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ABSTRACT OF THE DISCLOSURE

A moldable dental composition for use in forming or repairing

dental restorations composed of a mixture of high- and low-fusing

temperature metal particles and a volatile binder, composed substantially

- or entlrely of wax, wzth the binder havmg a concemra‘tnon of between thirty
(30%) to eughty percent (80%) by volume of 1he rmxture The average | |
pamcle suze of the high- fusmg metal partscles are above one mncron and
| _preferably between four microns end e;ghty microns in size. The” |

composition Is heat.trea*ted at a temperature to melt the low-fusing

temperature metal particles and to eliminate the binder, leaving a porous

metal structure with a void volume above thirty percent (30%). The voids

are filled using a filler material of metal or ceramic.
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FIELD OF THE INVENTION
This invention relates to a moldable dental material

composition and to a method for forming and/or repairing ceramic-to-metal

dental restorations using such material.

BACKGROUND OF THE INVENTION

A metal coping is used in dentistry in the construction of a
dental crown and bridge. The metal coping functions as the understructure
of the crown and ié usually covered, for reasons of aesthetics, with a
fired-on c_ba‘ting of ceramic porcelain composition or an acrylic. The metal
coping supporis the coating énd provides the required structural strength
and rigidity for the restored tooth to resist the forces of mastication.

The customary practice is to cast the metal coping from an
investment of a wax or plastic pattern of the tooth to be restored. The
restoration formed using this procedure is conventionally referred to as a
‘cast metal restoration. A metal coping has recently been developed for
constructing a porcelain to metal crown which does not require waxing,
investing or casting. The coping is formed from a prefabricated metal foil
arra'nged in a prefolded configuration, with a plurality of foldable sections,
as described in more detail, in Reissue U.S. Patent No. 33,099, which
issued to Applicant on October 24, 1989. An alternative method of forming
a dental coping from a metal foil is taught by Applicant in U.S. Patent No.

4,861,267, which issued on August 28, 1989. In each instance, the start-
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ing material for forming the coping is a solid metal foll formed from a
lamination of solid metal layers, each of a precious metal. The preferred

arrangement is a lamination of layers of palladium disposed between gold

or gold alloy layers, as taught by Applicant in another U.S. Patent No.

4,698,021 1ssued on October 6, 1987 To form a copmg from a preformed
metal ioal the foil must be imed and adapted to the die of the tooth to be

| rastored and than swadged to conform to tha die. The adaptatlon

. -procadura IS mtended to be practaced by a dental techmcnan in the dental
laboratory and requires training and skill to achieve accuracy in getting a

good fit at the margin.

SUMMARY OF THE INVENTION
A dehtal composifion has been-discoizered whibh 'can ba

| molded wnth mmlmal sklll for forming a matal copmg dlrectly on a_ “

| retractory dle. or for repamng a dental re ﬁorataon This can be readny

| practlcad alther at ‘the denial laboratory or by the dentist in the demal
omca.
in Applicant’s U.S. Patents 4,742,861 and 4,990,394, a

dental material composed of high- and low-fusing temperature metai
particles is disclosed for forming, repairing, or reinforcing a dental
restoration. The .composition of metal particles are loose particles,

preferably held together with a liquid binder such as glycerol, to form a

paste or putty constituency which facilitates using the composition as a

D-SHO-92-2-F



build-up material for reinforcing the framework of a dental restoration. The
material is intended to be applied to a die, shaped into a desired
configuration, and heat-treated. A porous sponge-like structure is formed
as a result of the heat treatment, having the shape it was given prior to
heat treatment. A low-melting temperature filler material may be melted
into the sponge-like structure to form an integral solid mass.

Heretofore it was very difficult to consistently reproduce
porous metal structures with identical properties and even more difficult
to accurately control the void volume of the porous structure after heat
treatment. The preparation of the composition was as critical as the
relationship of the particles to the void volume of the porous structure.
Too many variables affected consistency of the composition and it was
difficuit to maintain a homoge;neous mixture of particles. As such, there
was no assurance that each structure would have identical properties and
the latitude to make adjustments in the composition was limited, without
affecting shrinkage of the porous metal structure during neat treatment.
It has now been discovered that by using a volatiie binder, composed
substantially or entirely of wax, with the binder having a minimum
concentration of at least about thirty percent (30%) by volume of the total
dental composition, the void volume of each porous structure will be
essentially identical to one ahother and will closely conform to the

concentration of the binder in the dental composition before heat
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treatment. The high content of the binder resuits in a porous structure
after heat treatment, with a highly uniform capiliary network of voids,
which assures repeatability and is a significant factor in minimizing
shrinkage. The properties of the porous structure are also more easily
controlled by adjustment of the metal composition, volume ratio, etc.

