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(57) Abstract: A metallic biomedical article, preferably an orthopaedic implant, instrument or tool, for use in contact with internal
human body tissue, having a first silver containing metalnitride coating thereon, and process for making the same, is provided.
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Title: Coated Articles

Technical Field

The invention relates to metallic biomedical articles for use in contact with internal

human or animal body tissue, particularly prosthetic implants, instruments and tools.

Background

Metal articles are often used in contact with internal human or animal body tissue for
a wide range of uses. However care must be taken, particularly if such articles are
implanted into the human or animal body, that they are long-lasting, non-corrosive

and do not leach metal ions into the body.

Orthopaedic implants (such as a replacement hip) conventionally employ a metal-on-
polymer arrangement, but suffer from the disadvantage of wear-induced osteolysis
associated with polyethylene debris, even with improved modern polyethylenes.
Metal-on-metal prostheses offer an alternative without these disadvantages,
potentially providing greatly increased dislocation resistance and a longer service life,
opening up the technique for the young active category. However, because of the
stresses encountered in orthopaedic implants, particularly in articulating orthopaedic

implants, it would be beneficial to use coatings to reduce wear.

Additionally, the use of metal-on-metal orthopaedic implants can result in undesirable
wear debris, at levels such that they are detectable in blood. For example,
cobalt/chromium has been shown to provide a ten-fold increase in these potentially
carcinogenic metal ions in the blood of a patient, compared to normal healthy

subjects.

A coating for an articulating orthopaedic implant, must satisfy a number of additional

demanding requirements, e.g. it must be hard, have low surface friction and also be
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tough enough to withstand potentially high impact forces over a long period of time.
Coatings which are not tough enough (i.c. too brittle) or hard wearing enough may
have a short service life or may even become detached, which could be catastrophic.

It would be additionally advantageous if such coatings had anti-microbial properties.

It is becoming generally accepted that silver in ionic form has antimicrobial
properties. Also very fine particles of silver e.g. nano-particles, have a surface area to
volume ratio such that they can readily oxidise to form the ionic compound silver
oxide which provides an antimicrobial effect. However, larger silver structures tend
to be ineffective antimicrobials. It is therefore not simply a matter of using silver as a
coating in order to provide an antimicrobial effect. In any case, silver is too soft for
use as a coating in applications where a significant amount of stress is encountered,

e.g. in articulating orthopaedic implants.

US 6,361,567 discloses a process of forming an anti-microbial coating on a surface of
a medical implant, which involves incorporating silver into a diamond-like carbon
coating. However, whilst diamond-like carbon is very hard and has a low friction, it
is often a brittle material. It is therefore not ideal for use as a coating especially in

articulated prosthetic implants.

Summary of Invention

The present invention relates to a metallic biomedical article for use in contact with
internal human or animal body tissue, having a first silver-containing metal nitride

coating thereon.

It has been found, that such silver metal nitride coatings are hard, have low friction
coefficient and are tough enough (i.e. not too brittle) to be used in a wide range of

biomedical applications and also provide an anti-microbial effect.

The coated articles of the present invention are particularly suitable for use as

implants, instruments and tools for the internal human or animal body, especially
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orthopaedic implants (e.g. prosthetic hips, knees, shoulders, ankles, spinal prostheses

or parts thereof and the instruments and tools utilised e.g. during implant surgery).

The coated articles are especially suitable for use as articulating orthopaedic implants
(e.g. prosthetic hips or parts thereof). As the coatings of the present invention are
wear resistant, minimise metal ion leaching and are self-lubricating, they overcome
the drawbacks of metal-on-metal articulating prosthetic implants. They therefore
enable a significant improvement in joint replacement operations, extending service

life and reducing post-operative complications.

The silver metal nitride coatings of the articles of the present invention are believed to
derive some of their attractive properties from the fact that silver has been found to be
insoluble in metal nitride materials. It is believed that the silver forms nanoparticles
and that the structure of the coating is columnar in nature. It is believed that the anti-
microbial properties of the articles according to the invention arise because silver
exists in small, often nano-particle form on the surface of the coated article.
Furthermore it is believed that as the silver particles are worn or dissolved away from
the surface, the antimicrobial capability is renewed by silver particles migrating to the

surface of the coated article.

