
23 February 2007  1 A PREPARATION FOR BEING FASTENED
ON A NATURAL TOOTH PART OR TOOTH AND  CORRESPONDING
FASTENING METHOD Example embodiments of the invention
lie in the field of dental medicine and relates to a
preparation according to the preamble of the first,
independent patent claim. The preparation may be
suitable for being fastened on a natural tooth part or
tooth; in particular it may be suitable as an
artificial replacement of a load-bearing tooth part.
The example embodiments may further relate to  a
method serving the fastening of the preparation on a
natural tooth part or tooth, in particular the
replacement of a load-bearing tooth part (e.g.
endodontic restoration), wherein the preparation
according to the invention is fastened on a still
existing natural tooth part, or is anchored in this.
Tooth restorations which proceed from a tooth which is
still at least partly present, i.e.  from a natural
tooth part and in which another natural tooth part is
replaced by an artificial tooth  part, are e.g. the
filling of drilled-out teeth, the insertion of inlays,
the placing of crowns,  abutments (interface between
crown and root), bridges, part-prostheses construction
parts  (interface between root and prosthesis) on
natural tooth stumps or tooth roots, the fixing of
root  pins or similar means for fastening e.g.
artificial teeth, bridges, construction elements or
tooth  prostheses in natural tooth roots or parts
thereof. On the other hand it is also known to fasten
veneers, jewellery elements or fixation elements for
tooth correction wires on complete natural  teeth. For
filling drilled-out natural teeth, for placing crowns
on natural tooth stumps and for  fastening root pins
in a natural tooth root according to the state of the
art, parts of metals,  polymers, ceramic materials or
composite materials (filling body, crown, root pin)
are fastened  on or in the natural tooth part with the
help of polymeric cements. The cements are applied in
a  viscous condition and are then cured in situ for
example with ultraviolet light. After complete
curing, these cements can meet (in the same way as the
part fastened with the help thereof) the  demands of
the high loading to which teeth are subjected. The
curing of the cements however often entails shrinkage.
Such shrinkage often causes  cracks between the
natural and artificial tooth parts into which cracks
moisture and bacteria  penetrate. Furthermore, the
cement may swell up due to moisture such damaging the
tooth  irreversibly. The bacteria cause caries on the
natural tooth part. Furthermore, the cured cements
are usually very brittle and stress caused by
shrinkage and/or swelling cannot be reduced or can  be
reduced by crack formation only. Due to the above
mentioned phenomena tooth fillings fixed 



2 23 February 2007 with the aid of e.g. Polymeric
cements are less toxic with respect to amalgam
fillings but last less  long. In order to render the
cement shrinkage as small as possible, the cements are
applied  already partly cross-linked. This solution of
the shrinkage problem however has very great
limitations since the more cross-linked the cement on
applying it, the more viscous it is and thus  the more
difficult it becomes to securely place this cement
such that it completely fills the  cavities to be
filled. In the publication US-5244933 it is suggested
to use in the dental field polymeric  cements which
contain a high share of anorganic particles for
improving their mechanical  properties in the cured
condition. These cements are highly viscous, and
therefore it is suggested  to bring them into an
improved flowing condition in situ by applying high
frequency vibrations.  This effect is based on the
thixotropic properties of such cements and the
corresponding  liquefaction does not entail heat
development. However, the problem of shrinkage is not
solved  at all. Shrinkage cannot be tolerated, e.g. in
the case of tooth canal sealing. For this reason the
above-mentioned cements are not used for this purpose
but instead e.g. gutta-percha or other  thermoplastic
polymers with similar properties as gutta-percha are
used. For being applied in the  root canal, the
polymer is warmed to be brought into a plastic
condition and for re-solidification  it is enough to
let it cool. The shrinkage in such a case is
significantly smaller than the shrinkage  due to
curing by cross-linking. Such methods for sealing root
canals are for example described in  the publications
US-3919775 and US-4525147. According to these
publications a gutta-percha  plug is introduced into
the root canal. It is then, in its entirety, brought
into a plastic condition by  heat and/or ultrasound
and is pressed into the canal. This is possible
without unreasonable  thermal loading only if the
material has a low softening temperature
(gutta-percha: 70 to 100C).  The softening temperature
thus limits the material choice. The function of the
gutta-percha plug  is the sealing of the root canal.
The plug is not mechanically loaded at all. Indeed it
would not be  capable of being mechanically loaded due
to the limited mechanical strength of the material,
even if it were to contain carbon fibres as suggested
in US 4525147. The disclosure US-5803736 also
describes production of casts for root canals, in
which  production shrinkage cannot be tolerated
either. It is suggested to use thermoplastic polymers
which are applied in a heated and thus plastic
condition. For preventing heat damage to the  natural
tooth part, the polymers to be used are limited to
those with a softening temperature of 50  



