-1- IMPLANT TO BE IMPLANTED IN BONE TISSUE AND METHODS
FOR PRODUCTION AND IMPLANTATION THEREOF The invention lies
in the field of medical technology and concerns an implant to be
implanted in bone tissue, which implant may be a standardized one being
implanted in a cavity especially created or adjusted for the purpose, or an
individual implant being implanted in an individual bone cavity (e.g. dental
implant, joint implant, or an 5 implant to fill a bone defect). The invention
further concerns methods for producing and implanting the implant.
Implants to be implanted in bone tissue are usually implanted in bone
cavities, which are especially created for the purpose (e.g. bore or
stepped bore) or which are caused by other circumstances, e.g. trauma
or degenerative disease. According to state-of 10 the-art technology, such
implants are either fitted into the cavity by means of cement placed
around the implant, or the shape of the implant is adapted to the cavity so
accurately that, after implantation, as much as possible of the functionally
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sections and/or without a straight axis. Gggtakipgjants to. be |mplanted in
the jaw bone for replacing a natural tooth root and for supporting e.g. an
artificial crown, an abutment, a bridge, or a set of dentures, -2- are known
as standardized implants to be implanted in specially produced or at least
correspondingly adapted cavities, and also as individual implants adjusted

to the Shﬁ@qw‘eﬁﬂdﬁqiE&QHQhE%IQ"o@%@@!UQ-technology and concerns an implant to be
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implanted in bone tissue, which implant may be a standardized one being implanted
in a cavity especially created or adjusted for the purpose, or an individual implant
being implanted in an individual bone cavity {e.g. dental implant, joint implant, or an
implant to fill a bone defect). The invention further concerns methods for producing

and implanting the implant.

Implants to be implanted in bone tissue are usually implanted in bone cavities, which
are especially created for the purpose {e.g. bore or stepped hore) or which are caused
by other circumstances, e. g. trauma or degenerative disease. According to state-of-
the-art technology, such implants are either fitted into the cavity by means of cement
placed around the implant, or the shape of the implant is adapted to the cavity so
accurately that, after implantation, as much as possible of the functionaily essential
implant surface is in direct contact with the bone tissve. For an individual implant
this means that the shape of the implant is irregular, in particular it is an irregular

cone without consistently round cross sections and/or without a straight axis.

Dental implants to be implanted in the jaw bone for replacing a natural tooth root

and for supporting e.g. an artificial crown, an abutment, a bridge, or a set of dentures,



Standardized dental implants to be implanted in specially created bores
are 5 cylindrical or slightly conical, in essence rotationally symmetrical
pins, mostly screws. They are available on the market in various sizes
and shapes, from which the dental surgeon chooses the implant most
suited to a specific case. Implantation of such @ dental implant is
generally not possible until the cavity resulting from the extraction of the
natural root to be substituted has filled with regenerated bone tissue, 10
i.e. until after a waiting period of 3 to 6 months following the extraction.

Usually thee sexewessireplaatisdaakipaded dmmgdipiely after implantation,
as the risk is too high that the stressi,9 would cauﬁs%J the%n%l?ﬁf ’t@%“\?é%%‘ or at least

much in rélatioh 1o ﬁ%l)é&qéptl‘?gsﬁ%‘f“ﬁﬁs%Lﬂlicpﬁév@ﬁivédyabMEfm adjusted to the
integratiophepeiré amplaividodhe honaiissiue. (0sseointegration). In a vast

majority of cases therefore, a part protruding from the 15 jaw (crown,

bridge, etc.) is not mounted on the implant until after a further waiting

period of 3 to 6 months, i.e. not until the implant is fully integrated in the
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alvglg)lus.,-B- It is well known that bone tissue tends to redetilh frggmerated bone tissue,
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relative n&(])\{etments between implant and boné tissue the risk is too high
at the stress would cause the implant to move too much in relation (o the bone

tissue. This would prevent a successful integration of fhe implant in the bone tissue
(osseointegration). In a vast majority of cases therefore, a part protruding frdrn. .the'
15  jaw (crown, bridge, etc.) is not mounted on the mnplant until after a further waiting
period of 3 to 6 months, i.e. not until the implant is fuilly integrated in the bone tissue
and relative movements between the implant and the bone tissye caused by normal

loading no longer exceed a physiologically tolerable range.

Experience shows that screw-shaped dental implants which are fully integrated in the
20 jawbone have a stability which is sufficient for normal load situations and remains
unchanged over a long time. Among other things, this is due to the implant being
firmly anchored laterally in the bone tissue by the thread, which reduces shearing

relative to the bone tissue and prevents undesirable pressure on the base of the

alveolus,



which do not exceed a physiologically tolerable range would stimulate
bone 5 regeneration and therefore osseointegration of the implant. For
these reasons there are a number of attempts to find ways and means for
reducing or even eliminating the waiting peri_ojiws. In order to reduce the
first waiting period, i.e. the time it takes the cavity caused by the
extraction of the natural root to fill with regenerated bone tissue, as well as
to be 10 able to exploit the advantage of the denser bone layer (alveolar
bone) surrounding the natural cavity (alveolus) as a supporting element, it

is suggestédivelskaperthie:imphanissetsatationalbssymmepical. and tound o o
like a scrgg\llt.g t S3 ntingflll t.corrfje%?ondi.ng with the sha;ge of the na_ltura?l &
root to be subStituted (individuar ilpiEnt Bhich 21 derpthimekantoe jawbone is locally

implanteddinehéedxising calvityn(mater sl alve alids ) MBRRCBIARRA OBt and bone tissue

shortly aftge thesextraction of the natural root, However, since under =
natural conditions there%%%%b?oggyssb%%ﬁa erﬁ%@ﬁbﬁ BBtRcHOHe stimulate bone

dental roggeiatn vddherefat, andotpiantivhioh iBangkas! Pepefe 8sons there

natural rgQt (e, i tive-positive casting method) does not
sit tightly in th_é‘g%ggﬂgﬁgfﬁstﬂgg% %&%{ |\?gc§ﬁ1eec§f' SACOSEABTHIB GYatits eliminating

during tHES2B2EEMbRerRGIting period such that a kind of connective tissue

forms in the gap between the alveolar wall and the implant, which

connective tissue prevents osseointegration at least locally and is not

able to lend the implant sufficient stability. In order to improve the implant
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not rotationally symmetrical and round like a screw, but essentially corresponding
with the shape of the natural root to be substituted {individual implant). Such an
implant can be implanted in the existing cavity (natural aiv'e'(unlus) immediately or

15 shortly after the extraction of the natural root,

However, since under natural conditions there is a fibrous support membrane
between the Q¢nta1 root and the alveolar wall, an implant which is an exact copy of
the natural root (e.g. produced by negative-positive casting method) does not st
tightly in the aiveo[_us. This has a negative effect on osseointegration during the
20 second waiting period such that a kind of connective tissue forms in the gap between
the alveolar wall and the implant, which connective tissue prevents osseointegration

at least locally and is not able to lend the implant sufficient stability.

In order to improve the implant stability for the osseointegration phase {second
waiting period) and therewith the starting conditions for successful osseointegration

25 it is suggested in US-5562450 (Gieloff et al) and WO-88/03391 (Lundgren) to



particular with depressions (honeycomb structures, structures with
undercuts). The said implants are e.g. produced by contact-less
measuring of the natural root after its 5 extraction or of the alveolus, by
processing the measuring data in a CAD-system and by fashioning the
implant from an appropriate blank in a CAM-s‘yét‘em, based on the
processed measuring data, by milling, grinding, electronic erosion, etc.
Due to the 'press fit' of such oversized dental implants sit considerably
tighter in the alveolus than exact replica of natural roots. However,
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loading, and the implants may even get completely loose. The
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immediately after the implantation. It is also evident that even after the
15  osseointegration phase (second waiting period) these implants tend to loose their grip
in the jawbone when loaded. As reported by R.-J. Kohal et al. (published in DentSci
(2) 7: 11) at the 52nd annual conference of the German Society for Dental
Prosthetics and Material Science (DGZPW) in May 2003, the jawbone regresses a
great deal in the area.of such implants during the osseointegration phase and under

120 subsequent loading, and the implants may even get completely loose.

The aforementioned findings can be explained by, among other things, the large-
surface contact between implant and bone tissue which is subjected 1o intense
modification resulting from surgery (tooth extraction) so that the stresses induced in
the bone are only very slight. This applies not only to dental implants but generally
25 to implants that are to be implanted into bone cavities, Although the surface
geometries can raise the tension very locally via the 'press fit', the concerned volume

however, appears to be too small for effectively reach a mechanically induced



-5- stimulation of bone regeneration. The force of pressure upon the
implant created by load (chewing movement) lead mainly to shearing
forces in the cavity wall. Furthermore, the form-fit between implant and
cavity wall can hardly give enough stability against tortional forces. Due to
the lack of sufficient rotational stability, 5 dislocations can occur in the
region of the regenerating bone, which dislocations prevent successful
osseointegration. These problems have been discussed in depth,
particularly in connection with hip joint prostheses. For dental implants
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15 attention is paid to these problems, even though in this case the alveolus is normally

completely ossified.

To sum up, it can be said that of the known bone implants to be implanted without

cement, the screw-shaped implants are preferable to all other forms with regard to

stability, but that they often cannot be used due to the inevitable geometncal |
20 p[‘&COI’]dIthI’lS necessary for their application, or at least not without suffering other

disadvantages. Something similar applies to many other implants to be implanted in

bone tissue,

Thus it is the object of the invention to create an implant (individual or standardized)
to be implanted in' bone tissue as well as methods of production and implantation
25  thereof. Once fully integrated in the bone tissue, the stability .of the implant
according to the invention is to at least match the stability of a screw-shaped implant

screwed into a corresponding bore. However, primary stability of the implant



25 thereof. Once fully integrated in the bone tissue, the stability of the
implant according to the invention is to at least match the stability of a
screw-shaped implant screwed into a corresponding bore. However,
primary stability of the implant -6- according to the invention (immediately
following implantation) is to be significantly better (in particular against
torsional loading) than the primary stql#ﬁlity of the screw-shaped implant.
Furthermore, the implant according to the invention is to be significantly
less geometrically limited than the screw-shaped implant. All the same it
is to be possible to implant the implant according to the invention with per
se known methods and to produce the implant with per se known
acRiREegYsehe TisARIRCHIS AchisNed mmﬁﬂg RaphARE S Heihedsias ficantty
b defined in the corr,esgondmg claims. According to a first aspect of the
SRR HEr S48 Brol RN RS RS thae e SRRl At seashaped
impiapta Matiemdirectinn pashlelda adinaplanheXis dhibaavity BeERMEIRaDY less
a_cavity,wall of bone tissue, wherein an impl n}é%o tion to he .implanted .
e e B S R R LR indbrpeossivte o
implarfade argdetconopdise @ thaterahivichifs fiquefittiebymbofemidab produce
ﬂ]eqﬁﬁ;ym%tﬁtbgpgg%g@m%pg&mfg suitable for the liquefiable material
positioned in a hollow space of the implant to be pressed from this hollow
space to an implant surface, and wherein the second surface areas
comprise cutting edges, which do not extend in a common plane with the
Thig‘@%& %&l}%@@%%%ﬁ?aﬂ %%%E?QJQ He?{nt%{e i#]mfféac?frgy d ding
which extend at least partly around the circumference of the imp ant. The
clajisiant according to embodiments of the invention is implanted essentially
parallel to an implant axis (i.e. without substantial rotation) and it
comprises a distal end area facing forward in implantation direction and a
proximal end area located opposite to the
According to a first aspect of the invention, there is provided bone implant suitable for
implantation in an implantation direction parallel to an implant axis in a cavity
surrounded by a cavity wall of bone tissue, wherein an implant portion to be implanted
comprises separate first and second surface areas, wherein the first surface areas
comprise a material which is liquefiable by mechanical oscillation or comprise
openings suitable for the liquefiable material positioned in a hollow space of the
implant to be pressed from this hollow space to an implant surface, and wherein the
second surface areas comprise cutting edges, which do not extend in a common plane
with the implant axis, which face towards a distal end region of the implant, and which

extend at least partly around the circumference of the implant.

The implant according to embodiments of the imvention is implanted essentially parallel to
an implant axis (i.e. without substantial rotation) and it comprises a distal end area
facing forward in implantation direction and a proximal end area located opposite to the
distal end area along the implant axis. In an implanted state, the proximal end area is
positioned in the region of the bone surface or possibly protrudes from the bone. The

implant surfaces between the distal and the proximal end areas, which surfaces are at least



distal end area along the implant axis. In an implanted state, the proximal

end area is positioned in the region of the bone surface or possibly

protrudes from the bone. The implant surfaces between the distal and the

proximal end areas, which surfaces are at least -6a- partially brought into

contact with the bone tissue on implagyation, are equipped with chip-

forming cutting edges. These cutting edges do not extend in a common

plane with the implant axis, i.e., on implantation, they are not moved in

the bone tissue parallel to their length but essentially at right angles it,
paaidisiiayaiie facingiewansiiiecdisil eatede anflaAgciondngimpplantith chip-
i COI‘?#I‘IS S a‘%ﬁgten which is liquefiable by mechanical vibration, e.g. a
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advantageously a thermoplastic material, to'liquéfy at points of contact
with the bone material and to be pressed into unevennesses and pores,
or into structures in the cavity wall specifically fashioned for this purpose,
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set again, the liquefiable material forms a link between the implant and
subfanHaihe fis<ie iFtEtaaRIng tke B RIgo AiSit i d ViR Iy theastial frotion,
whitteiga@se of the liquefiable material being positioned in a hollow space of

the implant,



the mechanical vibration is advantageously not applied to the implant until

the implant is positioned in the cavity and then only to the liquefiable

material. In this case, the liquefiable material may be a thermoplastic

material or a thixotropic, particulate, hy_c}r_aulic or polymeric cement, as

also used in orthopaedics for anchoring implants or e.g. for the infiltration

of diseased collapsed vertebrae. The implant according to embodiments

of the invention is stabilized in the cavity immediately after the

implantation by its connection with the bone tissue through the liquefiable
cuffRiesiRle R RID hiS AL Lzatan fﬁlﬁgﬁﬁ{%ﬁﬁw ERRIEANG the implant
. tension (eg. parallel to the implant axis) as well as against torsional
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bility, which is in most cases sufficient to withstan
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fit m@tgﬂ@hg@%%@eﬁ lasser elastic modulus than the bone matrix, and in
particular the implant itself, and their ability to creep make them
particularly advantageous for absorbing shocks and for -8- reducing
excessive stress. Their elasticity permits small relative movements
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stimulating the bone tissue particularly in the area of the cutting edges. )
thempeelrictn P TREQR issiNaRtERAUSHE DehPRbsH o idis ettt dhrdmplant is
poiitipledt andheone itgsugd Whiehonuld lead B dbeBisrupiien0f thethis case, the
._0sseointegration process. Because the implant according to embodiments
hq% t?ée}:gﬁ: ﬁ“{}é‘%ﬁ Igﬁnlls%rﬁg A %ﬁngglaéﬂﬁ Memﬁ or a%uxotroplg, particulateﬂly raulic
or polymeric cement, as also used in orthopaedics for anchoring implants or e.g. for the

infiltration of diseased collapsed vertebrae.

