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11111 1111111111 1111111111!11 *000002* Method for produci ng dent al
nol di ngs [0001] The present invention relates to a nethod for |M‘MW‘MHM@WIM

dental noldings ac- cording to the preanble of claim 1. [0002]

produci \r):g ?int al prostheses by injection nolding or the injec- tionyspthod
are knolRd dental engineering. [0003] Such a nmethod is described in
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t hernopl astic |ocated in Metlsd farrprd@eciagdehmal myldiigsi t at hi gh pressure
and very fast (fractions of a second) into the nmold cavity of a cuvette
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produce h these techni ques kno from EP
0 917 8GOnMnéthodhrsknowalinelentyl eflgiticagnga framework as a dental nol ding

whi ch is anchorable on a remaining tooth and to which at |east one

repl acenent tooth is fastened. The aromatic therm)pl astic used i
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structure of the finished dental prosthesis, to liquefy a thermoplastic located in a car-
tridge and to inject it at high pressure and very fast (fractions of a second) into the
mold cavity of a cuvette tempered to approx. 50 degrees centigrade. This very fast in-
jection causes the mold cavity to be filled better, but with complex shapes and long
flow paths there repeatedly arises the disadvantage of insufficiently filled places. Fur-
ther, it has turned out that the strength and dimensional accuracy of thus produced den-
tal prosthesis parts is very poor, so that long-lasting and high-quality dental prostheses

cannot be produced with these techniques.

[0004] A further method is known from EP 0 917 860 B1. This involves producing
a framework as a dental molding which is anchorable on a remaining tooth and to
which at least one replacement tooth is fastened. The aromatic thermoplastic used is
polyetheretherketone (PEEK). Although PEEK is a plastic with excellent mechanical
properties, the strength of the dental prosthesis produced by the known method is very
disappointing. Moreover, the known method cannot be used to process thermoplastics

with reinforcing fibers.

[0005] Further, it is known to produce dental moldings from pressable ceramics in
dental engineering using a molding compound in a muffle having a base member with

a projection which corresponds to the negative of a prepressing space into which the



.[0005] Further, it is known to produce dental noldings from pressable
ceram cs in dental engineering using a nolding conpound in a nuffle having
a base nmenber with a projection whi chzc_orresponds to the negative of a
prepressing space into which the -2- plunger is introduced for pressing the
ceram c conposition into the nold cavity (DE 101 36 584 Al). Since
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i sotropic proEerti es even with slight framework design. [0007] This is
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1. *The subhcl ai.nms render ferred enbodi ts of the invention. _ Moreover, a
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thernopl astic into the nmold cavity. This strong heating of the nol ding
compound0®lsedt wrthe ,ppebl@ghgﬁthei invention to provide a dental prosthesis that can be

produced by a simple method and that possesses high strength and dimensional accu-

racy through its isotropic properties even with slight framework design.

[0007] This is obtained according to the invention by the method characterized in
claim 1. The subclaims render preferred embodiments of the invention. Moreover, a
preferred apparatus for carrying out the inventive method is claimed, as well as a pre-

ferred blank and a preferred dental molding.

[0008] According to the inventive method, the molding compound has a tempera-
ture of at least 150°C, preferably at least 200°C, in particular more than 250°C, at least
in the area of the mold cavity at the time of introduction of the thermoplastic into the
mold cavity. This strong heating of the molding compound causes an improvement in
the mechanical properties as well as a reduction of internal stresses and shrinkages as
well as warpage, thereby leading to better dimensional stability and dimensional accu-
racy along with improved mechanical properties of the dental molding. Above all, the
mechanical properties are stabilized in all directions, so that an isotropic behavior

arises in the dental molding which has the same mechanical properties in all directions.



.the nechanical properties as well as a reduction of internal stresses and
shri'nkages as well as warpage, thereby |eading to better dinensional
stability and di nensi onal accu- racy ql3o_ng wi th inproved mechani cal
properties of the dental nolding. Abové all, the nmechanical properties are
stabilized in all directions, so that an isotropic behavior arises in the
dent al ~mBigisR@riithbrehdsintthe osAregiRChiAfoaBE oRE@RENde fcyiclicdblcediupdgt | ons.
-3- This is very inportant in the oral region due to thé occurrence of
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teeth al so causes very strong tor- sional |oads in the dental noldings.
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dental nolding. Further, this causes in sem-crystalline thernoplastics
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verse effect on dimensional accuracy and dimensional stability, on the other hand.

[0010] Particularly in semi-crystalline thermoplastics, this fast solidification very
strongly hinders crystallization of the thermoplastic, so that only a reduced degree of
crystallization is obtained. The reduced degree of crystallization in turn reduces the
density and thus also the mechanical properties of the dental molding. Further, this
causes in semi-crystalline thermoplastics strong size differences as well as an inhomo-
geneous distribution of the spherulites. This reduced degree of crystallization as well
as the inhomogeneities and size differences in the spherulites cause strong internal
stresses and shrinkages, the result being that the mechanical properties as well as the

dimensional accuracy (warpage) are impaired.

[0011]  Further, it has been ascertained in prior art methods that after completion of
production of the dental molding there occur after-crystallization processes which can
sometimes last weeks or months. Especially thermoplastics having their Tg below 100

degrees centigrade, specifically with a Tg below 50 degrees centigrade, such as the



.as the inhonogeneities and size differences in the spherulites cause strong
internal stresses and shrinkages, the result being that the nechani cal
properties as well as the dinensional ,accuracy (warpage) are inpaired.

[0011] Further, it has been ascertained in prior art nethods that after
conpl etion of production of the dental nolding there occur
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t her nophrdwacgagsut in particu- lar to sem-crystalline thernoplastics.
[ 0013] Production of the dental nolding by the inventive nethod strongly
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ture, in particular in semi-crystalline thermoplastics. This leads to a homogeneous and
uniform distribution and formation of spherulites in the same size, so that the density is
increased and internal stresses and shrinkages as well as warpage are avoided. This
also avoids after-crystallization since the thermoplastic can already crystallize out ide-

ally upon introduction and upon cooling.

