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Orthopaedlc

ABSTRACT

1mplants of 21rcon1um or

21rcon1um-based alloy coated w1th blue~black zzrconlum

ox1de or zzrconlum nltride to prOV1de low frlctlon, o

' h1ghly wear resistant coatlngs espe01ally useful in

'artlflclal jOIHtS, such as hlp Joints; knee jolnts; -

elbows, etc. The

coated p:ostheees

provide a barrier

ionisation of the

1nvent10n-zlrcon1um oxlde or-nltrmde‘f

;are also useful 1n that the coatlngs\d':
hagainst 1mplant corrosmon caused by

.metal prosthesis.' Such protection L

.[can be extended by the use of ox1dlsed or nltrlded

_porous coatlngs of 21rcon1um or z1rcon1um alloy beads o

or W1re mesh 1nto Wthh bone splcules may grow 50 that

'h the prosthesxs may be 1ntegrated 1nto the llVlng

:skeleton.d  



CA 02021814 2001-07-25

ZIRCONIUM ALLOY-BASED PROSTHESIS WITH ZIRCONIUM OXIDE OR
ZIRCONIUM NITRIDE COATING

This invention relates to prosthetic devices -
more particularly, in one aspect to metallic
implants which have load bearing surfaces .such as those
required for orthopaedic implants. Portions of such
prostheses bear against surfaces which are subject to
high rates of wear, for example the femoral head of a
hip-stem prosthesis which engages a counter-bearing
surface in an acetabular cup which is often made of a
softer material such as ultra-high molecular weight

polyethylene.

In another aspect, the invention also relates to
the non-load bearing surfaces of such orthopaedic
implants where a barrier is required between the
metallic prosthesis and body tissue thereby preventing

the release of metal ions and corrosion of the implant.

Orthopaedic implant materials must combine high
strength and corrosion resistance with tissue
compatibility. The longevity of the implant is of
prime importance especially if the recipient is
relatively young because it is desirable that the
implant should function for the complete lifetime of a

patient. Certain metal alloys have the required



2021814

mechanical strength and biocompatibility and thus are
ideal for use in the fabrication of prostheses. 316L
stainless steel, chrome-cobaltmmolybdenum alloys and
more recently titanium alloys have proven to be the
most suitable materials for the fabrication of

load—bearing prostheses.

One of the variables affecting the longevity of
load-beariag implants such as hip-joint implants is the
rate of wear of the articulating sdrfaces and;longeterm*
effects of metal ion release. A typlcal hip- J01nt. ‘
prosthesis 1ncludes a stem, a femoral head and an
acetabular cup against which the femoral head:
articulates. Wear of elther or both of the '
articulating surfaces results 1n an 1ncrea91ng level of
wear particulates and "play" between the femoral head
and the cup against Wthh 1t artlculates.' Wear debrls,
can contrlbute to adverse tlssue reactlon leadlng to

bone resorption, and ultlmately the JOlnt must be

replaced.

The rate of wear of the adetubular cup and thee'
femoral head'surfaces isdependent-upon.a number of
factors whieh inélude'the relative hardhess and surface
finish of the materials'which constitute the femoral

‘head and the acetabular cup, the frictional CQeffiCient
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between the materials of the cup and head, the load
applied and the stresses generated at the articulating
surfaces. The most common material combinations
currently used in the fabrication of hip—joint’implaﬁts
include femoral heads of cobalt or titanium alloys
articulating against acetabular cups lined with organic
polymer or composites of such polymers including, for
instance, ultra-high molecular weight polyethylene
(UHMWPE), and femoral heads of polished alumine in
combination with acetabular cups lined with an orgnaic

polymer or composite or made of polished alumina.

Of the factors which influence the rate of wear
of conventional hipejoiot impiants, the‘most
significant_are.patient_weightsand"actiVity le?el..
Additionally; heat which;isgenerated byfriction in
the normal use of'the'implant.es, for instance; in
walking has been shownzto ceuse acoelerated.creep end
wear of the'polyethylene cUps"iForthermore, there is'a.'-
correlation between the frictional.mOment.which ‘
transfers torque loading to the cup and the friotional
coefficient between the femoraI headand the-surface-of
the aoetabular”cup against‘which the head articulates.
Cup torque has been essOciated'with cup loosening. .
Thus, in general,'the higher‘the level of torque
generated, the_greater the prooensity fot cup

loosening. Ceramic bearing surfaces have been shown to
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produce significantly lower levels of frictional

torque.