The implant according to embodiments of the invention is stabilized in the cavity
immediately after the implantation by its connection with the bone tissue through the
liquefiable material, wherein this stabilization is effective against pressure and tension
(eg. parallel to the implant axis) as well as against torsional loading. The cutting edges
cutting into the bone tissue during implantation also contribute to the anchoring of the
implant. The anchoring by both the liquefiable material as well as the cutting edges is
particularly effective on the lateral walls of the cavity, such that the load on the cavity base is
reduced or eliminated, which is particularly important for dental implants. All named effects
lend the implant according to the invention a primary stability, which is in most cases
sufficient to withstand loading immediately after implantation. The connective
structures of thermoplastic material possess a lesser elastic modulus than the bone
matrix, and in particular the implant itself, and their ability to creep make them particularly

advantageous for absorbing shocks and for



without rotation (in particular without rotation greater than 360), it is
possible and advantageous to fashion the implant in such a manner that
its shape contributes to its stability against torsional forces in the cavity.
As is yet to be shown, it is nevertheless pgssible to design the implant
according to the invention to be suitable fGr implantation in a cavity with a
round cross section (bore or stepped bore). If the implant according to
embodiments of the invention is an individual implant, it will in most cases
have the shape of an irregular (not round) cone, i.e. it will taper towards its
distal end, and in the case of a dental implant, it will have a shape being
essentially adapted to the shape of a natural dental root. Such an
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oseppliestaimdpactsal joint prosthesis implants according to the invention
and such implants for the repair of individual bone defects. If the implant
according to embodiments of the invention (e.g. dental implant) tapers
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cutting edges an implant designed as a

If the implant according to embodiments of the invention is an individual implant, it will
in most cases have the shape of an irregular (not round) cone, i.e. it will taper towards its
distal end, and in the case of a dental implant, it will have a shape being essentially adapted to
the shape of a natural dental root. Such an individual dental implant according to the
nvention can, like known dental implants copying the natural root, be implanted immediately
after extraction of the natural root. However, contrary to known individual dental implants,
also called tooth replica, the implant according to the invention remains stable during the
osseointegration phase and for a long time afterwards, as is the case for screw-shaped
dental implants. The same applies to individual joint prosthesis implants according to the

mnvention and such implants for the repair of individual bone defects.

If the implant according to embodiments of the invention (e.g. dental implant) tapers
towards the distal end, the cutting edges are designed as outer edges of step-shaped
reductions in cross section (steps). In this case also, the cutting edges are dimensioned in

relation



cone may also comprise step-shaped reductions in cross section (steps)
without a cutting action (wedge angle 90 or more). For steps without
cutting edge and/or for steps being relatively deep, it is advantageous to
create appropriate shoulders in the cavity prior to implantation, e.g. with
the aid of a tool adapted in shape to thgimplant. Whether the method
with or without pre-shaping of shoulders in the cavity is chosen, depends
in particular on the condition of the bone tissue on hand, but also on the
surgeon and patient. Pre-shaping of shoulders (their depths being about
equal to the depths of the corresponding implant steps) reduces the

to theerahidal sk ssromtke tsone tispletaivingm plantatior, ceviderialj thib remain

at TaethashRardicstanyesuitalie-fon ldar Ratients with inferior bone quality.
Once implanted, the cutting edges of the implant according to
embodiments of the invention are lodged in the bone tissue of the cavity
wall, similarly to the threads of a screw-shaped implant, and thus form

Thl;aéﬁft%@ It ’[HetE‘L%I:QQ:aﬁlﬁ%:ty%&%u&ﬂf%@ﬁ@%ﬁe%%%ﬁﬁépgﬁa ?rou[md the

__acting on the implant are coupled into the bone tissue from r plan
Mg eSS RS St G5 ehamyBkrasioiamatarbughdleonteakar wedge
an@ylibitidgathaeSEENUBdY MO @At &VHRCEMHDULCUEING EAAC R ed as o

steps. These lateral suppaorts represent specifically loaded points where

COnE HIaY R h PRI s LerNaRES TedBctiAns dBifER to RO (SR without a cutting

actitesertoied alxive)the dropiant according to embodiments of the invention
may also comprise furrowing or self-tapping structures extending in a
common plane with the implant axis, i.e. essentially in the implanting
direction. These structures penetrate the cavity wall and lend the implant

Fopsioparystahiitypiagicadarinwih e gaspsBetar siana dor e p THEs RREMgeous to
Crea%caord}g%itﬁeegﬂgﬁgirlgent of the invention ,m]ay also compgﬁ?gsa cutting .
collag?ln & Broximar arda ol KRS g T AR {igdd of a tool
adapiedantishipone. the implant. Whether the method with or without pre-shaping of
shoulders in the cavity is chosen, depends in particular on the condition of the bone tissue on
hand, but also on the surgeon and patient. Pre-shaping of shoulders (their depths being about
equal to the depths of the corresponding implant steps) reduces the mechanical stress on the
bone tissue during implantation, rendering this method particularly suitable for older

patients with inferior bone quality.

Once implanted, the cutting edges of the implant according to embodiments of the
invention are lodged in the bone tissue of the cavity wall, similarly to the threads of a
screw-shaped implant, and thus form lateral supporis in the bone tissue, i.e. points where
pressure forces acting on the implant are coupled into the bone tissue from lateral implant
areas, and in fact more orthogonally than is possible through a comical or cylindrical,
essentially smooth implant surface without cutting edges and steps. These lateral supports

represent Speciﬁ cally loaded points where bone regeneration is stimulated.



The surface areas of the cutting edges on an implant according to
embodiments of the invention consist of a material which is suitable for
cutting into bone material, and which does not liquefy under the
conditions of the implantation. They consist e.g. of titanium, of a titanium
alloy, of zirconia, or of another suitable etallic or ceramic material, or of
an appropriately reinforced polymer. The liquefiable material to be applied
in the implant according to embodiments of the invention is
advantageously biologically resorbable. The liquefiable material does not

end across the surface a ith the cutting edges, where the implant
i R T SRTGERCAN CorA R L D OORUATH R bglo cmbod mients of tre

111vad§yaimtmggca]miycoﬁgmmmlﬁagmnm chasglCtappiQn dresearsy ﬁﬁﬁﬁcﬁﬁga@ a common
seQintagr SB f the implant ¢ nymmme tely after_implantati

agéd cant%%c%}{ SSi ?/eB@(/ rellg[\)/e e%ar%f:yhonr%eblf/n%e r%ensfbr rebfmn ql Rese ?mtmes

penpeptadprasticinveaBriall leis! pbedibpdaalguimarsestambiy-restcobisle with regard to

torfRGEANOBIRSUC MRGHA RS U RaMANE eéﬁhﬁ)tdﬁ%@;ﬁghgf '@&'Qﬁb&%ﬂemdy also

tissue permanently complements or even rep aces the anch orlng
COTIREED thtuHHat6AITRiBfec uex msh el i veibsambe trpka mptmurface of

theStofacd byith the polymer may be useful. Biologically resorbable
liquefiable materials suitable for the individual implant according to
embodiments of the invention are: thermoplastic polymers based on lactic
and/or -11- giuconic acid (PLA, PLLA, PGA, PLGA etc) or polyhydroxy

Th@'glxﬂg@:&at%ie@%%)éhgmlbtﬁf}@réﬁ%%@gﬁ%ﬁpgl%]aﬂ?%é%@ﬁgilﬂ@rtt@heéfnbocgmer?s of the
olydioxanone 0 ydrides, ypep| es, trimethyl-carbonates
RS ) BB Bl S iRV B BRSPS e AR B docs
notcbqumﬁylmgmlcrhpaiymlenmsuﬁamzmmbawleyhﬁrmmolagtlQ)m@&&ﬂ@lﬁ of a
8.e49 olyolefines (e Iene ol acr tes methacrylates,
t1taﬁl Carlb ¥P %rco t)dkﬁ) cp rs%)'y Sm]aé%rg or 'of an

hates, Yaml es, po yes ers, po yur anes:
aPHf@QrdﬂWst@mﬁ@W@@m@Ps) polyacetals, halogenated polymers, in
particular halogenated polyolefines, polyphenylene

The liquefiable material to be applied in the implant according to embodiments of the
invention is advantageously biologically resorbable. The liquefiable material does not
extend across the surface areas with the cutting edges, where the implant surface is
biologically compatible, i.e. of bone-friendly and advantageously osseointegrative character.
On these surface areas osseointegration of the implant can begin immediately after
implantation and can successively relieve the anchoring by the resorbable thermoplastic
material. It is possible also to use a non-resorbable thermoplastic material in such a
manner that its anchoring in the bone tissue permanently complements or even replaces the
anchoring by ossecintegration. In this case a more extensive coverage of the implant surface

with the polymer may be useful.

Biologically resorbable liquefiable materials suitable for the individual implant according

to embodiments of the invention are: thermoplastic polymers based on lactic and/or



sulphones, polysulfones, polyethers, or corresponding copolymers and
mixed polymers or composites containing said polymers. Particularly
suitable as resorbable liquefiable materials are: poly-LDL-lactide (e.g.
available from Bohringer under the trade name Resomer LR708) or
poly-DL-lactide (e.g. available from Bohtinger wider the trade name
Resomer R208); as non-resorbable liquefiable material: polyamide 11 or
polyamide 12. The most important advantages of the implant according to
embodiments of the invention are the following: As the implant according

bodim of implanted ia out
e e it . 1 SH bo T oo Al S Bty PHA
polggpemeatvesiusfe whichitsadberidwplanpdydssentiatly im@lepiatehyiyanhydrides,
pol%%t%g%Wh? &%Qﬁéfé@fﬁﬂﬁ 1F&rMGW%m§ n(())twaltl %}0 dymers

perlo between extraction and imp antation. Furt e?e ISNonN
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aref@rgh%iﬁﬁ%@mét@%ﬁﬂ%he?t@l Rria&ase! ?Bﬁzﬁ%@xtﬁawlﬁa carbonates,

d to the natural root, the alveolar wail largely remains in tact unn%LCP)
S
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VEO As he implant is suffici nt stabjlized due,to its
Suig}%% %ago #g?Fdﬁe AT Er)haferlafeS %A%%%%&%?P%ﬁ%’éﬁ&ﬁﬂwefs or
COY@E@%@WH@MW@%MI&H%M due to |ts shape preventing rotation in

the cavity, it may be loaded immediately after implantation.

Particularly suitable as resorbable liquefiable materials are: poly-LDL-lactide (e.g. available
from Bohringer under the trade name Resomer LR708) or poly-DL-lactide (e.g. available from
Bohringer under the trade name Resomer R208); as non-resorbable liquefiable material:

polyamide 11 or polyamide 12,

The most important advantages of the implant according to embodiments of the invention

are the following:

* As the implant according to embodiments of the invention can be implanted
essentially
without rotation around the implant axis, it can be adapted to fit an existing
cavity, e.g. an alveolus, in which it can be implanted essentially immediately
after extraction of the natural root. For the patient this means no waiting
pentod between extraction and implantation. Furthermore, there is no need for
elaborate measures for the exact alignment of the dental implant, and further

parts (abutment, crown, etc.).

« In the case of a dental implant adapted to the natural root, the alveolar wail

largely remains in tact during implantation as an area with a densified bone



As a dental implant according to embodiments of the invention can be
loaded in essence immediately after implantation, it can be designed as
an entire tooth with root and crown in one piece. Further procedures for
complementing the implant in. the mouth o_flg]e patient are not necessary.
As the implant is laterally supported in the cavity wall by the cutting edges,
pressure forces upon the implant are coupled locally into the bone tissue,
lending the implant a long-term stability equal to the long-term stability of a
screw-shaped implant. As the lateral support of the implant in the bone

tissue of theuealy a!lcRTex RIS Ahat IRABLIEIBUMANtVHRAUCE S SIMARR! tissue
on the bageﬁ%‘ the cavity, complications on the cavity base are avoided,
which is ; i ‘Eﬂé‘?@‘?ﬁ?ﬁ){oﬁ’i‘é‘ﬁt%aﬁ’@ﬁ%ﬁﬁ-implants where the base of the

alveolus is not equipped for major loading. Due to loading of the implant
immediately afteimplantation there is no.b regression caused l@/l ck

of stress. Strejssnlhr%uceid ?g?gﬁl\?egﬁ o%%rgg?%f;%gﬁvgeg% %%Péln a%a Sr?glueﬁable
tissue arempseiigeduo o physiohsticadnapigthdyukiegrchosingtofibeebone material,
implant thypugh, the, liguefi paterial q.%g% S.0sseointegration is npt

only uninhibited but in fac_t%gn%)ou.rage%g-l - lﬂe 1§s§1 of & noti _1r%151r(1)a ;%leioaded
liquefiablammaiditale ni esmastating. long-term anchoring of the implant

even in bone tissue that is weak or little able to regenerate due to illness

or old age. According to a second aspect of the invention, there is

provided iMlaltiiomEkRsRIBAISEE £ BOAdimHIant Sabramgomagiebe loaded in
above angsahleashRRaiRIPEERSINE IRk MRICH L%n%é%ﬁk@%m@ﬁi shaped@tnsoth with

implant portion té) be implanted, anciéor an intermediate element, | i
root and crown In one piece. Further procedures for complementing the implant

in the mouth of the patient are not necessary.

* As the mmplant is laterally supported in the cavity wall by the cutting edges,
pressure forces upon the implant are coupled locally into the bone tissue,
lending the implant a long-term stability equal to the long-term stability of a

screw-shaped implant.

¢ As the lateral support of the implant in the bone tissue of the cavity wall
prevents, or at least relevantly reduces, its impact on the base of the cavity,
complications on the cavity base are avoided, which is particularly important for

dental implants where the base of the alveolus is not equipped for major loading.

«  Due to loading of the implant immediately after implantation there is no bone
regression caused by lack of stress.

* OStress induced relative movements between mmplant and bone tissue are
reduced to a physiological range by the anchoring of the implant through the
liquefiable material, and thus osscointegration is not only uninhibited but in fact

encouraged.



which is adapted in shape to a proximal end region of the implant.
According to a third aspect of the invention, there is provided method for
producing a bone implant according to the above, which boned implant is
implanted in a cavity as a substitute for a part of a bone or a tooth, which
cavity is pre-given or is to be created and has an osseous cavity wall,
wherein the method comprises a measuring step in which the bone part
or tooth to be substituted and/or the pre-given cavity, or a given bone
structure in the area of the cavity to be created, are measured to
generate measuring data imaging the bone part, the tooth, the cavity, or
* thelbonecsifaotareresathihlplopeehly steprid whidhsthetrmedsnghgmaighoring of
the FPIRAPECSSEL HAAE ARIOHNEYOR, SIER gD, %g?%gr%%aﬁéio ilgﬁe%s or old
produced based on the processed measuring data, characterized intha
48%n the data processing step, the implant portion to be implanted is
equipped with cutting edges being dimensioned in such. a way that they
are at least partly lodged in the cavity wall after implantation, and with
structures to receive portion of the liquefiable material. Various exemplary
Accorabpdimentss@idhe implantacensdingdaihie Imvartion. a3 WalhasBeintation set
production and implantation thereof are described in detail in connection
COmMPHRIREE RANRRVIT HahRC R IA: the sborsand e dsgst A apiparsedm tyl, which is
adameatianshgress e iaMplAdgeoftien 2cRevsAAIRAVIdLAb IS IMRaNke clement,
. ccoraligré?ﬁt .the invention replacing the tooth according to Fig. 1; Fig. 3 is
whigh i34 '&P&F’ﬁ%&?@r%%ﬁ%&& sBsrhhadnplEthplant according
to the invention; Fig. 4 shows three cross sections through an individual
dental implant projected over each other (section lines A-A, B-B and C-C
in Fig. 3);

According to a third aspect of the invention, there is provided method for producing a bone
implant according to the above, which boned implant is implanted in a cavity as a
substitute for a part of a bone or a tooth, which cavity is pre-given or is to be created and
has an osseous cavity wall, wherein the method comprises a measuring step in which the
bone part or tooth to be substituted and/or the pre-given cavity, or a given bone structure in
the area of the cavity to be created, are measured to generate measuring data imaging the
bone part, the tooth, the cavity, or the bone structure, a data processing step in which the
measuring data are processed, and a production step in which the bone implant is produced
based on the processed measuring data, characterized in that in the data processing step, the
implant portion to be implanted is equipped with cutting edges being dimensioned in such a
way that they are at least partly lodged in the cavity wall after implantation, and with

structures to receive portion of the liquefiable material.

