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CLINICAL AND LABORATORY PROCEDURES
FOR A LOWER-FUSING PORCELAIN

Edward A. Mclaren, DDS*

Metal-ceramic restorations remain the most widely
accepted type of indirect restorative modality, and have
been applied successfully for years. Recent advances in
material science have resulted in the development of a
new class of metal-ceramic materials that have been
termed lower-fusing ceromics. Following proper proce-
dures for preparation and metal framework design, these
metal-ceramic porcelains achieve the aesthetics normally
demonstrated by conventional all-ceramic restorafions.
This article provides an overview of the clinical and
laboratory processes utilizing these materials and is

illustrated by two case presentations.

he increased patient demand for oesthelics has

resulted in the widespread opplication of porcelains
as veneering materials.' * Over the past decade the inter-
est in dental aesthetics has increased exponentially.
Consequently, patients desire full- or parfialcoverage
restorafions that are indisiinguishable in appearance from
the natural dentition: Parcelain has proven to be highly
biocompatible, which favors a healthy gingival response,
and is frequently used in veneer restorations for teeth,

metal, or high-strength ceramic copings.’
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Metakceramic restorations have been utilized in der-
fisiry for over 35 years, since high expansion porcelains
were developed by the formation of leucite within the
material-* The cryslal leucite is included within the glass
matrix to raise the thermal coefficient of the parent feldspar
glass to maich that of casting alloys. This procedure allows
porcelain lo fuse with metal without thermally induced
cracking. The feldspar glass has o coefficient of thermal
expansion (CTE) of only 7.7 % 107° C% whereas leucite
has a CTE of approximately 25 x 10 C The incor-
poration of leucite crystals increases the CTE of the entire
system. The crysiols in convenlional mefal-ceramic sys-
lems are arranged in clusters, leoving lorge areas of the
amarphous glass crystal free. Due to this irregular
arrangement of crystols ond discrepancies in the CTE

values, tensile cracks are more likely to form in the glass

Figure 1. Scanning electron microscope (SEM) image of canventional
porcelain, demonsirating the large and uneven distribution of leucite
crystals with tensile cracks apparent in the glass matrix.
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phase (Figure 1), ond relatively low Hexural strengths

2.0 mm -

{60 MPa to 80 MPal for unsupported convenlional metal
ceramic porceloins have been reported.”

Recent advances in ceramic science have resulied
2.0-mm cut-

. : . : /3
in the awareness that improved physical properties can 1 back of metal
be cbiained by the manipulation of the leucite crystalline coping
phase. The obiective of this research was the develop-
ment of a finer and more evenly dispersed crysialline phase 1.0-mm
it : ; . i shoulder
within the glossy mairix of the ceramic material. Several ‘
allceramic systems (eg, IPS Empress, lvoclar Williams, / A
Amherst, NY: OPC, Jeneric/Pentron, Wallingford, CT)
incorporate this oplimized leucite phase, which resulfs in Figure 3. Diagram depicts the optimal preparation that results in

significantly improved flexural strengths maximum aesthetics for metal-ceramic restorations.

New Class of Metal-Ceramic Porcelains

Research and development has also resulied in the
evolution of metalceramic materials (Omega 900, Vident,
Brea, CA; Duceragoeld, Degussa, South Plaintield, NJ| that
capitalize on this opfimized leucite phase.” In contrast fo
conventional metakceramic porcelains, the leucite crystals
n these products are mare evenly disparsed and of much
smaller size. The increaserd hnmngﬁneous nalure of the
crystalline phase raises the CTE of the material to achieve
fhat of the casting alloys, and no fensile cracks oceur since

the absolute fensile sftresses between ihe crysials and the

glass matrix are negligible (Figure 2). The homogeneous Figure 4. Mefal coping demonstrates the ideal 2-mm cutback for
nature of the crystalline phase significantly improves aesthetic framework design.
the physical properties of these ceramic materials, and

Hexural sirengths twice that of conventional mefalceramic

porcelains have been reported.” These developments
have not only enhanced the physical and mechanical
properties of the metal-ceramic materials, but the optical
properfies as well

