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assumes any legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by trade name,
trademarks, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or any agency, contractor, or subcontractor thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect those
of the United States Government or any agency, contractor, or subcontractor
thereof.

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely Government-related
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in any way supplied the said drawings, specifications, or other data, is not
to be regarded by implication, or otherwise in any manner construed, as
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rights or permission to manufacture, use, or sell any patented invention that
may in any way be related thereto.
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PREFACE

Alternatives to Type III Gold, Volume 1 of the set on NON-GOLD BASE DENTAL
CASTING ALLOYS, was written to introduce the terminology and technology of non-
gold base dental casting alloy systems. Volume II, Porcelain-Fused-to-Metal
Alloys, deals with those alloy systems possessing a capability to bond to dental
porcelain.

Although the two volumes are independent of each other, the reader of one
volume will profit from reading the other. For example, the reader of Volume
Il will benefit from reviewing the contents of Volume I; for some subject
matter, common to the crown and bridge and the porcelain-fused-to-metal (PFM)
alloys, is addressed in both texts. In most cases, those sections appearing
in Volume I1 have been expanded to highlight the porcelain-bonding capability
of these alloys. Whatever duplication is present has been necessary to permit
each Report to serve as an independent text. This approach circumvents any
requirement to read both volumes, if the reader is interested in only one
particular subject.

Although Volume 1I includes illustrations, photographs, and references,
the breadth of the subjects presented made impossible the mention of every
important, or classical, article or text. This monograph is but a conden-
sation of many complex subjects. Therefore, the reader is urged to become
familiar with the literature that is referenced.

The casting alloys included in the study were evaluated for their hand-
ling characteristics and behavior in the production of single unit crowns.
This pilot project was designed to provide familiarization with the processing
of many of the non-gold base alternative alloys on the market today. Any
recommendations and conclusions represent the author's personal opinions. The
reader 1is advised not to regard this publication as an official endorsement,
of any specific alloys or alloy systems, by the Dental Investigation Service,
the United States Air Force Dental Corps, or the Department of Defense. This
Report 1s provided solely for general knowledge.

Comments or suggestions regarding this publication, or future releases,
should be submitted to the: Dental Investigation Service, USAF School of
' Aerospace Medicine, Aerospace Medical Division, AFSC, Brooks Air Force Base,
Texas T78235-5301.
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1 1-1. GENERAL INFORMATION
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The grocessing of crown and bridge alloys, such as those described in
N Volume I,+ is limited to waxing, investing, casting, and polishing. However,
N the handling of alloys used for bonding to dental porcelain is more complex.
- From the design of the metal substructure to the glazing and final polishing,
one must not only be acquainted with new terminology and techniques, but also
appreciate the multitude of skills associated with the manipulation of dental
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- porcelain. This publication is a programmed text in introductory porcelain- lf K
N fused-to-metal (PFM) technology, designed to familiarize the reader with an ST
. array of subjects from general information to specific processing instructions '}gjsx;i
- for numerous casting alloys. v o
2 NN
. The material provides current information on many of the newer, non-gold :;{f{{{j
. base alloy systems. The technology employed to process high-gold content por- Cy;}:xy
- celain alloys 1s often different from that used for many of these "alternative" NN
. alloys. Therefore, some adjustments in laboratory technique are recommended AT
- and the rationale for these changes 1s presented. In light of the advances o 4
) in dental technology, increasing demands are being placed upon both the dental 2;2;=2$.
< officer and the dental laboratory technician to keep abreast of these changes. ::ifi‘:::
N *-'_- -,
ﬁ The dental marketplace abounds with new alloys, dental porcelains, cast- gﬁﬂ::fﬁ
: ing investments, and related equipment and supplies. Making sense of all the DAY
marketing and sales information is an almost insurmountable task. The dental K X ‘
; literature, while helpful, does not always provide specific guidance, nor ff:flf?i
X answer many of our questions. Volume II, therefore, is a compilation of infor- 'prj;};
- mation obtained from laboratory handling and actual clinical application of tf}ﬂyf{
. representative alloys from the various non-gold base alternative alloy systems. =,\232ﬂ
: This publication incorporates additional findings obtalned from the literature NS
and from personal communication with the manufacturers and suppliers of the Rt
- materials tested. Various subjects are included in support of the main theme
j of porcelain-fused—-to-metal alloys, but all these areas are intimately linked
< to the design and production of the PFM restoration.
y The reader is cautioned that some of the positions taken by the author
represent his own opinions, which may differ from previous teachings. 1In
. such instances, it is hoped that the references, or explanations, provided
N are adequate to Jjustify alternative views. Unfortunately, many of our best
: reference texts simply can not be revised quickly enough to incorporate all