to 70C. Polycaprolactone is suggested as being
particularly advantageous as it has a softening
temperature of 55 to 65 and a modulus of elasticity of
approx. 400 MPa. It is clear that such a  polymer
cannot be applied for a load-bearing function in the
dental field. 23 February 2007  3 Many known root pins
have a round cross section and a straight axis and are
placed in a  corresponding bore having a round cross
section and a straight axis which bore is produced in
the  tooth root for placing such a pin. Since the
tooth root neither has a round cross section nor a
straight axis, the bore and pin may only have very
limited dimensions and still, as the case may  be, a
significant part of the root must be removed by
producing the bore. This sets narrow limits  on the
stability of the fixed root pin. In accordance with a
first aspect of the present invention, there is
provided a preparation  to be fixed on a natural tooth
part or tooth, in particular for replacement of a
load-bearing tooth part,  said preparation being
positionable in the natural tooth part or on the
natural tooth part or tooth,  characterized in that
the preparation comprises at least one region or one
part of a material with  thermoplastic properties,
wherein this material forms at least a part of the
preparation surface or is  positionable forming at
least a part of the preparation surface, and that the
preparation has oscillation  properties with damping
losses which are so small that local stress
concentrations are required for  liquefying the
material by oscillation, wherein the preparation is
designed in a manner such that the  stress
concentrations only occur in the region of the
preparation surface. The example embodiments may seek
to create a preparation for being fastened on a
natural tooth part or tooth, in particular for
replacing a load-bearing tooth part, and to create a
method for fastening the preparation on the natural
tooth part or tooth, in particular in order to
replace a load-bearing tooth part by the preparation
according to the invention. The preparation  and the
method may make it possible to avoid the
above-outlined shrinkage problems and the life  span
limitations due to shrinkage of the fastening or the
tooth restoration respectively.  Preparation and
method according to the example embodiments are not to
necessitate more effort  than known preparation and
methods serving the same purpose, but are on the
contrary to bring  advantages also regarding effort at
least for specific applications. The example
embodiments are based on the knowledge that it is
possible to create  positive-fit and/or material-fit
connections between the surfaces of a natural tooth
part or tooth  (dentin and/or enamel) and a material
with thermoplastic properties in a liquid or at least
plastic  condition, which connections are able to meet
the mechanical, chemical and biological demands  



in the dental field. They are further based on the
knowledge that there are known materials with
thermoplastic properties which are able to fulfil the
strength requirements of a load-bearing tooth  part,
and that it is possible to create the mentioned
connections with such materials without  unreasonable
thermal loading of the tooth part to be restored if
only a minimal of the material  with thermoplastic
properties necessary for creating the connections is
liquefied. 23 February 2007  3a For creating the
mentioned positive-fit and/or material-fit connections
a process which is  derived from the process of
welding by mechanical oscillation (e.g. ultrasound
welding). These  welding processes are based
essentially on oscillating a body of a thermoplast or
a body with  surface regions of a thermoplast with a
frequency e.g. in the ultrasound range and with
amplitudes in the order of 1 to 200 gm, and at the
same time bringing the body in a pointwise  manner or
in small surface regions (energy directors) into
direct contact with a further surface. In  the contact
regions stress concentrations arise in the oscillating
material and due to these stress  concentrations the
material, even if it has a relatively high softening
temperature, is brought into  a plastic or liquid
condition so that on the condition of a suitable
material pairing (e.g. two  mixable thermoplasts) a
weld connection is achieved. 23 February 2007  4 The
preparation according to the example embodiments may
consist at least partly of a  material with
thermoplastic properties and it is designed in a
manner such that it damps  mechanical oscillations
very little so that the material is liquefied by way
of mechanical  oscillation only at locations where
stress concentrations arise, as is the case with
ultrasound  welding. The locations of the stress
concentrations may be produced by energy directors
likewise  known from ultrasound welding technology,
which are to be provided or present on outer surfaces
(also inner surfaces as the case may be) of the
preparation, or on surfaces of the natural tooth  part
in contact with the preparation. The further surface
to which the material with thermoplastic properties
may be connected  is a surface of a natural tooth part
and consists of dentin and/or enamel which are both in
no way  suitable for a weld connection. These surfaces
however may have structures (macroscopic,  microscopic
and/or molecular) or may be provided with such
structures, with which the material  liquefied by the
mechanical oscillation comes into such intensive
contact that after solidification  is forms a
positive-fit and/or material fit connection with these
structures. 



