1 Intervertebral inplant Description % The present invention is
direct to intervertebral inplants, so-called cages, with an inner
channel -type structure. In the prior art solid and hollow inplants
are known in particular in the area of the 10 spine, which either
prevent the ingromh of bone cells due to their solid structure or

have a cavity which is too |argmtepvdreetralhplaity filled with
endogenous bone cells wthin a reasonable tine and therefore are

usually filled artificially with a bone substitute material or bone
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to fidd t&ek in, and thus loses height. Therefore, the cages primarily have to take over

static functions, at least until the formation of bones through the implant has taken

place. A quick and stable growth of bones through an artificial intervertebral

implant, such as a cage, is principally desired, because such implants come

closest to the natural intervertebral disc and represent the most advantageous
25 embodiment for the patient.

The disadvantage of a solid implant such as a solid cage is obviously that a
growth of bones through the implant is not possible, i.e. the implant must
permanently take on the supportive function and thus is less effective in the long-

30 term. f an implant is used as a pure spacer, there is further the risk that the
implant sinks into the bone and the desired distance is no longer guaranteed.
Such drawbacks could be avoided for example, that the bones grow through the
implant naturally.

35 Hollow implants, such as hollow cages are used with or without bone replacement
material. These implants, however, have the disadvantage that the bones would
have to fill a large cavity, if no bone replacement material is used to fill the
implants and therefore the implant would have to take on the supportive function



i mpl ants and therefore the inplant woubd have to take on the
supportive function 2 for too long with the above-descri bed

di sadvantages. |f bone replacenent materials are used, they serve to
stinmulate the growth of bones. Since blood is the catalyst for the
formati on of bone but the inner cavity of the cage is filled with
bone relﬂiract@@enhgmmr it alvsl/d- ﬁeédmfe@lf Aigadvahtaiest i 161 bowd yre@!aﬁdm@ﬁ

h bl ood | b h
Fepl acenditefiab art sreft YAk B rORURTR T SicHineT aRRS Siofiobd Bafe
that a gcetalystdér therfesnativroafbore bagthepanet gaviiyl dfede cage fis filitewith bone
repl acem?éﬁla{@\‘h@ﬁ ﬁlagmgmal1§91&%§0r&%?881‘ﬁ%%%ﬁ>( Epﬁe@ﬁ/ﬁhrbq’gomﬂ%rai

Ther ef o I Or eso artif

i nt eryer gERWtAl ofdberes tyoush dhe pakids Withdronen eenfagiaent Makerial diled cageny

as the emsTh@ﬁstuH@%arfsetﬁbﬂQ@‘th @f‘goﬁé‘é‘tﬁrélﬁgh QVedgd Partly filled
support furP] tions. een.r

ch
pr evi ous Mt Q?Pé?qeéi%‘?@td‘f'a@ﬂﬁ %‘Eﬁsea’r?ﬁt'@ ?%ﬁesp'aﬁﬁé’ ﬁ'@a@%ﬂrﬁdomaf’ﬂ?r

is the fa]E:ft '_that no bi odegradabl e materials are avail abl e, which

Fate of qbsrShEriiutihby bEah b 2EoRIETrbans ailbRE rlRpeeBrd e,
accut@t ewhit takss ovey ﬁmr mmcnm fafctiomead dorg @rsdthehendegaoyst bonesihave
the inpl gérP lafRtP e RELLAN BJ/é/ b §L@%o?@*ﬁgﬁ@§§%% éll?!%[)df?ﬁents have not

transiti structurels | apse.
bone-j oi ﬁ?ﬁ@ r@?iiz@grﬁﬁbﬂq%b’ fﬁge J[Q’rﬁl'%ﬁfh af sitable H@taﬁ@ﬁr Qﬂﬁereaﬁﬂ?ﬂ & this is

the 20 eqe rAagnthal TRy biRlegradddlé %Q@rua@@h@mv@ﬂébtét Hich tensarwl s@nﬁldiérﬁ
endogenoderinudiio fip &dfeys i dedin AbiE B ehReBRRRLS il 4150 not be
providle regdatedr safficEntiynmpbeuraie,t hatauge dhet orifadonngf dihe hbofie and the
endogeno I t

endogenol SBEET 51 8ie, BRNY fiyst, DEEE EBUANRA BT sarm2, BBLRATR that po
the for Hﬂﬂﬁ@ﬁnétrUng@fmwdbwh@ Cod oSt i ve is sol ved by

provi ding an inplant according to claim1l. Further advant ageous

features, aspects and.detail s of the |nv on r e , 30
dependenl"oc\!‘feé(?ﬁsbo”c%é’”a'é%&f PBf‘?ch{'dgéGQaW es Sa‘mu'gstﬁﬁa%%fa éN FRoarne

I NnveR i oonediaaidepravidematalfficientomeehioical sigbiity badesrbthiadgthey hand can be

arti 11 o dro buo U AR chridletehfas Bo8Ble ) ShE A Efsacting
surface and an inner structure 35 consisting of a plurality of
channel s gMiddtiveedf e pfdsRp® iMRHkibANG! thak &8SorBlide@itdrvéREbral implants that
promote the ingrowth of endogenous bones best possible, thereby supporting
25 optimal endogencus bone development and guarantee sufficient stability untit the

formation of endogenous bones.

This objective is solved by providing an implant according to claim 1. Further
advantageous features, aspects and details of the invention resuilt from the
30 dependent claims, the description, examples and figures.

The present invention relates {o metallic bone-joining or bone-bridging
intervertebral implants in the form of artificial discs, wherein the artificial disc
implant exhibits at least one bone-contacting surface and an inner structure

35 consisting of a plurality of channels with defined cross-sectional areas or radii and
the channels are connected via openings with each other, so that a three-
dimensional network of canals is formed.



the channel s are connected via openings3zw th each other, so that a
t hree- dinensional network of canals is forned. 3 It was
surprisingly found that bone-joining or bone-bridging intervertebral
disc inplants particularly well grow together with the contacted
bone, when the surface of the inplant is not snooth or not rough or
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polymer materials in general. Moreover, metals such as aluminum, medical steel,
and / or gold can be added to the metal alloys.
25
One-piece disc implants such as the inventive cages, which are also known as
intervertebral implants, usually exhibit a solid sheath without a channel structure in
order to ensure sufficient stability of the implant. The term "solid" as used herein
means that the outer sheath has no openings, i.e. no openings of channels of the
30 inventive channel structure or openings of connecting channels between the
channels of the inventive channel structure right up to such a number of openings
of channels or connecting channels of the inventive channel structure that the
outer sheath is not deformed at the 5-fold, preferably at the 8-fold, particularly
preferably at 10-fold the pressure exerted by the spine in the direction of the
35 longitudinal axis of the spinal column, i.e. the openings are not compressed.

The inventive channel structure inside of the cage or the artificial disc implant is
used for direct stimulation of bone growth and less for the stabilization of the



outer sheath is not deforned at the 5-fold, preferably at the 8-fold,
particularly preferably at 10-fold the pressure exerted by the spine
in the direction of the 35 |ongitudinal axis of the spinal colum,
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25  corticalis. Ideally, the solid wall of the cage rests between the circular running
cortical walls of the adjacent vertebral bodies, so that the corticalis has a support
base available, which prevenis the sinking of the cages into the vertebral body.
In the area of spongiosa, i.e. the well-vascularized bone centrally located in the
vertebral body, lies the honeycomb structure of the cage to ensure a perfect
30 growth of bones.