The abrasion polential of conventional metakceramic
porcelains has remained o concern for several years. This
is presumably due to the rather large (30 pm| average par-
licle size of the leucite crystals. One of the primary bene-
fits of the fine erystalline structure Is the decreased potenticl
for abrasion, which can be attributed to a significantly

smaller parlicle size of approximately 3 pm? It is the size

‘,Jm . "Lﬂh’.‘}x

and shape of particles on the surfoce of the dental ceramic
Figure 2. SEM of metal-ceramic porcelain (Omega 900, Vident, Breg,
CA). The average leucite crystal size of 3 pm, with a more homo-

geneous distribution, is apparent. No tensile cracking is present. the: eritical factor for abrasion of the opposing deniition*

rather than the hardness of the material that appears to be
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of nonprecicus elements that con saslly oxidize and
increase the likelihood of corrosion, Corrosive products
can infest the surrounding tissues, causing local foxic reac

lions and cesthetic compromise, 5

Alternative Alloys

The CTE of the Duceragold parcelain is approximately
16 % 10 C°, which limits its use lo a single alloy
[Degunorm, Degussa, South Plainfield, NJ), that has o
coefficient of 16.8 x 10 C* The CTE of Omega 200
is 13.8 % 107 C° which allows it fo be used on high

Figure 5A. Fluorescent shoulder materials are fired and exhibited gold and canventional metakceramic alloys, as necessary,
under reflected light. 58. The material is shown under transmitted
light. 5C. The shoulder materials are revecled under Auorescent light.

Chemical Solubility

One concern expressed for lower firing parcelains is the

potential for increased solubility in the oral environmeni.
The test for chemical solubility requires the ceramic to be
slored in a 4% acetic acid solution at 80°C for 16 hours.
The limit of acceptable material loss is 100 pg/em?. Con-
ventional metalceramic materials fall within the range of
10 pg/em® and 50 pg/em® Both the Omega 900 ond ihe

Ducerageld materials have solubility valuss of less than

20 pg/em?,” which is considered a low degree of solubility

compared lo that of conventional metakceramic porcelains,

Figure 6. The opacious dentin layer is built up and fired separately to Clinical Technique

contrel shrinkage. The clinical techniques used with this class of metal-

ceramic materials are identical to those ulilized with

High Gold Metal-Ceramic Alloys

Due to increased oesthetic demands, il 15 desirable Io

use metal-ceramic restorations with a high gold content,
which creates a warmer appearance in the definitive
restoration. Conventianal melalceromic porcelains have
a sinfering lemperature of opproximately 950°C, with
opaquing porcelains being 30 to 50 degrees higher.!'
In order to use high gold alloys with these systems, the
addifion of higher fusing platinum and palladium are

required fo raise the solidus temperature This precedure

results in the fabrication of a silvery or pale yellow alloy
that produces @ dark oxide upon firing,

Lower firing materials, which allow sinfering on alloys
Figure 7. The dentin layer is built up incrementally in the same manner

fhat mainiain @ warm gold color, have also been recently . : ,
as conventional porcelain materials.

developed. High gold alloys confain reduced amounts
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conventional metalceramic systems. While Ihe leeth can
be prepared with traditional margin designs, oesthetic
metal-ceramic restoralions require a 1-mm shoulder mar
gin. " A minimum of @ 270° or 360° shoulder prepara-
tion on teeth in the anterior region facilitates optimal

aesthetics {Figure 3. As in conventional metalceramics,

facial reduction of 1.5 mm is necessary for these new

maleriols. Accepted lissue management and impression
making procedures should be followed. Due fo its

improved rheologic properties, the author prelers a new

polyvinylsiloxane imprassion material Imprint I, 30, St

Paul, MINJ that contains synthetic fillers. Figure 8. Facial view of the restoration following the firing of the
translucent materials, The porcelain buildup is prepared for correction.

Laboratory Technique

Standard laboratory techniques for the fabrication of

metal frameworks using the lost wax technique can be
utilized. Investing and casting parameters ore specified
by the manufaciurer's directions for the indicated alloy.
Alternate alloy systems such as copillory casting tech-

nology (Captek, Precious Chemicals, longwood, FL) can

be used with lhe Omega 900 sysiem.* Due fo ifs high
CTE, only the Degunorm alloy can be used with the

Duceragold system.

Framework design should allow for maximum thick-
ness of porcelain (within the accepled limits) o minimize

susceptibility to fraciure. Once casling is completed, the

framewaorks for single anterior leeth can be safely thinned Figure 9. The definitive restoration is placed on the master cast to

io 0,15 mm without an increased potential for ceramie verify surface fexture.

fracture. ' This framewark would severely compromise the
success of alkceramic restarations.

