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- Which at least partially consists of ceramic, glass or glass-ceramic material. The mventive
implant comprises hydroxide compounds on the surface thereof which are formed from

the oxide compounds of the ceramic, glass or of the glass-ceramic material. The implants
can be produced, in particular, using a lye treatment.
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Bloactive implants and method for the production thereof

| —— |

The invention relates to bjoactive implants and processes for production of implants for
use In the human or animal body and in particular implants which consist at least partly

of ceramuic, glass or glass ceramic, produced in the shape to be uscd later.

Implants known and employed in medical technology are used particularly in the form of
prosthescs or bone replacement materials in the orthopaedic and denta] prosthetic field.
Metals, plastics and inorganic-non-mectallic materials (glass, ceramic and binders) and
material composites of the aforementioned groups of materials, are thus used. The most
well-known cxample of bioceramics is thus the hip-joint head made from aluminjum
axide-ceramic. Such implants are produced from aluminium oxide powder via a powder-
metallurgical route. The synthetic raw material 1s worked up, pressed 1sostatically,
processed while “green” or “white”, that is in the pressed or prefired state, then sintered.

resintered, heat-1sostatically and then hard-processed to grind and polish.

The known implants made from pure hard ceramics, such as for example aluminium
oxide, show the best abrasion strength, which is of considerab]e Importance particularly
for use as joint prostheses, for example for artificial hip joints. Howcver, prostheses made
from purc aluminium oxide have not been successfil in practice, since the early
loosenung rate is very large. This can be attributed to the fact that aluminium oxide
ccramic is bioinert. that is that active growth of the body tissue into or onto the tmplant
does not take place, but that there is formation of a fibrous-tissuc intermediate layer. This

leads to proper retreat of the body tissue particularly in zones in which particular stresses
of the implant act on the swrrounding tssuc, so that the stress peaks are displaced into
other regions, where likewise retreat of the tissue then takes place.

Bioactive materials, such as for exampie hydroxylapatite or tricalcium phosphatc, show

good mnward growth/onward growth of the bone. but are nort stable to stress and are

rherefore not suitable for prosthetics and only to a limited extent as bone replaccment

material. Implants and production processes relaring to them, which consist of the
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matcrial combinations metal-polyethylene, metal-metal or ceramic-ceramic, are known
from the state of the art. Ceramic-ceramic combinations thus clearly show the best
abrasion strength. Pure aluminium oxide ceramics are not used due to the bioinertness of
the ceramics made from aluminium oxide used hitherto and the high early loosening rate
resulting therefrom. However, implants and production processes rclating to them arc
known which consist of a combination of ceramic for the gliding surface and metal alloys
for the tissue contact. Suitable metals are, in particular titanium and cobalt-chromiume-
molybdenum alloys. From the point of view of materials technology, such a material
combination has the advantage that, particularly for mechanically highly-stressed
prostheses, the base body of the implant having bone contact may consist of a ductile
metal and the part exerting the hinge function (head or socket) may consist of a
particularly abrasion-resistant hard ceramic. The ccramic constitucnts may be placed, for
exarnple on the mertallic base body. Although the metals or metal alloys used are also
bioinert, service lives of about 10 to 15 years can be achieved using the implants
described above. However, at the latest even for these implants, the loosening process i3
then so far advanced that the ability to function, for example of a hip-joint prosthesis, is
acutely endangered. Implants likewise conventional in the state of the art, which are
produced purcly from metal, show comparabie loosening behaviour. In addition to the
still unsatisfactory fatigue durability, they additionally have a less favourablc abrasion

strength than implants made from hard ceramics.

In order to improve the bioactivity of the known implants, it has been proposed recently
to coat the surface of the implants consisting of bioinert material with hydroxylapartdre
ceramic. For this purpose, hydroxylapatite layers of about 100 to 200 um thickness are
usually applied by mcans of a plasma-spraying process - in particular to the most stressed
regions of the prosthesis. The setting of the bone onto the prosthesis should be improved
with the aid of such a bicactive surface and hence a more intimate bone-implant contact
should be provided. Since such coating processes have only been used for a short time,
long-term results are still lacking. The early results with such prostheses are however
encouraging. It is to be regarded as disadvantageous in the aforementioned coating

pracess that the hydroxylapatite layer may peel off under extreme stresses, since base
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matcrial and coating materjal have different stiffnesses and material properties. A further

disadvantage of such implants is their high price which is due 1o the complicated

producton.