The inventive implants can be manufactured by standard techniques, for example,
using laser technology and laser cutting procedures, laser fusion, e.g. Lasercusing
and therefore can assume in the context of the described invention any shape.

35
The inventive cages are thus preferably one-piece, consisting completely or at
least to 90 wt -% of metal or a metal alloy, are not porous, such as ceramics can
be, but have a defined inner channel structure, which supports the blood flow and



vertebral body, |ies the honeyconb strugture of the cage to ensure a
perfect 30 growh of bones. The inventive inplants can be
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change its form and dimension after the implantation.
25
One possibility is, however, to manufacture the inner honeycomb structure or
channel structure separately from the outer sheath and to assembly them after
separate production, so that ultimately there is again a one-piece implant. As
described above, the outer sheath is solid, i.e. only so many cutouts, holes or
30 openings may be contained therein, that no deformation takes place due to the
pressure of the spinal column until the complete growth of endogenous bone
through the implant. It is preferred that the solid outer sheath exhibits no gaps,
holes or openings.

35 The inventive channel structure staris at the bone-contacting surface of the
implant, so that the openings of the channels are facing the bone, i.e. the upper
openings are facing the upper contacted vertebral body and the lower openings of
the channels to the lower vertebral body.



25 One possibility is, however, to mangfacture the inner honeyconb
structure or channel structure separately fromthe outer sheath and
to assenbly themafter separate production, so that ultimtely there
is again a one-piece inplant. As described above, the outer sheath
is solid, i.e. only so many cutouts, holes or 30 openings may be
contained therein, that no deformation takes place due to the

L e BT S R S
sheat h exhidntivs immlag‘apsthe bottest surfagesnohifse irBplafte arevgenterallg fididonek
struct urc? st kg t%\ﬁ%ﬁ?ﬂ@h&ﬁ’ﬁél@%& QBhgatflﬁ I8|h%lm:ﬁnal'éW§ ?Et(he gfgne

that the'd channel' S are racin
openi hgs awaefffcamth@bpheoaptfeqtsuﬁa@@ct ed vertebral body and the | ower

openi ngs 19k C&gﬂ@rﬁ@ﬂé@@'& the chhe |§ QM‘@érs&ﬁfcf t%bdél{hebélﬂ’.f'aceG wHi¢h comes |nto

bone-joinin one- in ants, o I ne area_as wel

o th 1 he CoNRRLAYITR e RYPAARG verRETaldiicicand i REDSUS SECRp) e Gage.
are genergidty cémas irite doneact Methpeetunceribivgevarrbralidyhannel s ext end

al ong the longitudinal axis of the spine 5 away fromthe bone

contact surface. The contact surface of the cage is understood to be
the $@rf & thevcootact sueface mith theobtrae hasirnol to ihe desighed figt, \eer isehealase

body and g hgq%wc‘vér?eb??f Er?pﬂ?nt%foéttﬁg fgﬁg%{t P}Q@b&ﬁ' sy Svd Ql? %sgﬁ%%ﬁﬁal

with the underlying ver contact sur
t he bone foras nBtIStC@wlmé@@r@w@@fwa@!e vien éhe frnegehanng] shiugthee extends

interver Tsﬁf@ﬁt ovm{@béte@fsﬁe@.?q R it d%bnow tﬁé'bv%'rl? h%tﬂai body as
rtal nor e

t f
hammel el as i boetasHad of dh SROrYYDe vrERE Hettas wili cbasined Below
gl retsi om eforehustal.er Tle marvef thebinakr bgdlynasstrumkr‘e adendinghever the outer
Irectio
5 rorbett afikd' BEpLesdsing e, RBlna s ndeild LpltEnBf BGbY Echatiugy
over theandttbus leatsatchagiiniksded injuaselthe surfane ofvtheisgitwg \artebral bodles
under | yi fehereby G HowRRBY bEREESAL KNE bloodsly 1B Aftfodgean | nt ended

i njury of the surface of these two vertebral bodies, whereby the
growt h of bones and the blood flowis further i ncreased. 20 Thus, the

chanpg! s Tsiuar theﬁbhéﬂﬂfieib@ﬂ@‘t@ﬁh@ﬁddégcc&uaét&\fgesaﬁaééﬂef it liaptant whaéﬁmy
Elgft ;Bp:ﬁh%@ﬁ{g}e&ha%%% s{rHtr:t%ree )ég %Lrtts % ﬁa{ ls&rlfacseu Ceeoverlyntalg veH %Bre}f b%%y
and a flat surface to the underlying vertebral body. Preferred, however, is a

convex curve, i.e. to the vertebral body directed curve of the surface of the inner

channel structure, whereby the contacting surface to the overlying vertebral body

25 can be designed convex and / or the underlying vertebral body contacting opposite
surface of the inner channel structure can be designed convex. The convex

curvature of the inner channel structure has a height measured at the highest

point of the curvature of 0.1 mm to 5§ mm.

30 It is essential to the invention that the individual channels, or at least 75% of all
channels, preferably at least 85% of all channels and particularly preferably at
least 95% of all channels have a cross-sectional area of 8,000 um2 to 7,000,000
umz, preferably from 50,000 um2 to 3,100,000 umz, more preferably in the range
of 100,000 to 800,000 umz, even more preferably in the range of 125,000 to
35 650,000 pm? and especially preferably in the range of 160,000 to 570,000 pm?.

The expression that 85% of all channels have a cross-sectional area within the
aforementioned areas means that out of 100 channels, 85 channels have a cross-



and a flat surface to the underlying veytebral body. Preferred,
however, is a convex curve, i.e. to the vertebral body directed
curve of the surface of the inner channel structure, whereby the
contacting surface to the overlying vertebral body 25 can be desi gned
convex and / or the underlying vertebral body contacting opposite
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25  The thickness of the channel walls is 20 um to 700 um, preferably 30 um to 550
um, and more preferably 40 pm to 400 um. The diameter of the channels is
preferably from 2-times to 4-times the thickness of the channel walls (channel wali
thickness). The outer sheath has a thickness of 500 ym to 1,500 um, preferably
from 700 um to 1,300 ym and most preferably from 850 ym to 1,100 um. The

30 thickness of the outer sheath preferably corresponds to one-time to 2-times the
diameter of the channels. The thickness of the cuts or connecting channels or
the diameter of the openings is preferably one-third to one-tenth of the thickness
of the channels.

35 Channels with the aforementioned diameter or the aforementioned cross-sectional
area extend from the surface of the implant, which is attached at the bone, in the
inside of the implant. The channels of the preferred inventive one-piece implants



20 I n pol ygonal channel shapes the diageter is referred to as the
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to each oréferably run through the implant up to the opposite outer surface of the implant.
Moreover, the channels preferably do not change their radius or diameter, neither
continuously, nor abrupt or gradual, regardless of whether they are round, oval or

25  polygonal channels.

The term "substantially parallel" is to be understood that there are certain
manufacturing tolerances, and apart from these tolerances, the channels run
parallel to each other.

30
Furthermore, the diameter of the channels do not change during their course, i.e.
also, apart from manufacturing tolerances, the channels have essentially the
same diameter from their beginning to their end.

