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(57) Abrégée/Abstract:

The Invention relates to a method for producing an anti-infective coating on implants that contain titanium or are composed of
titanium. The aim of the Iinvention Is to provide a coating method with which it is possible, for implants made of titanium or that
contain titanium, to combine the optimization of the mechanical properties achieved with the anodic oxidation type Il with the
optimization of the anti-infective properties. According to the invention, the implants are anodically oxidized in an alkaline solution,
then metal having anti-infective properties Is electrodeposited on said surface, and afterwards the oxide layer containing metal Is

solidified.
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(57) Abstract: The mvention relates to a method for producing an anti-infective coating on implants that contain titanium or are
composed of titanium. The aim of the mvention 1s to provide a coating method with which 1t 1s possible, for implants made of tita-
nium or that contain titanium, to combine the optimization of the mechanical properties achieved with the anodic oxidation type II
with the optimization of the anti-infective properties. According to the mvention, the implants are anodically oxidized in an alkali-
ne solution, then metal having anti-infective properties 1s electrodeposited on said surface, and afterwards the oxide layer contai-

ning metal 1s solidified.

(57) Zusammenfassung: Die Erfindung betrifft ein Vertahren zur Herstellung emer antiinfektiosen Beschichtung auf Implantaten,
die Titan enthalten oder aus Titan bestehen. Es liegt die Aufgabe zugrunde, ein Beschichtungsvertahren autzuzeigen, mit dem es

moglich

[Fortsetzung auf der ndachsten Seite/
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Veroftentlicht:

—  mit internationalem Recherchenbericht (Artikel 21 Absatz

3)

1st, fiir Implantate aus Titan oder die Titan enthalten die mit der anodischen Oxidation Typ Il erreichte Optimierung der mechani-
schen Figenschaften mit der der antiintektiosen Eigenschaften zu veremen. Erfindungsgemall werden die Implantate i einer alka-
lischen Losung anodisch oxidiert, anschlielend aut dieser Obertlache Metall, das antiintektiose Eigenschaften autweist, galva-

nisch abgeschieden und danach wird die metallhaltige Oxidschicht vertestigt.
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Method for producing an anti-infective coating on implants

Description
[0001] The invention relates to a method for producing an anti-infective coating on

implants, that contain titanium or are composed of titanium.

State of the art

[0002] From DE 10243132 B4 is known to provide implants made of titanium or
titanium alloys with a titanium oxide coating, in which metal ions such as silver and
copper are homogeneously distributed, by using a sol-gel method. For the
mechanical stabilization and densification of said coating a heat treatment is applied
after drying. By means of heating to about 500 °C a ceramization of the coating takes
place. For the implants the heat treatment has the disadvantage that it results in a
loss of strength. Therefore, it is not suitable for implants which must have high fatigue
strength.

[0003] It is known that an anodic oxidation type |l of titanium results in a greater
hardness and higher fatigue strength. In DE 20020649 U1 this coating is also
described as an anti-infective coating because of its smooth surface, besides silver
and copper. However, it is not possible to produce a sufficiently adherent coating of

silver or copper on an anodic oxidation type Il coating.

Disclosure of the invention

[0004] The invention is based on the object to provide a coating method by means of

which it is possible for implants made of titanium or which contain titanium to
combine the optimization of the mechanical properties achieved by the anodic
oxidation type Il with the optimization of the anti-infective properties.

[0005] This object is solved in that the implants are oxidized anodically in an alkaline
solution, then metal having anti-infective properties is electrodeposited on the

surface, and afterwards the metal-containing oxide layer is solidified.
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[0006] In the anodic oxidation a conversion layer cantaining oxygen and optionally
other atoms, and a porous titanium oxide layer having a sufficient conductivity, which
is electrically conductive in the pores, such that metal can be electrodeposited in it,
can be formed. By blasting, e.g. with glass beads, the metal-containing oxide layer is
solidified, and more weakly bound oxide and metal particles are removed or more
intensely connected with each other and with the surface of the imptant.

[0007] There is provided a method for the combined moditication of implants
containing titanium or consisting of titanium, wherein in the first step a porous oxide
layer is formed by anodic spark discharge in strongly alkaline electrolytes, in the
second step the galvanic charge of metal into the porous layer takes place, and in a
third step the metal-enriched oxide layer is solidified by blasting and can be more or
less eliminated by removing more weakly bound oxide or metal particles or by
connecting said particles more intensely with each other and the implant.