It 1s also noteworthy'that two of the three
commonly used hip-joint systems as indicated above
include a metallic'femoral head_articulatihg against a
UHMW?E liner inside the.acetabular cup. UHMWPE, being
a polymeric material,,is'more susceptable to creep when
heated than-the commonly\usedmetal alloys or oeramics
and 1s consequentiy more susceptable to‘wear-thah the

alloys or ceramics.

It has also been found that metal prostheses are
not completely 1nert 1n the body | Theechemrcal
1nteract10n between the metals and the body flulds.may'
have an unde51rable effectlon both the 1mplant materlal
‘and the blologlcal host env1roment ' The metal slowly ."
~ corrodes and corr031on products 1n the form of metal
ions may be released into the body ' The rate of these"
processes are usally 1ow enoudh not to compromlse the
performance of the prosthetic devmce, due to the
presence of a pa351ve; ox1de or oxy hydroxlde, layer‘oni
the metal surface.. However, when mechan1cal breakdown
of passivity-may occur'by the partial or total removal
of this protective layer'during articulation against,;
for instance, UHMWPE, the oorrosion processes'may:be'

significantly accelerated and the resultant ihcreaSe in_'



“~

the metal ion release may be quite considerable.

Furthermore, the presence of third-body wear (cement or
bone debris) accelerates this process and micro fretted
metal particles can increase friction. Consequently,
the UHMWPE llner inside the acetabular cup, agalnst
which the femoral head artlculates, is subjected to

accelerated levels of creep, wear and torque,

In US Patent No 4145764 it has-been-recognised'
that whlle metal prostheses have excellent mechanlcal
strength they tend to corrode 1n the body by
ionization. The afflnlty between ceramics and bone -
tissue was also recognlsed but 1t was'noted that
ceramlc prostheses-are weak-on lmpact-resistance

It was therefore proposed plasma spray a metal

prosthe51s wzth a bondlng agent Wthh is thereafter

the 1ngrowth of bone splcules-lnto-the pores.? This =
combinatiOn; it was sald would prOV1de both the

mechanical strength of metals and the blocompatlblllty

of ceramics. N

us Patent 4145764 d1d not address the 1ssue of
friction or wear of orthopedlc 1mplant bearlng surfaces
but confined 1tself'to the-51ngle_1ssue of the

biocompatibility of metal prostheses. Nor did it

covered wrth a porous cermalc coatlng Wthh would allowph'"
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address the issue of dimensional changes that occur
when applying a coating or the effect of these
dimensional changes in the tightness of f£it between the

surfaces of an articulating joint prosthesis.

In addition; the application of ceramic coatings
to metal subStrates often'results'in non—uniform,
poorly-bonded coatihgs which tend to crack due to the
differences in thermal expansion:between the ceraﬁic:'
.and the underlying metal substrate. .Furthermore, suchn
coatings are relatively thick (50-300 microns)jand ."
since the bond betweea the metalfand'the ceramic
coating is ofteh'weakthereis.always the :isk.of

galling or separation of theicerémic coating, f

Uus Patent 3677795 1s dlrected to the appllcatlon |
aof a carblde coatlng over a metalllc prosthetlc deV1ce |
Thls method of formzng the carblde coatlng reQulree e.

' that the prosthesms be heated to temperatures of at .
least about 1350°C in a react1on;chamber.through:whlche'
a hydrocarbon gas such as-ptopane or.butane.fieﬁs..The |
‘method is said t0produce,apresthetics devicejwhieh
has."excelleht compatibility.with-body tiseue and is
non—thombogenic." However, the isaues of friction,
heating, creep and'wearof erthopedic implant bearing :
surfaces, or chahges;induced in the mechahiCal'

properties of the underlYing metal due to this:high;-.‘
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temperature treatment are not addressed.

