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(57) Abstract: The present invention re-
lates generaly to a bio-degradable implant
based on magnesium having areduced cor-
rosion rate and to a method for the produc-
tion of such an implant. It isa amethod for
treating a surface of abio-degradable metal-
lic implant comprising the following steps:
providing a dispersed system comprising a
colloid-dispersed apatite and adding an ap-
atite powder to the dispersed system, sub-
jecting an implant to the dispersed system
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such that a surface of the implant which is
to be treated is immersed in the dispersed
system wherein the implant comprises a
magnesium based alloy, applying an AC
voltage difference between the implant as a

10

improved.

Fig. 1la

first electrode and a second electrode posi-
tioned in the dispersed system for generat-
ing a plasma €lectrolytic oxidation on the
immersed surface of the implant so that the
immersed surface is converted to an oxide
film which is at least partialy covered by
apatites formed by the colloid-dispersed ap-
atite and the apatite powder. The evolution
of corrosion induced hydrogen gas evolu-
tion is decreased and osseointegration is
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APATI TE COATI NGS ON MG SCREWS

Descri pti on

Field of the invention

The present invention relates generally to a bio-degradable
i npl ant based on magnesi um having a reduced degradation

rate and to a nethod for the production of such an inplant.

Background of the invention

It is known that magnesium based alloys posses a nunber of
advant ages that make them of interest when considering for
instance surgical inplants. Of particular interest of such
magnesi um based inplants is the possibility of using them

to act both as a scaffolding structure on which new bone or
ti ssue can -grow and as a fixture structure to hold together
a bone or a liganment |ong enough to allow natural healing

to take place.

Magnesium and its alloys are of particular interest in this
type of applications as they are bio-conpatible and as they
have a nodulus of elasticity closer to bone than currently
used materials. Another major advantage of using magnesi um
and its alloys as inplant materials, for instance for the
fabrication of surgical inplants, are their ability to bio-
degrade in situ. This in turn nmeans that the inplant does

not remain in the body. A further surgery to renove the

inmplant is not required.

CONFIRMATION COPY
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However, recent animal inplantation studies seem’t o exhibit
sonetinmes only a partial direct bone contact of a nmagnesium
based alloy after a certain time if inplantation. A fibrous
tissue l|ayer separates the newy grown bone from the
inplant. Additionally, hydrogen gas formation and sonetimes
even gas bubbles seem to be present on the surface of the
inplant and in the surrounding tissue after 6 to 12 weeks
of inplantation. Hydrogen gés evolution or release occurs
during the bio-degradation process. The volune of evolved
or released hydrogen gas is related to the dissolution of

t he magnesium Wt hout be'i“n.g restricted to a theory it is
believed that all of these problens are mainly or

éssenti ally due to a too fast initial degradation process
of the magnesium inplant in-vivo. The degradation rate of

t he magnesium based alloys seens to be too fast, in |
particular at the beginning directly after inplantation.
More hydrogen gas is generated than can be readily resorbed
or absorbed by the surrounding tissue. This results in the
formati on of gas bubbles or gas pockets, for instance

subcut aneous gas bubbles and/or gas bubbles in the soft-
tissue, which could damage the surrounding tissue. This is
the maj or drawback of magnesium and actually hanpers the

broad application of magnesium based inplants.

A recent approach bases on a rraghesi um based alloy having
an adapted conposition and norphol ogy. One specific alloy

i s designed. The conposition and the norphology are adapted
or designed sudh that hydrogen gas evolution is avoided
(see for instance N. Hort et al., Acta Biomaterialia |,

Vol ure 6, |ssue 5, Pages 1714-1725, May 2010: "Magnesium
Alloys as Inplant Materials - Principles of Property Design
for My-RE Al oys")
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On one hand the design of such an alloy is time-consum ng
and therefore expensive. On the other hand such a specific
al l oy possesses only one specific degradation rate.
However, in general the degradation rate is dependent on
the place of inplantation in the body or on the purpose of
the inmplant. For instance, the degradation tinmes of an
implant acting as a fixture to hold together a bone |ong
enough to allow natural healing to take place and of an

i npl ant enbodied as a screw to fix a ligament to a

cartilage can be different.

Accordingly, it is an object of the present invention to
provide a preferably bio-degradable inplant of advanced
properties, for instance of enhanced bio-conpatibility

and/or for providing inproved inplant-tissue-contact.

A bi o-degradable inplant should have a reduced degradation
rate conpared to untreated inplants. Particularly, the
degradation rate, in particular the initial degradation
rate, should be reduced such that a gas accunulation in the

tissue is at |least reduced or avoided.

In particular it should- be possible to control or to adapt

the degradation rate or the bio-degradability of such an

i mpl ant .

Preferably the ingrowh of human tissue and/or bone should

be pronmoted by such an inplant.

The fabrication of such an inplant should be based on an

easy and cost reduced concept.
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The inventive solution of the object is surprisingly

achieved by each of the subject matter of the respective

attached independent clains.

Advant ageous and/or preferred enbodinments or refinenments

are the subject matter of

clains .

The concept of the present

the respective attached dependent

invention generally bases on

applying a coating onto an inplant of a bio-degradable

material wherein the coati

ng is formed by an especially

adapted plasnma electrolytic oxidation (PEO, in particular

havi ng an especially' adapted dispersed system Such a PEO

coating, in particular in

conbination with a deposited or

constituted apatite, preferably hydroxyl-apatite , enhances

bi o-conpatibility and/or

sl ows-down degradation. T

a flexible adaptation of

bi o-degradable inplant. T

hydr ogen gas,
hydr ogen gas,
in conbination

apatite,

decreases the degradation rate or
he formation of a coating enables
the degradation tine of. such a

he evolution or rel ease of

in particular the initial evolution of
is decreased. Such a coating, in particular
with an apatite, preferably hydroxyl-

al so inproves osseointegrat ion.

Accordingly, the invention proposes a nethod for treating a

surface of a, preferably

conprising the follow ng

providing a dispersed

bi o- degradable, netallic inplant
st eps:

system conprising a colloid-
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di spersed apatite and

-  adding an apatite powder to the dispersed system or
providing an apatite powder in the dispersed system

- subjecting an inplant, preferably a metallic inplant,
to the dispersed system such that a surface of the inplant
which is to be treated is imersed in the dispersed system
preferably wherein the inplant conprises or is a nmagnesium

based all oy,
- applying an AC voltage difference between the inplant

as a first electrode and/or a second electrode positioned
in the dispersed system for generating a plasna
electrolytic oxidation on the imersed surface of the
i. npl ant

so that the imrersed surface is converted to an oxide
film in particular of the nagnesium based alloy, which is
at least partially covered by apatites which are, in
particular at least partially, formed or constituted by the
apatite powder and preferably the coll oid-dispersed

apatite .

The invention also proposes a method for treati ng a surface
of a netallic inplant conprising the follow ng steps:

- providing a di spersed system conprising a colloid-

di spersed apatite and

- adding an apatite powder to the dispersed system

- subjecting an inplant to the dispersed system such
that a surface of the inplant which is to be treated is
imrersed in the dispersed system preferably wherein t he
i npl ant conprises at |east one material selected from the
group consisting of titanium titanium alloys, chrom um
all oys, cobalt alloys and stainless steel,

- applying an AC voltage difference between the inplant



10

15

20

25

30

WO 2012/007181 PCT/EP2011/003582

as a first electrode and a second electrode positioned in
the dispersed system for generating a plasma electrolytic
oxi dation on the imersed surface of the inplant

so that the imersed surface is converted to an oxide
filmwhich is at least partially covered by apatites forned
at least by the colloid-dispersed apatite and the apatite

powder .

