-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
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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
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,



shape of an individual root or alveolus. 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 cdse. Implantation of such a

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 extractielmbistallysthel serawes Mapant is nak d immediately

after implaptation, as the risk is too r}:):igh t{r?aﬁt?g}gt%ggg WotTd eali8&sed or at least
implant to move SNl CAGP IRt tHebaie Hsékyithis ingudss adjusted to the
prevent asseeeebsfulnditeiration: ok the=implant in the bone tissue
(osseointegration). 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 integhtitediidithé @bnmllﬁﬁt;ﬁaﬁmdt@elﬁélvg}@%mqgQ ehy erérter‘]11 A (Sj bores are
implant a&qiga%gaqngrtlsis%%caused y.normal loading no longer excee

a physiologically tolérablé Tange "Expele it Motk tioae e ravmsivaged pins, mostly
dental im§fEs Whichearevhilablategrhtenhitdhg VIANVEARS MG s, from which the
stability vaighy i é{@ﬁﬁi%ﬂé Jorngrmal If)a situations and remains ~

unchanged over a long time. Among other AL il dersifictresemistatantation of
being firﬁw’aﬁéﬁ@m@dimém@sigetmamgneatimmuwahaztm@aﬁivzvngémng from the
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pregéure on the basetg;‘(?f\{}[gﬁté9 %ﬁ%ﬁf@ﬁ%ﬁ&%& n}(lﬁf/i\?ﬁS R FrsgRetaisd done tissue,

tend¥ to f&clRBlAte 1 NAKEIEpREH SR A dp Gumierghthillowing the extraction. Usually the

screwed implant is not loaded immediately after implantation, as the risk is too high
that 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 frdm. .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 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,



waiting periods mentioned above, in which the dental implant or jawbone

is locally not loaded. It is also known that relative movements between

implant and bone tissue which do not exceed a physiologically tolerable

range would stimulate bone 5 regeneration a_rhpwtherefore 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 periods. 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, agniselteisidonbe: tharable: tosexniaitiths advaniags of b8 J8nSel e, during the
bone Iay%@rllveoé% anm%)nagrr%undmg the natural cawt){ (alveolus) as a
supporting elerment, It is suggectéd s Hapa e hh prart! Horlastatiosampne is locally
symmetrisaleatddoligdise knsercty irdlagss aiiays8rrRepeRtiAgI Wt bone tissue
the shap h a t 10_be substituted (individual implant). Such

an implailﬁggn%&?r%{pl%a%%ée)egt i tﬁgyesiﬁs%ﬁﬁﬁ vffge(ﬁgllﬁré?rﬁ%?)’ﬁlg? stimulate bone
immediatesprsratienshedtiationtheexirationoaf dhenpaipMi0 HoHANEBEsons there
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between%%ed:fgﬁg%lrcggggnd ?hquﬁé‘gﬁ'rawa?f?d:\ﬁ“?mr& it TGRS AP gtiminating
copy of %%&W%P?ﬁ@ﬂﬁe.g. Produced by negative-positive casting

method) does not sit tightly in the alveolus. 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, WRESConTTEeGedheskine wesirenpsrossecintegiation tatdeast 80\ aused by
and is ngtabledailendrthe i ffici ility. In order to improve
the_.implant stabilit _fc?rIc g%ﬁggg%%g{gﬁgrﬁiﬁ%gg%%%% OWatlf?ﬁ'ge' as well as to be
peﬁgg) 2Rl ltﬁérl’@ﬁ/?fﬁ Hecrdvaniear ob Hinidenssrbpre toesdhiN adsomne) surrounding the

integratiamurdbedv s gaesie 0 4 45,pe024 0 (ieIqf et al).and ;
X to sh
WO-88/03§9 (tLun ren)to . . @Q © shepe the implant
not rotationaliy 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



-4- oversize the implant compared to the natural root, i.e. to give it slightly
larger cross sections, and structure the implant surface coming into
contact with the bone, in particular with depressions (honeycomb
structures, structures with undercuts). The said implants are e.g.
produced by contact-less measuring of the natdral 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-system, based on the processed measuring data, by milling,

grinding, elestienit.eraging: 8iemiHe 19 the ress fit, of such oversized
dental implants sit considerably I%hter in the avzg Oe iﬁaﬁc’&‘é%fté&w larger cross

of natural Y50 H8We SEPCLYp dheritwanossTasat i intvenianwaliith the bone, in

- counteragtsrtialapplied fesssfiio(ReSYEEB & Shatdme by Qdﬂﬁ&aﬂl‘{’é‘emm) Th
processe aqggmmﬁ% anié:al relaxaation. Thus the implant is no longer - the
stabilized by 'préss-fit but SitEISCEER K tRB'aGkSH SN efhsoathed root after its

condRionsxforctisseuintelraliomate notropiimal i Srite:afiReimary 8D system and
primary s@{b%g%am%et%a}l%l 1 aarﬁ%{ the implantation. It is also evident that

even after the 15 os eointegratlonop grslélg(%ré’@f)’ﬁ@ Riarthig perib)-treem, based on the
implants AREEESHO B thrdie ghits, by thl laphohainh enloaded: Assergrted

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, siusuetimprentdiginingdne osseninegipiiap aiase @iBRIRY tahter in e

20 subsegyent,'oading..and ' nts may even get completely looSe.
The aforementioned findingg ggggge%nﬁ%g#ng%”ﬁy,%%?’&ﬁaroﬁ%‘@f”ﬂﬁﬂ?ﬁsﬁ%‘és that the

largt? surtiée!¥oritatt sewRsEs implantrptisd pre dissupBiCR B BUBICHSY time by
t;gggg:%%%%ﬁ!ﬁﬁ'%ﬁk@y edr A ARG 20N, gxtpaction) sx%;&?a%% tirs],eno longer
stabilized by 'press-fit' but sits loosely in the alveolus once more, so that conditions
for_osseoint_e%ration are not optimal in spite of the improved primary stability
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



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 stabilifji@gainsidotign RIGesrus Lo the lagk of sufficient
rotational stabjlity, 5 dislocations can occur in the r%giosr!wl o then e implant created by

regenerating bone’ whidhodeRseutidrd gréiht ‘Suskexsngl forces in the cavity wall.
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[ ostheses. For dental implants g
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cement, the isoiwshapedimplants are prefairblede allpther forms with,.
regard t'oE xg%%i(l)ilt]y?bm that they often cannot be used du t%sfhéef]néﬁ aetﬁili(gtely after
geometncaj - FIESSure necr SlS‘ and other problems induced by misdirected load may be

the consequences. In the design of conventional screw implants a great deal of

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

stgbility, but that they often cannot be used due to the inevitable geometricaln.
720 preconditions necessary for their application, or at least not without suffering oth;r

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



20 preconditions 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 bggg 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
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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

ThRHEAEE ASBRCAMRTIER MpRISTAIvRISh inliausliaple by meghanical i
oscﬁiﬁgtion or ceom%ﬁ)ge o%é?ﬂngs suitg\%cfgzl for %e fﬁque lable material o e
clagBgitioned in a hollow space of the implant to be pressed from this hollow

space to an implant surface, and wherein 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



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 invention is implanted essentiallygaarallel 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
paplialinbad @i iateadat-ROsHR AecbithtesiedioNAbhaPRAC SYHARBRY with chip-
i rgjossm]l}/g]rg]tr des from the bone.dThe implant surfaces between the
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imploughtsnte. contacphuithiibe Henetisaueanvisdflatiatione areopirR 1o their

with, chip- forming cutting e . These cutting edges do, not extend in a
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implant comprises a material which is lique labie %ry mechanical vibra |§0n,
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is &}fﬁ%@e@qg%ﬁe%ﬁa&%%wg%?eﬁﬁﬁg%BL%&%? B?élﬁﬂ’g@ace within the
implant, wherein the hollow space is connected to the strface areas
without cutting edges by openings. The implant according to embodiments
of the invention is inserted into the bone cavity substantially in the
Thelifagtion efdRinpRRREBISheWHP AL RHRARAIA [RIAHON inNBEeIR B avity
-7- cutting e(iﬂcfs cut into the bone surface. Simultaneously with the )
SUBNERPALY SR tREIABRSHOINES tHie DO R viRyithd-fimpraReis imiSiFaaidlvitation,

whetegh@pical vibration. This causes the



liquefiable material, in this case advantageously a thermoplastic material,
to liquefy 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,_tl]"l_us being brought into intensive
contact with the bone surface. Having set again, the liquefiable material
forms a link between the implant and the bone tissue interlocking the two
by form fit and possibly material fit. In the case of the liquefiable material
being positioned in a hollow space of the implant, the mechanical

cuMiRERiiaR i et AR ageRURILRPLRPRIIt G DRIAN WRtL IR AR Smplant

. positioned in the cavity and then only to the liquefiable material. In this

infg- 0 BARe raubYidbTel RGN A MaRsah e mepiaasal ivietianof Bis causes the
ligthifaitopitt@aiticdlate; by adlianQERRAINariGaempRkHeSIUEANSeE Rquefy at
or{chopaeqic%fort%%ﬁzeq%gng imtglargs or e.r%. for the infiltration of diseasgd
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wherein this stabilization Is effective against pressure%n tafeIon éEeg.
maerial ErEasth dih brawe SISy asmien aes dbabrstettrsivnalddadiing fhawo by form

fit GHEING EBIYSRC KL NG, 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

In Egdlusad.PrRliminatemb viial s g Yaklv dmRPHaNh S el PR Snplant,

All named effects, lend the implant accordin? to the invention a primary )
thesmgshianicphiRitionod Cases s aehrelisine s d medemgntl the implant is
poiitioiedidteshaftenimplaatation. dite ePnRediye:RFUCtHLasRf tharRPIasiic the

. material possess a lesser elastic modulus than the bone matrix, and jn .
R AR B8 P SRR AL ARG 43 O YR BRERG . by drauli
or patticugiaclyement, 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



advantageous for absorbing shocks and for -8- reducing excessive stress.
Their elasticity permits small relative movements between implant and
bone tissue, which promote osseointegration by stimulating the bone
tissue particularly in the area of the cutting edges. At the same time these
connections prevent major displacemenff‘between implant and bone
tissue, which would lead to the disruption of the osseointegration process.
Because the implant according to embodiments of the invention is
implanted essentially 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
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the implant according to the invention to be suit forimplantation ina
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in 2GROKNATIP BNReimentadet thednnentian: isian individushirlant, filht major
djin most cases have the shape of an,lrregularé?ot round) cone, i.e. it will
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oshavistezshapepbeing essentially adapted to the shape of a natural dental

root. Such an individual dental implant according to the invention can, like

known dental implants copying the natural root, be implanted immediately
Beshieseetlivaotivanofadreondztgral rodtodionsyer, teninaeptorkmommpladisidesatbntially
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invention remains stable during the osseoiftegration phase ‘and 0|pajong B
adyaREgRens o fadian e Harbad arrspdranamicatetl igahaneisoptahttcsTiagts stability
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invention and such implants for the repair of individual bone defects. If the
defi AT JREOHIS 10T M ARIME YRR IhEntiirbls ondmpirtapRtnty & cavity
withpersind 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 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