the developments associated with the non-gold base alternative alloy systems.
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N As another example, even the language of dental technology has been oA
'.: affected. In addition to adding new words to our vocabulary, the meanings ;-:-'_:f{-’_{
:: of some existing terms have been revised. Many older expressions have been .:::-:},_3-::'
' discouraged or eliminated. A more comprehensive listing of dental terminology RSO AN
' is included as a separate appendix at the end of this report (Appendix D). TR,
’ Yet, some key terms must be introduced now to ensure clear communication from L
the very beginning.
N
: 1-2. TERMINOLOGY
- Alloy descriptions and the terms used to distinguish between the various :
o alloy systems require the use of a specific technical vocabulary. The fol- RS
< lowing partial list of defined terms is presented to explain the specific ::‘ SN
- application of each term in the context of this publication. As may be the st
_ case throughout this report, instances will arise when differences in inter- ::-:}_-:.,-‘.‘_
-‘1 pretation exist, when compared with other publications. However, an attempt :_-.',-_*-}j-j-‘_-
s has been made to point out such distinctions as they arise. The selected o .
A interpretation will then be used as consistently as is possible throughout f::_":?.
X Volume II. The reader is advised to weigh the merits of both explanations, a:::-,';.-f:,-“
v and make a personal interpretation. '_ﬂ:{'_\j:::'_: ,
4 A S
o NOBLE (or the noun, nobility) - a term applied to metals which are corrosion- C'.;‘:.f'
and oxidation-resistant because of their inherent chemical a3
o inertness. There are at least T metals which fulfill this EL N
. description: gold; and the six members of the platinum- N
- palladium group--ruthenium (Ru), rhodium (Rh), palladium (Pd), N
‘e osmium (0s),iridium (Ir), and platinum (Pt).2 Some authors D
- include silver {Ag) as a noble metal despite its tendency EA5EY
to oxidize in certain environments.3 Apparently, there are . ,_r,
. variations of nobility, leaving the term somewhat difficult KA
: to define exactly. :f._\‘;::’.:-f'
N \ -:'\‘\ -:"'
g NON-NOBLE - obviously, if noble metals will not oxidize, then non-noble '-,';_\ \:: N
metals will be expected to form oxides or sulfides. Silver -f{'-f?‘;\f-
is frequently listed as a non-noble metal because of its '
0 tendency to sulfidize (form a sulfide tarnish).
. PRECIOUS - the term applied to metals which, by virtue of their scarcity,
,:: possess a high intrinsic commercial value based on supply
o and demand. Several examples most likely to be found in
dental casting alloys include: gold, silver, the six members 0.
: of the platinum-palladium group, plus beryllium, gallium, '.'_‘_‘
:. and indium. _'.:'
:; SEMI-PRECIOUS - while one of the most frequently used terms, it is also one
» of the most, inaccurate. The implication of the word "semi-"
A is that one-half the alloy is precious, while the other half
‘ is, presumably, non-precious. No alloys meet this particular
« definition, thus making the description valueless. Therefore,
: use of this term should be discouraged.
A
-
2
-
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NON-PRECIOUS - refers to those metals (or alloys) which are not scarce, and
do not possess = high intrinsic value, such as nickel and
chromium. The designation "non-precious" is regarded by
many as less technically correct than the preferred term,
"base metal." Despite this fact, non-precious is engrained
in our technical vocabulary and enjoys widespread use the
world over. In fact, "non-precious" is the term chosen for
use in this text, to avoid any potential misinterpretations.