[0014] The inventive heating of the molding compound in the area of the mold cav-
{ ity avoids undesirable freezing and solidification of the thermoplastic and in this con-

nection a molecular orientation.

[0015] In fiber reinforced thermoplastics, an orientation of the reinforcing fibers is
avoided, in addition to the above-mentioned disadvantages, so that the dental molding
has isotropic mechanical properties and dimensional stability in all directions when

produced according to the invention.

[0016] The inventive production of thermoplastic dental moldings results in a uni-
form formation of the morphological structure, causing the dental molding to have ex-
cellent mechanical properties, in particular very high fracture strength, required pri-

marily in cyclic sustained loading as with dental moldings.



.[0015] In fiber reinforced thernoplastics, an orientation of the
reinforcing fibers is avoided, in addition to the above-nentioned

di sadvant ages, so that the dental noldidhg has isotropic nmechanica
properties and di mensional stability " all directions when pr oduced
according to the invention. [0016] The inventive production of
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out er surfacg:s glre ﬁie][[fendent not only on the tenperature of the nol ding
cormpound! Hif: deNtalgngifliige i ntroduction speed and the shear forces connected
therewith. For this reason the heated thernoplastic is preferably
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ternal cooling stresses.

[0021] It is obvious that if there is a connecting element present in the molding
compound that connects the mold cavity to the outer side of the molding compound, or
if a prepressing space is present, these areas are also heated to approximately the same

temperature as the mold cavity for optimal functioning.

( [0022] The inventively high temperature of the wall of the mold cavity prevents an
orientation of the molecules of the thermoplastic in the flow direction, thereby ensur-

ing high torsional strength of the dental molding.

[0023] Thus, the inventive dental molding also withstands the high torsional forces
occurring in a great variety of directions during chewing which are caused by the sus-
pension apparatus of the natural tooth (Sharpey's fibers). The high torsional strength
due to the isotropic properties of the dental molding is of benefit to any inventive den-
tal prosthesis, i.e. not only fixed dental prostheses such as crowns, bridges, implant

abutments, etc., but also removable dental prostheses.



.ing high torsional strength of the dental nolding. [0023] Thus, the

i nventive dental nolding also withstands the high torsional forces
occurring in a great variety of directions during chew ng which are caused
by the sus- pension apparatus of the natural tooth (Sharpey's fibers). The
hi gh torsional strength due to the isotropic properties of the dental
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according to the inventive nethod a tenperature in the area of the nold
cavity thawn$, dridgespmplantabulmedtsh dhemnoplestpesduthatshatjonlkyrtpmparanyegpost t he

t her nopl ast.i.c en the thernoplastic heated to processing tenperature is
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cavity t%%ﬂ% %Dh%%&?}%gg[ﬁ)eh%gnnqgld@kg?%sf% %5%&%% l%ire than 15C, bel ow t he
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temperature in the area of the mold cavity that is no more than 100°C below the proc-

essing temperature of the thermoplastic when the thermoplastic heated to processing
temperature is being introduced into the mold cavity in the molding compound. In par-
ticular, the molding compound has a temperature in the area of the mold cavity that is

no more than 50°C, preferably no more than 15°C, below the processing temperature

of the thermoplastic at the time of introduction of the thermoplastic. The processing

temperature of the thermoplastic is that temperature at which the thermoplastic is in-

troduced into the mold cavity in the molding compound under pressure.

[0027] With amorphous thermoplastics the processing temperature is above the
glass transition temperature (Tg) and with semi-crystalline thermoplastics it is above

the melting temperature.

[0028] In the processing of semi-crystalline thermoplastics the molding compound
is preferably heated to a temperature that corresponds to the melting point of the un-

filled thermoplastic, or is thereabove.



.troduced into the nold cavity in the nolding conpound under pressure.
[0027] Wth anorphous thernoplastics the processing tenperature is above
the glass transition tenperature (Tg) -and with sem -crystalline
thernoplastics it is above the nelting tenperature. [0028] In the
processing of sem -crystalline thernoplastics the nolding conpound is
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[0033] The inventive nethod permts dental noldi ngs, for exanple a crown,
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[0032] The inventively produced dental molding is normally veneered for esthetic
reasons, for example with light curing plastics known in the prior art, which can be

appropriately colored.

[0033] The inventive method permits dental moldings, for example a crown, to be
configured to be particularly thin without losing the high strength. Due to the strongly
heated molding compound, the thermoplastic can be pressed even into very thin cavi-
ties without morphological inhomogeneities or internal stresses occurring in the dental

molding which would reduce its mechanical properties or cause warpage.

[0034] This applies preferably also to thermoplastics containing reinforcing fibers
and similar fillers. It is thus possible according to the invention to realize a dental pros-

thesis with minimal invasiveness.

[0035] Apart from reinforcing fibers, the thermoplastic can be reinforced e.g. with

whiskers or functional fillers, such as hollow glass microspheres.

[0036] The inventive method is thus in particular suitable for producing thin-wall

moldings with reinforcing fibers. This permits for example the tapered ends in crown



.[0034] This applies preferably also to thernoplastics containing
reinforcing fibers and simlar fillers. It is thus possible according to
the invention to realize a dental prosg thesis with mninmal invasiveness.
[ 0035] Apart fromreinforcing fibers, the thernoplastic can be reinforced
e.g. wth whiskers or functional fillers, such as hollow gl ass
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nol di ngagesRddimtelcdnifiBer iotheHhaterial Seilg @bed, A perfatafoi@@hhigues, such as
thernoplastic, in particular an aromatic therno- plastic with aryl groups
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in particul i QU I | 1.p , pol yi mi des, polyetherim des,

pol yam |8¢knoglégra£{r18%g¢9§ra§aL"I?lélttlﬂgjfﬁlg)t%%ﬁ{ég', as well as copolyners of at |east
two of the above-nentioned polynmers or a blend of at |east two of the

above- np38pned hrrthsmhdslattie usampforprodiscing the dental molding according to the
invention is preferably an aromatic thermoplastic, in particular an aromatic thermo-
plastic with aryl groups in the main chain. Suitable aromatic thermoplastics with aryl
groups in the main chain are in particular high temperature thermoplastics, such as
polyarylates, polyarylene sulfides, polysulfones, liquid crystal polymers, in particular
liquid crystal polyesters, polyimides, polyetherimides, polyamidimides or polyary-
letherketones, as well as copolymers of at least two of the above-mentioned polymers

or a blend of at least two of the above-mentioned aromatic thermoplastics.