The materials or material systems which may be used in
the preparation must have sound- conducting properties
and a sufficiently low damping so that the preparation
may be capable of  oscillating. Typically this may
necessitate a modulus of elasticity of at least about
0.5 GPa. The  loss factor should be sufficiently high
for liquefaction in the regions of stress
concentrations. It  has been shown that for the tooth
restoration according to the example embodiments
thermoplastic materials with softening temperatures of
up to approx. 350 are applicable,  wherein the
mechanical oscillations are to be applied for approx.
0.1 to 10 sec. Heat quantity and  exposure time remain
so small that thermal damage of the dentin or the
surrounding vital tissue  is not to be expected. The
mentioned conditions with respect to modulus of
elasticity and softening temperature  may be fulfilled
by many materials with thermoplastic properties
(thermoplasts or composite  material with a
thermoplastic component, in the following called
thermoplastic materials) which  materials can not only
fulfil the mechanical requirements of a load-bearing
or load-transmitting  tooth part but are already used
in other medical applications. At least a part of the
surface of the preparation according to the example
embodiments  may consist of the thermoplastic
material, wherein on restoration, this surface region
is in contact  or is able to be brought into contact
with a surface of the tooth part to be restored or
with a tooth.  Furthermore, the preparation may
comprise shapings suitable as energy directors in the
surface  regions of the thermoplastic material, that
is to say edges, tips, integrally formed parts or
roughnesses which project at least 0.5 m beyond the
rest of the surface. The function of the 23 February
2007  5 energy directors may however also be assumed
by a suitable shaping of the tooth part to be
restored or of another part of the preparation. The
regions of the preparation surface via which the
oscillations may be coupled into the  preparation are
advantageously to be designed such that no stress
concentration arises there. For restoration, the
preparation may be positioned on the natural tooth
part or tooth to be  restored or in this tooth part
and may then be made to oscillate by suitable means,
for example by  the sonotrode of an ultrasound
apparatus (possibly via a coupling piece), and at the
same time it  may be pressed against the natural tooth
part or tooth. Suitable frequencies may lie between 2
and  200 kHz (in particular 20 to 80 kHz), suitable
oscillation amplitudes between I and 200 m.
Experiments have shown that good results are achieved
with an oscillation power of 2 to 20 W  per square
millimetre of active surface. The thermoplastic
material may be locally (in particular  



on its surface in contact with the natural tooth part
or close to this surface) liquefied by the
oscillations transmitted to the preparation and
brought into intimate contact with the surface of  the
natural tooth part or tooth, by way of which the
positive-fit and/or material-fit connection is
produced. The optimal matching of amplitude and power
to a specific type of preparation  according to the
example embodiments is to be determined
experimentally. Advantageously  amplitude, power and
preparation are to be matched to one another in a
manner such that there is  an optimal transmission of
the sound power to the surface of the preparation. The
connections between the surface of the natural tooth
part and the thermoplastic  material which are created
may be in particular positive-fit connections produced
by pressing the  liquefied material into pores and
surface unevenness, possibly undercuts of the natural
tooth  part. There may however also be material-fit
connections which are caused by adhesive or  cohesive
exchange forces. In all events, for creating the
connections intimate wetting of the  natural surfaces
with the liquefied, thermoplastic material may be
required. For improving such wetting or for improving
the connections to be created respectively  the
concerned natural surfaces may be suitably prepared.
For example an enamel surface or a  dentin surface may
be roughened for achieving a positive fit
(advantageous roughness: 0.5 to  500m). For achieving
improved positive-fit connections one may also create
retention  structures on the surfaces of the dentin or
enamel, for example thread convolutions, furrows,
recesses with depths of 0.1 to 2 mm and possibly
undercut. Before positioning the preparation
according to the example embodiments, the natural
surfaces may be pre-treated or etched with a  suitable
primer for improving wettability of the natural
surfaces by the thermoplastic material  and/or for
achieving increased adhesive exchange forces. Before
or together with such pre- treatment of the dentin or
enamel surfaces these surfaces may be sealed in per se
known manner.  Applicable primer systems may comprise
in a per se known manner chemical reactive compounds
reacting with 23 February 2007  6 the natural tooth
material and/or molecular functionalities cooperating
with corresponding  functionalities on the side of the
thermoplastic material. Such cooperating
functionalities are for  example matching of
polarities of the two sides for increasing exchange
forces, interpenetrating  oligomers or reactive
components which may bind the two sides chemically
when activated by  the oscillations, by light, by heat
or by chemical activation. Suitable thermoplastic
materials for the preparations may be for example
polyolefins,  



polyacrylates, polymetacrylates, polyurethanes,
polycarbonates, polyamides, polyesters,
polyurethanes, polysulphones, polyaryl ketones,
polyimides, polyphenyl sulphides, liquid crystal
polymers (LCPs), polyacetals, halogenated polymers, in
particular halogenated polyoelefins,  polyphenylene
sulphides, polysulphones or polyethers. Corresponding
copolymers or polymer  mixtures may be applicable
also. The mentioned thermoplasts may also be applied
in a filled  condition (composite material with a
thermoplastic component), i.e. contain fibres,
whiskers or  particles of glass, ceramic materials,
carbon or polymers, wherein the filling may be
homogeneous or have gradients. Suitable filler systems
are known in the dental field and from  industrial
applications. The primer system for a preparation
comprising as the thermoplastic material e.g. an
aliphatic polyamide, may be equipped on the one hand
for re-amidation or connection with the  aliphatic
chains of the polyamide as known from the technology
of adhesives, and on the other  hand like a classical
dental printer for a connection with the dentin or
enamel. The primer system  may comprise two compatible
primers or both functions can be realised on one
support molecule  only. The material with
thermoplastic properties may in a per se known manner
be equipped  with agents acting antiseptically or in a
denaturising manner, or with x-ray absorbing
additions,  or it may contain pigments. The
preparation for example may have the shape of a tooth
part (tooth filling) to be  positioned into a
drilled-out tooth, of a construction element, of a
crown to be positioned on a  tooth stump, of a bridge,
of a part or full prosthesis, of an abutment, of a
root pin to be inserted  into a natural tooth root
being possibly pre-machined, the root pin serving for
fastening an  artificial tooth, bridge, abutment,
construction element or prosthesis, or it may have the
shape of  an element to be placed onto a tooth (e.g.
veneer, capping, jewellery piece, fixation means). The
preparation may be for example of one piece and may
consist of the thermoplastic material only,  or it may
comprise at least surface regions of this material and
further regions may consist of  another material which
satisfies the demands regarding mechanical strength
and oscillation  capability. Metallic or ceramic
materials, polymers, or composite materials already
used in dental  medicine may be applicable for this
purpose. 23 February 2007  7 A preparation according
to the example embodiments which consists of two
different  materials, one of them having the
thermoplastic properties, may comprise two parts or
more,  



