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Abstracts

52-001.  Hobo, S. and Shillingburg, H.T.  Porcelain-fused -to-metal: Tooth preparation and coping design. J Prosthet Dent 30:28,1973.
     History and development of the PFM presented. Tooth preparation with 1.2 mm of reduction and in two planes to maximize esthetics and maintain pulpal integrity. Beveled shoulder minimizes distortion during porcelain application. Occlusal contact on metal is recommended for posterior teeth. Bridge design with scalloped metal lingual surface and tissue contact of pontic in porcelain presented.

52-002. Miller, L.L.  Framework design in ceramometal restoration. DCNA 21:699, 1977.

Purpose: Discussion of the principles of design for ceramo-metal restorations.
Principle of design:
  1. Concepts of tensile and compressive forces

· high values of compressive force, cracks easily under tensile strain

· metal designs should provide for an even layer of porcelain veneer

  2. Rigidity of support

· rigidity of the metal structure dictates design criteria

· contamination of the metal and de-alloying during uncontrolled melting procedures "must" be avoided

  3. Thermal Coefficient of Expansion

· A balance of the thermal coefficients of expansion is achieved by the chemical components of the porcelain and the metal.

  4. Biocompatibility with tooth vitality and periodontium
  5. Esthetics, form and function
  6. Facility for oral hygiene maintenance

Design of marginal area: Marginal bevel which parallels the normal path of insertion

Design of single units:
1. Abutment seal

· primary function of metal design is to seal the restoration

· hardness of ceramo-metal alloy prohibits burnishing of margins

2. Reinforcing Collar

· rounded shoulder or chamfer prep augments the "long bevel"

3. Buttressing Shoulder

· proximally and lingually the collar is increased vertically to form a buttressing shoulder and augment the castings stiffness

· continuation of the shoulder proximally with a vertical strut is designed to resist pressure in the direction of its length and provide marginal support.

4. Shear Resistance

· metal cones supporting the posterior occlusal porcelain provide the important function of resisting vertical and lateral force vectors

5. Variation of Design

· Mod of the external aspects are made while the internal support form remains constant

6. Metal Preparation

· needs further research

· surface texture best achieved with alumina stone

· finish metal margins before porcelain firing and hardening takes place

7. Thickness of Structure Metal

· Esthetics requires fabricating thin metal structures 0.3 mm at facial aspects, 0.5 mm at lingual and incisal stress areas of anteriors, and the occlusal of posteriors 

Design of multiple connected units:
1. Anterior abutments

· for anteriors metal connection is placed lingually as far as form and function permit

2. Posterior abutments

· Connector design essentially the same as singe units

· Enlargements of the proximal strut is frequently essential to produce the trestle design

3. Pontics

· Anterior: basic form the same as the anterior abutment except for the undersurface related to the residual ridge.

· Posterior: basic for the same as the posterior abutment except for the undersurface related to the residual ridge.

4. Law of Beams
5. Controlling Metal Porosity in Pontics

· improper spruing, temperature of the mold and casting metal, casting time, and pressure can produce voids and porosities.

6. Connectors

· Cast connectors

· Presoldered connectors

· Postsoldered connectors

7. Interlocks

· used to connect individual abutments or sections

8. Custom Firing Trays
9. Controlling Form, Function, and Esthetics

52-003. Laus, C.S. and Yamada, H.N.   Framework design. Morrow, R.M., Rudd, K.D. and Eissmann, H.F.   Dental laboratory procedures, Vol. 2. C.V. Mosby, ST. Louis, 1980, pp. 267-279.

Purpose: To describe the design and fabrication of the metal framework in a porcelain-fused-to-metal restoration.
Discussion:
1. The framework provides: 

a. provides strength for the restoration 

b. provides support for the porcelain

c. allows for the development of esthetics, contour, and occlusion

2. Technique:

a. Full contour wax-up

b. Facial core of full-contour wax-up, should include one or two teeth on either side of the wax-up

c. Pour the facial core with plaster or stone, (3-D record)

d. Section the core horizontally at a level immediately apical to the incisal edge, posterior teeth - section at the level of the occlusal embrasures

e. Re-evaluation of preparation and wax-up
* 0.75mm - absolute minimum space for esthetic areas (metal & porcelain)
* 2.0 mm - maximum space

f. Identify porcelain-metal junction on the surface of the wax pattern 

g. Cutback: 
* reduce the incisal or occlusal surface 1.5 mm
* reduce the proximal surfaces 1.0 mm
* reduce the facial surface 1.0 mm
* re-evaluate with facial core

h. Round any sharp edges or corners created during the cutback

i. Roll back the incisal or occlusal edge of the wax pattern just lingual from the adjacent intact teeth

j. Finish the margins and invest

3. Framework Design: Examples of typical anterior and posterior design situations were described and illustrated 
4. Design Problems: Problems, causes, and their solutions were described

a. Color of the porcelain veneer

b. Thickness of the porcelain veneer

c. Fracture of the connector areas 

Conclusion: The design of the framework, (interrelationship of strength, esthetics, contour, and occlusion) play a vital role in the ultimate success of the porcelain- fused-to-metal restoration.