[0039] It is particularly preferable here to use polyaryletherketones (PAEK) such as
polyetherketone (PEK), polyetheretherketone (PEEK), polyetherketoneketone
(PEKK), polyetheretherketoneketone (PEEKK) or polyetherketoneetherketoneketone
(PEKEKK) or similar bonds of ether and keto units, further copolymers of at least two

of said polyaryletherketones or a blend of at least two of said polyaryletherketones.

[0040] It is particularly preferable to use polyaryletherketones that have an ether
and keto group ratio of about 1:1 (e.g. PEEKK) or in which more keto groups are pre-
sent than ether group (e.g. PEKK). Such polyaryletherketones have a higher Tg and
thus higher strength, but due to the higher Tg also a higher processing temperature and



.[0039) It is particularly preferable here to use pol yaryl et her ket ones
(PAEK) such as pol yet herketone (PEK), polyetheretherketone (PEEK),

pol yet her ket oneket one (PEKK), pol yet hgr et her ket oneket one ( PEEKK) or
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fillersticafatlyeoe igotahgegiopcessi bility or the mechanical or thernal
properties.

[0043]  According to the invention it is preferable to use a thermoplastic containing
fillers. Fillers are understood in connection with this invention to be any additive to the
thermoplastic. In particular, they are fillers such as color additives or reinforcing fibers
or any functional fillers influencing the processibility or the mechanical or thermal

properties.

[0044]  Thus the thermoplastic can contain fillers of altogether more than 10 wt%,

preferably more than 30 wt%, according to the invention. Also, the content of reinforc-
ing fibers can be at least 25 wt%, in particular at least 30 wt%. However, considerably
higher contents are also possible, for example the content of reinforcing fibers can also

be more than 70 wt%, in particular 90 wt% and more.

[0045] A special advantage is that the inventive method makes it possible to process
thermoplastics that are filled with reinforcing fibers with a diameter of 3 microns to 15
microns and the volume of the fiber content is more than 30 vol%, preferably more

than 40 vol%, particularly preferably more than 50 vol%.



.[0044] Thus the thernoplastic can contain fillers of altogether nore than
10 W% preferably nmore than 30 w% according to the invention. A so, the
content of reinforc- ing fibers can be;at least 25 wt% in particular at

| east 30 wt % However, considerably higher contents are al so possible, for
exanpl e the content of reinforcing fibers can also be nore than 70 wt% in
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nel ti nghhwenpersatie length inhdetdeatal nidldirasas i@, the ibiark almlage and fi ber
shortening are avoided conpletely, so that the fibers have the sanme Iength
in the dental nolding as in the blank used. [0047] Filling the
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t han 3 sibepddmetéobRuticonsad mnmﬁ;rt)hga,n 6 seconds. This prevents, in
interaction with the high nol ding conpound tenperature, an orienta-

[0049] A further preferred embodiment is to use nanofibers in the thermoplastic.

[0050] Filling the mold cavity in the molding compound with the thermoplastic is
effected according to the invention at low speed, preferably within a period of time of
more than 1 second, preferably more than 3 seconds, in particular more than 6 seconds.
This prevents, in interaction with the high molding compound temperature, an orienta-
tion of the molecules in the flow direction or, if reinforcing fibers are present, their
orientation with the above-mentioned disadvantages. Further, this avoids shearing
loads within the thermoplastic melt, which can lead to molecular chain breakage and
thus to a reduction of the mechanical properties. Further, this avoidance of shear forces

avoids a negative impairment of the fillers, in particular fiber damage.

[0051] With temperature-sensitive thermoplastics which tend in particular to show
thermal oxidation and thus degradation of mechanical properties, it has proved to be
advantageous to carry out the introduction of the thermoplastic into the mold cavity in
the heated molding compound in a vacuum or in an atmosphere of inert gas, for exam-

ple nitrogen or argon.



,tion of the nolecules in the flow direction or, if reinforcing fibers are
present, their orientation with the above-nentioned di sadvant ages.
Further, this avoids shearing |oads within the thernoplastic nelt, which
can lead to nol ecul ar chai n breakage éA " thus to a reduction of the
mechani cal properties. Further, this avoidance of shear forces avoids a
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tenperature-sensitive thernoplastics ich tend in particulfar to show
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t her moptiagstheemoplagtie petonBedneldvdavityi n  t he heat ed nol di ng conpound in a
vacuum or in an atnosphere of inert gas, for exam ple nitrogen or argon
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[ 0053] For this purpose, a nore or |ess great pressure can be I ntal ned by
the pl wbgens highhshabe abcitifaey higtomphashrinkégsodeeringnt r oduced into the nold
cavity. This obtains high shape accuracy w thout any shrinkage occurring.

[ 0054] The thernoplastic dental nolding in the nolding conpound is

pr ef er abP954]c ool kecithiermaptastie dgntad maldmigon, the mOIQWﬁﬂI@me@imgf%ﬂﬁdEed in a
cooling a ratus,, a n,or urgin i t.h air qr. an inert gas. The
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prefera?g .effected at a tenperature of over 130C preferably for several
hour s, Bxanple with PEEK at about 150C for at |east 3 hours. [0056]
The predried thernoplastic is nmade avail able for processing preferably in

[0055] It has also proved to be advantageous to use a predried thermoplastic for the
inventive method. Predrying removes the residual moisture which would lead to bub-
bles, streaks or the like in the dental molding. Predrying is preferably effected at a
temperature of over 130°C preferably for several hours, for example with PEEK at

about 150°C for at least 3 hours.

