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(57) ABSTRACT 

A ceramic tape is provided in its green state so that it is 
malleable and formable to a mold for forming a dental 
restoration, but Will not break or crack as it is applied to the 
mold. Pressure may be applied to further form or adapt the 
ceramic tape to the shape of the mold. Heat is applied 
simultaneously With pressure or in a separate step to achieve 
high density and strength in the ceramic material. Avacuum 
atmosphere may be used With the application of pressure 
and/or heat. One or more layers of surface material such as 
porcelain or composite resin may be applied to the ceramic 
to form the dental restoration. The process is useful in the 
manufacture of dental materials or restorations including but 
not limited to orthodontic appliances, bridges, space main 
tainers, tooth replacement appliances, splints, croWns, par 
tial croWns, dentures, posts; teeth, jackets, inlays, onlays, 
facing, veneers, facets, implants, abutments, cylinders, and 
connectors. 

Also provided is a ceramic powder in combination With one 
or more media materials to form a homogeneous mixture. 
The mixture may then be used to form a dental restoration 
as is or may be used to form feedstock such as ?laments or 
Wires Which are then used to fabricate a dental restoration. 
The ?laments or Wires may be used in a fused deposition 
modeling machine to build dental restorative materials by 
computer aided design softWare. 
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METHOD FOR MANUFACTURING DENTAL 
RESTORATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/152,264, ?led Sep. 2, 1999, and US. 
Provisional Application No. 60/188,490, ?led Mar. 10, 2000 
Which are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to a method 
for manufacturing dental restorations such as dental croWns 
and dental bridges and more speci?cally to a method of 
manufacturing dental restorations using high strength 
ceramic materials. 

BACKGROUND OF THE INVENTION 

[0003] Strength and reliability are important factors to 
consider When manufacturing dental restorations. Dental 
restorations must be able to Withstand the normal mastica 
tion forces and stresses that eXist Within an oral environ 
ment. Different stresses are observed during mastication of 
different types of food, Which can be experimentally mea 
sured by placing, for eXample, a strain gauge in inlays on the 
tooth. Stresses differ depending not only on the type of food, 
but also on the individual. For example, stress values may 
range from 570 to 2300 lb/inch2 for a single cheWing thrust 
on a piece of meat and from 950 to 2400 lb/inch2 for a single 
thrust on a biscuit. The physical properties of dental resto 
rations must be adequate to Withstand the stresses applied by 
the repetitive forces of mastication. 

[0004] Ceramic materials have proven to be reliable in the 
fabrication of single unit dental restorations. US. Pat. No. 
4,798,536 to KatZ, US. Pat. No. 5,653,791 to PanZera et al., 
and an article by Kabbert and Knode entitled “lnceram:— 
Testing a NeW Ceramic Material”, Vol.4, pp 87-97 (1993) 
each disclose ceramic compositions having leucite therein to 
provide strength and reliability to dental restorations. The 
strength of the materials is in the area of 170 MPa Which is 
much higher than that of conventional porcelain Which 
eXhibits strengths of about 70 MPa. Nevertheless, the 
strength and/or toughness values of the aforementioned 
ceramic materials may not be adequate for the fabrication of 
multiple unit restorations. 

[0005] Due to the unique shape and siZe of dental resto 
rations, it is often dif?cult to achieve uniform physical 
properties Which are effective in dental restorations. More 
over, fabrication techniques often involve manual blending 
of poWders, liquids and dispersants Which may not provide 
the optimal homogeneity for the mixture. This may result in 
uneven shrinkage and poor mechanical properties in the 
?nally sintered restoration. The standard deviation of 
mechanical properties is very high for manually blended 
miXtures and the products produced therefrom are inconsis 
tent in properties. Furthermore, nonuniform particle siZe 
may lead to porosity that Will result in Weak structures. 