The natural action of the movement of a hip under load will inevitably produce some
wear debris, albeit at a much lower rate than for an uncoated metal-on-metal hip. It is
envisaged that, in addition to the antimicrobial effect resulting from the coating itself,
this wear debris will also have an important antimicrobial effect. It is known and
reported that antimicrobial efficacy of silver particles is influenced by both the size
and shape. Therefore the size and shape of silver particles present in the wear debris

will have a significant effect on the antimicrobial action.

It is also believed that the concentration of silver in the coating will affect the
nano/microstructure of the coating: At low Ag concentrations the silver will exist as
nanoparticles between columns of nitride which grow approximately perpendicular to

the substrate surface. At higher Ag concentrations the silver encloses nitride grains as
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they grow, producing a nanocrystalline nitride with continuous Ag in the grain

boundaries.

Therefore it is to be expected that the nano/microstructure of the coating will control
not only the concentration of Ag in the wear debris but also have a strong bearing on
the size and shape of silver particles in the wear debris and hence on the

antimicrobial effectiveness.

The metallic articles may be made from a wide range of materials, for example
titanium and its alloys, zirconium and its alloys, cobalt/chromium based alloys or

stainless steel.

Preferred metal nitride coatings are of the form (A, By C,)Q — Ag, where Q is selected
from N, CN, BN, CBN, NO, CNO, BNO, CBNO and A, B and C are independently
selected from Ti, Al, Cr, Ta, Y, W, Pt, Au, Cu, Si, Nb and B and where 0.25 <x+y +
z < 4.0. Preferably Q is selected from N, CN, BN, NO and A, B and C are
independently selected from Ti, Cr, Si and Al. More preferably Q is selected from N,
CN, NO and A, B and C are independently selected from Ti and Cr. Currently most
preferred is CryN — Ag and CryNO — Ag.

It has been found that the presence of silver in the coating reduces its hardness, and
can provide a seclf-lubricating surface. Therefore, the quantity of silver can be
selected in order to tailor the mechanical properties of the coating and levels in the
range of from 0.1 to 99 at %, from 0.5 to 35 at %, or even from 1.0 to 25 at % have

been found to provide a good balance of properties.

The coatings of the present invention may be formed onto the metallic articles by a
wide range of techniques known to the person skilled in the art. Deposition of the
coating using a physical vapour deposition (PVD) and/or a chemical vapour
deposition (CVD) method particularly favoured. Electron beam plasma-assisted PVD
is currently the most preferred process. Suitable PVD processes include electron-

beam evaporation, magnetron sputtering and arc evaporation.
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Thus, in another aspect, the present invention relates to a method of coating a metallic
biomedical article for use in contact with internal human or animal body tissue, by

depositing a silver-containing metal nitride on its surface.

The metallic articles of the present invention may desirably have more than one
coating on their surface. In particular, it has been found to be particularly
advantageous to have two silver containing metal nitride coatings having different
quantities of silver, particularly where the outermost coating contains a higher
quantity of silver than the coating underneath. Such an arrangement provides a strong
anti-microbial effect at the surface and provides good self-lubrication and self-
conforming properties, which are particularly advantageous during the initial phase

following the implant of an articulating orthopaedic implant.

It is also possible for the coating to be a gradient coating with the silver or other
clemental content that is incremented or decreased toward the surface, bringing about
a progressive change in the layer composition, for instance by a continuous or
stepwise adjustment. For example, a coating where the silver content increases

towards the coating surface may be particularly advantageous.

The thickness of the coating or coatings can very widely according to the application,
but is typically within the range of from 1.0 to 100 micrometres, preferably from 2.0

to 50 micrometres, more preferably from 5.0 to 20 micrometres.

Other layers and coatings may be present, for example an inner layer to improve
corrosion resistance and hence reduce metal ion leaching, which may be pure metal

nitride, e.g. chromium nitride, or pure metal, e.g. chromium.