[0056] The predried thermoplastic is made available for processing preferably in
vacuum packed form. This makes it unnecessary to predry the thermoplastic before

processing in the dental laboratory.

[0057]  Further, it has proved to be advantageous to use a thermoplastic in the form
of a prefabricated blank or pellet. The blank preferably has a volume corresponding
substantially to the dental molding to be produced. That is, the dental technician can
thus for example use for a certain dental molding, such as a crown coping, a blank in-
tended therefor of corresponding size. It must be taken into account that polyaryl-
etherketones and the other aromatic thermoplastics with aryl groups in the main chain
preferably used according to the invention are in some cases quite costly plastics, so
that this avoids excessive loss of material. That is, the prefabricated blank preferably

has a volume corresponding to the volume of the mold cavity plus the optionally pres-



.vacuum packed form This nmakes it unnecessary to predry the thernoplastic
before processing in the dental |aboratory. [0057] Further, it has proved
to be advantageous to use a thernopl a_s?]' cinthe form of a prefabricated
bl ank or pellet. The blank preferably has a vol une correspondi ng
substantially to the dental nolding to be produced. That is, the dental
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fi bers BFWIESSELE SRA¢8y are al ready di spersed honbgeneously in the
thernoplastic ma- trix. Mreover, one nmanages with a conpressed bl ank or

pref or ' a | er i,ng space. ,[0059] ~The bl.ank can haye any
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pri sm shargeal, pRsMLalaped, Alulaverandligid by Gadrical "ehObiiNk SCAbLforkRued for
exanpl e by extrusion, injection nolding, transfer nolding or conpression
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be' annul ar or di sk- shaped, i.e. have a greater wdth than hei ght. However,
it is preferable to use a blank having a greater heiggt than width. This
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the same force of the pressing plunger, since the area acted on by the plunger is

smaller in proportion to the force.

[0061] It is preferable to produce a molding compound provided with a prepressing
space for receiving the thermoplastic. This permits easy introduction of the thermo-

plastic by application of pressure into the mold cavity.

( [0062] The introduction of the thermoplastic into the mold cavity can be effected in
any desired way, for example by extrusion, injection and the like. However, it is pref-
erable to use a pressing method. This can be done using a pressing plunger or another
plunger-shaped element. The prepressing space is the space into which the blank is put
and into which the plunger is introduced. The blank can be heated before introduction
into the prepressing space and then heated further in the prepressing space by the hot
molding compound. To form the prepressing space it is possible to embed a shaper
made of wax, plastic or a similar fusible, combustible or otherwise residue-free remov-
able material into the molding compound and remove it residue-free after the molding
compound has cured. However, the shaper for the prepressing space can also be con-

nected to a muffle base and be removed after the molding compound has cured. The



.plastic by application of pressure into the nold cavity. [0062] The
introduction of the thernoplastic into the nold cavity can be effected in
any desired way, for exanple by extruik? injection and the |ike. However,
it is pref- erable to use a pressing ﬁod This can be done using a
pressing plunger or another plunger-shaped el ement. The prepressing space
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a cold or a pre- heated state, but it is preferably preheated to at |east
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process £m perature. [0065] In order for the prepreSS|ng space to be
seal ed e pl unger, the plunger preferably has the sane thermal
ex anS|on coeff|C|ent as the nol di ng conpound. The plunger therefore

preferaf0063]i kdnioséercionshes preppdssirpespiot do b sealop dynie pludgedstheipturidee  f ront
area. [0066] It has proved to be advantageous to preheat the bl ank in a
sheat h, pecfgrabinhanthecasre; thereberntastonycastficigat mmlrngld@@grp@mmuncrh’ﬁlei nsi de

glr agg;‘ 353}}8{&?% Hﬁéﬁ%ﬂe pE#FF%n %Exgagf?s% cco%rs]lssltsS E)f {h%rmol)éilrrlg) l:gm?)oun 9 leaStCI?lrt er:n ¢s

front area.

[0066] It has proved to be advantageous to preheat the blank in a sheath, e.g. in an
oven, independently of the molding compound. The inside diameter of the sheath,
which can consist for example of metal, ceramics or molding compound, corresponds
substantially to the outside diameter of the pressing plunger. The sheath can have a
bottom. The bottom 1is then provided with a passage for introducing the thermoplastic
into the mold cavity. If the molding compound has a prepressing space, the outside
diameter of the sheath corresponds substantially to the diameter of the prepressing
space. However, such a sheath can in any case also be attached outside the molding

compound fitting the molding compound.

[0067] If the molding compound and optionally the pressing plunger have also pre-
viously been heated to the inventive temperature of at least 150°C for example in an
oven, an additional heating of the molding compound can thus optionally be com-
pletely omitted in the pressing process. It is thus possible to use a very simply con-
structed apparatus for applying pressure to the blank and/or for applying pressure dur-

ing cooling of the dental molding (removal). Thus e.g. only a guided weight or a spring



,Substantially to the outside dianeter of the pressing plunger. The sheath
can 'have a bottom The bottomis then provided with a passage for

i ntroducing the thernoplastic into thg nold cavity. If the nolding
conmpound has a prepressing space, the Ufsi de di aneter of the sheath
corresponds substantially to the dianeter of the prepressing space.
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strength necessary for introduction of the thernp-

moval by temperature or chemical stability upon chemical removal) as well as the

thermal stability and compressive strength necessary for introduction of the thermo-

plastic into the mold cavity as well as the required dimensional accuracy, in particular

with regard to the interaction of the expansion and contraction properties between

thermoplastic and molding compound.