The invention proposes also nmethod for treating a surface
of a nmetallic nmagnesium based inplant conprising the
foll owi ng steps: _
- providing a di spersed system conprising a colloid-
di spersed apatite and/or colloidispersed calcium containing
phosphate salts and/or waterglass |
- adding an apatite powder to the dispersed system
- and/or adding at least one calcium containing
conmpound and/or at |east one phosphate containing  conmpound
to the dispersed system
- subjecting an inplant to the dispersed system such
that a surface of the inplant which is to be treated is
imrersed in the dispersed system preferably wherein the
i npl ant conprises a nagnesi um based all oy
- applying an AC voltage difference between the inplant
as a first electrode and a second electrode positioned in
the dispersed system for generating a plasma electrolytic
oxi dation on the imersed surface of the inplant

so that the imersed surface is converted to an oxide
filmwhich is at least partially covered by apatites f or med

at least by the colloid-dispersed apatite and the apatite

powder .
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The above nentioned nethod for treating a surface of a bio-
degradable netallic inplant also can be called as a nethod
for adapting or for controlling the bio-degradability of a
bi o-degradable netallic inplant or as a method for

enhancing or controlling the degradation resistance of a

bi o- degradable netallic inplant.

The i nve‘nti on also proposes an inplant conprising a netal,
preferably a biodegradable magnesium based alloy, having a
treated surface wherein

- the treated surface is at least partially converted to
an oxide film by plasma electrolytic oxidation using a

di spersed system conprising a colloid-dispersed apatite and

an apatite powder and wherein

- the converted surface is partially covered by apatites
originating, in particular at least, from the apatite

powder and preferably the colloid-dispersed apatite.

The colloid-dispersed apatite and the conponents of the
apatite powder are deposited on the converted surface of
the inplant and/or at least partially form an apatite
covering on the converted surface of the inplant. The
converted surface of the inplant can be conpletely covered
by the apatite covering. In dependence on the desired

i npl ant properties the apatite covering can form island-
like and/or coral-like structures and/or clusters and/or a
conti nuous or essentially continuous |ayer or coating on
the converted surface of >the .implant. The inplant according
to the invention is characterized by an adapted or

controlled or controllable degradation or degradation rate.
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A porous oxide film or layer is growmn by the plasma

el ectrolytic oxidation (PEOQ process. By the PEO process,
the nmetallic substrate is provided as the first electrode,
preferably as an anode, in an "el ectrol ytic cell". Its
surface is converted into the corresponding nmetal oxide
under the applied electrical field. The oxide film consists
of crystalline phases, wth a highly porous surface and
with conponents derived from both the dispersed system and
the inplant as a substrate. It is provided a synthesis of a
net al - oxi de- apatite- nanoconposite-coating by in situ
deposition. The apatites are or the apatite is applied or
deposited onto and/or constituted on the surface of the
i>rrpl ant when oxidizing the inplant surface. The present
invention enables the formation of a coating onto any type

of shape of an inplant.

The coll oi d-di spersed system also can be called dispersion.
It is a liquid containing dispersed particles, in detail
containing the colloid-dispersed apatite and the apatite

powder respectively its conponents.

Since the colloid-dispersed apatite owns a size in the nm
order, the size neasurenent in these dinensions is quite
chal | engi ng. However, in general the coll oid-dispersed
apatite is expected to be provided, in particular at |east
partially, wth an average size of about equal or |ess than
100 nm The coll oi d-dispersed‘ apatite generally has an

el ongated structure (for instance see figure le).ln one
enbodi nent the average length is ranging up to 100 nm The
si ze measurenment bases on STEM (Scanning Transm ssion
Electron Mcroscopy) . It is enphasized that the size or the

size distribution of the colloid-dispersed apatite
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essentially also depends on particle aggloneration.

Therefore, to get the colloid-dispersed apatite in a non-
aggl oner at ed ‘state, possi bl e agglonerated particles have to
be separated or an agglomeration has to be "destroyed".
Accordingly, a separation process or deaggloneration has to
be induced before the size measurenent, for instance by

means of an ultrasonic device.

The conbination of the colloid-dispersed apatite énd t he

apatite powder is essential for the formation of apatite
clusters or an apatite covering on the converted inplant
surface. Wthout being restricted to a theory the follow ng

explanation is assuned:

The colloid-dispersed apatite represents snall apatite
particles, in particular wth respect to the average size
of the apatite powder. The colloid-dispersed apatite seens
or its conponents seem to be too small for the formation of
an apatite covering. It seenms to be nore likely that the
col | oi d-di spersed apatite particles are destroyed in the

intentionally generated plasna discharge of the PEO

Since a powder generally owns a broad size distribution the
apatite powder contai ns. also large apatite particles. The
size distribution of the apatite powder depends on and/or
can be adjusted by its fabrication process (as explained in
t he subsequent description) . A possible apatite powder
distribution is provided with an average size ranging from
10 ym to 100 pum. The size neasurenment bases on LPS-analysis
(Laser Particle Spectroneter) . This enables the fornation
of an apatite covering on the oxide film of the converted

i npl ant surface. However, surprisingly the experinmental
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results show that the applipation of the apatite powder in
the dispersed system only, results to a coating with a
clearly reduced or even no apatite covering. It is believed
| arge particles alone are not able to stick on or to be
deposited onto the oxide film of the converted inplant

sur f ace.

The colloid-dispersed apatite seens to act as a kind of
bondi ng agent or sacrificial apatite which pronotes the
deposition and/or bonding of |larger sized apatite powder
particles and/or the constitution of an apatite coating on
the oxide film of the converted surface. The apatite powder
al one does not seem to contain a sufficient anmount of snall
apatite particles, even if the drying process and/or the
mlling process seem to be adjusted accordingly. In a
further alternative and/or supplenentary assunption the
particles of the apatite powder seem to be not in an

appropriate state.

The conbination of the colloid-dispersed apatite and the
apatite powder, in particular each having the above shown
respective possible size distribution, enables the
formation of a quite uniform and/or continuous apatite or

non-continuous apatite distribution and/or apatite covering

or |ayer.

The colloid-di spersed apatite is provided in a dispersed
state. In one preferred enbodinment the coll oid-dispersed
apatite is provided or fabricated by neans of precipitation
process. The coll oid-dispersed apatite is provided as a raw
material, in particular directly or indirectly taken from

the fabrication. Wth respect to the fabrication of the
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col | oi d-di spersed apatite it is referred to the patent EP O
938 449 BI. The content of this patent application is

conpletely incorporated by reference.

The fabrication of the colloid-di s'persed apatite is only
described briefly: The constituents form ng apatite and/or
apatite nolecules are provided dissolved or dispersed in a
solution or suspension. By precipitation and in particular
by a tine-dependent aggloneration the coll oid-dispersed
apatite is fornmed or constituted. GCenerally, such a
precipitated and preferably agglonmerated coll oid-dispersed
apatite is a crystalline or nano-crystalline parfi cle. For
further fabrication details it is referred to the above

stated incorporated patent application.

Said precipitated and/or precipitated and aggl onerated

col | oi d-di spersed apatite represents the above nentioned
raw material. The solution or rather the dispersion of the
col | oi d-di spersed apatite can be used directly in the
present invention. The dispersion of the coll oid-dispersed
apatite can be diluted to the requi red concentration as
well. Generally, the required coll oid-dispersed apati te

concentration has to be set for the dispersed system

Al so the apatite powder re-spectively its conponents are

di spersed and not "dissolved in the di spersed system The
apatite powder can be added to the dispersed system as

bei ng pul verized or as being part of another dispersed
system The powder is produced by drying the above
mentioned fabricated raw material. By drying the dispersion
respectively the precipitated and preferably aggl ormer at ed

col | oi d-di spersed apatite, apatite solid matter or a kind
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of apatite solid natter is constituted or forned. The
apatite powder can be provided by drying, preferably by
spray-drying, the precipitated and/or the preci pi tated and
aggl onerated colloid dispersed apatite only. Since for
instance the spray-drying results already in a pulverized
or powdery state. Accordingly, in this variant the apatite
powder according to the invention is provided by a dried

material only.