Margin design con be o conventional metal margin
|collar), or the metal framework con be cut back to estab-
lish o porcelain butt margin. By using the vertically
reduced metal framework espoused by Geller and Winter,
state-othe-art metal-ceramic restorations can ochieve fhe
aesthefics demonstrated by allceramic restorations.” In
this technique, the fromework is reduced up the axial wall
a minimum of 2 mm (Figure 4). This reduction allows for
increasingly translucent porcelains to be used in the mar

ginal area, improving the oplical properties in this region.

As long as the margin design is a shoulder with a 90°

exil angle, this amount of cutback does nol affect the

Figure 10. View of the definitive restoration following the completion
strength of the cemented restorolion.® of glazing and polishing.
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One of the benefits of using yellow-gold alloy sys-
tems is that they generally require a single coat of opaque
porcelain only, which conserves vital space for the more
franslucent dentin and incisal porcelains. Following the
opaquing procedure, fluorescent porcelain materials are
buill up and fired [Figure 3). In one variation of the use
of canventional metalceramic porcelains, the author
demonstrated a highly effective process fo build up ond
fire the opocious dentins separately from the dentin and
incisal materials (Figure &). Due to the minute grain size
of the Omega 900 porcelains [Vident, Orange, CA), this

Figure 11, Preoperative facial view of a patient who presented for material exhibits a tendency to shrink slightly more than
restoration of a maxillary anterior 3-unit fixed partial denture,

conventional metakceramic porcelain upon firing. In order
lo provide a degree of conirol over this process, the lay-
ers of the opacious dentin may be fired separately. The
dentin and franslucent layers can be buili up in the con-
ventional manner (Figure 7}, or @ more sophisticated aes-
thefic opprooch using specialized layering technigues
can be utlized " Corrections are made as necessary
{Figure 8). Coniouring, staining, and glazing are accom-
plished by the some techniques ulilized for conventional

Palatal
metalceramic materials (Figures @ and 10).

Try-In and Cementation
The crown and/or fixed parfial denture restorations are

iried in fo verify complete seating. A fitchecking medium

Figure 12. Diogram demonstrates pontic design for natural contour as {Fit Checker, GC America, Chicago, IL} can be used 1o
the tooth emerges from the soft issue. highlight binding areas, which are subsequently adijusted.

Once complete sealing is obloined, the restorafions are

theroughly cleaned with a slurry of pumice or an inlra-
ural oir abrasion unit, VWhile maintaining proper porce-
lain margins, the interior of the restoration is carefully air
obraded with aluminum oxide particles. II is recom-
mended to eich the porcelain margin with o hydrofluoric
acidelching gel. This procedure will increase the surface
area and create micromechanical retentive areas for
enhanced adhesion. Depending on the clinical require-
ments, either conventional or chemicalcure resin cements
can be used. In the author's clinical experience, opaque

cements leg, zinc phosphate) limit the aesthetic success

achieved with o vertically reduced metal framework. In the

anterior regions where aesthelics are paramouni, it is

Figure 13. Cast demonsirating necessary contouring of stone in pontic
area to achieve natural emergence profile. preferable 1o use cements that exhibit grealer translucency.
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Several resinmodified glassionomer cements [eg, Viremer,
30, St Paul, MIN) have moderaie franslucency and are
effective in these regions. For maximum translucency, the
author prefers to use selfcuring resin cement (Ponavia 21,
. Morita, Tustin, CAL This cement, as with all resin
cements, is significantly more technigue sensitive and

requires the use of denlin bonding agenis,

Caose Presentations
Cose 1
A 34-earold female patient presented with significant
cesthetic compromise on teeth #6 through #8, which
had been previously restared with a maxillary 3-unit fixed
partial denfure (Figure 11], Due fo the minimal space for
connector dimensions, Il was deemed controindicated
for an oll-ceramic fixed partial denture. The ridge was
prepared fo receive an ovate pontic with significantly
less curvaiure than is fraditionally performed [Figures 12
and 13], As described previously, a 360° shoulder prepo-
ration with 1.5 mm of facial reduciion was subsequenily
performed. Impressions were faken ulilizing polyvinyl
siloxane {Imprint 1, 30, 51, Poul, MN), and provisienal
restorations were tabricated ufilizing @ new cold-cure
methylmethacrylate malterial (Zela, Vident, Brea, CA).
The 3-unit fixed partial denfure was fabricated of a
metol ceromic (Omega 900, Vident, Brea, CA with a gold
composite dlloy framewerk (Captek, Precious Chemicals,