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 -9- to the cavity in such a

manner that on implantation they cut into the cavity wall and remain at

least partly lodged therein after implantation. The cutting edges, or the

steps equipped with cutting edges, extend wholly or partly around the

implant, essentially perpendicular or at an angle to the implant axis, and

they have a wedge angle of less than 90 (see Fig. 5). In addition to the

cutting edges an implant designed as a cone may also comprise
to Hega3iapedudta otiomsinhetossispttivatistshs) withotat thccetting vadlian! remain
at (WA ANHE.I MePBRI G AhpigRSYithout cutting edge and/or for steps

being relativefy 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 the implant. Whether the method with or without pre-shaping of
TheRAIFEEIIRs e RRYEAISLNBSENWHARGRAS Ky RRrICHIAT %&{?&%ﬂ&oﬁoﬁld the
. the bone tissue on hand, but also on the surgeon and patierit.
ImpPASLs RS EHLY BefoaRbr pH phEb AR Bdmiaiapiens il e dhbaidphe pfvedge
andREoCOFEe SRANGING SER m@?tﬁleﬂ%ﬂﬁﬂﬁﬁﬁﬁtﬁ@%ﬁﬁﬂ%@%ﬁ@aﬁtf AP doned as a

etho

bone tis?ue during implantation, rendering_this m d particularly suitable _
o8 BT eH 5P A ERRE i HSRTHBF D SF SR NOFRSs FrfliantsiEnandthevige cutting
acteadgesdidheglepdant agseyding 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 supports in the bone tissue,

i.e. points where pressure forces acting on the implant are coupled into

Fothe:ponetissuaftom daterahinplaits@psasi anekinFaah mess, orihegonaii¥eous to
than is gossibl th{gu h a conical or cghndnca{, . . .
create appropriate shoulders in the cavity prior to implantation, e.g. with the aid of a tool
adapted in shape to 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.



essentially smooth implant surface without cuffing edges and steps. These

lateral supports represent specifically loaded points where bone

regeneration is stimulated. -10- In addition to the structures described

above, the implant according to embodiments of the invention may also

comprise furrowing or self-tapping strudflires 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 primary

stability particularly with regard to torsional forces The implant according

mbodi ents of the nvention prlse a cutting collar. in the
In 5% il SEETERGRS Bl SaBE b R RSP of the
invbotien Ting silkdacergrésasiofrtiveigybing:Fdgesan mcmﬁlﬁﬂk‘aﬁdﬁ@lﬁg dQommon
imen e inventign con tof mate ial which IS, suitahle for

Dl e T B D RN S T et
pergridtiesotiticviaipladtandihd eplavnsignery stibilianioartjofattitaiuragard to

tor@ia GbASONRe OfghiaNOthenRYIabIE %%HWJn?? TG MRG0 rlﬁdy also

an appropriately reinforced polymer. The liquefiable material to be app
COMPEIRS thePIERE Se0a b BreratR R i Betstabiisingiba fmplant in the surface of
theadvapsapgeatisly 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

Thessenintegration q{eﬂ&eﬁrﬁgleatg@mbeglwm%@@mg%reﬂﬂ%lﬁm@ﬁ%f the
and can succe Slve%{a:ff“ ve the an horing by the resorbable

s R GO T HRRRY RBGS SR I4eF 88 P iochePe Gessiplennd which docs
noﬁfhﬂlnmf)/pl&stm rhatesialiifosych ehanmylmmﬁhahltS‘ lesicboriig in gheb@ngium, of a

ssue %né comple en or even,replaces the anchorln
osseo%ﬁtggr(gf;olr (%l iS catlsne a megreuetx ensl?\’/%ajc?éc\/é)raaeem?lﬁwe |grtr%3 1 o of an
appsorfaately 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
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



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 -11-
giuconic acid (PLA, PLLA, PGA, PLGA etc) or polyhydroxy alkanoates
(PHA), polycaprolactones (PCL), polyslalccharides, polydioxanones (PD),
polyanhydrides, polypeptides, trimethyl-carbonates (TMC), or
corresponding copolymers, or mixed polymers, or composites containing
said polymers. Suitable non-resorbable thermoplastic materials are e.g.

lefines 48.9. polyethyl , pglyacrylates, pol thacrylates, -
8 0 e T S o,
polgapdotastenss polyinbis (LOBs)cchatidisetalslidiogerated p@EPmersolyanhydrides,

icylar b ) [ .ol S .
PO CoL e e Bo e SRRy ixed polymers
T SRIVREHS DFoEGHIBS i cBkERfRY SHieblsyraertssPdaiialshiymsaitablis asterials
arere.%or;htﬁ?@eﬁﬂaﬁﬁ@@!%)Hl‘?é@ﬁ@ﬁ@?f%owQES,'ggigjﬁléﬁlgcxgﬁﬁggﬁbjfﬁ%@ggonates,

1Bohriggeru der the trade na{gg Resomer LR708) or poly-DL-lactide (e.g.
POFIRNEDe RO BeRrinSEPWHERRSE 08 e RediEr RSB RoAgmers ~ (LCPs),

polpawirsdrbiabtedied efidbiematerakt palamidedihied pRiyampied 2pdibghenylene

1 tant advantages of the implant according to embodiments of

R B R SeRNEneG & b Aghers o

corppeRdcnhvertonigasriderimplented 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
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



period 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 Wa_iugrgely remains in tact during
implantation as an area with a densified boné -12- structure and can
support the implant better than less dense bone tissue further removed
from the alveolus. As the implant is sufficiently stabilized due to its
anchoring by the liquefiable material, due to the penetration of the cutting

edges intgiigRRnNe-nalalialpphd due IR SNARRRPIAYENING rARtOR M tissue

the cavity, it may be loaded immediately after implantation. As a dental
implant acBRSNE RPEREmTERAE BOWE invention can be loaded in
essence immediately after implantation, it can be designed as an entire
tooth W'thAEQﬁ%%ng(ga]%[ﬂQVysnslu 1&%18')?(5:1%13%‘.12“ AL sd %%ﬁc;r?rr{gnb the liguefiable
complementing the implant  in. the'mouth of the patient are no cessar%/

As the implaistial Jaterditythe meoctedimntoé davitytivgl| dlgthaetuttingtenigesaterial,
pressure forees upgnihe;impl Late ¢ %?%-I y.into the bone tissue,
lending the implant allong-%%ﬁﬁ;t.gﬁﬁt)}%gqua I'E?)Iﬁ?l% %ﬁgc-%g}%’ s{t%abﬁjl?t‘ﬁl%o éoaded
screw-shapaidafsiaraitcngnganiataral 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, _
whichis pAFFcfar mpertasetaingenarbegiamaisnidhe ingphge wihthe loaded in
alveolus igsRgiceGrIPREEHERF MBIARIBBAINDN, it can be designed as an entire tooth with

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.



Due to loading of the implant immediately after implantation there is no

bone regression caused by lack of stress. Stress induced relative

movements between implant and bone tissue are reduced to a

physiological range by the anchoring of the implant through the liquefiable

material, and thus osseointegration is not onfy uninhibited but in fact

encouraged. -13- The use of a non -resorbable liquefiable material

enables a strong long-term anchoring of the implant even in bone tissue

that is weak or little able to regenerate due to iliness or old age.

According to a second aspect of the invention, there is provided
*  implkntation seoncorsplishhylEisdhablimmplanabectriding toothd @eovenanctBoring of
the lﬁﬁ:}ﬂlﬁr@/ﬂ %%ﬂ@%&g vtP{KPkEWéaJé‘QP‘HIﬁ | JB1"ERE t@n&??ﬁnaﬁ!?a&;[ illness or old

portion to be implanted, and/or an intermediate e emgnt, which Is a ap?ed
48%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

AccBFEIRIVED Of IslRhe aiptedanghenas RIS ealS LAY WAk WhERSIDABon set

method comprises a measuring step in which the bone part or tooth to be

COmMQnSIE A NI AR prargive todhsiRp ooF anhAadBerens piesaraing teed, which is

adaptdainfsipeayitidahgisieatadoare peasinadda IeRRH I MRRANERG e clement,
whi%i{gi aging the bone part, the tooth, the cavity, or the bone structure, a

SLAhERE I RIREH S hE2ER0RRG Batimi@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

Accgr%ﬂ% gg%ﬂisrlg gggeclzrtl gy Ehre]: igvention, 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:



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., whergi: -13a- Fig. 1 shows a natural
tooth in section across the jaw ridge; Fig. 2 shows an individual dental
implant according to the invention replacing the tooth according to Fig. 1;
Fig. 3 is a lateral view of a preferred embodiment of the dental implant
according to the invention; Fig. 4 shows three cross sections through an

indiyidual dental implant ' : I ionli A-A. B-B
ar%y%-}lc in Fig. 3); Figs. %&ﬁé%%ﬁgﬁ%%ﬁ}igggﬁgéﬁﬁ%% n%%elg%é of

a cutting edge of an implant according to the invention; Fig. 6 is an axial

setiipr? through a series ahoutting adgedef arrimplapaaceereitigdadhBe invention
invention, the cutting edgegheing thermodestcoadisgaptively;in implanting

direction; Fig, 7 is an axial section through a step-shaped reduction in

%ss section (step) of an implant according to the invention, the step not

gre 1Y equipped with a cutfifg&eigeVietospeefersd smbpdsamswithedgnal implant

a step with liquefiable mafSFRYAINE 1o 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);

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;



extending across it; Fig. 9 is an axial partial section through an
embodiment of the implant according to the invention, with a liquefiable

material positioned 5 in a hollow space of the implant; Figs. 10 to 12

show three exemplary dental implants according to the invention; Figs. 13

and 14 show an implant according to the inventign, which is suitable for

implantation in a bore, viewed from the side (Fig. 13) and 10 sectioned at

right angles to the implant axis (Fig. 14, section line XIV-XIV in Fig. 13);