The composition of the present invention broadly comprises:
a uniform mixture of high-fusing temperature metal particles having an
average particle size between 4 to 80 microns, and a meiting temperature
above a preselecied heét treatment temperature; low-fusing temperature
metal particles having a melting temperature equal to or below said
preselected heat treatment temperature; and a volatile binder, composed
substantially or entirely of wax, with the binder having a concentration of
between about thirty percent (30%) and eighty percent (80%) by volume
of the total composition, such that upon heat treatment at said heat treat-
ment temperature, a porous metal structure is formed having a capillary
network of voids and a void volume of between thirty (30%) to eighty
percent (80%).

The method of the present invention for forming or repairing

a dental restoration comprises the steps of:

forming a mixture composed of particles of high-fusing
temperature metal, particles of low-fusing temperature metal, and a

binder, into a desired shape, with the binder composed substantially or

D-SHO-92-2-F
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entirely of wax in a concentration of at least about thirty percent (30%) by
volume of the total mixiure;

heat treating the mixture at a temperature below the melting
temperature of the high-fusing temperature metal particles, and at or
above the melti.ng. temperature of ‘the low-fusing'terjnperature metal parti-
cles, to form'a porous structure cor’résponding to said conformed shape
.énd composed of said metals with a void volume of between thirty (30%)
to eighty percent (86%); ‘

adding a filler material to said porous structure; ana

heat treating the structure at a temperature below the
melting temperature of the high-fusing metal, but high enough to melt said
~ filler material into said porous structure for solidifying said structure into

a solid;

 BRIEF DESCRIPTION OF THE DRAWINGS

. Additiohal advantageé of the present invention will become’
apparent from the following detailed description of the invention when
read in conjunction with the accom'panying drawings of which:

Figure 1 is a perspective view of a compacted strip formea
from the dental composition of the present invention;

Figure-1A is a view similar to Figure 1 of a compacted strip

formed of two layers;

D-SHO-92-2-F
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Figure 2 is a transparency in perspective of the waxed
-coping hand-molded over the die of a prepared tooth, with the cbping

shown opened to illustrate thickness;
Figure 3 is a perspective of the metal coping formed on the
die of Figure 2 after heat treatment; and

Figure'4 is an illustration in perspective of the finished dental

coping of Figure 3 upon removal from the die.

DETAIL DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

The dental material of the present invention is a moldable

composition formed from a mixture of metal particies ot high- and low-
fusing temperature metals and a volatile binder, composed substantially
or entirely of wax. The concentration of the binder must be at least about
thirty percent (30%) by vblume of the mixture, and up to eighty percent
(80%). Upon heat treatment, the binder vapornzes, leaving a porous,
sponge-like structure having multiple voids uniformly distributed through-
out the structure. with a void volume of at least thirty percent {(30%). The
high content of wax and other volatile constituents in the binder leaves an
accurate network of capillary passages between the voids upon heat
treatment. The uniformity and homogeneity in the network of voids has
been found to be essential for making a dental restoration in accordance

with the present invention. The voids formed in the heat-treated material

D-SHO-92-2-F
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on a volume basis ("void volume") may range between thirty (30%) to
eighty percent (80%) by volume, and preferably between forty (40%) and
sixty-five pefcent (65%) by volume. The high concentration of binder in
the dental composition, of itself, unexpectedly provides substantial control
over the void configuration and void volume of the porous metal sponge,
with the void volume after heat treatment being directly related to the
concentration of the binder betore heat treatment.