[0006] US. Pat. Nos. 4,265,669, 4,585,417 and 5,975,905 
are directed to the fabrication of dental restorations using 
ceramic poWders in combination With binders and are 
hereby incorporated by reference. US. Pat. No. 4,265,669 to 
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Starling, et al. disclose dry ?oWable ceramic poWder miX 
tures containing about 10-15% of a silicone resin. The 
mixtures are shaped and siZed as desired and sintered to 
monolithic structures Without any shrinkage or distortion 
occurring during ?ring. The miXture is required to be soft at 
about 30° C. and hardens at about 150° C. As a result, a 
complicated molding transfer process must be performed. 
Additionally, the ?ring process for the structures is lengthy, 
typically as long as ten hours or more Which reduces the 
chances for an ef?cient and facile operation. Similarly, US. 
Pat. No. 4,585,417 to SoZio, et al. involves a complicated 
process. The ?ring time required for the process is very long, 
requiring a minimum of tWo stages over a period of tWelve 
hours, Which is impractical for many dental laboratories. 

[0007] There is a need to provide high strength, ceramic 
restorations having structural integrity and reliability and 
optimum bonding properties. It is desirable to produce high 
strength ceramic restorations that are compatible With a Wide 
range of cost-effective ceramic materials. It is bene?cial to 
provide dental restorations having uniform physical proper 
ties throughout the restoration and to simplify the process of 
manufacturing dental restorations to provide a more user 
friendly process. 

SUMMARY OF THE INVENTION 

[0008] These and other objects and advantages are accom 
plished by the process herein comprising applying one or 
more strips of ceramic tape or ribbon to a mold for a dental 
restoration. The ceramic tape is in its green state so that it is 
malleable and formable to the mold, but does not break or 
crack as it is applied to the mold. Pressure may be applied 
to further form or adapt the ceramic tape to the shape of the 
mold. Heat is applied simultaneously With pressure or in a 
separate step to achieve high density and strength in the 
ceramic material. A vacuum atmosphere may be used With 
the application of pressure and/or heat. One or more layers 
of surface material such as porcelain may be applied to the 
ceramic to form the dental restoration. The process is useful 
in the manufacture of dental materials or restorations includ 
ing but not limited to orthodontic appliances, bridges, space 
maintainers, tooth replacement appliances, splints, croWns, 
partial croWns, dentures, posts, teeth, jackets, inlays, onlays, 
facing, veneers, facets, implants, abutments, cylinders, and 
connectors. 

[0009] In another embodiment herein, ceramic poWder 
and one or more media materials are combined to form a 

homogeneous mixture. The miXture may then be used to 
form a dental restoration as is or may be used to form 
feedstock such as ?laments or Wires Which are then used to 
fabricate a dental restoration. The ?laments or Wires may be 
used in a fused deposition-modeling machine to build dental 
restorative materials by computer aided design (CAD) soft 
Ware. The restorative materials include but are not limited to 
an orthodontic appliance, bridge, space maintainer, tooth 
replacement appliance, splint, croWn, partial croWn, denture, 
post, tooth, jacket, inlay, onlay, facing, veneer, facet, 
implant, abutment, cylinder, and connector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Features of the present invention are disclosed in 
the accompanying draWings, Whrerein similar reference 
characters denote similar elements throughout the several 
vieWs, and Wherein: 
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[0011] FIG. 1 is a sectional vieW of a tooth With a crown 
thereon formed in accordance With the invention; 

[0012] FIG. 2 is a sectional vieW of a croWn being 
manufactured in accordance With the invention; 

[0013] FIG. 3 is a sectional vieW of an occlusal support 
manufactured in accordance With the invention; 

[0014] FIG. 4 is a sectional vieW of buccal and lingual 
bars manufactured in accordance With the invention; 

[0015] FIG. 5 is a sectional vieW of a bridge manufactured 
in accordance With the invention; 

[0016] FIG. 6 is a sectional vieW shoWing loops of tape in 
the manufacture of a bridge in accordance With the inven 
tion; and 

[0017] FIG. 7 is a diagrammatic vieW shoWing the fused 
deposition forming step in accordance With the invention. 

DESCRIPTION OF THE INVENTION 

[0018] As Will be appreciated, the present invention pro 
vides a process of manufacturing dental materials and res 
torations using poWders of ceramic material in the green 
state provided in the form of a putty or tape. The putty or 
tape is easily malleable and can be readily applied to a die 
to form the desired shape. FIG. 1 shoWs a dental restoration 
10 made in accordance herein ?tted on a natural tooth stump 
12 that has been prepared by the dentist by removing enough 
of the tooth structure to alloW proper thickness of the ?nal 
croWn. Dental restoration 10 comprises a core 14 that Was 
fabricated from ceramic tape applied to a die and sintered. 
Thereafter, a coating 16 is formed on core 14 by applying 
porcelain material and sintering or by applying a composite 
material and thereafter curing the material. 