35 ltis also not mandatory that all channels start on the bone-contacting surface, i.e.
to be in direct contact with the bone. Up to 30% preferably up to 20% of all
channels can also begin in one area of the implant that is not directly in contact



and are straight, i.e. the channels havg no turnings, bends, curves
or the like, but 20 run fromtheir opening on an outer surface of
the inplant substantially parallel into the inplant or a portion of
the inplant and end in the inside of the inplant, or preferably run
through the inplant up to the opposite outer surface of the inplant.
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20 channel has at least one opening to an adjacent channel. It is also preferred that
the outer channels, i.e. those channels which form the outer row of the entire
channel-type structure and abut to the solid outer sheath, have at least one
opening to an adjacent channel and the channels which lie inside the channel-type
structure have at least one opening to two adjacent channels, i.e. comprise

25 absolutely at least two openings.

Moreover, it is preferred if the openings are arranged in a way that all channels
are connected with each other, i.e. the entire channel-type structure could
theoretically be filled through one opening of one channel with liquid such as

30 blood. So preferably a three-dimensional interconnectivity of the entire structure
is created.

The openings or so called connecting channels, can be designed as desired and
exhibit the form of holes or cuts, round, circular, point-shaped, punctiform,
35 cylindrical, oval, square, wedge-shaped or any other configuration.

It is also preferred that the openings between the channels follow a pattern, i.e. a
symmetry or a recurring order. It is therefore preferred that the openings between



preferably between 150 and 250 channelg per cnR2. Furthernore, it is
essential to the invention that the channels are interconnected. The
channel s are connected through openings with each other, wherein each
20 channel has at | east one opening to an adjacent channel. It is
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could divide the channel walls in lateral wall areas and anterior-posterior wall

areas. In figure 2, for example, only the lateral wall regions are cut in, so that all

channel walls are at least connected in two places with the solid outer sheath and

25 none of the wall segments, not even a segment of several channel wall areas of
several channels of the total channel structure has been cut out or detached.

The diameter or the thickness of the openings is in the range of 0.1 um to 1,000
Kum, preferably in the range of 1 um to 500 um, more preferably 10 um to 200 pm,

30 even more preferably in the range of 30 um to 100 um and most preferably in the
range of 50 — 80 pm.

Furthermore, the openings can extend along the longitudinal axis of the channels,
this is referred to as continuous, and can even run from one bone-contacting

35 surface to the opposite bone-contacting surface and thus have the length of the
channels themselves.



It is therefore preferred that these cqnanecting channels pass through
the outer 15 sheath and end in front of the inner surface of the
opposite outer sheath. However, preferred are openings or incisions,
whi ch run along the central axis of the channels and cut the wall of
a channel along its entire length as a cut or tapered cut. These
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channel s.the inner channel structure of the inventive interveriebral |mplants or cages
extends from the underside of the overlying vertebral body to the upside of the
underlying vertebral body. The interior of the implant is defined by the outer

25  sheath.

In the embodiments of cages, substantially parallel continuous channels in

particular have been proved to be advantageous, which are connected by wedge-

shaped longitudinal incisions along the longitudinal axis of the channels, as shown
30 infigure 2, 3 and 4.

Furthermore, implants according to the invention are preferred where the
honeycomb structure, i.e. the inner channel structure, rises slightly over the
essentially flat bone-contacting surface. Especially, if the honeycomb structure of

35 the implant protrudes over a solid border, the advantage of a high surface friction
and therefore a very good anchorage is given and at the same time, due to the
low thickness of the honeycomb walls, the possibility of mechanical movement of
the same arises, which promotes the growth stimulation of the bone.



Principally, the holes can be describegpas vertically to the
| ongi tudi nal axis of the 15 channels extendi ng connecting channel s.
The inventive channel structure consists preferably of substantially
paral |l el channels, which also preferably extend parallel to the
connecting channels. It also goes without saying that not the whole
I npl ant nust display t he inventive 20 channel structure, but only
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also promotes the growth of bones through a slight but continuous stimulation.

Implants with bone growth stimulating surfaces are still a subject of research,
25  without having achieved a satisfactory result yet. The previously described raised
honeycomb structure with the ability to permit micro-movements, in particular
microfriction-movements seems to be the long sought solution to stimulate bone
growth in an optimal way and to lead to a rapid growth of bone through the entire
implant.
30
This inventive channel structure for bone-contacting, bone-joining or bone-bridging
implants has surprisingly shown to be very advantageous in terms of an ingrowth
of bone tissue and providing a solid adhering with the contacted bone.

35 Furthermore, the inventive honeycomb structure combines the features of good
mechanical stability and at the same time preserves optimal filling volume, so that
a rapid and stable growth of bones through implant can take place.
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growth of the bone together with the implant compared to what conventional
implants are capable of.

25  Furthermore, the inventive designed implants have the advantage compared to,
for example, porous structures and sponges that they are not very deformable and
are dimensionally stable, possess a defined shape and surface and can be
handled by conventional implantation fools and can be implanted without running
the risk to damage or destroy the implant or the channel-like structure in the

30 implant.

In order to promote the adhesion of bone cells even more, the inner surfaces of
the channels can be structured by, for example, any mechanical, chemical or
physical roughening. To suppress the growth of bacteria or other germs on the

35 implant surface, it can be provided with antibiotics and the outer surface of the
outer sheath for example can be provided with a drug eluting coating, in which
agents such as antibiotics are stored and can be released continuously.



bone tissue by ossification. They provigle for the preservation of the
bone by adjusting the bone resorption to the bone formation.

Osteocl asts are responsible 10 for the degradati on of the bone.
Through them the thickness of the bone is determ ned and cal ci um
and phosphate can be released fromthe bone. The osteoblasts are the
cells responsible for bone formati on. They devel op from
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avoided, if the bones grow through the implant naturally. In addition fo that, the
inventive channel-type or honeycomb-type sfructure makes the use of bone
substitutes or analogous bone chips or bone material accumulating during the

25 implantation unnecessary.

Thus, preferred are in a bone applicable bone-joining or bone-bridging implants,
which provide a sufficient mechanical stability and can also be grown through as
complete as possible with endogenous bones.

30
Such implants are described in figures 11 to 19.

The present invention relates to in the bone applicable bone-joining or bone-
bridging implants, whereby the implants have at least one bone-contacting surface

35 and an inner structure of a plurality of channels with defined cross-sectional areas
or radii and the channels are connected via openings to each other, so that a
three-dimensional network of channels with defined radii arises which also permits
micro-movements.



joining or bone-bridging inplants, in t4aat the entire inplant, such
as bone screws or corrective wedges is grown through or in that

mai nly the area of anchorage of 10 an inplant, such as the anchor
pin of a joint inplant or artificial discs. The di sadvantage of a
solid inplant, such as for exanple a solid correcting wedge 1is
obviously that no growth of bones through the inplant is possible,
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honeycomb-type structure.

The inventive implants can be manufactured by standard techniques, for example,
25 using laser technology and laser cutting procedures, laser fusion, e.g. lasercusing
and therefore can assume in the context of the described invention any shape.