In accordance with the present invention, a filler material IS
melted into the voids of the heatotréated porbus structure to solidify the

struc:‘ture. for forming the final dental restoration. The porous metal
structure may be shaped into a desired configuration for forming a dentai
restoration before the filler material is added. The filler material may be
any suitable ceramic or metal composition, préferably a precious metal
composition. It is a preferred embodiment of the present invention to form
a matrix of -particles of filler material, which is mixed with a wax binder
having a composition and concentration similar to the composition and
concentration of the binder used to form the porous structure from the
mixture of and high- and Iow-tUsing temperature metal particles. A
minimum binder concentration of at ieast about thirty percent (30%) by
volume is preferred, and up to eighty-five percent (85%) by volume. At
least fifty percent {(50%) of the overall weight of the filler cbmposition IS

preferably of individual or alloyed particles, ot any size, containing

D-SHO-92-2-F
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between 90% to 98.5% gold and between 1.5% to 8.5% silver, preferably
29 to 5%, with the remainder selected from the group of metais such as
copper, zinc, aluminum, magnesium, gallium, indium, tin, or any of the
platinum group metals and/or elements from the third or fourth groups of
elerents of the periodic table. The weight of the remainder should not
exceed seven percent (7%) of the total weight. The other fifty percent
(50%) of the filler cor:rmposition may be composed entirely of gold, although
other metals may be included, provided the silver content of the total filter

composition is limited to no more than ten percent (10%) by weight, and

the total of the other metals is also limited to ten percent (10%) by weight.
The addition of metals, other than gold and silver, may be added to
provide a melting gradient during melting of the filler material.

The binder is composed substantially or entirely of wax, with
a minimim wax content of at least fiity pe.rcent (50%). The composition of
the wax itself is not critical to the invention, and any natural wax, minerai
wax, organic wax or synthetic resinous wax composition may be used.
The preferred wax is relatively soft and tacky, and should melt relatively
cleanly, as should all of the other binder constituents, without leaving a
significant residue. The vaporizing temperature of the binder must be
below the meiting &emperature. of the low-fusing temperature metal
particles, and below the melting temperature for the filler materia'l.

Moreover, the high- and low-fusing temperature metal particles should

D-SHO-92-2-F
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combine with the binder to form a mixture with a uniform distribution of
metal particles in the binder. Alternatively, the binder can be heated and
the partlcles added and mixed, to form a uniform dnstnbu‘hon of metal
particles. The binder may include additives to control the maileability of
the composition, and as a substitute for wax. The additives may be
selected from elastomers, gums, synthetic rubbers, polysacchandes, and
any organic or hydrocarbon compound similar to wax, such as paraffin oil.
The additives should have a desirable vaporizing temperature at or below
the heat treatment temperature, and should not leave a residue upon heat
treatment.

The high-fusing temperature metal component of the base
mixture of high- and low-fusing temperature metal particles may be of a
single metal or metal alloy, preferably of preeioue metals such as platinum
and/or palladium, in any desired proportion relative to each other, with or
without other constituents such as gold, silver, copper, magnesium,
aluminum, zinc, gallium, indium, and other metals or elements from the
third, fourth, or fifth group of elements of the periodic table. Gold may be
added to the high-fusing temperature metal component to increase the
affinity of the high-fusing temperature metal component to the iow-fusing
temperature metal eomponent. However, t0 minimize shrinkage at the
dental margin, it is preferable but not critical to the present invention that

a predetermined proportion of the high-fusing metal component contain

D-SHO-92-2-F
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a relatively high concentration of platinum and paliadium in accordance
with the following criteria: that at least fifty percent (50%) of the high-
fusing pantibles, by weight, contains an alloy of at least about twelve
percent (12%) of each element, platinum and palladium, and ai Iéast
twenty percent (20%) gold. This requirement for platinum and palladium
is not satisfied by a less concentrated amount distributed throughout the
total overall high-fusing composition, nor does it require multiplying the
required concentration for the predetermined proportion to compute the

total high-fusing composition, i.e., the remainder of the composition can

be devoid of platinum and pailadium, with the understanding that the highQ
fusing component must retain its high-fusing temperature characteristic.
The effect of a high concentration of platinum and palladium in at least a
predetermined proportion on shrinkage at the dental margin is not
completely understood. However, if the concentration of the high-fusing
component is below the minimum amounts specified above, cohtraction
at the dental margin may occur upon heat treatment.