[0019] The manufacture of dental restorations typically 
involves the preparation of a die of the prepared tooth. This 
is done in a knoWn manner, preferably With a stone cast. 
FIG. 2 shoWs a die 20 that is used to create a croWn such as 
dental restoration 10 shoWn in FIG. 1. In accordance With 
one embodiment herein, one or more pieces, strips or 
ribbons of ceramic tape 22 is placed or Wrapped on or over 
die 20 and conformed to the shape of die 20. The conforming 
step generally involves folding and/or trimming tape 22 
folloWed by any suitable sWaging type operation or adap 
tation. The sWaging operation may include but is not limited 
to hammering, bending, Wrapping, shaping and pressing, by 
application of pressure to the tape by hand or With the use 
of utensils or pressing equipment such as an isostatic, hot or 
cold pressing machine. In FIG. 2, pressure is applied to a 
permeable membrane 24 by a press (not shoWn). Permeable 
membrane 24 assists in maintaining the ceramic material on 
the die. 

[0020] Tape 22 is fabricated of a ceramic material such as 
alumina, Zirconia, mullite, spinel, porcelain, titania, lithium 
disilicate, leucite, amorphous glass, lithium phosphate, and 
combinations thereof, or any high strength ceramic material 
that can Withstand the stresses created in the mouth. One 
important aspect herein is that the particles of poWder used 
to fabricate the tape preferably are in the shape of spheres to 
provide good particle packing. This results in little or no 
porosity in the sintered product. Alternatively, the particles 
may be of uniform particle siZe to achieve good particle 
packing. The siZe of the particles is in the range of about 0.5 
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to about 50 microns and preferably in the range of about 1 
to about 3 microns for crystalline ceramics such as alumina 
and from about 5 to about 20 microns for glass-ceramics 
such as lithium silicate-based glass ceramics. 

[0021] The tape used herein may be formed by a variety of 
knoWn processes including, but not limited to, tape casting, 
extrusion, calendaring, partial pultrusion With a support 
member, and roll compaction or using the doctor blade 
method as set forth in US. Pat. No. 5,975,905 Which is 
hereby incorporated by reference. Each of the methods 
involves combining ceramic poWders With one or more 
forms of media to carry the ceramic poWders. 

[0022] Medium (media) is de?ned herein as a ?uid sus 
pension component surrounding the ceramic poWder that 
either forms inorganic compounds or evaporates during 
processing. The media have a viscosity of at least 1000 cps, 
and preferably at least 10,000 cps. Examples of useful media 
herein include materials that are thermoplastic, thermoset 
ting, Water soluble, or organic-solvent soluble such as eth 
ylene or polyethylene glycol, methacrylate resins, Wax, 
Water, polyvinyl alcohol (PVA), polyvinyl butyral (PVB), 
and similar binder-type materials knoWn in the art. One 
commercially available Wax is Plastodent U, available from 
Degussa, Germany. Preferably, the media materials are any 
suitable vehicles that Will vaporiZe upon heat treatment 
Without leaving a residue. The media may include but are not 
limited to materials in the art that are knoWn as binders, 
plasticiZers, dispersing agents, solvents and mixtures 
thereof. 

[0023] The ceramic poWder and medium or media are 
mixed and formed into a thin, ?at sheet in its green state. It 
is preferable that the ceramic poWder or particulate is 
present in an amount of about thirty to about ninety percent 
by Weight, and the medium or media is/are present in an 
amount of about ten to about seventy percent by Weight of 
the mixture. More preferably, the particulate is present in an 
amount of about ?fty to about eighty-?ve percent by Weight, 
and the media are present in an amount of about ?fteen to 
about ?fty percent by Weight of the mixture. Most prefer 
ably, the particulate is present in an amount of about seventy 
to about eighty percent by Weight, and the media are present 
in an amount of about tWenty to about thirty percent by 
Weight of the mixture. 

[0024] In one embodiment, the medium is composed 
substantially or entirely of Wax, With the remainder, if any, 
of an organic or hydrocarbon compound to control the 
malleability of the ceramic material. It is preferable that the 
binder remains ?exible during the forming operation. 

