina particles against the die. This is partially sintered, and then infiltrated with lanthanum aluminosilicate. Lanthanum serves to decrease the viscosity of the glass to assist infiltration and increases its index of refraction to improve translucency. In-ceram spinell: substitution of magnesium aluminate spinel for the aluminum oxide improves the translucency, but is not as strong as the alumina-based In-ceram. An aluminous porcelain is applied to the core to produce the final form of the restoration.

3. Strengths - flexural strength 480-530MPa; 280MPa for In-ceram spinell.

4. Weaknesses - lack of fluorescence; opacity: In-ceram spinell is more translucent, but strength is sacrificed.

5. Indications - Single unit anterior and posterior, multiple unit anterior restorations

6. Contraindications - posterior FPD's, resin bonded FPD (not etchable for bonding)

D. CAD-CAM (PROCERA, CEREC)

1. Composition/

2. Process Procera- Using a computer-aided-design-computer aided manufacturing (CAD-CAM) system to produce an enlarged die. The original master die is scanned with a stylus and the information stored in a computer. The computer compensates for firing shrinkage and an enlarged die is milled with a CAM process. Alumina is pressed on the die, milled to form correct coping size and shape, and fired. Matched porcelain is added to produce the final restoration. Cerec- an "optical" impression is made of the tooth preparation and the restoration is designed with the aid of the computer. The restoration is then milled from a block of ceramic by a diamond wheel. Glass ceramic (Dicor MGC) or feldspathic ceramic (CEREC Vitablocks) may be used. 

3. Strengths Procera-modulus of rupture (flexural tensile failure stress of a three point loaded beam) teated at 508MPa (White) for the core material and 76MPa for the veneering porcelain. (Manufacturer claims 687MPa -Wagner). 

4. Weaknesses CAD/CAM equipment required

5. Indications Procera- single unit anterior or posterior restorations Cerec-inlay, onlay, veneer 

6. Contraindications: Procera-multiple units- the system cannot compensate for the complex shrinkage of multiple units. CEREC-limited to only inlay, onlay, or veneers

E. Precision copy milling (CELAY)

1. Composition ceramic block (feldspathic or inceram blocks may be used)

2. Process non computer driven, precision copy milling machine; a light cured composite replica of the restoration is fabricated directly in the patient's mouth or on master cast. This replica is mounted on the scannong side of the Celay machine, while a ceramic block is mounted on the milling side. Scanning tools trace the surface of the restoration while a corresponding milling tool removes the ceramic

3. Strengths time- can mill a restoration in as little as 15-20 minutes

4. Weaknesses cost of equipment

5. Indications - inlay,onlay, veneer(feldspathic) single unit anterior/posterior (in-ceram)

6. Contraindications dependent upon material utilized. 

F. Low (temperature) fusing ceramics (FINESSE, DUCERAM)

Firing temperature of Duceram LFC listed as 702 C, Finesse as 760 C. These porcelains feature a smaller particle size which may lead to less wear of opposing natural tooth structure. Finesse is a low fusing system which must be applied over a higher fusing layer to be successful. Long term comparative wear testing has not yet been completed.
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67-003. Denry, IL, Holloway, JA, and Rosenstiel, SF.  Effect of Ion exchange on the Microstructure, Strength, and Thermal Expansion Behavior of a Leucite-reinforced Porcelain. J Dent Res 77:583-588, 1998.
Purpose: To evaluate the effects of rubidium and cesium leucites on thermal expansion, microstructure, crack deflection patterns, and flexural strength of a leucite reinforced porcelain.
Materials and Methods: A dental porcelain powder was mixed with rubidium and cesium nitrate and heat treated. Three porcelain bars and 15 porcelain discs were made with the exchanged powders. X-ray diffraction analysis were performed before and after the bars were fired. Controls were made of untreated Optec HSP porcelain powder, formed into bars and discs and baked following the manufactures recommendations. The density of all specimens was determined by Archimedes' method. The thermal expansion behavior was measured by dilatometry. The microstructure and Vickers indentation crack patterns were investigated by scanning electron microscopy. 
Results: X-ray diffraction showed that after ion exchange and firing, leucite transformed into either tetragonal rubidium leucite or cubic cesium leucite. 
     The mean coefficient of thermal contraction (550 to 50o C) was significantly (p<0.003) greater for the control material followed by the rubidium-exchanged material, and lowest for the cesium-exchanged material.
     Crack pattern analyses revealed that the cesium exchanged material exhibited a significantly lower number of crack deflections compared with those in the two other materials. (p<0.001)
     The microstructure of the two exchanged materials was dense, with well dispersed small crystals as well as large rubidium or cesium leucite crystals.
     The mean flexural strength of the rubidium-exchanged materials was significantly higher than those of the other materials, which were not significantly different. 
Conclusion: The thermal expansion of leucite-reinforced porcelain can be lowered by ion-exchange, which also modifies the microstructure, crack deflection patterns, and flexural strength of the material. 