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

which is sE#alyge for implantéﬁioarg1 in a bore and in which the liquefiable

material is positioned in a hollow SEAte S SEeHoNEauED axistity (Figh 1B3)sefiabie materia]
sectioned at right angles to #éemiplandras:; (Fig. 16A, cutting line @
XVI-XVI in Fig. 15) and viewed from the side (Fig. 16B); Figs. 17 and 18

show dete}ﬂg@‘ implants according to Fig. 15 and 16. Fig. 19 shows an

implant according to Figs. 13 4Rd44 Withab pe20intermedintentlemSBl: of the imo]
Fig. 20 shows an exemplaryemiangitmant farélease fit ggnnection o impant
betwéen implant and intermediate element, or between “in eifaeaterial positioned
element and sonotrode (axial SEction) PS5 Of e mptantdiagram for

illustrating the production of an individual

Figs. 10 to 12
show three exermnplary dental implants according to the

invention;

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 is positioned in a hollow Space; sectioned

(Fig. 16A, cutting line XVI-XVT in Fig. 15) and viewed from the
side (Fig, 16B):

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):



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 illustrate implantation of a joint prosthesis designed as

an implant according to the invention; Fig. 24A to 24C illustrate the repair

of an bone area damaged by a bone tumour with-the aid of an implant

according to the invention. In all Figs. identical elements are denominated

by identical reference numbers. 10 Fig. 1 shows in section across the jaw

ridge a natural tooth 1, whose root 2 is ingrown in a jawbone 3. The

jawbone Fig.cavered by gumgs 4 ég:aorljgec_ive‘ tissue and skin). The crown

5 protrudes from the jawbone and gums #aidurabatethwitcavayer of an individua
dental enamel 6, while the iff&¥riobiie arawdif anthihg gl .consist of

dentine. The root 2 is located in an alveolus (tooth socket) in the jawbone,

wherein tiigzpgme 15 tissue gfa\t alveolus wall 7 (alveolar bone),

compared with bone tissue furthé Gy &k Horing 6ot 2anstally hageda) i, lant
greater density and therefofs@slperiahemeehagical stability. Between the P
alveolus wall 7 and the root 2 lies the tooth membrane 8 containing

collagen firesshy,which theI oot 2 is attached to the alveolus wall 7. The

fibres carry'the tooth and cotpiEsrimslaetitigronthe eath }g@{gg%ln&&?g%e 4

the bone tissue. On extractioplehthe-toat fhg,1ogth membrane is 4 an
destroyed. It does not regenerate. - 16 Fig. 2 shows, iRection similar to

Fig. 1, aqrind%'\éig[%al d%ntal implant 10 according to the invention, which

replaces e 160 012‘1 strdié&%tﬁi@lﬁlrmabeiﬂgnim@%g nh J')abwboge

3 in its place (implantation @j[ﬁ@ﬁgﬁ@gf;’g}nplan} axis I). The dentéef3 ¥ 2 bone tumour

Impiant according to the invention.

10 Figo 1 Sh i i j W
1

ingrown in a jawb i i
Jawoone 3. The jawbone 3 is covered by gums 4 (connective tissue and

er

O ?
th .

. .
3

I p

removed from th
€ root 2, usually has a greater density and therefore 2 superior

m 5‘

membrane § ini i i
ne & containing collagen fibreg by which the root 2 is attached to the alveolys

wall 7. The fi
& fibres carry the tooth and couple forces acting on the tooth laterally intg

P . .
0 the bone tissue. Op extraction of the tooth, the tooth membran

not regenerate,

e is destroyed. It does



implant 10 comprises in the illustrated case not only a root portion 11
essentially 5 adapted in its form to the root of the tooth 1 and the alveolus
wall 7 but also a crown portion 12 adapted to the crown 5 of the natural
tooth. The dental implant 10 is e.g. a single piece and consists of
titanium, wherein the crown portion is coated itPa ceramic layer (not
shown) and the surface of the root portion 11 may be equipped, at least
locally for an osseointegrative effect, or is at least biologically compatible
and 10 bone-friendly. Instead of the crown portion 12, the dental implant

may comp{ise aRoRUMe Y Mﬁ??ﬁ? for Toéjnn%}gﬁ%?gﬁ%n@egfgﬁ%m 10 according

crown, a bridge, or a set of dentures. he¥oot po

implant 18 {0 T4B¥HIG oA ARl eetahe b @nidiloompriseFsieps l Being implanted in

whose outer rdgesarciflas gggagn%&t}mg-gg s 14 facing 15 towar

the distal.end region, and bgfﬂg Iodqed in the j%éegfﬁosnv%” ﬁg]r?ﬁf; ax’sdﬁ' The dental
1

e
implantatlloﬁ.a@é_t e‘é(ﬁnm@?téﬁﬁ_’fs threiesk saseativroul the dntptantion 11 essentially
remdins @epentiallysdonstanherisy aduﬁetdcﬁﬁﬂtk{}}d%§'éﬁ$8&!¥%r %Hgﬁedé%%gso a crown

end. In are e the steps, the implant is connecte

tissue of %.he gh%é?%@%%aﬁ%%%ﬁﬁﬁ%% %@ﬁlﬁ%‘l‘i’éah’iﬁ‘?&iéﬁb%éeatﬁém}piaﬂt_10 iseg.a
entonctliogehant commetan i YRR U DOMTRANID cones in
thermoplastic matégrgl is ﬁ%u@fﬁ_}eg]arr?geﬁrgfsas%d’mﬂ? VeriHEskbeande equipped, at
pores of testdReedividonan opsheredgramaistscanchoses [afte rbli@r&@tm% compatible and
intertpckinchdmpiant, and:bong: by.form, fit and/or material fit. Fig. 3 shows _

a similar individual gental implant 10 agfgégoﬁiégéﬁﬁﬁﬁbﬁwlﬁ may comprise an
implantafBH SR tAk $dBeaSriion maustitgsaimdiantdhe eutitvehedgBsdbd, or a set of
and the géapset3 are clearly visible, as are the surface ranges 16 of

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

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



- 17 surface areas 17 are biologically compatible, advantageously
equipped for osseointegration. If the thermoplastic material is resorbable,
the entire surface of the root portion 11 is advantageously equipped for
osseointegration. The shape of the root portion 11 is at least in part
adapted to the shape of the natural 5 root to-y substituted, or to a
mechanically relevant part of this root, and to the shape of the
corresponding alveolus wall, i.e. it generally comprises the same cone
shape with at least some of its cross sections not being round and/or its

axis not bgmg c gtréarigaht. Wlike the natural root and j[he alveolus wall
however, the root portion 115t tHa &Rt CIpridRls. stepedBgatiestequipped  for

some of vﬂ%ﬁ%é”é@ﬁg@@aréfdbsi@ﬁﬁdo@&ﬁkﬂﬁiﬁlﬂelﬁﬁg9&%&%%”%?%5;%%%urface of the

ranges 160k therpeplagtic;material protruding from the osseointegra
surface areas%%. The surigavca(g,l E? ﬁa‘é%yf@%f’ﬂf?@ iPrerretinietietimaterial 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
osseointegativg, Sk iace areas, 1.7, so.that those can commence their
osszgintegrativgpeffect 15 iri)%rgteiola ely &h%?fﬁfﬁlﬁ?ﬁ‘a%ﬁ@ﬁ?qdig@ thehioyws of the natural

three’croSP5ELHe sebgietedndiries AoRhEE e vant b EigoShIOFONIN. 4 16 the shape

the implast decasdiRpaRithe dention, corresponding e.g. with the dental
implant in Fig. 3. Itis cleagy evident f?oh%'?hjepg%gga%é&?é‘?PBS@ thatseee cone shape

surface rifged 168t S tREAt optastheatienie riat pratdeufron,ihe, its axis not being

surroundsngighirfacgiicd @asphdr 40 A8 ﬂ’!&%&@ﬁﬂ%%‘ﬁfﬁé%%ﬁ%ﬁ% r%%yaortion 11 of

shown bﬁ%q%nlgi&e in Fig. 4, an implant according to
ad(jéifpi;n?qd y COMPHSERRPSHiNGRS e ctiges o v ideadinges 8eNANY as cutting
axidfly andgoeing, dimensioned:ieeut into,thesayihwall durin i
implantatign, Sieh,structures lend the implant an%{dcfltloﬁ}gf%%%&@ﬁ‘éﬁt‘@ from the
orimary | 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 mgterial which is liquefied during implantation is pressed on the osseointegrative
surface areas 17, so that those can commence their osseointegratife 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



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. -18- Good results can be achieved if the root portion 11
of a dental implant according to the invention is dimensioned as follows:
The cross sections of the root portion 11 are-dffsimilar size as the
corresponding cross sections of the corresponding alveolus (root 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 1Gwith thethemanlastic rial protrude from these diameters.
The axial dis‘talljlce‘s betwe%er%gr?g‘é%%%ﬁ%‘l%é SHIPEH0E & B GRiahamalant according to

depend & ISRt bimensiepstanddiedocal steepness of the root
portion. On the 10 other hand it may be advantageous to increase the
step depth pgrtiﬂlarlc)( in proximal direction, and to reduce the distances,

and possibly to fashion the  titfifigdiigs Qrjhagsanient sarehaf thiayilar size as the

penetrate deepepirdepthdiagyvenkiSsestadnd) IERN do-RRtially. anGhert .
implant. The d%%n@;a%h? steps 13 does not exceed fmm}}gnd pr((gﬁkse?aF f, With tooth
lies between 15 0.1 10 0.5 mm° 118588} fithAed R sibly shacieny dlabid the axially

between two tee¥tendinbdiste pingratiite dy2mM e HBRNC O HND BEYONT: with e

the dimension gf the Izy lus wall, it is agvjsable to fashion
corresponding shoul%@rsS f% t &éteré?ilgfﬂﬂg v‘?/iﬁpﬁ]e HassistEtion. The

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

20 (preferably (rRdaxlaminbeyone e sHIgURding, sysface.areas 17.
The surface ranges 16 of thermoplastic material aﬁg\%asg%gagﬁou%qﬁ%eﬁ Pgnd depend
to on the depth of the steps and the local steepness of the root portion. On the

10 other hand it may be advantageous to increase the step depth particularly in
proximal direction, 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

90% of the total surface of the root portion 11 and extend advantageously in

axial direction between the surface areas 17.