( [0070] In particular, molding compounds are preferred that need not be heated be-
yond the processing temperature of the thermoplastic to reach the strength necessary
for the pressing process, primarily air-permeable molding compounds, so that the en-
closed air in the mold cavity can escape. It is quite particularly preferable to use mold-
ing compounds having a final temperature of approx. 400 degrees centigrade to 450
degrees centigrade, since they then already possess their final hardness and need not be
heated any higher (for example phosphate-bound investment compounds with heating
temperatures of approx. 600 degrees centigrade to 700 degrees centigrade). This gains
time, since one need not wait for the cooling phase and no microcracks arise in the
molding compound during cooling, which can lead to poor modeling or to unexpected

fractures of the molding compound during pressing.



,plastic into the nold cavity as well as the required dinensional accuracy,
in particular wth regard to the interaction of the expansion and
contraction properties between thernopltastic and nol di ng conpound. ~.
[0070] In particular, nolding conpounds” are preferred that need not be
heat ed be- yond the processing tenperature of the thernoplastic to reach
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degrees centigrade,. si ncf  they then al readgr ossess their final hardness
and neeBNdcapdy ohtht BOIdAG cRmposndte be con ﬁﬁpépﬁ%%rw&!)éﬂlﬁdﬁmer%\}@sqfnent

conmpoungds, i [ of approx.. 600 degree entigrade to
700" dog) BelVEdRIFE PbfiouhG PR BlhEF ol mBRRLE KorhiladiEaRe Netietlue ST | he
cool i ngc@lfa@_%@tmeﬂﬁomagﬁe%@«%a%lm'esﬁoﬂemcpn& th et 1&9@%@8&9}% g
cooling, which can |lead to poor nodeling or to unexpecte fractures of the
mol di ngsloermrodtictun iantpw pessurgleadd to g¢aDRNInglbfthefmolkl cayiys Both ehend

mol di ng conpounds are preferred. [0072] The inventive nmethod causes the

i nt r oduBtalesiles in the thetanoplpstisendannfibetsigesans late spared yrom damagaor oriey-

conmpound .to he controlled prdngril the.tenperature of . the jnvestnment
corrpounga.tloflh q}igt?)ﬁﬁ?“?]ﬁtén I#H}qﬂbedc%%%dﬂaﬁiilgg, gfﬁ’étr?lggs’e}i“ghﬁéreﬁﬁﬂ’et-o les in
the theppgppiapstic nove and the nore liquid the thernoplastic beconmes, so

that slowintroduction at |ow pressure |leads to good filling of the nold
cavity. Both the nolecules in the thernoplastic and any fibers present are

spflr ed {0073] dafn@eproferssd @nbodiaidnonthe theldaly caapound istheambllprehigstedont al
mot di ng of extremely high strength to be obtained. [0073] In a preferred
enmbodi mBamogehigedpiridir ig letopduntion ¢fshe Hearmaiplastices that egporximately gensared
prior to introduction of. t t her, astic, so th roximately the sane
Penper ale BT et i alf profly d1aS biRes Seyatiatesat D BESAMEQE Aplural-
pressin . ral - Lect Ss 3 a plurality of crowns or
bri dgesgy([%fgﬁﬁyt#hfg} Fﬁé\l}éﬁ%&:ﬁ%gﬂﬁ%@ﬁoﬁ?éﬁggﬁégﬁgg% does not necessitate any
rei nf or cenent

[0074]  The inventive method fundamentally does not necessitate any reinforcement

of the molding compound.

[0075] However, it is of course possible to use such reinforcement, for example in

the form of a metal enclosure surrounding the molding compound.

[0076] The inventive method makes it possible to avoid high pressures during intro-
( duction of the thermoplastic into the mold cavity. For example, weights of approx. 2
kilograms to 5 kilograms which are applied to the pressing plunger already suffice for

homogeneous introduction. This makes it possible to realize advantageous apparatuses.

[0077]  Hereinafter the invention will be explained in more detail by way of example

with reference to the enclosed drawing. Therein are shown:
Figures 1 and 2 blanks made of a thermoplastic;
Figure 3 a section through a muffle;

Figure 4 a view of the muffle base of the muffle according to Figure 3;



,of the nolding conmpound. [0075] However, it is of course possible to use
such reinforcenent, for exanple in the formof a metal enclosure
surroundi ng the nol di ng conpound. [007 The inventive nmethod nmakes it
possi bl e to avoid high pressures durihg intro- duction of the thernoplastic
into the nold cavity. For exanple, weights of approx. 2 kilograns to 5

ki | ogr agg,pbisch are, §Q&kdrp%§l§gﬁ hﬁe RIES ﬁid’lgingozfﬁgﬂﬁ(;urﬁi Vrvﬁﬂch{e g(\;gsginggd _or

honbgeneous i ntroduct1 on. makes 1t poss o reallze van eous
apparatuses. [0077pardersei nafter the invention will be explained in nore
detail by way of exanple wth reference to the enclosed drawi ng. Therein
are shown: Figures 1 and 2 bl anks nade of a thernoplastic;, Figure 3 a
section thur@*ug langd Tnsgctioas timogghdha caredimalding compound laecrdsng tf otharemuf f | e
according to Figure, 3;. 6 Figure 5 a section through the cured nol di ng
conpound with the pPRYsHS-ap- paratus; Figures 6 and 7 sections through
the cured nol di ng conpound according to other em bodi nents. [0078]

Accor di ngh7g} FiAQdUo?di%é thFReanhe bl e8! PEHFRBLAEL haldSyRintY! 1 N-

drical form possessin I ght greater than its dianete Accor gto

Fi gure dricalformbpasséssing & hefigit gachteathbih gisrdisimeer bA ccbrdkngivaPigdre L OBié9]
Accordin?to Figure 3, a nuffle 2 consists of a nmuffle base 3, a muffle
wal | oblaskeleisdngtead gonfigured te bealisl-sBapgdd080] The muffle base 3 has in the
m ddl e a projection 6 having a dianeter corre- sponding to the blank 1.

0081 th | ecti 6 §h I s,di di Fi

modol UEPT: ndSHBFORE ol YR -Pom B G2 G008 Ol B R 6ERts et gl “he
d ' j ecti 6 Wth ds 8 the |ike.