[0025] In a preferred embodiment, the medium comprises 
a polymeric material With minimal content of carbon, Which, 
upon heating the ceramic/medium material, Will minimiZe 
the potential for carbon black residue to affect the shade of 
the ?nal ceramic restoration. This is of paramount impor 
tance since esthetic properties of the dental restoration must 
accurately match the properties of the existing teeth in a 
person’s mouth. In this embodiment, the medium is pre 
ferred to be a material from the silicone polymer family With 
a minimum of about 50% of SiO content, Which Will 
vaporiZe partially upon heat treatment and also leave White 
natural colored silica Which is essentially a basic ingredient 
of the ceramic material. The preferred medium is composed 
substantially or entirely of silicone polymers, With the 
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remainder, if any, of a volatile organic solvent to facilitate 
the blending/mixing of the powder and medium into a 
dough-like paste or putty initially. The use of silicone 
polymers or a mixture of silicone polymers containing at 
least ?fty percent of an SiO group oxide in combination With 
ceramic poWders produces a Workable dough-like consis 
tency. The viscosity of the silicone polymer is at least 1,000 
cps and preferably at least about 10,000 cps. 

[0026] Examples of silicone polymers include vinyl ter 
minated polydimethylsiloxane, hydroxy terminated poly 
dimethyl siloxane, and polydimethyl siloxane. Examples of 
commercially available silicone polymers include Baysilone 
U Basic Compounds, HS-N Gum, V60K, Fluid W1000 (all 
from GE), and Polymer VQM 800 and Polymer VS series 
(both from Hanse Chemie). 

[0027] The tape is used in its green state so that it may 
easily and readily form to the shape of the die upon Which 
it is placed. The thickness of the tape Will vary betWeen 
about 0.1 to about 2 mm and preferably betWeen about 0.2 
to about 1 mm. One or more layers of tape may be used to 
form the dental restorative product. The layers may be ?red 
after each layer has been applied in separate ?ring cycles, or 
alternatively, all layers may be ?red in one ?ring cycle after 
all layers have been applied. The layers of tape may be 
comprised of the same material or of a different material. For 
example, the ?rst layer may comprises a tape of higher 
fusing material than the second layer of tape. As another 
example, the ?rst layer may be ceramic and the second layer 
may be a glass or a glass-ceramic or the same or a different 
ceramic. 

[0028] After the tape has been suf?ciently placed onto a 
die of desired con?guration, it is heated to effect high 
density and strength in the ceramic. Alternatively, pressure 
or vacuum, and heat may be applied simultaneously. The 
heating process may involve a burnout cycle Whereby the 
organic additives (i.e., the media) are removed partly or 
completely by thermal decomposition. This cycle varies 
depending upon the material used but typically ranges from 
about 300 to about 1000° C. and more preferably from about 
400 to about 800° C. The ?ring time may vary for a time 
ranging from about ten (10) seconds to about tWelve (12) 
hours, more preferably for a time ranging from about one (1) 
minute about ?ve (5) hours and most preferably for a time 
ranging from about ten (10) minutes to about one (1) hour 
and may be performed in air, nitrogen, argon or similar 
atmosphere. Sintering may be carried out at about 600° to 
about 1400° C. for about one (1) minute to about tWelve (12) 
hours to full density and more preferably for about one (1) 
hour to about ?ve (5) hours and most preferably less than 
about three (3) hours to produce a dental restorative material 
such as a ceramic core that is ready or nearly ready to receive 
veneering porcelain or similar coating. The full heating 
process Which may include a burnout cycle With a sintering 
cycle, or a sintering cycle only, is preferably from about ten 
(10) minutes to about ?ve (5) hours and more preferably 
from about one (1) hour to about four (4) hours, and most 
preferably less than about three (3) hours. 

[0029] If silicone polymers are utiliZed, the heating pro 
cess for the silcone polymers is preferably in the range of 
about ten (10) seconds to about tWo (2) hours and more 
preferably in the range of about one (1) minute to about one 
(1) hour and in the temperature range of from about 300 to 
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about 1000° C. and the sintering process is preferably in the 
range of from about one (1) minute to about one (1) hour in 
the temperature range of from about 600° to about 1400° C. 
so that the entire heating process is less than about three 
hours. 