The invention will now be illustrated by way of example, with reference to the

accompanying drawings, in which:

Figure 1 is a chart showing the average areas of the zones of inhibition produced by

CrN-Ag coating in direct contact with three different micro-organisms:
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Staphylococcus aurcus (MRSA), Staphylococcus aureus, and Staphylococcus

epidermis.

Figure 2 is a chart which shows the wear rate, k, and the coefficient of friction for

CrN-Ag coatings.

Figure 3 is a chart showing the Knoop surface micro-hardness at a 50 gm load for

CrN-Ag coatings.

Experimental Procedure

Experiments are carried out according to the following procedure.

20 and 30 mm diameter mirror polished and hardened AISI M2 steel test discs are
used as the articles to be coated. The articles are first ultrasonically cleaned in
alkaline solution and then placed in a Tecvac IP90 twin electron beam deposition

chamber. The coating deposition cycle consists of five sequential steps:

1) Pump and heating with radiant heaters

2) Sputter cleaning in any diode inert (preferably argon) glow discharge

3) Plasma heating in any inert (preferably argon) glow discharge assisted by
thermionic source to heat the workpiece (articles) up to the processing
temperature

4) Silver metal-nitride deposition

5) Cooling in any inert gas, nitrogen or mixture of inert gas and nitrogen without

any glow discharge assistance.

Pump and heating

With the radiant heaters switched on the chamber is pumped down to pressures lower

than 5 x 10~ Pa with the temperature of the articles is to be greater than 280 °C.
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Sputter cleaning

Articles to be treated are subjected to a sputter clean step using any inert gas
(preferably argon) discharge in diode configuration for 5-15 minutes (preferably 5
minutes). A D.C. power supply is used to negatively bias the article, although R.F. or
microwave power supplies may be used. The chamber is back filled to an argon
pressure of 1.0 — 5.0 Pa (typically 2.0 Pa) and the bias voltage ranges from -600 V to -
2000 V (typically -1000 V).

Plasma heating

Inert gas (typically argon) pressure is set between 0.1 — 1.0 Pa (preferably 0.3 Pa).
Workpiece bias during plasma heating is to be set to between -600 V to -2000 V
(typically -1000 V). A negatively biased tungsten filament is utilised as a third
electrode to emit electrons into the glow discharge. A high current, low voltage power
supply is used to heat the filament so that electrons are thermionically emitted into the
glow discharge. The filament is also negatively biased using a D.C. high current, low
voltage power supply so that the electrons leave the filament with appreciable energy
to enhance ionisation levels in the discharge. The filament heater current may vary
from 40 A to 150 A depending on level of ionisation required. The filament bias may
vary between -50 V to -200 V (typically -100 V). Radiant heaters are optionally
utilised to help achieve the treatment temperature, usually between 280 °C and 500 °C
typically 350 °C.

Silver metal-nitride deposition

Inert gas (typically argon) pressure is set to between 0.1 — 1.0 Pa (typically 0.3 Pa).
Workpiece bias during deposition is reduced to between -25 to -100 V. The negatively
biased filament is continued to be utilised during the deposition process. Its heater
current may vary from 40 A to 150 A depending on the level of ionisation required.

The filament bias remains the same as that selected for the plasma heating stage.



10

15

20

25

30

WO 2009/095705 PCT/GB2009/050037

Silver metal nitrides are grown using silver, another metal or combination of metals
and other non metallic elements, for example titanium, chromium, silicon, aluminium
and combinations thereof and reactive gas, nitrogen or any combination of nitrogen
plus reactive gases (e.g. CN, BN, CBN, NO, CNO, BNO or CBNO). The preferred
metal is chromium although any combination of metals and non metallic elements can

be used.

Silver metal-nitride thin films are grown using electron beam plasma assisted physical
vapour deposition. The film is made up of a number of layers. Firstly a metallic, e.g.
titanium or chromium (typically chromium) bond layer is deposited onto the article by
means of electron beam evaporation. To further enhance the adhesion of the bond
layer, the crucibles in which the source materials are held are positively biased
between + 25 to + 100 V. The rate of deposition of the bond layer is controlled by
optical emission spectroscopy. A chosen wavelength is monitored and a defined
count level is maintained. The deposition time for this bond layer may vary from 3 to

15 minutes, typically 5 minutes.

