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for his numerous contributions to the dental laboratory profession.
Arlo’s impact on me, other USAF veterans, and the dental profession will not be forgotten by those who had the pleasure of knowing him.
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PREFACE
Introduction to Metal-Ceramic Technology was first published 25 years ago, at a time when metal-ceramic
restorations served as the foundation of fixed prosthodontics. In 2015, Ben-Gal et al1 surveyed the 58
North American dental schools about the teaching and materials of fixed prosthodontics. Of the 36 institutions that responded, every one reported that metal-ceramic restorations were part of their teaching
curriculum, whereas only a third were teaching ceramic-based crowns.1 Dental schools have the unenviable responsibility and added challenge of balancing the teaching of established, evidence-based treatment modalities without neglecting new and evolving technology.
At the same time, a paradigm shift is underway as dental schools and technical programs strive to
prepare their graduates for the eventual transition from an educational institution to that of actual clinical
and laboratory practice settings, where the data indicate that usage of all-ceramic systems has steadily
increased (see appendix A). And these learning institutions must pursue such an outcome without necessarily abandoning the predictability and longevity that is well documented for metal-ceramic technology.
Today more than ever, it is likely that newer generations of dentists and dental laboratory technicians
are more familiar with the various all-ceramic systems than they are with the range of applications for
a metal-ceramic restoration. The evolution, refinement, and expansion of all-ceramic products, coupled
with the increased advertising focused on esthetics and cost, continue to influence the types of materials dentists recommend to their patients and dental laboratories must provide for their clients. Consequently, this third edition has been revised not only to update the original nine chapters but also to
include a tenth chapter devoted to the porcelain-margin metal-ceramic restoration—a potential alternative to an all-ceramic crown or fixed partial denture.
As in the first two editions of this book, the extensive technical data on dental porcelains and metalceramic alloys remain so that this text can continue to serve as a reference for an array of dental products, materials, and instruments. Every chapter has been updated and revised, and the nature and extent
of the major chapter changes and revisions for this third edition are described briefly as follows:
• Chapter 1. Additional details and new information have been added to the history of the metalceramic restoration.
• Chapter 2. The chemistry of dental porcelain and explanations of the contributions of key dental
pioneers in the development of metal-ceramic technology have been expanded.
• Chapter 3. The most recent American Dental Association classification system for dental casting
alloys is provided along with the expanded classification based on composition. Additional physical
property data have been added to the descriptions of the elements generally found in dental casting
alloys.
• Chapter 4. New illustrations are provided to aid in the creation of the proper dimensions and location
of interproximal contact areas reproduced in metal or dental porcelain.
• Chapter 5. The terminology section has been updated with additional terms and expanded definitions.
The explanation of the buttonless casting technique has been simplified to a four-step process.
• Chapter 6. Although the theories that explain the nature of the porcelain-metal interface remain
the same, the explanations of how dental porcelain “attaches” to a metal substructure have been
reexamined with a fresh analysis of our traditional reference to porcelain “bonding” mechanisms.
• Chapter 8. The porcelain application process is now easier to understand and follow, especially for
individuals who are still learning these techniques.

vii
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• Chapter 10. Perhaps the single most significant enhancement is the addition of this final chapter
focused on one topic—the metal-ceramic crown with a porcelain margin. This chapter was added
for the benefit of dental students, dental technology students, recent dental graduates, and dental
laboratory technicians, as well as dental educators and clinicians who recognize the longevity
of metal-based restorations but may not have seen or be aware of actual patient outcomes
illustrating the full esthetic potential of metal-ceramic technology. The goals of chapter 10 are to
illustrate not only that the porcelain-margin metal-ceramic restoration is a viable treatment option
but also how clinicians and laboratory technicians can partner, expand their armamentarium, and
address the unique functional demands of each patient while meeting esthetic expectations. In
the hands of skilled clinicians and ceramists, a metal-ceramic restoration with a porcelain margin
can rival all-ceramic materials in terms of esthetics, functionality, predictability, and longevity. It is
important to bear in mind that the appearance and the long-term success of a restoration is often
influenced more by how a material is used rather than which material is selected. Therefore, the true
challenge for chapter 10 is to illustrate how well-made porcelain-margin restorations can serve as
alternatives to all-ceramic restorations and how metal-ceramic technology remains relevant today.
The cited materials for the entire book have been reviewed, not only to confirm existing content but
also to determine if other information might be of value to include in this revision. Relevant new articles
have been identified, and research pertinent to the topics in each chapter has been added. Because
providing evidence-based information for the topics under discussion is a priority, readers will be able
to identify the source publications for important content cited in each chapter. Therefore, readers are
encouraged to review the provided reference materials as well as to access the annotated reference lists
online to expand their knowledge of the subjects and findings mentioned in this text.
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1

Chapter

History and Overview
One of the more interesting facets in the annals of dental
technology is how the centuries-old artistry of making porcelain evolved into processes that continue to revolutionize modern-day dentistry. The creation of porcelain works
of art and fine china were stepping stones in a journey that
literally took thousands of years before a few pioneers envisioned potential dental uses for these simple ceramic materials. In fact, it was not until the 19th century that applications for porcelain in dentistry were created in what would
eventually emerge as metal-ceramic technology.
From the late 1800s until today, the pace of change
has been extraordinary, thanks in large part to the continued introduction of new products and techniques. You
need only examine the origin of dental porcelain to gain an
appreciation of just how far ceramic technology has come.
At the same time, it is important to recognize the contributions of nations, cultures, and select individuals responsible
for the advancements now enjoyed by patients, dental laboratory technicians, and clinicians the world over.

From Earthenware to Stoneware
to Porcelain
In his historical account of the development and evolution
of dental ceramics, Jones1 described the role of Chinese
artisans in transforming crude fired clay objects into delicate and functional pieces of transparent porcelain. The
earliest traces of the origins of ceramics were porous fragments of mud and clay fired at low temperature. These rudimentary products, described as earthenware, were estimated to date back to approximately 23,000 BC.1 Firing in
primitive kilns at temperatures up to 900°C only allowed
the clay particles to fuse at points of contact, which yielded

a rather porous final result.2 And while functional, earthenware items were found to have significant physical limitations. For example, they were not ideally suited for holding
and storing liquids because of their porous structure.
Thousands of years later, around 100 BC, the Chinese
discovered how to produce more refined ceramic pieces.
This next generation of fired objects, referred to as stoneware, was not only stronger than earthenware, but the
pieces produced were impervious to water due to improvements in the sintering process.1,2 Such an advancement in
manufacturing was achieved by firing stoneware at temperatures higher than those used to produce earthenware.
This significant change to the sintering process resulted in
glass formation with sealing of the ceramic surface.2
Anyone who has ever attempted to chronicle the history
of ceramics knows that the Chinese also are credited with
the subsequent development of porcelain as early as 1000
AD.1 So refined was this “China stone” or “China ware” that
strong, functional, and transparent containers were crafted
with walls only a few millimeters thick.1 Even to this day the
terms china and porcelain are used interchangeably when
referring to high-quality ceramic items.

Key European Contributors
Despite repeated attempts, European artisans were
unsuccessful in their efforts to unravel the secrets of Chinese ceramic technology. In fact, the best that German
researchers could do was to produce materials akin to Chinese stoneware. While this outcome was an improvement
over porous and crude earthenware, these early European
ceramic products reportedly failed to approach the quality,
strength, and translucency of fine oriental porcelains.
1
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Father Francis Xavier d’Entrecolles
In what Jones described as “an early example of industrial
espionage,” Francis Xavier d’Entrecolles, a Jesuit priest,
ingratiated himself with Chinese potters sometime around
1717 in order to learn the porcelain manufacturing process.1 Father d’Entrecolles lived in what was considered
China’s porcelain center, a city named King-te-tching. It
was in this industrial region of the Kiangsi Province where
he was able not only to obtain Chinese porcelain products
but also to acquire essential descriptions of the Chinese
manufacturing methods of the day.2 With the help of French
scientist Réne-Antoine Ferchault de Réaumur, the composition of Chinese porcelain was found to consist of approximately 50% clay (hydrated aluminum silicate, or kaolin),
25% to 30% feldspar (sodium aluminum silicate, or soda,
and potassium aluminum silicate, or potash), and 20% to
25% quartz (silica).2 Within a few years, Europeans also
began producing fine translucent porcelains of their own.3
Yet despite d’Entrecolles’ achievements, ceramics were
not immediately recognized as a material of potential value
to dentistry in the early 18th century. But in less than 60
years, that would change.

Alexis Duchâteau and Nicolas Dubois de
Chémant
There is evidence in the late 18th century to indicate that
an edentulous French apothecary by the name of Alexis
Duchâteau was troubled by stained and odiferous dentures with teeth made from Walrus ivory,4 a condition probably not uncommon among the general population of that
time.1 Armed with his skills as an apothecary, Duchâteau
attempted to make a set of porcelain dentures for himself.
Much to his dismay, those initial efforts were less than successful.5 It was not until he teamed up with Parisian dentist
Nicolas Dubois de Chémant around 1774 that the two were
finally able to construct complete dentures from a material they referred to as “mineral paste.”3–5 Satisfied with
the improved fit of his new dentures, Duchâteau returned
to his apothecary shop. But Dubois de Chémant became
intrigued by his experimentation and went on to reformulate the original mineral paste. He focused his efforts on
enhancing the color, increasing the dimensional stability,
and improving the attachment of the “mineral teeth” (ie,
porcelain teeth) to the denture base.6
Dubois de Chémant eventually patented his porcelain formulation and in 1788 published a pamphlet on
his work. Yet it was not until 1797 that his more definitive text, A Dissertation on Artificial Teeth, appeared in
print. Dubois de Chémant’s “mineral paste dentures”
came to be known as “incorruptible teeth” or more simply as “incorruptibles.”5,7 Dubois de Chémant’s porcelain
formulation was said to have enabled denture wearers to
have “clean and hygienic dentures,”7 but, not everyone
hailed Dubois de Chémant’s decision to patent the porcelain paste. It was said that some of his contemporaries regarded his actions as nothing more than the theft of
Duchâteau’s original invention.1

Pierre Fauchard—The father of modern
dentistry
As it turns out, the work of Duchâteau and Dubois de
Chémant may have been preceded by another French dentist, Pierre Fauchard, who is generally recognized as the
father of modern dentistry.1 Evidently, Fauchard and others reported using what they referred to as “baked enamel”
prior to 1760, perhaps as early as the 1720s.1 Fauchard’s
writings described the use of porcelain for the construction
of dentures in 1723, but 5 years passed before he actually published his philosophy on dentistry in a 1728 book
entitled Le Chirurgien dentiste, ou, Traité des dents (The
Surgeon Dentist, or, Treatise on the Teeth).5 Then in 1746,
some 18 years later, Fauchard released an expanded second edition of his book. His two-volume work was 863
pages in length and contained additional subject matter
and improved illustrations. According to Ring,5 Fauchard’s
writings and philosophy influenced dentistry well into the
next century.