In the hip joint implants in particular the shaft of the hip implant is designed
according to the invention. In the knee joint implants, the femoral component and
30 the tibial component and in particular their anchoring pins can be fitted with the
inventive channel structure. In particular, anchoring pins o be used in a bone are
provided with the inventive structure. As spinal implants in particular cages for
the cervical, thoracic, lumbar application (e.g., ALIF cages, PLIF TLIF cages and
cages) and artificial discs are to be named.
35
The aforementioned implants are usually made of a hard material, especially a
metal or metal alloy such as titanium, surgical stainless steel, CoCr steel,
tantalum, and can also be fiber-reinforced plastics (glass / carbon fibers with a



5 structure, wherein the channels are gpnnected to each other through
openings and have a defined structure. The nature and the symetry
of the channel structure is essential to the invention and is
described | at er in detail. The term "bone-contacting"” or
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channel structure. In particular, anchoring pins to be used in a bone
are provided with the inventive structure. As spinal inplants in
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are to b ne rrentlo nts are usually nmade of a
hard material, especially a netal or rretal all oy such as titanium
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mat er i al she Imngltudmai axis of the spine away from the bone contact area.

The contact surface with the bone, however, has not to be designed flat, but can

25 also have an asymmetrical shape, such as the stem of a hip stem, the femoral
component of a knee implant, or can be round, as the stem of a tibial component
of a knee implant, the acetabulum of a hip implant or angle implants, which are
used in readjustment osteotomies. Furthermore, the contact surface with the
bone can be jagged, serrated, convex or be provided with barbs to provide

30 immediately after the implantation a better grip in addition to the following growth
of bones through the implant.

Thus, the channels begin at the bone-contacting surface of the implant. [t is
essential to the invention that the individual channels, or at least 75% of all
35 channels, preferably at least 85% of all channels and particularly preferably at
least 95% of all channels have a cross-sectional area of 8,000 pmz to 7,000,000
um?, preferably from 50,000 um? to 3,100,000 um?, more preferably in the range



general. For this reason, the inventivegzchannel structure is not in
the region of articulating 5 surfaces in nulti-piece inplants, e.g.
intervertebral inplants, e.g. artificial discs or knee joint

i npl ants. One-piece inplants such as cages usually have a solid
sheath wi thout a channel structure in order to ensure sufficient
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begin at the bone-contacting surface of the inplant. It is essential

to the invention that the individual channels, or at |east 75% of all
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3,100, 000 pnz, nore preferably in the range 17 of 100,000 to 800, 000

pnt, 2evennmair@isPoefretindlor ApprolnataRoeotid ERBNAEOfdrMhs it is preferred if the

channels or at least 75% of all channels, preferably at least 85% of all channels
and particularly preferably at least 95% of all channels exhibit a diameter of 100 —
3,000 pm, preferably 250 — 2,000 um, more preferably 350 — 1,000 ym, even
more preferably 400 — 900 um, and most preferably 450 — 850 pm.

25
In polygonal channel shapes the diameter is referred to as the distance between
two opposite parallel surfaces in even-numbered polygons (square, hexagonal,
octagonal, etc.) or the distance of a corner point to the center of the opposite
surface in odd-numbered polygons (triangle, pentagon, heptagon etc.).

30
The thickness of the channel walls is 20 ym to 700 um, preferably 30 um to 550
um, and more preferably 40 pym to 400 um. The diameter of the channels is
preferably from 2-times to 4-times the thickness of the channel walls {(channel wall
thickness). The outer sheath has a thickness of 500 um to 1,500 pm, preferably

35 from 700 pm to 1,300 pm and most preferably from 850 um to 1,100 um. The
thickness of the outer sheath preferably corresponds to one-time to 2-times the
diameter of the channels. The thickness of the cuts or connecting channels or



650, 000 pnt and especially preferably 40 the range of 160,000 to
570,000 pnt. The expression that 85%of all channels have a
cross-sectional area within the 5 aforenenti oned areas neans that out
of 100 channels, 85 channels have a cross- sectional area in the
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with opposﬂe bone-contacting surfaces such as the inventive cages, extend
preferably through the implant to the opposite bone-contacting surface.

25 The channels of the inventive implants preferably do not end at the height of the
outer sheath, but reach to a maximum of 10 mm beyond its height.

The design of the channels is essential {o the invention and the inventive channel
network follows a symmetry. It should be noted that a randomly originated
30 channel network, such as exists for example in porous structures or sponges
without symmetry do not solve the problem according to the invention. The same
is true for channels, which erratically change their directions and diameters and /
or their random sequences and / or shapes resuliing from multi-layer systems by
chance. In such systems the blood flow is only increased in some areas and
35 bone cell formation can only be seen in certain areas or punctual, a growth
through the entire implant with bone cells is slowed or takes only place in part.



18 the dianmeter of the openings is prefgerably one-third to one-tenth
of the thickness of the channels. Channels with the aforenentioned
di aneter or the aforenentioned cross-sectional 5 area extend from
the surface of the inplant, which is attached at the bone, in the
inside of the inplant. The channels of the preferred inventive
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Thus, herein is referred to groups of channels, whereby the channels of a group
are substantially parallel to each other but it is not mandatory that the groups of
25 channels are parallel with each other.

Furthermore, the diameter of the channels do not change during their course, i.e.
also, apart from manufacturing tolerances, the channels have essentially the
same diameter from their beginning to their end.
30 _
It is also not mandatory that all channels start on the bone-contacting surface, i.e.
to be in direct contact with the bone. Up to 30% preferably up to 20% of all
channels can also begin in one area of the implant that is not directly in contact
with the bone, i.e. preferably these channels start from the side of the bone-
35 contacting surface.

On the other hand it is not necessary that the channels also end at a bone-
contacting surface, which would only be the case anyway with one-piece bone-



According to the invention, the channejg run substantially parallel
to each other and are straight, i.e. the channels have no turnings,
bends, curves or the like, but run fromtheir opening on an outer
surface of the inplant substantially parallel into the inplant or a
portion of the inplant and end in the inside of the inplant, or 5
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channel s al so end at a bone-
Moreover, it is preferred if the openings are arranged in a way that all channels
are connected with each other, i.e. theoretically through one opening of one
channel the entire channel-type structure could be filled with liquid such as blood.
25 So preferably a three-dimensional interconnectivity of the entire sfructure is
created.

The openings or so called connecting channels, can be designed as desired in the
form of holes or cuts, and may be round, circular, point-like, cylindrical, oval,
30 square, wedge-shaped or have any other configuration.

It is also preferred that the openings between the channels follow a pattern, i.e. a
symmetry or a recurring order. It is therefore preferred that the openings between
the channels run either along the longitudinal axis of the channels and the

35 openings can have a maximum length, which corresponds to the length of the
interconnecting channels. This type of openings, which run along the longitudinal
axis of the channels, are preferably cuts, preferably wedge-shaped cuts in the
channel walls or channel claddings.



contacting surface, which would only b? the case anyway with

one-pi ece bone 20 joining or bone-bridging inplants. Up to 100% of
all channels can also end at a surface not contacting the bone, but
it is also possible that up to 100% of the channels end on the
opposi te bone-contacting surface, which is preferred for

manuf acturing reasons for one-piece cages according to the invention.
5 Moreover rred that, apart fromthe solid outer sheath
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tapered cut. all'hese longitudinal cuts along the channel wali are naturally

arranged in a way that several cuts in adjacent channel walls do not cut out parts

of channel walls of the whole structure.  Taking a lock at figure 2 with the
hexagonal channels and the wedge-shaped connecting channels or incisions, one

25 could divide the channel walls in lateral wall areas and anterior-posterior wall
areas. In figure 2, for example, only the lateral wall regions are cut in, so that all

channel walls are at least connected in two places with the solid outer sheath and

none of the wall segments, not even a segment of several channel wall areas of

several channels of the total channel structure has been cut out or can be

30 detached.