US Patent 3643658 is directed to titanium
implants coated with titanium oxide, nitride,'carbide
or carbonitride to prevent eorrosion and abrasion of
the implant. .These coatings are also said to proteCt
the titanium implant from'ffetting'wear. The'coatings
vary in thickness from 0.08 microns to about 0.15
microns. 'DespitetheSe‘teachings titaninm’exide
ceatings'are'not as well attached, are not as'dense'and
adherent and are not effectlve as protectlve coatlngs

to prevent metal ion release 1nto the body Tltanlum"

NS

oxide forms naturally on tltanlum and tltanium alloy 1n"

amblent condltlons. ThlS OX1de fllm is thin ( 5 7 nm)

to a p01nt where it 1s transparent to the naked eye and,

is similar to the protectlve pa551ve oxlde layers

'_formed prlmarlly from the chromlum content in cobalt" |

allys and stalnless steels. Fornatlon of these types
of natural pa881ve oxide layers under amblent
condltlons or nltrlc a01d pa551vation condltlons
'(usually used for metal orthopaedlc 1mplants).can )
easily abrade off from motlon and centact agalnst
surroundlng material, - even soft polymerlc materlals
Under these condltlons, metal ions are released 1nt0
the-enV1ronment, For the case of tltanlum and tltanlum
alloys,amerphous tltanlumemonoxlde'(Tlo) forms~at rodm

temperature.with small qnantities of T&éos. The oxide
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1s easily disturbed in a saline environment resulting
in repassivation of an intermediate oxide 3T1,0;-4T1i0,.

Formation of the higher oxide, TiO, (anatase) and Ti,O

occur at higher oxidation temperatures. However, under

fretting conditions (with adjacent bone,-bearing
against polyethylene and particularly against metal as
in the case for bone screws in bone plates, etc.) all
forms of normal passivated,_and'even high-temperature
(350°C) surface anodized titanium oxidefilms provide'
little, i1f any, proteCtion from spalling of theoxide
and subsequent frettlng of the metal substrate.
Relatively thlcker coatings u51ng hlgh current den31ty
anodizing aslo prov1de llttle ant1 frettlng protectlon
due to the poor adherent of the loose powdery fllms..
In general, tltanlum oxlde fllms are 1neffect1ve

against frettlng condltlons because of thelr poor

strength and attachment,_.

A.totally 1nert, abra51on re51stant monollthic

ceramic may be ideal for ellmlnatlng frettlng and metal"'

ion release. For example,_z1rcon1um d10x1de (Zro?) and

alumina (Al 03) have been shown to be hlghly 1nert
blocompatlble 1mp1ant materzals These ceramlcs have
been in use recently as monollthlnc alumina or
21rcon1um d10x1de femoral heads in total hip
replacements. Both.materlals are hard, dense;

biooompatible and sUffieiently'strong. Importantly, 
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when polished, the ceramic bearing'surface,
articulating against ultra high molecular weight
polyethylene (UHMWPE), not only significantly reduces
the frictional moment against the UHMWPE cup but also
greatly reduces the rate of wear of the UHMWPE. During
articulation, no metal ions or micro-size fretting ‘
particulates from the ceramic are produced. Thus,
these ceramics are advantageous over cobalt, stainless
steel, and titanium alldy bearing surfaces.

Micron-size metal fretting debris which occurs from

metal bearing surfaces is osteolytic (can'kill.bone__

cells). However,.monolithic ceramics are difficult and

costly to manufacturé,.can Cfack (fragment) under
extreme impact, and.have'a reiativelyhigh eléétic
modulus. Thus, the use of'such.éeramic materia1s in
monolithic form is not practiCal in~femora100mponents.

for total knee prostheses.