52-004. Preston, J.D.  Preventing ceramic failures when integrating fixed and removable prosthesis. DCNA 23:37-52, 1979.

     This article represents a good overview of mechanical, biological, and esthetic considerations in planning for PFM restorations in conjunction with removable prosthodontics. The scope of the material is broad and the level rather basic but it raises a lot of good treatment planning considerations. It would be a very good article to pass on to general dentists or to use as a framework in putting together an inservice training session on this topic. For the more advanced audience the information is possibly too basic and entirely anecdotal.

52-005. Fisher, R.M., et al. The effects of enamel wear on the metal-porcelain interface. J Prosthet Dent 50:627-631, 1983.

Purpose: To determine whether functional wear by the enamel across the junction of the metal-porcelain interface is one cause of failure of the metal-ceramic restoration.
Materials & Methods: A wear apparatus was used to run the test. Enamel specimens were intact lingual cusps of maxillary premolars, mounted in a brass cup with acrylic resin and centered in the holder. Metal specimens were prepared with both nobel and base alloys. Specimens were degassed and opaque porcelain applied, then body porcelain. Wear testes were conducted with the cusps and the metal-porcelain. Different angles at the metal-porcelain interface on porcelain fracture were revealed through the use of fluorescent dye. Wear and cracks were observed.
Results: Average width and depth of the wear track on the porcelain half of the specimens was greater than those on the metal half for both nobel metal alloy and base metal alloy.
Summary & Conclusions: Failure in the porcelain half of the specimens occurred only in specimens where the metal angle was 60 degrees. Data indicates that the acute angle of metal at the metal-porcelain interface was more conducive to crack formation than were the other two angles tested.

52-006. Barreto, M. T. Failures in ceramometal fixed restorations. J Prosthet Dent 51:186-189, 1984.
Purpose: Discussion of porcelain fractures due to biophysical and biomechanical failures.
Discussion: Stress concentrations are due to differences in coefficient of thermal expansion and may be influenced by the thickness of the porcelain and metal copings, and the rate of cooling and heating during firing. The P-M junction should not be located in MI contact and should be 90 degrees or greater to avoid thin metal that can distort in function. Blistering (surface bubbles) are caused by rough metal surfaces and sharp corners that may entrap impurities. Excessive oven temps and repeated firings or not degassing are additional possible causes of superficial or deep imperfections. Failures can be caused by many combinations of reasons rather than one specific cause. The physical properties, composition, and design of the substructure all contribute to the success of the ceramo-metal restoration.

52-007. Hinman, R. W., et al. Improving the casting accuracy of fixed partial dentures. J Prosthet Dent 53:466-471, 1985.
Purpose: To explore and test the variables that affect the accuracy of one-piece fixed partial denture castings. 
Materials & Methods: Steel dies , pressure formed annealed wax patterns, and spruing was done in two ways. A plastic sprue and runner bar or an all wax sprue were used. Rings were either invested with the hygroscopic or bench set techniques. Complete seating was calculated as apparent change in diameter and reported as percent over or under size.
Results: Investment mold expansion and pattern distortion affect accuracy, but pattern distortion had the greater influence. An all wax spruing system produced less pattern distortion than the plastic runner bars. Plastic should be avoided except for single units in the center of the ring. Less distortion was found when the investment was allowed to bench set as opposed to hygroscopic.
Conclusions: A bench set and all wax sprue system produced the least distortion and highest consistency in the fit of multiple unit FPD castings. 

52-008. Chou, T. and Pameijer, C.H.   The application of microdentistry in fixed prosthodontics. 4th ed. Philadelphia, W.B. Saunders 1986, 139, 286-287, 1987.

Purpose:  To achieve an accurately fitting casting, precision must be maintained in the completed preparation, in impressions, in the selection of die materials, trimming the die, and in the application of the die or casting relief. In addition, wax patterns, investments, casting technique, finishing of the metal framework, application of the porcelain, and choice of luting agents are equally important.