BASE METAL(S) - the more technically correct designation for aon-precious
metals. However, it has not gained sufficient popularity
or use to warrant substitution in this publication. When
used in the literature, base metal should be interpreted
as a term synonymous with non-precious.

A
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1-3. DENTAL ALLOY KOMENCLATURE

Some additional terminology also must be introduced at this time to
ensure that no misunderstandings arise in their application within this
text. These words may be employed frequently in the descriptions of the
properties, behavior, or use of the many metals and alloys which will be
discussed. There may be differing interpretations of these words in other
reference material, so it is vital that their intended meaning be clear here.

(PORCELAIN) BONDING - is the term used to explain the mechanisms by which
dental porcelain "attaches” to a metal substructure. (This
subject is addressed separately in Section 5.)

CERAMO-METAL RESTORATION - one of several designations in use today to
describe the porcelain-fused-to-metal restoration.

COPIRG - 1is the term that will be used to identify the metal substructure of
single unit crowns designed for bonding to dental porcelain.
The word "framework" will be applied to the substructure of
a fixed partial denture.

DEGAS ~ this term is used to describe the process of heat-treating a cast
metal substructure in a porcelain furnace as one of the pre-
paratory steps for the application of an opaque porcelain. It
has been generally believed that, by subjecting the prepured
metal to elevated temperatures (1900 OF) in a reduced atmos-
phere (vacuum), organic surface impurities are burned off,
and any entrapped gaseous contaminants are eliminatea oA
newer, and perh-ps more appropriate term, "oxidizing," has
emerged in the literature; and this latter designation will
be used throushout the text. (See the term "OXIDATION".)
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EXTRAREOUS OXIDATION - this is a designation suggested by the author to
describe oxidation on non-porcelain bearing areas; i.e., an
oxide la{er on a surface not directly involved in porcelain
bonding.* The extent of "extraneous oxidation" on lingual
collars, interproximal struts, and facial collars may be
minimized by polishing these metal surfaces with a rubber
wheel prior to the oxidation step. These oxides then, if
not removed, may accumulate during successive firing cycles
and impede final polishing for some alloy systems.

METAL~CERAMIC RESTORATION - is one of many designations in common use today
to describe the porcelain-fused-to-metal restoration.3

R AWMy A TN o)

OXIDATION (or OXIDIZING) - 1is the process in which a metal substructure
is heated in a porcelain furnace to cleanse the porcelain-

,; bearing surfaces of contaminants and produce an oxide layer e
s for porcelain bonding. The oxidizable elements in an alloy ;;u}wy{H
i generate a layer of oxides on the surface of the alloy. "."“'“""
‘ These oxides are then available to bond chemically with the %nf-f -

-~ dental porcelain.

PASSIVITY - a metal may be considered "passive" if, through oxidation or
other chemical reaction, it produces a protective coating
on 1ts surface. This coating then protects the metal from
any further corrosion, unless the coating is broken by
abrasive action during chewing or cleaning.

PPM CROWN - the literuzl meaning of this designation is "porcelain-fused-to-
metal" crown. This term is preferred over other descriptions;
for 1t applies to all types of metal substructures, both
cast and non-cast, and accurately describes the veneering
material as (dental) porcelain. The term "metal-ceramic"
may promote the misconception that the veneer is, in fact,
some form of ceramic material, which it is not. Within
this single heading there will be a differentiation between
a FULL PORCELAIN VENEER CROWN (porcelain that envelopes the
facial, occlusal, and lingual aspects), as opposed to a
PARTIAL PORCELAIN VENEER CROWN (metal occlusal or lingual
with facial porcelain).
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’s PROCESSING - 1is used to describe the collective steps and procedures involved At

D in the fabrication of a porcelain-fused-to-metal restoration, [

IA from wax-up to final polish. While most frequently used in ?;:;:ﬂ\

.j removable prosthodontics, the term has gained increased :C:njq?.

ti popularity in the field of fixed prosthodontics. -::_::::
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1-h, EVALUATION OF DENTAL MATERIALS AND DEVICES