Various exemplary embodiments of the implant according to the invention, as well as the
production and implantation thereof are described in detail in connection with the following

Figs., wherein:



Figs. 5A and 5B are axial sections through the area of a cutting edge of an
implant according to the invention; Fig. 6 is an axial section through a

series of cutting edges of an implant according to the invention, the

cutting edges being arranged consecutively in implanting direction; Fig, 7

is an axial section through a step-shaped zgduction in cross section (step)

of an implant according to the invention, the step not being equipped with

a cutting edge; -14- Fig.8 is an axial section through a step with liquefiable
material extending across it; Fig. 9 is an axial partial section through an
embodiment of the implant according to the invention, with a liquefiable

magrial positioned i & Q0w SRAGE 911G RIANLEIRSL0M0 2.

show three exemplary dental implants according to the invention; |és’. 13

and 14 show an implant according to the invention, which is suitable for
implgntation in a bore, viewedfronirfieidide (tigallid)ang dQsattioneth@invention
right angles to the implanteplisifgithedothectortiineoXiy-XIV in Fig. 13);

Figs. 15, 16A and 16B show a further implant according to the invention

which is suitable for implantation in a bore and in which the liquefiable )
matérial is positioned in ahbR¥FA obgdushard srabadipqrigh ds)dental implant
sectioned at right angles RSGPEHA Rt 4RIERHy. 16A, cutting line

XVI-XVI in Fig. 15) and viewed from the

Fig. 4 shows three cross sections through an individual dental implant

projected over each other (section lines A-A, B-B and C-C in
Fig. 3);

Figs. SA and 5B are axial sections through the area of a cutting edge of an
implant according to the invention;

Fig. 6 is an axial section through a series of cutting edges of an implant
according to the invention, the cutting edges being arranged

consecutively in implanting direction;

Fig, 7 is an axial section through a step-shaped reduction in cross
section (step) of an implant according to the invention, the step

not being equipped with a cutting edge;



side (Fig. 16B); Figs. 17 and 18 show details of implants according to Fig.

15 and 16. Fig. 19 shows an implant according to Figs. 13 and 14 with an

20 intermediate element; Fig. 20 shows an exemplary embodiment for a

loose fit connection between implant and intermediate element, or

between intermediate element and sonotrode {axial section); -15- Fig. 21

is a diagram for illustrating the production of an individual dental implant

according to the invention; Fig. 22 is a diagram for illustrating the

implantation of a dental implant according to the invention; 5 Fig. 23A to

23C illustratg. gnplantation ofisa joint EJrosthesis designed as an implant

according to the invention: Fig. 24X44 #4¢tiaiudtemesthe repRinehandRRfbic materis
area damaged by a bone tufréendiwithetbg atd of an implant according to “
the invention. In all Figs. identical elements are denominated by identical
referencemﬁmbers. 10 Fig. 1 shows in section across the jaw ridge a

natural tooth 1, whose root 2'i8” figtoltim eefiivbomedh Haciawaons, 345, implang

covered by gums 4 (connectiveriaste andn$kiJ N8 L oWn 5 protrudes
from she jawbone and gums,4,and is coated with & Ia;}gra }é\%ﬁéﬁﬂ? Eifderiel positioned

6, while the interior of the crown b andhfé Pédeiemiasist of dentine. The
root 2 is located in an alveolus (tooth socket) in the jawbone, wherein the

bone 15 figiud bfaHe alveoluswall, 7 {alygolar bone), compared with bone
tissue further removed from the root 2, lj%ué)lgiilr’ﬁag%'@eé?@i‘fﬁéﬁsﬁycanﬂng 0 the

therefore a superior mech&hit3¥Sability. Between the alveolus wall 7 and
the root 2 lies the tooth

g

implantation in a bore, viewed from the side (Fig. 13) and

10 . .
Sectioned at right angles to the implant axis (Fj

XIV-X1V in Fig. 13):

g. 14, section line

Figs. 15, 16A
and 168 show a further implant according to the inventiog

which is suitable for implantation in a bore and in which the
liquefiable material ; iti i
y e . i 13. positioned in a hollow Space; sectioned
xially (Fig. 15), sectioned at right angles to the impl
(Fig. 164, cutting line XVI-XVT in Fig. 15)
side (Fig, 16B):

ant axis

and viewed from the

Figs. i i
igs. 17 and 18 show details of implants according to Fig. 15 and 16

20 . .
intermediate element;

Fig. 20
shows an exemplary embodiment for 3 locse fit connection

b . . :
eiween implant and mntermediate element, o between

Intermediate element and sonotrode (axial section):



membrane 8 containing collagen fibres by which the root 2 is attached to

the alveolus wall 7. The fibres carry the tooth and couple forces acting on

the tooth laterally into 20 the bone tissue. On extraction of the tooth, the

tooth membrane is destroyed. It does not regenerate. - 16 Fig. 2 shows,

in section similar to Fig. 1, an individual dental ithplant 10 according to

the invention, which replaces the tooth 1 illustrated in Fig. | by being

implanted in the jawbone 3 in its place (implantation direction or implant

axis I). The dental implant 10 comprises in the illustrated case not only a

root portidfig. 2essentially 5;adapfed in its form to the root of the tooth 1

and the alveolus wall 7 but also a cfown BortisiEsing dimepredutiaronan individual
5 of the natural tooth. The deitil implamtatEoigtiogicansipgle, pigce and

consists of titanium, wherein the crown portion is coated in a céramic

layer (notmpoyen) and the surfage of the root portion 11 may be equipped,

at least IocEaIIy for an osseo%n%egglﬁﬁﬁ}a Erdlstrtismtteaspbiolagiaally dental imp]ant
compatible and 10 bone-friéaetydimsteas afihgigrown portion 12, the P
dental implant may comprise an abutment or a means for mounting an
abutmentzg ¢ idge, or a set of dentures. The root portion 11 of
the dentz}l; i?mpz)vlgzil)jgtpo 1 i@tap@rﬁﬁ&mﬁlQh@td:iataifetadjamd FRRIRNSE Sesioned
steps 13, whose outer edgéspedesigngg t@q,%ugivnﬁ%ned{ges 14 facing jgned as an
towards the distal end region, and being lodged in the aeolus wall during
implantag?n.zg t;veen the steps 13, the cross section of the implant
remains essenti ﬂf%gnsta{Ht‘%Fﬁ’@ theluepadt e@RlNRISlYLLo g%]ebdbtﬁl
end. In areas 15 between {hg $1eR%, [pe imnpl nt is connec}t%%[tgt &'bbrene tumour
tissue of the alveolus wall 7 by the theramnép%%ﬂ&aﬁ‘?&féfﬁ.t%@%ﬂmamyon.

mentioned above, these connections are 20 created during implantation.
By means of mechanical vibration impinged on the

In all Figs. i i i
gs. identical elements are denominated by identical reference numbers

10 Figo 1 Sh i i j W
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ingrown in a jawb i i
Jawoone 3. The jawbone 3 is covered by gums 4 (connective tissue and
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membrane § containing collagen fibres by which the root 2 is

" attached to the alveolus

17. The fib
y . iores carry the tooth ang couple forces acting on the tooth laterally intg
the bone tissue. On extraction of the tooth, the tooth membran

e is destro
not regenerate. yed. It doeg



implant, the thermoplastic material is liquefied and pressed into
unevennesses and pores of the alveolus wall, where it remains anchored
after re-setting, interlocking implant and bone by form fit and/or material
fit. Fig. 3 shows a similar individual dental implant 10 as does Fig. 2, but
prior to 25 implantation. On the root portion 11%of this implant the cutting
edges 14 and the steps 13 are clearly visible, as are the surface ranges
16 of thermoplastic material situated between them and protruding from
the surrounding surface areas 17. The - 17 surface areas 17 are

Do OB Ol e oot 6 sccoraing

the thermoplastic material is resorba e antird”

portion 1198 v4RTe3Rsy ElppeTorebsetintegratiorFiT NessNaRe:thplanted in

the root pagtipiyBdnis atileast itpartadapieg.to the shape of the natural, 5
root to be supstituted, or to a_mechan?cally reﬁvgﬁ%%)grtoéfim Za%o?fgnh'tg he dental

the shap& B fhe CorPRENSAYMRgLivEmLRAILEe nitgeteraliyccqrptises] essentially
the sameadariedsinapdowmiticahdaast 59{}1@@5!551%9&%@%?&%%&‘&5 Waﬁp S0 also a crown

round ang/or. it is hot bei straight. Unlike the natural root and the
alveolus géiﬁ%%v@é@éﬁ%ﬂ%ﬁoot%%m% Yt ot shippdnBsrdprisbmtaps 10 is e.g. a

13, at leasnglonmcof wibsensidgesfarizadesigneReas-CHlingheduas 14 coated in a
and surf%&ﬁ@ggfe}@l&fs%%m%@%écsrlp%g%iéa% rotruding from the

osseointegrative surface areas e’su AGRY PEFBPtHE may be equipped, at
thermopligticlasrtie frel avesareingethamdetionensionadei Syeib i BMAPSpatible and

that gs littls,as-pesaibieef,dhe material which is liquefied during _
implantation isrpregﬁs!ed ‘on the os%%ﬁ&%a%%%l uHPSEHRL dORgn e gomprise an

those caAPiGRfifeficé fRewrbdseshoetiative effeatett memadiate!yadiel, or a set of
implantatietufeig. 4 shows three cross sections (section lines A-A, B-B

and C-C in Fig. 3) through the implant according to the invention,

corresponding e.g. with the dental implant in

The root portion 11 of the dental implant 10 is tapering toward the distal end and
comprises steps 13, whose outer edges are designed as cutting ‘edges 14 facing
15  towards the distal end region, and being lodged in the alveolus wall during
implantation. Between the steps 13, the cross section of the implant remains
essentially constant or is reduced continuously toward the distal end. In areas 15
between the steps, the implant is connected 1o the bone tissue of the alveolus wall 7
by the thermoplastic material. As already mentioned above, these connections are
20 created during implantation. By means of mechanical vibration impinged on the
implant, the thermoplastic material is liquefied and pressed into unevennesses and
pores of the alveolus wall, where it remains anchored after re-setting, interlocking

implant and bone by form fit and/or material fit,

Fig. 3 shows a similar individual dental implant 10 as does Fig. 2, but prior to
25  implantation. On the root portion 11 of this implant the cutting edges 14 and the
steps 13 are clearly visible, as are the surface ranges 16 of thermoplastic material

situated between them and protruding from the surrounding surface areas 17. The



Fig. 3. It is clearly evident from the cross section B-B that the surface
ranges 16 of the thermoplastic material protrude from the surrounding
surface areas 17. 20 As already mentioned earlier and as shown by chain
line in Fig. 4, an implant according to the invention may additionally
comprise furrowing or tapping edges 21 exteriding essentially axially and
being dimensioned to cut into the cavity wall during implantation. Such
structures lend the implant an additional component of primary stability, in
particular with regard to torsional forces, and they continue to couple 25

torsional fg{&ggea%t]rig 0517Ihe implant into the bone tissue after
osseointegration. -18- Good TEsulS R&fHE aesmnsdli thetvonhpartion Idhuipped for

of a dentélsﬁ?@irﬁﬂz@deordmgetmadﬂeo';ﬂygmti@@tgﬁgiq@qgg%%geaﬁ g%llll%\{\éséurface of the
't

The crosssadionsof the. root portion 11 are of similar size as'the
correspondin?;ﬂ?ross S(;hcﬁ?g%%nc% e corTEURBHbiAGcsRrebltes ot with

tooth 5 membrane). The cutting edges 14 and possibly the steps 13 and
the axially extending furrowing structures 21, as well as the surface

ranges 16t ibe MgEmeRlastic material protrude from these diameters.
The axial distanc?es? betwe(g,RnSr%Ié) nl?)%lfﬁr%tgig?gp‘g PR thted trethmstdipe of the natural

depehd GiPtHe Repthrbrtre sripsandithedaicptaanness of t
portion. Qn thecdAQibsRIRAIH LMy, be advgnia eous}?/ta?ifc_tr}ggége%?haend ‘o the shape
' ion; & n%f'%r?géhﬁf@ﬂfﬁﬁiébarﬁ@g@ cone shape

step depth. particularly in proximal direction, a

and pOSS‘I’B fbtﬁéﬁiéﬂ@ﬁ@fcﬁﬁiﬁ@%cﬁg@mgmtyt&a{@m@&mtggg/g’lleiys axis not being

penetratetcggipe iR b aleius onalk iﬁé)gg, r to optjmally anchor the
implant. The n%?)th of the steps 13 does not e%cc)%é’ag iti m&wﬁﬁﬁf’ﬁ@fwmm 11 of

lies between | PYSRTBE P 1S refriprst Hemieof whtise eR\Riah| i
€d as cutting
:Jhet@\(%en ng@Stebgh {dtﬂ thﬁﬂi@pﬁaﬂg@irll@eo?ytmﬁﬁ%g;ﬂgﬂcc%a?égaw Qo?r%%?r?gd from the
€ diMeRIN LG
! ér lve surface areas 17. The surface ranges 16 of the thermoplastic
material are arranged and dimensioned in such a manner that as little as possible of
the material which is liquefied during implantation is pressed on the osseointegrative

surface
rface areas 17, so that those can commence their osseointegrative effect

15 immediately after implantation.

Fig. 4 shows three cross sections (section lines A-A,B-B and C-C in Fig. 3) through
the implant according to the invention, corresponding e.g. \?Vith the dental implant in
Fig. 3. It is clearly evident from the cross section B-B that the surface ranges 16 of

the thermoplastic material protrude from the Surrounding surface areas 17

20 As already mentioned earlier and as shown by chain line in Fig. 4, an implant
according to the invention may additionally comprise furrowing or tapping edges 21
extending essentially axially and being dimensioned to cut into the cavity wall during
implantation. Such structures lend the implant an additional component of primary
stability, in particular with regard to torsional forces, and they continue to couple

25 torsional forces acting on the implant into the bone tissue after osseointegration



alveolus wall, it is advisable to fashion corresponding shoulders in the
alveolus wall before implantation. The surface ranges 16 of the
thermoplastic material protrude by 0.05 to 2 mm 20 (preferably 0.2 to 1
mm) beyond the surrounding surface areas 17. The surface ranges 16 of
thermoplastic material advantageously cover 18to 50% of the total
surface of the root portion 11 and extend advantageously in axial
direction between the surface areas 17. -19- In line with the expected load
collective, the above specifications can be adapted for other than dental

implants. gyQyiding:thaf, the corresponding bone mass is available, the
depth of the steps can indgga% o ?rgicl?e%gg CERGHEE 1) ebfréeyanianabint according to

only with Rd¥fasionds disresonadity folibalso to allow the forces to be
optimally coupled so that 5 the bone is sufficiently stimulated without

excessive logal %‘rescs.oThe loads coupled to the bone tissue through the
cutting edges and thé SepSeHtICas Bstepnstiogratorarindticemilar size as the

stretching of the:bormpdising af)@fn@M@éﬂg%m&%ﬁeﬁﬁéﬁ‘di{?gﬁ%&%g‘%@m with tooth
ed other implants are e.g. shafts of joint

less than 0.050/%;};@ m%n(;iﬁn
prostheses to be implanté i T HEc6PaRgl prdpasiblinbearttronks and the axially
(e.g. hip joint, kevtending bringieg jointprastesis)aNdLeINGAAAPIEAIR 16 with the

an epiphyseal, mgtaphysgal and.diaphyseal geometry, or to a cavity to be
created or being exist%%t&r%l %aléerg%opr%oé}{?ﬁe & FHﬁ% - also be

implants for the repair of damaged bone areas (e.g. defects in the region
f skull or jav. igenic.di i It 15
of skl orJaw. Theaumed A BAYREN RAREASEID A% 18 HET:IY00 depens

may also be cogsig‘ergd to apply the invention on re exis
implants, wher@h'Ti§ S5R80iStothal Sinsranbiheviasdripepieimal Ibssaftvitation. On the

bgﬁ@ “zsue'ham‘h.wm'g iﬂmltad@nbésamla@g&&yta@ﬂ&ggggiml PR particularly in
adapted to the S?S?H’Q I&?r%c%%%, and to reduce the distances, and possibly to fashion the

cutting edges slightly salient so that they penetrate deeper into the alveolus

wall in order to optimally anchor the implant.

¢ The depth of the steps 13 does not exceed 1 mm and preferably lies between

15 0.1 to 0.5 mm. It is further limited by the space available between two teeth.
If the steps protrude by more than ca. 0.3 mm beyond the dimension of the

alveolus wall, it is advisable to fashion corresponding shoulders in the

alveolus wall before implantation.

¢ The surface ranges 16 of the thermoplastic material protrude by 0.05to 2 mm

20 (preferably 0.2 to 1 mm) beyond the surrounding surface areas 17.