Currehtly used cobalt alloy;knee femdral
components have beenused.successfﬁlly for,many_years;'
However, measurable levels of potentiélly toxic metal'
ions and osteolytic miCron fretting debris can be .
generated. Further, the.frictional torgque against
UHMWPE tibial'bearing"surfaces and the wear rate of the
UHMWPE surface is'leSS'thah optimal. A ceramic femoral
knee prosthesis would,bé expected to reduce wear'andi

torque due to lower friction and would Virtﬁally
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eliminate metal ion release. However, a monolithic
ceramic femoral knee component would be costly,
difficult to manufacture because of the complex shape,
and would still be highly susceptible to impact
fracture due to the thin cross-section. The high
modulus ceramic would alSo limit load transfer to the
underlying bone. Such loading-is impérative for '
maintaining viable, supporti?e bone in nonwcemented
implants. Additionally, a monolithic ceramic knee
femoral component would be diffiCult to manufacture
with a porous coating for zone ingrowth. :Becausé‘
limited bOne ingrOwth.is observed with existing.pOrous
metal coatings, a.thin'beramic.coating on a pérdué
metal surface is expécted to éfferanimprqvement. To
improve load transfer-thé lowef.modulustitahium
alloys, protected from abrasion:using ionfimplantatibn'
techniques,jhave beeh triéd asknee-fémdral'cbmponentS.
However,'such'coatingsére.extrémely.thin (aboﬁt'O,S.
micron) and exhibit only an.teméorary'iﬁpro#eﬁent‘in
metal ionirelease over titaniumalloyfretting'againstﬁ
UHMWPE. Moreover, ionmimpléntation ddes-nét elimihaté
production of micron siZe'ffettihg'débris from the
surface particularly in'thé présencé of third body
debris, such as bone cement'particulates, ahd’does not

improve wear of the UHMWPE.

Particulates of metal fretted from metal bearing
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surfaces can retard growth of bone cells. Polyethylene
wear debris produces a severe inflammatory response and
a proliferation of giant cells and enzyme response
which can lead to loosening and eventual revision of
the implant. Thus, the optimum knee or hip joint
femoral component 1s one in which an inert, low
friction, low wear (of the UHMWPE) ceramic bearing
surface is present, but without the fractute

susceptibility and stiffﬁess of monolithic ceremic.

Zirconium and zirconium alloys offer the
additional advantage over existing.cobalt,.stainless
steel and titenium alloys in that the elastic'modulus
is lower (about 90G Pa)'and cen-thuSm0ré effectively

transfer load to adjacent_bone, 

There exists a need'fOr a'metal.alloy-baSed
orthopedic implant haV1ng low frlctlon, hlghly wear

resistant load bearlng surfaces Wh1Ch may be 1mplanted

for the leetlme of the re01plent There also.exlsts‘a.

need for a metal alloy-based orthOpediceimplant that is
not prone to corrosion by the action of body fluids so
that it is biocompatible and stable over the lifetime

of the recipient.

In accordance with the present invention there is

provided a prosthesis having a prosthesis body
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comprising zirconium or a zirconium alloy, the body
having a surface region comprising an oxide or:nitride
of zirconium, wherein the oxygen or nitrogen
concentration in the surface region decreases from a
maximum at its outer surface to a minimum at the inner

part of the region.

The zirconium oxide or nitride coating provides
the invention prosthesis with a thin, dense,'low
friction, wear resistant, biocompatible surface idealy
suited for use on articulating surfaces.of joint
prostheses wherein a surface or surfaces of the joint
articulates, translates or rotatés against mating joint
surfaces. The zirconium oxidé or nitride coating may 
therefore be usefully employed on the fémoral heads or
inside (metal_shell) surfaces'of-acetabular cups of
hip-joint implants on the'articulating SUrfaces of
other typés of prostheses,_suCh’aS‘femoral and tibial

(miniscal bearing) surfacés'of knee joints.
According to an aspect of the invention there is
provided a prosthesis for implantation in a patient,

comprising:

a) a prothesis body formed of zirconium or

zirconium alloy, at least a portion of which is adapted

to penetrate and engage body tissues, and

O3

e

B
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b) a thin coating compfising blue—black.or black
zirconium oxide or zirconium nitride directiy on at
least the portion df the prosthesis body adapted to
penetrate and engage body tissues for preventing metal

-

ion release from the coated portion of the prosthesis

body.