In a further enbodi nment and in dependence on the drying
process, by an optional or obligatory subsequent mlling
process and/or pulverizing process the apatite powder
accor di ng to the invention is nmade. The powder particle
size distribution can be adjusted by the used mlling
and/ or pulverizing process. Preferably the powder particle
size distribution is fabricated to the above nentioned
powder particle size distribution. Accordingly, in this
enbodi nent the apatite powder i»s provided by a dried and

mlled and/or pulverized naterial.

A large anount or high concentration of coll oid-dispersed
apatite seenms to be necessary to achieve the deposition
and/or formation of the apatite covering on the converted
surface. Pref.erably, the colloid-dispersed apatite is
provided in the dispersed system with a higher
concentration than the apatite powder. Preferably the

col | oi d-di spersed apatite is provided in the dispersed
system with a concentration of 0.01 ng/l1l to 300 g/1,
preferably 10 ng/1 to 200 g/1, nost preferably 0.1 g/1 to
100 g/1. In particular the apatite powder is provided in

the dispersed system with a concentration of 0.01 ng/l to
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200 g/1, preferably 10 ng/l to 100 g/1, nost preferably 0.1
g/1 to 50 g/1.

The col | oi d-dispersed apatite and/or the apatite powder is
respectively are at | east one apatite selected from a group
consi sting of hydroxyl-apatite, flour-apatite and
carbonate-apatite. Hydroxyl-apatite (HA is the preferred
enbodi rent of an apatite. HA inproves osteoconduction . This
eﬁabl es a strong fixation of an inplant inserted in a human
body or in an animal body. It is assuned that an apatite,
in particular HA additionally retards or inhibits
degradation. Further, an apatite, in particular HA

i ncreases the bi o-corf‘pati bility of an inplant. Furthernore,
the application of an apatite, in particular HA results in

a direct cell contact of the inplant with osteoblasts.

The notation of pure HA is as followi ng: Caio(P0s)e(OH) -
The HA can be a substituted HA in particular a multi-
substituted HA, as well. Exanples of substitution are as
foll ow ng :

- the Ca2?*-sites of an apatite can be at least partially
substituted by another constituent. Possible exanples for
the Ca2*-constituent are Sr2+, Cd?+, Mg?*, Ba2*, Pb2*, Cu?*,
Zn2+, Na*, K+ and/or Eu3*,

- the OH-sites of an apatite can be at l|east partially
substituted by another constituent. Possible exanples for
the OH-constituent are F, CI°, Br~, |7, S, O and/or CO0g%-
and/ or

- the PO,3--sites of an apatite can be at least partially
substituted by another constituent. Possible exanples for
the PO,3--constituent are Si043, As043-, S0,°-, M0, V0,3,
Cr0437, CO42" and/or HPO,2 .
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For instance a HA-Si-conpound is a so-called Si-substituted
hydroxyl -apatite in which at |east one P04 group is
replaced by a Si043 group. Such a HA- Si - conmpound is
characterized by an enhanced bio-conpatibility.

The dispersed system can be based on any kind of liquid. In
one enbodi ment the dispersed system is provided as a water-
based dispersion. Preferably the dispersion neans are pure
wat er or ion-exchanged water. The ph-value of the used

water is less than or equal to 7.4. One exanple represents

sterile water for irrigation.

Since neither the used colloid-dispersed apatite nor the
apatite power is dissolved or conprises conductive
particles, it is or can be necessary to provide conducting
nmeans in the dispersed system Sone possible exanples for
providing conductivity in the dispersed system represent

di speréed netal lic nano-particles and/or dissolved

el ectrol ytes. Conducting neans also can be provided by an
emul sifier which is required to provide a stable dispersed
system Also dissolved nmaterial, for instance of the
imersed inplant, can contribute to the conductivity in the

di spersed system

In a further enbodinent of the present invention at |east
one additive is added to or provided in the dispersed
system Dependent on its property the additive is dissolved
or dispersed in the dispersed system Accordingly the
additives are provided as electrolytes or as dispersed

particles .
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In one enbodiment the added dispersed particles are

provi ded as nano-particles . Said nano-particles generally
have a nean average dianeter of less.than or equal to 100
nm preferably less than or equal to 50 nm nost preferably
less than or equal to 30 nm Preferably the nano-particles,
in particular the netallic nano-particles, are provided

with a concentration of less than or equal to 100 ng/ 1.

In one enbodi ment of the invention the additive contributes
to the conductivity in the dispersed system Generally, an
additive is chosen to be not harnful to the body but

hel pful for slowdown degradation and/or to avoid hydrogen

gas release and/or accunul ation.

One possible additive for the dispersed system is water
glass which is added to or provided in the dispersed
system Possible exanples for water glass are sodium water
gl ass (Na2Si Gs) and/or potassium water glass. Water gl ass
reduces degradation and is effective in ‘bone

m neralization. Further, water glass ehhances or pronotes
adhesion of the additives and/or the coll oid-dispersed
apatite and/or the apatite powder on the netallic surface.
Furthernore, water glass pronotes bonding between different
m neral s, added electrolytes and/or colloid-dispersed
apatite and/or the apatite powder. The water glass can be
provided in a liquid or as a liquid and therefore in a

di ssol ved state. The vvéter glass can be provided as a
powder or in a solid state as well. Particularly the water
glass is provided in the dispersed systemwith a
concentration of 0.01 g/1 to 400 g/1, preferably 0.01 g/1
up to 200 g/1 and nost preferably 0.01 g/1 to 50 g/1. The
nostly pr.eferred range is between 0.01 g/1 to 15.0 g¢/1.
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As an alternative or as a supplenent at |east one calcium
containing conpound and/or at |east one phosphate
containing conpound is added to or provided in the
di spersed system These conpounds pronote the formation of
apatite on the converted inplant surface and/or the bonding

of apatite to the converted inplant surface.

As a further alternative or supplenent at |east one netal
and/or at |east one netal oxide and/or at |east one netal
hydroxi de and/or at |east one netal phosphate containing
conpound is provided in the dispersed system The conpounds

and/or the constituents of the conpounds are or can be

Aerrbedded in the converted surface and/or deposited onto the

converted surface and/or contribute to the constitution of

apatite.

The netal, the netal of the nmetal oxide, the netal of the
metal hydroxide and/or the nmetal of the netal phosphate
contai ning conmpound is at |east one netal which selected
from a .group consisting of at |east one conponent of a
material of the inplant, sodium potassium mnagnesium

calcium zinc, copper, silver, zirconium alumnum silicon

-and at |east one conponent of the material of the inplant.

Wth respect to the at |east one conponent of the material
of the inplant: |f the inplant netal conprises nmagnesium
the additive is provi ded by magnesium The netal additive
is adapted to the substrate material (representing the

inplant) . A contam nation can be avoi ded.
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It is expected that calcium and cal ci um phosphate conpounds
retard or inhibit degradation, increase bio-conpatibility
and contribute to the formation of an apatite covering.