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. Providing that the corresponding bone mass is
available, the depth of the steps can indeed Bé-increased, in order to
correspond not only with the steepness of the cavity but also to allow the
forces to be optimally coupled so that 5 the bone is sufficiently stimulated
without excessive local stress. The loads coupled to the bone tissue

through the;gutiing 84YesA teps should, after osseointegration,
induce stregching of the gon%%ﬁiasglj‘zcgg%cn“é%e SGENG PREFHE RRANDCBYPp aeapted for

no less tAGA GTEBAH drindanie g Glies implantsoata@glis RS OMRNLs available,

prosthesgs fep inplanigd ,19 ac60rding pared.tubular bones ,
(e.g. hip joint, knee joint or finger joint prost%g%lg) lgncg%eéiﬁogcgﬁrgfﬁ%‘&dtﬂm only with

an epiphySESI e PHYESAY ik b eialsayeelpvydurfonss ortto atanily todpeed so that

crecited dretiring iexisitanédn HhisBeRME FymE e JPRlARs MAy,also he
implants,for,the repair of damaged bone areas (e.g. de1f(-§)cctasfl %/rtlreﬁ%éﬁéegllg?lds coupled

of skull or jaw; or caused By Briffnicutingasdsasanpdotie asep). WHbGId, afier
may alsossecoungidéneditdappiydhaitipyenienidnd eRICESPLEXISING. 1o more than

implants@_é%bgﬁg,jjr& ilrés? t%%\{]i%i%%l operation with only minimal loss of vital
bone tisstie, an existing implantis 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

materialﬂgvrggﬁgggdjgm cam {ise energy 20 directors, i.e. these

€1 1T

surfaces comprise edges or omts, BF théyLafimisioiparertiests to be implanted in
prdfécticheortinglenerertide ctbridedniescengentpatons, ok NSRRI  Ringer joint

the implaRkthesis) and being adapted to an epiphyseal, metaphyseal and diaphyseal
geomelry, or to a cavity to be created or being existent in this geomnetry. 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.



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. -20- The thermoplastic material is advantageously
selected and placed upon the implant in such& manner that by
application of the mechanical vibration the entire implant is acoustically
excited, i.e. functions as a resonator. Thus the mechanical oscillations
are not relevantly attenuated inside the implant, in particular at contact

surfacesThdefwarpiRan-MEnARBG Maleria) And. thermoplastic . .
material, or within the thermoplastic materiahgé’osrelgeé:aeﬁgaﬁ’t%f%%ed upon the implant in

thermopESHiceristar el haliBricerlisthen ih phermseirats) iilpariveutas witieEeimplant is

the energyodigrtibyseacaes, centaséyvith 1he @%‘ﬂaf&??u&u}%%nr%%rﬁa@fl% oscillation
damping ‘r’)éitQ.i;,Q trrg3 Ehre]:lrlmoalastic material, advantageously a ma efiar S
with an elastic moduils of At WASHOB b I Waidutednnastideltoaprevent surfaces

10 enerdpleserinnbe beneplascasrhatngenite MarReHAIS S 2l or within the
conngctl%mégﬁs he {;Jllaetstlgorrlrégéeuéﬁ&wkglﬁt?gegnon-t_heirmoplas.tlc . A
mate.rgzlil il%;}gé/zguzgeogi y g%%m a&@;fba mm;{@n 'é’\m ;ﬁggaﬁéiﬁge.xes on the
possible! AU 2 & ttienrthehermenlasts

material ga0.be PERSRE IS hone ssye during implantation Up toa '+ "
depth of about two trabecularg%%c%an% ers. T 6. TR AR etk hadfyensreeously a
ca. 0.2 tB15HA g Aer ke st s et detion (B iiRa thesshersmoplastier (o prevent

matierial dieigl DB RraseRt KhLARARRKANAR AMROUNL oa%dttggﬂ%rg%i%@ction of the

A o . ate
design is, to ensure a sufficiently large radial force betwee

areas oﬁ?ﬁ&ﬂ%’ﬁﬁ&fplﬁ@ﬁ&i%éi’t’é‘i*ié@%ﬁé%ﬁ’@@mﬁ&p&ﬁalmﬁtsr'fa\}/idem\ifdiﬁmgeously rigid

Figs. 2, Sndmd« srfaddiiontadaereat gggggggg&the dental implant 20
may comprise e.g. a crown region 12 (Fig. 2), or a cone 18 for mounting

an artificial

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



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 &kcording to the invention at
a slightly larger scale, wherein the implant is shown -21- with the proximal
end facing upwards and the distal end downwards. The cutting edge 14
faces toward the distal implant end (which is downward in Figs. SA and

5B) and,g j d ngle 13 of less than 90 (advantageously
450 o 8055*?%%92%%%%%%z%?g?af@ngaﬂ%vﬁ%rﬁmgwaaxteagigomwnaqe cuting

on the d&SGr b ¥iseron projdetbwalriipiesuttsiinehotbasaneem angIea(Fi0s A and 5B)
5A) or agleaBnEEssPacH A LE ' lation tg.a cavity wall K (bore) . _
extendin(%{)arallel ,io the imélar%? %@(@ F?Srﬁsgﬁ lhgf'eg?an%%évraeéalfgggsfﬁc‘%nto 80%). It is
betweert tis St GhEN arbenicionpibati mmptterewitepedticpohens design of such

productiprojétherckbaransgangle &isadvan all (e.g. 1 to 15) :
and the %gjolth o]fthe clearance space is e.gé%???g? 13§Jrrﬁ$}rr{).1r oggﬁla SR frgce a (Fig.
cutting 10°edge 1498 @it ed¥ortl! Kdhmpehsstendingpardid antountingntaus 1. Such

+ 8 is lesktanOGderetherragle nelvkNagh theichipsuRReHRg syface !
90. The ChiIOI%hb_ein forme%rigc){?ﬁ“tﬁg%zmemw‘m

and the jmplaptaxis | is less _than

cavity wall by thhe%lu%%g“‘é%og% iSBHEN g3l Briseriintmsaerinemhipe.g. 1° to

supportifg\stirthibe @eptishichhseivasms ghigspage @3 RePERING ARINEHe ou; fing

sizgyof thig chipisRAcs 43 4he sffect gfethﬁtcutting edge 14 is not 15 only, a

cutting effect but also a compreseing effect i W IR ATHA BRI RiE S0 isless than 90°,

densified! e Mspidrtwin dhouting edgeiid sinfilar 20 e GRESEIAWRA T is less

Fig. 5A and & isninyplianigi Q&H%Iaqt opic cavjty (cavity wall K not

parallel to implant axis)? the ity . YoltPHHE Ca‘f’fgyy V‘gaﬁ%)fyfhe cutting edge is pushed
into an %rndercut under the chip supporting surface 22 which serves as chip space 23.
Dependmg 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



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 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 2Zay as the cutting edge
shown in Fig. 5A. The distance between the cutting edges and the
implant axis | decreases in implant direction, thus 25 enabling the cutting
edges to work consecutively when forming chips on a cavity wall K (K'

before the. | he tting edges) which extends parallel to the
R R ES ot et s gcaside. Ui

implant axis I. Obviously, in'suc
14" «'Isllre _wgh %c?ﬂﬁngélwtﬁergdmmﬁégnlcm?%m@m Ng@@%@@@%pms (d) of the
small as passiple,dyRUkS dvi anic implant (e.g. according to Fig. .

and 3) however, the depths ﬁo%ﬁ%engfep%’a re ‘?%%8}68558&‘%%%@3“ be designed
general SHaPRIGIE SAHNGr andthint fumoeg dve desigriedafor@piimalteetingant. For a

and ghipdeiming:aiag: thenswi £ o{) he implant..For a 5 dental

implant to_be im Iﬁé%lted in%Nggﬁggﬁggjnﬁ%g Og?gs?ﬁépdéne%t $ or the' g&ps O the steps
advantad%ﬁgﬁﬁp‘a%‘ﬂ&d@ﬂ%éd‘?@?g finm.the chip spaces 23 are not large
enough for the total chip material on the implant side of the cutting edge

(chip), the latter is compressed therein. To avoid excessive compression

at least part of this material may be removed e.g. through channels 25, 10

e.g. by sUCRIE G BPYRIA G e tplclsrisenanss fembodottychinsingerbdrenishe implant
to be takien tifahthesithpladgdesign ReEmitathe MalsHALEMQ¥Ed-RY avoid excessive
|

rinsing (%Q”? rréglst%riagt ndt rinsing agent) is able to drain from the cavity
between cavity wall andimprant Bl AeHaWEaR GiFemeRbs EeBiiongimchannels 25,

stef013 (stepishagadereductionsingrosmeeeinml WhishowAdeghiPRedare is o be
with a cytiiag &‘lqg91éqH}Hﬁgt%ggnap&%?ts_thgeonlagtgial removed 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



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 can be provided in addition to
steps with cutting edges. Also visible in Fig. 7 Z8e 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
extend across the step, as shown in

depressignrasseg with it ma
Fig. 8 in another aﬁgﬁg ggf:at%)ﬁ} ’tﬁ%iu%@ﬁ&h %7 §fé‘B_“EB. Flyclo bhoigsetigdinnaterial is
in axial SEEEREAT &h e i eniceofaingvhcthRgmmation;) Whigh Rbiantation. The oressed

comprisegu@ RalloWi IBALE A8, I, Which the liquefiable material M is
positioned -23- before the imglanpiyé{gfi%ﬁ%n R ERIAYE S P teshimplio and, after re-

the liqueffbfiiiEiefiangnshessad eovntrm implanissudacenpiban figuelied, space 26 is

(M’) duringvarpigptationpiheapiessed. Qut material forms then surface
ranges of the outer side of the implanetggrr%, SHEFPE &Blichiffcatfofieashape of angular

anchoring %ﬂj/\?é%r}cbaﬂ’é’ﬁg%éhﬁr?@qrﬁblarﬂsumibﬁlIfi»wﬁp@pﬁr@ﬁ i¥qRefaction of the

advantadepasihbfravided with 18Rer@y¥Jifeairs,28 e.g. in the shape of
angular shoulders, to minimise the energy consumption for an optimal

liquefaction of the liquefiable material and low viscosity thereof. Fig. 10

shows, as a further example of an implant according to the invention, an
individuaFigentakhoplank comprsing. a,piitiple foot portion 11 likea .
natural nﬁ%ﬁﬂduja? J’em%irf)n?tiportion 11 does nor%. h”éggaé‘éaaﬁ 39 raing, (o the invention, an
substitute the entire natural FobE HUPTIA Banitintel epitsanizchinitally natural molar.