In accordance with another aspéct of the
invention there is provided?a'prosthesis for

implantation in a patient, comprising:

a) a prosthesis body formed of zirconium or
zirconium alloy includihg_an implant portionfor
penetrating and engéging bodyftissues,of théfpatient;.

b) a:bearing surface 6nthe'prostheSisbody, the'
bearing surface being sized-énd-shapéd toengége a _1
bearing surface on anothet'prosthesis-pdrtioﬁ} andi

c) a thin Cpating of Zircqnium oxide.direétly'on
at least‘the bearing,surféce of the prosthesis body‘fdr
making the bearing'surface-inért; morewéar.resistaht

and of a lower COefficient'of}friction;
According to a further aspect of the invention
there is also provided a prosthesis for implantation in

a patient, comprising:

a) a prothesis bbdy'formed of zirconium or

0
b

20



CA 02021814 2001-07-25

zirconium alloy including an implant portion for

penetrating and engaging body tissues, of the patient;

b) a bearing surface on the prosthesis body, the
bearing surface being sized and shaped to engage a

bearing surface on another prosthesis portion; and

c) a thin coating of zirconium nitride directly
on at least the bearing surface of the prosthesis body
for making the bearing surface inert, more wear

resistant and of a lower coefficient of friction.

In a preferred aspect, the body portion further
comprises an irregular surface structure adapted to

accommodate tissue ingrowth on the portion of the

prosthesis body adapted to penetrate and engage

body tissue.

By the term "coating" it is meant the covering of

material over the prosthesis body. The materials per

of the body at the region of the surface with an oxygen
or nitrogen donor or with the elements themselves.
Although these materials at the surface region may be
in the form of discrete or homogenous layers or films

the term "coating"” also encompasses diffuse coverings.
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For example, the material at the outer surface of the
surface region may comprise stoichiometric zirconium
oxide. However, the oxygen concentration decreases
with increasing depth from the outer surface. The
hardness of the oxygen alloy below the zirconium oxide

surface 1is approximately equal to that of the oxide
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itself and gradually diminishes towards the interior of

the prosthesis body as the level of oxygen decreases.

Similar effects may be produced under nitriding
conditions although the corresponding nitriding

reactions are-thermodynamically far less favourable.

When a zirconium oxide or nitride-coated joint
surface is employed in a manner wherein it articulates_
or rotates againSt a non-metallicor'non—zirconiun o
oxide or nitride—coatedsurface,_therlow.friction
characteristic of the cOatingcauses-reducedcfriction,
wear, and heat generation'in cOmpariSOn”to?that of ‘
prior art.prosthesee;. ThlS reduced heat generatlon.[,

- results in a lowered tendency for the non—metalllc or
non-21rcon1um oxzde.or nztrlde coatlng bearing surfacef.
to experience creep.and torque eo that the useful llfe-'
~of the opposmng surface is enhanced Thus;'forh. }T' 
1nstance, where the zlrconlum'oxxde or nltride coated t~!:
femoral head of a hip jOlnt 1mplant artlculatee agalnet..
an OPPosing ultra—hlgh molecular: welght polyethylene.it
' (UHMWPE ) surface liner of an acetabular ‘cup, frlctlon ' 
and wear is reduced so that the uhmwpe is subjected to‘
lower levels or torque;.wear and heat generatlon._
Consequently the UHMWPE'experlences lowered levele of
creep and cup loosenlng'ls reduced resultlng in an

enhancement-of.the_llfe of thefllner and the
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prosthesis.

The zirConium oxide or nitride coating of the
subject invention is also useful in providing a
biocompatible, inert ceramic barrier between the
zirconium—centaining metal or alloy?besed'prothesis end
body fluids. Thus,_since the zirconium oxide or
nitride surface'is not pfoee to dissolution and wear
induced corrosion, beth,the lifespan'and the

biocompatibility of the;prQSthesis-are enhanced.