Typi cal exanples represent calcium dihydrogenphosphate,

di cal ci um phosphate, anorphous cal cium phosphate and/or 8-

TCP (tri-cal ci um phosphat e)

Sone chosen additives, in particular the netal oxides or
oxi des in general, are believed to be a kind of scavenger.
They are suitable to catch the released or evolved hydrogen
gas which originates from degradation of the magnesium
inplant. Accordingly, gas bubble formation in the tissue
can be at |east reduced or avoided. Hydrogen gas evol ution
reduction can be such that the anpunt of hydrogen gas is
resorbed or absorbed by the surrounding tissue. For |

i nstance calcium represents a calcium source for the
formation or bonding of apatite. Silver, zinc and/ or copper

.show an anti bacterial effect

Preferably the added netal oxide and/or the added netal

hydr oxi de and/or the added netal phosphat e contai ni ng
compound is provided in the dispersed systemwth a
concentration of less or equal to 20 g/1 but larger than
zero g/1. It is enphasized that above nentioned additives
are exenplary and not restricted to fhis enuneration. The
above nentioned concentrations relate to the concentrations
in the dispersed system which is ready to be used for the

PEO coati ng.

In a further enbodinent a gas is provided in the dispersed
system The gas is for instance provided by a kind of

bubbling. Particularly the gas is provided such to
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influence the PEO and/or to participate in the PEO The gas
conprises at l|least one type of gas selected from a group
consisting of N,, Ar, Kr and Xe. The nentioned noble gases
are in particular suitable to achi.eve an enhanced

densif ication of the converted |Iayer.

The converted inplant surface is uniformly covered with the
oxide layer. Preferably the converted surface is |
continuously covered with the oxide layer. The thickness of
the oxide layer is adapted to the application of the
inmplant. In general the oxide film has a thickness of 0.1
um to. 100 um, preferably 1 um to 100 pm. A PEO converted
surface according to one enbodinment can be characterized by
an enhanced roughness in conparison to a "sinple" anodic
oxi dation process. Such a surface structure results in an

i mpl ant surface of large specific surface area. For
instance a rough surface is particularly advantageous for
the ingrowh of tissue and a strong fixation of an inplant

in a body.

As already stated in the preceding description the coll oid-

di spersed apatite and/or the apatite powder are applied

~onto the surface of the inplant when oxidizing the inplant

surface. A small fraction of apatite or its constituents
also can be enbedded in the oxide layer. The main fraction
of the apatite is deposited onto the surface of the oxide

| ayer and forns the continuous or non-continuous |ayer.

There exists no sharp interface between the oxide |ayer and
the deposited or bonded apatite particle layer. The apatite

particle concentration in the converted inplant surface
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should be decreasing, preferably continuously decreasing,

with increasing depth.

The apatite covering forns a coral-like structure on the
converted surface. In dependence on the application of the
inplant the apatite covering can be provided as a partially
covering on the converted inplant surface or as a conpl ete
covering on the converted inplant surface. An average

thi ckness of an apatite covering should be in the range of
1 nmto 1000 nm The apatite covering are provided by neans
of mcro-arcs in the PEO process, for instance by

i nplantation and/or deposition and/or aggloneration and/or
Const itution of the apatite powder and preferably also the

col | oi d-di spersed apatite.

In one enbodinent the "apatite covering forns an island-1like
structure on the converted surface wherein the islands have
an average area size of less than 3000 nm The islands are
surrounded by fhe oxide layer. Sone islands also can be
connected to each other. The island-like structure
represents a non-continuous layer or film on the oxide

film Accordingly, the constituents M, MO and the
constituents of an apatite are directly "visible"

respectively detectable on the surface.

The- controlling of the coveriAng anount of the apatite can
be used to adjust or control its "effect". For instance the
free or visible area of the oxide film of the converted
surface can be adjusted. Both the degradation rate
(corresponding to the bio-degradability of the inplant) and

the osteoconduction can be adjusted accordingly.
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One paraneter for the degradation rate represents the
anount of hydrogen gas release or evolution. An inplant
according to the invention, preferably based on W4
magnesium alloy, is characterized by a hydrogen evolution
rate of less than or equal to 1 mi/cm?day-'. It is
enphasi zed that the hydrogen gas evolution represents only

one degradation process.

The degradation rate is determined by Electrochemn cal

| npedance Spectroscopy (EIS) . For exanple, one type of
coated inplant conposed of W-alloy is characterized by a
degradation rate in ternms of corrosion rate of less than or
equal to 100 npy, preferably of less than or equal to 60
npy, nost preferably of less than or equal to 20 nmpy (nils
per year) . The listed degradation rate represents the

initial degradation rate.

The AC voltage or alternating voltage is applied to the

first electrode and/or the second electrode. The AC voltage

is provided with a frequency of O.Ql Hz to 1200 Hz.

In a preferred enbodinent -the AC voltage is provided as an
asymmetric AC voltage. The asynmmetric AC voltage difference
or asymmetric AC voltage represents an unbal anced AC
voltage. This is an alternating voltage wth different
anplitudes to the negative and the positive conponents. It
is enphasized that a pulsed DC voltage can be also
interpreted as the AC voltage. The negative component s
provided with anplitude ranging from -1200 V to -0.1 V.
Preferably, the negative conponent is provided wth
anplitude ranging from -350 V to -0.1 V. In one enbodinent,

the negative conponent is provided with anplitude below -
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180 V or ranging from -350 V to -180 v. The positive
conponent is provided with anplitude ranging from 0.1 V to
4800 v. Preferably, the positive conponent is provided wth
arrplit'ude ranging from 0.1 V to 1400 v. In one enbodinent,
the positive conponent is provided with anplitude above
+250 V or ranging from + 250 V to 1400 v. In particular the
guotient of the positive anplitude divided by the negative
anplitude needs to be adjusted. The absolute value of the

guotient ranges from larger 1 to 4.

I'n another enbodinent the AC voltage is provided as a
symmetric AC voltage. The negative conponent of the AC
\)oltage is provided with anplitude ranging from -2400 V to
-0.1 v. Preferably, the negative conponent is provided with
anplitude ranging from -1200 V to -0.1 V. The positive
conponent of the AC voltage is provided with anplitude
ranging from +0.1 V to +2400 v. Preferably, the positive
component is provided with anplitude ranging from 0.1 V to

1200 V.

A conbination of both an asymetric and a symetric AC
voltage is also possible. Such a voltage distribution is
for instance suitable for a step-by-step-process or a

mul ti-step-process for the fabrication of one coating. In a
first step an asymmetric voltage or a symmetric voltage is
applied to form the coating. In a further or second step,
in particular after an interruption, the formation of the
coating is continued by the application of a symmetric

voltage or an asynmetric voltage respectively.

The voltage difference is provided with a nagnitude which

is sufficient for carrying out PEO It is established an
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electric potential difference under plasma electrolytic
conditions. The voltage is above a breakdown voltage of the
oxide film growing on the surface of thé i mpl ant .

Preferably the maxi mum of the AC voltage difference .is
.provided in the range of 0.1 V to 4800 v. Mst preferably
the maxi num of the AC voltage difference is provided in the
range of 100 V to 1400 v. In dependence on the conductivity
of the dispersed system the applied voltage difference
results to a current density of 0.00001 to 500 A/ dmZ2,
preferably of 0.00001 to 100 A/dm2. Preferably, the applied
voltage or voltage distribution is essentially constant or
unchanged and the current density is adjusted during the

PEO process.

A deposition rate in the range of 0.01 pmis to 1 pmis is
achi eved. Accordingly, wth respect to the advantageous

t hi ckness of the oxide layer and/or the apatite islands a
deposition time in the range of 1 s to 1500 s, preferred 1
s to 500 s, nost preferred 20 s to 350 s, is achievable.