The diameter or the thickness of the openings is in the range of 0.1 um to 1,000

um, preferably in the range of 2 um to 600 um, more preferably 15 ym to 300 um,

even more preferably in the range of 25 um to 120 um and most preferably in the
35 range of 40 — 90 um.

Furthermore, the openings can extend along the longitudinal axis of the channels,
this is referred to as continuous and can even run from one bone-contacting



35 openi ngs can have a maxi mum | ength, o#hi ch corresponds to the

| ength of the interconnecting channels. This type of openings, which
run along the longitudinal axis of the channels, are preferably
cuts, preferably wedge-shaped cuts in the channel walls or channel
claddings. 21 It is also preferred that the openings between the
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channel wall are naturally arranged in a way that several cuts in

adj acent channel walls do not cut out parts of channel walls of the
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cut out %ﬁaﬁﬁ@lsbex’rending connecting channels. The inventive channel structure
consists preferably of substantially parallel channels, which also preferably extend
25 parallel to the connecting channels.

It also goes without saying that not the whole implant must display the inventive
channel structure, but only the areas of an implant, which come into contact with
the bone or particularly are embedded in the bone. However, it is still preferred if

30 the inner channel structure of the inventive intervertebral implants or cages
extends from the underside of the overlying vertebral body to the upside of the
underlying vertebral body. The interior of the impEant'is defined by the outer
sheath.

35 In the embodiments of cages in particular have substantially parallel continuous
channels proved to be advantageous, which by wedge-shaped longitudinal cuts
along the longitudinal axis of the channels are connected, as shown in figure 3, 5
and 6.



30 detached. The dianeter or the thick s of the openings is in the
range of 0.1 pmto 1,000 pm preferably in the range of 2 pmto 600
pm nore preferably 15 pmto 300 pm even nore preferably in the
range of 25 pmto 120 pm and nost preferably in the 35 range of 40 -
90 pm Furthernore, the openings can extend al ong the | ongitudinal
axis of the channels, this is referred to as continuous and can even
run from gne bone-contacting 22 surface to the opposite
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i nt eryer t SRIARNiING RS aiMeS tREkFEEE T the wedge-shaped openings, so that micro-
movemenis are possibie.

It is essential to the invention that micro-movements are possible due to the
inventive channel-type or honeycomb structure. In order to stimulate bone growth
25 and therefore to ensure a fast and stable growth of bone through the implant or
the portion of the implant introduced in the bone, in addition fo the channels
provided in the implant, the cuts or notches in the channel walls are also essential
to the invention. The channels promote blood flow and provide a large surface
area for the attachment of new bone cells, whereby the notches or holes or cuts in
30 the channel walls form a three-dimensional network, which connects all channels
to each other, and also ensure that the channel walls are able to permit micro-
movements. It is important that the notches or cuts are such that the channel
walls can only move in a narrow range, which is defined by the thickness of the cut
or the notches.  Using the example of the above-discussed wedge-shaped
35 cutouts a movement of the channel walls is only possible to the extent, such as
the wedge tip can move in the cutout. From figure 8 it is very easy to see that the
wedge-shaped cut allows a micro-movement in both lateral and in anterior-
posterior direction. In the wedge-shaped cut, the wedge-shaped side of the



extends fromthe underside of the overbying vertebral body to the
upside of the wunderlying vertebral body. The interior of the inplant
Is defined by the outer sheath. 35 In the enbodi nents of cages in
particul ar have substantially parallel continuous channels proved to
be advant ageous, which by wedge-shaped | ongitudinal cuts along the
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surface
The thickness of the notch and the thickness of the cut is in the range of 0.1 ym to

1,000 um, preferably in the range of 1 ym to 500 pm, more preferably 10 ym to
200 um, even more preferably in the range of 30 ym to 100 um and particularly

25 preferably in the range of 50 — 80 pym. The thickness is referred to be the
shortest distance between the incised channel wall from one side of the incision to
the other. The thickness is given in figure 6 as 0.06 and corresponds to the
distance by which the channel wall has been cut.

30 The length of the cuts corresponds to the length along the longitudinal axis of the
channel. The depth of the incision is referred fo as the path from the front-side of
the channel wall to the back-side. In a straight incision, the depth of the cut is
therefore the channel wall thickness.

35 In oblique or wedge-shaped incisions the depth of the cut corresponds to the 1.02-
fold to 5-fold, preferably the 1.1-fold fo 4.0-fold, more preferably the 1.3-fold to
3.0-fold, even more preferably the 1.4-fold to 2.5-fold and most preferably the 1.5-



area for the attachnment of new bone celblgs, whereby the notches or
holes or cuts in 30 the channel walls form a three-di nensi onal
networ k, which connects all channels to each other, and al so ensure
that the channel walls are able to permt mcro- novenents. It is

i nportant that the notches or cuts are such that the channel walls
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Furthermore, the inventive honeycomb structure combines the features of good
25 mechanical stability and at the same time preserves optimal filling volume, so that

a rapid and stable growth of bones through the implant can take place.

Bone tissue generally comprises three cell types, osteoblasts, osteocytes and
osteoclasts, whereby the developed bone also has a bone top layer of bone lining
30 cells. The presence of blood is essential and needed for optimal bone formation.
In the formation of bones the osteoblasts, osteocytes and osteoclasts work
together. Osteoblasts are bone producing cells and responsible for building and
maintaining the bone. None active osteoblasts on the bone surface are called
bone lining cells. Osteocytes are former osteoblasts that are incorporated in the
35 bone tissue by ossification. They provide for the preservation of the bone by
adjusting the bone resorption o the bone formation. Osteoclasts are responsible
for the degradation of the bone. Through them, the thickness of the bone is
determined and calcium and phosphate are released from the bone. The



25 preferably in the range of 50 - 80 gn The thickness is referred
to be the shortest distance between the incised channel wall from
one side of the incision to the other. The thickness is given in
figure 6 as 0.06 and corresponds to the distance by which the
channel wall has been cut. 30 The length of the cuts corresponds to
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implant surface, it can be provided with antibiotics and the outer surface of the

25 outer sheath for example can be provided with a drug eluting coating, in which

agents such as antibiotics are stored and can be released continuously.



25 mechani cal stability and at the sang+tinme preserves optim
filling volume, so that a rapid and stable growh of bones through
the i nplant can take place. Bone tissue generally conprises three
cell types, osteoblasts, osteocytes and osteoclasts, whereby the
devel oped bone al so has a bone top |layer of bone Iining 30 cells.
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Figure 5 once again shows the inventive honeycomb structure as in figure 3 and
marks a section that is shown enlarged in Figure 6.

25 Figure 6 shows the marked section of Figure 5. The hexagonal structure of the
channels and the wedge-shaped openings between the channels and
the walls of the channels are shown enlarged.

Figure 7 shows an embodiment of the inventive cage with a convex and
30 serrated fop and a convex and serrated bottom (not visible) or a
convex raised inner honeycomb structure.

Figure 8 shows another view of the inventive cage according to Fig.7, whereby
the convex-designed top side and the convex-designed bottom are
35 clearly visible.