Additiohally, the'prefe;red natural i§ gﬁtu
formation of a zitconium exide eoating.ftem the
presence of zirConium in'the‘eﬁbstrate.metal'ihvolves
oxygen diffusion into,the'metai substretejbelow the;e'
oxide coating.. Oxygen, an all0ying'censtituen£ in_' ’
zirconium,jincreases‘thesttength.of-the,metal“
substrate;.particularlyitheifatigueetrength,.
Resistance to fatigue'loeding‘is.paramount.in many. "
orthOpedic implant applieatiOns such'asthehip stem;;,'
and femoral and tibial'knee-cemponents;: Thus,-noteoﬁly
does the formatien oftheZitcohiumoxidecoating
improve wear, frictiOn and corroSion’reeistance,'it;
also improves the mechanical integtity ef the.implaht

device from a strength standpoint.
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Figure 1 is a schematic diagram depictinq a hip

joint prosthesis is position.

Figure 2 is a schematic diagram showing a typiCal

hip joint prosthesis.

Figure 3 is a schematic diagram of a knee joint

prosthesis in place.

Figure 4 is a schematic'diagram of the parts of a

typical knee joint.

One aspect of the inventlon is to provide low |
friction, wear re51stant ccatlngs on the artlculatlng
surfaces of prosthetlc dev1ces Illcstratlve examples
of such artlculatlng surfaces are shoWn 1n the .

schematlc d;agrams, f;guresul—4,.

A typical hip~jcint.assembly is‘showh‘in'situV"nT' .

figure 1. The hip 301nt stem 2 f1ts 1nto the femur
while the femoral head 6 of the prostheszs f1ts into

.and artlculates agalnst the 1nner llnlng 8 of an
acetabular cup 10 Wthh is turn 1s afflxed to ‘the
pelvxs-as shown in Flg '1. A porous metal bead or ‘wire
mesh coatlng 12 may be 1ncorporated to allow
stabilization of the 1mplant by-lng:cwth of sufrounding

tissue into the porousJCOating; Similarly; such a
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coating can also be applied to the acetabular
component. The femoral head 6 may be an integral part
of the hip joint stem 2 or may be a separate component
mounted upon a conical taper at the end of the neck 4
of the hip joint prosthesis. This allows the
fabrication of a prosthesis having a metallic stem and
neck but a femoral head of some othe: material, such as
ceramic. This methods of coastruction is oftén
desirable because ceramics have been found to generate
less frictional torque and wear when articulating
against the UHMWPE then alumina. Regardless of the
materials, however, the femoral head articulates
against the inner surface of the aCetabular cup thereby
causing wear and,'in'the'long'term, this‘mayf}
necessitate prosthesis.réplacement. This.is especially
the case where the femoral'head.isof ﬁeﬁal aﬁd the .
acetabular cup 18 linedwith.anforganic'polymar'Or.
composite thereof. While ﬁhese-polymeric'sutfaCes
provide good, relatively law frictionsuffaaes ahd afe 
biocompatible, they are as explained above, subject to
wear and accelerated creep dua to the frictional'haata
and torque to which they are suijCtéd duringjordiﬁary.'

use,

A typical knee joint prosthesis islshowa,ig situ

in figure 3. The knee joint-includas a femoral

component 20 and a tibial COmponent 30. The femorai
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component includes condyles 22 which provide the
articulating surface of the femoral component and pegs
24 for affixing the femoral component to the femur.
The tibial component 30 includes a tibial base 32 with

a peg 34 for mounting the tibial base onto the tibia.

A tibial platform 36 is mounted atop the tibial base 32

and is supplied with grooves 38 similar to the shape of

the condyles 22. The bottom surfaces of the condyles

26 contact the tibialjplatformfs grooves 38 so that the

condyles articulate_withih these grooves against the
tibial platform. While condylés are typically
fabricated of metals,.the tibial platform may-be made
from an organic.polYmer,dr a polymer based.compositgg
Thus, the hard'metallic cbndyie surfadés'ZS would
articulate against a,relatiVely softer'organic
composition. As previously‘explained,_this.maf result
in wear of.thé organic'materiéI; ie..The tibial
platform"necessitating thé?répléCement of the \
prosthesis.' Miniscal bearing designs of the tibial
component can allow for Qreater contact area without.,
significant sacrifice of knee constraint, thereby
reducing wear. Ceramic Coatingsof'boththe knee

femoral component and the miniscal bearing features in

the tibia will fUrthér reduce wear of the polyethylene.