The mit Pl 5055 4 P G e S el atur o asi stant cur bl e molding

cohpound 9. [0082] The nol ding compound 9 is subsequently cured in the
muf f1 e POOSDHer ddfetrmuffle base 3 has in the middle a projection 6 having a diameter corre-

sponding to the blank 1.

[0081] Above the projection 6 there is disposed according to Figure 3 a wax model
7 of the dental molding to be produced, e.g. two crown copings. The wax model 7 is
connected to the projection 6 with wax rods 8 or the like. The muffle 2 is filled with a

temperature-resistant curable molding compound 9.

[0082] The molding compound 9 is subsequently cured in the muffle 2. Thereafter

the cover 5, the muffle wall 4 and the muffle base 3 are removed.

( [0083] The wax model 7 including the wax rods 8 is then melted. Thus there is
formed in the molding compound 9 a mold cavity 11 corresponding to the negative of
the dental molding to be produced, further a prepressing space 12 corresponding to the
projection 6, as well as feeding channels 13 connecting the mold cavity 11 to the

prepressing space 12 (Figure 5).

[0084] The prepressing space 12 is filled with a blank 1 and the blank 1 subjected to
pressure by a plunger 14 to press the thermoplastic through the channels 13 into the

mold cavity 11.

[0085] The pressing plunger 14 consists of the same molding compound as the

molding compound 9, at least in its front area. The back area of the plunger 14 can for



,the cover 5, the nmuffle wall 4 and the nuffle base 3 are renoved. [0083]
The ‘'wax nodel 7 including the wax rods 8 is then nelted. Thus there is
formed in the nol ding conpound 9 a nnlg cavity 11 corresponding to the
negative of the dental nolding to be’ 76duced, further a prepressing space
12 corresponding to the projection 6, as well as feeding channels 13

connect j Vi - 1.0 ¢ ' (Fi gur '

0054 FRANREITPLohaaf derdrhics THOBIRIERR 137 100 ERATE o *eht Pyl o
subj ect ed atpushprr &8 suieh bygwidpl wiges gt BeiseBBahd festRitOP4tdH ttade 2dbRUIN
the channels 13 into the nold cavity 11. [0085] The pressing plunger 14

consi st thegflunper ¥ane nol di ng conpound as the nol ding conpound 9, at | east
inits front area. The back area of the plunger 14 can for - 17 exanple

al so cops;j of .ceramics. Th nger. 14 is subjected to a weight 17

di sposeﬁfdsgi aTﬁl?sthEVmi%lan‘? E]r?%:kgl 8@‘6@?&‘%}&1@%& Miaﬁ?ﬁaﬁ‘é‘gr@"i@ 8 rests
wth a C 4 Lhe stig. b 1
has bee%ﬁ%?%ig)a%gﬁ)%%ﬁ%g %égg??ﬂr? gﬂg :c{/fi fg:’reefa[nrg%@sqgogmﬁtt? iﬁ;é gy ‘g%’ glzltéés{s}llenréglﬂllS

t enper ainiy @orpold 9 exBEREE b§A0Keatie ddvecesS@ive showR) Fdtexamiple té Adempagaound 9

is heated by a heating device (not shown) for exanple to a tenpera- ture of
330C. Afureroff3R8°€haAfteo thatiermopldstis 1desrbepn gpsewsdd imtbdhe neoldwlastitg ddithy 11
the nolding conpound 9.is cool ed and after solidification of the

t her noppdding qqmﬁwdn%rsacoq%ﬁd? ARG a?tﬁr sqleditieption ohthedhagmenrlapiss nthedmeld t he

gates f t nels .11 7). .Th odi, me according to Figure
6 di ffe?évq?féﬁq&%%g?em%g@%rkﬁf‘%d& {%eﬁegﬂﬁet]‘“eagaiﬁﬁﬁt’é?aﬁé ibgquﬁ fiielsd Y. i Nst ead
of the prepressing space 12 for receiving the blank, a feeding funnel 15
s prov mmgmm dIRESdiNRNt BEord tmpilgaﬁé5qmﬁlstfrérﬁrtﬁa%cfcbﬁfm%'@@Fi@lr@nk 1
to'supply it to the nold cavity 11 through the connecting chanfnel 13. The
feed- i Agubstaneallyln thas, inkbeagoéslss peppdssimpespatd 19 dorlegteiviag ¢hablahRO88] | n

t he enmbqdi ment, according to Fi %ure 7,.the blank 1 is di sEosed in a sheath
22, e. gleedipmpigmendo 4§ PErVidest aimielsreceives dhethermeplagtic elh fommraghitom than be
ELSQS ﬁt g%nﬁ:alg%: %%gfﬂtth){hg fmcglg%am%ly q'l qgrocu%mgg %gnr?ec%in% channdl'13 Ve fe-el:-g-e

ing funnel 15 has the pressing plunger 14 guided therein.

[0088] In the embodiment according to Figure 7, the blank 1 is disposed in a sheath
22, e.g. made of metal or ceramics. The sheath 22 with the blank 1 can be preheated
independently of the molding compound 9 e.g. in an oven. The sheath 22 has an out-
side diameter corresponding to the outside diameter of the prepressing space 12 in the
molding compound 9. The inside diameter of the sheath 22 corresponds to the outside

( diameter of the plunger 14. The sheath 22 has a bottom 23 with a passage 24 which is
flush with the feeding channel 13.