[0030] The die should have a coef?cient of thermal expan 
sion that matches that of the ceramic material being used to 
assure acceptable ?t of the ?nal restoration. After sintering, 
the reasonably soft die is removed, for example, by sand 
blasting. Alternatively, after sintering the ?rst core layer, 
subsequent layers of various ceramic/porcelain materials 
such as commercially available OPC® 3GTM porcelain 
available from Jeneric/Pentron Inc., Wallingford, Conn. can 
be ?red on the core Which remains on the same die. As a 
further option, composite resin materials such as commer 
cially available Sculpture®, Sculpture® FloW, both avail 
able from Jeneric/Pentron Inc., Wallingford, Conn. and 
ArtGlass available from KulZer, Germany, can be applied to 
?rst core material, and thereafter cured. 

[0031] If the ceramic poWder is a higher strength ceramic 
such as alumina or Zirconia, sintering may be carried out in 
one step in a high temperature furnace at about 1200° to 
about 1800° C. for about 2 to about 10 hours When the die 
being used is oversiZed proportionally to the amount of 
shrinkage of the ceramic. Alternatively, sintering may be 
carried out in tWo steps Whereby the shaped article is 
sintered to partial density at about 1000° to about 1200° C. 
and consequently in?ltrated With a porcelain or glass mate 
rial as described in US. Pat. No. 5,910,273, Which is hereby 
incorporated by reference. 

[0032] With the exception of silicone media, the burnout 
cycle is preferably performed sloWly so as to burn off or 
decompose the organics Without introducing cracks or blis 
ters into the material. It is preferable that the burnout cycle 
is performed in air, nitrogen, argon or similar atmosphere 
and that sintering is carried out in a vacuum atmosphere. 

[0033] The process herein may be used to manufacture a 
variety of dental restorations Wherein the ceramic tape is 
used to form a core or support shell for the restoration. 
During the ?ring of the ceramic tape, the medium is partially 
or completely removed and some shrinkage occurs. Shrink 
age is comparable to that encountered using conventional 
ceramic forming operations. To compensate for shrinkage, 
the dimensions should be prescaled to the desired siZe. 
Approximately, 15% shrinkage of the uncured ceramic tape 
is expected during post-process densi?cation, depending 
upon the speci?c tape formulation. The ?red ceramic Will 
have a ?exural strength in the range of about 200 to about 
1200 MPa depending upon the material used. For example, 
the ?exural strength of alumina ranges from about 200 to 
about 600 MPa. The ?exural strength of Zirconia ranges 
from about 530 to about 1200 MPa. 

[0034] FIGS. 3 through 6 shoW uses of the materials 
manufactured in accordance With the invention. In FIG. 3, 
ceramic tape may be applied in layers to form a support 
structure 30 that extends over abutments 32 and across a gap 
34. FIG. 4 shoWs bars 40 and 42 Which may be manufac 
tured from ceramic tape and inserted betWeen abutments 44. 
FIG. 5 shoWs a pontic 50 formed from layers of ceramic 
tape. FIG. 6 illustrates ceramic tape 60 being Wrapped 
around abutments 62 to form a support structure for a bridge. 
In the various illustrations, ceramic tape, in its green state, 
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is applied to the molds or dies shown, to conform to the 
shape of the mold and is thereafter ?red to achieve optimum 
density and strength. Dental restorative materials including, 
but not limited to orthodontic appliances, bridges, space 
maintainers, tooth replacement appliances, splints, croWns, 
partial croWns, dentures, posts, teeth, jackets, inlays, onlays, 
facings, veneers, facets, implants, abutments, cylinders, and 
connectors may be fabricated using the materials and pro 
cesses described herein. 