As in the case of the hip joint, a porous bead or wire
mesh coating can also be applied.tq either the tibial

or femoral components of the knee or both.
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The invention provides blue-black or black
zirconium oxide or zirconium nitride coated orthopedic
implants or prostheses fabricated of zirconium or
zirconium containing metal alloys or a thin coating of
zirconium or zirconium alloys on conventional
orthopedic implant materials. In order to form

continuous and useful zirconium oxide or nitride

coatings over the desired surface of the metal alloy
prosthesis substrate, the prothésis substrate should be
zirconium per se and should contain from at least about
B0 wt.% preferably at least about 95 wt.% zirconium.
Oxygen, niobium, tantalum and titanium may be included
as common alloying elements in the alloy optionally in
the presence of hafnium. Yttrium may also be alloyed
with the zirconium to enhance the formation of a
tougher, yttria-stabilized zirconium oxide coating
during the oxidation of the alloy. While such

zirconium containing alloys may be custom formulated by

conventional methods known in the art of metallurgy, a

number of suitable alloys are commercially available.

™
These commercial alloys include among others zircadyne

™ ™

705, zircadyne 702, and zircalloy.

The base zirconium containing metal alloys are

cast or machined from wrought metal stock by

conventional methods to the shape and size desired to
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obtain a prosthesis substrate. The substrate is then
subjected to process conditions which cause the natural

(in situ) formation of a tightly adhered,

surface. The process conditions include, for instance,
air, steam, or water oxidation or oxidation in a salt
bath. These processes ideally provide a thin, hard,
dense, blue-black, low friction wear-resistant
zirconium oxide film or coating of thickness typically
less than several microns (10-® meters) on the surface
of the prosthesis substrate. Below this coating,

diffused oxygen from the oxidation process increases

the hardness and strength of the underlying substrate

metal.

Unlike the prior art titanium oxides of, for
example, Steinemann’s US patent 3643658, the oxygen
supplied to form the blue-black or black zirconium
oxide coatings of the invention is a beneficial
alloying component which improves the fatigue strength
of the underlying zirconium metal thereby increasing

the potential life of the prosthesis. In contrast,

oXygen 1in titanium alloys tends to stabilise the lower

strength, o-phase which significantly reduces the

metal’s fatigue strength,

The air, steam and water oxidation processes are
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described for example in US patent 2987532. The air
oxidation process provides a firmly adherent black or
blue-black layer of zirconium oxide of highly oriented
monoclinic crystalline form. If the oxidation process
ls continued to excess, the coating will whiten and
separate from the metal substrate. The oxidation step
may be conducted in either air, steam or hot water.
For convenience the metal prosthesis substrate may be
placed in a furnace having an oxygen-containing
atmosphere (such as air) and typically heated at
370-595°C (700-1100°F) up to about 6 hours. However,
other combinations of temperature and time are
possible. When higher temperatures are employed, the
oxidation time should be reduced to avoid microcracking

or the formation of the white oxide.

It 1s preferred that a blue-black zirconium oxide
layer ranging in thickness from about 1 to about 5

microns should be formed. For example, furnace air
oxidiation at 538°C (1000°F) for 3 hours will form an
oxide coating on Zircadyne 705 about 3-4 microns thick.
Longer oxidation times and higher oxidation
temperatures will increase this thickness, but may
compromise coating integrity. For example, one hour at
705°C (1300°F) will form an oxide coating about 14
microns in thickness, while 21 hours at 538°C (1000°F)

will form an oxide coating thickness of about 9
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microns. Of course, because only a thin oxide is
necessary on the surface, only very small dimensional
changes, typically less than 10 microns, for example 1
to 5 microns, over the thickness of the prosthesis,‘
will result. 1In general, thinner coatings (1-4

microns) have better attachment strength.