The object of the invention is to provide implants which ou the one hand can be highly
mechantcally stressed and have good abrasion strength, are characterised on the other
hand by good onwarc growth behaviour rcgarding the body tissue and which can be
produced in simple and cost-effective manner, particularly also for use for prostheses.
The aim 1s the provision of bicactive implants and implant materials which can be highly

mechanically stressed.

Accordingly, the object of the invention is an implant. which consists at least partly of
ceramic, glass or glass ceramic in a shape to be used later for the human or animal body
and which has hydroxidc compounds formed by reaction from oxide compounds of the
ceramic, glass or glass ceramic, which are close to the surface, at lcast on part of its
ceramic, glass and/or glass ceramic surface. According to the invention, in these oxide-
ceramnic irnplants, at least some of the oxade compounds are converted to hydroxide
compounds at least on a part of the ceramic, glass or glass-ceramic surface. This leads to
increased adhesion rate and proliferation of cells, for cxample ostcoblasts, on the surface
of an implant thus produced. The long-term stability may be significantly increased by
the improved onward growth behaviour. In fact, such an mmplant is characterised, even
when using only ceramic, glass or glass ceramic, that is all bioinert materials, by an
increased pnmary adhesion of target cells (in particular osteoblasts) due to the hydroxide
compounds produced on the surface thereof. This leads to a significantly improved long-
term wearing timc of such implants. for example when used as joint prostheses, but also
in the dental field and in the field of orthopaedics. This applies particularly to implants
madc from aluminum oxide ceramic. It is advantageous that the hydroxide compounds
are already formed on a surface which has a shape as is intended for the later usc of the

implant. Implants of different bioactdvity for use in the human and animal body are thus

available due to differences in the density and the type of hydroxidec compounds

preformed on the surface. The ipvention thus makes implants accessible to a considerable
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bioactivity bandwidth. The implants of the invention may carxy blocompatible substances

which are coupled to modified surfaces.

The object of the invention is also a process for producing an implant, which consists at
least partly of ceramic, glass or glass cerarmnic, for use in the human or animal body.
wherein at least part of the surface of the implant, which has ceramic, glass or glass
ceramic, 1s exposed to a lye. At least part of this oxide ceramic treated with lye is

advantageously present in the shape to be used later.

Pure ceramic implants, which show good biogctive behaviour with high long-lasting
stress stability and hence good implant contact, can be realised with the aid of the process
of the invention. Depending on the type and conccntration of the lye used and the action
temperature and duration, “biocactivation” of different strength can be achieved. In the
process according to the invention, a new layer of a foreign material is not applied, as for
the known plasma-hydroxylapatite coating, but rather oxide compounds of the implant
containing glass, ceramic or glass ceramic, which are close to the surface, are converted
to form hydroxide compounds by a reaction. The layer thickness of the activated layer
firmly anchored to the substrate obtained by an at least partial conversion of the surface
of the substrate is extremely thin and completely adequate for achicving the aim, namecly
improvement of the onward growth behaviour. The danger of peeling-off of a layer
having material properties deviating from the base body, that is from the cerarnic, glass or

zlass ceramic, does nor exist.

According to one embodiment of the invention, provision is made in that the lye and/or
the surfaces of the implant to be trcated during the trcatment has a temperature above
50°C, preferably between 80°C and 120°C. The period of action with respect to lower lye

temperatures may bc shortened in thius manner.

Acccicrated formation of the hydroxide compounds can also be achieved by lye treatment

taking place under a pressure which is increased compared to the atmosphcric pressure.
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The process of the invention can be carried out particularly simply if the implant is

immersed at Icast partly 1o a bath of the lye.