wherein a preparation part consisting of the
thermoplastic material is positioned between the
natural tooth part or tooth and the preparation part
consisting for example of ceramic or metal. The main
advantages of preparation and method according to the
example embodiments  with respect to the above
mentioned, known tooth restoration methods are the
significantly  reduced shrinkage of the material which
must be plastified or liquefied on restoration, the
inherent ability of this material to creep an such
relieve inner stress without crack formation, and  the
inherent insensitivity of this material to moisture.
These three properties may lead to a high  stability
and a high life expectancy of the restored teeth. A
further advantage is the fact that the  thermoplastic
material, in its liquefied or plastic state, is able
to compensate or inaccuracies  between the natural
tooth part and the preparation which is hardly
possible using known  preparations. This means that
the accuracy required for the preparation may be lower
than the one  required for known such preparations.
The method according to the example embodiments in
comparison to the above  mentioned known method may
have less method steps (no curing step), require less
time and may  be more economical. A further advantage
of the restorations according to the example
embodiments lies in the fact that cooling which is the
only necessary step for solidifying the  thermoplastic
material is reversible. This means that is may be
possible to repeat the application  of the mechanical
oscillation for dealing for example with cracks
between natural and artificial  tooth parts or within
the artificial tooth part, to thus reverse the
restoration in a very simple  manner. It may also be
possible to supplement missing parts by ultrasonic
welding. This means  that the restoration according to
the example embodiments may be revised or repaired in
a very  simple manner. The method and exemplary
embodiments of the preparation are described in detail
in  combination with the following Figures. The
observations described in the preceding sections and
further features of the preparation according to the
invention are accordingly applicable to all
embodiment forms. Figure 1 shows four exemplary
embodiments of preparations according to the
invention,  used for filling a drilled-out tooth
(longitudinal section); Figure 2 shows a tooth filled
with a preparation according to FIG. 1 (longitudinal
section);  Figure 3 shows the crowning of a tooth
stump with the help of a preparation according to  the
invention (longitudinal section); 8 23 February 2007
Figure 4 shows an embodiment of the preparation
according to the invention, which 



preparation has the form of a root pin (longitudinal
section) to be fixed in a  suitably prepared, natural
tooth root; Figure 5 shows a further, exemplary
embodiment of the preparation according to the
invention, which preparation serves in the same way as
a root pin for fastening an  artificial tooth, a
bridge, an abutment, a construction element or a
prosthesis on a  natural tooth root (longitudinal
section); Figures 6 and 7 show two exemplary
embodiments of the distal ends of a preparation
according  to Fig. 5; Figure 8 shows a further
exemplary embodiment of the preparation according to
the  invention in the form of an artificial tooth
placed on a natural tooth root  (longitudinal
section); Figure 9 shows a further exemplary
embodiment of the preparation according to the
invention in the form of a jewellery element to be
placed on a tooth. Figure 1 shows as an example of a
plurality of tooth cavities which may be filled or
equipped with a construction element according to the
invention, a tooth 1 drilled out for  example because
of caries and therefore having an opening 2 to be
filled. The tooth I is shown  sectioned along its
longitudinal axis. It comprises a root 4 grown into
the bone tissue 3 of the jaw  and a crown 5 projecting
beyond the jawbone and being coated with enamel 6. The
supporting  element of the tooth is the dentin 7,
consisting of porous dentin. Inside the dentin 7 there
is a  tooth cavity filled with connective tissue
(pulp) comprising vasculature and nerves. The opening
2 extends through the enamel 6 into the dentin 7, i.e.
it has an accessible surface within the  opening 2
which opening has an open-pore structure.
Additionally, the dentin surface as well as  the
enamel surface in the opening may be pre-treated (e.g.
by roughening, structuring, etching or  primer
treatment) for improving the connection between the
natural tooth part and the  preparation to be applied.
For the restoring according to the invention the
drilled-out tooth 1 shown in Fig. I the  opening 2 is
filled with e.g. one of the preparations 10, 11, 12,
13 shown above the drilled-out  tooth 1. Preparation
10 comprises a body 10.1 of a known filling body
material and a contact  layer 10.2 consisting of
thermoplastic material and completely or partly
covering the surface of 9 23 February 2007 the body
10.1. For example, the one side of the preparation to
be facing toward the outside when  the preparation is
positioned in the opening 2 is free of thermoplastic
material. The preparation  