reldPant Briglisoerertiotabledpastotl Redds £356, 409 /L ible 1o implant
the Implaﬁgnggﬁgﬂx ﬁgt%etc %nelé(g{ ction§of thetcr)r%lsélgr?%gn% € et Datiral root but

y relevant and/or extractable parts. In this case too,
it is pOSS.lbie 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
COMIPTISING & 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



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. Thege 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
osseointeglr‘gg&?esourflcee reas 17 form an irregular pattern. The implant

further comprises an abutrentie praxpwaripariBpanhichr aiesider patients, this ri

. : . ) . - » ths ring
|mplantatlé%FE)‘F&)‘%Idésaxit@gacﬂkwyjawbﬁ&%@&lﬁgkﬁ@%m%aqd which, for the
fastening efduahen PS5 .cqyipped e.g. with a poc et Hore Zﬁ’lﬁ%iﬁ(fra“ assume, jn
an internal thread. The abutmefit C%‘Fﬂﬁri%%éoﬂ’éﬁ@lﬂwhrgsa}k)w&}h tissue such
edge is B SitERSrinsaletetintymdge. Aftas 2Bdmnantation, th o
abutrfientz38uis skpRRKige. by this lower edge which cuts slilgmfy TiBaRlg to fit tightly
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 -24- jawbone by liquefying during implantation. In particular for older

patients, Guigafing 34 GaRSIStS Adyantageously of a non-resorbable
thermoplast, so that it cagn as,sf‘j}r?wég,1 aﬁs%%e 8 SuS inetorindehendtionofaach other.

function of TH?&T%W’?gth‘fé fishketissdénsinatuahhansinerting, insylation .

o . o andardized dental
function ofpheguseeWhich may,be,HnaRlS Ecr)%%lt tightly 5 aroun the
implant. Gollar 31 daﬁgd rin% 32 may be design WrHiriReERRRaIghe implant in a bone
independent of 6ach AR ﬁﬂf‘tﬂé?ﬂ?&@}%@tyambe&&edﬁmﬁyiduaIIy or
in combination on standardized dental implants as well as on other,
non-dental implants for anchoring the implant in a bone

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

Fig. 11, but adapted to the natural tooth, i.e. about oval and curving li
jaw ridge (scalloped).

15
ke the natural

Fig. i i
g 12 shows a further implant according to the invention, which again as s
- - , n
exa i
mple is designed to be a dental implant. The implant therefore comprises a root

portion 11 with steps 13 equipped at least partially as cutting edges 14 and in this

20 case limi i i
se 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



surface and for tightly closing the bone cavity around the implant. 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 it48 possible to design the
collar 31 not in a plane perpendicular 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 shpwsadfugier implant according tq the.invention, which again as
an example is designed to be : r%fen[%l (f%’p SRt PReimbialyuseiendieg furrowing or

compriséBHESI RS 11 with steps 13 equipped at least partially as
cutting edges 14 and in this 20 case limited to parts of the implant
circumference, so that they project like scales from the rest of the implant
surface. These scaly structures may be essentially rectangular or square,

as iIIustrgﬁg’%ﬁgﬁé%@?ﬁ@m(ﬂﬁ”liPPthhF@géssbmwﬂiﬂgexaiQagﬂhﬁy shapes of steps

circumferemaeifiovearegass), Whish mav.hek! rcutting,.as described _
aboye (Fig. 5 to 7). The same applies octhedgs%qé' ially Axial eqges gige (curving

scalél’/ -25- S%Fac%ﬂ}ggl\ﬁﬁi]@ﬁ?rﬁld&i@ﬂéﬁ fonisy fanclooras ipvatyedges, or axial edges

extendingafunpuing arglappineisHa Wesd6 theHghtaf.ihe root portio
11, Fig. éFZﬁSaI;IOWS furthﬁ}r eremplary shapeglgf steps 13%?\%‘%30&&%%88 fower edges
es r

shapes. eeasmaalf’f CoMpriddd §IESLaRPaIRNBRGH epRtaE ¢ourvitnyel curved, the

toward Ceettell bridterat poiptd)soniganmex (ﬁ@?o?h%‘f’l)d@x‘i\éetfr%g%&’ Rhe.

axial edges leaning at an angle toward the lower edge. In radial direction
too, these lower edges and areas above the lower edges can be even or

convexly or concavely curved, the
It is also possible to provide the root portion 11 of the individual dental implant in a

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 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)



"scale" thus being 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 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’& 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 | (section line XIV 15 XIV in Fig.

13). The implantisessgtially Gylindrical.and designed to be implanted in
a cylindric%aore. On two sid%ses %égqclin% Sah gﬂ@?‘iﬂ’?e‘fﬁﬂﬁ}g ffase Ihprardesigned in

axis, the inpfaRfEBthpiissa-tumatecretgrediatef theemvaplasticopatenia) o chip from
M, wherehe theighermoplastitimaterialissitiaied.in depressions 40 (here
grooves glosed in axial directionﬁﬁg;d protr%@e% r%rtrllnﬁgg SGrfd FEaGUt 2 chip. The
surface areas 17. 00 %ﬂ}etﬁﬁﬂ’&ﬁ PGoedrhrdian cddsetweesthe suifiei@engles to the
randes liGwlitht thésthenymoplagtic Inaserialianthdacing the,proximal implant

end, there are protruding regions 41 beariﬁgbthe cutting aedg%ﬁ?%%%e

extend essentially transverse to the implant axis and are distanced from

the implant axis, the distances decreasing in implanting direction, as

illustrate@hérirmidgars aEraniigytt ﬁgg@dgﬁat&iqwtﬁmg,@sQQ%mgg- istan ﬁ% ally invariant
e

differ by about,o m_ 25 (far dental implant) so that the implant can
implanted in%(cilrﬁr%fiéa\{ﬁga{}ﬁé %{Fé)a%y%i‘t%%l?‘bﬁ@ﬁ e deptettidrioading afer

In oLher Wt&nla;téam@ zmmmgcmd@esabqleam;ﬁebsj@ﬂg&iéa t@%ﬁ!&rwgﬁﬁ kant the one
eacn Culiag. g%é} cavit uttlng a cnip rrom the
cayity ngl, thus aIIOV\% ﬁgﬁt‘%%ﬁ%%\%%%%&iﬁ%‘%ag@%ﬂ%%m BuER2eRippredetermined

TheY distakEesah digsaian tAedashatifatigradtuitingregdgescmeasteedial, rotationally

right angiesrientmea iEplant axipay £xceed 9,3 mm for implants larger
than dental implants. T

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



The implant according to Figs. 13 and 14 is thus implanted in a rotationally
invariant cavity (circular cylindrical bore) and yet is stabilized against

tortional loading after implantation by its non-rotatable shape. Compared

to a screw-shaped implant the one presented here has the advantage

that it can be implanted in an exactly predet’@r?n"ined 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 for

the ther tastiednade gl are axi extend Qoves. These grooves . ,
may in ;%r%gcular extend spiraﬁgs{g%)fweiétgro%i?]%gﬁ%ngge;é i) SHHHSe £or improving

implantett IFHAR G a LB EbreiBtartercBis iabefinhislamtacaokdingiicn in this case
Figs. 13mndbd 4 iadmta,p1H§miaﬁt&ﬁixiﬁuap%%ﬁﬂ@£!alﬂ%e%%egﬂ?o%e%ai‘ﬂi%é“ﬁ%%‘h%w space 26

cone-like narrowing inner.enqéﬁt may, In addition to cutting edges,

compris® Stepa (Hof SHBGHTPRREHAR aRbrissatoleastcpanty theurdisdfiabsie the aid of

matBrialpelcedcat tridrdtmiessignesaayhaptinge @;%ﬁﬁ%st@ HEP+Eepressions 40,
|Ilustrateﬂlg§eF& STESZS(IJOFlsg? 15,1 tarffd 16B show another implant
Ahventio B e AXIS SR GAPIERY. ABAcadbtigll into which the

according to the invention Fig!
transversauebied arintpiahiapissvatinse dionbine XMht X Ve kigh o L6RiSI08ith he cavity
view), whigh g€+ irpplant In essence corresponding with the

implant acco_rd?ng %é?e &quﬂ?éh %‘l%V\?éf%h%c%n%ffjﬂnrgséséog%gﬁo%%p?ﬁc‘é"‘%“ﬁﬁcfs grooves
opening®/ 2P iHG B tesgertiallyluiderislitshapbdaageconngalingn g with a
hollow 22 5pRCO A8 Wﬂ}hﬂgﬁ\%@tﬁfes’w@ﬁ% r %%égn gcl)ar';]ct)'t Ier;]% ?,]g enm%’nsezernplant on

open into the -27- depressions 40, which comprise e.g. a roug A

bottom STRARESR B ik Gl iar Helrse Beurrsalidiinsfitiiol érmtaer skt haainst rotation
liquefiahletmsatetigl M, which in this case may be a thermoplastic or

thixotropic material, is positioned in 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.



prior to or during implantation and is at least partly liquefied with the aid of
5 mechanical vibration and pressed through the openings 27 into the
depressions 40. These depressions form pockets between implant and
cavity wall into which the liquefied material is pressed and thus brought
into intensive contact with the cavity wall. As@vident 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 Qs @iesdmplantali llize the implant better against
rotation in the cti?aﬁ/ifjg . The im Iantfaa%%%grac%%ggl?%e Inllnge 17911  ACHA S B jRositioned on

advantad8oasN RISt StithenistofdfyiRbethistguefiahleshateriabhetrate into the
i.e. is braudhiwnipais faakpaSHERINNL T HErsAVLY. hich purpose itis .
driven home with a customary tool orérégased in wi?ﬁ%@iﬁgﬁ%aﬁﬁ? he liquefiable
oscillating element (e'g. ESASIDFRDAArarrasdHR Hevie)inBhet imeplanbw space 26.
posifion iEhhpisicheCkedsing if Necessannsiighily.adivsied with regard to )
depth anggqlé%tiig{palfp;%sitiron. Ovl%épeg the_liquefiaab.e matglllleﬁ fg% P ”CB thread 44 in
impinged with- mechanidalroStia nd a5t despiighitseate Wistalpesicd into the
of the imprélaw wirsreBg it 20lis dicidetied anchamerass HMRHORINE it ihis consists of
openings;g4; filing sheydenressions 40 and per%e rating the surrounding

bone tissue. To grant the implant stfficient Stablli Cidoliceraep ddringealed tighty,
Szid cheERAEF %@ﬁmumﬁgﬁsfpb@ﬂﬁ%aﬁmﬁw lﬂﬁ'lte tissu_ehwhich insulation
advantageews fesigetiuoysssize the dimensions of the implant wit “
regard to the cavity in such a mannert %%%ltg %n@afﬁréaéﬁtfﬁff@f&é% the bone tissve
lodge int8'th&BGHEYigepkedsutt bsemismiplations heldtimthezeawititbyopenings 27 and

press-fithditohe uefycttre, liguefiable maieral.A.sonqiode adiusted to the )
cross segtion of the gollow space 26 may be uséd%ggnggigtntﬁfi,E'\R}Jﬁ@h%%ace 26 is
a Compon%n SERE (he oral cavity.