A particularly advantageous embodiment of the process consists in that the implant
consists of aluminiura oxide ceramic and the lye is a 30 % strength sodium hydroxide
solution. Lyes, such as for example scdium hydroxide solution and other strong, for
cxamplc inorganic lyes, may also generally be used as the lye in high aqueous

concentratons.

An advantageous embodiment lies in the fact that surface regions of the implant and/or
the lye near the surface regions of the implant to be treated are locally heated. Implants —
starting from a treatment with a moreover, comparatively cold lye — having locally
different strength bicactivity, may be realised using such a procedurc. Such an implant is
particularly useful if the onward growth behaviour is to be particularly promoted in

certain regions, whereas other regions arc to rcmain as bioinert as possible.

Particular]ly exact metering and spatial distribution of the hydroxylated surface regions
can be realised if the weamment with lye 1s assisted by pulsed laser radiation.

A further development of the process of the invention consists finally also in that
bioactive substances are coupled at lcast to part regions of the surface regions of the
implant exposed to a lye. The bioactive substances may be, for example whole protcins,
for example fibronectin. or peptide sequences, for example RGD binding sequences, or
active groups of osteounductive materials, for example BMP. Suitablc materials to be
coupled are also. for example calcium phosphates or special materials. Specific control of

the osseous inward growth behaviour is possible in the aforementioned manner.

The implant according to the invention can be produced in simple manner and more cost-
effectively than the irnplant according to the state of the art. Compared to composite
implants or maternial combinations, such as hard ceramic and metal or implants coated

with hydroxylapatite, the production costs are even siguificantly lower. Very good results
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can be achieved, for example if the implant consists of aluminium oxide ceramic and is

treated with sodium hydroxide solution.

Lhe invention 1s illustrated in more detail below using an exemplary embodiment in the

form of the production of an implant.

Figure 1 shows a phase diagram of the surfacc regions of an activated aluminium oxide

implant of the invention, recorded by means of small-angle X-ray diffraction:

Figure 2 shows the target cells made visible by AP colouration on the surface of an

implant according to the state of the art:

Figure 5, like Figure 2, but for an implant of the invention, the surface of which has been

exposed beforchand to a lye;

Figure 4 shows a histogram with the dependence of the cell number on the activarion

period;

Figure 5 shows a histogram with the dependence of adhesion on the activation period;

and

Figure 6 shows a histogram with the dependence of phosphatase secretion on the

activation period.

A slip, which is digested for a period of about 24 hours on the roller bench, is prepared
from a ceramic aluminium oxide powder permitted for clinical use while adding
polyvinyl alcohol as binder and polycarboxylic acid as liquifier. The weight portion of
the binder is 2 %, that of the liquifier 0.3 %, in each case based on thc dry substance. The

ratio of deioniscd water to solid is 35:65.
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Following liquidification, before sprav-drying, a defoamer is added, the weight portion of
which 15 0.05 %. A green compact of the particular implant is subsequently produced
using suirable pressing moulds. The pressing pressure thus applied 1s about 100 MPa. The
subsequent ceramuc firing takes place in a muffled firing oven. Debindering of the

organic auxiliaries takes place at 500°C for about 2 hours. the actual ceramic firing at
apout 1,600°C likewise for 2 hours. The temperature gradient, starting from the room
temperature to the debindering temperature. from the debindering temperature to the
sintering temperature and from the sintering temperature back to room temperature is
between 2 and 3 K/minute.

The sintered implants may be introduced without further surface processing dircctly into
a tlask, in which the sodium hydroxide solution used for treatment is simated. The flask
used 1s made from polytetrafluoroethylene (PTFE) or polytetrafluoroacrylate (PTFA)
plastic for reasans relating to anri-corrosion. The 30 % strength sodium hydroxide
solution (30 wt.%4) used is heated with the aid of a heating mantle to a temperature
between 90 and 110°C. Continuous operation of the device is achieved with the aid of a
reflux condenser due to recovery of the liquid medium. Depending on the required degree
ol activation, the lye wwreaunent of the selected implant surface takes place at atmospheric

pressure for a period of time of between 12 and 96 hours.