10 is dimensioned in a manner such that it can be
positioned at least partly in the opening 2
essentially without using force. The preparation 10 is
positioned in the opening 2 and is then excited with
mechanical  oscillation using a resonator (not shown)
of a device producing mechanical oscillation, for
example using a sonotrode of an ultrasound apparatus,
and the preparation is simultaneously  pressed into
the opening 2. Between the sonotrode and the
preparation a coupling piece may be  positioned, which
coupling piece comprises on its side facing the
preparation a sort of negative  of the preparation
surface and on its side facing the sonotrode, a face
which is even and which  regarding size is adapted to
a standard sonotrode. Thereby, the material of the
contact layer 10.2  is liquefied at least partly and
by the applied pressure is brought into intimate
contact with the  enamel 6 and dentin 7, which leads
to a positive-fit and adhesive connection. As the case
may be,  the preparation is simultaneously pushed
further into the opening 2. The oscillation excitation
is  stopped when the preparation body 10.1 has been
pushed sufficiently into the opening and no  more of
the thermoplastic material can be pressed into pores
and unevennesses (for example  recognised by material
being pressed out between the enamel and the body
10.1). At the same  time the pressing pressure is
advantageously maintained until the thermoplastic
material has  resolidified. After solidification of
the thermoplastic material the body 10.1 may be
adapted to  the shape of the original tooth using
known dental technology. At the same time, if so
required,  the contact layer 10.2 may be removed from
the top of the preparation body 10.1. The preparation
11 which is likewise suitable for filling the tooth
opening 1 differs from  the preparation 10 only in.
that in place of a contact layer fastened to the body
it comprises a  separate contact film 11.2 which may
be applied separately from the body 11.1 and which
consists of the material with thermoplastic
properties. The contact film 11.2 is brought into the
opening before positioning the body 11.1 or
simultaneously. The preparation 12 comprises a
preparation body 12.1 of highly viscous composite
material as known in dental medicine (e.g. cement
curable by e.g. light, heat or ultrasound, or
ormocer-like system). The preparation body 12.1 is
enclosed in a preferably flexible contact  layer 12.2
of the thermoplastic material. The material of the
preparation body 12.1 and the  contact layer 12.2 are
matched to one another in a manner such that a
connection arises between  them (e.g. by silanisation,
surface-activation, graft-polymerisation of reactive
groups on the side  of the contact layer). The
advantage of the preparation 12 with respect to the
preparations 10 and 11 lies in the  fact that it may
be adapted to the shape of the opening 2 to a greater
extent than the previously 



- - ----------- 10 23 February 2007 described
preparations. The disadvantage of shrinkage entailed
by the composite material is  made up by the
connection between the cured composite material and
the thermoplastic material  which leads to the fact
that stress caused by shrinkage of the cement may be
transmitted to the  thermoplastic material and may be
relieved by relaxation or creeping. The contact layer
12.2 may also be relatively stiff and open to the top,
such that the  dentist can fill it with the cement. In
this case it is advantageous to cover the cement with
a cover  element (e.g.Teflon film, metal film, metal
element, etc.) for applying the oscillations. The
contact layers 10.2 or 12.2 or the contact film 11.2
advantageously have a thickness  of approx. 0.01 to 1
mm. It is in no way necessary for the contact layer or
film to have the same  thickness at all locations and
to cover all surfaces of the preparation coming into
contact with the  natural tooth part. Advantageously
it comprises, on the one surface facing the dentin,
energy  directors in the form of ribs, pyramids,
cones, hemispheres etc. projecting by at least lm. The
function of the energy directors may also be assumed
by the dentin/enamel surface. In the case of  a
preparation 11 comprising a contact film 11.2 it is
also possible to equip the surface of the  preparation
body 11.1 with energy directors. The thermoplastic
material of the contact layers 10.2 or 12.2 or the
contact film 11.2 as  already mentioned above, may
contain reactive resins which react with the natural
tooth material  or with a primer deposited thereon to
form chemical bonds. The preparation 13 which is
likewise suitable for filling the opening 2 does not
comprise  a preparation body of a material without
thermoplastic properties and being surrounded by the
contact layer or film, but it consists entirely of a
thermoplastic material, advantageously of a  filled
thermoplast, wherein the extent of filling may
increase from the periphery of the  preparation
towards its centre. The thermoplastic material may
additionally contain pigments  known in the art of
tooth fillings. The preparation 13 is adaptable to the
shape of the opening 2 to  a better extent than the
preparations 10 and 11 since the available quantity of
thermoplastic  material is larger. The preparation 13
is suitable in particular for fixing a construction
element, i.e. an  element serving as a basis for
mounting a prosthesis. For this purpose it comprises
e.g. on the  one side which when being positioned lies
on the tooth surface a bore, into which the
construction element is welded before or after
fixation of the preparation. The cavity 2, as
described above, may be filled with one of the
preparations 10 to 13. It  