To enable a stable dispersion, the colloid-dispersed system
is provided with a tenperature of -20°C to +150°C, '
preferably -20°C to +100°C, nost preferably between 0°C to
75°C. The coll oi d—di‘spersed system is circulated with a
circulation rate of 0 to 5000 liter/mn, preferably 0.01 to
500 liter/min. This is for instance achieved by a mxer or
m xing nmeans or stirring nmeans. As an optional supplenent
an enul sifying agent or enulsifier is provided in the

di spersed system in particular to avoid or to reduce an
aggl oneration of dispersed particles. A typical volunme of
the colloid-dispersed systemis in the order of 0.001 liter
to 500 liter, preferably 0.1 liter to 500 liter, nost



10

15

20

25

30

WO 2012/007181 PCT/EP2011/003582

23

preferably 3 to 20 liter. .Such volunmes support an inproved

electrical field distribution in the dispersed system

In a preferred emnbodinment, the inplant is subj ected to the
di spersed system 1 to 10 000 tines, preferably repeatedly
subjected 1 to 1000 times to the dispersed system

In general, according to the conponents of the dispersed
system are or can be changed when the inplant is subjected

to the dispersed system.

Moreover, the conponents of the dispersed system are or can
be changed when the inplant is subjected to the dispersed

system

The inplant according to the invention could be used in the
field of traumatol ogy, ort hopaedic, spinal surgery and/or
mexi | |l ofacial surgery. By neans of a preferably surgical
operation the implant is at least partially inserted or
positioned in a human body and/or an ani mal body. The
inmplant could be any kind of inplant, preferably a surgical
i npl ant, which should not be rermvedv in a further surgical
operation. The inplant could act as a preferably bone

substitute as well.

Exenpl ary enbodi nents of such an inplant according to the
invention are plates, screws, nails, pins and/or at |east
partially internal fixation systens, rings, wres, clanps,
bl ocks, cylinders and/or anchor itenms. It is enphasized

that these applications are exenplary and not restricted to

this enuneration.
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-The inplant consists of nmetal or conprises netal. According
to a first embodiment the inplant is provided by a netal or
by a netal alloy. According to a second enbodinent the
implant is provided by a conposite or a conposite naterial
conprising a netal or a et al alloy. Such a conposite or
conposite material contains netal or a nmetal alloy with an

anmount of at least 70 weight %.

The surface converted i npl ants according to the invention
base in a preferred enbodiment on bio-conpatible materials,
preferably being bio-degradable . The nmaterial of a bio-
degradable inplant is magnesium or a magnesiumbased alloy.
The magnesi um based all oy contains at least 50 weight-% of
magnesi um preferably at |east 80 weight-% of nmagnesium
nost preferably at |east 90 weight-% of magnesium An
actually used alloy is the w4 Magnesium alloy (96%

Magnesi um 4% Yttrium . Magnesium alloys were devel oped for
ort hopaedi ¢ applications. They have a Young nodul us very
close to that of natural bone and show excell ent

bi oconpat ibility and bio-resorbability . The magnesi um based
alloy is provided as a nmachined material, pressure cast ed
material and/or die casted material. 1t is expected that

t he present invention is also suitable for further
materials, in particular for netals preferably being non--
bi o- degradable, for instance to enhance bio-conpatibility.
In this enbodinment the inplant conprises at |east one
material selected fromthe group consisting of titanium
titanium alloys, chromium alloys, cobalt alloys and
stainless steel. An alloy conprises at |east 50 weight-% of
the named main elenment. It is enphasized that above
mentioned alloys and/or the fabrication nethods are

exenplary and not restricted to this enuneration.
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The inplant conprises in a preferred enbodinent a netal,

at least one material selected from the group consisting of
titanium titanium alloys, chromum alloys, cobalt alloys
and stainless steel, having a treated surface wherein the
treated surface is at least partially converted to an oxide
film by plasma electrolytic oxidation using a dispersed
system conprising a colloid-dispersed apatite and an
apatite powder and wherein the converted surface is
partially covered by apat ite originating at least from the

coll oi d-di spersed apatite and the apatite powder.

Ib n particular the inplant according to the invention is
produci ble, preferably is produced, wth the nethod
according to the invention. The inplant conprises a surface
conposed of an oxide film which is part.i ally or conpletely

covered with an apatite covering.

The invention is explained subsequently in nore detail on
the basis of preferred enbodinents and with reference to
the appended figures. The features of the different

enbodi nents are able to be conbined with one another.
Identical reference nunerals in the figures ‘denote

identical or simlar parts.

Brief description of the draw ngs

It is shown in

Fig. la schematically an apparatus for the fabrication of

a coating according to the invention,
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Fig. 1Ib schematically a first enbodinent of an asymetric
AC vol tage distribution,

Fig Ic schematically a second enbodinent of a synmetric
AC voltage distribution, .

Fig. Id schematically a third enbodiment of an asymetric
AC voltage distribution conmbined with a symetric
AC voltage distribution and

Fig. 1e shows a-STEM imge of nanoHA,

Fig. 2a to 5b show results of a HA-MgO coating according to
the invention which is applied onto a srew which

is based on a magnesium all oy.
In detail, it is shown in

Figures 2a to 2c: images of the HA coating according to the
i nvention wusing comon photography (a) , SEM in
t opography contrast node (b) and a schenmatic

cross sectional view of the converted surface

()

Figures 3a-b: an SEM image of the HA coating wthout nano-
HA in chemical contrast node (a) , an EDX spectra
of the bright region indicated by the tip of the

arrow (b) ,

‘Figures 4a-b: an SEM i mage of the HA coating with nano-HA
in chemcal contrast node (a) , an EDX spectra of
the bright region indicated by the tip of the

arrow (b) ,
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Figures b5a-b: the experinental results of imersion tests
(a) and of electrochem cal i npedance spectroscopy
(by for an uncoated sanple, a sanple coated wth

nano-HA and sanple coated w thout nano-HA.
Subsequently, preferred but exenplary enbodinents of the

invention are described in nore detail wth regard to the

figures .

Detailed description of the invention

Fi gure 1 illustrates an apparatus for the fabrication of a
coating according to the invention. The subsequent detailed
description is directed to an inplant. For instance for the
coating of bio-degradable surgical inplants the present

i nnovative technique based on Plasma electrolytic oxidation
(PEO) has been devel oped. PEO is an el ectrocheni cal surface
treatnment process for generating oxide coatings on netals.
As a pulsed alternating current, wth a high voltage, i s
passed through the dispersed system 4 or the electrolyte

bath 4, a controlled plasm discharge is fornmed and sparks

~are generated on the substrate surface. This plasm

di scharge converts the surface of the netal into an oxi de
coating. The coating is in fact a chenmical conversion of
the substrate and grows both inwards and outwards from the
original netal surface. Because it is a conversion coating,
rather than a deposited coating (such as a coating forned

by plasma spraying) , it has excellent adhesion to the

substrate netal.
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The dispersed system 4 is provided in a bath 5. An inplant
20 as a first electrode 1 is provided in the dispersed
system 4. In the illustrated enbodinment the inplant 20 is
conpletely immersed in the liquid 4 respectively the

di spersed system 4. A second el ect.rode 2 is provided as a
cup also imrersed or provided in the coll oid-dispersed
system 4. The second electrode 2 surrounds the first

el ectrode 1.

The tenperature of the dispersed system 4 is maintained or
controlled by a heat exchanger 6 and/or a punping system 7
and/or neans for mxing s. A‘circul ation and/or mxing of
the di spersed system 4 are achieved by the nmeans for mxing
8. The neans for mxing 8 are for instance provided by an
acoustic hydrodynam c generator. As a possible and shown
suppl enment a gas supply 9, for instance for air, can be

al so provided to the neans for mxing 8. The circulation of
the liquid can avoid or reduce an aggloneration of

di spersed particles an'd/or can induce separation of

aggl onerated particles contained in the dispersed system 4.