[0035] In another embodiment herein, ceramic poWder 
and one or more media materials, as de?ned above, are 
combined to form a homogeneous mixture. The same poW 
ders and media materials described above in the tape 
embodiment may be used herein to form a homogeneous 
mixture that results in a putty-like consistency. Preferably, 
the homogeneity of the mixture is achieved by combining 
the components in a mixer having a heated mixing chamber 
such as that available from Charles Ross & Son Company, 
Hauppauge, NY. It is important that the ceramic poWder or 
particulate is Well dispersed in the medium to achieve 
homogeneity throughout the mixture because the ?nal prop 
erties of the sintered restoration are affected by the rheology 
of the particulate and medium mixture. The particulate, as 
used herein, refers to poWders, platelets, granules, Whiskers, 
and discontinuous and continuous ?bers. It is preferable that 
the particles of poWder used herein be spherical in shape to 
provide good particle packing. This results in little or no 
porosity in the sintered product. Alternatively, the particles 
may be of uniform particle siZe to achieve good particle 
packing. The particles range in siZe from about 0.5 to about 
50 microns and preferably in the range of about 1 to about 
3 microns for crystalline ceramics such as A1203 and from 
about 5 to about 20 microns for glass-ceramics such as 
lithium silicate. 

[0036] It is preferable that the ceramic poWder or particu 
late is present in an amount of about thirty to about ninety 
percent by Weight, and the medium or media is/are present 
in an amount of about ten to about seventy percent by Weight 
of the total mixture. More preferably, the particulate is 
present in an amount of about ?fty to about eighty-?ve 
percent by Weight, and the media are present in an amount 
of about ?fteen to about ?fty percent by Weight of the 
mixture. Most preferably, the particulate is present in an 
amount of about seventy to about eighty percent by Weight, 
and the media are present in an amount of about tWenty to 
about thirty percent by Weight of the mixture. If the par 
ticulate/binder mixture is not homogeneous throughout, the 
sintered restoration formed from such a mixture may shrink 
nonuniformly and exhibit poor mechanical properties. The 
restoration may fracture under normal stresses encountered 
in the mouth. The particulate/binder mixture and process of 
manufacture described herein reduce and/or prevent the 
possibility of fracture of the sintered restoration by provid 
ing a homogeneous starting mixture. The standard deviation 
of the mechanical properties in the resulting restoration is 
narroW in comparison to those exhibited in dental restora 
tions fabricated by other processes, such as With dental 
restorations made from components Which are manually 
blended. Preferably, the standard deviation of the mechani 
cal properties in the restorations made by the process herein 
is about 15 to about 20 percent of the mean or average 
standard deviation, or more preferably about 10 to about 15 
percent of the mean or average standard deviation. 
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[0037] The mixture may be supplied in containers such as 
syringes, cartridges, jars and the like, and can be used to 
fabricate restorations manually or by machine. The putty 
mixture is applied to a die and formed by hand or by 
machine, With or Without the application of pressure, to 
mold the mixture to the shape of the die. Thereafter, the die 
With the mixture thereon is ?red at times and temperatures 
listed above for the tape embodiment. 

[0038] Alternatively, the mixture may be used to form 
feedstock such as ?laments or Wires that are then used to 
fabricate a dental restoration. The ?laments or Wires may be 
used in a fused deposition-modeling machine to build dental 
restorative materials by computer aided design (CAD) soft 
Ware. It is important that the particulate/media includes a 
dispersing agent to enhance the dispersion of the particles 
Within the media system and improve the How of the 
feedstock composition during molding. Dispersing agents 
include used fatty glycerol esters, fatty bisamides, and fatty 
esters not based upon glycerin. 

[0039] Reference is made to FIG. 7 that shoWs the form 
ing process of a fused deposition-modeling machine. Com 
mercially available FDM®2000 rapid prototyping system 
from Stratasys Inc., Minneapolis, Minn. is one such fused 
deposition modeling machine Which may be used in the 
process herein. Filament 70 is shoWn on a supply spool 72. 
Filament 70 is formed from one or more ceramic, glass, or 
glass-ceramic poWders in combination With one or more 
media additives including, but not limited to binders, plas 
ticiZers and like additives. Filament 70 is fed to a dispensing 
head 74 of a dispensing machine (not shoWn) Which is 
positioned proximate a build platform 76. Platform 76 
includes a substrate 78 upon Which a dental restorative 
material may be built. Platform 76 and dispensing head 74 
may both move relative to one another. The shape of the 
restoration to be built is dictated by the design 80 generated 
by the computer program in computer 82. The restoration 84 
Which is to be built, may be built in layers. Preferably, 
?lament 70 is heated in dispensing head 74 to a ?uid state 
and is dispensed at a controlled ?oW rate onto substrate 78. 
It is important that substrate 78 be fabricated of a material, 
such as Wire mesh sandpaper or a Water-soluble Wax, Which 
minimiZes localiZed shrinkage and permits easy release of 
the formed article therefrom. The material in dispensing 
head 74 may be deposited layer by layer onto substrate 78. 
It is preferable that the layers are thin, e.g., in the range of 
about 0.0005 to about 0.01 inch in thickness and most 
preferably about 0.001 inch in thickness. Thinner layers 
provide a smoother ?nished surface of the resulting resto 
ration. The layers may take any shape as dictated by the 
computer program. It is preferable that each layer is solidi 
?ed prior to the deposition of the next layer. Preferably, each 
layer is dispensed in a ?uid state, solidi?es and adheres to 
the previous layer, thereby providing a strong bond betWeen 
layers. U.S. Pat. Nos. 5,900,207 and 5,121,329 are directed 
to fused deposition forming processes and are hereby incor 
porated by reference. 