* The surface ranges 16 of thermoplastic material advantageously cover 10 to
20% of the total surface of the root portion 11 and extend advantageously in

axial direction between the surface areas 17.



or to the cavity resulting from the extraction of the existing implant. The
surface ranges 16 of thermoplastic material advantageously comprise
energy 20 directors, i.e. these surfaces comprise edges or points, or they
comprise patterns of projections. The energy directors lead to
concentrations of tension when the implant -g&sitioned in the bone tissue
is excited by mechanical vibrations, and they ensure that the
thermoplastic material begins to liquefy in regions in contact with the bone
material and/or that the thermoplastic material can be liquefied at all. -20-

The thermpoplastic,materialds advantageously selected and placed upon
the implant in such a mal%rglert 3{?6;%%&’8%?&%?‘%@?&%%%&%@ be adapted for

vibration°th&r éhftﬂbéiffﬁﬁaléfﬁpién&;:é’u@tﬁg/texcﬁeohdr&slﬁmatiﬁgwm5 Ruass ids available,
resonatahe ldepenibemeachanical Aeliations a1e ot relevantly attenuate ,
inside th%im lant, in particular at contact sul}fascg'slg Betea forrespond not only with

non-ther Mo R8RETHAERARHY by ake preadtiovriatéoiats oo withinithely coupled so that

thermoptasnm:masaﬂmic@@nﬁaqﬁﬁmﬁuéhﬁ:H&E@P&L%%%CASE%}%%EQ%?J 'fBads coupled
on the |g&pl nt ﬁ?l)éggcte np ticular where the energy directors-are in
contact with the Bofe 158%%6 Ehsthe IRAE REanspasE eiinthhe steps  should,  afler

thermoptastinteatetial, adiastagachsly ar matssial with.20 %RSJ%&E%?HAU% ore. than
of at leagtQ, ﬁ%gﬂgsss |§§'i?85¥‘ order to prevent 10 energy loss in“the
border aréas between the two materials the connection of the

thermoplastic material with the non-thermoplastic material is
advantageously rigid and has a surface which is as large as possible.

When usi ic_gnergy for implantation, the thermoplastic material
it If“s“s‘%é‘?a&rﬁwgﬂ?ﬁﬁagﬁﬁ&%ﬂ&%%r@@@m dhiplanted in

can be pressed into the bon
tab@l)QJt tm?@;ﬁab@gmarrepérgﬁawméns, ?mag ee.t(%]e[ittp;i?r?tiﬁg rgﬂggl tf%ﬁrﬁa?P-%?ger joint
0 1 mmy darachievef penetation depth,. the thermoplastic material

must br(rebpresent in an apprr%_priat% %n?guﬁ?, fﬁﬁ’gﬁ%eﬁﬁupﬁ?fﬁﬂ@’% jang, diaphyseal
ensure &SMAGENtR fArferyHialifoRse dsetiwden being existent in this geometry. The

implants may also be implants for the repair of damaged bone areas (e.g. defects in
the region of skull or jaw. or caused by a tumorigenic disease in any boné area)‘.‘It
15 may also be considered to apply the invention on replicas of existing impiants,
wherein in a revisional operation with only minimal loss of vital bone tissue, an
existing implant is replaced by an individual implant adapted to the existing implant

or to the cavity resulting from the extraction of the existing implant.

The surface ranges 16 of thermoplastic material advantageously comprise energy

20 directors, i.e. these surfaces comprise edges or points, or they comprise patterns of
projections. The energy directors lead to concentrations of tension when the implant

- positioned in the bone tissue is excited by mechanical vibrations, and they ensure

that the thermoplastic material begins to liquefy in regions in contact with the bone

material and/or that the thermoplastic material can be liquefied at all.



the surface areas of the thermoplastic material and the cavity wall. As

evident from Figs. 2, 3 and 4, in addition to the root region I1 the dental

implant 20 may comprise e.g. a crown region 12 (Fig. 2), or a cone 18 for
mounting an artificial crown 19 (Fig. 3), or a means (e.g. pocket hole 20

with internal thread, Fig. 4) for affixing a coné%an abutment, or a

fastening implement for a bridge or for a set of dentures. Such

constructions are well known from the state-of-the-art technology. Figs.

5A and 5B each show an axial section of a cutting edge 14 of an implant

25 accorgirgHerthén] | j scale, wherein the implant,

is shown -21- with té%ﬁ%&?r%ﬁlgﬁlgﬁ%%g& l%\%r r Ze gﬁgi‘ﬁé%i‘&fﬁ’l @y the implant in
downward§. 'f‘hré‘aéﬁ’t‘ffn%%%élﬂ-‘%Qéﬁbﬁrwm@dis&hh/ﬁmplamtﬁedmtire implant is
(which isadowrivesindercfrigs i SAaadaaB hsangh is dge angle 13 . .

of less thap 99 (a van@geousl% 450 to 80). |t€f%%%i§r?‘e%ﬁ%ﬁ f%aa%%éhltosmnamm

from the Implant axie. Depenaitg it dbsigheratich Pastisidetion toistact surfaces

results irbeietearancetzmgieptaftg nooriat aftearnaepPRace AEid E’_&)I within the

E)

in relatiog 40, GAVIY bere) extending parallel to the implant axis 1.
Such clearanclglgredu\éylgé }lé‘tigloﬁsgﬂﬁgréqutigégcg\?ﬁ?%?%‘éﬁdﬂﬂﬁ@%dlﬁmﬁ% on the
and ther8watAN!r&ertiess iheartirddustior:. (Fherelearancaanale & Sntact with the bone

advantageqish small£8; .9) and the depth of the clearance space
is e.g. 0.1 to 0.3 mm. %gigﬁe;%%éﬁ%g’ft%ﬁ%?ﬁﬁ%)&ﬁ%°f %BCﬂﬁﬁﬁalf@fﬁﬁaatageously a

chip, theRAiefiTh Uithlenahsimiingubiact 8 itess. haROB, sardha, FAURM to prevent

between:Hae-¢higssURRALt r the implant axis | ig less than

90. The hiﬁg?s being form%%llr%_(ﬂ;rffé]it %ﬁ%e%c%ﬂ%gnv?a% rg"e?hren%ﬁﬂﬁ]\sg %ggcgi?gecuon of the
pushed %Wgﬂliﬁﬁ&mr%d@qﬁé%ﬂ%ﬁ%mlmismm&whi@li\tageously rigid
serves amdhip spagec2hiopReRdiRgeQR Hhsssize of this chip space 23 the

effect of the cutting edge 14 is not 15 only, a cutting effect but also a
compressing effect in which the bone tissue is densified.

When using ultrasonic energy for implantation, the thermoplastic material can be
pressed into the bone tissue during implantation up to a depth of aborut two trabecular
15 chambers, i.e. to a depth in the range of ca. 0.2 to | mm. To achieve such a
penetration depth, the thermoplastic material must be present in an appropriate
amount, and the implant design is to ensure a sufficiently large radial force between

the surface areas of the thermoplastic material and the cavity wall.

As evident from Figs. 2, 3 and 4, in addition to the root region 11 the dental implant
20 may comprise e.g. a crown region 12 (Fig. 2}, or a cone 18 for mounting an artificial
crown 19 (Fig. 3), or a means (e.g. pocket hole 20 with internal thread, Fig. 4) for
affixing a cone, an abutment, or a fastening implement for a bridge or for a set of

dentures. Such constructions are well known from the state-of-the-art technology.

Figs. 5A and 5B each show an axial section of a cutting edge 14 of an implant

25  according to the invention at a slightly larger scale, wherein the implant is shown



If the implant with a cutting edge 14 similar to the ones shown in Fig. 5A
and 5B is implanted in a slightly conic cavity (cavity wall K not parallel to
implant axis), the cutting edge does not need to be salient; the clearance
angle a then being e.g. equal 20 to the angle between the cavity wall K
and the implant axis I. Fig. 6 shows, again in@ixial section, a series of
cutting edges 14, 14' and 14" being arranged behind each other in the
direction of implantation (in Fig. 6 downwards) and designed in a similar
way as the cutting edge shown in Fig. 5A. The distance between the

cutting egggs;an |mplant axis | decreases in implant direction, thus
25 enabling the gﬁ%&%ggd%nﬁs%lﬁﬁ)ﬂg Végrr‘?geaélﬂi%eif@\?ﬁéﬁ%rﬁ%@“@ﬁ%s The cutting
on a cavifiEeuh4Ifaesaconetst éthdisil paptaot thel duttiny BABS)WAIGH Figs. 5A and 5B)
extends prraliglgastie; mplantaxis 4 Phviously, dp.spch a case too, the

cutting (3%%165 14{% 184' and 14" araeé ESZAZiQ%S?% 1i%}{ecdjgwirﬁ re RS erdesBo”). Tt is
section WHTER %S din anlisstpbesithe, iowiiket with DepmidiimplamtdQigign of such

accordingdpdiion nangsiRawavet,hedapiis (drof B steps are not -
dependegt,on the general shape of cavity g% imp?aﬁ%‘bt@cg}n st spee a (Fig.
for optimal’ cUtting AR THnTiAG Sulbrtrkrstendingptratielgomthenplant axis . Such

implant. dkar & dedtabinTplaii o Qe dpiRaed iy %ﬁr%ﬁpﬁ@rﬁﬁﬁz%%r%ﬁpmemwjm

Spaces 23 2 Ve ATUR KA T AR RERIS oinenaeemEprl -5 1°t
St )t Vs 108
v a5 10 3 0 CelnG O BHIRERS ot o v
:ﬁ;n%v;g{rgggn%}’ gﬁ@?@t{i@@@kﬂmﬁmﬁgﬂ?%ﬁm dﬁl&fn?ﬁiggﬁz}ds Iis less
to drain from thé?ggviﬁgﬁé%%%%p {lgaltg% al‘ﬁ? |§r§ﬂ%ia§9.ef% 156 &dge is pushed

again in'%fQi AT SEggEt SudepthachireppieaibegisrathsetRimvihiciassres as chip space 23.

Depending on the size of this chip space 23 the effect of the cutiing edge 14 is not

15 only a cutting effect but also a compressing effect in which the bone tissue is

densified.

If the implant with a cutting edge 14 similar to the ones shown in Fig. 5A and 5B is
implanted in a slightly conic cavity {cavity wall K not parallel to implant axis), the
cutting edge does not need to be salient; the clearance angie o then being e.g. equal

20 to the angle between the cavity wall K and the implant axis I.

Fig. 6 shows, again in axial section, a series of cutting edges 14, 14' and 14" being
arranged behind each other in the direction of implantation (in Fig. 6 downwards)
and designed in a similar way as the cutting edge shown in Fig. 5A. The distance
between the cutting edges and the implant axis I decreases in implant direction, thus
25  enabling the cutting edges to work consecutively when forming chips on a cavity
wall K (K' before the impact of the cutting edges) which extends parallel to the

implant axis 1. Obviously, in such a case too, the cutting edges 14, 14' and 14" are



section), which is not equipped with a cutting edge (cutting angle a + 13 =
90 in a 15 bore, in which the cavity wall is parallel to the implant axis I, or
greater than 90 in a conic cavity with the cavity wall K; angle y equal or
greater than 90), and therefore at best acts in a scraping manner on the
cavity wall. On conic implants such steps 13 &an be provided in addition
to steps with cutting edges. Also visible in Fig. 7 are the surface ranges
16 of the liquefiable material M, wherein the liquefiable material is 20
situated in depressions and protrudes from the surrounding surface areas.

If a step 13.is nat eguipped with a cutting edge, the liquefiable material
and the depression gﬁsg%gﬁtt’é}asv&ﬂhcﬁ’?ﬁasﬁ%%r’fﬂ‘%ré& therasplpasagossible. Unlike

shown in"Fig.2chmignohienaléal. sectioinghtobigh ush 3 $ePedd; Bi8-pths (d) of te

shows, agaig iRk Sact implant according to the invention, which
25 comprifgs a holloﬁ%p%%% grgd}ﬁ%\? i ?%33?&@%8%%’&8{4% Ritfgan be designed

phosiltioné;a%‘j’ﬁé]f(ﬁé:% 4ﬁﬁb¢égqlefﬁ0n&r§mdl)ﬂmmm%¢hmfug?Whég:bgplam. For a
the lique maiprialds Har foythe i nt surface, when li uege

(M") durigg implantation. The%gl?essed iout%é?g?fgﬂcc{f%sbﬁ%r%%u?feé S or the steps
ranges ot (RIS BptsceapRAmaNd, after re- solidification, an

anchoring between bone tissue and implant. The hollow space 26 is 5
advantageously provided with energy directors 28, e.g. in the shape of

angular }i oulders, to minimise the energy consumption for an optimal
liquefacttb'6 THB “RatRfiab R matdreeamausty forstesiojaimbipofiafigal kO the implant

shows, agia ﬁirﬂi\ebﬁlﬁa@Q@@fcﬁﬂajmﬁ@mt@ﬁ%‘)Egmprégsgaeiﬂ@é?lr?ﬂp& aflld excessive

individuaéodental jmplgpt comprising a multiple root portion 11 like a

natural molar. —t0 This routrBeribH IMGEeliBehbedsamRA ek dmough channels 25,
subétituteghbyesindnmtidfabroobing!t May:bedisitedstecits o A care is to be

relevant gpd{or exifagiakle parts. In this case too, . it is possible to implant
the implant immediat%f/plfa tte%%ﬁéne?(?Fgléﬁot e%@ﬁfd?ﬁ?%ﬁﬁ by rinsing (chip material

and rinsing agent) is able to drain from the cavity between cavity wall and implant,

Fig. 7 shows, again in axial section, a step 13 (step-shaped reduction in cross
section), which is not equipped with a cutting edge (cutting angle o + B = 90° jn a
15 bore, in which the cavity wall is parallel to the implant axis 1, or greater than 90° in a
conic cavity with the cavity wall K; angle y equal or greater than 90°), and therefore
at best acts in a scraping manner on the cavity wall. On conic implants such steps 13
can be provided in addition to steps with cutting edges. Also visible in Fig. 7 are the
surface ranges 16 of the liquefiable material M, wherein the liquefiable material is
20 situated in depressions and protrudes from the surrounding surface areas. If a step 13
is not equipped with a cutting edge, the liquefiable material and the depression
associated with it may extend across the step, as shown in Fig. 8 in another axial

section through such a step 13,

Fig. 9 shows, again in axial section, an implant according to the invention, which

25  comprises a hollow space 26, in which the liquefiable material M is positioned



to load it immediately after implantation. The implant may thus comprise a
crown portion 12 which is e.g. a replica of the crown of the extracted
tooth. 15 Fig. 11 shows a further individual dental implant according to the
invention, again comprising a root portion 11 with steps 13, which are at
least in parts equipped with cutting edges. TH&se steps 13 are axially
irregularly distributed on the root portion 11 and do not fully extend
around it and rather oblique than perpendicular to the implant axis I.
Accordingly, the surface ranges 16 of thermoplastic material and the 20

osseomte&r@pé/qﬁul areas 17 form an irregular pattern. The implant
further comprises an a Il}Jtar%erft Ef%%%ﬁ?a%é]?‘f%b\/mhhhaheﬂzqueﬁable material is

implantatRSAESBoR bR ENpleM thejewbone iR fe UM§AR Y)ﬁ%ﬂ},d?onhﬁ,e pressed

fasteninggat tHERBRIPALSS I8, el ed e. Wlth a pocket ho havin
an internal thread., The abutrenentwié) * Compride %%‘&ﬁéﬁ@f Q\fﬁbgéﬂéwand after re-

edge is U%Qéﬁwqo?m%mﬂg@d@&me ESsinplantalion e horow space 26 is

abuthient@QisagepRIFeARYMIS Iwer edge WhICh cuy sllghtly into the
surface of the jawbone, Below the col‘3r %? NS %%9%2 B the shape of angular

thermopl S St FH5te Al RIS i ocapreiortierimptantsn ineopuited] 1aYeErition of the

the -24- thwbﬁmiﬂdamiﬁqu@mmglgwmé gl lap gpn In particular for older
patients, this ring 32 consists advantageou of a non-resorbable

thermoplast, so that it can assume, in addltlon to its anchoring function, a
function of insulating the bone tissue such enhancing the insulation

function Efg,héﬁgﬂm&sm'@fm%lb@xg&(?e%%ﬁegtt qt%u%%aﬁggﬁggyttg ?he invention, an

mplant ol 31 g 10 22 may be
inde C](En nt of each her ﬁ'}ﬁﬂ’@ﬁﬂﬁf’é afeyitedn b@&mﬁondﬁ/ﬁmﬂyﬂﬁral mola
blﬁhﬁdﬁc@@%ﬂﬂdﬂ%ﬂﬁﬂé@éﬂﬂ?ﬁﬁ@@d@ﬁ welag.on.othe 13 patural root but

non-dentalimplapts.forapeharin implant in a bone surface an
tightly cIoer%lg the boneocawty alk}%%dﬁg HE'fYiRbfd/or extractable parts. In this case too,

it is possible to implant the implant immediately after the extraction of the molar and
to load it immediately after implantation. The implant may thus comprise a crown

portion 12 which is e.g. a replica of the crown of the extracted tooth,

15  Fig. 11 shows a further individual dental implant according to the invention, again
COMPprISing a root portion 11 with steps 13, which are at least in parts equipped with
cutting edges. These steps 13 are axially irregularly distributed on the root portion 11
and do not fully extend around it and rather oblique than perpendicular to the implant
axis I Accordingly, the surface ranges 16 of thermoplastic material and the