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.



_28- For coupling the mechanical oscillations into the piston, a sonotrode
is positioned on the proximal end 43 of the piston 42. The piston 42 is
designed to penetrate into the hollow space 26 with increasing
liquefaction and displacement of the liquefiable material until its proximal
end 43 reaches into the opening of the hollow:gpace 26. 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 gfLitp) mag%%. Thus the proximal opening of the hollow space

26 is sealeg g%%ht , guarvé’ﬁt%"éﬁf@afn?ﬁiéﬁ’dﬁr@éﬁh/@edrﬂwéanrabeﬁ‘diﬁygaeﬂ%e invention
the bone WS¥ife *Whithdnsutaiion, 16hisvital fonadentalimplant, If the ’
Iiquefiablegg;aﬁgg@ﬁ&egg{a@p%lgt ERe lbonﬁ tissue will grg}(%u;ﬁ’]‘);fﬁfeﬁlﬁ’é%“h surface by
after impkz‘;mtation, i.e. it will grow into 6pé ﬁ%e’s‘??t%fhﬁ’ Holois spacetRémoplastic, is

wherein i ?é’%ﬁ?%’éyrﬁﬁ’réffﬂqb@ftm mlaahﬁh&zfn@l&@maﬁ‘e%@%}?eﬁi%?catfggmli%m&gon of the

sealéd froparthesoral Gayity- fi ows in an axial section like Fig.
piston 42, positioned in t%ye 6r%c>§igpn%a% 1%%%)“&&?@?6‘?%@ THSMe R egrameeaBiin along the
order to &sbq T st kpmedsiate Wmmiﬁfﬂmi@iﬂﬁ&i%ﬁgté%f%%hogenings 27

the :

manner thatitsdpraximal.engk t roximal surface 450
AR L o pratebe o fector 28 may

implant \@{peposg%igijﬁt liquefiable mater

hollow spade 26 tirdudhciie Eotte djsuatinty opemingShiAndnMeOLET me hollow
surface epatheimplant. iipenpedmalRisiaR:end 43 s Broadened cone-like
andghe Egst%.ghz F%O tonsi ts in this case of th_ermopfasl}fc fﬂﬁi%ﬁ'i%? &N directors
PEEK. When the edge afbiRid! fhessrepapsatretbenineg Gkthechabay $RACS] and local

26 coméilisiaetinachemitht 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

.AISO 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 ig 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 clamp

fit or screwed connection,



material penetrates between the wall of the hollow space 26 and the
piston 42, where 25 a lining groove 47 is advantageously provided, and
thus, together with the piston 42, closes the proximal opening of the
hollow space 26 tightly. -29- Fig. 18 again shows an axial section through
an implant according to the invention, which é8mprise a hollow space 26
connected to the outer implant surface by 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, energyhglr%pg{@%@ 8:8,dn,the shape of sharp edges extendlng along
the peripher é%y of the_hollow spéc:geg Vagr% P&’&%é&fﬁt ShArBrtetitid@ HIEEK) with

the openi Otﬂmhétmgltaqi@%d(bfglheeh@liowrsp!abe;)ﬂi:&ignﬂy be designed in a
thorn- shame(éﬁﬁﬁd!mg difaciar £8.may &eapég\(ég gnda‘ gpace Of%lt 4B §rder to be able 1o

Ilqueflable magerl hich is.advanced in the h

impinged With mechanieal 6 SoR5HAS @ﬁlﬁ@é@h@t@ﬁe@/ BiiecterssiBa? 8 addition to

which restﬁlt@ﬁﬂﬂmahstcess Beﬁﬁ@fﬂtr@ﬂé%ﬁﬂé@@e@%ﬂ@ﬂ%@e@%ﬁé rlyara]rciid a specific

local liqygf ggp er of. Also evident in Fig. 18 are the vari
embodlmer}?'}s of%pénneiﬁ @9 a’htarfﬂﬁq}%ﬁéft@emté%ﬂéﬁﬁeéémns fmicTihe of acoustic

cross se@depiasiothatopeningse2Tidsea: gryoul iR By Eitati dB LN measuring purposes

slit-shapgd,(hotio 8) and the depressions can be separate
from the 1g(§%)en|gliég&bydgn%e o8 (R BAEY 1Y) Bhigadlers gesidimsdndelong to the

widening Batietsed fﬁéa%beﬂ‘i#‘?g&‘éiﬁgm 0k kigg dod) . réxaeipatio Bﬁﬁ?ﬁﬁh%amculariy in

listed chafactaesiics Ryl Hﬁlic ere Fig. 19 shows on the basis
of the exemplary implant ac?;ordlng(?g igs" q? Ingf Y 4°ihtarise didrantageously the

element 8% bﬁqse@mﬁlﬁléadﬁ|mplammgzﬂmampiﬂﬁmbwmﬁﬂ§ Ofo8Bction and s

mg)ch;]nmabﬁ@@Ilaithneinl%lﬂﬁtélﬁ&wtﬁﬁﬁmtc O C'"ﬁgogregaputgeﬂggp Igfn tthe: implant

siae e

packaging, If the intermediate elernent 52 consists of a transparent material, it can
also adopt a light transmlttmg function, wherein light for iHluminating the 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.



intermediate element 52 is adapted to the proximal end region of a
specific, possibly individual implant 10, and on the excitation side it is
adapted to an advantageously standardized sonotrode 53, which is part
of an ultrasonic device. The connection of the jntermediate 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, e.g. a frictionally engaged
clamp fit or screwed connection. -30- The intermediate element 52

advantagBsusigseditsismnedtiomaterisibée. g s PREK) with Jiftle, AEBUSHCnd intermediate

attenuatiepRigh ¢lastic, nd may be designedina
corresponding manner o%grgggéeuai))(f%lggwe%p%ﬁ'g?ﬁﬁ harenteth oradicdoiamediately

able to AEOUStIERMPAFHEP thETmiphakinl Oeing the:senalyade Bledtifate element and

means thatity agetien @ misiaieriacs. | ion between the standardized _
sonogrodg (?(g\gomet%/ and. a specific impléa?rglt% tggo%él{lry, B {ieimediatater. is applied

elenment B L& 180 @D HIRRBR G b6 istidant captaiom i mayits reermereue to e

carry mackgittforedfientationsand seasus rposes. duri

implanta‘éiﬁ’ﬁlxi:ig Il;rglayfsetrve,ciarg a paﬁgwhiﬁg&%g r@g% g‘?r%&ﬁg%%fbdngqtlgstﬁ%em together
implant and 16 easily acte¥UBR 6 the SiRebsn faenderimyaide wiplaniropping out of
particulathg ft.10 the case of a relatively small dental implant, easier to

handle. Advantageously the intermediate element 52 is mounted on the

implant 10 during production and is disposed of after implantation. Such it

can also present a part of the implant packaging. If the intermediate

element B2 -ddhslistesohadraxisppagnteraiesighiic analsqadomnt PIHQJ@F:M connection
trarﬁmitqggg,r,gég%tlil%[ﬁly% raecinoytggt for Lgrlquminating the cavity and 15 the

implant is coupled into the slemertt TTOR TS LG s saantprrnsiaseislement 52 (or

connectigfiisERnER AnepladiatOctantkin terdnke i B R e A0 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, 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 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
‘invention. This method essentially comprises three steps, all of which are based on

per se known methods. These steps are:



between intermediate element 52 and sonotrode 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-ou 2i"ﬁotions 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 ‘Edmgmhéhapplicahle Aan t efqre.exact acoustic
tuning betweglge%i(gsitiﬁg B)alrés’r and imp(ti{':lprr:til btg%rﬁgésfgls’%e ge4ribe.gemresponding
e s e e O el meanimBT e
intermediate e saaisl Iy ¢ nd.wnich I1s suppliie )
with liquid inme;%}tsjé/d %@fﬁ}r%“iemoglantg%oqng Tﬁg%%ln%?gn?%aeiﬁej’ﬁw& the image
the intermediaté element and fac hoFtiv8rds is mounted on the

sonotrode, and then liquid, e.g. water, is applied 5 between the proximal

efid of the implantapekihe. intermediate element. Due to the capillary
effect the liquid spreads between the t?ng g%ltr SEFARERE fircimasgateardjusted in

sufficiently fEFHE AR MEAEHT9E firpetine fdges ol BRSO e fiable material

dropping outod tiheafiplici®i2 G phaws in gp.axial part section a further
embodiment of a Joose fit connection %10 b%%\)/l(\%eeér? LAYRRARE Ricdramipgtoaxially

the invention 10 ahd SRUiHEe Sbthed eagmisntos2 tompenani Mg ensional image

intermediatetatemeplanthifiasapatoge;Rshatween the implant and the
ggnotrode). This lose fi conne%%%n eségqrétiallgv%:%renp?f%gépﬁrfg?&fiomﬁﬁocesm
54,

a are prepared for producing the iraplant,
* 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 tooth 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.



positioned in aligned axially oversized snap ring grooves 55, one on the

implant 10 and the other one on the intermediate element 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 to the case on hand. As
shown in Fig. 20, the intermediate element$2 need not fill the whole

space 20 between sonotrode 53 and implant 10. It may comprise

openings or other suitable partly hollow structures. Fig. 21 illustrates the
method of producing a dental implant 10 according to the invention. This
methad essentially comprises three steps, all of which are based on per

se kné%?‘?‘"fﬂé’tﬁ%&%é@f@%@psmrma&%agawimeégmgg%sﬁﬂé rlt{(:)eoth“itl il
to be mﬂssﬂ&t@dﬁ@%&ﬁ;ﬁﬁ%&gr;%sd@g[%gggg glveolus 57, or alveolus wall
respef:rtivel , are measured in order to create' 8.g- AtArdEensiendiSnely image or
image. Thé M¥ALLIRGUskaegreskreingrtecimage tae RIRRARAIP odel for the

furthenplacessingnhePata. essing; measurjng data representing
the image are adjusted in particular by gpdgﬂ%eﬁpgp éﬁﬂ%ﬁ@héﬁg}@éeﬂm experience.