[0040] The fused deposition process may be arranged so 
that multiple and different feedstock materials can be dis 
pensed either alternately or through multiple dispensing 
noZZles. FolloWing formation by the fused deposition pro 
cess, restoration 84 may be further processed to improve the 
surface ?nish. Such processing may include machining of 
the surface by sanding, grinding, vibrating in an abrasive 
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media, and other techniques known in the art. This machin 
ing step may take place in the green state prior to binder 
removal, and thus, prior to full densi?cation, after densi? 
cation, or at a combination of these stages. Also, a machin 
ing step may be performed on a layer-by-layer basis during 
the fused deposition forming process. Restoration 84 may be 
further subjected to a post fabrication treatment such as cold 
isostatic pressing or hot isostatic pressing to facilitate the 
removal of any residual internal voids, delaminations or 
other defects. Furthermore, the restoration in its green state 
may be processed to remove the binder or a portion there 
from by, for example, solvent extraction, supercritical ?uid 
processes, thermal processes and combinations thereof. A 
densi?cation step may folloW the binder removal step. This 
may be conducted by thermal treatment (e.g., sintering), hot 
pressing, hot isostatic pressing, reaction bonding, directed 
metal oxidation, reaction in?ltration, chemical vapor depo 
sition and combinations thereof. 

[0041] The restorative materials fabricated herein may 
include but are not limited to an orthodontic appliance, 
bridge, space maintainer, tooth replacement appliance, 
splint, croWn, partial croWn, denture, post, tooth, jacket, 
inlay, onlay, facing, veneer, facet, implant, abutment, cylin 
der, and connector. 

[0042] The folloWing examples illustrate the practice of 
the invention. 

EXAMPLE 1 

[0043] Seventy ?ve grams of Synspar® Dentin D2 shade 
porcelain poWder Were blended With tWenty ?ve grams of a 
silicone polymer mixture having seventy parts of a vinyl 
terminated dimethylsiloxane gum (BAYSILONE polymer 
HS-N, GE) and thirty parts of an SiH terminated silane. The 
paste formed had a putty consistency, Was non-sticky and 
very soft and Workable. The material Was loaded in a dental 
restorative syringe and Was ready for use in the fabrication 
of a dental restoration. 

EXAMPLE 2 

[0044] A paste Was prepared as in Example 1. Using a 
clean glass slab, the paste Was ?attened into a sheet in 
thickness of about 0.7 nun on the glass slab. The sheet Was 
cut into tape-like strips. The strips Were applied to a stone 
die to form a dental restoration. The tape Was shaped and 
adapted on the die. The die and tape thereon Were sintered 
in a dental porcelain furnace (JP1200® furnace available 
from Jeneric/Pentron Inc., Wallingford, Conn.) at a heating 
rate of about 50° C./minute to 970° C. and held at 970° C. 
for about one minute. The ?nished Synspar® porcelain 
coping Was dense and porosity free and exhibited the desired 
shade. 