67-004. Magne P, Belser U. Esthetic Improvements and In Vitro Testing of In-Ceram Alumina and Spinell Ceramic. International Journal of Pros 10: 459-466, 1997.
Purpose: To determine the mechanical properties (three point flexural strength) of sintered and subsequently glass-infiltrated alumina and spinel.
Materials & Methods: 74 beam specimens were fabricated, and were subjected to heat treatment of 960 degrees C for 30 minutes and were tested for Three-Point Flexural Strength to ascertain their relative strength.

They were divided into four groups:

· Group 1 20 beams of sintered alumina infiltrated with the glass originally marketed for this material (A1, vita Zahnfabrik) without vacuum (Al/A1)

· Group 2 consisted of 20 beams of sintered alumina infiltrated with its associated glass (A1) under vacuum (Al/A1 vac).

· Group 3 consisted of 16 beams of sintered alumina infiltrated with the glass originally developed for the spinel (S11, Vita Zahnfabrik) under vacuum, (Al/S11) vac).

· Group 4 consisted of 18 beams of sintered spinel infiltrated with the associated glass (S11) under vacuum (Sp/S11 vac).

One unit of each group was used in a clinical situation involving a discolored anterior tooth to make comparisons of the relative esthetic effects.

Results/Conclusions: The infusion of sintered aluminum oxide was performed under vacuum using the lightest shade of glass. A significant increase of density was observed following this procedure. This increase in density did not improve the flexural strength of the core material. 

· The combination of the alumina slip with the glass originally developed for spinel resulted in a high-brightness, relatively translucent and resistant ceramic-core.

· In-Ceram Spinell is a major esthetic improvement of the In-Ceram system and provides increased translucency. However, improvement resulted in a significant reduction of its mechanical properties when compared to the original In-Ceram.

· A general lack of fluorescence is inherent to both In-Ceram Alumina and Spinell cores. 
67-005. Al-Hiyasat. The Abrasive Effect of Glazed, Unglazed, and Polished Porcelain on the Wear of Human Enamel, and the Influence of Carbonated Soft Drinks on the Rate of Wear. Int J Prosthodont 1997; 10:269-282.
Abrasion of tooth enamel by glazed, polished, and ground porcelain immersed in water and a carbonated beverage was studied.

1. Unglazed porcelain surfaces produced the highest amount of enamel wear, followed by polished and then glazed porcelain.

2. Polishing an unglazed porcelain surface (adjusted porcelain) with a finishing wheel and diamond paste reduced the surface roughness significantly such that the difference in roughness between the resulting polished surface and the original glazed surface was not significant.

3. Exposure to a carbonated beverage significantly increased the wear rate of enamel for the three surface finishes of porcelain. This was directly proportional to the frequency of the exposure.

4. The porcelain surface finish did not affect the wear of the porcelain. 

67-006. White, S.N. et al.  Modulus of rupture of the Procera All-Ceramic system. J Esthet Dent 8:120-126,1996.
Abstract not available at this time ........
67-007. Rasmussen, S.T. Optimum particle size distribution for reduced sintering shrinkage of a dental porcelain. Dent Mater 13:43-50, 1997. 
Purpose: The article investigates the optimum particle size for dental porcelain and a compaction method that had a low sintering shrinkage. 
Methods and materials: Coarse, Medium, and fine particles were separated from a commercial porcelain by sedimentation, combined in various proportions, fired and the linear shrinkage measured. Mathematical analysis of the results were performed.
Results: Sintering shrinkages for a three-component and two two component mixtures were significantly less than the original powder. Mixing finer particles with larger ones where the smaller ones are expected to fill or nearly fill the spaces between the next larger size reduces firing shrinkage. 
Conclusion: Mixing of different sized particles produced frits with lower sintering shrinkage. Optimum particle size distribution depends on compaction method, slip casting techniques compacting fine particles better than dry compaction.
     Also, for optimum results, particle size distribution of a powder can be affected by settling and separation of particle sizes during shipping. Thorough mixing of dental porcelains within their containers after shipping appears justified. 