may also be filled with a plurality of equal or
different preparations, wherein a first preparation is
11 23 February 2007  positioned and mechanical
oscillation applied to it. Then a second preparation
is positioned and  mechanical oscillation is applied
to it, and so forth. If the opening is not only
accessible from the end face as shown in Figure 2, but
also  from the side, it is advantageous to use an
auxiliary device as known from the state of the art
(e.g. sleeve) when applying the preparations 10 to 13
and to removed it afterwards. This  auxiliary device
has an inner surface on which the thermoplastic
material is not liquefied or from  which it is easily
separated. On the open side, the contact layer or film
is removed when  preparation is positioned and fixed.
Figure 2 shows the same tooth as Fig. I but with the
opening 2 filled with the preparation  10 or 11 and
after possibly necessary adaptation of the outer
surface to the original shape of the  tooth. Fig. 2
further shows in a larger scale the contact layer 10.2
or contact film 11.2 being  connected to the dentin,
i.e. after liquefying and pressing the thermoplastic
material into the  pores of the dentin 7. From this
detail one may recognise the positive fit between the
tooth part  and the preparation which is produced by
liquefying the thermoplastic material and pressing it
into pores or surface unevennesses of the dentin and,
as the case may be, of the enamel. The  positive fit
ensures a very stable anchoring of the preparation. As
may likewise be recognised  from the enlarged detail,
it is advantageous to design the surface of the
preparation body 10.1 or  11.1 in a manner such that
here too a positive fit (or also adhesive connection)
between the  material of the body and the
thermoplastic material is possible. For this, the
surface of the  preparation body 10.1 or 11.1 may be
designed suitably rough (roughness of approx. 0.5 to
50  m) or may be provided with a suitable surface
structure on the sides on which it is surrounded  by
thermoplastic material. It is also conceivable to
manufacture the corresponding surfaces of the
preparation body 10.1 or 11.1 of a porous, for example
sintered material (pores with sizes of 10  to 300 m,
porosity of 2 to 80%). Figure 3 shows as a further
embodiment of the preparation according to the
invention,  an artificial crown 14 to be placed on a
natural tooth stump 20. The crown 14 comprises a
crown body 14.1 of a material known for this purpose
(e.g. tooth alloys, plastics, composites,  ceramic
compounds). Between the crown and the dentin 7 there
is again located a contact  layer 14.1 consisting of a
thermoplastic material and being designed as a coating
of the crown  body 14.1 (analogue of the contact layer
10.1 of preparation 10) or as a separate contact film
(analogue of the contact film 11.2 of preparation 11).
The contact layer 14.1 is connected to  



the dentin 7 of the tooth stump by way of mechanical
oscillation excitation and pressing, and  as the case
may be, is also anchored in a corresponding surface
structure of the crown body  14.1 in a similar way as
shown in Fig. 2. The preparation 14 may not only be a
crown, but in  the same manner may be a bridge, an
abutment, a construction element, a prosthesis or a
part  prosthesis. 12 23 February 2007  Figure 4 shows
a further embodiment 15 of the preparation according
to the invention, which has the shape and function of
a fastener body for a crown, bridge, abutment'
construction element or prosthesis (e.g. root pin) and
which is positioned and fixed in a  suitably prepared
(drilled out) tooth 'root and to which an artificial
tooth, a bridge, an  abutment, a construction element,
a part prosthesis or a full prosthesis is fastened.
The  preparation comprises a preparation body 15.1 and
a contact layer 15.2 or contact film, but  may also
consist completely of the thermoplastic material. The
preparation 15 is designed in  the same manner as the
tooth fillings 10, 11 or 13 according to Figs. 1 and
2. The description  of these Figs. may therefore be
applied accordingly. At its proximal end, the
preparation is  provided with fastener means, for
example as shown with a pocket hole with an inner
thread.  Such a fastener means may of course also be
created after the preparation has been positioned  and
fixed in the tooth root. Figure 5 shows a further
example 16 of a preparation according to the
invention. It is  again a preparation which serves for
fastening a further, artificial tooth part (root pin)
and for  this comprises a fastener body 16.1 The
fastener body 16.1 consists of a material suitable for
the load-bearing function, e.g. titanium. A root part
16.2 mounted on the fastener body  comprises a core
16.3 (e.g. titanium wire) being advantageously
elastically or plastically  deformable and therefore
adaptable to a specific root canal and a covering 16.4
of the  thermoplastic material enveloping the core
16.3. The root part 16.2 is at least partly positioned
in the cavity of the suitably prepared, natural tooth
root (e.g. drilled out for accommodating  the fastener
body) and adapts to the shape of this cavity. The
fastener body 16.1 projecting  beyond the tooth root 4
is then excited with mechanical oscillation and
pressed against the  tooth root 4 so that it comes to
sit in a seat 30 suitably prepared on the surface of
the tooth  root 4, and the root part is pushed as deep
as possible into the hollow of the tooth root. At the
same time the covering material is at least partly
liquefied and adapts to the canal shape and  the
thermoplastic material is connected to the dentin. The
preparation 16 may also be designed with a plurality
of root parts 16.2 for being  