20 osseointegrative surface areas 17 form an irregular pattern. The umplant further
comprises an abutment-like proximal part 30 which, after implantation, protrudes
from the jawbone into the gums and which, for the fastening of further parts, is
equipped e.g. with a pocket hole 20 having an internal thread. The abutment 30
comprises a collar 31 whose lower edge is undercut to form a cutting edge. After

25 implantation, the abutment 30 is supporied by this lower edge which cuts slightly
into the surface of the jawbone. Below the collar 31 there is a ring 32 of

thermoplastic material, which is to anchor the implant in the outer layer of the



10 The shape of the implant according to the invention not being that of a

circular cylinder or a circular cone, and in the case of an individual

implant not being rotationally symmetrical at all, the orientation of the

implant in the cavity is defined precisely. For this reason it is possible to

design the collar 31 not in a plane perpendiculay.to the implant axis, and

not round (rotationally invariable), as shown in 15 Fig. 11, but adapted to

the natural tooth, i.e. about oval and curving like the natural jaw ridge

(scalloped). Fig. 12 shows a further implant according to the invention,

which agai example is designed to be a dental implant. The

implant tt?gr@gf%% rﬁ rrest s fEEPE SrabRtationith Stensuls BHUBRRED Blents, this rin
least partigfipansisititgedges:dd andlibrthis 20, 6asg limited to parts of ’ i
the implanbginmirtRnge.3Q;iaj they project like scalesPfionT thBaeseat assume, in
the implant surface. These scaly stiicttted ﬁﬁ’éﬁ]‘%@ &dsimstiblling the bone tissue such
rectangul SFBRSHEaE, #suitistratent-oontbe tRokRAstoMN LA, With,edge o
exteringralanghggitgimierence (lower edges), which may bé bgﬁ?iil%ﬁo fit tightly
cutting, as described above (Fig. 5 to 7). The same applies to the

essentially axial edges of the scaly -25- structures which, if designed to

cut, function as axially extending furrowing or tapping structures. On the

right of thenfReBPeItiPALLL; Fi shows further exemplary shapes of

steps 1 uﬁlVing srcal S glgzel%# ecs%s;. ?:%‘;j Eo Rl {erplin mdrleditentiseach other,
concave (CUATIR™S: tiafarcemussticnivetalipoints) eIV (Mol %‘*ﬁ%@e 4 dontal

lower edgeslanfsaxiaegdaes leaRing At AN, angle toward the lower e
radial dirgcfion Etic[)lg,fthe_se lower edges artl% %l%lggagtﬁkg%@‘ﬂﬁéf log/8reddgémt in a bone

can be even or con\‘}’é;:('@’&lly GRring E1g bunweditherdiaenial thsheing
shaped straight or in the form of a cone or hollow cone. It is also possible
to provide the root portion 11 of the individual dental implant in a

16 T i i
he shape of the implant according to the invention not being that of a circular

precisely. For this reason it is possible to design the collar 31 not in a pl
ane

erpend; . .
perpendicular to the implant axis, and not round (rotationally invariable), as shown in

15  Fig. i
1g. 11, but adapted to the natura] tooth, i.e. about oval and curving like the natural
jaw ridge (scalloped).
Fig. 12 shows a further implant according to the invention which again as
- | , an
example is designed to be a denta] implant. The implant therefore comprises a root
portion 11 with steps 13 equipped at 1 ! i
y quipp €ast partially as cutting edges 14 and in this

case limi i i
limited to parts of the implant circumference, so that they project like scales
from the rest of the implant surface. These scaly structures ma

rectangular or square, as i

y be essentially
lustrated on the root portion 11, with edges extendin
along the circumference (lower edges), which may be blunt of cutt | g
above (Fig. 5 to 7).

ing, as described
The same applies to the essentially axial edges of the scaly



10 per se known manner with a through opening 33 or a plurality thereof.
During the osseointegration phase bone tissue grows through such
openings. Figs. 13 and 14 show a further embodiment of an implant
according to the invention which may be used e.g. as dental implant. Fig.
13 presents the implant viewed from the sidépFig. 14 as a section at right
angles to the implant axis | (section line X1V 15 XIV in Fig. 13). The
implant is essentially cylindrical and designed to be implanted in a
cylindrical bore. On two sides facing each other in relation to the implant

axis, thedmplant camprises,surface ranges 16 of thermoplastic material
M, wherein the thermoblastcljgsﬁggﬁgeri{a f%g%it G depredsiondeadipreferowing or

grooves ‘@f&’é@%ﬁ%ﬁi‘a‘ﬁdirection) and protrudes from the surrounding

surface areas 17. On the implant 20 circumference between the surface

ranges 16 with the thermoplastic material and facing the proximal implant

end, there are protruding regions 41 bearing the cutting edges 14. These

extend e<BNtSPHATBarRs Rottirnibpkint BXishand furehdistRnaedryTMipes of steps

the implapthaxisg thadistapsesHgeteasing in, ting direction, as _
illustrated in I% 6. Igromﬁcutting‘ed?f?togﬁ#%%%é dg%ﬁleaéé ffisteR@ggcave (curving
diffet by ‘8B6Ut T3NS aainal phpravexsoahshaheinysantdan, e axial edges

implanteleairieg aylinciiga cavity (BRIRM2Ga¥ithoyL Ariokfarm adaptation
In other wards, the cutti g f%ges 14 are deé\?gned in sulc% gbﬁg‘)ﬂdﬁ@ﬁﬁ%&f) wer edges
each cuiting eége c V§’n§ WE AR GoaIPpy i enepiiyiamothevely curved, the

cavity wédtateilibradlbeiingsthpetblousngR wiiRG BHA 1A 26D SR GNP,
The distances between the axially aligned cutting edges, measured at
right angles to the 5 implant axis, may exceed 0.3 mm for implants larger
than dental implants. The implant according to Figs. 13 and 14 is thus

T et LA 1.
non-rotatable shape. Cgmpe{‘t% 0a %@%ﬁﬁ%ﬂ&gé& ifAEtrE b Hisreof. During the
osseointegration phase bone tissue grows through such openings.

Figs. 13 and 14 show a further embodiment of an implant according to the invention
which may be used e.g. as dental implant. Fig. 13 presents the implant viewed from
the side, Fig. 14 as a section at right angles to the implant axis I (section line XIV-
15 XIV in Fig. 13). The implant is essentially cylindrical and designed to be implanted
in a cylindrical bore. On two sides facing each other in relation to the implant axis,
the implant comprises surface ranges 16 of thermoplastic material M, wherein the
thermoplastic material is situated in depressions 40 (here grooves closed in axial
direction) and protrudes from the surrounding surface areas 17. Qn the implant
20 circumference between the surface ranges 16 with the thermoplastic material angd
facing the proximal implant end, there are protruding regions 41 bearing the cutting
edges 14. These extend essentially transverse 1o the implant axis and are distanced
from the implant axis, the distances decreasing in implanting direction, as illustrated
in Fig. 6. From cutting edge to cutting edge these distances differ by about 0.3 mm

25 (for dental implant) so that the implant can be implanted in a cylindrical cavity (bore)



presented here has the advantage that it can be implanted in an exactly
predetermined 10 rotational position and therefore can also bear
abutments other than rotationally invariant ones, e.g. a scallopped collar,
a crown, etc. For the implant according to Figs. 13 and 14 it is not a
condition that the depressions 40 provided fot®the thermoplastic material
are axially extending grooves. These grooves may in particular extend
spirally such improving the capability of the 15 implanted implant to
absorb torsional forces. If the implant according to Figs. 13 and 14 is to

be implantgshin argiepped In @ cavity with a cone-like narrowing
inner end, i ma}llf, in additigt%\9 Fga %@b&t%ﬁé&gg@égfégﬁﬁfgggs?éﬁ%s(h‘étam designed in

shown). *THbfeiBRBrE8s 1S aordrelates Iianfiable mateyiaknlaged e chip from

depressiorscmaty senfinie anmssdhesIERs.ARINalatedin Fig 8. 20~
Figs. 15,,16A and 16B show anothéer implant a céj?%lﬁé f5lBRIRAAMtiGH! 2 chip. The

(Fig. 15:. axial section: Fig e 18R ¥ethistedr ansnsrséets, thedmpldnt axst angles (o the
withSseclionl s Xyl mxVey e &.@Bﬁﬁid@rYriﬁfyya)nfé’ﬂ@%xjﬁq%‘gde%tg?é‘n;%lﬂts
n Iq. 13,

implant in essence corresponding with the implant according to

but which comprises a hollow space 26 and openings 27 being e.g.

essentially round or slit-shaped and connecting the hollow 25 space 26

ith the Stramsletacccolding pianti I BeiRaoings SHORER NP I8 Eny invarian:
( epres;agﬁyélgciygmgrh comprise e.g, a roug_h_ened bottom surface for

improving adhesion of the |que11?3fﬁ)a deids. steilivgdetalslet toetionial Ihding afier

which inithieegseNhRjDea-therabdpiashe ObHPRIIARIE MRIEHALLIS! implan the one

positiongg:indhe hollow. spagce. 26, prigr to or during implantation and is at
least paa%uqueﬁed with theg%i%‘é %ae%h%a 51 GiBlatieth ke praededredetermined

throligh e SPahRRsition #ne therdfopressionsdbearTHasm 4aPTESSONS, rotationally

form pocketshebneect implaniand cavity wall into which the liquefied
material is pressed ang;hous b%&gh?ﬁlté’i%féﬁgﬁ/e‘a t&)ntact with the cavity

For the implant according to Figs. 13 and 14 it is not a condition that the depressions
40 provided for the thermoplastic material are axially extending grooves. These
£rooves may in particular extend spirally such improving the capability of the
15  implanted implant to absorb torsional forces. If the implant according to Figs. 13 and
14 is to be implanted in a stepped bore or in a cavity with a cone-like narrowing
inner end, it may, in addition to the cutting edges, comprise steps (not shown),
Therein depressions 40 and the liquefiable material placed in the depressions may

continue across the steps as illustrated in Fig 8.

20 Figs. 15, 16A and 16B show another implant according to the invention {Fig. 15:
axial section; Fig. 16A: section transverse to the implant axis with section line XVIL
XVI; Fig. 16B: side view), which is €.g. a dental implant in essence corresponding
with the implant according to Fig. 13, but which comprises a hollow space 26 and
openings 27 being e.g. essentially round or slit-shaped and connecting the hollow

25  space 26 with the outer surface of the implant. The openings 27 opern into the



wall. As evident from Fig. 16A, the depressions 40 can be designed as

grooves' gyrating around the implant. This is particularly advantageous for

an implant with a 10 hollow space 26, because the gyrating grooves do

not tend to turn the implant on implantation but still, after implantation

stabilize the implant better against rotation ifthe cavity. The implant.

according to Figs. 15, 16A and 16B is advantageously implanted without
liquefying the liquefiable material M, i.e. is brought into its final position in

15 the cavity, for which purpose it is driven home with a customary tool or
presseddepyetfianmeghanical ilating element (e.q. sonotrode of . ,
uItrasonicE%evice . The _im%%aﬁ%ﬁlikt?og %é télhgglughé%igé& (gﬁodﬁfsﬁlé%égggfy‘mpr oving
slightly Z4JiFS180 Hithsdigmrd s crpteriahd hethdoefatositioeriaDMy thérh in this case

the liquefiaple:materiabisastpinoaswitpimasianical psglliations and. .., space 26
pressed arlgalrest theddlstal end of the implant, whereby it 20 is Ilque(?ledI
and emé&rGés through the SPERMELCS 7Ry thécaepresdioiguicshevith the aid of

penétram@“m@mmﬂﬂdﬁﬂ‘gm@mﬁfeﬁi@r%}gEﬁ@bﬁkb@.i&ﬁ@@'@ﬁ%ﬁ%@?&e&%ressions 40.
stability ’ﬁeEQed %’éEXidHS”? r%ai% Cﬁ{]?cﬁ and possible adjustment of its .
position, it may be advantagedus 1o sRgRiRFbvErdam tid dimiérsiolsiale which the

0S
the impliatatieh regeardlio thesweavityl ithsubhoagmannerieatinot anhtthem me cavity

cutting gglgesa ' e fissue bur 25 the implant is held in the
cavity by a prgg;%%%%&?yﬁ%ﬁefﬁgug?%éF ?%%f%?%l& &¥h8Eslgeiened as grooves

adjusted¥& g eresadsteriohpBnthEhisoll partspdedy 26ivaawm e usee af @plant with a
piston 4gslwhichsarnmRonsntef ihesmplant. . 28; For coupling the .
mechanijcal os(‘g:ﬁlations into the pist%pn,g%o%%%rvﬁed% rf)cc))tsfﬁ%ér)]é%qgﬁl {fg implant on
proximal &SR i pilloaliep implantitpansbilizd ebigient 4w peiteteatenst rotation
into the ihellowsgace 26 with increasing liquefaction and displacement of

the liquefiable material until its proximal end 43 reaches into the opening

of the hollow space 26.

The implant. according to Figs. 15, 16A and 16B is advantageously implanted
without liquefying the liquefiable material M, i.e, is brought into its final position in
15 the cavity, for which purpose it is driven home with a customary tool or pressed in
with a mechanically oscillating element (e.g. sonotrode of an ultrasonic device). The
implant position is then checked and if necessary slightly adjusted with regard to
depth and rotational position. Only then the liquefiable material is impinged with
mechanical oscillations and pressed against the distal end of the implant, whereby it
20 is liquefied and emerges through the openings 27, filling the depressions 40 and
penetrating the surrounding bone tissue. To grant the implant sufficient stability in
the cavity during said check and possible adjustment of its position, it may be
advantageous to slightly oversize the dimensions of the implant with regard to the

cavity in such a manner that not only the cutting edges lodge into the bone tissue but

25 the implant is held in the cavity by a press-fit,

To liquefy the liquefiable material, a sonotrode adjusted to the cross section of the

hollow space 26 may be used or a piston 42, which is a component of the implant.