. side diameter corresponding to the outside dianmeter of the prepressing
space 12 in the nolding conpound 9. The inside dianeter of the sheath 22
corresponds to the outside dianeter o; t he plunger 14. The sheath 22 has a
bottom 23 with a passage 24 which is %ush with the feeding channel 13.
-18- Cainms A nethod for producing dental noldings froma thernoplastic,
wherein a shaping nodel (7) of the deghigd dental nolding is produced from
wax, plastic or a simlar fusible, conbustible or otherw se residue-free
renovable material, - the shaping nodel (7) is enbedded in a

heat - r ed$i st Anmethmiddion grodugpng ddntaf 91)qldi1nge fromd elthérioplastio)gvisereimnnect i on to
the outer side of_ the noldin conpound (9) directly or at Ieast wth a
connecting el en@ﬁhameg rwd%ég) of weaéﬁsn@d@lﬁn@l mqlrmr@rlsm@dlmeéi QB! | bI e

or otherw se res e-free re ria

'S cured and  naber 2er AR suTPURLNF ot ofekdEin s St e aoid
connecting el e”ﬁﬁtter(aﬁ) are renoved fromthe nolding conpound (9),
preferably by the action of heat, to forma nold cavity (11) corresponding

to the negati vetmfs}iabmgdmldele@)deembdﬂm fH afeattieeistdne maldimpsédmpbaat ed to
processing tenperature is introduced under pressure into the formed nold
cavity (11) in (%ethmmdnlgﬂdchwmmcm)ectmhrt@@gmoumesxd@mfébc impylding t he
outer side, and the th& §r)lc) Iasty rm n t he desired denta rzg.l ding is

f St

rel eased after SYPPHY fl%@ﬁ“’i“?ﬁ’t‘cnigaqle?lﬁgt W& compound
(9) has at enpﬁéf’atSPE Or Qfsugtllat Aitble éqrﬁéﬁ’s@ Hng P%@ﬁeg{sv?s%cr%glﬁlhgﬁﬁé? grpﬁ%élet y

(11) at the ti intro I on of
according to cl giaferdal, characterized in that the tenperature of the nolding
coppound (9) in the area of the nold cavity (11) is no |l ess than 100C

' - the molding compound (9) is cured and the model (7) and the optionally

present at least one connecting element (8) are removed from the molding
compound (9), preferably by the action of heat, to form a mold cavity (11)
corresponding to the negative of the desired dental molding,

- the thermoplastic heated to processing temperature is introduced under
pressure into the formed mold cavity (11) in the molding compound (9)
through the connection to the outer side, and

- the thermoplastic forming the desired dental molding is released after so-
lidification,

- characterized in that the molding compound (9) has a temperature of at least

{ 150°C in the area of the mold cavity (11) at the time of introduction of the

thermoplastic.

2. The method according to claim 1, characterized in that the temperature of the
molding compound (9) in the area of the mold cavity (11) is no less than 100°C

below the processing temperature of the thermoplastic.

3. The method according to claim 2, characterized in that the temperature of the
molding compound (9) at the time of introduction of the thermoplastic corre-

sponds at least to the processing temperature of the thermoplastic.

4. The method according to claim 1, characterized in that the shaping model (7) of

the dental molding is produced by a generative manufacturing method.



. bel ow the processing tenperature of the thernoplastic. 3. The nethod
according to claim2, characterized in that the tenperature of the nolding
conmpound (9) at the tinme of introducti %3 of the thernoplastic corre- sponds
at least to the processing tenperature of the thernoplastic. 4. The nethod
according to claim1, characterized in that the shaping nodel (7) of the

dent al | di i e I : 3 | = .
The met od ancr Sl APeefheto JaRRIStRInrigBI ik e Herphac used o
used for the dienilahoiidhgisgsémi-arysetline thesindpldsne. t her nopl astic. 6. The
met hod according to claim1, characterized in that the thernoplastic used
for the dental nolding is an aromatic thernoplastic. 7. The nethod

accordi ig t dhemethod acerrdingtoctlpind, charastgrizedin gradithe thermeptastiplused fari ¢

used is a pglyarylate, .a pol yaryl ene.sulfide,. a polysulfone, a liquid
crystal po&&%‘%}%{ala{n%jll%%ﬂi?r i %Erﬂﬁgﬁﬁlﬁe, a pol yanidinide or a
pol yaryl et herke- tone, or a copolyner of at |least two of said polyners or a

bl end of; at Theasdthbdac&rdifRidcIRRh ¥BRsacRrizd@6n Rk fRda ués%{eé;ﬂh@ﬂnsﬁlagl ai m

7, characterized in that the polyaryl etherketone PAEK iIs a

pol yet her ketionged BEKpolyarylatey atpoty ey ek katfode a(fdHd0Iforr, a liquid crystal

pol yet her ket oneket one ( PEKK), a pol yet heret her ket oneket one (PEEKK), a poly-
et her ket onepphyardtet PabliBtidec pEFREKRKMide, aipelypaligimidetr apolyandetherks- of
said polyners or a blend of.at |east two. of said pol rs.. 9. The nethod
necordi ng. t T 8T fne 2P BBl AL ivP ST RSP R CEHBr RromAt &t eashiup A
fillers. 10,; od according to claim9, characterized in that the

t her nopl ast F%EEJ(;%%}E%F%S reinforcing fibers and/or color additives as
fillers. 11. The nethod according to claim9 or 10, characterized in that

t he thegnoplTastmethod avt@idivsg fo ¢tlakn 9, oharatieeiged ve thareli€pbRaryléthevkYone
preferably nore than 30 % 12. The nethod according to clai m10,
char act eri zEAEK)tusad 13 apobistharketont (PEKNf @ pelyetheyethepestone PREK)emst 25

0, 0
W% prefer Sgl%thaetrkét%gglgetgge \6\1@']:1?(1(), a polyetheretherketoneketone (PEEKK), a poly-
etherketoneetherketoneketone (PEKEKK) or a copolymer of at least two of said

polymers or a blend of at least two of said polymers.

9. The method according to claim 1, characterized in that the thermoplastic contains

fillers.

10.  The method according to claim 9, characterized in that the thermoplastic contains

reinforcing fibers and/or color additives as fillers.

11. The method according to claim 9 or 10, characterized in that the thermoplastic

contains fillers of altogether more than 10 wt%, preferably more than 30 wt%.

12.  The method according to claim 10, characterized in that the content of reinforc-

ing fibers is at least 25 wt%, preferably at least 30 wt%.