fixed on a molar root. For this application it is
particularly advantageous for the thermoplastic
material of the covering 16.4 to be equipped with
antiseptically or denaturising agents. Fig. 5 shows
the preparation 16 in its fixed condition, that is to
say after treatment with  mechanical oscillations. The
fastener body is seated in its seat 30. The core 16.3
of the root  part 16.2 is seated in the hollow of the
tooth root 4 surrounded by the covering 16.4, whose
thermoplastic material is at least partly pressed into
the pores and surface unevenness of the  dentin 7 and
is thus anchored in the natural tooth root. For
achieving a good connection 13 23 February 2007
between the core 16.3 and the covering 16.4 it may be
advantageous to equip the core 16.3  with a suitable
surface structure (not shown). For the preparation
according to Fig..5 it is particularly advantageous to
equip the  material of the covering 16.4 with
antibiotic or antiseptic agents for eliminating the
negative  effects of pulp remains in the canal. The
core 16.3 and the covering 16.4 may both consist of
the thermoplastic material,  wherein a reinforcing
filling in the core region may have a greater share
than in the covering  region. Figures 6 and 7 show two
variants of the distal end of the preparation 16
according to  Fig. 5 which are designed for preventing
the root part 16.2 from being able to advance too
deeply into the root hollow, and/or for preventing the
liquefied material from being able to be  pressed out
of the root cavity. According to Fig. 6 the core 16.3
comprises a thickening 16.5  which limits the advance
in the root canal and/or serves as a seal and which
also renders the  position of the root part 16.2
clearly visible in an x-ray picture. According to Fig.
7 a plug  16.6 of a soft material, for example of
gutta-percha, is arranged at the distal end of the
preparation. The plug 16.6 where appropriate is
brought into a plastic condition by way of
oscillation of the preparation and may thus seal the
inner opening of the root canal. Figure 8 shows a
further embodiment 17 of the preparation according to
the invention.  The preparation has the shape of an
artificial tooth to be placed onto a natural tooth
root 4.  The preparation 17 has a crown part 17.1 and
a connection part 17.2, wherein the crown part  17.1
consists of a material suitable for an artificial
tooth and the connection part 17.1 consists  at least
partly of the thermoplastic material. The connection
part 17.2 which may be fastened  on the crown part
17.1 or may be applied independently is for example
formed as a flat plate  or a piece of film or it
comprises, as shown, a root appendix 17.3 which at
least partly is  positionable in the hollow of the
tooth root 4 and which is integrally formed on a
connection  



plate 17.4 positionable on the root surface. The
connection plate 17.4 for its part is connected  to
the crown part 17.1 by a positive fit realized either
by the manufacturer or by the dentist on  fixing the
preparation in the natural tooth root. The preparation
17 of Fig. 8 is shown on the  top being positioned on
the tooth root 4 (i.e. before the application of the
mechanical  oscillations) and below in the fixed
condition (i.e. after the application of the
mechanical  oscillations). For fixing it in a tooth
root, the preparation 17 is positioned on the prepared
tooth root  4 in a manner such that the root appendix
17.3 is at least partly positioned in the root cavity.
Oscillation is then applied to the preparation e.g. by
the sonotrode 50 of an ultrasonic device. 14 23
February 2007 If applicable, a coupling piece 51 is
positioned between the sonotrode 50 and the crown part
17.1, which coupling piece is adapted on the one hand
to the sonotrode 50 and on the other  hand to the
crown part 17.1. For facilitating the positioning of
the coupling element 51 and  the crown part 17.1 these
can be connected in a reversible manner e.g. by vacuum
or by an  adhesive. In the case of a two-part
preparation firstly both parts are positioned and then
the  whole thing is made to oscillate, wherein the
thermoplastic material of the connection body  17.2
liquefies locally, in particular at its contact
locations with the dentin. Simultaneously it is
pushed further into the hollow 4 of the tooth root 4.
If so designed, the thermoplastic material  of the
connection body 17.2 is liquefied also at its contact
surface with the crown part 17.1  and is pressed into
suitably provided surface structures as this has been
described in  combination with Fig. 2. It is also
possible to firstly position the connection body 17.2,
then to  connect it to the tooth root by application
of oscillations and only then to position the crown
part 17.1 and to connect this to the connection body
17.2 once again using oscillations. In a manner
analogue to the one shown and described in Fig. 8, one
may not only fix a  crown part to a natural tooth root
but also an other artificial tooth part onto a cavity,
specially  created for this purpose, in a natural
tooth part. Figure 9 shows a complete natural tooth on
which a jewellery element, for example a  cut diamond
is fastened, wherein the rear side of the jewellery
element within the context of  the invention carries a
layer of material with thermoplastic properties or a
suitable film is  positioned between the tooth and the
jewellery element for the fastening. In the same
manner  other elements such as veneers, cappings and
fixation elements may be fastened to teeth, for
example fixation elements for wires as used for tooth
corrections. 