Giusseppangelo Fonzi
Another notable advancement occurred around 1806
when Italian dentist Giusseppangelo Fonzi is said to have
devised a method to mass produce individual porcelain
denture teeth. He also is credited with devising a technique
for placing platinum pins in the back of the porcelain teeth,
so the pins could be soldered to a metal denture base.1,3
However, Fonzi did not publicize this achievement until
1808.1 His individualized porcelain teeth were referred to
as “terro-metallic incorruptibles”3 or “terrometallic teeth.”1

Claudius Ash
In 1837, English goldsmith Claudius Ash is reported to
have begun manufacturing fine porcelain denture teeth.5
Ash later created an artificial tooth that could be secured
over a metal post in either a complete denture or a fixed
partial denture. The “tube tooth,” as it was called, went on
to enjoy wide popularity in its day.

Arrival of Porcelain in America
Accounts describing the path taken by porcelain technology through Europe and across the Atlantic to the United
States differ slightly among dental historians.1,5,8,9 Nonetheless, it is generally agreed that like their European counterparts, the American artisans’ first use of porcelain in dentistry was also in the fabrication of complete dentures.

Antoine A. Plantou and Samuel W.
Stockton
Credit is due to French dentist Antoine A. Plantou for introducing individual porcelain teeth to America in 1817.1,6
Yet, it was Philadelphia jeweler Samuel W. Stockton who
envisioned the widespread potential of this application

2
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in approximately 1830 and became the first American
to mass-produce porcelain denture teeth in the United
States.1

Creation of Translucent
Porcelain with Enhanced Color
Dr Elias Wildman
Even by the early 19th century, the porcelain used to fabricate complete dentures was seen as an opaque white
material with the appearance of commercial ceramic products used in industry.10 But in 1838, American dentist and
Philadelphia native Dr Elias Wildman revamped the formula for dental porcelain, which brought improvements in
translucency and produced tooth colors “similar to natural teeth.”3,11

Dentists Supply Company and vacuum
firing
It took more than 100 years to achieve the next major
milestone. In 1949, the Dentists Supply Company (now
Dentsply Sirona) developed porcelain denture teeth that
were dense, porosity-free, and translucent; all these welcomed changes were attributed to their use of vacuum firing during the sintering process.3,11,12

Evolution of Modern
Applications
Looking back, the road from porcelain dentures and denture teeth to the contemporary metal-ceramic restoration
was also a long and winding journey, often littered with
disappointments and outright failures. Historical accounts
have singled out and credited several key individuals with
achieving additional technologic milestones. This evolutionary process reflected the combined talents of many
inquiring minds and very determined researchers.1,5,10,13–17
It is not possible to identify all those responsible for the
development of metal-ceramic restorations and pay tribute
to their individual contributions. Nonetheless, it is important
to highlight the achievements of a select few early pioneers
and mention some of the significant articles they published
in leading scientific journals of their time.

Contribution of Dr B. D. Wood
According to an article by Capon, entitled “Enameling
Plugs and Restoring the Contour of Defective Teeth by the
Application of Enameled Caps,” Dr B. D. Wood is reported
to have “presented an article” in 1862 that described a
technique for “enameling of a metallic cap for badly broken down teeth.”17 Capon acknowledged that Wood did not
provide any details of his technique, and there was no mention of where Wood made this presentation or if his article
was ever published.17 Nonetheless, Capon was of the opin-

ion that Wood’s work should be recognized as “practically
the basis of our porcelain jacket of today.”17
In the nearly five decades that followed Wildman’s
improved formulation, dental porcelain remained a material
for use primarily in complete denture prosthodontics.10 That
situation eventually changed, and dental porcelain entered
the realm of restorative dentistry thanks, in large part, to
the creative mind of a single individual—Detroit dentist Dr
Charles H. Land.1,5,13,14

Contributions of Dr Charles H. Land
The idea of fusing porcelain to a thin platinum foil matrix
is credited to Land, who reportedly patented the process
sometime between 1886 and 1888.1,5,13,14 Around this same
period, Land also published articles in the dental literature describing a technique for fitting what he referred to
as “enamel fronts” to prepared teeth.15 These prefabricated
porcelain “fronts,” or facings, were ground to fit a 30-gauge
platinum foil matrix adapted to prepared teeth. Land also
described using a low-fusing porcelain he developed to
make restorations for a maxillary anterior tooth for which
a porcelain facing was attached to the “prepared base” of
a platinum and iridium alloy (Fig 1-1).15,16 The facings were
then fused to the foil matrix with body porcelain in a “Land’s
Gas Furnace.”15 The resulting restoration, composed of a
platinum foil and porcelain facing, was described by Land
as an “enameled metallic coating” or “metallic enamel coating.” Shortly after the turn of the 20th century, Land published another article in which he again referred to different
types of restorations: “enameled metallic caps” and “enameled caps or jacket crowns.”13
Capon acknowledged that Land’s method of burnishing
platinum foil to prepared teeth and using the adapted foil
as a substrate onto which dental porcelain was fused in a
gas furnace was entirely different from any techniques recognized up to that time.17 It also is necessary to point out
that although the designations “enameled metallic caps”
and “enameled caps” appear similar, the restorations
themselves apparently were quite different.

Enameled metallic caps: Early metal-ceramic
crowns
Unlike porcelain facings ground to fit a foil matrix of pure
platinum, enameled metallic caps consisted of a metal
substructure fabricated from an alloy of platinum and iridium. Land actually veneered these platinum-iridium substructures with a low-fusing porcelain he developed.13 The
porcelain would be placed on one of these substructures,
built up (ie, stacked), fired (ie, sintered), and once cooled,
shaped to final contour (see Fig 1-1a). Re-creations of the
drawings Land published in 1886 (with color added) actually resemble the designs of modern-day metal-ceramic
restorations (see Fig 1-1b)
Perhaps what is most important to note is that when
Land used the word metallic in a name, as in enameled
metallic cap, he was describing a primitive metal-ceramic
restoration. But Land is said to have had a great deal of difficulty with his low-fusing porcelain.1 According to Jones,1
3
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Fig 1-1a This is a rendition of the drawings that originally appeared in one of

Fig 1-1b Land’s restorations as shown in Fig 1-1a have been colorized by the
author in an attempt to portray what the ceramic veneers may have looked like in
their day.

the high levels of borax and pulverized glass reportedly
rendered Land’s fired ceramic restorations susceptible to
breakdown in the oral cavity.1

could be harmful to healthy pulpal tissues. He also noted
that nonvital teeth with large metal restorations were more
prone to root fracture.16 Land’s published observations
even extended to an appreciation of the periodontal health
of teeth when he stated that “inflammation of the membrane”—likely a reference to the periodontal ligament—
can occur and lead to tooth loss.16 Land published a subsequent report as part of his continuing effort to bring what
he described as “this new mode of practice to the notice of
the dental profession.”19
By promoting the use of enamel coatings for complete
crowns in addition to partial veneer restorations, Land
effectively became a strident advocate of conservative
dentistry. His writings could be interpreted as a plea to the
dental profession to preserve as much healthy tooth structure as possible, appreciate the importance of maintaining
pulpal health, and then design and fabricate porcelain restorations for complete or partial coverage. As far back as
1887, Land is quoted as stating, “in nearly all the modern
systems of crown-work there seems to be too much good
tooth material cut away, and I think a careful investigation
will demonstrate this new process to be far superior, making it possible to save the greater portion of the crown, it not
being necessary to cut beneath the gum.”19 In that same
paper, Land not only promoted his new porcelain process,
but he also offered the unrestricted use of his patented discovery to advance the dental profession.
A few years later in an 1889 presentation before the First
District Dental Society of the State of New York, Land reportedly stated that he had been restoring teeth with porcelain
for 5 years and shared his findings with this group.18 Again,
instead of removing the entire clinical crown, he advocated for retaining coronal tooth structure when restoring
teeth with restorations made by fusing porcelain to metal.
Land felt this approach to treatment was especially valuable when restoring teeth in children. It is noteworthy that
these early writings not only reflected an astute awareness
of esthetics and dental materials science (eg, the potential

Land’s 1886 articles.15 Note the use of facings (what Land referred to as “fronts”) on
platinum foil, much like contemporary cast metal-ceramic substructures.

Enameled caps: Early porcelain jacket crowns
The enameled caps Land mentioned actually referred
to all-porcelain jacket crowns. These restorations relied
on a platinum-foil matrix simply to provide a foundation on
which to place dental porcelain during the fabrication process. In other words, the porcelain was applied to the platinum matrix, shaped to the desired contours, and then sintered. Once the porcelain portion of the restoration had been
built to final form, the foil matrix was removed, leaving what
Land described as a “complete coat of artificial enamel.”13
In other words, the final restoration produced with this technique was nothing more than a “hollow veneer or shell” of
dental porcelain, intended to replicate a natural tooth. So
the designation enameled cap appeared to be Land’s way
of describing an all-porcelain restoration replacing the natural enamel (ie, coronal) structure of a tooth.
Land portrayed this treatment approach to the dental profession and his fellow clinicians as a way to offer
patients a “much better artistic effect” coupled with “the
preservation of a large amount of tooth structure.”15,18 This
same technique served as the basis for the platinum foil–
porcelain, pin-retained inlays he also advocated in lieu of
large metallic intracoronal restorations.13,14,16
In addition to seeking improved esthetics, Land had
a remarkable appreciation for the differences in thermal conductivity between metal restorations and “metallic coatings.” Perhaps of even greater importance was that
Land understood the clinical implications of these differences.16 For example, in 1886 he wrote that vital teeth with
large, all-metal restorations were found to undergo greater
thermocycling (ie, alternating hot and cold changes) than
were teeth with his metallic coating restorations. Land let
it be known that such temperature fluctuations potentially
4
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damaging effects of thermal changes on vital and nonvital
teeth) but also raised awareness of the importance of conservative tooth preparation along with the need to maintain
periodontal health. Land went on to publish other articles
in which he reported that the enameled caps he placed in
his patients had survived clinically for 8, 10, and 12 years.13

The “father of porcelain dental art”
Nearly two decades after Land described his enameled
metallic caps, another Detroit dentist, Dr Edward D. Spalding, reported that there were two prevailing techniques at
that time to replace human enamel: (1) bake porcelain on a
platinum foil matrix (0.001 inch thick), remove the foil, and
cement the porcelain restoration to the tooth; and (2) grind
a “vulcanite tooth” (ie, denture tooth) to create a facing (or
veneer) that was then baked to a platinum foil matrix with
the aid of body porcelain.20 Spalding clarified that the first
technique was used for premolar and molar teeth, whereas
the second method involving a facing was popular when
restoring incisors and canines. Clearly, Land’s plea to the
dental profession to use enameled metallic coatings was
heard and had gained popularity.
Then in 1905, Canadian dentist Dr H. Zeigler published
a tribute to Land in which he characterized Land as the
“father of porcelain dental art.”21 He noted that “Dr Land
has not only outgrown, but outrivaled any other claims as
to the origination of porcelain art.”21
While Land’s discoveries and technical procedures
were precursors to the development of the modern-day
porcelain jacket crown, he stood largely alone in his day as
the one individual who guided the dental profession toward
wider applications for porcelain, preservation of tooth structure, improved esthetics, and the need to protect and preserve periodontal tissue.