In order to pronote the adhesion of bopg cells even nore, the inner
surfaces of the channels can be structured, for exanple, any
mechani cal, chem cal or physical roughening. To suppress the growth
of bacteria or other gerns on the inplant surface, it can be
provided with antibiotics and the outer surface of the 25 outer
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axis of the channels. The side walls of the channels are visible as
honey@ontriquaetidr rshand a tdveerdpg bongstilia) wibrart ineplehiad rexigie anglaut. si bl e
as a wedge-shaped 15 incisions. In addition, it can be seen that the
channel s are continuous, i.e. pass fromthe top of _the inplant to
t he bott&ﬁﬁurﬁﬂéur@om%m@msq&ed anaatmpent gcepidéng oFighS i.npl ant from a
perspective view. The well serrated top and serrated bottom of the

i | ant n be seen, 20 which, contri to the stabjlizati of e
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20 pen but also on the sides.
Figure 14 shows the full implant according to Fig.7 after implantation.

Figure 15 shows a hip stem (1), exhibiting the inventive honeycomb structure in
25 the shaft area (from No. 8 to No. §). The channels (7) extend from the
top of the hip joint implant but do not end at the opposite lying surface
but approximately at the height of the [ine A and are connected through
openings. The channels (7) run parallel to the surface A to the tip (5)
of the hip joint implant (1).

30
Figure 16 shows a hip stem with a vertical to the longitudinal axis of the shaft
extending channel structure. A course of the channels along the
longitudinal axis of an implant is not mandatory as illustrated by figure
9B. The openings between the individual channels are not shown but
35 present, which results in a clear three-dimensional network of canals.

Figure 17 shows a femoral neck prosthesis with a ball head (34) and an
anchoring pin (8). The anchering pin is implanted up to the surface



Figure 8 shows another view of the invegfive cage according to Fig.7,
whereby the convex-designed top side and the convex-desi gned bottom
are 35 clearly visible. 28 Figure 9 shows a front view of the

i nventive cage according to Fig.7 with clearly visible convex top and
bottom The centrally shown round recess serves to hold an

i mpl antation tool (3% ft@4Yhe bethes BﬁWSe)@uﬁtsdﬁ}é/irﬁ)@nﬂf/e ahanRYE Birl¥@Ire (30)
intervertebral i ant wt
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a vertical to the |longitydinal axis o0
Structure. A cour S8R dochasiharEEioishich TRl oristiar (it SRPENEitnus
an i nplant is not resaliiteg ioray traseidilessioaskbchdnnd ngtwark. 9B. The
openi ngs between the individual channels are not shown but
Figure 19 shows a tibial component of a knee joint implant with the inventive
20 channel structure (not true-to-scaie). The channels are clearly
oversized for a better display, so that the structure of the channels to
each other and the wedge-shaped openings between the channels can

be seen better.

25 Figure 20 shows a section of a channel-type structure of an inventive implant with
obligue cuts

Figure 21 shows a section of a channel-type structure of an inventive implant with
a further alternative for the disposal of oblique cuts or recesses
30



35 present, which results in a clear tdgee-dinensional network of
canals. Figure 17 shows a fenoral neck prosthesis with a ball head
(34) and an anchoring pin (8). The anchoring pin is inplanted up to
the surface 29 (32) into the bone and exhibits the inventive channel
structure (30). The channels extend substantially parallel fromthe
tip of the anchoring pin (8) to thEx@,p,Pp@gte surface. The channels
end prematurely in the area of the ball head (34) and do not run
into the ball head. The 5 channels are connected through | ateral

openi ngs Rref@rreshewhpdinperds erf #i inveaiive dalice avill hewclraidseussed be the basis
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canal s. gure nee
i npl abt wdvantageaus agmbpdiments @fndhfa ipv@nifar), puot K@cé!oil'/ellmﬁethﬁl Btepe of

onl ays (ngdteshoM thelB@rbddidlentE£omponent (a) has a wedge- shaped
anchoring pin wwth the inventive channel structure (8). The

i ndi vidual channels (7) extend substantially in parallel fromthe
top and the sides of the anchoring pin to the lower edge (5) of the

cont act ﬁrfageqoé the tibial onlays (6), but do not 15 extend

t hr ough urface (6). The channels are also connected to
each1@t her through | ateral openings (not shown), thus resulting in a
t hree-di e Keshl i bial

of kneg@ﬁipﬁ%ﬁ* SPABR ) PrCHRe pabdlHlf o tephtie oo ‘Pt“?‘u%f'ﬁﬁ@g{b‘*ﬁ%'
t rue-t o- Sganeter Hél mﬁramﬁ@h ) tWVQWS@atﬁlamet@w@f 328 ¢ aaheight of 8 mm.
di splay, Ts@ Chgé is hﬁaaﬁFy" H6AIUER] Bhe tl(hﬂglﬁ]ﬂiwailémfe%r RAGI&SRRY /NBetthe

wedge- shaped o e t he channel s seen better. 25
i gor e DORSHBUE JeBtRter SHgRe datiyineg deyiSSR umGoar e e sheliex
i npl &kt vidrheteobl i que cuts Figure 21 shows a section of a

channel -type structure of an inventive inplant with a further

alternative for the disposal of oblique cuts or recesses 30 30
Exanpl es The cage is made of titanium with a solid at least 1.1 mm thick outer sheath and

an upper and lower flat surface for contact with the respective vertebral bodies.

20 Inside the cage a honeycomb structure of channels is formed with hexagonal
walls. The channels extend in a straight line from the top of the bone-contacting
surface to the opposite lower vertebral contacting flat surface. Per cm? bone-
contacting surface about 34-42 channels are available.

25 The channels have a diameter of 870 — 970 um specified as the distance between
two opposing parallel walls.

The channels are also connected with each other through notches in the channel
walls. The notches have a wedge-shaped structure, as shown in figure 2, so that

30 the channel walls can be shifted laterally only by the thickness of the notches
against each other, which contributes to an increased stability of the implant. The
notch has a thickness of 60 um.

35 Beispiel 2: Cage
Example 2 relates to a cage, especially one with a cervical cage of longitudinal
diameter 16 mm and a transverse diameter of 13 mm and a height of 9 mm. The




Preferred enbodi ments of the inventiveasdevice will now be discussed
on the basis of the exanples, bearing in mnd that the exanples

di scussed reflect 5 advantageous enbodi nents of the invention, but
do not Iimt the scope of protection to these enbodi nents. Exanple
1: Cage 10 Exanple 1 relates to a cage, especially a cervical cage

\1vi2t hal géwgé iéd‘ie"a&l O\ﬁHI anglss g :t&ésmmvetar I8 Y o0 J@lb@l’mbﬁﬁaﬂﬁ\um
nmm an an
| ongi t udi WQWGS?PW Hle faesss 5@5@%% 5 G R ol %JE’@F diamgtgr

the transverse dianeter is understood to be the srral I est

thick ou B ERBERRR DA Qi A ntbote 1.2 Runfipics Atﬁ%‘féﬁa%# A an
wi th tthe uppaseand Veweersugiacal foporingact @ih Ithei wepentive agdelrah dmslie mbhe
structure ;96 er &@g@%# %?els %u é?@HPéétHVhé hahﬁﬁ?gs@i‘@és td/‘@hbﬁort TH@ L@Q@F"@@Hébral

extend in

surface t%oc{me mﬁqrt@a%\%ﬁwew%ms&ﬁ eyt thet ?%eﬂ éhewt%éaeatbefn a
cn? bone- cm&aﬁﬁagﬁg upUtd ACtm na4th<b2 eab@ndsfeth:‘e @Uﬁéraéll@éaltﬁbb@ thdb the

di ot ance DB EHIeORRUE (B0gl 3R et Prhees A £ e mfadhe
connéléx edunddrhideaaththat begrlting eeghbradtboldgs Omthmepphaltmside valhes cagddhe
T T O
of the notailves Semerewachdhe spRer SUTRGG AT thentindaiitiea vedchial bady eadedios
stabi i ty%ﬁ)fto Unghrh Wﬁ'tﬁ@tcen-fi%? re{ﬁ@h%hd‘%c@rdmﬁl ghawsm He @9g@@re§§ of the

Bei spi el 2: es to a cage, especially one with a
cervi cal QW&éVg'fteEXé‘igBE’Yrdl nal dianeter 16 nmmand a transverse
di amgtser of 13 mm and a hei ght of 9 mm The 31 cage is nearly oval
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bone-contacting surface about 40 channels are available.
20
The channels have a diameter of 850 um and the thickness of the channel walls is

350 pm.