EXAMPLE 3 

[0045] Eleven grams of 3GTM OPC® ceramic poWder 
Were mixed With six grams of a polymer mixture of ?ve 
parts of silicone gum and 1 part of silicone oil. The mixture 
exhibited a dough-like consistency. The dough-like mixture 
Was ?attened into thin sheets and applied onto a refractory 
die forming a coping. The die and coping Were heated at a 
rate of about 30° C./minute to about 890° C. in a dental 
porcelain furnace and held for about one minute. After 
sintering, the die and coping Were removed from the furnace 
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and cooled to room temperature. The ?nished porcelain 
coping Was dense and free of porosity. 

EXAMPLE 4 

[0046] A coping Was made as in Example 3 above. A 
second layer of material comprising 3GTM OPC® porcelain 
Was applied to the ?nished core using a pressing furnace 
(AutoPress® Plus furnace available from Jeneric/Pentron 
Inc., Wallingford, Conn.) and sintered at a heating rate of 
42° C./minute to 760° C. and With no hold time. The ?nished 
OPC® 3GTM OPC® porcelain coping Was dense and free of 
porosity. 

EXAMPLE 5 

[0047] A core Was made as in Example 3 above using 
3GTM OPC® ceramic poWder and a polymer mixture of ?ve 
parts of silicone gum and one part of silicone oil. The surface 
of the ceramic core Was then sandblasted With 50 pm of 
A1203 particles under 85 psi pressure and etched for one 
minute With 9% HF acid gel (available form Jeneric/Pentron 
Inc.). The etched core surface Was Water rinsed cleaned and 
air-dried. After brushing on a layer of Silane Coupling Agent 
(available form Jeneric/Pentron Inc.) to the prepared core 
surface, a layer of Sculpture FloWTM A2 shade resin com 
posite material (available from Jeneric/Pentron Inc.) Was 
injected from the syringe and coated onto the silanated 
ceramic core surface to form the ?nal anatomy of a tooth 
restoration and then cured in a Cure-Lite PlusTM (available 
form Jeneric/Pentron Inc.) visible light cure unit for tWo 
minutes. The combination of a ceramic core With a dental 
resin composite ?ves desirable properties and esthetics to a 
dental restoration. 

EXAMPLE 6 

[0048] 3GTM OPC® ceramic poWder Was mixed With 
vinyl-modi?ed polydimethylsiloxane V60K (available form 
Osi Specialites, Inc., GreenWich, Conn.). The poWder load 
Was 72 Wt %. The resulting mixture had a consistency of 
dough and is easily rolled into tape or shaped manually on 
a die. Copings Were built using the dough applied onto 
refractory die made from Polyvest Refractory Die Material 
(available from Whip Mix Corp, Louisville, Ky.) and ?red at 
890° C. and held at this temperature for 1 minute. The 
copings Were reasonably dense. 

[0049] As Will be appreciated, the present invention pro 
vides a simple and effective method for producing high 
strength ceramic restorations. While various descriptions of 
the present invention are described above, it should be 
understood that the various features can be used singly or in 
any combination thereof. Therefore, this invention is not to 
be limited to only the speci?cally preferred embodiments 
depicted herein. 

[0050] Further, it should be understood that variations and 
modi?cations Within the spirit and scope of the invention 
may occur to those skilled in the art to Which the invention 
pertains. Accordingly, all expedient modi?cations readily 
attainable by one versed in the art from the disclosure set 
forth herein that are Within the scope and spirit of the present 
invention are to be included as further embodiments of the 
present invention. The scope of the present invention is 
accordingly de?ned as set forth in the appended claims. 
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1-23. (cancelled) 
24. Aprocess for fabricating a dental material comprising: 

mixing ceramic powder and one or more media together 
to achieve homogeneity throughout the mixture; 

feeding the mixture to a dispensing apparatus; and 

dispensing the mixture from a dispensing apparatus onto 
a build platform to form a dental material. 

25. The process of claim 24 Wherein the ceramic poWder 
and one or more media mixture is formed into a feed stock 
material prior to feeding to the dispensing apparatus. 
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26. The process of claim 24 Wherein the ceramic poWder 
comprises a material selected from alumina, Zirconia, mul 
lite, spinel, glass-ceramic, porcelain, titania, lithium disili 
cate, leucite, amorphous glass, lithium phosphate, and mix 
tures thereof. 

27. The process of claim 24 Wherein the one or more 
media comprises a silicone polymer. 

28. Adental restoration formed by the method of claim 24. 

29-36. (cancelled) 