' The particles of low-fusing temperature metal are composed
preferably of gold or a gold alloy, with gold as the major constituent. The
preference for gold as the major constituent of the low-fusing component
is based on its known characteristics of workability, biocompatibility, non-
oxidizing properties, and color. The particles of high- and low-fusing

temperature metal should be selected with the high-fusing temperature

D-SHO-92-2-F
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component having an average size above one (1) micron and preferably
between four (4) microns and eighty (80) microns. The average size ofthe
low-fusing temperature metal particles should preferably be no greater
than 40 microns. The volume relationship of the metals in the mixture
should be in a range of from about twenty (20%) 'to eighty percent (80%)
of the low-fusing component relative to the high-fusing compénent, and
preferably from fort); (40%) to sixty-five percent (65%). The composition
of the selected metal particles for the high- and low-fusing compaonents
will determine the 6ptimum volume ratio. 'The weight ratio will vary with
the 'speciﬁc gravity of the selected 'matérials, as evidenced by the
examples at the end of the specification. The high-fusing particle may
have any shape, although an irregular flake-like shape is preferred.

The concentration of the volatile binder.in the base mixture
of high- and low-fusing temperature metal paﬂicies predominantly controls
the void volume of the porous structure after heat treatment, as weil as
the uniformity of the capiliary network formed between the voids which,
in turn, controls the absorption and accommodation of the filler material
in the porous structure. The heat treatment must eliminate the binder,
preferably without ieaving a residue, and cause the low-fusing particles to
melt to form a stable porous metal structure with a thirty (30%) to eignty
percent (80%) void volume and a uniformly distributed void matrix. The

void volume will substantially correspond in percent to the percent

D-SHO-92-2-F
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concentration of binder before heat treatment, provided it is above the
minimum concentration of thirty percent (30%).

In accordance with the preferred method of the invention, the
base mixture of binder and high- and low-fusing temperature metal
particles are compressed into a compacted strip (10), as shown in Figure
1 in the form of a rectangular sheet, although any geometrical shape may
be formed, including’a cylindrical rod-like shape. The sheet may have any
thickness of up to several millimeters, depending upon the specific
application, with a thickness between 100 to 500 microns preferred, fdr
forming a dental coping. The ﬁlier material and wax may, likewise, be
compacted into a strip or oiher- geOmetry, for eas.e of application to the
porous structure formed from the base mixture.

Different metal-wax mixtures may be used o form laminated
layers for speciai applicat'iOns where, for example, it is preferable to have
a variation in the void volume c'haracteristic of the porous structure formed
after heat treatment. For example, a compacted strip (10) composed of
two layérs, as shown in Figure 1A, may be formed with one layer having
twice as much binder as the other. This will result in a porous structure
Which has roughly twice the void volume iﬁ its exterior 'or interior,
depending on whet’her the interior or exterior has the higher binder
concentration. Moreover, the layer thickness may be varied and/or

different metal alloy compositions may be used to form each layer. The

D-SHO-92-2-F
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number of layers in the strip (10), their composition, arrangement, and
thickness can be used to predetermine the properties of the porous
structure.
The filler material-wax composition may also be formed into
3 compacted. Strip (not showh) or may be lamiﬁated over the sﬁrip (10) of
b'ése mateﬁél, similgr to Figure 1A. If .th_e-y ajre pr:eclad,'it S ‘still.éssgntial
..that the heat 'tréatment be at é first t‘en"x-pe“r’atqre ;‘Vhi‘Ch wili fofrﬁ a porous
. S‘tmcturé without 'mel'tihg 1h’é ﬂllér maie,r‘iai. Ho'}vevér, the wax. compon’ént
in each layer may be volatilized or be otherwise eliminated through
melting. Thereafter, the heat treatment temperature may be. raised to melt
the filler material into the voids of the porous structure. Although the filler
 material should not melt or disturb the sintering process of the base
méteﬁal, qc‘imp‘dnem's pf t‘he ‘fil'ler .n%ateﬁal, ‘ss‘uch as f.iuxes,' binders, etc..,
may indeéd melt into t_hé porousstrudiuré-duri'ng this frst heat treatment.
Wﬁen .the poroué Sp.onge‘-'l'ike .s‘trup"t'ure is formedhfrom an |
independént strip (iO) of béée matefial, ‘tﬁe 'fi'ller rﬁaterial m'ay' have a |
sintering temperature of more or less than that of the sintering tempera-
ture of the low-fusing temperature metal particles in the base materiai.
The second heat treatment causés the ﬁllér metal to mélt Into the porous
sponge to fill the voids. It should bé noted that ihe first heat treatment
forms metal joints connecting the high-fusing temperature particles

together. The joints are formed of an alloy of high- and low-fusing metals,

D-5HO-92-2-F
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and has a melting temperature above the melting temperature of the low-
fusing metal. Accordingly, the second heat treatment temperature can be
higher than the first heat treatment temperature without melting the joints.