structures of liquefiable material, and if applicable by adding oversize, or
furrowing or tapping, axially extending structures. If the image is not a

complte ﬁwﬁe@imgﬁs@@@ééﬂﬁ%@% 1d5.completed ”S%'g shapes of
- s ! m

|mpla@(t)s b%§§daon experience. The process‘%é) 19 rRECLSItY Bt afhD-syste
preparerdn?or 668%‘:}1%1% iffipearis sPethdcinigittie itaplankn the m&@ﬁ%@ step. If
prodiicechensdhieddsisIfitia RFGRSSEY . 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 based on experience rnay
10 need to be added. An implant with a hollow Space may need to be oversized for a
press-fit. In addition, the lateral surfaces of the root portion are modified by adding
the cutting edges and the surface areas of the thermoplastic materia] and possibly the
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, advantageousiy to be

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



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 tooth I 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 substit_t:.%sd, such that extraction of the
tooth to be substituted and implantation of the implant 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 extraction

can beT_ ﬁﬁ:ﬁﬁﬁk%ﬁfﬂ@@%&m{%ﬁﬁﬁis@@vdﬂéﬁgﬁg t%kyggga b s Cans
three-qhﬁiﬂ;ﬁlﬁt@naldgﬂagﬁagggﬁlﬁrl g complex appliances, it S RREh -}f)@sgf‘b]‘é System
to take apprapriate measuremetts T Fr’i‘a‘stmfé’RﬂH?éns"féﬂlaIthé-raytﬂﬂﬂgﬂ Ofhe data
from aPplaraitt ofepicHrinthisestem argesioiskRate-aeq:dimensional
modelafgrrépeiainpiaminiigRages,are.pomplemented by ¢ rrespondfg from an
v§lues Sl%%cs)eg on experience. 5 he &ep?ﬁ’@&@ﬁ%c@s@ﬁ@@@s&msim From this the -
advantageousk PEFSTRE 8rees @mDreystom dganpiieraided design),

whichds &mppﬁpmwﬁhﬁhér@@tgrg%m% 5n§bas ring step. If the meélsﬁrlnﬁ’d parts
data %fty}ergslg olus 57 are available, the r ot B8 of iFagnTphidinis ultrasound,
advantageously T SH P B lated et 16.0nly the measuring data of the

tooth to be substituted are available, a thickness of the tooth membrane

based on experience may 10 need to be added. An implant with a hollow
spacepna Eneeeddié) b% oversized for a press-fit. In addition, the lateral

surfaces Of the 100t porisitré mddifterrtneatidingolthe ©elting eslogs and.
the saffélue Aveasofitiie i@m@gﬁ&r@&t&@i&lﬂ 3;31%1 possibly the preparation

e'sam .
10 implant 10", ¢ way 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, axjall

| ‘ ¥ extending furrowin
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



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, advantageously to be fixed by form-fit. For the

osseointegrative surface areas e.g. appropriate surface structures are

provided. In the step of data processing, data may also be generated to

provide a basis for the production of an intggmediate element 52 which is

adapted as accurately as possible 20 to a‘proximal end of the implant,

e.g. to its crown portion 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 pPPSRABSIAY teBIS-oF i ddossyemires wndessizad:lor.a sel ok pracessing

tools)sIigtelypsneassing iqqk 58,S c(;ns.dlfor thg preparati(?n of {he a08YH, Lherein be

wall prior tg 25 irgjolanta_tion of the implant. SS¥rerastep be prodaging thessary,

implant s advantageoisi)e & abt e by asehMrRyStem deQuypyleraided

machbemgyredhicthispseyapligd with thg data from the data processige Y thicker

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

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

E@rom this the 5 osseointegrative surface areas are created by appropriate
rfadbdrebteobnt andiparisesfther, lastic material are mounted (by

latching; gl gé ggol?ﬁigq, tﬁrgioung,} 95?3??%%?“3%%‘39{@ doribsletmdiant is not

implant 10. The iNferiediats @I\éﬁ?ﬁéﬁtbg?aasndahh,pm&gﬁ%ﬁaﬁcﬁé}ﬁlz%ﬁ%?

57 fobeheedreparation of the alveolus wall are produced in essentially

same way as the preliminary 10 implant 10'.

I§ .
ant 15 to
e

T . .
€ 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

advantageously during such placement of the implant into the alveolus, Of ¢ i
. ourse it

15 also possible to place the implant in the alveolus by use of 3 hammering tool fi
and then to impinge it with ultrasound, i -

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



Fig. 22 illustrates the method for implanting a dental implant according to
the invention, wherein the illustrated implant 10 comprises in addition to a
root portion 11 equipped according to the invention also a crown portion
12, wherein both portions are adapted to the shape of a natural tooth to
be substituted. The root portion 15 11 of the illustrated implant 10
comprises steps 13 with cutting edges 14 and surface ranges 16 of a
thermoplastic material and if appropriate,.agally 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 illustrated). If the stress on the bone tissue caused by a
20 direct implantation is tolerable, the implant is directly implanted in the

alveolBRPTPH Pieparetqdeisodirhepliluisiratednarhanel efemigh22)e foousic

the steasg:@nihe bene JisSUSISHO h8; lgw, the alveolus 57 is
prepared, with the rocgqssin tool 5 lcﬁ?e%%'r?%lg LHBRIaETd hanglingethe sonotrode or

alveolt§ HEITEURTE FlEBTRS PR M obtheasteps b3 ofithisleimpaes, such as form fit

(embadimastiwith pr alyenlksal 1l on.the right of Fig.
22). 2B, FoEéhis pggii?r? ;éit/ pfgog:essing E[é())lol 8% %f a%géé](téot% Crgpplant (see also
Sl L Boray g R et thadesrosisaktions of the

portionl‘%'in ro
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 each tool is slightly thicker
compgfteggggfg %8"8}8&8&% GEEFR SIS TRE®NS dhesnie el soiqiepasReanttharts or

correspondirgpootsgf thesmplast is:nok ngiyvigy ted to the
alveoﬁﬁpg; A sgita{gleg th({)yoggl standardized imp%lgt}%g ?ge%le%qé%[ﬁd}f FHgacted, the
processing tools 58 are’ placed iR 'SR Botis iBplapbrepeistentagmingy filled with

a bone replacement material before implantation, e.g. with calcium 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 iHustrate implantation of a joint prosthesis whose shaft ig 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 shaft may be

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



Advantageously however, they are excited by mechanical oscillations,
preferably 10 ultrasound, and are simultaneously guided into the
alveolus. If necessary the processing tool 58 may be flushed with a
slightly abrasive medium, which medium is pressed through an opening
on the distal end of the tool to between tool and alveolus wall, and which
medium also serves to carry off fragmented bone material. The implant 10
is placed in the cleaned or appropriately pggcessed alveolus (57 or 15
5T). The implant is impinged with mechanical oscillations, in particular
ultrasound, advantageously during such placement of the implant into the
alveolus. Of course it is also possible to place the implant in the alveolus
by use of a hammering tool first and then to impinge it with ultrasound. In
particiégtietsdpiintconpbriseBig COMPOEAR J2ckiadNANALEOYS (1so in
to use gt S%Qtig;gr@gg@t&gﬁgnélses% Pawhich is adapted to this crown
portion. If the implant comprises only a root portisANE sireeséibaiyplant, and
proxitHEFEERES B erettnetapdh csontiteLationy, 6Rispnsible 6A8Y USRaR ows the
inter igtesel ! ible. . also 1o use splely an
pprgwrﬁiia?e sta%%}aerfg ggﬁﬁ%‘%}g.ﬁtgigﬂgﬁiﬁaahe SIS AT 8. o rhaarghaft is
f th&SBROTS Y, BiaUt 4 soncatné enepmiesmibelintts eldth entithecagOUSHC surface

excitedigasofdhg IMplanbeRARReRRLM improved handling, the _
sonotrode, or (rfhe intermgdiate elﬁ@n%%gfﬁ%/é@é%ee%fﬁﬁﬁlé@% itsptad axially
measures, SadR MG HIERMR StB1GEIE &F Bybabplying vacuum, to

support 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 e rresents fhe mechanically relevant parts or the corresponding

naturar root Bt tHE hERRAYo B HARBEEFEUAHBHY bXtreetsdy BT PANEROS the joint
the aiveshesinddtandaincpupiadihy dhe B@@l@%%&é%@ﬂ%%@é‘?ﬁ%@gﬁiauy the
1ith same manner as described for the dental implant in connection with Fig. 21. 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



a bone replacement material before implantation, e.g. with calcium
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 jawbone 15 where
there is no alveolus or where a former alggolus is filled with regenerated
bone tissue. The shape of such a cavity and the corresponding implant
can be adjusted to the bone structure, which can be measured like an
alveolus e.g. by computer tomography. Figs. 23A to 23C illustrate
implantation of ajoint prosthesis whose shaft is equipped 20 according to
the iHUBIIbANES FEBAIS EBIPEh @ die dntivreghiougmehecbgmisib® it 13 with
the eptpinysagbataadisliice mgianty sealisR ARl A aphysea
area 60.3, in which the shaft of the joint prosthesis is to be implanted,
wherein this shaft may be an individual implant specially produced for
implantation in the specific bone or a -37- suitable standardized implant.