5 The piston 43 consists e.g. of titanium and is equipped with a fine-pitch
thread 44 in the region of its proximal end 43, which fine-pitch thread,
when pushed into the hollow space 26 is cold-welded to the wall of the
hollow space, if this consists of titanium also. Thus the proximal opening
of the hollow space 26 is sealed tightly, gua“réﬁt‘eeing insulation between
the oral cavity and the bone tissue, which insulation 10 is vital for a dental
implant. If the liquefiable material is resorbable, the bone tissue will
gradually replace it after implantation, i.e. it will grow into openings 27 and

hollow spageg&iwbersindtis all4 ' rtant that the hollow space
26 is tig?élg/ Sﬁgied%rom the ora|a:§fi§g/g£§i’é’.@ gn?esﬁlg\ﬁés%ﬂnaﬁ airedeiioppsitioned on

like Fig. 1%; B'HRH 93 Ao stitietisianrie. prosipiren14 dndeing@f theenetrate into the
hollow spatieRGpadcerder adisplace:dheliouefighle material. The pistonis.
designed in such a manner that its !rgxiilégl end 43@?5%@3%%%‘?0 it liquefiable

surface 45°6t the pIShPWHERAS EREcBreRthrsriatctin ansianh as beenllow space 26.
presSed Bbe pisttheddaltemispage GithiRugbathe carEesRes enings ,

27 on to &%erg%tgr %%lrlf%ce of. thF im I@nt. The proﬁiﬁggl pig%age%%eﬂhs thread 44 in
broadened coRe-like and the Prat6ica>* o M5AsEte Pitehighesask when pushed into the
thermopletfesiaterialé dsgof REBIE Whienar efge MU INE.PEPHMAl ... of

opening gfthe.hallow-spac comes in contact with the oscillating _
broadened end of the pisto%ei fof"fiamcelzo S8 ng&g‘?@%‘c’é’r“’aﬁtﬁ%ﬁééé sealed tightly,

tension BeEEABAAGHY Y wHichvite theombpiasticndaterialds igueliefich insulation
Thediquefiegairmateriahpengiialas et wall of the hollow space 26
and the piston 42, where 25% Iining.g\lgf\:)ﬂo%/?eﬂE%?7 1 e 45 EBGEpble, the bone tissue
providedﬁ&iﬁ&ﬁﬁ@fﬁ@r Wiﬁﬁtftréelnma@nti@z, i@ogewm%frmmlopenings 27 and
opening space2 ohtlyy w9-Fid 18.agal S gn axia )
section tgrﬁtté)gh a? 'nﬁplant according to the inventig?%?ta\?r\}h?&#\g%?n WaSpace 26 is
hollow space 26 tShHEQEY A 3he#biiter implant surface by

Fig. 17 shows in an axial section like Fig. 15, a piston 42, positioned in the proximal
15 opening of the hollow space 26 in order to displace the liquefiable material, The
piston is designed in such a manner that jts proximal end 43 reaches the proximal
surface 45 of the implant when sufficient liquefiable material has been pressed out of
the hollow space 26 through the corresponding openings 27 on to the outer surface of
the implant. The proximal piston end 43 is broadened cone-like and the piston 42
20 consists in this case of thermoplastic material, e.g. of PEEK. When the edge around
the proximal opening of the hollow space 26 comes in contact with the oscillating
broadened end of the piston 43, it acts as energy director and causes tension
concentrations by which the thermoplastic material is liquefied. The liquefied
material penetrates between the wall of the holiow space 26 and the piston 42, where
25  alining groove 47 is advantageously provided, and thus, together with the piston 42,

closes the proximal opening of the hollow space 26 tightly.



openings 27. In order that the liquefiable material, in this case a
thermoplastic, is liquefied by the effect of the mechanical oscillations
specifically in the region of the 5 openings 27, energy directors 28, e.g. in
the shape of sharp edges extending along the periphery of the hollow
space 26, are provided at the inner outlets of thee_openings 27. At the
distal end of the hollow space 26 e.g. a thorn-shaped energy director 28
may be provided. A piece of the liquefiable material, which is advanced in
the hollow space 26 and is impinged with mechanical oscillations, strikes
the energyig_irﬁ)cg%s 10 28, which results in local stress concentrations in

the oscillatiig material and I8¢ itk RstiBMwRr cofimpimesidentin Fidhe inventior

18 are th& ¥isHotmmamiodinhehitsvokapeniags.aZ.and their qutlets into
depressioperthsTHE §IoSHSeqlon (f??the ‘peninegégg'?q):g%,‘}%‘ﬁ’nd“(’fég,r}tirﬁurface by
Fig. 18) ar slit-shaped (bottom, 1n ib—'ffg.i Hejiehle prishrésdonssan hBermoplastic, is
separated WMy 1 stmirmgsimraniedge) (o g IRhoreAn be, L
des@nedﬂ)ﬁaﬂﬁe@jf‘&@‘%ﬁg 458l he,ppenings (right of Fig. 18). ) 7he teglon of the
Combinations of the liste charactefigtics MAY AP Hal Sengistged: Figding along the
shows of the B B‘Ieth@@‘(eﬁ?ﬂm@implammmdingi%é%igﬁlg@ qu?%eé’%mi“gs .

a intermédiatedeiement S2nwhighis syi for implanting the implan
means of .20 mechanical oscillation, i %ga?ﬁkec‘“‘u%rad PARShieeskentagiodimor 28 may

the implant'side. the nBiffifetfidte diavabtls 2nmataptadde ERDIDY, the hollow
end regisirref 26spetiiamassialyy imdividuatipnlant 10, and on the
niies Wé%&éﬁ%&lﬁ%ld&%ﬂﬁagﬁs dBp6hesder directors

exqitatiopgsige. it is adapted to an advantageously  stan
53, which is pzilrﬁ'sor Sdl(jr’?{ifﬁgé)ﬁﬂiétﬂ%‘\?ié@?cFﬁféaé@nh@mtﬁm @tithéing material and local

intermedigalelémmehtisodn either or on both sides advantageously
designed as a 25 loose fit, i.e. as a connection with play in axial direction
and guiding function in radial direction. The other connection may be
fixed, e.g\.I a frictionally engaged clamp fit or screwed connection.

. S0 evident in Fig, 18 are the various embodiments of openings 27 and their outlets
Into depressions 40. The cross section of the openings 27 is e.g. round (top, in Fi

18) olr slit-shaped (bottom, in Fig. 18) and the depressions can be separated ‘r:rom tli
15 openings by an edge (left of Fig. 18) or can be designed as widening outlets of the

openings (right of Fig. 18). Combinations of the listed characteristics ma also b
considered. T

Fig. 19 shows on the basis of the exemplary implant according to Figs. 13 and 14 a
intermediate element 52, which is suitable for implanting the implant by means of

20 mechanical oscillation, in particular ultrasonic oscillation. On the implant side, the
intermediate element 52 is adapted to the proximal end region of a specific pos;ibi
individual implant 10, and on the excitation side it is adapted to an aaf-.:fan’tagecmsly
standardized sonotrode 53, which is part of an ultrasonic device. The connection oi
the intermediate element is on either or on both sides advantageously designed as a

25 loose fit, i.e. as a connection with play in axial direction and guiding function in
radial direction. The other connection may be fixed, €.g. a frictionally engaged

fit or screwed connection, e



-30- The intermediate element 52 advantageously consists of a material
(e.g. PEEK) with little acoustic attenuation (high elastic modulus) and
may be designed in a corresponding manner or made of a corresponding
material in order to be able to acoustically adapt the implant 10 and the
sonotrode 53. This means that in addition to-5*#s interface function
between the standardized sonotrode geometry and a specific implant
geometry, the intermediate element 52 can have a function of acoustic
adaptation; it may furthermore carry markers for orientation and

measuringheUrResR:: AV pRg.Impiantation; it may serve as a part which
does not directly belang to the Fi)én%p §H?%%%F%’ %iﬁi)ségéﬁ@ééiﬁ?é‘%%@-g- PEEK) with

surgeon, TEIfd&ARY e aHsHRAO Datichlalystic L Oittiel casarat anb§labyeBhsigned in o
small dentatespplatitgaasipeiLPande- fdvaiageoysly the intermediate

element 52 is icghmt%d on the implant 10 durir%ggjgr]ga’gc |(§!rtle§?:ld“ﬁs°rder to be able to
disposed Of atter implantatforn RsHH ft ththasensiesteria Pastoédethat in addition to

implant packégfag: fhthddnteemediniaLlementbeconsisisof oo
transpaf(?[},%fgﬁteﬁ@glmgtrcaqhalso adopt a light transmitting fun %%rﬁ?try and a specific
wherein light for fllummating tHe EAUf{I&R FlamemeSitnprantasceupledimtoof acoustic

the eIemé‘?ﬁpﬁr@i@mhé%nmem%ca‘&p%&%Q@Pﬁ‘ﬁ&i@ﬂoﬁe}:‘ﬁqﬁ@asnring purposes

implant 1Q;,aa¢d jptarmediate element 52, and/or between intermediate
element 52ﬁ§gd1 s%gnotrode’ 831G bShWedh S HRBtrERigharersimRildirertiyobelong to the

intermediZfaBfeinéin t8silsedyeosihlonytitansgiaxiabiosslaiom plant, particularly i

componemtsgicested-tpmag implant. i.e. those driving the implan
into the 20 ca\‘/aif'iy. OsciIIatio%ﬁé(?]r%%r;ar%ﬁslﬁ%w}nﬁatﬂgifﬂrﬁ%ﬂ?ﬁlﬁ'oﬁﬁl‘fﬁﬁtﬂgeously the

cavity ar&'f8t iRt BRpisrimmvetshawstbhatthledmpaniaigbRuction and is
means ofibafedayesrere aNYifihedqiamed loose fit connection is )

advantagegus. On reas?r?}?or t_hils is prog[; Iy g{héﬁ?gc{) RSP tharB4d 95 the implant
pulling-dtit MaHEns F iR iEHpRdatm deaennig endisisevéforearigssefiictianalal, it can

heat is crbatetbpeidigbncavitymal RAciRPIANA f}gﬁt‘?&a} YANE eg %e cavity and

15 the implant is coupled into the element from the sonotrode side.

A loose fit connection between implant 10 and intermediate element 52, andfor
between intermediate element 52 and sonotrede 53 (or between sonotrode and
implant if no intermediate element is used), can only transmit axial oscillation
components directed towards the implant, i.e. those driving the implant into the
20 cavity. Oscillation Components drawing the implant from the cavity are not
transmitted. Experience shows that the implantation by means of half-waves created
with the named loose fit connection is advantageous. One reason for this is probably
the fact that there is no pulling-out motions of the implant in the cavity and therefore
less frictional heat is created between cavity wall and implant. A further advantage of
25 the loose fit connection is the fact that it separates the implant acoustically from the
sonotrode, and from the intermediate element if applicable, and that therefore exact

acoustic tuning between exciting parts and implant becomes less important.



25 the loose fit connection is the fact that it separates the implant

acoustically from the sonotrode, and from the intermediate element if

applicable, and that therefore exact acoustic tuning between exciting

parts and implant becomes less important. -31- The loose fit connection is

realized e.g. by a gap between implant and intermediate element, which

acts like a capillary and which is supplied with liquid immediately before
implantation. The implant being inserted in the intermediate element and

facing upwards is mounted on the sonotrode, and then liquid, e.g. water,

is applied Bedepieéih ehenproximialrentaf the byplans apdihe iﬁ?[mpg@t%t ermediate

element. fpuete the;sepillany effect the liquid spreads between the two
parts and holds_ther;l togetherggucf?i%lliti-:'arim3‘l ft r‘ffﬁéchﬁﬁlﬁfﬂpﬁéegévﬁﬁ?riéﬁpﬂnlmmEdiately

face domﬁﬁﬁ%?dé‘%i‘ﬁ%?ﬂ%oﬁbmmr@fbﬂir@fimééigeé%sbféw&t@rﬁéhﬁl@aélemem and

part sectiarig; fupihere nRhadimestaf @legse fitconnection .10 between an, _
implant %i:cordinﬂlrt?o the invention 10 and a%rﬁﬂ%'rr%né%l T8 Hididefiesy'tlsr is applied

between tHa Tite HifeixtEdle e dhel mplasrowode, iorhetdeancbent. Due to the

implant andithey sthotrageliqhlisipess fikcannestion essentiall
54, positioned in ali'gneéé a%gllj}j/a(r)t\s/ear%[}i{zg?f%sng‘ﬁm together

comprises%f% tenﬁiorflorirglg

ring grooves b5, one o tHE MRBIAETUEIRd thdasthdovomeacts thishout dropping out of
intermediagéitlement 52, and consisting of a material that 15 can hold the

weight of the implant yet allows destruction of the ring for separating the

implant from the fit with little force. Further embodiments of loose fit

connections are known by one skilled in the art and may be similarly

applied tBighd0 chewoin handiAsshasmvinaFigad B RIREMERIgte e 8’{ connection

element R2.ne | whale space. 20 between sonotrode 53 an
implant 10. It nﬁgf/p %ﬂg?s%?ﬁefﬁﬁ]gfﬂger Blifarenitased padniemesiiore element 52 (or

structuré€tween the intermediate element and the sonotrode, or between the implant and the
sonotrode). This loose fit connection essentially comprises a tension ring 54,
positioned in aligned axially oversized snap ring“ grooves 55, one on the implant 10

and the other one on the intermediate element 52, a;ad consisting of a material that

15 can hold the weight of the implant yet allows destruction of the ring for separating
the implant from the fit with little force. Further embodiments of loose fit

connections are known by one skilled in the art and may be similarly applied to the

case on hand.

As shown in Fig. 20, the intermediate element 52 need not fill the whole space

20 between sonotrode 53 and implant 10, Jt may comprise openings or other suitable

partly hollow structures.

Fig. 21 illustrates the method of producing a dental implant 10 according to the

‘mvention. This method essentially comprises three steps, all of which are based on

per se known methods. These steps are:



Fig. 21 illustrates the method of producing a dental implant 10 according

to the invention. This method essentially comprises three steps, all of

which are based on per se known methods. These steps are: -32- Taking
measurements: A tooth | to be substituted and/or the corresponding

alveolus 57, or alveolus wall 7 respectively, are measured in order to

create e.g. a three-dimensional image. The measuring data representing

the image are prepared for further processing. 5 Data processing: The
measuring data representing the image are’adjusted in particular by

addition of cutting edges and structures of liquefiable material, and if

applicable by adding oversize, or furrowing or tapping, axially extending
structures. If the image is not a complete three-dimensional image, itis
completed usinkishapasuadimptanishase xperience. The processed

10 measuring,data are prepared for p?gju%%;b%'hse%%ﬁ%‘l’é‘?ﬂ.aWBHL&%@fFﬁPDHdng
implant: the impﬁanf is proc{ L sl %é@i@e@ﬂhb,mmcmademﬁﬁ@wép% create
data, if necessary ihreeséinieassdioguglion s rious methods are _
suitable for the ggﬁg@ﬁ}?&?ﬁeﬁ, in Ipartic,uIarét(?,%‘%'E;Jﬁ\é:"il 16 OF CORFPSERMNE the image
tomography (CT) or an -Fneetﬁgcﬁ’(‘(ﬁﬁ%lﬁgretic Resonance Imaging), by

15 which methods e.g. for a tooth, which is not yet extracted, an image of

e created simultaneously. Such a

tife toothd amhefghe aleolds,o %,can '
method permits, production of the im‘foll?aﬁt Oror I SKHHAIBHI drase aeawndibsted in

tooth to be StBSfiACHY LEHanar eutrinatiotef the soothuteshs SYRSHINE D arerix

and implantatidnibfangitaniankin,dig plage.hecomes possible injust one
session. 20 |t is nevertheless possiblre@to n$§ézéefjre° e A HEeeF téarRing, axially

and/or the af@(.é%qu?%%%%’l’e%ﬁ%&iHﬁ?%ﬁéf@i‘mmfﬁﬁmawf SeORRIESHAS image
the alveolusitausesphyethesaxdraciien of implants based on experience. The processed
10 measuring data are prepared for producing the implant.

Producing the implant: the implant is produced on the basis of the processed

measuring data, if necessary in a series of production steps

Various methods are suitable for the measuring step, in particular the method of
computer tomography (CT) or an MRI-method (Magnetic Resonance Imaging), by
15 which methods e.g. for a tooth, which is not yet extracted, an image of the toogh 1
and of the alveolus 57 can be created simultaneously. Such a method permits
production of the implant prior to extraction of the natural tooth to be substituted
such that extraction of the tooth to be substituted and implantation of the imp ’

. . lant in
its place becomes possible in just one session.