Recognizing limitations
Land’s discoveries and technical procedures involving
enameled caps clearly foreshadowed the modern-day porcelain jacket crown. But his promotion of enameled metallic caps was a frank acknowledgment of the need for a
restoration with a metallic foundation veneered with dental porcelain. As early as 1886, Land described the use of
a “platinum overcoat” to cover prepared anterior and posterior teeth that received porcelain facings (see Fig 1-1).15
Land detailed how he mechanically fitted a piece of
thin, 30-gauge “platinum plate” to a prepared tooth to create what he described as a “hollow shell.”15
Interestingly, it was apparent that Land also held an
appreciation for the limitations of a platinum foil matrix as
evidenced by his understanding that dental porcelain would
not bond to a high noble metal. Later in 1903, he stated this
fact quite clearly when he wrote, “we must realize that a vitreous mass, like all our porcelain bodies, does not strongly
adhere to nonoxidizable metals and will readily peel off.”13
Despite this inherent limitation with the technique, in his private practice Land continued to fabricate the restorations
described and illustrated in his publications. His drawings
depicted crowns that combined a metal foundation with

a porcelain facing as well as posterior restorations with a
porcelain occlusal surface (see Fig 1-1).13,15,16 Land even
referred to patient situations in which he treated both anterior and posterior teeth with crowns using these different
designs.
Clearly, Land’s achievements and contributions laid the
groundwork for the eventual development of methods to
bond porcelain to metal. But what may be even more remarkable about Land’s work is what is captured in the illustrations of the rudimentary metal and porcelain restorations he
placed in the late 1800s (see Fig 1-1b). Note how the metal
foundations of those restorations are strikingly similar to the
designs of metal-ceramic substructures fabricated today.
As a result, Land’s metal and porcelain crowns should be
considered precursors to the modern-day metal-ceramic
restoration—a fact not generally recognized.
It remains for dental historians to determine if credit for
development of the porcelain jacket crown remains with
Land or if sufficient evidence exists for that honor to be
shared by Land and Wood. But with respect to the early
development of metal-ceramic technology, Land was a pioneer who clearly led the way. He wrote about his technologic advancements, described his use of various types
of porcelain restorations over many years, and acknowledged the challenges he encountered in his clinical practice. Land’s achievements and experiences are sufficiently
well documented in the dental literature to leave no doubt
as to the significance of his many contributions to porcelain
art as well as conservative dentistry in general.

Evolution of the Metal-Ceramic
Restoration
After numerous refinements of the early formulations of lowfusing dental porcelain and countless trials and tribulations
over many decades, improvements to the metal-ceramic
restoration eventually emerged. However, it was not until
the mid-1950s that reports appeared in the literature revealing the successful pairing of porcelain to gold for fixed
restorations.22,23
Foremost among the 20th-century publications on metalceramic technology was Dr S. Charles Brecker’s 1956 article, “Porcelain Baked to Gold—A New Medium in Prosthodontics.” 22 Published in the Journal of Prosthetic Dentistry,
this single article by Brecker has likely been more widely
read than any of the reports by Land that appeared in
respected 19th century journals, such as the Independent Practitioner and Dental Cosmos. However, even
today, not everyone is aware that Brecker merits recognition for the role he played in the evolution of contemporary metal-ceramic technology.

Contributions of Dr S. Charles Brecker
Brecker’s landmark article remains one of the most widely
referenced publications on the emergence of a “new
medium in prosthodontics” which is what we now refer to
as a metal-ceramic restoration.22 But in his 1956 publication, Brecker described the process as “porcelain baked
5
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to a gold” alloy to create a “porcelain-fused-to-gold” restoration or what he also referred to as a porcelain-fused-tometal restoration.22 These different designations may have
been warranted because Brecker considered there to be
three types of porcelain-fused-to-metal crowns in use at the
time. There were restorations with dental porcelain fired to:
(1) an iridium-platinum alloy, (2) a palladium alloy, and (3) a
gold alloy. All three of these suggested substructure alloys
are based on a noble metal (refer to chapter 3 for more
information on alloys for dental casting).22 It is important
to point out that in the ensuing years, the term porcelainfused-to-metal (PFM) restoration emerged to describe the
pairing of metal and dental porcelain. In fact, the term PFM
crown remains deeply embedded in the terminology of
dental technology as opposed to the more contemporary
term, metal-ceramic restoration.
Of these three alloys used by Brecker, he contended
that a gold-alloy restoration provided a superior foundation
for porcelain compared with either an iridium-platinum alloy
or a palladium-alloy alternative. Yet Becker recognized that
porcelain would not fuse to a nonoxidizable noble metal like
gold, so he resorted to the use of a metal bonding agent of
red cadmium compound—what he described as a “refractory wetting agent”—to chemically bond dental porcelain to
the metal foundation.
The fabrication technique described in Brecker’s article differed from Land’s methodology in that Brecker actually cast a gold “crown or thimble” to a 0.001-inch platinum matrix burnished to a die. On the other hand, Land
mechanically adapted the foil to the prepared tooth. And
with the Brecker technique, the platinum foil–gold substructure also had to be returned to the prepared tooth for
adjustments to ensure a proper fit. Brecker described that
desired fit as being one that allowed the substructure to
“slip on and off with strong finger pressure,” or what today
might be described as a nonbinding or a passive fit. Once
back in the dental laboratory, the casting was cleaned with
water and dried in a porcelain furnace to rid the surface of
any contaminants. Then a bonding agent was mixed with
water, applied, placed in a furnace, and heated to 982°C
(1,800°F).
Next, opaque porcelain was applied to the metal in two
separate, thin applications, reportedly with each layer able
to bond to the treated substructure to mask the color of the
underlying metal foundation. With the Brecker technique,
the first layer of opaque was fired to 982°C (1,800°F),
and the second opaque application was heated to 872°C
(1,602°F). Body porcelain was applied, shaped, and
“carved with fine knives or small spatulas” to achieve the
desired tooth form.22
The porcelain buildup was dried slowly to drive off
excess liquid, after which the restoration was fired to 982°C
(1,800°F), resulting in what Brecker described as “the biscuit bake.”22 After each firing was completed, Brecker cautioned readers to “cool the biscuit bake slowly,” a technique
still recommended today. The porcelain application and firing processes were repeated with the second bake heated
to a slightly lower high-temperature setting, 968°C (1,774°F).

In his 1956 article, Brecker stated that the ceramic he
used was a medium-fusing porcelain, and he described
the shrinkage of the ceramic as “minimal” and “not
noticeable.”22 Once cooled, the porcelain was adjusted,
and additional firings, if needed, were carried out at
reduced high-temperature settings until the desired contours of the restoration were achieved. Following any
final contour reshaping, a clear glaze was applied to the
external surface of the porcelain and sintered to 954°C
(1,749°F).22 It is important to point out that even by traditional methods for classifying dental porcelain, ceramics
would have to have a fusing temperature in the 1,093°C
to 1,260°C (2,000°F to 2,300°F) range to be classified
as medium-fusing porcelains.24 So the veneer porcelain
Brecker used was likely a low-fusing dental porcelain and
not a true medium-fusing porcelain (see Table 2-2). Using
contemporary product descriptions and dental porcelain
classifications systems can be confusing. It is quite likely
Brecker was working with a dental porcelain that had to be
sintered in the upper fusion-temperature range (ie, high fusing) for modern-day low-fusing porcelains (see Tables 2-2
and 2-3).
When introduced to the dental profession, this porcelainfused-to-gold restoration was deemed new and destined
to replace the “acrylic-faced gold crown” so popular at that
time.22 Brecker also suggested using a porcelain-fused-togold restoration when a patient’s occlusion would not permit the placement of a porcelain jacket crown. Sensitive
to the need for esthetics, Brecker illustrated a case where
a porcelain-fused-to-gold restoration with a facial porcelain
veneer was fabricated without displaying a facial metal collar. To achieve this more esthetic result, he adapted the
platinum foil over the facial margin of the die, making it possible to “butt the porcelain against the bared shoulder like
a porcelain jacket crown.”22
Brecker did acknowledge that the combination of platinum with 10% iridium “added for stiffness” was an alloy
combination used in dentistry for some time.22 That statement is consistent with Land’s mention of the use of a
“telescope cap of platinum and iridium” in 1903.13 But the
early platinum-iridium and palladium alloys mentioned by
Brecker were difficult to cast, and the resultant substructures reportedly left much to be desired in terms of fit.1
Such outcomes may help to explain why Brecker preferred
a gold-based metal-ceramic alloy.
Remarkably, the technical descriptions and terminology used by Brecker remain largely a part of modernday metal-ceramic technology. For example, opaque porcelain is still applied in a similar manner (two applications);
a porcelain buildup is slowly heated (to drive off moisture);
sintered porcelain is slowly cooled (to prevent crack formation and crack propagation); and the high temperature setting is reduced for each subsequent porcelain firing cycle
to avoid overheating and loss of form. Even the fired but
unglazed porcelain, described as a bisque bake, is akin to
Brecker’s “biscuit bake.”22
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Table 1-1

Factors affecting esthetics in prosthodontics

Type of treatment

Level of control

Complete denture prosthodontics
Tooth form (mold)
Tooth color (shade)
Gingival form
Gingival characterization
Dental materials