The next layer is the first metal-nitride layer; reactive gas nitrogen or combination of
nitrogen plus other reactive gases is admitted into the chamber at a flow rate from 10
to 200 ml/min (typically 60 ml/min). As the addition of reactive gas(es) will increase
the chamber pressure, the new pressure is controlled by the level of metal evaporated
by the electron beam gun and is maintained at a chosen value. The deposition time for

this layer can vary from 5 to 100 minutes.

The next layer involves the grading-in of silver to a chosen metal to silver ratio. The
amount of silver deposited is controlled by electron beam evaporation; to get to the
chosen metal-to-silver ratio, the current of the electron beam is gradually altered. The
metal-to-silver ratio is monitored by optical emission spectroscopy. Each metal has a
different selected wavelength, so the ratio is calculated by dividing the number of
counts at each particular metals seclected wavelength by the number of counts at
silver’s selected wavelength. The deposition time for this grading can vary from 1 to
10 minutes, typically 5 minutes. Whilst grading the silver to the chosen ratio, the

chamber pressure is maintained at the chosen value by altering the levels of metal
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evaporation. The next layer is the final top layer and is a silver metal-nitride layer. It
is deposited using the chamber pressure and metal-to-silver ratio chosen in the
grading layer stage. The deposition time for this layer can vary from 5 to 1200

minutes, preferably 120 minutes.

The ratio of metal to silver can be altered throughout the deposition of the final layer.
This is achieved by repeating the grading layer process. The ratio can be changed an

indefinite number of times throughout the deposition of the layer.

Cooling

After coating deposition, a backfill gas (any inert gas, nitrogen or mixture of inert gas
and nitrogen) is admitted into the chamber up to a pressure 10° Pa. When the article
temperature is below 200 °C, backfill gas is further admitted into the chamber until

atmospheric pressure is reached.

Example 1: CrN-Ag deposition: effect of metal to silver ratio

CrN-Ag was deposited on AISI M2 steel test discs at 9 different relative OES peak
height chromium to silver ratios (2.0, 1.75, 1.5, 1.25, 1.0, 0.75, 0.5, 0.25, 0.1). Pure
CrN and pure silver coating were also deposited for comparison. Mirror polished and
hardened AISI M2 steel test discs were ultrasonically cleaned in an alkaline solution
and placed within the Tecvac IP90 deposition chamber. After an ultimate pressure
lower than 5.0 x 10° Pa and a workpicce temperature greater than 330 °C were
reached, the chamber was backfilled with argon to a pressure of 2.0 Pa to carry out the
sputter cleaning step. The test discs were biased at —1000 V and sputter cleaned for
5 minutes. Plasma heating was performed for 5 minutes at a chamber pressure of 0.3
Pa with the workpiece bias remaining the same. The tungsten filament was biased at -

100 V and the filament heater current was increased to 55 A.

The next stage was deposition of the silver metal-nitride film. This is broken down
into a number of steps: Firstly the workpiece biased was dropped to -50 V, the

filament heater current was increased to 71 A and the crucible bias was set to 50 V.
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The chromium slug was heated with the electron beam until it started to sublime. The
optical emission spectrometer registered the chromium within the plasma and a
numerical value for the number of chromium counts is displayed with its software.
The electron beam current was increased to increase the rate of sublimation and
therefore raise the amount of chromium within the plasma; the level of chromium was
set at a fixed OES count of approximately 8000 and held for 5 minutes to ensure the
deposition of a suitably thick metallic bond layer. After 5 minutes of chromium
deposition the chamber was backfilled with nitrogen at a flow rate of 60 ml/min. The
chamber pressure increased as the nitrogen was introduced. After 10 minutes of CrN
deposition, the silver slug was heated by a second electron beam and slowly graded in
over 5 minutes to the required chromium (metal) to silver ratio. The ratio and total
pressure were maintained for the remainder of the coating cycle. Finally, treated discs
were cooled as described above. This process was repeated for all the chosen ratios,

resulting in 11 sets of test discs (including pure CrN and pure silver).