20 It is nevertheless possible to measure the extracted tooth and/or the alveolus 57 after

extraction, wherein particularly deformities of the alveolus caused by the extractio
10n

can be included in the measurements.



can be included in the measurements. -33- Instead of taking a
three-dimensional image requiring complex appliances, it is also possible
to take appropriate measurements from a two-dimensional X-ray image or
from a plurality of such images. In order to create a three-dimensional
model for the implant, the images are complemented by corresponding
values based on experience. 5 The step of data processing is
advantageously performed on a CAD-systgm_(computer aided design),
which is supplied with the data from the measuring step. If the measuring
data of the alveolus 57 are available, the root portion of the implant is
advantageously modelled on these data. If only the measuring data of the
tooth to be substituted are available, a thickness of the tooth membrane
basedGHFek g ties ?ﬁégﬁi@md@ﬁabeﬂg@e@q[ﬁm : .%gégylga iQr?(!}f:%Yvit is also
spacq;mawe&gdg;&q%l%gfgéelqg%r a retsssf-flt. Inztzl dition, the'latera

surfages of the root portion are moditied by abithg Wrstimensipetg8sanimage or
the suracé Bréds 8ithethemisptabniomrateriataans fassibelnal model for e

structmeBpomRatNGRSEEQUHBHALINR, RERNessions on a preliminary
implant 10' may need to bempf?:)vided forfr?é) Slirace % d3uesiped on experience.

thermoplastic material, in which 15 depressions parts of the thermoplastic
material are provided, advantageously to be fixed by form-fit. For the

cfssedﬁﬁegrativafsagfgcgrggg@g} 95 ARRIQ riate surface structures are
provigped. In the.step of data proEcegsing, ggg%sgéjf DEH B RErate & aD-system

provide A bAgS erdtHSS‘ﬁ?bdﬁl&%ﬁSdmanlimemﬁediamﬁl@mﬁﬁ@%&?ﬁ?ﬂ]?step. If

adaptedrasaccogately @smossibies 20 imal.end of the implant,
e.9. s 6L oﬂé?o%i(?{z‘efqz' Similar datg)%agﬁa{gé%ggéiﬁlheeré?%%Pﬂ?@f the implant is

production of a processint (dbfse dra- depabsticmenisinghiareist EER 10 be

toolss#Pstidisgdtend waiislgat ihRitiees of the PTaals)] ightly undersized for
10ne OLESTNgLR9 QT %&g&"%{, more undersigﬁédéfggﬁ’%es%‘fegg%mé@%%ﬁﬁ'ﬁe may

ols) The ollow space may need to be oversized for a
press-fit. In addition, the lateral surfaces of the root portion are modified by addin
the cutting edges and the surface areas of the thermoplastic material, and possibly thi
structures promoting osseointegration. Depressions on a preliminary implant 10 may

need to be provided for the surface areas of the thermoplastic material, in which

15 depressions parts of the thermoplastic material are provided, advantageo,usiy to be

fixed by form-fit. For the oOsseointegrative surface areas €.8. appropriate surface

structures are provided.

In the step of data processing, data may also be generated Lo provide a basis for the
production of an intermediate element 52 which is adapted as accurately as possible

20 to a proximal end of the implant, e.g. to its crown portien 12. Similar data can be

generated for the production of a processing tool 58, or a set of such tools, wherein

these tools are adapted to the root portion of the implant (slightly undersized for one

processing tool, or gradually more undersized for a set of processing tools). The

processing tool 58 serves for the preparation of the alveolus wall prior to

25 implantation of the implant.



processing tool 58 serves for the preparation of the alveolus wall prior to

25 implantation of the implant. -34- The step of producing the implant is

advantageously performed by a CAM-System (computer aided

machining), which is supplied with the data from the data processing

step. In this step a preliminary implant is produced e.g. from an

appropriate titanium blank e.g. by milling, grinding, or electro erosion.

From this the 5 osseointegrative surface ar 25 are created by appropriate

surface treatment and parts of thermoplasfic material are mounted (by

latching, gluing, molding, ultrasound, etc.), resulting in the completed

implant 10. The intermediate element 52 and the processing tool or tools

57 for \tﬁ% %gpaéatigw of the alveolus wall are produced in essentially the

same tRE PrSteiimntie 10pmplant 0 i illustrates the method

for imghanipgea denrtpl 1'1%91'1%% according to %%%B%%%tﬁ? r,oﬁﬂ%c}é?ﬁ eAM-System

illustrated implant 10 comprlseg in JAO teuamest peitiothe UeguipRgdime darg

accordiif§t5 fife Hientibrititsstepcrowreportion 12, herein bg& portions

are adaptegrimdhirashaneghe Hgtyral taoth to ,be_substituteg hé rggoetg' from an
rtion 15 11 of the illustrated iMp At JeoPhipigs tefrst® anithoouRiog, this the -

§ Soisfomﬁ%;awgc%urlf&ﬁegé@%am aemmmp@t&%m?é%ﬁﬂ‘a@é‘ eig‘ment and part
p 3 I'ts

appropfigtessopdlyiexterding fHrow, tapping geometries (not
i"US”%EESJ')feEhﬁ alveqlus 57 is cleangﬂi%dr?éb u %r%?’t’éﬁinﬁmédit@tiomrasound,

with the Aid of 66 R ‘BSSMRIERbimplanistund (not illustrated). If the

stress on the bone tissue caused by a 20 direct implantation is tolerable,

the implant is directly implanted in the alveolus 57 thus prepared
(embqﬂg@g%%lésltgat don ghe left of Fig. 22). If the stress on the bone

tissue IS to be Kept oW I8 algeeri$hs piscpsspgredvithdhe L I —

tool 58 the alveolus wali are produced in essentially the same wa

10 implant 10", ¥ as the preliminary

F. . . . .
ig. 22 illustrates the method for implanting a dental implant according to the

inventi i i i
ion, wherein the illustrated implant 10 comprises in addition to a ToO0t portion
1 , . . .
equipped according to the invention also a crown portion 12 wherein both
, 0

ortion
D § are adapted to the shape of a natural tooth to be substituted. The Foot portion

{ . . .
5 11 of the illustrated mmplant 10 comprises steps 13 with cutting edges 14 and surfac
e

ranges 16 of a thermoplastic materia] and if appropriate, axially extending furrowing

or tapping geometries (not illustrated).

The alveolus 57 is cleaned and curetted prior to implantation with the aid of e g a

tool driven by ultrasound (not Hlustrated). If the Stress on the bone tissue caused b '
ya

5 : . N .
0 direct implantation is tolerable, the tmplant is directly implanted in the alveolus 57

thus prepared (embodiment illustrated on the left of Fig. 22). If the stress on the b
. one

i .
1ssue 15 Lo be kept low, the alveolus 57 i$ prepared with the processing tool 58

creating shoulders 13' in the alveolus wal] 7 which correspond to the steps 13 of th
&

implant (embodiment with processed alveolus 57" illustrated on the right of Fig, 22)

25 F i i P i
14 e



creating shoulders 13' in the alveolus wall 7 which correspond to the steps

13 of the implant (embodiment with processed alveolus 57' illustrated on

the right of Fig. 22). 25 For this preparation a processing tool 58 adapted

to the root portion is introduced -35- into the alveolus. The cross sections

of the processing tool 58 should therein be slightly smaller than the

corresponding measurements of the implant. If necessary, several such

processing tools may be used, wherein eggg tool is slightly thicker

compared to the previously used tool. 5 The alveolus is also prepared with

corresponding tools if the implant is not individually adapted to the

alveolus but a suitable, though standardized implant is to be used. The

processing, tools 58 are placed in the alveolus by appropriate tapping.

Advaﬁ?é‘ég%ﬁ&y Theviie tiessarestuaited iy rheebanica) o c'Iéations, )

preferaigytisl Qriies ewindHang Ak %i[rlgll%]ltaneously guidgd m?o‘ét ghould therein be

alveo#%% If necessary the processing {0BI BETHET 5B 9Ltibel witheat. If necessary,

slightly abrasive REERHDG KRoks rietilm isepy eFsaeitNEQUoh ap Qrsning

on theaigtateend tht thevieakip hetyggn tool and alveolus wall, and \%lgﬁ thicker

medium also serves to carry off fragmented bone material. The implant 10

is placed in the cleaned or appropriately processed alveolus (57 or 15

ﬁ;t'). The implant is impinged with mechanical oscillations, in particular
rasbiuna}vadvaniageal gy suEng lacement of the implant into the

alveolys, Qf gpurse it is a? ogpﬁsiﬁgfg é) SEBIRERE SR9 iFf thiee alveddus is not

by use of a%a%me?iﬁé B ntirdveahy ven toiishpingedENvitaatraseynd. In .

partic§lasdfithe implant comprises a crown portion 12, it is advantageoﬁ)sam isto

to use an 20 intermediate element 52 which is adapted to this crown

portion. If the implant comprises only a root portion with an essentially flat

proximal surface or a standard

Th ; .
€ processing tools 58 are placed ip the alveolus by appropriate tapping

Ad i
vantageously however, they are excited by mechanical oscillations preferably

10 ultrasound, and are simu}taneously guided into the alveolus

The implant 10 is placed in the cleaned or appropriatel

15 57). The i is impi i i '
). The implant is impinged with mechanjcal oscillations, in particular ultrasound

. I » 1 3 i . 3
S

and then to impinge it with ultrasound,

20 intermediate element 52 which is adapted to this cro

compri I ' i
prises only a root portion with an essentially flat proximal surface or a standard
T

COI’EStFUC i it i i I
3 g

also to use solely an appropriate standard Sonotrode. By adapting the length and
an



construction, it is possible to also use an intermediate element 52, but it is
possible also to use solely an appropriate standard sonotrode. By
adapting the length and -36- geometry of the sonotrode, and if applicable
the intermediate element, the acoustic excitation of the implant can be
optimized. For improved handling, the sonotrode or the intermediate
element 52 may be equipped by suitable measures, such as form fit or
material fit or by applying vacuum, to suppggt_the link to the implant (see
also 5 Figs. 19 and 20 and corresponding parts of the description). If the
root portion of the implant only represents the mechanically relevant parts
or the corresponding natural root but the natural root has been wholly
extracted, the parts of the alveolus not to be occupied by the implant are
advarftSjaeinsIfifie demerod b omd iéplatementmatenakbierBlement, the acoustic

impla@g@tt@ﬁ@@(g.tg\g%ggggmrpgg§ A3te d1 ranules as used for
augmentations. Advantageously theﬂﬁrﬁplgn't%ﬁ MPTAR{Ed padiingx e gonotrode or

possikr) & IpEr Wﬁ%ﬁlﬁféﬂ?“&ﬁér"fﬁé baetpnl dthatottmiaRees, such as form fit

substituted:e@fichusseyitispalsaPessibls 19 Sisals 3,.6avity and prepare it
of theﬁiFrﬁﬁa%lot accordingg‘tlg t %?ﬁ%ﬁh%@e&%&ﬁﬁﬁééﬁea also

for andmplantati
a(goveF,ll Spa?% anégz %laﬂ‘?ecfg%%‘édlis RiFtePé tisetestsiproalveolus or where a
former alveolus is filled with regenerated bone tissue. The shape of such a
cavity and the corresponding implant can be adjusted to the bone
structyre, whciighgc?n be measured like an alveolus e.g. by computer

[

tomography, Eigd 53 R 1SRG Fesearrtitn ofeajuinicahysthiesis: parts or

whosésivaftéspeqdimpedtu26l acootslinendontie ANYEHUON £ig, 234 shows a
the bone 60 with the epiph seéﬁ zg):réegg é%%ﬁ’fh%mamd the

Crossg%?&tg%?ht@ A v%g us 0of {Q,be t : i
metaphyseal area 60-2 Ahd 8 AFSPRGLE B dmmlansain adiviotegheustyaitled with
of the?jdineproslhesieis toeririptatied inhesaifolisshaflmaybe, phosphate

10 granules as used for augmentations.

Advantageously the implant is implanted as quickly as possible, i.e. immediately

after the extraction of the tooth to be substituted,

Of course, it is also possible to create a cavity and prepare it for an implantation of
the implant according to the invention as described above, in a place of the jawbane
15 where there is no alveolus or where a former alveolus is filled with regenerated bone
tissue. The shape of such a cavity and the corresponding implant can be adjusted io
the bone structure, which can be measured 1

tke an alveolus e.g. by computer
tomography.

Figs. 23A to 23C iHlustrate implantation of a joint prosthesis whose shaft is equipped
20 according to the invention. Fig. 23A shows a cross section through the bone 60 with
the epiphyseal area 60.1, the metaphyseal area 60.2 and the diaphyseal area 60.3, in
which the shaft of the joint prosthesis is to be implanted, wherein this shafi may be

an individual implant specially produced for implantation in the specific bone or a



an individual implant specially produced for implantation in the specific
bone or a -37- suitable standardized implant. Fig. 23B shows the
processing instrument 58 (also in cross section), whose shape essentially
coincides with the shape of the implant, and which serves to create or
process the cavity 62 in the bone 60. Fig. 23C shows the joint prosthesis
10 to be implanted in the cavity 62 viewed from the side. The shaft is 5
shaped as an irregular cone and compriseg, steps 13 with cutting edges
14, surface ranges 16 of a thermoplastic material situated between the
cutting edges, and axially extending furrowing or tapping structures 21
(ribs). Starting out from the bone geometry ascertained by means of CT or
MRI, the joint prosthesis 10 and the processing tool 58 are selected or
prod(iégebis eesdatiiscivep(b0rsaipeloT ey SRREHRDEACHE (.1, i,
Plabis SRR IMIEI &l HaRteIn Mednpant 0 ane the Cavty
62 are planned stich that implant anchoring by heARs6r i@ oftthg implant, and
edge¥ HANaHEEe!PilsEeE ier Iptsatsel frethey #pifRysad 86BN Y8e8lshows the
areaseihhgrstage 11 . : astic material are placed at

ointze ex%rosed to irﬁ%ggéﬁgﬁgﬁlgﬁégﬁggmgVslf"r‘?’a%i.r’f’ﬁ’e?lﬁfv?i‘ﬁ?itThE shaft is
%eco?ﬂ%%%ﬁsﬂ?lé’f%ﬂ@?é&ﬂ%@%mém@at@zsslwrw@h at®ingtedpes 14, surface

favounaple for sfssepimirgaralinnatderedyce ngritical level bone _
e corjtact9 area between implgntgtegvgﬂagjl gjnee{?“%”@rg‘é%ﬁ?g Apfd axially

elon%aﬁi]ogﬁin tp ! !
cavity te Tirst SHERIME CarpRINs sairte il Stildlard instruments. At least

for the last clearance step the processing tool 58 adapted to the shape of

the implant is used in order to adjust the shape of the cavity 62

sufficg'?antlg to th?t of the 20 implant 10. Figs. 24A to 24C illustrate the

repair or 2 hOoHE (Tt EDfiRRP 6 tHecrérnsddnofeatronedlinoe MRIithhe joint

an inptatieaiscrivding e the daveniienilss whishimplaptis o prdoethe o
lgefeggn@%gn%'g‘rsag%ssdrigea%ggl?rpe’ (Egr?tatl)?r?:?)lggt \ilglltctlo;?lgc?ijorr?c\;yiih Fzgﬁz% Therein
the implant 10 and the cavity 62 are planned such that implant anchoring by means
of the cutting edges 14 and the ribs 21 is located in the epiphyseal and metaphyseal
areas. The surface ranges 16 of the thermoplastic material are placed at points
exposed to increased tensile and shearing stress. Therewith it becomes possible to
15 reduce bone dislocations which are not favourable for osseolntegration or to reduce
to an uncritical level bone elongation in the contact area between implant and bone.
In creating the cavity the first opening can be produced by standard instruments. At

least for the last clearance step the processing tool 58 adapted to the shape of the

implant is used in order to adjust the shape of the cavity 62 sufficiently to that of the
20 implant 10.