Maximum
Maximum
Maximum
Maximum
Maximum

Removable partial denture prosthodontics
Patient expectations
Reduced
Prosthesis design
Reduced
Dental materials
Reduced
Fixed prosthodontics
Patient requirements
Controllable factors

Limited
Limited

Dental materials

Limited

Comments
Wide selection
Wide selection; can mix shades
Can create natural contours; can modify at try-in
Can characterize (stain) denture base acrylic resin either internally or
externally
Many types of denture base acrylic resins
A priority
Balanced with esthetic requirements
Important to select most appropriate materials
Treatment options driven by patient needs
Clinical requirements dictate selection of shade, outline form, surface texture, size, occlusal plane, and tooth position
Select materials best suited for each patient situation

Metal-ceramic restorations in
contemporary dentistry
It was some 130 years ago that Land wrote of his use of a
metal foil matrix as the foundation for porcelain. More than
60 years have passed since Brecker published his frequently quoted article describing the possibility of porcelain fused to metal and the creation of a porcelain-fused-togold restoration involving a cast metal substructure.15,16,22
From 1956 to 1962, improvements were made in ceramic
materials and the technical procedures required to produce a porcelain-fused-to-gold restoration.1 Largely, the
development of gold alloys and compatible porcelains
resulted in the harmonious relationship of a veneering
material (ie, dental porcelain) on a rigid metallic foundation
cast in a high noble or noble alloy that was not only ductile but strong and tough. By 1962, L.K. Weinstein, S. Katz,
and A.B. Weinstein patented an improved porcelain system
for gold-based alloys, followed by a second patent by A.B.
Weinstein and L.K. Weinstein in that same year.25,26
It may have required centuries to introduce porcelain
to dentistry, but it took mere decades to transform a rudimentary metal-ceramic restoration into what it is today.27–29
The dental marketplace is inundated with a variety of dental porcelains and an array of ceramic casting alloys with a
wide range of compositions and costs. Appreciating subtle
differences in handling characteristics among the various
porcelains as well as the different types of ceramic alloys
is no simple task. In fact, dental-alloy formulations vary so
widely that classifying them has become quite complex
(see chapter 3). Likewise, success in contemporary dental
technology requires both a refinement of artistic skills and
an understanding of biomaterials science. Clinicians and
dental laboratory technicians have an even greater array
of materials and systems from which to choose for complete crowns, fixed partial dentures, and implant-supported

restorations. Nonetheless, lifelike restorations can be produced with metal-ceramic technology when dental art, science, and biomaterials are fully understood and skillfully
combined (see chapter 10).

Art and Science of Dental
Technology
Dental technology, like clinical dentistry, has evolved from
the image of a trade or craft to a profession with its own
unique demands and challenges. Those who excel in this
field do so because of an ability to understand the theoretical aspects of dental technology and to acquire the visual
acuity and manual dexterity required to apply these theories in practice. Such individuals not only master the technical procedures that are now a part of dental care but also
develop an understanding of the materials science and fabrication techniques they use routinely. Highly skilled dental
ceramists are able to transform simple ceramic powders
into lifelike restorations that mirror natural teeth in every
physical sense; in many instances, metal-ceramic materials rival newer all-ceramic systems. Such talent is acquired
over many years thanks to dedicated training, practice,
experimentation, and life-long learning.

Esthetics with complete denture
prosthodontics
For a better understanding of how art and science are intertwined in dental technology, consider the important issue
of esthetics. In complete denture prosthodontics, the dentist and dental laboratory technician generally have maximum control over the techniques required to produce lifelike prostheses (Table 1-1).
7
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a

b

Fig 1-2 (a) Complete maxillary and mandibular wax trial dentures with denture

teeth of an appropriate mold (ie, size and shape) and shade. (b) Note how the high
value of the pink baseplate wax strongly suggests the need for custom characterization
of the denture base resin so the dentures are less obvious. (c) The appearance of the
definitive maxillary and mandibular complete dentures, following custom characterization of the denture base resin, illustrates the possibility of maximum control over
materials and techniques.

c

a

b

Fig 1-3 (a) These maxillary and mandibular complete dentures have short, severely

worn acrylic resin denture teeth and a poor occlusal relationship. (b) The dentures
were remade in the correct occlusal relationship with new teeth and properly contoured denture bases. (c) The postoperative appearance of the patient with definitive
prostheses looks more natural. Compare with Fig 1-3a to see the appearance before
and after treatment.

c

When replacing existing complete dentures, clinicians
and technicians generally have some latitude with tooth
shade and mold selection as well as the positioning of teeth
because they are restoring an entire dentition (Fig 1-2). In
these patient situations, the denture base acrylic resin can
be shaped to replicate actual gingival contours and even
characterized with a custom blend of hues and color patterns to recreate a realistic appearance in harmony with the
patients’ actual gingival tissues. After all, the entire dentition is being replaced. Sometimes, patients want their new
dentures to be similar to their existing prostheses, so their
outward appearance is not dramatically different or noticeable to the casual observer.
At other times, change is warranted because the existing dentures are ill-fitting and their overall appearance

leaves much to be desired (Fig 1-3). In these situations,
the dentures must be remade but not replicated. Here too,
clinicians can select the denture teeth shade and shape,
and the acrylic resin denture base can be shaped to replicate actual gingival contours (see Figs 1-3b and 1-3c).

Esthetics with removable partial
prosthodontics
The same techniques required to produce natural-appearing
complete dentures also can be applied in removable partial prosthodontics. When providing patients with a removable partial denture (RPD) to restore only a portion of the
natural dentition, the clinician and laboratory technician have

8
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Fig 1-4a Preoperative appearance of a patient missing the maxillary right canine

Fig 1-4b Postoperative appearance of the same patient with a characterized transitional partial denture replacing the maxillary right canine and lateral incisor.

Fig 1-5a The mandibular bilateral distal removable partial denture (Kennedy
Class I) was designed to minimize the display of the metal retentive clasps by using
infrabulge clasps. Denture teeth had to be selected of an appropriate shade and mold
to blend with the surrounding natural teeth.

Fig 1-5b Lateral view of the same patient illustrating how the removable partial
denture was carefully designed and constructed for esthetic requirements.

Fig 1-6a Preoperative view of a patient with a maxillary complete denture opposing
a mandibular RPD.

Fig 1-6b Postoperative view of the same patient showing a new maxillary complete

reduced control in the fabrication process due to increased
patient demands and the need to balance proper prosthesis design with the esthetic requirements of each individual
(see Table 1-1). A patient’s remaining natural teeth and gingival tissues dictate features such as tooth length, width, and
shade as well as the color and appearance of the denture
base material. As a result, compromises are more common
because of the reduction in controllable factors, be they in the
design of the prosthesis or the selection of materials. The different patient situations depicted in Figs 1-4 to 1-6 illustrate
the functional and esthetic challenges faced by clinicians and
laboratory technicians when treatment planning RPDs.
Replacing only a portion of the natural dentition with an
RPD is more challenging than providing a complete denture because the selected tooth shade and mold must

blend with the surrounding natural dentition, as seen in
Fig 1-4b. In other cases, denture tooth shade is important, but there are the added challenges of transitioning the
appearance of the denture base resin with the surrounding soft tissue and minimizing the display of the retentive
clasps when attachments are not being used (see Fig 1-5).
Even when replacing an existing RPD opposed by a
complete denture, the level of control is also reduced, but
the treatment options are more manageable if both prostheses are to be replaced (see Fig 1-6). Again, the remaining natural dentition guides tooth shade and mold, just as
healthy gingival tissues should guide denture base shade,
contours, and characterization. After all, the goal for the
two new prostheses is not only to restore function but also
to enhance the patient’s appearance.

and lateral incisor.

denture and RPD with characterization of both prostheses. New tooth molds were
chosen (with a new size and shape), and the orientation of the occlusal plane was corrected. Infrabulge, rather than suprabulge, clasps were used for the mandibular RPD.
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Fig 1-7a Facial view of a metal-ceramic crown with a porcelain labial margin on
the maxillary left central incisor.

Fig 1-7b Lingual view of the metal-ceramic crown. It was designed to restore the
lingual surface in metal yet retain interproximal porcelain. (Ceramics by Mr Larry
Costin.)

Fig 1-8a Example of a metal-ceramic restoration with a highly visible and unesthetic facial metal margin before retreatment. (Courtesy of Dr Charles J. Goodacre and
Mr Satoshi Sakamoto.)

Fig 1-8b Note the porcelain margin and healthy marginal tissue 2 years after

Esthetics with fixed prosthodontics

cians fabricate metal-ceramic restorations without the benefit of seeing the patient for whom their work is intended. Dental laboratory technicians—who, by virtue of their training
and experience, have mastered the technical skills needed
to manipulate dental porcelain—are frequently identified
as ceramists or dental ceramists. Designations such as
these are bestowed with a mixture of reverence and envy
because they set these individuals apart from their coworkers. What makes a skilled ceramist unique is an ability to
transform dental porcelain materials into vital-looking restorations that replicate natural teeth using either all-ceramic
or metal-ceramic technology. Chapter 10 includes laboratory and clinical examples of metal-ceramic restorations
fabricated by ceramists to these exacting standards.
The common thread to the previously mentioned clinical cases (see Figs 1-2 to 1-8) is an ability to recreate the
position, form, texture, and color of the surrounding oral tissues. Such outcomes reflect the artistic skills of the dental technician and dentist (ie, the art of dental technology).
However, artistic talent alone is no guarantee of success
and is best used when accompanied by a working knowledge of dental materials (ie, the science of dental technology). Blending the art and the science of metal-ceramic

Fabricating one or two anterior crowns adjacent to unrestored natural teeth is an example of one of the most exacting professional challenges in fixed prosthodontics (Figs 1-7
and 1-8). By any measure, both clinician and technician
have limited control of the variables involved in this type of
patient situation (see Table 1-1). Patient requirements for
esthetics, cost, and time dominate, while the number of factors under the control of either the dentist or dental laboratory technician are reduced significantly when compared to
complete and partially edentulous patient situations.
The very choice of materials used to fabricate individual
crowns imposes increased limitations from a purely technical standpoint. Therefore, determining the most appropriate restorative materials for each individual is critical. Careful consideration should be given to the selection of the
type of restoration best suited for any given set of clinical
variables. As will be discussed in chapter 10, all-ceramic
crowns may not be advisable for all patients or every clinical situation. Despite their limitations, metal-ceramic restorations have been enormously successful for some time
(Fig 1-9 and 1-10). What is remarkable is that most techni-

retreatment. (Courtesy of Dr Charles J. Goodacre and Mr Satoshi Sakamoto.)
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Fig 1-9a The components of a complete porcelain veneer metal-ceramic resto-

ration include the metal substructure (often referred to as a coping for single-unit
restorations), the oxide layer (present but not visible), the opaque layer, the dentin
veneer, the enamel veneer, and the external glaze (present but not visible).

a

b

Metal
substructure

Enamel
porcelain

Fig 1-9b A partial porcelain veneer metal-ceramic crown consists of all the components of a complete porcelain veneer restoration but relies on more metal to restore
the occluding surfaces (lingual/occlusal).

c

d

Fig 1-10 (a) A metal coping has been fitted (internally) and finished (externally), oxidized, and returned to the master die. (b) The opaqued metal substructure. (c) The dentin
porcelain has been cut back for the application of a layer of enamel porcelain. (d) The final buildup of the enamel porcelain, which has been applied and contoured. Note: The
amount and extent of the enamel cutback is based on the appearance of the tooth to be restored and, ideally, should be described in the laboratory work authorization and/or
discernible in high-resolution digital photographs provided by the prescribing dentist.

technology can result in successfully planned and fabricated metal-ceramic restorations and fixed partial dentures. Therefore, the initial chapters of this text focus on
the technical and scientific foundations that are key to the
practical applications and skills that are covered in the later
chapters.