In.a further non-shown enbodinent the second electrode 2 is
provided by the bath 5 or the container 5 itself. Thié is
for instance suitable for a container 5 which is provided
by a conductive material. 1In such an enbodinent the bath 5
and the second electrode 2 are pr.ovi ded as one-piece. In a
preferred enbodinent the first electrode 1 is approximtely
positioned in the center of the second electrode 2 in order
to achieve an essentially uniform electrical field

di stribution.
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The AC voltage is provided by the power supply 10 (see
figure la) . The application of an asymretric pulsed AC
vol t age résults in a dense coating. The positive part of
the pulse enables the grow ng of tvhe converted surface. At
the beginning of the oxide |ayer growing process the
converted surface is characterized by a dense structure.
Wth increasing oxide layer coating thickness the coating
is getting nore and nore porous. The particles of the
coating are getting nore and nore |oosen. These |oosen
particles are renmoved in the negative part of the pul se.
Accordingly, the negative part of the pulse is a so-called
etching part. An asymetric AC voltage is a voltage wth
different anplitudes to the positive and negative
conmponents. In particular the quotient of the positive
anplitude divided by the negative anplitude needs to be
adj usted. The absol uté value of the quotient ranges from >
1 to 4. For illustration purposes figure Ib schematically
shows an asymretric AC voltage distribution for anplitudes
Ul of +200 V and -50V. These voltages are for instance
applied to the inplant 20 as the first electrode 1 (see
figure la) . I'n this enbodinment the voltage of the second
electrode 2 is for instance on ground potential. The shape
is illustrated as being approximately rectangul ar-s-haped.
The shape can also be, in particular partially, a kind of a

sinus or a sinus.

For some applications also a symetric AC voltage
distribution is suitable. One exenplary application is the
obtaining of a coating with a very high surface roughness
for inproved inplant-bone bonding. For illustration
purposes figure 1c schematically shows a symetric "AC

voltage distribution for anplitudes Ul of -200 V and +200V.
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Figure 1d shows a conbination of both an asymetric and a
symetric AC vol tage. The shown voltages correspond to t he
voltages shown in figures Ib and Ic. Only the period of the
symmetric voltage is exenplary reduced. Such a voltage
distribution is for instance suitable for a nulti-step-
process for the fabrication of one coating. In a first step
an asymretric voltage is applied to form a coating having a
quite dense structure. In a second step, in particular —
after a break, the formation of the coating is continued by

a symmetric voltage to obtain a surface having an enhanced

surface roughness.

Figure le shows a STEM image of colloid-dispersed apatite
for the enmbodi nent of HA This colloid-dispersed apatite is
al so naned as nanoHA. The shown nanoHA represents one
enbodi nent for using in the present invention. As can be
seen, the nanoHA has an elongated structure. The shown
nanoHA is partially in an agglonerated state and partially
in a non-agglonerated state. The size distribution of the
nanoHA essentially depends on tine. The nanoHA is present
as non-aggl onerated particles 30, as agglonerated particles
or clusters of small size 31 and as agglonerated particles
or clusters of larger size 32. The average |length of non-
aggl onerated nanoHA is ranging up to 100 nm The present

aggl onerated and the non-agglonerated nanoHA represents raw

mat eri al

The figures. 2a to 5b show experinental results of a HA-MO
coating according to the invention. Coating experinents
were performed on die casted WA magnesium interference

screws (8.2 x 25 mm. Pressure casted and nachined discs
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(18 mMm thickness 3 m) of the same material were used for
el ectrochem cal i npedance spectroscopy (see figure 5b) and

for the imersion tests (see figure 5a)

First, figure 2a shows an inmage of the HA coating according
to the invention wusing comon photography. As an exanple a
screw having a coating according to the invention is shown.
The coating surface topography was investigated by stereo
scanning -electron mcroscopy (SEM) in topography contrast
node (figures 2b: topographical characterization according
to 1SOTS 10993-19:2006). The images show a uniform and

honbgeneous coating of the surface with HA

For illustration purposes figure 2c scherratically shows a
converted surface in a cross sectional view The converted
surface is continuously covered with the oxide layer and in
this exanple only partially covered with HA In this
exanple the oxide film is characterized by hills and/or

pl ateaus and/or craters separated by grooves and/or
channels and/or ridges. However, the oxide film can be also
flat. Particles of the dispersed system are also conpletely
or partially included or enbedded in the HA coating.
Preferably the HA coating is fornmed by or built as a coral -
like structure. As one exanple water glass and/or its
constituents are included or enbedded. On top of the oxide
layer in this exanple a kind of apatite islands are

devel oped fornming a non-continuous |ayer of apatites. The

islands can be forned on the plateaus and in the grooves.

Figures 3a to 4b show the results of a physico-chenical
characterization (according to ISOTS 10993-19:2006). In

these figures the colloid-dispersed apatite is called as
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nanoHA. I n detail figures 3a-b show an SEM i mge of the HA
coating in chemical contrast node without or only a |ow
anount of nano-HA (3a) and an EDX spectrum of the bright
region indicated by the tip of the_ arrow (3b). Figures 4a-b
show corresponding figures for the HA coating according to

the invention with nano-HA.

The SEM inamge in chemical contrast node clearly shows that
there is no apatite or only a |low anobunt of apatite or at

| east no detectable apatite on the surface of the sanple
which was treated in a dispersed system wth ah HA powder
only but wthout nanoHA (see figure 3a) . The applied
concentrations in the conposition correspond to the
concentrations as nentioned below for the coating according
to the invention (see figures 4a and 4b) but without
nanoHA. It is a net-like structure. The corresponding EDX
spectrum confirns that there seens to be no or only few
anounts of the elenents calcium and phosphor, which are the
mai n constituent elenments of an apatite, on the PEO forned
oxide film of the converted surface. The oxide filmis

presented by the elenents nmagnesium and oxygen.

This is in strong contrast to figures 4a and 4b showi ng the
results for a coating according to the invention. The SEM
image in chemcal contrast node clearly shows the presence
of a covering on the oxide film of the converted surface.
This covering is provided by a coral-like structure or

| ayer (see figure 4a) . This covering can be also described
as a kind of solidified foam It is assuned that this
coral-like structure is built or formed by HA or represents
a partial or conplete HA covering. The coral-like structure

is related to HA crystals bonded together on the coating
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surface. The corresponding EDX spectrum confirms this
assunption (see figure 4b) . The elenents calcium and
phosphor being the main constituent elements of an apatite
are present on the PEO- f or ned oxide film of the converted
surface. Also the elenent silicon being one constituent of
water glass is present in the spectrum A@cordingly, Ca- P-
Si containing particles are found. The oxide filmis
presented by the elenents nmagnesium and oxygen. Generally,
the apatite or the coral-like structure owns an essenfially
el ongated structure, for instance a cylindrical-like or
rod-1i ke structure. The presence of nanoHA in the dispersed
system seens to be necessary for the formation of HA on the
Converted surface and/or for the deposition of HA onto the
converted surface and/or the bonding of HA to the converted

surface .

The applied concentration of the HA powder is 1.4 g/1.‘The
applied concentration of the nanoHA is 1.6 g/1. Colloid-

di spersed apatite particles with a particle size of about
15 nm to 60 nm and an apatite powder with a size
distribution of 10 pym to 100 pm are very suitable.
Additionally, the used dispersed system contains a

concentration of 1.1 g/1 water gl ass.

The purpose of an apatite-coating is the adaptation and/or
the retardation of degradation, in particular the initial
degradation. The initial degradation represents the
occurring bio-degradation of a bio-degradable inplant

i medi ately or directly after inplantation.

To illustrate the benefits of the present invention figures

5a and 5b show the experinental results of imrersion tests
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(a)y and of electrochem cal i npedance spectroscopy (b) . Al so
in these figures the colloid-dispersed apatite are called
as nanoHA. The results are shown for an uncoated magnesi um
W4 sanple, a magnesium W4 sanple coated w thout nano-HA and
a magnesium WA sanple having a coating according to the
invention in which the coating is formed or established

both by the nanoHA and by the HA powder.