23 February 2007  15 CLAIMS  1. A preparation to be
fixed on a natural tooth part or tooth, in particular
for replacement  of a load-bearing tooth part, said
preparation being positionable in the natural tooth
part or on  the natural tooth part or tooth,
characterized in that the preparation comprises at
least one  region or one part (11.2) of a material
with thermoplastic properties, the at least one region
forming at least part of the preparation surface or is
positionable forming at least a part of the
preparation surface, and that the preparation has
oscillation properties with damping losses  which are
so small that local stress concentrations are required
for liquefying the material by  oscillation, wherein
the preparation is designed in a manner such that the
stress  concentrations only occur in the region of the
preparation surface. 2. The preparation according to
claim 1, characterized in that the material with
thermoplastic properties has a modulus of elasticity
which is larger than 0.5 Gpa. 3. The preparation
according to claim 2, characterized in that the
material with  thermoplastic properties is a
thermoplastic material or a composite material with a
thermoplastic component. 4. The preparation according
to claim 3, characterized in that the thermoplastic
material  or the thermoplastic component is a
polyolefin, a polyacrylate, a polymetacrylate, a
polyurethane, a polycarbonate, a polyamide, a
polyester, a polysulphone, a polyarylketone, a
polyimide, a polyphenyl sulphide, a liquid crystal
polymer, a polyacetal, a halogenated  polymer, in
particular a halogenated polyolefin, a polyphenylene
sulphide, a polysulphone, a  polyether or a
corresponding copolymer or mixture of at least two of
said polymers. 5. The preparation according to one of
claims 1 to 4, characterized in that the material
with thermoplastic properties is a thermoplast with
admixtures of fibres, whiskers, particles,  agents
acting antiseptically or in a denaturising manner, or
x-ray absorbing constituents. 6. The preparation
according to one of claims 1 to 4, characterized in
that the material  with thermoplastic properties
comprises an active component reacting with the
surface of the  natural tooth part or with a primer
deposited thereon. 23 February 2007  16 7. The
preparation according to one of claims 1 to 6,
characterized in that it comprises a  further region
or part of a metallic or ceramic material, of a
polymer or of a composite  



material. 8. The preparation according to one of
claims 1 to 7, characterized in that it has the shape
of a tooth filling to be fixed in a tooth opening, or
the shape of an element to be fixed to a  tooth. 9.
The preparation according to claim 7, characterized in
that it comprises a preparation  body and a contact
layer arranged on the preparation body, or a contact
film forming a  separate preparation part. 10. The
preparation according to claim 7, characterized in
that it consists completely of  the material with
thermoplastic properties. 11. The preparation
according to one of claims 1 to 7, characterized in
that it has the shape  of a crown, abutment,
construction element, bridge or prosthesis to be fixed
on a natural tooth  stump, and that the material with
the thermoplastic properties forms an inner surface of
the  crown, abutment, construction element, bridge or
prosthesis or is positionable on this inner  surface.
12. The preparation according to one of claims 1 to 7,
characterized in that it comprises a  fastener body to
be fixed in a cavity of a natural tooth part, the
fastener body being equipped for the fastening a
further, artificial tooth part to the fastener body.
fi  13. The preparation according to claim 12,
characterized in that the further artificial tooth
part is a crown, an abutment, a construction element,
a bridge or a prosthesis. 14. The preparation
according to claim 12 or 13, characterized in that it
comprises at least  one root part arranged on the
fastener body, the root part comprising an elastically
or  plastically deformable core, and a covering of the
material with thermoplastic properties  arranged
around the core. 15. The preparation according to
claim 14, characterized in that at a distal end of the
core there is arranged a thickening of the core
material or a plug of a soft thermoplast. 23 February
2007  17 16. The preparation according to one of
claims 1 to 7, characterized in that it comprises a
crown part and a connection body, and wherein the
connection body consists at least partly of  the
material with thermoplastic properties and is designed
in a manner such that it is  positionable at least
partly in a cavity of a natural tooth part. 18 23
February 2007  ABSTRACT 



A preparation (10, 11,12,13) to be fixed to a natural
tooth part or tooth, in particular for  the
replacement of a load-bearing tooth part, is for
example a filling for a drilled-out tooth  (1), a
crown, bridge or prosthesis to be placed on a tooth
stub, or a tooth pin to be fixed in  a tooth root for
fastening an artificial tooth part. The preparation
has surface regions  which consist of a material with
thermoplastic properties. The preparation (10, 11,
12,13)  has oscillation properties with such low
damping losses that for a liquefaction of the
material with thermoplastic properties by way of
oscillations there are local stress  concentrations
required, and in a manner such that such stress
concentrations only occur  in the region of the
preparation surface. The preparation is positioned on
a suitably  prepared natural tooth part in a manner
such that the material with the thermoplastic
properties is in contact or may be brought into
contact with the dentin surface and/or  enamel
surface. The preparation is then made to mechanically
oscillate and is  simultaneously pressed against the
natural tooth part, whereby the material with the
thermoplastic properties is at least partly liquefied
and brought into intimate contact with  the dentin or
enamel surface in a manner such that after
solidification it forms a positive  fit and/or
material fit connection. Teeth restored with such
preparations have a high  stability and a long life,
which in particular is attributed to the fact that the
thermoplastic  material, in contrast to known cements
used for the same purpose, shrinks less and has the
ability to relieve internal stress by creeping. The
thermoplastic material is also able to  equalise
inaccuracies between the natural tooth part or tooth
and further artificial  elements, therewith reducing
the known high accuracy requirements asked for in
dental  technology. (Figure 2) 