Metal-Ceramic Terminology
You may find that some of the descriptions and instructions in the following chapters require an expanded vocabulary of technical terms unique to the materials used or
the procedures described. A working knowledge of this
terminology will help readers avoid confusion and potential misunderstandings. An even more extensive glossary
of technical terms can be found in the back of the book.
In some instances, pertinent terms have been defined at
the beginning of certain chapters. Where appropriate, the
Glossary of Prosthodontic Terms30 has been used as a reference to ensure that the descriptive terminology in this

text is consistent with the terms used in the specialty of
prosthodontics.
Instances may arise when you detect differences in the
interpretation of terminology used in this text as compared
with other publications, including the Glossary of Prosthodontic Terms.30 In these cases, an attempt will be made to
identify those distinctions. The selected interpretation will
be explained and used as consistently as possible. It is
for you to weigh the merits of both explanations, make a
personal interpretation, and select the definition that you
believe best describes the term in question.
As mentioned previously, opinions differ on how to properly identify the restorative combination of metal and porcelain. Several popular designations include: PFM restoration,
ceramometal restoration, porcelain-bonded-to-metal (PBM)
crown, porcelain veneer crown (PVC), and finally, the term
used in this text, the metal-ceramic restoration.30 Although
all these terms describe the same restoration and often are
used interchangeably, the designation metal-ceramic is
preferred to describe either a single crown or a fixed partial denture, just as the term all-ceramic has been chosen
11
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to identify single ceramic crowns and fixed partial dentures
with nonmetallic substructures.
Some additional preliminary terminology follows:
• Metal-ceramic restoration A fixed restoration that
employs a metal substructure veneered by a ceramic
material.
• Porcelain-fused-to-metal (PFM) crown A popular
and widely used alternative designation, synonymous
with the term metal-ceramic crown (MCC).
• Porcelain attachment mechanisms The ways in
which dental porcelain attaches to a metal foundation,
be it chemical or physical (see chapter 6), also known
as porcelain bonding.
• Coping The individual metal substructure of single-unit
crowns to be veneered by dental porcelain; copings
are made for individual units or attached to pontics to
create a fixed partial denture.
• Framework A fixed partial denture with a one-piece
substructure composed of either several copings
attached to a pontic or multiple single units joined to
one another as a single structure.
• Oxidation Process by which a metal substructure is
heated in a porcelain furnace to elevated temperatures
(980°C to 1,050°C), generally in a reduced atmosphere
(ie, vacuum), to produce an oxide layer for porcelain
bonding as well as to cleanse the porcelain-bearing
areas of any volatile surface contaminants (see
chapter 7), also known as oxidizing. Replaced the
misnomer degassing.
• Substructure Foundation for a metal-ceramic or allceramic single-unit crown or fixed-partial denture.

Components of the MetalCeramic Restoration
In its simplest form, an MCC or fixed partial denture consists of two major components: (1) a metal substructure
and (2) a dental porcelain veneer. A surface oxide layer
lies between the metal and the porcelain veneer that could
be considered a third component, but it actually is more
an integral part of the metal substructure. Even the dental
porcelain veneer, with several discreet layers, functions as
one mass. Consequently, the metal-ceramic restoration is
best considered a composite entity with a metal substructure (ie, coping or framework) masked by a discreet film
of opaque porcelain (in the porcelain-bearing areas) that
is veneered by layers of different dental porcelains (dentin, enamel, and effect porcelains for characterization) covered by a rather thin external surface glaze (see Fig 1-8).

Metal substructure
Conventional low-fusing dental porcelain alone lacks the
strength required of an all-ceramic restoration. Therefore,
an underlying metal substructure is needed to support
the porcelain veneer for a single crown or a fixed partial
denture. Depending on the type of casting alloy used and
the amount of tooth structure removed by the dentist, the

thickness of substructure can range from 0.2 to 0.5 mm in
the porcelain-bearing area (see Fig 1-10a). As a general
rule, substructures for high-density, high noble alloys are
often at the high end of this thickness range (at or close to
0.5 mm) compared to the lower-density, base-metal alloys
at the opposite end of this range (0.2 mm). An increased
thickness is required of some high noble alloys with
poor high-temperature strength (ie, poor sag resistance) to
prevent framework deformation—especially with fixed partial denture frameworks—during processing as well as later
when the finished restoration is under function in the mouth.

Oxide layer
Metal-ceramic alloys typically are subjected to an oxidation
firing cycle after the porcelain-bearing area of the restoration has been properly finished and cleaned. As a result
of that heat treatment, metallic oxides form on the alloy’s
surface and later play a key role in the chemical bonding
of opaque dental porcelain to the underlying metal substructure. Noble elements, by their very nature, do not oxidize, so an alloy’s base metal constituents are principally
responsible for forming the oxide layer. Due to differences
in alloy composition, oxidation protocols (ie, time, temperature, environment, and the postoxidation management of
the oxide layer itself) are alloy specific.
Theoretically, the desired outcome of the oxidation process for all metal-ceramic alloys, irrespective of compositional differences, is an oxide layer that is no more than a
discrete, monomolecular film on the porcelain-bearing surface (see Fig 1-10a). However, the chemical nature, color,
and thickness of that film will differ significantly among different alloy systems, as is discussed in chapter 3. In addition, the role these oxides play in bonding dental porcelain to metal is explained in chapter 7. That said, there
are alloys available that do not need to be oxidized in a
reduced atmosphere. In fact, manufacturers of a few base
metal alloys claim that oxidizing castings is optional, but
this recommendation is not typical of all alloys. Consequently, it is vital to read and follow each dental alloy manufacturer’s instructions for all phases of processing.

Opaque porcelain layer
Because dentin and enamel porcelains must possess
some degree of translucency to mimic natural tooth structure, they lack the ability to mask the dark color of the metal
substructure. Porcelain manufacturers provide a compatible, color-matched opaque for each body porcelain, with
some opaques matched to multiple dentin shades.
The opaque porcelains are formulated to serve three
major functions: (1) to establish the porcelain-metal bond,
(2) to mask the dark color of the metal substructure, and
(3) to initiate the development of the selected dentin porcelain shade.
The precise dimension of a fired opaque layer differs
among brands of dental porcelain and in combination
with the color of the oxidized metal substructure to which
it is applied.31–33 A uniform thickness of 0.2 to 0.3 mm is
regarded as ideal (see Fig 1-10b).33,34 Furthermore, all
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brands of opaque porcelain are vacuum fired on the metal
substructure in a dental porcelain furnace (see chapter 8).
Typically, opaque porcelains appear high in value (or relative brightness) if not covered by an adequate thickness of
dentin porcelain. Furthermore, opaque porcelain is rough
and cannot be glazed should the opaque layer be exposed
from overadjustment of a metal-ceramic restoration.

Dentin porcelain veneer
Although shade development begins with the opaque
layer, the major color contribution is derived from the pigmented metal oxides in the dentin porcelain (see Figs 1-9
and 1-10c). In fact, this first application of body porcelain is
responsible for creating the dentin shade associated with,
but not confined to, the gingival two-thirds of a tooth. In the
initial buildup of a metal-ceramic restoration, this first layer
of dentin porcelain should be overbuilt slightly (generally
by 10%) and condensed to remove excess free liquid (ie,
distilled water or a slow-drying special buildup liquid). Then
the dentin porcelain is cut back and overlaid with a layer
of enamel porcelain. The location and extent of the dentin
cutback is based on where greater translucency is needed
as well as the desired final appearance of the restoration.
Most porcelain manufacturers add organic dyes to distinguish between the various porcelain powders. For example, typically a pink colorant is incorporated with the dentin
powders, and the addition of a light blue colorant distinguishes enamel porcelains from other types of porcelains
(eg, opaque porcelains, shoulder porcelains, body modifiers). These pink versus blue color distinctions allow the
ceramist to “visualize” the desired zones of the dentin and
enamel porcelains in the unfired state.
For more accurate shade duplication, estimates of the
combined thickness of fired dentin and enamel porcelains
range from a minimum of 0.5 to 1.0 mm34,35 to a maximum
thickness of 1.5 to 2.0 mm,34,35 depending on the location
of the restoration being measured. By some estimates, the
minimum total thickness of porcelain ranges from 1.2 to 1.3
mm at the middle one-third of the restoration and from 1.5 to
1.6 mm at the incisal edge.35 The occlusal surfaces of posterior restorations may approach 2.0 mm in porcelain thickness. More material is needed for the occlusal table not only
to ensure proper coverage and mask the underlying metal
but also to provide sufficient thickness of the ceramic veneer
to permit the development of ideal dental morphology. Teeth
prepared with an insufficient amount of occlusal reduction
(well below 2.0 mm) and their corresponding metal substructures may prevent the creation of lifelike definitive restorations because of inadequate secondary anatomy. In
addition, the high-value opaque layer may be visible if there
is only a thin veneer of overlying dentin porcelain.
From a purely structural perspective, free-standing
porcelain that is built and fired above this 2.0-mm maximum height is considered unsupported by metal and more
prone to fracture.35 Potentially harmful stresses can form
in thick, unsupported sections of a restoration (eg, incisal
edges, cusp tips, and marginal ridges), thereby increasing
the risk of crack formation, crack propagation, and subsequent fracture within the porcelain veneer itself.35 But

to replicate the desired shade in the fired porcelain and
achieve maximum strength, it is highly desirable, whenever
possible, to have a uniform thickness of porcelain covering
the metal substructure.