The effect of silver concentrations on the antimicrobial behaviour of the silver metal-
nitride coating is shown in figure 1. This figure displays the results of zone of
inhibition: direct contact testing using 3 different micro-organisms, Staphylococcus
aureus (MRSA), Staphylococcus aurcus and Staphylococcus epidermis. The values on
the chart are the average zones of inhibition measured once the test pieces had been
evaluated, it can be clearly seen that both pure CrN and pure silver have no
antimicrobial effects. The effect of adding silver to the metal-nitride results in some
antimicrobial behaviour for most of the concentrations on at least one of the micro-

organisms.

The effect of silver concentrations on the wear and friction behaviour of silver metal-
nitrides is shown in figure 2. The figure shows that as the atomic percent of silver
increases the wear coefficient; k reduces by at least 1 order of magnitude to a
minimum at 7.29 at. % silver. As the atomic percentage of silver increases further the
wear coefficient increases and then drops at level over 34.38 at. % silver. Pure silver
shows a wear rate lower than that of pure CrN but is slightly higher than that of CrN-
Ag with 7.29, 34.38 and 35.93 at. % silver. These results show that adding silver to

metal-nitrides reduces the wear coefficient by up to 1 order of magnitude which
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would suggest that as the coating wears the silver acts as a solid lubricant resulting in
a self-lubricating surface. The coefficient of friction also increases as the levels of
silver increase to a maximum at 3.28 at. % silver, as the level of silver increases

further the friction coefficient drops.

Adding silver to chromium-nitride results in the reduction of surface hardness, this is
illustrated in figure 3. This figure shows the effect on surface microhardness as the
atomic percentage of silver increases. It shows that at silver levels below 10 at. % the
coating remains relatively hard compared to pure CrN. However, as the level of silver
increases beyond 10 at. % the surface hardness drops to levels close to the bulk

hardness of the substrate.
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Claims

12

A metallic biomedical article for use in contact with internal human or animal

body tissue, having a first silver-containing metal nitride coating thereon.

A metallic biomedical article according to claim 1, wherein the metal nitride
coating 1s of the form (A« By C;) Q — Ag, where Q is selected from N, CN,
BN, CBN, NO, CNO, BNO, CBNO and wherein A, B and C are
independently selected from Ti, Al, Cr, Ta, Y, W, Pt Au, Cu, Si, Nb and B,

and wherein 0.25 <x +y +z <4.0.

A metallic biomedical article according to claim 1 or claim 2, which comprises
titanium, titanium alloys, zirconium, zirconium alloys, cobalt/chromium based

alloys, stainless steel or mixtures thereof.

A metallic biomedical article according to any one of the preceding claims,

which is an implant, instrument or tool.

A metallic biomedical article according to claim 4, which is an orthopaedic

implant.

A metallic biomedical article according to claim 5, where the implant is an

articulating orthopaedic implant.

A metallic biomedical article according to any one of the preceding claims,
wherein the silver-containing metal nitride coating has been deposited by a

PVD and/or CVD method.

A metallic biomedical article according to any one of the preceding claims,
wherein the silver-containing metal nitride coating comprises from 0.1 to 99

wt % silver.
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13

A metallic biomedical article according to claim 8, wherein the silver-

containing metal nitride coating comprises from 0.5 to 35 wt % silver.

A metallic biomedical article according to claim 9, wherein the silver-

containing metal nitride coating comprises from 1 to 25 wt % silver.

A metallic biomedical article according to any one of the preceding claims

which has a second coating thercon.

A metallic biomedical article according to claim 11, wherein the second
coating is a second silver-containing metal nitride coating on the outer surface
of the component, and contains a greater amount of silver than the first silver-

containing metal nitride coating.

A metallic biomedical article according to any one of claims 1 to 11, wherein
the first coating is a gradient coating with the silver content incremented or

decreased towards the surface.

A method of coating a metallic biomedical article for use in contact with
internal human or animal body tissue, by depositing a silver-containing metal

nitride coating on its surface.

A method according to claim 14, wherein the silver-containing metal nitride

coating is deposited by a PVD and/or CVD method.
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