Figs. 24A to 24C illustrate the repair of a bone defect resulting from the remaoval of a
bone tumour with an implant according to the invention 10, which implant is to
bridge the defect. Fig. 24A shows, in section, the bone 65 with the tumour 66. Fig,
24B shows, in section, the bone 66' to be removed (excision) and the processing tool
25 58 to be used at least for the completion of the cavity 62. Fig. 24C shows, in section,

the completed cavity 62 and the implant 10 to be implanted in the cavity, which



24B shows, in section, the bone 66' to be removed (excision) and the
processing tool 25 58 to be used at least for the completion of the cavity
62. Fig. 24C shows, in section, the completed cavity 62 and the implant
10 to be implanted in the cavity, which -38- implant once again is shaped
e.g. like an irregular cone comprising steps 13 with cutting edges 14 and
surface ranges 16 of a thermoplastic material. The bone tumour 66 is
initially geometrically defined by X-ray, €C38er MRI. Based on the
measuring data the size of the excision is decided on by the surgeon. The
5 implant 10 and the processing tool 58 are selected or specifically
produced in accordance with the excision geometry. The processing tool
58 further comprises suction channels 58.1 leading into the tool surface in
the AFRIBF PREC AR BogaRess &k Slepan Theguigh thesesuptisnghapnals with
o8 1chong BRIl o Be A TN AN MO Rl A plpled out of
the cavity, 10 increasing the volume cleared by the tool 58, and avoiding
the build-up of local pressures which could lead to fatty embolism.
Sucking off the tumorous cells also prevents their transfer into healthy

tissuehdhisscansideply ratusingdhadisk, RSz be

left behipd. The previousl des(sz?i%ed Figs._%n?ﬁlﬁegigﬁi%%ﬁgrlfgm MRL. Based
desc(ﬁbf%n Wéplf@aq%t?n%‘ﬁo%el@f dhe s3disiep deifiecifeg| antdydéntalrgeon. The
Smplanpljeint prasthesisrinditieatimnpanirestapdard ém@b%'aiﬁ‘é&ﬁ? hieq in
specific ¢ aractertilstgcs of.these implants. It is of course possible to apply

CCOT C . . .
the described ¢ ltarac gﬁ%’ﬁhoglt%eSfH@f)implants and in combinations

different from the ones described herein. Thus implants can be created
which are not specifically described but nevertheless belong to the
'nveﬂg%rég’t%si%é‘ 'tAc‘)I(MI "3:8 further comprises suction channels 58.1 leading into the tool
surface in the area of the cutting edges of the steps. Through these suction channels
58.1 baone material, bone marrow and tumorous cells are sucked out of the cavity,
10 increasing the volume cleared by the tool 58, and avoiding the build-up of local
pressures which could lead to fatty embolism. Sucking off the tumorous cells also
prevents their transfer into healthy tissue, thus considerably reducing the risk of

metastasizing cells being left behind.

The previously described Figs. and the corresponding description parts relate in most
15 cases to specific implants (dental implant, joint prosthesis, individual implant,
standard implant, etc.) and to specific characteristics of these implants. It is of course
possible to apply the described characteristics to other implants and in combinations
different from the ones described herein. Thus implants can be created which are not

specifically described but nevertheless belong to the invention.



1. Bone implant suitable for implantation in an implantation direction
parallel to an implant axis in a cavity surrounded by a cavity wall of bone
tissue, wherein an implant portion to be implanted comprises separate
first and second surface areas, wherein the first surface areas comprise a
material which is liquefiable by mechanical oscillation or comprise
openings suitable for the liquefiable r&aterial positioned in a hollow space
of the implant to be pressed from this hollow space to an implant surface,
and wherein the second surface a?éd%l%@npnse cutting edges, which do
not extend in a common plane with the implant axis, which face towards a
distal end region of the implant, and which extend at least partly around
the circumference .of the |mplar]t 2. Bone |mplant accordin (ﬁﬁto claim 1,

© charSterZRy T ‘é@ﬁ BHGHEN BnBrisaPlefiatige FenHAsF Ragallel to an

tham@fad: Bﬁmeﬂr‘arﬂaﬁtﬁ@(}ﬁ@lﬁ&@ slaimedver 2wehasasierizedsitheberein an
the, Cui&uﬁ es ar “S&Iﬁgned o be salient. 4. Bone implant according to

any O LRSI AP i aPe dgeandraurtace areas,

undeheutiio thﬁnfamhqnﬁ@acar&sBmmwaﬁlt maﬁdlngvt@oanysonq&ﬁabie by
clalmgc‘]g%léa har tterlzed in that the I| eflable élsstuat‘gféir _

depressions ané%n 0 Fir PSSR BT ggggosm 50 ‘T’J ¢ material
malfﬂniahme&ude EﬁKﬁMVsHﬁa@eofaﬁEaﬁrgﬁmw@@mgrﬂa@edéhiﬁsﬂiQﬂS@lﬁ}w space to

Bone im rd| }e\{ on?hof claim gs 4, characterlzed in that

the open n%% Iea into AL e N SHE A R CUB PG (Hiing edges,

claimhicbrdd, rehardetelized qmﬂmamhﬂamepndss]mm@img rody/estedlieiding wards
ax%ll&g{aisréﬁgll}(e&cg 9% Sftﬁle "0 %rr]},tt, and which extend at least partly around the

circumference of the implant.

Bone implant according to claim 1, characterized in that the cutting edges

comprise a wedge angle of less than 90°,

Bone implant according to claim 1 or 2, characterized in that the cutting edges are

designed to be salient.

Bone implant according to any one of claims 1 to 3, characterized in that the

cutting edges are undercut to form a chip space.

Bone implant according to any one of claims 1 to 4, characterized in that the

liquefiable material is situated in depressions and the



portion to be implanted. 8. Bone implant according to any one of claims 1

to 7, characterized in that osseointegrative surface areas are situated

between the first surface areas comprising the liquefiable material. 9.

Bone implant according to any one of claims 1 to 8, characterized in that

the implant portion to be implanted further comprises axially extending
furrowing or tapping structures. 10. Bone im‘f:ﬂant according to any one of
claims 1. to 9, characterized in that the cutting edges extend along parts

of the circumference of the implant and form lpower edges of scale-like

structu res%llftq.t éB‘}?%CﬁTﬁS?é‘ﬁtCQ&‘Rﬂﬁi‘P% éﬁ}l%ﬁ%é’%r alingyde from surface
characterizedsdnihatadproxindgdgogiagion of the implant comprises a

collar with a lower edge fashioned as a cutting edge. -41- 12. Bone

implant according to any one of claims 1 to 11, characterized in that the
proximal éhsheegignaompenistisa tinghofaehervaptastiamateladacdkdized in that
Bone implﬁnt accordir}g t .an(?/tﬁn%of claims 1 to 12, characterized in that

the implahtpariond baiMBidAteF RSP Ehape tapering towards a distal

end region. 14. Bone implant according to claim 13, characterized in that

it comprises steps extending wholly or partly around the implant and.
cor?fprisin%%?fiegs epl))éa]}ttiaalﬁ?%é Jés rf%sﬁ% d%asoEuﬁ’Inﬁ deriggd dpthat the
implant ackgraiipts cladinpibbyeharactelize chitddhatea paitaliftherstepse implant
have b'“”%‘?—g&?%‘%gq a \{vagge%e angle of 90 or more. 16. Bone implant
accordingpto any one OFRIAINS 1 to 12, characterized in that the implant
portion to be implanted is essentially cylindrical and comprises cutting

ed%(_as Bone implant according to any one of claims 1 to 7, characterized in that
osseointegrative surface areas are situated between the first surface areas

comprising the liquefiable material.

9, Bone implant according to any one of claims 1 to 8, characterized in that the
implant portion to be implanted further comprises axially extending

furrowing or tapping structures.

10. Bone implant according to any one of claims 1 to 9, characterized in that
the cutting edges extend along parts of the circumference of the implant and

form lower edges of scale-like structures.

11, Bone implant according to any one of claims 1 to 10, characterized in that a
proximal end region of the implant comprises a collar with a lower edge

fashioned as a cutting edge.



12,

13.

14,

16.

17.

I8.

protruding from the cylindrical form and being distanced from the implant
axis by distances which decrease in the direction of implantation. 17.
Bone implant according to claim 16, characterized in that the cutting
edges protruding from the cylindrical form extend along a part of the
implant's circumference and are aligned in series in axial direction. 18.
Bone implant according to claim 17, characterized in that it comprises at
least two series of cutting edges facing each other, and that the first

surfasge-4dpREGASEORIRIISIATINE Jaiekablemateriaher outlels Of AN in that the

openings are sjtuated between the series on the implant's circumference.
19. BBHERhEIE SO BB R ARy B el Gigimaniagicanaitirheterized in
that it comprises a hollow space and a piston which is insertable into
aproximal opening of the hollow space. 20. Bone implant according to the
claim 19, characterized in that on a proximal end of the piston and/or

roupdberperina penipaohife hrllow Spase. Msans faLARRsRtiNGhat e

connection between piston and implant are provided. 21. Bone implant
accHtBIAY R PSR DIERIRE Y ifese SbARFdanstned d widt & dsitlendaisgion.

intermediate element on a proximal end region. 22. Bone implant
according to claim 21, characterized in that the intermediate element is
connected to the implant by a loose fit connection and/or is equipped to be

joinBa o A RBRbASAE 1A% 18088 cohndiiariesge dnethivfpRntomprises steps
acaor@ingrie amyppe pialaimsbindnehaipetiarized B&mﬁﬁ'hég at 9eRidbartially

implant. 24 Bonaimplant according to claim 23, characterized in that it

corfiphrSeRsHosgdiad Rutng F88EDortion, a crown portion, an abutment or

means for fastening an abutment,

Bone implant according to claim 14, characterized in that a part of the steps have

blunt edges with a wedge angle of 90° or more.

Bone implant according to any one of claims 1 to 12, characterized in that the
implant portion to be implanted is essentially cylindrical and comprises cutting edges
protruding from the cylindrical form and being distanced from the implant axis by

distances which decrease in the direction of implantation.

Bone implant according to claim 16, characterized in that the cutting edges
protruding from the cylindrical form extend along a part of the implant's

circumference and are aligned in series in axial direction.

Bone implant according to claim 17, characterized in that it comprises at least two

series of cutting edges facing each other, and that the first surface



19.

20.

21

22.

23,

24,

a crown, a bridge or a set of dentures. -43- 25. Bone implant according to
any one of claims 1 to 22, characterized in that it is the shaft of a joint
prosthesis. 26. Bone implant according to any one of claims 1 to 22,
characterized in that it is designed to bridge a bone defect. 27.
Implantation set comprising a bone implant according to any one of claims
1to 26 and at least one processing tool, which is adapted in shape to the
implant portion to be implanted, and/or an intermediate element, which is

d - il . the 7
grja%&%% %eggmg% 1@5{9&{@91@%%{%91%9 Qldg ) gkr%%%%%n%eam% of.g

one implant according to any one of ¢ , Whic
borfedviessl it sstinsptarited e siycag&esuisstitute for a part of a bone

or a tooth, which cavity is pre-given or is to be created and has an

osseous cavity wall, wherein the method comprises a measuring step in

which the bone part or tooth to be substituted and/or the pre-given cavity,

or BgieiByAe stegetdiagnehanareacoitheladawity to b crdutadicareed in that it

measietllo 9aRArleMeasUINg fata INaginG e hoRs. Bﬁ%‘iaﬁ%ﬁ%ﬁm dpening

the cavity, or the bone 'structure, a data processing step iIn w
meéastrrplara @esprocessed, and a production step in which the bone
implant is produced based on the processed measuring data,
characterized in that in the data processing step, the implant portion to be
implanted is equipped with cutting edges being dimensioned in such. a

wayPthatitRelparacsprding pay sbdgetPirrbaeaetvigedinlthafion a proximal end of
Implanatien, ARFWIBSIUGEESIHIAC .\éﬁiﬁgrgprﬁﬁf ﬁ%ﬁd@ﬁé@gl%leans for an

material. -44- 29. Method according to claim 28, characterized in that, in
thelAtBBREGE S heecen pision and implant are provided.

Bone implant according to any one of claims 1 to 20, characterized in that it carries

an intermediate element on a proximal end region.

Bone implant according to claim 21, characterized in that the intermediate element
1s connected to the implant by a loose fit connection and/or is equipped to be joined

to a sonotrode via a loose fit connection.

Bone implant according to any one of claims 1 to 22, characterized in that it is a

dental implant.

Bone implant according to claim 23, characterized in that it comprises, in addition
to a root portion, a crown portion, an abutment or means for fastening an abutment,

a crown, a bridge or a set of dentures.



25.

26.

27.

28,

dimensional image or one or several two dimensional images are

recorded. 30. Method according to claim 28 or 29, characterized in that, in

the data processing step, a hollow space and openings connecting the

first surface areas of the implant portion to be implanted with the hollow

space are constructed. 31. Method aagording to any one of claims 28 to

30, characterized in that, in the data processing step, axially extending
furrowing or cutting structures are constructed on the implant portion to

be mamqﬂmwtakﬂa)ﬁtmgwaﬁya@a@tmemi@mddmguanaeamébahtﬂ@y it is the
rea%h ast artlall into the cavity wall after implantation. 32. Method

acc t%%n%? Y IBRES aims 28 to 31, characterized in that, in the data
processing step, additional data are produced for the production of a
processing tool adapted to the implant portion to be implanted. 33.

Method according to any one of claims 28 to 32, characterized in that, in

the Blata impkaas&iﬂg)ﬁt‘&@ additionat ddtaiaie prodsiced pathadpraduation.: it is
of a inter c{%at ent ted to the proximal end region of the

impt& ?ngl tR/I ’iﬁ gef any one of claims 28 to 33,

characterized in that, in the data processing step, structures with an
osseointegrative effect are constructed. -45- 35. Method according to any

one of claims 28 to 34, characterized in that the bone implant is a dental
imﬂ]mlptamaddhabthertthiﬁg bé}@ﬁ!&)'ﬁﬁ@l’t&ﬁ andiditheccdvweaius odr€aims 1 to 26

%ﬁ fr to e)éggsc?é)n of helt th to.be syl bstl uted. Ab .
SRepIant )VQ SRR éer a&ﬁ/f—ﬂt ¢ Epplgagportion to

ca\}my papﬁiﬁbtb and/immanhﬂmm(ﬂdxamdammmt subistaritialdgiaiiom Ehepe to a

|mplant com rises.ont I;r)llalnt Portlon to be implanted cutting edges

re
(14), whic onogexe h'a comimon

Method for producing a bone implant according to any one of claims 1 to 26, which
boned implant is implanted in a cavity as a substitute for a part of a bone or a tooth,
which cavity is pre-given or is to be created and has an osseous cavity wall, wherein
the method comprises a measuring step in which the bone part or tooth to be
substituted and/or the pre-given cavity, or a given bone structure in the area of the
cavity to be created, are measured to generate measuring data imaging the bone
part, the tooth , the cavity, or the bone structure, a data processing step in which the
measuring data are processed, and a production step in which the bone implant is
produced based on the processed measuring data, characterized in that in the data
processing step, the implant portion to be implanted is equipped with cufting edges
being dimensioned in such a way that they are at least partly lodged in the cavity
wall after implantation, and with structures to receive portion of the liquefiable

material,



29.

30.

5 plane with the implant axis and are facing toward the distal end of the
implant. The implant further comprises surface ranges (16) of a material
which is liquefiable by mechanical oscillations. The cutting edges (14) are
dimensioned in such a manner that they are lodged in the cavity wall after
implantation. For the implantation, thasaimplant is impinged with
mechanical oscillations, resulting in the thermoplastic 10 material being at
least partially liquefied and pressed into unevennesses and pores of the

cavityeviiall. sbberdiibferwaia fosmbilasdiormatanal-it eenpratiambeive e three-
implant 103ﬂ%rd cav:B/ wall, when re-solidified. The cutting edges (14)
anché? pIEREGPTHRDC QTR XREN, THCCHIGRSEINgIMARTS Hersrittiofing

of a screw-shaped implant. As the implantation does not require any
rotation, the implant may have a 15 shape which is neither
circular-cylindrical nor circular-conical. Thus it is better stabilized against

torsideablbadsotiarn thedeiiavedke pIplantathe stalitinhef thedimplanpiscessing
furthter im%rci ed l%}/ its ar&choririﬁ%ghrou h the liguefiable material, in )
particiia? Agaiet 65 A& UMY the iRBIaT 58 16F e CUiRFCliettdthie implant
stalpiization barougihriled lidtiefirtilelfoatepiale the tmplantedn be loaded
immediately after 20 implantation. The implant is e.g. a dental implant.

(Fig. 3)
Method according to any one of claims 28 to 30, characterized in that, in the data
processing step, axially extending furrowing or cutting structures are constructed
on the implant portion to be implanted, which structures are dimensioned in such a

way that they reach at least partially into the cavity wall after implantation.

Method according to any one of claims 28 to 31, characterized in that, in the data
processing step, additional data are produced for the production of a processing

too] adapted to the implant portion to be implanted.

Method according to any one of claims 28 to 32, characterized in that, in the data
processing step, additional data are produced for the production of an intermediate

element adapted to the proximal end region of the implant.

Method according to any one of claims 28 to 33, characterized in that, in the data

processing step, structures with an osseointegrative effect are constructed.
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35.  Method according to any one of claims 28 to 34, characterized in that the bone
implant is a dental implant, and that the tooth to be substituted and/or the alveolus

are measured prior to extraction of the tooth to be substituted.