Enamel porcelain veneer
The enamel porcelain veneer has intentionally not been
labeled the incisal layer to avoid implying that these porcelains must be restricted to the incisal third of a buildup. That
is because it is appropriate to place mixed blue enamel porcelain wherever natural enamel translucency is required,
even if that placement is outside the incisal third of an anterior crown or the occlusal third of a posterior metal-ceramic
restoration.
In general, enamel porcelains are used largely in the
incisal and interproximal areas, but they need not be limited
to these regions in every porcelain buildup (see Fig 1-10c).
The desired final esthetic outcome of a restoration is what
actually determines the amount and the boundaries of the
cutbacks for enamel veneer.
To create the appearance of natural translucency and
the vitality of natural tooth structure, an underlying layer of
dentin porcelain should support incisal edges, individual
cusp tips, and for some patients, even the marginal ridges.
The enamel layer is applied, condensed, dried slowly, and
vacuum fired with the dentin buildup. It is unwise to fire the
dentin and enamel layers separately because the blending
of shades will not be as subtle and realistic as when these
two materials are sintered together (see Fig 1-10d). This is
why the pink and blue colorants are so important. They permit the ceramist to visualize the location and depth of the
dentin layer in relation to the overlying enamel porcelain.

Firing procedures
The two opaque porcelain applications and the multiple
body porcelain buildups of dentin and enamel porcelains
are all fired in a porcelain furnace under vacuum as per the
porcelain manufacturer’s recommended processing steps
for time and temperature (see appendix B). Typically, the
firing cycles begin with a drying stage to allow the distilled
water or modeling liquid mixed with porcelain powders to
evaporate slowly before the furnace door is sealed for vacuum firing. If the wet porcelain is heated too rapidly, the
water (or modeling liquid) in the mix can be transformed
from its liquid state to steam rather than slowly evaporated.
Steam production can cause the porcelain buildup to “pop
off” the substructure as the restoration is being introduced
inside the porcelain furnace and before a vacuum is even
created, in which case processing must be stopped and
the buildup repeated.

External glaze
The surface luster of an intact and unrestored natural tooth
is best reproduced by the development of a sheen over
the external surface of the fired porcelain (see Figs 1-7a
and 1-8b). The final processing step in the fabrication of
a metal-ceramic restoration is to heat the completed work
13
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to a temperature (recommended by the porcelain manufacturer) sufficient to produce what is often referred to as a natural glaze, autoglaze, or self-glaze. An alternative glazing
method, and one that is perhaps used more often, involves
applying and firing an artificial glazing porcelain (called an
overglaze) to recreate this desired natural sheen and seal
the exterior ceramic surface in the process.
The most common practice for both techniques is to air
fire, not vacuum fire, when glazing and hold the work at a
prescribed high temperature for a specified period of time
(called the hold time) until the desired degree of sheen and
maturation are attained. Details of the step-by-step procedure of glazing a metal-ceramic restoration are included in
chapter 9 and appendix B.
With most glazed restorations a simple mechanical polishing on a high-speed lathe using a wet rag wheel with a
fine diamond paste or other polishing agents (eg, Brasso
[Reckitt Benckiser] mixed with flour of pumice) can transform a metal-ceramic restoration with a glassy porcelain surface into a lifelike restoration with a more natural-appearing
luster, as described and illustrated in chapters 9 and 10.

Summary
A brief history of ceramics, a discussion of metal-ceramic
versus all-ceramic technology, the definition of key terms,
and an introduction to the components of the metal-ceramic
restoration have been presented in this chapter. It is now
appropriate to take a closer look at dental porcelains.

What’s Next?
Chapter 2 provides an overview of the chemistry of metalceramic porcelains as we know them today. The various
types of porcelain powders are identified and described in
terms of composition, classification, use, and optical properties, and representative firing schedules are provided in
appendix B.
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Abrasiveness, 68, 69f
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Acid, for oxide layer removal, 114
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Adjusting
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interproximal contacts, 168, 169f
materials for, 165-167
Airborne-particle abrasion
abrasive compounds used in, 99-100
adverse effects of, 127b
description of, 99-100
nonporcelain surfaces finished with, 125, 126f-127f
oxide layer removal, 114
restoration damage caused by, 126
results of, 134f
Airborne-particle abrasion units, 227
All-ceramic restorations
chipping fracture concerns, 216
crowns, 16f
fabrication of, 193
fixed partial dentures, 218
metal-ceramic restorations versus, 191-193, 192f-193f,
218-219
popularity of, 215
survival rates for, 218
tooth preparation guidelines for, 218-219
Allergic responses, 61f, 61-62
Alloy. See specific alloy.
Alloy recovery device, 119
All-porcelain restorations, 18
Alumina, 24-25
Aluminous porcelains, 18
Aluminum, 55
Aluminum oxides, 99, 99f, 110f
American Dental Association metal-ceramic alloy
classification system, 38-39, 39t-41t, 42
Anterior fixed partial denture, 78f-79f, 78-79
Anterior single crowns
with lingual porcelain
contouring of, 182, 183f
porcelain application, 156, 157f
metal-ceramic restorations for, 205, 206f-208f, 218
with metal lingual surface
facial surface contouring, 168, 169f, 171, 171f
finishing of, 168-173
interproximal contacts, 168, 169f, 171f
labial margin finishing, 173, 173f
porcelain application, 144-147, 170, 170f
porcelain-metal junction, 171-173, 172f
surface texture, 171, 172f
Articulating film, 167
Asbestos liner, 96-97, 97f
Ash, Claudius, 2
Autoglaze. See Natural glaze.

B
Base metal alloys
biocompatibility of, 60-61
characteristics of, 35-36, 52-53
composition of, 41t
oxidation of, 112
thickness of, in porcelain-bearing areas, 71
wax pattern, 226
Beryllium, 47t, 49t, 55, 60, 62, 225
Biocompatibility, 37, 59-61
Bisque stages, of porcelain maturation, 155-156

Blotting, 149-150
Body modifiers, 29
Body porcelains
composition of, 24t
definition of, 29
dentin porcelains. See Dentin porcelain.
enamel porcelains, 29
translucent porcelains, 29
Boley gauge, 161f, 165, 227
Bonding. See also Porcelain-metal attachment.
chemical, 111f-112f, 111-112
compression, 110-111
definition of, 12
failures in, 113f, 115f
Boron, 55
Brazing, 129
Brecker, S. Charles, 5-6
Brush application method, of condensation, 143
Brushes, 137-138, 138f
Brush technique, for opaque porcelain application, 146147, 147f
Buccal cusp, 71, 71f
Buildup
anterior single crown
with lingual porcelain, 156, 157f
with metal lingual surface, 144-147
dentin porcelain application, 147-153, 148f-154f
enamel porcelain application, 153, 153f-154f
firing procedure for, 153, 155
lateral segmental technique for, 156, 157f
opaque porcelain application, 144-147, 145f-147f
posterior single crown
with metal occlusal surface, 156, 157f
with porcelain occlusal surface, 158, 159f
standard technique for, 144-156
Bulk-transfer theory, 52
Burs, 120f, 122f
Buttonless casting technique, 91f-93f, 91-93

C
CAD/CAM systems, 217
Caliper, 119, 120f
Canines, 188f
Carbide burs, 120f, 122f
Carbon-containing, phosphate-bonded investments, 95-96
Carbon crucibles, 99
Carborundum disks, 120, 121f
Carving instruments, 138
Casting
airborne particle–abrasive compounds, 99-100
appraisal of, 118, 119f
buttonless, 91f-93f, 91-93
contamination of, 116-117
crucibles used in, 98-99
electric machines for, 99
equipment for, 98-99
evaluation of, 118, 119f
failure in, 107
fit provision by, 65
fuels for, 98
heat for, 105
investments for, 95-97
laws of, 100-106
oxidized, 113
ringless, 228
ring liners, 96-97, 97f
seating the, 168
spruing. See Spruing.
success in, 106f-107f, 106-107
techniques for, 97-100
terminology associated with, 84-86
torch tips for, 97-98, 98f
Casting porosity, 85-86, 88
Casting rings, 228
Cast restoration fitting, 121-122
Celsius to Fahrenheit conversion, 33, 224t

Central incisors, maxillary, 187, 187f, 206f, 216b
Centric occlusal contacts, 70, 70f
Ceramic abrasives, 228
Ceramic mixing slabs, 140, 140f
Ceramics, 15-16. See also Dental ceramics.
Chamfer finish line, 81, 81f
Characterization, 176-180
Chemical bonding, 111f-112f, 111-112
Chill sets, 89-90
Chinese porcelain, 1-2
Chipping fracture, 216
Chroma, 174
Chromium, 55
Clay crucibles, 99
Cleaning, of metal substructure, 126, 127f
Cobalt, 55
Cobalt-chromium alloys, 41t, 47t, 49t, 53, 225
Cobalt-palladium alloys, 41t, 47t
Cobalt-palladium-chromium-gold alloys, 41t
Coefficient of thermal expansion
description of, 18
metal-ceramic alloys, 36
of metal versus ceramic, 110
Colloidal silica, 204
Color
body modifiers, 29
chroma of, 174
complementary, 176
correction of, 176-180
description of, 173
dimensions of, 173-174, 174f
hue, 173
metal-ceramic alloy classification based on, 37-39, 44, 45
modification guidelines, 174t
of oxidized castings, 113
value of, 173-174
Color-mixing systems, 175f, 175-176
Color tags, 32f
Compression bonding, 110-111
Condensation, 142-143
Condensing mallets, 139-140, 140f
Connector bar. See Runner bar.
Conservative dentistry, 4
Constituent elements, 54-61, 56t-57t
Constricted spruing, 93-94
Contamination, 116-117, 166
Coping, 66
definition of, 12
irregularities, 110f
metal, 11f
oxidized, 113f
thickness of, 11f
Copper, 55
Corrections, 189-190
Crown forceps, 227
Crucible former, 85
Cusp tips, 70-71, 71f