Figure 5a shows the entire acquired hydrogen volume which
was evolved from the sanple respectively produced in the
sanpl e-sol ution-interaction as a function of the inmersion
time. The hydrogen gas evolution measurenent of nmagnesium
is performed according to DIN 38 414. As expected the
uncoated sanple shows the highest hydrogen gas evol ution
because - the magnesium is conpletely exposed to the test

sol uti on.

The degradation of the sanple which is coated without the
nanoHA is already reduced in conparison to the uncoated
sanmple. This enhanced degradation resistance essentially
origins fromthe PEOforned oxide layer acting as a
protection |ayer. The protecting oxide I.ayer is gradually
degraded by the test solution. Accordingly, the degradation

increases with increasing imersion tine.

The inventors surprisingly discovered that the degradation
resi stance can be trenmendously enhanced by the conbination
of nanoHA and HA powder in the dispersed system During the
nmeasured tinme spectrum essentially no hydrogen gas was
evolved or formed respectively detected. This result proves
the efficacy of the conbination of nanoHA and HA powder in

the dispersed system It is expected that the constituted
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apatite covering or layer and the oxide coating wll be
gradual |y degraded in the end by the test solution also.
After a particular tinme interval the sanple or an inplant
inserted in a body will start to degrade as wanted.

Accordi ngly, in a larger tine scale this will result to an
appearing and raising hydrogen gas evolution wth
increasing tinme. By controlling the apatite cover anount
and/or the thickness of the oxide film and/or the porosity
of the apatite coating and/or the porosity of the. oxide

| ayer the degradation characteristics of a bio-degradable

i npl ant based on magnesium can be adapted to the desired or
required behavior, for instance the inplant stability as a

function of tine.

Figure 5b shows the results of Electrochem cal | npedance
Spectroscopy (EIS) mneasurenents (according to ASTM G 106) .
In EIS a corroding netal could be nodelized as an

el ectrochen cal system consisting of a double-Iayer
capacitance (C,i), a solution resistance and a charge
transfer resistance (generally assimlated wth the

pol arization resistance, R,). Such a system can be studied
by using an AC signal that can provide nore infornation
than a DC polarization. Thus, applying a 5 mV sinusoidal
potential through a potentiostatic <circuit, the potential-
current response plots provide the inpedance values. The
i npedance diagrans are recorded at the initial noment of
time (¢t = 0 h) inmediately after the stabilization of the

steady-state potential (about 5°'to 20 mn after inmmersion).

The Nyquist plots of the magnesium alloy at an open circuit
exhibit two capacitive I|oops, one for high and internediate

frequencies and the other, the snaller one, for |ow
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frequencies. The first capacitive I‘ oop is attributed to t he
charge-transfer process. Thus, for the frequencies higher
than 1 Hz, a resistor R, and a capacitor Gy in parallei can
nodel the electrode/electrolyte interface. In some cases
the second snmll capacitive loop is generally attributed to
the mass transfer in the solid phase, which consists of the

oxi de/ hydroxi de | ayers.

The behavior of uncoated W4 in solutions imtating body's
environnments  (0.9% Nad | solution stabilized with NaCOH) was
studied by el ectrochemni cal i npedance spectroscopy (EIS)

The purpose of this experinent was to conpare- the different
Corrposition in terns of degradation rate. The coating
duration was the sanme for all conpositions: 150 sec. During
the experimental procedure 0.9% NaCl solution at body
tenperatures as well as an external pH control were used.
The paraneters were adjusted as follow tenperature of the
solution - 36.5-38.5 ~°c, pH - 7.35-7.45, flow rate of the

solution between the reactor (500 ml) and the

el ectrochemi cal cell (500m) - 100 m/min, speed of
circulation of the solution inside of the electrochem cal
cell - 300 mM/mn. Measurenents were taken using a
potentiostat PARSTAT 2263 device (EGG Princeton Applied
Research) linked to a PC. Actually, the inpedance diagrans
were recorded exenplary at the initial time (t = 0 h). The

degradation rate at each tine point can be deduced from the

i npedance di agram

Figure 5b shows the degradation rate in terns of corrosion
rate for the initial time and therefore the initial
degradation rate. The degradation rates of the two with

apatite coated sanples are all inferior to the degradation
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rate of the uncoated sanple .. Consequently the two forned
coatings have a beneficial effect on the My-screws

degradation .

However, the coated sanple in which the coating was formed
by both nanoHA and the HA powder shows a clearly reduced
degradation rate both with respect to the uncoated sanpl e
and the coated sanple w thout using nanoHA. The degradation
rate, in particular the initial degradation rate is less

than or equal to 20 mpy (mls per year) .

The invention also covers a mét hod for treating. a surface
of a metallic inplant conprising the follow ng steps
providing a dispersed system conprising a coll oid-dispersed
apatite and adding an apatite powder to the dispersed
system subjecting an inplant to the dispersed system such
that a surface of the inplant which is to be treated is
imrersed in the dispersed system preferably wherein the

i npl ant conprises at |east one material selected from the
group consisting of titanium titanium alloys, chromum
alloys, cobalt alloys- and stainless steel, applying an AC
vol t age diff“ere'nce between the inplant as a first electrode
and a second electrode positioned in the dispersed system
for generating a plasma electrolytic oxidation on the

i mrersed surface of the inplant so that the inmrersed
surface is converted to an oxide film which is at |east
partially covered by apatites fornmed at |east by the

coll oi d-di spersed apatite and the apatite powder.

The invention discloses also nethod for treating a surface
of a nmetallic magnesium based inplant conprising the

following steps providing a dispersed system conprising a
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col | oi d-di spersed apatite and/or colloidispersed calcium
contai ni ng phosphate salts and/or waterglass adding an
apatite powder to the dispersed system and/or adding at
| east one cal cium containing conpound and/or at |east one
phosphate containing corrpbund to the dispersed system
subjecting an inplant to the dispersed system such that a
surface of -the implant which is to be treated is inmersed
in the dispersed system preferably wherein the inplant
conprises a magnesium based alloy applying an AC voltage
difference between the inplant as a first electrode and a
second electrode positioned in the dispersed system for
generating a plasma electrolytic oxidation on the immersed
surface of the inplant so that the imersed surface is
converted to an oxide filmwhich is at |east partially
covered by apatites formed at |least by the coll oid-

di spersed apatite and the apatite powder.

Moreover, in a further preferred enbodinent the inplant is
subjected to the dispersed system 1 to 10 000 tines,
preferably repeatedly subjected 1 to 1000 tinmes to the

above described dispersed system

The conponents of the dispersed system could be kept
constant in the course of the above detailled treatment or
are changed in a further enbodinent when the inplant is

subjected to the dispersed system

In addition or alternatively, the concentration of the
conmponents of the above disclosed dispersed systemis
changed when the inplant is subjected to the dispersed

system
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Summari zing, it was shown that an HA-MyO coating according
to the invention shows inproved properties in terns of
reduced hydrogen gas evolution, in particular reduced
initial hydrogen gas evolution, and degradation resistance.

The invention al sb di scl oses ani nmpl ant conprising a netal,
at least one nmaterial selected fromthe group consisting of
titanium titanium alloys, chromum alloys, cobalt alloys
and stainless steel, having a treated surface wherein the
treated surface is at least partially converted to an oxide
filmby plasnma electrolytic oxidation using a dispersed
system conprising a colloid-dispersed apatite and

an apatite powder and wherein the converted surface is
partially covered by apatite originating at least from the

coll oid-dispersed apatite and the apatite powder.