In 1966, the American Dental Association (A.D.A.) established the Council
on Dental Materials, Instruments and Equipment (CDMIE) to oversee two dental
product standardization and evaluation programs: the Certification Program,
and the Acceptance Program. The Council's primary function is to assist the
dentist in selecting safe and effective dental materials as a service to all
patients. The commercial products are evaluated upon the request of the
manufacturer, or the distributor, or on the initiative of the Council itself.
Products for which physical standards or specifications exist may be evaluated
under the Certification Program. 1In those instances where no such standards
or specifications have been established, the materials may be submitted for
the Acceptance Program. Once the safety and efficacy of a particular material
has been demonstrated, and/or it has been shown to comply with an established
specification, the Council will award the appropriate classification. The
findings of the Council are published in Accepted Dental Therapeutics and the
Journal of the American Dental Association.-

a. The A.D.A. Certification Program

A

In order for a product to be considered for the Certification Program,
there must be a specification for that particular product. Presently, there
are 33 specifications, with an additional 23 new specifications under develop-
ment. In this program the manufacturer, or distributor, certifies that a
product is safe, effective, and complies with all the specifications approved
by the A.D.A. 1In addition, all product labels and advertising must conform
to the American Dental Association Advertising and Exhibiting Standards. The
product 1s then tested by the Council's Division of Evaluation and Standards
Development at American Dental Association Headquarters (211 East Chicago
Avenue, Chicago, Illinois 60611). A material is judged to be either certified
or uncertified. Products found to be in compliance with the specification
are then placed on the "List of Certified Dental Materials, Instruments and
Equipment" in the Journal of the American Dental Association. Once awarded
certification,the manufacturer may display the A.D.A. Seal of Certification
in promotional material and on product labels. Should there be a change in
either the manufacturer or distributor of an ADA-certified product, the
certification expires automatically.? The new manufacturer or distributor
must then resubmit the product for reevaluation.
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There is also now a provisional certification designation for products
which are safe and erfective, but do not meet some feature of a particular
specification.

b. The A.D.A. Acceptance Program

Not all dental products have a physical standard, or ADA specification,
as is the case with porcelain-fused-to-metal alloys, whether they may be gold-
base or non-gzold base. In fact, approximately 30 generic areas of products
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are evaluated under the A.D.A. Acceptance Program. As with the Certification
Program, the manufacturer or distributor may submit a product to the Council

on Dental Materials, Instruments and Equipment. The company seeking acceptance
must also provide evidence of the safety and usefulness of the particular
product, established through bioclogical, laboratory, or clinical evaluation.
The manufacturer must conduct the testing and submit the results along with

the product.

Unlike the Certification Program, the A.D.A. does not test the materizls,
but submits the results provided by the manufacturer to a special board of con-
sultants to the Council. It is the role of the board to review the data sub-
mitted by the manufacturer and to make recommendations to the Council. The
Council then reviews the recommendations of the board of consultants and places
the product in one of the three classifications in the Acceptance Program:
Acceptable, Provisionally Acceptable, or Unacceptable.5

The Council also examines all promotional material and product labels to
ensure strict adherence to the American Dental Association Advertising and
Exhibiting Standards. As in the Certification Program, any change in either
manufacturer or distributor results in the automatic expiration of the accept-
ance. The product must then be resubmitted and reevaluated.

c. Product Classifications
1. Acceptable

This is the highest attainable classification within the Acceptance
Program, and entitles lhe manufacturer to display the Seal of Acceptance on
product packaging and advertising. A complete list of such products appears
in the Dentists' Desk Reference-Material, Instruments and Eguipment,h and is
published regularly in the Journal of the American Dental Association. The
award of the "Acceptable" classification is for a three-year period, but
acceptance is renewable.

2. Provisionally Acceptable

This designation is used when there is reasonable evidence of safety
and usefulness, but insufficient data to support the award of full acceptance.
The designation, "Provisionally Acceptable," may be used on product labels and
promotional material during the period of the award. These materials are list-
ed after the "acceptable" products in the publications mentioned previously.
Since these materials have only "provisional acceptance, they are reviewed
annuilly, and the classification is not continued for any more than three
years.