D
Deep chamfer finish line, 81, 81f
Degassing, 12, 112, 197
Delamination, 114, 115f
Delivery, 190
Dental ceramics. See also All-ceramic restorations.
classification of
application-based, 22, 22t
crystalline-based, 22
fabrication-based, 21
fusion temperature-based, 19-21, 20t
definition of, 16
fusion temperature of, 19-20
Dental porcelains
body porcelains. See Body porcelains.
characterizing, 176-180
classification of, 17, 19, 20b
components of, 17t, 23t-25t, 23-26
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definition of, 17
esthetics of, 19
firing schedules for, 220-223
incompatible materials, 115-116
low-fusing. See Low-fusing porcelains.
metal-ceramic alloy and, compatibility between, 54
soft tissue response to, 194, 194f
ultralow-fusing, 20
Dentin cutback, 150, 151f-152f
Dentin porcelain
application of, 147-153, 148f-154f
cutting back, 150-151, 151f-152f
description of, 29
direct-lift techniques with, 198t, 200
mixing of, 148, 148f
moisture content in, 148-149
Dentin porcelain veneer, 11f, 13
d’Entrecolles, Francois Xavier, 2
Denture. See Fixed partial dentures; Removable partial
denture.
Dentures
fixed partial. See Fixed partial dentures.
removable partial. See Removable partial denture.
wax, 8f
Despruing
description of, 120-121
fixed partial denture, 128f
Devitrification, 24
Diamond disks, 166f, 166-167
Diamond-impregnated wheels, 165-166, 166f, 168
Die spacers, 228
Direct-lift techniques, for porcelain margins
with conventional dentin porcelain, 198t, 200
gypsum die and metal substructure, 199-200
with porcelain-resin, 198t, 200-201
with porcelain-wax, 198t, 200
with shoulder porcelain, 198t, 201, 202f-204f, 204
Direct spruing, 85-86, 86f, 107f
Disclosing media, 167, 228
Dispersion strengthening, 19
Dubois de Chémant, Nicolas, 2
Duchâteau, Alexis, 2

E
Emergence profile, 66
Enameled metallic caps, 3-5, 4f
Enamel porcelain
application of, 153, 153f-154f
description of, 29
mixing of, 153, 153f
Enamel porcelain veneer, 11f, 13
Equipment
for adjusting, 164-165
alloy recovery device, 119
for casting, 98-99
for finishing, 164-165, 228
handpieces, 119, 165, 227
list of, 227-228
microscope, 118-119, 119f, 164, 227
for porcelain application to metal substructure, 137-140
Esthetics
description of, 19, 67
with fixed prosthodontics, 10-11
with removable partial prosthodontics, 8-9

F
Facial surface contouring, 168, 169f, 171, 171f
Fahrenheit to Celsius conversion, 33, 224t
Fauchard, Pierre, 2
Feldspar, 23-24, 26
Feldspathic porcelain. See Dental porcelains.
Finishing
anterior single crown with metal lingual surface, 168-173
cast restoration fitting, 121-122
equipment for, 164-165, 228
fixed partial denture, 128, 128f
instruments for, 165, 228
labial margin, 173, 173f
materials for, 165-167

metal, 120-121
metal loss during, 125-126
nonporcelain surfaces, 125, 126f
porcelain-bearing surface, 122-125
porcelain-metal junction, 171-173, 172f
Firing
overglaze, 179-180
procedures for, 13, 153, 155
shrinkage secondary to, 142
Firing schedules, 33, 153, 220t-223t
Fit, 65-66
Fixed partial dentures
adjustment of, 184, 185f-186f
all-ceramic, 218
anterior, 159, 160f-162f, 163
despruing of, 128f
finishing of, 128, 128f
investing, 132-133, 133f
metal-ceramic, 218
opaqued, 160f
oxidizing, 135-136, 136f
posterior, 79, 80f, 205, 207f
presoldering, 129-131, 130f-131f, 136
retainers, 128, 128f
soldering, 129
substructure for
anterior, 78f-79f, 78-79
description of, 77-78, 101f
porcelain application to, 159, 160f-162f, 163
posterior, 79, 80f
Fixed prosthodontics, 7t
Fluorescence, 30-31, 31f
Fonzi, Giusseppangelo, 2
Framework, 12
Freehand soldering, 130-131, 131f
Frits, 25-26
Fritting, 25-26
Furnace, porcelain, 140-141, 141f
Fusion temperature, 19-20

G
Gallium, 55
Glass, 16
Glass ceramic, 16
Glass modifiers, 25
Glass rod technique, 144-146, 145f-146f
Glaze, 11f, 13-14, 30, 189
Glazing
corrections before and after, 189-190
polishing after, 180, 181f-182f
Gold, 55, 58, 59-60
Gold-palladium alloys, 40t, 46t, 48t, 50
Gold-palladium-platinum alloys, 40t, 46t, 225
Gold-palladium-silver alloys, 40t, 46t, 48t, 50, 225
Gold-platinum alloys, 40t, 46t, 225
Gold-platinum-palladium alloys, 40t, 46t, 48t, 50, 225

H
Handpieces, 119, 165, 227
Hardeners, 228
Hardness, 69t
Heat center, 88, 90-93, 91f
Hemostats, 139, 139f
High gold alloys, 39t, 40t, 45, 46t, 48t
High-heat crucibles, 99
High noble alloys, 42, 45, 50, 225-226
High palladium alloys
composition of, 52, 225
contamination of, 116f
description of, 38, 49t
palladium-copper alloys, 41t, 47t, 52, 225
palladium–silver-gold alloys, 41t, 47t, 225
Hue, 173

I
Immunoglobulin A nephropathy, 61
Incongruent melting, 26
Indirect spruing, 85, 87, 87f, 102

Indium, 58
Ingate sprue former, 84-85
Ingot identification, 53-54, 54f
Instruments
for finishing, 165, 228
list of, 227-228
for metal substructure preparation, 119f, 119-120
for porcelain application to metal substructure, 137-140
Interproximal contacts
adjustment of, 168, 169f, 171f
description of, 70, 80, 80f
porcelain margin extended through, 205f
Interproximal cuts, 161f
Investing
fixed partial denture, 132-133, 133f
laws for, 103-104
technique for, 97
terminology associated with, 84-86
Investments, 95-97
Iridium, 58
Iron, 58

J
Jacket crowns, 4-5, 18

K
Kaolin, 25
Knoop hardness number (KHN), 69t

L
Labial margin finishing, 173, 173f
Laboratory dust, 63
Land, Charles H., 3-5, 4f
Lateral incisors, maxillary, 188, 188f
Lateral segmental buildup technique, 156, 157f
Leucite
coefficient of thermal expansion of, 19
crystallization of, 26
description of, 17
Light-mixture color system, 175
Localized shrinkage porosity, 85
Loss of attachment, 115f
Low-fusing porcelains
characteristics of, 17-18, 20-21, 21t
metal bonding of, 32
opaque porcelains. See Opaque porcelain.
shade systems for, 27, 27f
Low gold alloys, 38
Luting, 131-132

M
Mallets, condensing, 139-140, 140f
Mamelons, 157f
Mandibular anterior substructure, 76
Mandibular first molars, 206f, 216b
Mandibular posterior substructure, 77, 77f
Mandibular second molars, 207f
Mandibular second premolars, 206f
Manganese, 58
Margins
description of, 81-83
porcelain. See Porcelain margins.
Masking metal, 28
Master cast, 128-131, 130f, 135
Materials
for adjusting, 165-167
for finishing, 165-167
selection of, factors affecting, 217-218
survey data regarding, 215-216, 216b
Maxillary anterior substructure
creation of, 72-73
with porcelain lingual surface, 73, 75f
wax pattern fabrication, 73-77
Maxillary canines, 188f
Maxillary central incisors, 187, 187f, 206f, 216b
Maxillary lateral incisors, 188, 188f
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Maxillary posterior substructure
construction of, 73, 75f, 76
with metal occlusal surface, 75f, 76
with porcelain occlusal surface, 76, 77f
Measuring caliper, 119, 120f
Medium-fusing porcelains, 6
Melting, 105-106
Metal abrasives, 228
Metal caliper, 119, 120f
Metal-ceramic alloys. See also specific alloy.
classification of
alternative system for, 42-43
American Dental Association, 38-39, 39t-41t, 42
color-based, 37-39, 44, 45
composition-based, 37-39, 39t-41t, 42f
conflicts in, 45
contemporary, 43-45
content levels, 43
function-based, 37-38
composition of, 40t-41t, 54, 225
constituent elements in, 54-61, 56t-57t
contents disclosure, 53
density of, 54
dental porcelain and, compatibility between, 54
features of, 36-37
ingot identification, 53-54, 54f
inventory of, 63
investment interaction with, 96
occupational exposure to, 62-63
overview of, 35
performance of, 54
physical properties of, 46t-47t
storage of, 63
terms associated with, 35-36
thickness of, in porcelain-bearing areas, 71
Metal-ceramic restorations
adjusting of. See Adjusting.
all-ceramic restorations versus, 191-193, 192f-193f,
215-216, 218-219
aluminous porcelains versus, 18
for anterior single crowns, 205, 206f-208f, 218
case presentations of, 205-209, 206f-208f
characteristics of, 17-18
clinical performance of, 191
components of, 11f, 12-14, 111f-112f
in contemporary dentistry, 7
costs of, 217
definition of, 12
definitive impressions for, 192, 193f
evolution of, 5-7
fabrication of, 193
finishing of. See Finishing.
fixed partial dentures, 218
history of, 18
illustration of, 10f
low-fusing, 21
metal display at margin line with, 194, 194f
oxide layer of, 12
patient expectations regarding, 192
performance of, 191
porcelain margins with
accuracy of, 195-196
direct-lift techniques, 198t, 199-204, 202f-204f
direct methods for, 195, 195t, 197-204, 198t
historical perspective of, 194-195
illustration of, 194f
indirect methods for, 195, 195t, 197, 198t
metal substructure design, 196f, 196-197, 199
methods and techniques for, 195, 195t
overview of, 194
platinum-foil technique, 198t, 198-199
porcelain-metal junction, 196-197
refractory die technique, 197, 198t
soft tissue responses, 194, 194f
porcelain used for, 22t
porcelain veneer, 11f
for posterior fixed partial denture, 205, 207f
for posterior single crowns, 218
problems associated with, 16f
shades of, 27, 27f
survival rates for, 191, 218

terminology associated with, 11-12
tooth preparation guidelines for, 218-219
treatment planning for, 192, 192f
Metal collar, 124, 125f
Metal coping, 11f
Metal finishing
description of, 120
sprue removal, 120-121
Metal-porcelain bond, 28
Metal substructure. See Substructure.
Metamerism, 31
Microabrasion, 127b
Microscope, 118-119, 119f, 164, 227
Mixing slabs, 140, 140f
Mixing trays, 227
Modeling liquid, 148
Modified ridge lap pontic, 78, 78f-79f
Modifiers
body, 29
opaque, 28
Mold wash, 95
Molybdenum, 58
Munsell Color System, 174
Mutually protected articulation, 72