The electrolyte for the anodic oxidation may comprise sodium hydroxide and/or sodium silicate

[0008] The elution of the metal starting under physiological conditions may be
adjusted in regard to its concentration by variation of the mean metal coating of the
implant surface, so that an antimicrobial or rather antibacterial action without any
substantial damage to the cells of the surrounding body tissue is achieved. In
particular copper, silver and zinc are suitable as metals. In the case of the metal
copper there can be additionally expected an improved blood flow of the newly
formed body tissue due to the catalytic etfect on the angiOgenesis. The thickness of
the metal-containing layer is advantageously 8 — 15 um, preterably 10 ym.

[0009] Solidifying the metal-containing oxide layer is advantageously carried out by
blasting with glass beads.

Briet Description of the Figures
0010} Figure 1 Partially copper-coated TiAlV-surtace
(0011} Figure 2 Development of cell number of staphylococcus aureus ATCC

25923 after culture on a partially copper-coated TiAlV-surface
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Carrying out the invention
[0012] In the following the invention is explained in more detail by way of an example..

[0013] Example 1: Coating

[0014] TiAlBV4-samples are coated with a porous oxide layer according to the
principle of anodic spark discharge in a strongly alkaline electrolyte. For that, 50 g
NaOH are dissolved in 500 mi of distilled water. In the solution heated to 40 °C, the
anodic spark oxidation of the titanium sarhple is conducted by slowly increasing the
voltage to 40 volt. Then, copper from a saturated copper acetate solution is added
into the porous oxide layer by means of cathode deposition. The resulting copper-
enriched oxide layer is partially removed by glass bead blasting, and the copper
contained in it is almost completely incorporated in an island-like manner into the

sample surface (Figure 1).
[0015] Example 2: Description of the antibacterial mechanism

[0016] For testing the antibacterial action investigations were performed on clinically
relevant bacterial strain staphylococcus aureus ATCC25923. For that, TIAIV-cylinders
with a diameter of 8 mm and a length of 20 mm were coated with copper according to
Example 1, and outsourced at 37 °C for various times in 6 ml of a PBS buffer solution
which had been vaccinated with 150 ul of bacterial suspension. Thereafter, the
concentration of the living bacteria on the cylinders and in the solution was
determined by plating on agar culture media and by outsourcing (48 h) at 30 “C.
Even after only 4 hours no living bacteria were found on the cylinders and after 24

hours only very few living bacteria were found in the butfer solution (Figure 2).
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CLAIMS

1, A method for producing an anti-infective coating on an implant comprised of titanium, the
method comprising the steps of

anodically oxidizing a surface of the implant in an electrolyte comprising an alkaline
solution to form a porous titanium oxide layer on the implant surface, wherein the pores of the
titanium oxide layer have an electrical conductivity sufficient for electro-deposition of an anti-

infective metal in the pores;

electro-depositing in the pores a metal having anti-infective properties to form a titanium

oxide layer containing the anti-infective metal; and

blasting the anti-infective metal-containing titanium oxide layer to form a solidified anti-

infective metal-containing titanium oxide layer.

2. The method according to claim 1, wherein the electrolyte for said anodic oxidation comprises
sodium hydroxide.
3. The method according to claim 1, wherein the electrolyte for said anodic oxidation

comprises sodium silicate.

4. The method according to claim 1, wherein the electrolyte for said anodic oxidation comprises

sodium hydroxide and sodium silicate.

S. The method according to any one of claims 1 to 4, wherein the metal is selected from the

group consisting of copper, silver, zinc and mixtures thereof.

6. The method according to any one of claims 1 to 5, wherein the anti-infective
metal-containing titanium oxide layer has a thickness of from 8 to 15 ym.

7. The method according to any one of claims 1 to 6, wherein the blasting step comprises

blasting the anti-infective metal-containing titanium oxide layer with glass beads.

8. A coated implant comprising a substrate and an anti-infective coating on a surface of the
substrate, the substrate comprising titanium, and the anti-infective coating comprising a porous
titanium oxide layer formed by anodic oxidation of the substrate surface, and an anti-infective metal
electro-deposited in the pores of the titanium oxide layer, wherein the titanium oxide layer containing

the anti-infective metal is solidified by blasting.

9. The coated implant of claim 8, wherein the anti-infective metal is selected from the group

consisting of copper, silver, zinc and mixtures thereof.
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