Fig. 28Bthewsbe BORESSHNG NSIHHDERLEP &éﬂﬁ%&%ﬁ@?%s‘icﬁ%? RI. Based

whose %"lﬁfi. e essentially coincides with the shape of the impfant, an
S

whicH’ TERsafa it oler otHReCaYAliBR hderdedrin 40, fig s2@Eon. The
Shovissithet jbinapdosthesisadilg be dnpkpiedin.the vy Sa:vigyest oMy i

the Séid%'rgh%esxﬂ; ft&\SQS sha@ed as an irregular cone and comprises steps
13 with cu?ﬂng edges ?[’Eﬁ% F’f&@@%ﬁges 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

ascefh%i%?gcgsxir%%%gﬁ S%ffg;{h%x[ %ﬁllﬁ)rgpees js(?Ji(?tEon 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.



prosthesis 10 and the processing tool 58 are selected or produced in
essentially the 10 same manner as described for the dental implant in
connection with Fig. 21. 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 thermoplastis-material are placed at points
exposed to increased tensile and shearin? stress. Therewith it becomes
possible to 15 reduce bone disloc hich are not favourable for
osseointegration or to reduce to an uncritical level bone elongation in the
contact area between implant and bone. In creating the cavity the first
can be pr ]&%%e by standard mstruments At least for the last

o R BB B B PR SERD RRFAFK Lo an

is useglinossi i ad;mgthe;ﬁba@@@fﬁbeacewtw%ﬁutfthtt@sﬂtatvq{emm an
th e 20 |m lant.10. F#?s 24£ 4AC illustrate the re rE)alr Ofcﬁ bone defect
OVAFOTH®

res R STHRE 18 SRR RS ARAH S AT B St s areas
the wiveationh0 fishichifamantdssiadaisige the safech! FM}@HASS“?!}/M%E%IG by

section the o(r)tseCl a,{\I/glth trh(gotumour 66. Fig. 24B (?TO{\I Fl%ectlo
bone 6610 be femoved @XC|SH%}S§n%p%1%fo§%§ iy 1o ¢ material
usepbattieast forathel kovmyplationt oficHenphwityBBe bigss2d Esos, libllow space to

sec%crllmt eco aIceeted avhgrem d the |mpla t 10 to be implanted in the

cavity, W Siofat ORcs gah 18 SR pat ace §. KA PRGN EY e cdges.
comf:trisingoswpsﬁ&wm aammmaquwmimﬂl;swﬁplzmamgeszﬂﬂofzae towards

thegncﬁ z?ls ray % ‘?lo bl%ﬂg moué qtiéh'”é%'; 6':' dgeo[naﬁ]négar{'Yg gf?und the

define 6N the measuring Siz
excfiistemé@@i@md@d@n blytthetsurgeon The 5 implant 10 and the
processing tool 58 are selected or specifically produced in

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



accordance with the excision geometry. The processing tool 58 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

bone 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%o fatty embolism. Sucking

off the tumorous cells also prevents their transfer into healthy tissue, thus
considera(?l redycing the risk of, metastasizing cells being left behind.

The previ %V%@%?iﬁ@&ﬁﬁ@%ﬁ%@‘% B9 %maiﬁﬁtﬁé‘é‘%ﬁﬁimﬁﬁé‘f‘?g‘ surface
relate in mpsis oreaseliig Hpetificimphants (dental implant, joint

prosthesis, individual implant, standard implant, etc.) and to specific
characteristics of these implants. It is of course possible to apply the
describedBhes datplistick torgihe rinmplariscastcRiaambisationsiraitferant in that
from the ones described herein, Thus imPIants can be created which are

not speciig?}%ﬂ%}e&lé%%?i%g Bﬁ?%@%@?ﬁﬁ%ﬁéé’gﬁelong to the invention. -39-
CLAIMS 1. Bone implant suitable for implantation in an implantation

direction parallel to an implant.axis in a cavity surrounded by a cayity wall
of E]One tig%ﬂ%ff WW@%?% an“fm I%HtBO%%Htogoeoﬁn 1aﬁ@ﬂa§%ﬁ\ﬁ%seeé that the
separate fikgtrasdosscared gurface aneadinyvheidiy the fipghiyriacesaraas implant

comprise a m%tne{ba{)whlct%iélcgueflable by mechanical oscillation or

comprise %elnlngs Suita or'the liquefiable material positioned in a

hollow space of the implant to be pressed from this hollow space to an

im%]ants face, an hereingi.the second surfac areat]f]t%ompﬁse cuttin
' €

edges, w |%]F1ed%n ﬁc%r%ﬁ%cr? i %)o?nn%gﬁep Ane with impﬁa%ﬁag%g,ze% in that

which facetswandgrative 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.

a distal end region of the implant, and which extend at least partly around
the circumference of the implant. 2. Bone implant according to claim 1,
characterized in that the cutting edges comprise a wedge angle of less
than 90. 3. Bone implant according to claim 1 or 2, characterized in that
the cutting edges are designed to beggalient. 4. Bone implant according to
any one of claims 1 to 3, characterized in that the cutting edges are
undercut to form a chip space. 5. Bone implant according to any one of

claimsnk trfhishierReteazed i sRgtdhe Jiapgfiakle materialig siuated i, tat the
depressions and the -40- first surface areas comprising the liguefiable
matSREIPROERGE HomesupIines arkng & aibsranrjatis 5@6@§§1ions. 6.

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

the openings lead into the depressions. 7. Bone implant according to

claim 5 or 6, characterized in that the depressions are grooves extending

axigibheriapiialy agkaasihedmmanhaertiqniibe imnented- 83008 in that the

implant according to any one of claims 1 to 7, characterized in that _
ossEUHBRANRISEr e Rlvs b it tiare Hunwien areams egliptabend region,

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
str ?&Feét_nplant according to claim 13, characterized in that it comprises steps

extending wholly or partly around the implant and comprising at least partially

edges fashioned as cutting edges.

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,

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. It. Bone implant
according to any one of claims | to 10, characterized in that a proximal
end region of the implant comprises azollar 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 end region comprises a ring of a
ther T8 ial4d13. ' ' f.clajr

o L T L A o
shapdwapethestovwarishe dispiiusisd wsyivferende Bone implant according to
claim 13, characterized in that it comprises steps extending wholly or
partly around the implant and comprising at least partially edges
fashioned as cutting edges. 15. Bone implant according to claim 14,

chaPaBte iRRIR BReCsibEt of 8he stephaleinbiuhttedbesohithicaniedden that it
an i ing: f.clai t :
B e BRI fenine
cyliptihedidlacangsrises cutting edges 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

cyliRapeamplan axtondizidadhe shnof thehaprisitecdie tnfere aguagal end of
areilignadinsgiie S aridldrestion: %ﬁeﬁﬁg%ﬁﬂéaﬂ&m%é@& BERor an

17, characterized in that it comprises at leasttwo
insulating connection between piston 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,

series of cutting edges facing each other, and that the first surface -42-
areas comprising the liquefiable material or outlets of the openings are
situated between the series on the implant's circumference. 19. Bone
implant according to any one of claims | to 18, characterized in that it
comprises a hollow space and a pistar-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 round the
progional iepeningebithhedeiwspRces FleRns Tanarn, NN 60RERIION is the
between piston and implant are provided. 21. Bone implant according to
an \A%??é%?faclgﬁﬁtl%’rff "985 characterized in that it carries an 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 joined to a sonotrode
via Bdeesafileonneatitng 23. BonmimplantiascordingiochmaasgRicaimst it is
I tofgz, characfgefﬁ\zged llr)w thaé%is a dental implant. 24. Bone implant

58 Char

accoray 1T &ized 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. -43- 25. Bone implant
according to any one of claims 1 to 22, characterized in that it is the shaft
of dijgihtrpadsthesisoRfr Bimgeitwplanhateoraiog-irany ane edctaingihia o 26
22’a% E{g&t&gs[[i%%g in that it is . . . .
€ processing tool, which is adapted in shape to the implant portion to
be implanted, and/or an intermediate element, which is adapted in shape to a

proximal end region of the implant.

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.

designed to bridge a bone defect. 27. Implantation set comprising a bone
implant according to any one of claims 1 to 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 adapted in shape to a
proximal end region of the implant. 2@4Method 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
cavitfeis (i a@iveihgrisdaibeyediad and, b Assetiseanityim@liep, a three-
wheyein the method comprises a measuring step in which the bone part
or BT E5 B IBSE R SHEFGY A PR By B R FEBRIE
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 Mikakessedoainthapusucttionstep, ishvhichibedban@implamkisata processing
produced ed on the processed measuring data, characterized in that.in

the ot LR Sl O T BERIGH (LAt S St sotmolant
wittpenitingedsigiesploeiag withehsiosibahinsitehra swaytthatdhey are at least
partly lodged in the cavity wall after implantation, and with structures to

receive portion of the liquefiable material. -44- 29. Method according to
claim 28, characterized in that, in the measuring step, a three dimensional

. imagethpdnecordeyaraktwaimnénkionallitnages aratetatded iBthat, in the data

vieihadaggerdlng 2 ARim S ol sP ranalage el B DAt B B onstructed
proctessing %tepl,gaaﬁ‘oﬁ ow Space and’ openir%g%rc%unﬁ%%t?ngu HHEG&fe constructe
surfacthanegdapf thetimplarie paoionttd, behiip ntedadthrthéhetidenspaceuch a

are\%%p Ay fﬁ%q 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.



31. 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.g2. Method according to any one of
claims 28 to 31, characterized in that, in the data processing step,
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stepradgitioned data wemrwdtmedffdwthe)ﬂnrudbeuohsahaadl ntermediate
element adapted to the proximal end region of the implant. 34. 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. -45- 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. -46- ABSTRACT A bone implant
(10) is implanted in a pre-given or created cavity parallel to an implant
axis (1) and without substantial rotation. The implant comprises on the
implant portion to be implanted cutting edges (14), which do not extend in
a common 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, the implant is impinged with mechanical oscillations,
resulting in the thermoplastic 10 material being at least partially liquefied
and pressed into unevennesses and pores of the cavity wall. There it
forms a form-fit and/or material-fit connection between implant (10) and
cavity wall, when re-solidified. The cutting edges (14) anchor the implant
in the cavity wall, in a manner similar to thg anchoring 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 torsional loads than the screw-like
implant. The stability of the implant is further improved by its anchoring
through the liquefiable material, in pewiineel @gainst loads pulling the
implant out of the cavity. Due to the stabilization through the liquefiable
material, the implant can be loaded immediately after 20 implantation.
The implant is e.g. a dental implant. (Fig. 3)

A bone implant (10) is implanted in a pre-given or created cavity parallel to an

implant axis (I) and without substantial rotation. The implant comprises on the

implant portion to be implanted cutting edges (14), which do not extend in a common

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, the

implant is impinged with mechanical oscillations, resulting in the thermoplastic

10

material being at least partially liquefied and pressed into unevennesses and pores of

the cavity wall. There it forms a form-fit and/or material-fit connection between

implant (10) and cavity wall, when re-solidified. The cutting edges (14) anchor the

implant in the cavity wall, in a manner similar to the anchoring 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 torsional loads than the screw-like implant. The stability of the

implant is further improved by its anchoring through the liquefiable material, in

particular against loads pulling the implant out of the cavity. Due to the stabilization

through the liquefiable material, the implant can be loaded immediately after

20 implantation. The implant is e.g. a dental implant.

(Fig. 3)