13.  The method according to claim 10, characterized in that the content of reinforc-

ing fibers is at least 30 vol%, preferably at least 40 vol%.

14. The method according to claim 1, characterized in that the filling of the mold
cavity (11) by introduction of the thermoplastic into the molding compound (9)

lasts longer than | second, preferably lasting longer than 3 seconds.



-13. The nmethod according to claim 10, characterized in that the content of
reinforc- ing fibers is at least 30 vol % preferably at |east 40 vol % 14.
The net hod according to claiml, charazggrized in that the filling of the
nold cavity (11) by introduction of t thernoplastic into the nolding

compound (9) lasts longer than 1 second, preferably lasting |onger than 3

seconds]s:- 2@he hethddacosrdnadie@arh di esaﬁaeteﬁzea M fhat Ql'i@fh’i:%%gla%ﬁ@ i$ Thtfd1at

the thernoplastic is intro duced info the nold cavity ( f the nol ding
conpound bydaced mitedtd moldroadty (Ig ofﬂhdnncbldmlgaamrﬂmuxm)bydamgummmold-
conpression nol ding method, injection nethod or extrusion nethod. 16. The
met hod accol rﬁsthqsi énaaﬁfﬁr mo ém@@ﬂm zemlpir%StcmamOMQgmhpﬁgnjﬁctmne

t her no- pl aStIﬁ: djent nol dlfﬁg s effected in the nol ding conpound (9)
under pr esslif&10d 35X ’f'ﬁséow @d-according to any of the above cl ai ns,
characterized in that the ther noplastic dental nolding is cooled at a

speed ofjgl e%eh@&ﬁoagg@dﬁh {cIRAhtl SHAAEteriz88 $n Hﬁﬁ'ﬂhé@%ﬁﬁ glof -thés

met hod according to clalml characferized in that a predried thernop astic
is used. lplasfibeenei hosldagcioredfasced ia the anotdikfy corhpowmad €)iutridr bresti@t a
predried thernoplastic is made available for processing in vacuum packed
form 20, The nethod according to any of the above clains, characterized in

that a tiler dbe nmth@@haéwrﬁhmg@ o o the Bpoye slaimsi eharaetepizad kn they thesthgsed.

21. The nethod,a cl aim haract |ze t t he blank (1)
has a gr ea{né)rpl?ﬂsg ch t{ﬁﬂgﬂf)%‘%ﬁcoéﬁda Sssa B%) Esz‘b 18 PATtHuar
characteriz itart DGLC/AiRr epr essing space (12) is provided in the m)l di ng
corrpound (9 i? recel \?/l}lng the thernoplastic. 23. The method according to

?|m22 characterlzed in that the heating of the ther- noplastic is

ect ed8upThe mé¢thopraocasingiyp tlaimdr, aharaeterized e that eppredsied thesprptastic 12) -
24 The nmet hod according to clains 20 and 22, characterized in that the
bl ank (1) haged.

19.  The method according to claim 18, characterized in that a predried thermoplastic

is made available for processing in vacuum packed form.

20. The method according to any of the above claims, characterized in that a thermo-

plastic in the form of a prefabricated blank (1) is used.

21. The method according to claim 20, characterized in that the blank (1) has a

greater height than width.

( 22. The method according to claim 1, characterized in that a prepressing space (12) is

provided in the molding compound (9) for receiving the thermoplastic.

23. The method according to claim 22, characterized in that the heating of the ther-

moplastic is effected up to the processing temperature in the prepressing space

(12).

24. The method according to claims 20 and 22, characterized in that the blank (1) has
a cross section and/or an outside diameter which corresponds substantially to the

cross section and/or the inside diameter of the prepressing space (12).



a cross section and/or an outside diameter which corresponds substantially
to the cross section and/or the inside dianmeter of the prepressing space
(12). -21 25. The method according tozgny of the above cl ai ns,
characterized in that the pres sure is“éxerted on the thernoplastic by a

pl unger (14) which has a cross section and/or an outside dianmeter which
corresponds i | l.amet er
o the. B ep Baay ra08 sBCouAEI A ST (EILDTE CLihs, BRFARErpT i ok B fled
charact eri zegreiip ek&vatd bheh@thﬁﬂ@mple(sﬂlé)byl Splungat €d) vafioh dak atoreshuetiion of

the thernoplastic. 27. The nethod according to any of the above cl ains,

char act er i zeud/on anieatsidedianester phicht coreesppndhsubsitamipdly 11thy crgssrsection

i ntroduction he. th stic, corresponds o} e tenperature of the
mol di ng conBB%fl‘?Htﬂ'(@Wslﬂ% &gg}eﬁgﬁb@%%ﬁ.’pr mgﬂ\?Pa&Sﬁéégt us for carrying out

t he nethod according to any of the above clains, characterized by a device
for appbyin I

t her mop gst??efﬁ?gHg%g&ﬁ%$ gﬁ@??&% %ﬁ%g%ﬂ%e&ﬂﬁ I ng ghﬁ% Qg)eﬁ) 29. A
t her nopl ast heatbt dekore Intrbaictigeoftreaheimgplagticany of the above clains. 30.
A dental nol ding obtained according to any of clains 1 to 27. 31. The
dental nolding according to claim 30, characterized in that it is a
renovabPé. Ahameethpil aegordeng ta apy oftheeaboye slaimsc ehaspetgrized inthat sheieabl e and

fixed dent alpera ure ofhtﬁe p?unger (14) upon introduction of the thermoplastic corresponds

3

to the temperature of the molding compound (9) or is thereabove.

\ 28. An apparatus for carrying out the method according to any of the above claims,
characterized by a device for applying pressure to the plunger (14) for introduc-

ing the thermoplastic into the mold cavity (11) of the molding compound (9).
29. A thermoplastic blank (1) for use according to any of the above claims.
30. A dental molding obtained according to any of claims 1 to 27.

31. The dental molding according to claim 30, characterized in that it is a removable
and/or fixed dental prosthesis or a combination of removable and fixed dental

prosthesis.