The aluminium oxidc implants produced in this manner are phase-pure. As can be seen
from Figure 1, conversion of aluminium oxide into aluminium hydroxides on the implant
surfaccs can be observed by means of small-angle X-ray diffraction. The mineral phases

designated as diaspore and boehmite thus occur, the hydroxyl groups of which arc

responsible for the bivactive marerial behaviour.

A comparson of the different onward growth behaviour of an implant made from
untreated pure aluminium oxide ceramic and an implant of the invention, the surface of
which has been treated with sodium hydroxide solution, is possible using Figures 2 and 3,
in which there 1s a 40-times enlargement. Adhcred osteoblasts can thus be recogmnised on

the ceramic using the alkaline phospharase colouration (dark). Individual cells are
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coloured i1n Figurc 2 (traditional Al.Q; ceramic). The cell number of AP-positive cells is
increased in Figure 3 (implant of the invention having bioactive surface) and so-called

“clusters” (AP-positive cell masses) are formed, later mineralisation centres, as proof of
advanced cell differentiation. This veritics the very high bioactivity of the implant of the

invention.

Figure 4 shows the adhesion rate of human osteoblasts on implant of the invention
compared to untreated control ceramic as a function of the activation period in NaOH (12
hours to 4 days) after 7 days in culturc, There arc 20 ~ 45 % more cells on the implant of

the invention than on the untreated ceramic (control). The difference to the control is

statistically significant at p < 0.05 for the samples characterised by *.

The procedure of the invention can be carried out not only for mouldings used later as a
typical implant, but also for those mere carricr bodies consisting of the same starting
materials (ceramic, glass, glass ceramic) which may then serve as starting base for

artificial organs by specific coupling of bioactive substances.

Human ostcoblasts have been taken from removed hip heads by explant technology. For
this the bone was comminuted and placed in Petri dishes in 1 mm__ 31ZC plcccs.

Cultivation takes place 1n Dulbecco’s DMEM medium with addition of 10 % calf serum
and 1 % penicillin/streptomycin. A.fter three weeks, the confluently fully developed cells

were subject to passages, after a further Two weeks and renewed subjecting to passages,
the dissemination of 4 x 10 cells on test bodies (22 mm diameter) took place. Adhesion

'‘was checked after 24 hours, cytotoxicity and protein secretion/mineralisation after 7 days.

Signs of cytotoxicity or growth inhibition were not found. Cell adhesion was increased to
amaxamum 120 % (p < 0.05) compared to the untreated test bodies after 24, 48 and 96
hours of activation time. The alkaline phosphatase secretion as a sign of differentiation

wags significantly increascd to a maxirnum 130 % with respect to the control after 24 and

48 hours acrivation time. There were no differences with regard to oesteocalcin sccrction,

rmmincralisation could be detected on all samples.
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Bioactivation of bioinert oxide ceramics can be proved unambiguously with the aid of

these results also shown graphically in Figures 5 and 6. Avcrage value and standard error

from s1X tests, expressed in per cent of the control, are shown.
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8. Process according to one of patent claims 4 10 7, characterised in that the implant
consists of aluminium oxide ceramic and the lye i5 30 % strength sodium hydroxide

solution.

9. Process according to one of patent claims 4 to 8, characterised in that surfacc regions
of the 1mplant to be treated and/or the lye near surface regiouns of the implant to be
treated are locally heated, preferably by means of pulsced laser radiation.

10. Process according to one of patent claims 4 to 9, characterised in thart Special

brocompartible substances are coupled at least to part regions of the surface regions of

the unplant exposed previously to a lye.

. . . . T ol =dwrtedl L% AL oy, PO RESTTVNRVIVY VRIS PSS T Sl Spchrdeon NS AW W ety L T av - -
B R b T RN RGO RR T BRI S b M N 14T G e e RN Rk G4t e R L W 6 A A R L T 1230 Prkvded 2 e bt - S - - e



CA 02355593 2001-06-14
12

Abstrace

iC, glass or of the glass-ceramic material. The implants
can be produced, in particular, using a lye treatment.
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