N
National Bureau of Standards, 37
Natural gas, 98
Natural glaze, 14, 177-179
Natural teeth, reproducing variations of, 187-189
Nickel, 58, 60-61
Nickel-chromium alloys, 41t, 47t, 49t, 53, 106f-107f, 225
Nickel-chromium-beryllium alloys, 47t, 49t, 62, 225
Ninety-degree bevel finish line, 81-82, 82f
Ninety-degree finish line, 81-82, 82f
Noble, 35
Noble-metal alloys
biocompatibility of, 59-60
characteristics of, 48t-49t, 50-52
percentage composition of, 225
wax pattern, 226
Noncarbon phosphate-bonded investments, 96
Nondiscoloring porcelains, 32-33, 33b, 51f
Non-noble, 35
Nonprecious, 36

O
Occlusal contacts, 67-69, 72
Occupational exposure, 62-63
Occupational Safety and Health Administration, 62
Opalescence, 31, 31f
Opaque dentins, 158f
Opaque modifiers, 28
Opaque porcelain
for anterior single crown with metal lingual surface,
144-147
application techniques for, 144-147, 145f-147f, 159, 163
brush technique for, 146-147, 147f
composition of, 23t
firing of, 157f
functions of, 28, 143-144
glass rod technique for, 144-146, 145f-146f
masking powder of, 28
mixing of, 144
spray application of, 147, 147f
thickness of, 143, 144f
Opaque porcelain layer, 12-13
Opaquing, 143-144
Optical qualities, 30-31
OSHA. See Occupational Safety and Health Administration.
Ovate pontic, 78, 78f
Overglaze, 177, 179-180
Overoxidation, 116
Oxidation
anterior single-unit restoration, 127, 127f
definition of, 12
fixed partial denture, 135-136, 136f
porcelain-metal attachment failure caused by, 116
process of, 112-113

Oxide dissolution theory, 111-112, 112f
Oxide layer, 12, 112-114, 136f
Oxide migration, 114-115, 115f
Oxidized copings, 113f

P
Palladium, 58
Palladium-silver alloys, 38, 41t, 47t, 48t, 50-52, 225
Partitive color system, 176
Passivation, 52
Passive fit, 66
Pattern resins, 228
Pattern sprue former, 84, 88-89
Pigment-mixture color system, 175
Plantou, Antoine A., 2-3
Plastic sprue formers, 95
Platinum, 58
Platinum-foil technique, 198t, 198-199
Polishing
after glazing, 180, 181f-182f
agents for, 228
metal substructure, 181, 182f
Polishing paste, 181f
Polymorphism, 26
Porcelain
characteristics of, 17f
components of, 17t
definition of, 16-17
history of, 1-7
nondiscoloring, 32-33, 33b, 51f
Porcelain-bearing surface, 122-125, 123f
Porcelain bonding, 12
Porcelain furnace, 140-141, 141f
Porcelain-fused-to-metal restoration, 6, 12
Porcelain margins, metal-ceramic restorations with
accuracy of, 195-196
direct-lift techniques, 198t, 199-204, 202f-204f
direct methods for, 195, 195t, 197-204, 198t
historical perspective of, 194-195
illustration of, 194f
indirect methods for, 195, 195t, 197, 198t
metal substructure design, 196f, 196-197, 199
methods and techniques for, 195, 195t
overview of, 194
platinum-foil technique, 198t, 198-199
porcelain-metal junction, 196-197
refractory die technique, 197, 198t
soft tissue responses, 194, 194f
Porcelain-metal attachment
chemical bonding, 111-112, 112f
compression bonding, 110-111
description of, 109
failure of, 114-117
mechanical retention, 110, 110f
mechanisms of, 109-112
oxidation, 112-114
Porcelain-metal junction finishing, 171-173, 172f
Porcelain-resin, direct-lift technique with, 198t, 200-201
Porcelain shrinkage, 204
Porcelain veneer
components of, 11f
compression on, 67
crack formation in, 66f
delamination of, 114
dentin, 11f, 13
description of, 13
enamel, 11f, 13
substructure as foundation for, 71
Porcelain-wax, direct-lift technique with, 198t, 200
Porosity
casting, 85-86, 88
definition of, 85
suck-back, 86, 86f, 122
Posterior fixed partial denture, 79, 80f, 205, 207f
Posterior single crowns
metal-ceramic restorations for, 218
with metal occlusal surface, 156, 157f, 183, 183f
with porcelain occlusal surface, 158, 159f, 183, 184f
Postsoldering, 129
Potash feldspar, 23-24
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Precious, 35
Precious metal reclamation, 63
Prefabricated sprue formers, 87, 87f, 94t, 95, 228
Presoldering
definition of, 129
fixed partial denture, 129-131, 130f-131f, 136
fluoride-containing flux for, 134
goal of, 132
Propane, 98
Prosthodontics, 7, 7t, 9f

Q
Quartz, 24

R
Razor knives, 138, 139f
Reclamation, 63
Refractory die technique, for porcelain margins, 197, 198t
Removable partial denture, 7t, 8-9, 9f
Reservoir, 85, 90-91, 91f
Reservoir bar. See Runner bar.
Retainers, 128, 128f
Rewetting, 149
Ringless casting, 228
Ring liners, 96-97, 97f
Rounded shoulder finish line, 81, 81f
Rubber wheel/wheeling, 125
Runner bar, 85–95, 100–102
Ruthenium, 58

S
Sagger tray, 127, 127f
Sag resistance, 37
Sandblasting. See Airborne-particle abrasion.
Sandwich theory, 111
Sealer, 228
Seating the casting, 168
Secondary crystallization, 26
Self-glaze. See Natural glaze.
Semiprecious, 36
Shade, 27f, 27-28
Shimstock, 167
Shoulder porcelain, direct-lift technique with, 198t, 201,
202f-204f, 204
Silicon, 58
Silver, 59
Silver-palladium, 38
Silver-sodium exchange, 51-52
Slant shoulder finish line, 81f, 81-82
Sodium feldspar, 24
Solder gap, 130, 130f
Soldering
brazing versus, 129
fixed partial denture, 129
freehand, 130-131, 131f
postsoldering, 129
presoldering, 129
technique for, 133-135, 134f-135f
Solder joint, 136f
Solidification shrinkage, 85, 88
Spalding, Edward, 5
Spatulas, 138-139, 139f, 149
Spatulation, 143
Sprue
description of, 85
recontouring of, 122, 123f
removal of, 120-121
Sprue former
composition of, 94-95
definition of, 84

gauge of, 88
ingate, 84-85
pattern, 84, 88-89
placement of, 88
prefabricated, 87, 87f, 94t, 95, 228
wax versus plastic, 94-95
Sprue way, 84
Spruing
buttonless casting technique, 91f-93f, 91-93
constricted, 93-94
definition of, 85
direct, 85-86, 86f, 107f
indirect, 85, 87, 87f, 102
laws of, 102
reservoir for, 90-91, 91f, 885
terminology associated with, 84-86
wax pattern orientation, 90
Square shoulder finish line, 82, 83f
Stain(s)
composition of, 25t
creation of, 30
mixing of, 177, 178f
Staining, 176
Starter kits, 32
Steam cleaners, 227
Stockton, Samuel W., 2-3
Stress concentrations, 110, 110f
Substructure
checklist for, 83f
cleaning of, 126, 127f
cusp tips, 70-71, 71f
definition of, 12
description of, 11f, 12, 65
design of, 67-71, 68f, 196f, 196-197
finishing
metal loss during, 125-126
nonporcelain surfaces, 125, 126f
porcelain-bearing surface, 122-125
fixed partial denture. See Fixed partial denture,
substructure for.
as foundation, 66
functions of, 65-67
interproximal contacts, 70, 80, 80f
labial surface of, 196, 196f
mandibular anterior, 76
mandibular posterior, 77, 77f
margins for, 81-83
maxillary anterior
creation of, 72-73
with porcelain lingual surface, 73, 75f
wax pattern fabrication, 73-77
maxillary posterior
construction of, 73, 75f, 76
with metal occlusal surface, 75f, 76
with porcelain occlusal surface, 76, 77f
occlusal contacts, 67-69
opaquing of, 143-144
polishing of, 181, 182f
porcelain application to
anterior single crown with lingual porcelain, 156, 157f
anterior single crown with metal lingual surface,
144-147
condensation of porcelain, 142-143
dentin porcelain, 147-153, 148f-154f
instruments and equipment for, 137-140, 227
opaque porcelain, 144-147, 145f-147f
opaquing, 143-144
overview of, 137
porcelain furnace for, 140-141, 141f
posterior single crown with metal occlusal surface,
156, 157f
posterior single crown with porcelain occlusal surface,
158, 159f

porcelain veneer considerations, 71
preparation of, 118-136
shoulder configuration of, 196
surface oxides of, 66, 112f
wax pattern fabrication, 73-77
Subtractive color-mixing system, 175, 175f
Suck-back porosity, 86, 86f, 122
Surface diffusion theory, 52
Surface oxides, 66
Surface tension, 142
Surface texture, 171, 172f
Systemic responses, 61

T
“Tadpole” solder strip, 131
Temperature conversions, 33, 224
Tin, 59
Titanium, 59
Translucent porcelain, 2-3, 29
Treatment planning, 192, 192f
Trial kits, 32
Triaxial porcelains, 16

U
Ultralow-fusing porcelains, 20
Underfiring, 155, 179f
Underoxidation, 116

V
van der Waals forces, 109-110
Vibration, 142-143
Vickers hardness number (VHN), 38, 69t
Vitality, 189

W
Wax dentures, 8f
Wax elimination, 97, 103-105
Wax gauge, 85
Wax gauge range, 85
Waxing, 71
Wax pattern
anterior fixed partial denture, 78
mandibular anterior substructure, 76
mandibular posterior substructure, 77, 77f
maxillary anterior substructure, 73-77, 74f-75f
maxillary posterior substructure, 73-76, 75f-76f
orientation of, 90
posterior fixed partial denture, 79, 80f
premade, 95
Wax pattern–alloy conversion tables, 226
Wax sprue formers, 95
Wear, 68
Whipping brush, 137, 157f
White golds, 38
Wildman, Elias, 3
Wood, B.W., 3

Y
Yellow golds, 38

Z
Zinc, 59
Zircon crucibles, 99f
Zirconia-based crowns, 216
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