Llongwood, FLI and a 360° porcelain margin on both

. B

Figure 14. Postoperative view exhibits the ability of the modified ovate
pontfic design to impart a natural appearance to the restorafion.
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Figure 15. Reflected postoperative facial view of the metal-ceramic
porcelain restoration exhibits enhanced aesthetics that are indisfin-
guishable from the natural dentifion,

Figure 16. Postoperative facial view of the definitive metal-ceramic
porcelain (Omega 900, Vident, Brea, CA) restoration. Note the
improved opfical match of the restoration to the adjacent teeth,

abutments. The cost was iied inand fit was verified utilizing
firexamining material [Fit Checker, GC America, Chicage,
IL). The casl was cemented with a resinreinforced glass
ionomer (Vitremer, 3M, S1. Paul, MIN|. The patient was
pleased with the cesthetics restored by lhe metakeeramic
fixed parlial denture (Figures 14 through 16).

Case 2

A 68-yearold male patient presented with a recently
restored mandibular arch with on onterior fixed portial der-
ture and a posterior removable partial denture (Figure 17),
The patient had undergone treatment to place 8 maxil-
lary posterior implants, which were awaiting uncovering,

The patient requested a nonremovable treatment option



Mclaren

fit following the porcelain firings. A lowdiring porcelain
material {Omega 900, Vident, Brea, CA| can be fired
on higherfusing alloys used for conventional porcelains,
reducing the possibility of mefal sog due to the greater
difference between the sintering temperature of the por-
celoin ond the solidus temperature cf the alloy. The pros-
thesis, a 13-unit fixed portial deniure, was fabricated
on a high palladium alloy (Cerapall 6, Metalor Dental,
North Alfleborough, MA| using a metal-ceramic por
celain (Omega 900, Vident, Brea, CA) with gingival

porcelains fo duplicate the lost soft tissues (Figure 20),

Figure 17. Preoperative facial view of a pafient with a restored The prosthesis, cemented with a noneugencl cement
mandibular arch and an anterior fixed partial denture. A fixed

metal-cernmic prosthesis was indicated for the posterior region. {TempBond, Keit/ Sybron, Orange, CA) on the csion

abutments, demanstrates the versafility and aesthetic poten-

fial of these new resforative materials (Figures 21 and 22).

Conclusion

Due fo the relative infancy and technique sensilivity of all
ceramic restorations, mefal-ceramic restorations remain
the resforation of choice for fullcoverage aesthetic pos-
terior applications, particularly for fixed partial denture
applications. The ullimate objective of aesthetic denlisiry
must olso address biological and longerm funcional
requirements. Materials and techniques that incorporate

these two inseparable issues are essential for frue excel

lence. New metakceramic systems with improved opfi-

Figure 18. A provisional restoration fabricated to duplicate the
aesthetics and function of the definitive prosthesis.

cal and physical properties, combined with aesthelic

designs for metal framewark fabrication, can achieve

Upon implant uncovering, o provisional restoration was
fabricated from methylmethacrylate to approximate the
desired definitive restoration {Figures 18 and 19]. Only
af this stage was it possible to determine if the implant
placement was adequate for a fixed restoration. Custom
abuiments were milled and secured to the implants.
Definitive impressions were token ufilizing polyvinyl-
siloxane In o cusfom Iray.

The fabrication of large metalceramic prostheses
has fradifionally been a challenging procedure, and cor

venlional metal-ceramic porcelains fired on long-span

metal frameworks have often caused framework distortion

Figure 19. Facial view of the seated provisional restoration. Note the
due 1o sag. Consequenily, the resforations would no longer adaptation of the prosthesis fo the existing hard and soft tissues.
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Figure 20. The finished prosthesis was fabricated of o high-fusing
palladium alloy and o metal-ceramic porcelain (Omega 900, Vident,
Brea, CA) and prepared for cementation.

Figure 21. Facial view of the 13-unit fixed partial denture, which has
been cemented on custom-milled abutments.

e

Figure 22. Magnified postoperative view of the fixed partial denture
following cementation. Note the integration of the denture with the
exisfing restorations.
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the same oesthetic quality as allceramic restorations. The

capacily o apply established clinical and loboratory fech-

niques while utilizing these loweriusing ceramic materi-

als qualifies them as on occeplable choice for aesthelic

metalceramic indicotions, parficularly when considering

the decreased potential for abrasion
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