Conclusions:
1. The use of the stereomicroscope operated at x30 when trimming dies significantly reduced marginal shortening compared with trimming without the aid of a microscope.

2. The width of a red mark to delineate the finish line of the preparation ranges in width from 40 to 80 um and obscures accurate placement of wax margins when a microscope is used.

3. The microscope provided a fast and accurate means to examine waxed margins and make corrections.

4. Examining and correcting the internal surface of the castings significantly improved marginal adaptation.

5. Finishing and polishing by means of a microscope produced significantly smaller marginal discrepancies than doing so with the unaided eye.

6. Correction of porcelain flash under the microscope is reliable and accurate.

52-009.  Dykema, R.W., et al.   Johnston's modern practice in fixed prosthodontics. 4th ed. Philadelphia, W.B. Saunders 1986, 139, 286-287, 1987.

Purpose: Reduction of the wax pattern for veneering
Anterior wax pattern cutback:
1. Reduce incisally until 0.3 to 0.5 mm of wax remains over the incisal edge of the die.

2. Angel between the incisal edge and the intact lingual surface must be greater than 90 degrees

3. Lingual termination of the incisal cutback must be located away from centric occlusal contacts

4. Facial aspect of wax pattern is cut away to leave 0.3 to 0.5 mm of wax over the facial surface

5. A wax collar, 0.3 to 0.5 mm thick, is left at the facial cervical aspect of the pattern to help prevent wax distortion as the pattern is removed from the die.

6. Proximal cutback is extended lingually to a point about 1 mm lingual to the proximal contact area

7. Smooth and round all surfaces to be veneered.

Posterior wax pattern cutback:  Same as for anterior, interproximals should be reduced so that no metal will be visible in the final restoration
Full porcelain coverage restorations:  Incisal or occlusal surface is reduced until wax thickness of 0.3 to 0.5 mm 

52-010.  Matthews, M.F.   The effect of connector design on cement retention in an implant and natural tooth-supported fixed partial denture. J Prosthet Dent 65:822-7, 1991.
Purpose:To examine the effects of the differential movement of teeth and osseointegrated implants on FPDs of rigid and nonrigid design. (specifically, the cement retention of the retainer on the natural tooth abutment).
Materials & Methods:A plexiglas acrylic block was fabricated. A 10 mm x 3.75 mm implant fixture was machined into the block. A prepared mandibular premolar was placed in the block in a manner so that it could move approximately the same as a healthy premolar. An FPD (rigid & nonrigid) was fabricated. The FPD was cemented, (zinc phosphate), to the prepared tooth and affixed to the implant fixture with a gold screw. One year of stress was applied to the FPD by a force simulation machine. Twenty randomly ordered tests, determining the retentive values for the cemented retainers, were completed.
Results:Retentive values ranged from 3.69 MPa to 4.92 MPa for the nonrigidly connected abutment and 3.01 MPa to 5.51 MPa for the rigidly connected retainers.
Summary:No significant difference was found for cement retention between the rigid and nonrigid designs. Therefore, the crown-cement interface was not disrupted by the differential movement of the abutments.
Conclusion:Either a rigid or a nonrigid connector will give a satisfactory result relative to the cement bond strength on the natural tooth retainer.

52-011. Dehoff, P.H., et al. Effectiveness of cast-joined Ni-Cr-Be structures. Int J Prosthodont 3:550-554,1990.
Purpose:To measure the load transfer effectiveness of five cast-joined connector designs under flexural loading conditions.
Methods & Materials:Thirty acrylic resin bars were fabricated, into which five different interlock designs were machined. The resin bars were invested, underwent acrylic elimination, and cast with Rexillium III alloy (Ni-Cr-Be). A gap space of 0.75 mm was chosen to ensure adequate metal flow between each pair of bars. Each pair was aligned, waxed-up, invested, underwent wax elimination, and cast with new metal. Strain gauges were bonded across the interfaces between the as-cast and secondary cast structures on the bottom surface. The specimens were loaded to failure in a four-point-bending fixture. Three as-cast bars were tested as controls.
Results:Interlock design pattern 1, (Weiss and Munyon), was shown to have the highest failure load of the five interlock geometries tested, but its mean failure load was still significantly less than that of the solid bar.
Conclusions:
1. The cast-joining technique may increase the risk of failure in clinical situations when high flexure stresses are present.

2. Cyclic load testing of three-unit and four-unit FPDs should be investigated in future studies.