To form a coping from a strip (10) of base material, the strip
(10) is preferably cut into pieces or sections which are applied to the
surface of a die. THe pieces are hand-molded, using pressure, with or
without the use of an adhesive. The adhesive may be composed of a wax
with a solvent and may include other components, such as other adhesive

agents, fluxes, etc. Hand-molding is done with the aid of a spatula or

other hand instrument. The carving of the base metal-wax material into a
preferred shape may be done on a model and then removed, or
supported in any other fashion, for heat treatment. The heat freatment
may be done In a furnace or und'er or over a flame. The usual heat
treatment temperature range for the base material is between 800°C and
1200°C. The heat treatment of the filler material may also be done in a
furnace or using a flame.

. The pieces of wax-strip (10) are easily shaped or carved into
any desired geometry, as shown in Figure 2, with little effort and require
no expertise. The wax coping can be several millimeters in thickness. The
heat treatment may be carried out directly on the die, with the wax
absorbed into the die, leaving a sponge-like structure,’ as shown in Figure

3. As the temperature is raised to the sint‘ering temperature, the binder

D-SHO-92-2-F
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burns out and the sinterization process forms the spongy structure. Filler
material is then added to the porous structure and heat treated to form a
dense solid coping, as shown in Figure 4. Once the metal coping is
formed in accordance with the present invention, any conventional
porcelain or acrylic veneer may be applied thereover to form a conven-
tional ceramic-to-métal restoration.

The following are examples illustrating the volume-weight
relationship between the low- and high-fusing temperature metais in the
base metal composition for three different high-fusing metal compositions.

In all of the following examples, the particle sizes, surface textures, etc.,

are identical from example to exampie.

D-SHO-92-2-F
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EXAMPLE 1

The relationship between !ow-fusihg and high-fusing metals in the
metal composition that reflects differences in their specific gravity.

Alloy Volume % | Weight %
(specific gravity gricm®)*

Low Fusing High Fusing Low Fusing High Fusing Low Fusing High Fusing
(A)
Au (19.3)" Pt (21.43)" 30 70 27.8 72.2

melting temperature

1063°C 1773°C

(B)
Au (19.3)° Au 87% 30 70 31.7 68.3
Pt 7%
Pd 8%
(17.8)*
meling temperature
1063°C 1187°C-
(C)
Au (19.3)*  Pd (12.0)* 30 70 40.8 159.2

melting temperature

1063°C 1554°C

D-SHO-92-2-F
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EXAMPLE 2

Examples of weight relations in composition of 50% wax binder
“and 50% metals (= low-fusing + high-fusing) by volume.

Specific Gravity | Volume % Weight %
(gr/em?) -
Metal Composition  Wax Metals Wax Metals Wax
e . . e
(20.8) (0.9) 50 50 95.85  4.15
(B)
(18.0) (0.9) 50 50 0524  4.76
' ()
(14.2) (0.9) 50 50 94.04  5.96
EXAMPLE 3

Volume and weight relations of different mixtures
of a metal composition of (A) and a wax binder.

Volume % Weight %
Metal Wax . Metal Wax
25 75 88.50 11.50
50 50 95.85 4.15
75 25 98.58 1.42

Metal specific gravity is 20.8 g/cm’.
Wax specific gravity is 0.9 g/cm®.
These examples prove that the palladium will increase the stability of the material during
the sinterization of the sponge, so that it retains the same dimensions without shrinking

in conformity to the material before sinterization. The platinum component enhances the
flow of the filler inlo the sponge.

D-SHO-92-2-F
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It should be understood that the dental material of the
present invention can be used for repair work or to join two restorations
at the interproximal. The repair work can be of a preformed metal

restoration or of a cast metal restoration.