67-008. White, S.N. et al. Relationship between static chemical and static mechanical fatigue in a feldspathic porcelain. Dent Mater 13:103 - 110, 1997.
Purpose: Determine if static chemical and cyclic mechanical fatigue are independent, or if they interact to produce greater than additive strength loss in a feldspathic porcelain.
Methods: A blunt indentation technique was used to investigate the response of a feldspathic dental porcelain to cyclic mechanical fatigue and static chemical fatigue. All specimens were fabricated in a dry inert environment and then mechanically fatigued by cyclic loading and strength-tested in dry inert nitrogenous, ambient or wet environments. A series of experiments were performed to evaluate the effects of chemical and mechanical fatigue, and their interaction on strength loss; to determine the effects of, and interaction between, the factors of cyclic fatigue environment and strength test environment on strength; to ascertain if the type of environment during strength testing influenced specimen strength; and to distinguish between chemical damage caused by exposure to moisture alone and stress corrosion damage resulting from the strength testing environment, using a pair of two-way analysis of variance, a single one-way analysis of variance and a t-test (p<0.05).
Results: These experiments indicated that both static chemical fatigue and cyclic mechanical fatigue significantly reduced specimen strength, but they did not interact to produce greater than summative effects. It was also learned that chemical fatigue was not detected on initial exposure to moisture and that it occurred to a small extent during mechanical fatigue cycling, and primarily occurred during strength testing through a stress-corrosion phenomenon. Micrographs visually evaluated the effects of mechanical and chemical fatigue on surface contact damage.
Significance: As both static chemical and cyclic mechanical fatigue influenced porcelain strength, they should both be considered in future evaluations. However, because they largely acted independently, they can be studied separately.

67-009. Qualtrough, A.J. and Piddock,V. Ceramics update. J Dent 25:91-95, 1997.
Abstract not available at this time ........

67-010. Anusavice, KJ. Reducing the failure potential of ceramic-based restorations. Part 2: Ceramic inlays, crowns, veneers, and bridges. Gen Dent 45:30-35,1997.
Purpose: To discuss several categories of dental ceramic materials.
Discussion: There are several categories of dental ceramics: conventional porcelain, leucite-reinforced porcelain, ultra-low fusing porcelain, glass ceramic, specialized core ceramic and CAD/CAM ceramic. They can be classified by type, use, processing method, or by substructure material. Cast and hot pressed ceramics tend to be more accurate as sintered ceramics shrink. CAD/CAM ceramics may obtain surface flaws in milling that may eventually lead to fracture during function. 

· Ceramic jacket crowns: The esthetics is excellent however the strength of the core substructure limits use to the anterior region.

· Glass ceramic crowns: Dicor, fairly translucent and low in fracture toughness.

· Leucite-reinforced porcelain: Optec HSP: Good translucency, moderate flexural strength, low in fracture toughness. Should be restricted to the anterior. 

· Injection molded glass ceramic: IPS Empress, Good translucency and low in fracture toughness. Should be restricted to anterior.

· Glass infiltrated alumina core ceramic: InCeram, high flexural strength, anterior and posterior crowns and even anterior FPDs. 1.2 to 2.6 times harder than other ceramic materials.

· Vita InCeram Spinell: A magnesia alumina spinel core with a higher level of translucency. Lower flexural strength than original InCeram but still higher than other ceramics. Can be used for anterior crowns and veneers.

· CAD/CAM: Freedom from making an impression. Only a single appointment. Major equipment to purchase. 

· Copy milling: Celay, A replica of the core material is made and scanned. The machine mills a core which must then be infiltrated. 

· Fracture toughness: More meaningful to assess the potential for crack propagation.

· Hardness: More important if the core material becomes exposed.

Recommendations: In general all ceramic crowns should be restricted to the anterior and premolar area. Only metal ceramic systems should be used for posterior FPDs.

67-011. Wagner W.C. Biaxial flexural strength and indentation fracture toughness of three new dental core ceramics. J Prosthet Dent 1996; 76:140-4.
Three new ceramic crown core materials were tested to compare their biaxial flexural strength and indentation fracture toughness.

1. Empress - Ivoclar: a leucite reinforced glass that is viscous and formed in an investment mold.

2. In-Ceram -Vita: processed by glass infiltrating a porous alumina preform made by casting in a mold.

3. Procera AllCeram - Nobelpharma crown core, pressed and sintered high purity alumina.

The high fracture toughness of In-Ceram ceramic core material may be the result of a reinforcing second phase. Higher fracture toughness occurs more often in two-phase materials than in single-phase materials if the second phase if the second phase makes crack propagation more difficult. The alumina second phase in InCeram ceramic probably made the crack propagation more difficult and contributed to the high toughness of this material. 
Conclusions:

· Biaxial flexural strengths:

· AllCeram - 687 Mpa

· In Ceram - 352 Mpa 

· Empress - 134 Mpa

1. All strength differences were statistically significant.

2. Procera AllCeram core material had the least strength variation.

3. In-Ceram ceramic core material had the greatest strength variation.

4. Procera AllCeram and In-Ceram ceramic core materials recorded statistically similar high indentation fracture toughness values of 4.48 and 4.49 MPa  m ½.

5. Empress core material was 1.74 MPa  m ½.

67-012. Lee, H.H. et al. Influence of modification of Na2O in a glass matrix on the strength of leucite containing porcelains. Dent Mater J 16:134-143,1997.
Abstract not available at this time ........