1t will be understood that the invention may be enbodied in
other specific forns without departing fromthe spirit or
central characteristics thereof. The present exanples and_
enbodi nents, therefore, are to be considered in all

respects as illustrative and not restrictive, and the
invention is not to be limted to the details given herein.
Accordingly, features of the above described specific
enbodi ments can be conbined with one another. Further,
features described in the summary of the invention can be
conbined with one another. Furthernore, features of the
above described specific enbodinents and features described

in the summary of the invention can be conbined with one

anot her .
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What is clained is:

1. A method for treating a surface of a netallic inplant
conprising the follow ng steps:
- providing a dispersed system conprising a colloid-
di spersed apatite and
- adding an apatite powder to the dispersed system
- subjecting an inplant to the dispersed system such.
that a surface of the inplant which is to be treated is
imrersed in the dispersed system preferably wherein the
i npl aht conpri ses a nmagnesi um based all oy,
- appl ying an AC voltage difference between the inplant
as a first electrode and a second electrode positioned in
the dispersed system for generating a plasma electrolytic
oxidation on the imrersed surface of the inplant

so that the immersed surface is converted to an oxide
filmwhich is at least partially covered by apatites forned
at least by the colloid-dispersed apatite and the apatite

powder .

2. A nethod for treating a surface of a netallic inplant
corrpri-si ng the follow ng steps:

- providing a dispersed system conprising a colloid-

di spersed apatite and

- adding an apatite powder to the dispersed system

- subjecting an inplant to the dispersed system such
that a surface of the inplant which is to be treated is
imrersed in the dispersed system preferably wherein the
i npl ant conprises at |east one material selected fromthe

group consisting of titanium titanium alloys, chrom um
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all oys, cobalt alloys and stainless steel,
- appl ying an AC voltage difference between the inplant
as a first electrode and a second electrode positioned in
the dispersed system for generating a plasma electrolytic
oxidation on the inmersed surface of the inplant

so that the immersed surface is converted to an oxide
filmwhich is at least partially covered by apatites forned

at least by the colloid-dispersed apatite and the apatite

powder .

3. A nethod for treating a surface of a netallic
magnesi um based inplant conprising the follow ng steps:

- providing a dispersed system conprising a coll oid-

di spersed apatite and/or colloidispersed calcium containing

phosphate salts and/.or wat er gl ass
- adding an apatite powder to the dispersed system
- and/or adding at least one calcium containing "
conmpound and/or at |east one phosphate containing conmpound
to the dispersed system
- subjecting an inplant to the dispersed system such
that a surface of the inplant which is to be treated is
imersed in the dispersed system preferably wherein the
i mpl ant conprises a magnesi um based all oy
- appl ying an AC voltage difference between the inplant
as a first electrode and a second el ectrode positioned in
the dispersed system for generating a plasma electrolytic
oxi dation on the imrersed surface of the inplant

so that the imersed surface is converted to an oxide
filmwhich is at least partially covered by apatites forned
at least by the colloid-dispersed apatite and the apatite

powder .
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4. The nmethod according to one of the preceding clains,
wherein the inplant is subjected to the dispersed system 1
to 10 000 tinmes, preferably repeatedly subjected 1 to 1000

times to the dispersed system

5. The nmethod according to one of the preceding clains,
wherein the conmponents of the dispersed system are changed

when the inplant is subjected to the dispersed system

6. The method according to one of the preceding clains,
wherein the -concentration of the conponents of the ’
di spersed system is changed when the inplant is subjected

to the di spersed system

7. The nmethod according to the preceding claim wherein
the colloid-dispersed apatite is provided in the dispersed

system with a higher concentration than the apatite powder.

8. The method according to any of the preceding clains,
wherein the apatite powder is provided in the dispersed
system with a concentration of 0.01 ng/1 to 200 g/1.

9. The nmethod according to any of the preceding clains,
wherein the colloid-dispersed apatite is provided in the
di spersed system with a concentration of 0.01 ng/l1 to 300

o/ 1.

10. The method according to any of the preceding clains,
wherein the colloid-dispersed apatite is provided by neans

of precipitation.
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11. The net hod according to any of the preceding clains,
wherein the apatite powder is provided by drying, in
particular by spray-drying, precipitated coll oid-dispersed

apatite .

12. The nethod according to any of the preceding clains,
wherein the apatite powder is provided by drying and by
mlling and/or by pulverizing precipitated colloid-

di spersed apatite.

13. The method according to any of the preceding clains,
wherein the colloid-dispersed apatite and/or the apatite
powder conprises hydroxyl-apat ite and/or substituted

hydr oxyl -apat ite.

14. The method according to any of the preceding clains,

wherein water glass is added to the dispersed system

15. The nethod according to the preceding claim wherein
the water glass is provided in the dispersed systemwith a

concentration of 0.01 g/1 to 400 g¢g/1.

16. The nmethod according to any of the preceding clainms,
wherein at |east one calcium containing conpound and/or at
| east one phosphate containing conpound is added to the

di spersed system

17. The nethod according to any of the preceding clains,
wherein at least one netal and/or at |east -one netal oxide
and/or at |east one metal hydroxide and/or at |east one
nmetal phosphate containing conpound i s added to the

di spersed system
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18. The method accor di ng to the preceding claim wherein
the metal, the netal of the netal oxide, the nmetal of the
metal hydroxide and/or the netal of the netal phosphate

containing conmpound is at least one netal selected from a
group consisting of sodium potassium nmagnesium cal cium
zinc, copper, silver, zirconium alumnum silicon and at

| east one constituent of a material of the inplant.

19. The method according to any of ‘the precedi ng clains,
wherein the netal is provi ded in the dispersed syét em wth
a concentration of less or equal to 100 ng/1 and/or the
net al 6xi de and/or the metal hydroxide and/or the netal
phosphate containing conmpound is provided in the dispersed

system with a concentration of less or equal to 20 g/1.

20.  An inplant, producible, preferably produced, with the

nmet hod according to any of the preceding clains.

21.  An inplant conprising a netal, a magnesi um based
alloy, having a treated surface wherein

- the treated surface is at least partially converted to
an oxide film by plasma electrolytic oxidation using a

di spersed system conprising a colloid-dispersed apatite and
an apatite powder and wherein

- the converted surface is pérti ally covered by apatite '

originating at least from the colloid-dispersed apatite and

the apatite powder.

22.  An inplant conprising a netal, ~at least one nmaterial
selected from the group consisting of titanium titanium

alloys, chromium alloys, cobalt alloys and stainless steel,
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having a treated surface wherein

- the treated surface is at least partially converted to
an oxide film by plasnma electrolytic oxidati on usi ng a

di spersed system conprising a colloid-dispersed apatite and
an apatite powder and wherein '

- the converted surface is partially covered by apat ite

originating at least from the colloid-dispersed apatite and

the apatite powder.

23, The inplant according to the preceding claim wherein

the colloid-dispersed apatite and/or the apatite powder
conpri ses hydroxyl-apatite and/or substituted hydroxyl-

apatite .

24, The inplant according to any of the preceding clains,
wherein at least one netal and/or at |east one netal oxide
and/or at |east one -met al hydroxide and/or at |east one
netal phosphate containing conpound is at |east partially
deposited onto the converted surface and/or enbedded in

converted surface.

25. The inplant according to the preceding claim wherein
the netal, the netal of the metal oxide, the netal of the
nmetal hydroxide and/or the metal of the metal phosphate
containing conmpound is at | east one netal selected from a-
group consisting of sodium potassium magnesium cal cium
zinc, copper, silver, zirconium alumnum silicon and at

| east one constituent of a material of the inplant.

26. The inplant according to any of the preceding clains

characterized by a controlled degradation.
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27. The inpl ant accordi ng to any of the preceding cl ai s
characterized by a hydrogen gas evolution rate of less than
or equal to 1 ml / crn‘zday "} and/or a degr adati on rate of

less than or equal to 100 npy.
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