D-SHO-92-2-F
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WHAT IS CLAIMED.:

-1 . A moidabie dental composition comprising: & uniform
mixture of high-fusing temperature metal particles having an avérage
particle size between about 4 to 80 microns, and .‘a rhelting temperature
above a preselected heat treatment temperature; low-fusing temperature
metal particles having a meiting temperature equal to or below said
preselected heat treatment temperature; and a volatile binder, composed
substantially or entirely of wax, with the binder in a concentration of
betweén about thirty percent (30%) andeighty percen't‘ (80%) by vol'ume,‘
such that upbn h'eat treatment at said heat treatment temperature, a
porous metal structure is formed having a capillary network of voids and

a void velume of between thirty (30%) to eighty percent (80%).

2. ‘A moldable dental composition, as defined in claim 1,
wherein said high- and low-fusing temperature metal particles are

precious metais.

3. A moldabie dental composition, as defined in claim 2,
wherein the low-fusing temperature metal component, relative to the high-

fusing temperature component, is between twenty (20%) tc eighty percent

(80%) by volume.

4. A moldable dental composition, as defined in claim 2,

wherein the low-fusing temperature metal component, relative to the high-

D-SHO-92-2-F
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fusing temperature component, is between forty (40%) to sixty-five

percent (65%) by volume.

S. A moldable dental composition, as defined in claim 3,
wherein said high-fusing temperature metal particles contain a relatively
high concentration of platinum and palladium in a proportion, with at least
fifty percent (50%) of the high-fusing particles, by weight, containing an
alloy comprising at least twelve percent (12%) of platinum and palladiumn,

respectively, and at least twenty percent (20%) gold.

6. A moldable dental composition, as defined in claim 3,
wherein the void volume of said porouS structure is between thirty-five

(35%) 10 sixty-five percent (65%).

-

7. .A moidable dental composition, as defined in claim 6,
further comprising a filler m'aterial for solidifying the porous metal structure
formed upon heat treatment of said uniform mixture of high- and low-
fusing metal particles, comprising metal particles having a melting

temperature below the melting temperature of said high-fusing metal

component.

8. A moldable dental composition, as defined in claim 7, .

wherein said filler material comprises gold and wax, with the wax in a

D-SHO-92-2-F
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concentration of at least about thirty percent (30%) by volume of said filler

material.

9. A moldable dental composition, as defined in claim 8,
wherein said filler material further comprises an alloy of at least fifty
percent (50%) by weight of gold and a metal selected from the group
consisting of silver, copper, zinc, aluminum, magnesium, gallium, indium,
tin, any of the platinum group metals, and elements from the third and

fourth groups of elements of the periodic table of elements.

10. A moldable dental composition, as defined in claim 9,
wherein at least fifty percent (50%) of the filler composition by weight
comprises from between 90% to 98.5% gold and between 1.5% to 8.5%

silver.

11. A moldable dental composition, as defined in claim 9,

further comprising a flux.

12. A method for forming or repairing a dental restoration,
comprising the steps of:

forming a mixture composed of particles of high-fusing
temperature metal, paricies of low-fusing temperature metal, and a

bincler, into a desired shape, with the binder composed substantially or

D-SHO-92-2-F
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entirely of wax in a concentration of at least about thirty percent (30%) by
volume of the total mixture;

heat treating the mixture at a temperature below the melting
temperature of the high-fusing temperature metal particles, and at or
above the melting temperature of the low-fusing temperature metal parti-
cles, to form a porous structure corresponding to said conformed shape
and composed of said metals with a void volume of between thirty (30%)

to eighty percent (80%);
adding a filler material to said porous structure; and

heat treating the structure at a temperature below the
melting temperature of the high-fusing metal, but high enough to melt said
filler material into said porous structure for solidifying said structure into

a solid.

13. A method, as defined in claim 12, wherein said filler

material comprises particles of goid and wax.

14. A method, as defined in claim 13, wherein said
mixture is applied to a die or model of the tooth to be restored, and

shaped into a coping of the desired shape for forming said structure.

15. A method, as defined in claim 14, wherein porceiain

is applied to said solidified structure.

D-SHO-92-2-F
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16. A method, as defined in claim 14, wherein said
mixture is first formed into a strip, which is applied to said die or model of

the tooth to be restored, and shaped into a desired configuration.

17. A method, as defined in claim 16, wherein said filler

is in the form of a strip.

Smart & Biggar
Ottawa, Canada
Patunt Agonats
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