The channels are also connected through notches in the channel walls with each

25  other, which are arranged in the form of longitudinal incisions. These longitudinal
incisions cut the channel wall along its entire length. The longitudinal incisions
however, do not cut the channel wall in the shortest way possible, which is 350
Mm, but cut the channel wall at an angle on a distance of about 370 um in e.g.
east-west direction. The opposite side of the channel is cut with a longitudinal

30 incision through a distance of about 370 microns, but now in west-east direction.
The thickness of the longitudinal cut, i.e. of the connecting channel is 50 pm.

Such a honeycomb structure allows for micro-movements and digs up to 4 mm
into the overlying and underlying veriebral body, whereby the growth of bones is

35 strongly stimulated, so that a fast and good growth of newly formed bone through
the implant occurs.



upper edge of the outer sheath is flatzand serves to support the
upper vertebral body. The inner channel structure rises fromthe
edge of the outer sheath in a convex shape up to 4 nm beyond the
edge of the outer sheath, so that the channel structure in the

m ddl e of the cage can press up to 4 mminto the 10 undersi de of the
over |l yi nExeaigiedr alaggody. On the opposite side of the cage the inner
honeyconb or canal -type structure also extends |ike a spherical
surface in a convex shape toward the upper surface of the underlying
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20
The channels have a diameter of about 800 pm, specified as the distance
between two opposing parallel walls.

The channels are also connected with each other through notches or incisions in
25 the channel walls. The notches or incisions have a linear structure and cut the
channel walls on the shortest way possible, whereby only channel walls running
parallel to each other are cut so that no channel wall components are cut out from
the channel-type structure. The notches or incisions have a thickness of 30 um.

30
Example 4: Caqge

The Cage according to Example 4 is made of titanium and has the same
dimensions as the Cage in Example 1 but additionally also has a foothed top and
35 toothed bottom with a maximum height of the teeth of 0.756 mm.

Furthermore, the notches in the channel walls are not wedge-shaped and do not
extend over the entire length of the canal wall. The notches, however, are



di ameter of 10 mmand a transverse diangter of 8.8 nmmand a hei ght of
6.5 M 5 The Cage is nearly oval and the |ongitudinal diameter is
understood to be the maxi num di aneter and the transverse di aneter is
understood to be the snmallest dianmeter The Cage consists of PEEK,
whi ch gets enployed in nedical technology, with a 10 solid at |east
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bot t om of MR 2 Lpoiwdingl digmeten g serrated with a height of the
teeth of about 0.5 mm Such shaped upper and | ower surfaces are
shown for exanple in figure 4 and figure 10. 15 Inside of the cage a
channel -type structure i's forrred fromchannels with square walls.
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to each o er ar e no channél qFonen s afe

from t helnghamrean bg peogugascbyisemepne shﬂteawlesh@r wiheuloary pepideras. The
t hi cknessygicifl iRBrmedfatE ! @ndistCageHIMyFgage according to Exanple

4 is made of titanium and has the sanme dinmensions as the Cage in
Exanple 1 but additionally also has a toothed top and 35 toothed

bot t am wi The @ompmt@wm@iﬁ oﬂtrtaﬁthWheﬂﬂeﬁ teshndfogy. MEMgreuface of

extend oubP PAS® oflft dar DRl | rt%niﬂag"trtq“ﬁ&g%tﬁ’%ﬁﬁgﬂ%%ﬂr&% Hlcture of
however, chanr@s whiehigitend tyoovghthebbwrplae. es in the channel walls
wth a transverse di ameter of 7

The channels are round shaped and have a diameter of 400 - 600 um.

20
Per cm? surface of the bone-contacting surface of the cover plate approximately
88 - 200 channels are available.

In the area, where the cover plate comes in contact with (contact area) or can

25 come in contact with (articulating surface) the vertebral intermediate plate,
preferably fewer channels or no continuous channels or no channels are
arranged, compared to the non-articulating area of the vertebral intermediate
plate.

30 The base plate is also made of titanium. The surface of the base plate facing the
bone may be solid or have the inventive channel structure.

In a preferred embodiment the base plate shall exhibit a similar channel structure
like the cover plate, whereby it is again preferred that the vertebral intermediate
35 plate and articulating surface have fewer or no continuous or no channels at all.

However, it is also possible to provide only the base plate with the inventive
channel-type structure and not the cover plate.



pm and a | ongitudi nal dianeter of 20 pgpa 5 Exanple 4: Artificial
intervertebral disc An enbodi nent of an inventive intervertebral disc
i npl ant consists of a cover plate, a vertebral internediate plate
and a base plate. 10 The intervertebral disc inplant has a size that
is suitable for replacing a L3 / 4 vertebral segnent. Snaller
enbodi nents of the described intervertebral disc inplant can be
produced by soneone skilled in the art w thout any problens. The
vertebral internediate plate consists of UHWAPE. 15 The cover plate
i s made &xamplabi Antificsd dhtervemedraladise echnol ogy. The surface of the
base plate facing the bone has the inventive channel -type structure
of channels which extend through the cover plate. The channels are

r ound® shépeemaadmeni of andnueritverintsrvertebral digo ipplant gongists of rpcayer date
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200 channels are available. In the area, where the cover plate cones

in contact with (contact area) or can 25 cone in contact with
(articul Jhengpveulatedy dearyneer pHuriabl bntiee sl fHoingtiad base piaté emabihys
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whereby it is again preferred that the vertebral internediate 35

plate and,articul.atin surfae have fe r nti nuous or na
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ese non- cont:nuous channels are at the closed end which is approximately at

20 the middle of each plate and are connected by lateral openings fo the adjacent

channels, so that when liquids enters, particularly blood and tissue fluid, the air

can escape from these channels through the side openings.

The base plate can also have the inventive channel structure, whereby the
25  channels are preferably arranged only in the non-articulating surface.

The channels are round shaped and have a diameter of 200 ym.
Per cm? bone-contacting surface of the cover plate about 700 - 800 channels are

30 available.