3. Unacceptable
This ldesiznation 1is reserved for products which may be considered

dangerous, obstolete, inferior, or useless. Guch miterials do not meet the
provisions of the Acceptance Program.
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The A.D.A. Certification and Acceptance Programs are the two main
programs used to assess dental products. Other averues are available to
manufacturers of products not covered by either of the above.

1-5. COST OF THE A.D.A. ACCEPTANCE PROGRAM

One reason so few alloys in today's market have been submitted to the
A.D.A. for the Acceptance Program is probably financlal. Estimates of the cost
of underwriting the laboratory and clinical testing and supporting documentation
range between $15,000 and $30,000. For some .maller manufacturers, there may -
be greater concern for competitive pricing than for the seal of A.D.A. Accept- - @
ance. This marketing strategy 1s merely a reflection of the apparent demands SN
of the alloy consumers—--the dental laboratories. Should interest in the
Acceptance Program suddenly rise, then manufacturers and distributors might X
feel more inclined to participate in such programs. D

The cost of financing submission of an alloy to such a program would be
recuperated by an adjustment in the price of alloys. That cost increase would
probably be small and more feasible for the precious alloys, which offer some
latitude in profit margins. Most non-precious alloys are so inexpensive that
manufacturers require high volume sales to realize a profit. Yet, for fear of
loss of business, the manufacturers must meet their customers' demands for both
precious and non-precious alloys. If A.D.A. Acceptance 1s made a requirement
in alloy selection, we will find we have few alloys from which to choose. More R
importantly, those few alloys may not necessarily be the best products on the LT
market.

1-6. USE OF THE A.D.A. ACCEPTANCE PROGRAM

Although the PFM alloys can not be considered under the Certification
Program for lack of specifications, these alloys are eligible for participation :
in the Acceptance Program. We recommend that you consider the use of materials -~
which are deemed "Acceptable,” since the seal ensures some measure of product Tal A
testing and A.D.A. scrutiny. 1In addition, such programs will remain viable o .
only if manufacturers are assured of their merit and value. R

Consumer support of the A.D.A. Certification and Acceptance Programs
is strongly encouraged as a demonstration of the profession's concern for
safety and interest 1in quality dental products.
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1-7. THE DENTAL INVESTIGATION SERVICE (DIS) TESTING PROGRAM :

Hundreds of alloys are available today for the fabrication of porcela.:n-
fused-to-metal restoration, yet only U2 alloys are either A.D.A. "Acceptable"
or "Provisionally Acceptable."T This list of products includes both the gcld-
base and the non-gold base alternative alloys. Although updated periodically,
the revised listing appears annually in the November issue of the Journal of
the American Dental Association, and is an excellent reference.
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However, specific information on the processing, or clinical performance,
of these 42 (or any other) alloys must be obtained either from the dental lit-
erature or directly from the manufacturer. In some instance, little, if any,
data are available to assess the relative merits of certain alloys. As an
example, reports on the behavior and performance of the high palladium alloys, .
introduced in the early 1980's, are only now appearing in dental journals. At AR bh
the same time, even the more established systems continue to be scrutinized, . y
and are reported.

In an effort to assess the wide range of alternative alloy systems, a
preliminary testing program was undertaken at Tinker Air Force Base in August
1982. The areas of interest in this inital investigation were the non-precious
systems: nickel-chromium-beryllium, nickel-chromium beryllium-free, and cobalt-
chromium alloys. In the fall of 1983, under the auspices of the Dental Invest-
igation Service and in collaboration with several alloy manufacturers and
distributors (Appendix B),a more comprehensive pilot testing program was begun.
Designed to examine the non-gold base systems, the project was intended to
gather general information on these new, alternative alloys through actual,
"hands-on" laboratory and clinical evaluation.

Therefore, this report is a compilation of information and data gathered
during the course of this 3-year period. Including the work from the early
testing, more than 30 alloys have been processed to produce nearly 800 castings
and over 1000 units, by using 10 different casting investments.
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