Example 6: Anchoring pins from tibial or femoral components

35  Anchoring pins from a femoral or tibial component or the shaft of a hip stem, or a
femoral neck prosthesis are provided along their longitudinal direction or along
their transverse direction with the inventive honeycomb structure or channel
structure.



includes the intervertebral internediakg plate as tightly integrated
conponent. The 10 base plate has a correspondi ng spherical recess

for receiving the cover plate. Base plate and cover plate are nade of
titanium whereby the articulating surface is hardened by a ceramc
coating of Ti-Nb-N. The inventive channel structure extends through
the cover plate with the 15 integrated intervertebral internediate
plate fromth bone-con%actin surface %F to the %yrt?ge fﬁcin th
base pl at &1 CAAPRR/SHAERPBIOHAR Ar FGHAIP ANchgres BFPAder witlgnotghes i such a
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i dd e oriaRsfe ps, BB1HaBE Rudshe P iBR B sy e, S 480t s
cl ose® endksgnibed in Exappleti Aerel.y at 20 the niddl e of each plate and
are connected by |l ateral openings to the adjacent channels, so that
when liquids enters, particularly blood and tissue fluid, the air

can escapé Fardiast ke dke saapmdescibtrbinrxemdleildd Fpaninggehanmets gaddn the
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are provifged along their longitudinal direction or along their

transverse direction with the inventive honeyconb structure or

channel structure. 35 The channels can be round or square and are

provided with notches in such a way, that the inventive

m cr o- novenents are possi ble. Channel nunber and dianeter as well as

the thickness of the notches are in the size range as 5 described in

Exanple 1, 2 or 3. In contrast to the cages described in Exanple 1, 2

or 3, the channels end in the inplant, when they progress in the

| ongitudinal direction of the inplant, as shown for exanple in the

shaft of the inplant according to figure 15, they end only partly 10

in the inplant, as with the pin of the fenoral neck prosthesis

according to figure 17



or can extend through the inplant, wheggthe channels extend in the
transverse direction of the inplant, as shown in the shaft of the

i npl ant according to figure 16. 36 Cains 1. Intervertebral

i npl ant, wherein the inplant has two surfaces for contacting two
vertebral bodies, an outer sheath and an inner structure and wherein
the 5 inner structure is fornmed by glgilgality of channels and the
channel s each have a cross-sectional area of 8,000 pnt to 7,000, 000
pm and the channels extend parallel to one another along the

| ongi t uditnal laenerebralhiendantaihereiol theninaplent has dvansiefacesr fer contacting

connected by W?%H@%Fal \tlt\aﬁd?e%cgnﬁlﬁgf %hé'é?h %md' em ﬁ{n‘é‘?r rﬁBﬁﬁ‘é ahHRA/r?é‘rbin the

according to C
area of 50, owaraﬁtwoﬁwesmfomeddoypmplu@llty ﬁf @heeﬂelébanﬁ thawphalmels each

accordi ng tOh%b@'ar%réssJé’@et!‘@dé‘F a%@o?g@'@@%rﬁz F@Y@O@ 06 éﬁﬁﬁta% tﬁé cHefnerR
to 3,000 pm 15 4. Intervertebral Pg;pagqt accor

wherein the @ﬁ?ﬁﬂ’i’epyq{%éoaor‘%l% nggpe p'ﬁﬂ%gfbn@'oéﬁﬁ OF the spinal

| nt er ver t ebr gblumpbagthachantkisgré aoamycted bt amirefedi sxghcdtabns,
wherein the 20 bone-contacting surface of the inner structure is

convex. 6. Intervertebral inplant according to any of the preceding
cl ai 18, %eréhtamankebrajh?mrwmamisaemrdh@ hbmainmdusrvnerémothambannels have a

b t act t
one-cont ac ICP:Q‘:?S?%{&@ Iél‘éa Bﬁ#tts Hﬁiéﬁﬁ ecedl ng cl ai ns,

I ntervertebra accor |ng 0 any
wherein the inplant has at |east 100 channel S per cn? of

bone- contact 'Iﬁt@nfé‘ﬂtreij?éielm;ﬂanﬂ BECSMRIY &PIcilim AD hvititreRC &R @haené|e Wéﬁé a

of the prece cI a each 30 channel is connected with
at | east tvvo t%wf%gf@& Eent channels. 9. Intervertebral

i npl &t accordi ng to any of the precedi ng cl ai ns, wherein the

openi ngs 4ar e, ﬁB%&eﬁPﬁpﬂ%laﬁP%é&%%“}o i wheidhl Y Chghne@¥Rlvet

wedge- shape
diameter of 250 pm to 2,000um.

5. Intervertebral implant according to any of the preceding claims, wherein the
20 bone-contacting surface of the inner structure is convex.

6. Intervertebral implant according to any of the preceding claims, wherein the
channels extend continuously from one bone-contacting surface to the
opposite surface.

25

7. Intervertebral implant according to any of the preceding claims, wherein the

implant has at least 100 channels per cm? of bone-contacting surface.

8. Intervertebral implant according to any of the preceding claims, wherein each
30 channel is connected with at least fwo openings with the adjacent channels.

9. Intervertebral implant according to any of the preceding claims, wherein the
openings are point-shaped, punctiform, circular, cylindrical, oval or wedge-
shaped.

35

10. Intervertebral implant according to claim 8 or 9, wherein the openings extend
continuously from one bone-contacting surface to the opposite surface in the
form of cuts.



10. Intervertebral inplant according tggclain18 or 9, wherein the
openi ngs extend continuously from one bone-contacting surface to the
opposite surface in the formof cuts. 37 11. Intervertebral inplant
according to clainmlO, wherein the openings are |ocated either only in
the lateral areas or only in the anterior-posterior areas of the
channel walls. 5 12. Intervertebral inplant according to any of the
precedi ng clainms, wherein the channels are shaped round, oval,

triangul at!. slirivertebighiraglenbhacenrdingde £aimdi0, wheraig.the ppeningstaspdegated

i mpl ant  accor g drly ahSfatbhe PessHidMly ¢ BldrBnteMpRisteridi@reas of the
channel s do nqt Ch?}r']‘/%ﬁﬁthm r radius or diameter during the course.

14. Intervert e ant according to any of the preceding clains,
whereisn the inplant consists of netal, or a netal alloy, or PEEK 15

Lo oS A B RhBESEARL oAb e PPEIRG EAPY, B e
| nt er ver t ebr athammglsanareacsimpgidngotiodangvadf trihegpleec estivage cl ntagonal  or
wherein the ,?é;(dggﬂgr structure of the inplant permts

ue

m cr o- novenent s to wedge- shaped or oblique openings in the form
of longitudinal cuts along the channel wall. 17. Intervertebral

i npl amt  afZorididigetsbranimplbnt BEcHIRRED BBy Of dMdBreddtBhi@icRimhBewhékein the
inplant is selecte fror'%t he r&%ﬂp CBEP“ sd.nl?] fer i cal , cages
t horaci ¢ caged12NNeli A oL SRg RASAr JianefeT A rie he UERS and
inplants for the fusion of vertebrae.
14. Intervertebral implant according to any of the preceding claims, wherein the
implant consists of metal, or a metal alloy, or PEEK.
15
15. Intervertebral implant according to any of the preceding claims, wherein the
implant has a solid outer sheath without openings.

16. Intervertebral implant according to any of the preceding claims, wherein the
20 inner structure of the implant permits micro-movements due to wedge-
shaped or oblique openings in the form of longitudinal cuts along the channel

wall.

17. Intervertebral implant according to any of the preceding claims, wherein the
25 implant is selected from the group comprising cervical cages, thoracic cages,
lumbar cages, artificial intervertebral discs and implants for the fusion of

vertebrae.