The thickness of the blue-black or black
zirconium oxide coatings on the invention prostheses '
provides a further distinction between the inVentioﬁ |
and the titanium oxide.COatingSfof Us pétent3643658'to
steinemann. Titanium oxide films, whether prépared by
high temperaturé (350°C).oxidationor high cufrent

density anodizing, are thiﬁg‘powdery and,loosely

adherent. ConSequently,:these films can be more easily

removed under fretting conditions in Vivo exposing

metal sufface'to bodily.fIUidé Withresulting'metal'ion
release ihto the body tissué.‘ The thiCker,'
chstalline, more tightly adherent blue—black or blackf
zirconium oxide films, by contrastg do not readily .
spall or separate frbm-the alloy'substrate. It is
speculated that the diffusioh of[oxygénﬂinto the
zirconium allOy'provides a natural ihtériayerJto which
the zirconium oxide can adhere readily aﬁd tightly.
Consequently, theée ziréoniumoxide coatings provide
excellent protection against fretting corrosion by

bodily fluids. Thus an additional advantage of the in
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situ formed coatings or regions of zirconium oxide is
their ability to maintain protective barriers to
fretting of porous coatings againt bone or fretting
from adjacent prothesis components and materials such
as modular components, bone plates and bone screws. In
the light of this finding components such as modular
components, bone plates and bone screws made of
zirconium or zirconium alloy and having the in-situ

formed oxidic or nitridic coatings or regions would

provide improved fretting performance.

One of the salt-bath methods that may be used to
apply the zirconium oxide coatings to the metal alloy
prosthesis, is the method of US Patent 4671824. The
salt-bath method provides a similar, slightly more
abrasion resistant blue-black or black zirconium oxide
coating. The method requires the presence of an
oxidation compound capable of oxidizing zirconium in a
molten salt bath. The molten salts include chlorides,
nitrates, cyanides and the like. The oxidation
compound, sodium carbonate, is present in small
quantities, up to about 5wt. %. The addition of sodium
carbonate lowers the melting point of the salt. As in
air oxidation, the rate of oxidation is proportional to
the temperature of the molten salt bath. A preferred
range of 550°-800°C (1022°-1470°F) is disclosed in US

Patent No. 4671824. However, the lower oxygen levels
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in the bath produce thinner coatings than for furnace
air oxidation at the same time and temperatures. A
salt bath treatment at 1290°F for four hours produces

an oxide coating thickness of roughly 7 microns.

Whether air oxidation in a furnace or salt-bath
oxldation is used, the zirconium oxide coatings are
quite similar in hardness. For example, if the surface
of a wrought zircadyne 705 (Zr,\2-3 wt.% Nb) prosthesis
substrate is oxidised, the hardness of the surface
shows a dramatic increase over the 200 Diamone Pyramid
Hardness (DPH) of the original metal surface. The
surface hardness of the blue-black zirconium oxide
surface following oxidation by either the salt bath or

air oxidation process is approximately 1700-2000 (DPH).

These diffusion-bonded, low friction, highly wear
resistant zirconium oxide coatings are applied to the
surfaces of orthopedic implants subject to conditions
of wear or fretting. Such surfaces include the
articulating surfaces of knee joints, elbows and hip
joints. Additionally, the porous coated regions,
modular components, bone plates, bone screws and other
trauma devices subjected to fretting conditions can be
included. As mentioned before, in the case of hip
Joints, the femoral head and stem are typically

fabricated of metal alloys while the acetabular cup may
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be fabricated from ceramics, metals or organic

polymer-lined metals or ceramics.

When the zirconium oxide coated femoral head is
used in conjunction with any of these acetabular cups,
the coefficient of friction between the femoral head
and the innner surface of the eup is reduced sb that
less heat and torque is generated and less wear of the

mating bearing surface results. This reduction in heat

generation, frictional torque, and wear is particularly

important in the case of acetebular cups lined with
organic polymers or compositesof such polymere°
Organics polymers, such as UHMWPE, exhibit rapidly
increased rates of creep when'subjected_to heat_with.
consequent deleterious effect en'thelife span?of the
liner. Wear'debrie'of.the polymer.leads.to"adverse

tissue reSponse and loosening of;the-deviee;_ Thus, not

only does the zirconium oxide coating serve to protect

the prosthesis substrate to which it is applied.and .
increase its mechanical substratetd'which it.is'
applied and increase.its mechanincal_Strength'
properties but, as a resultof its low friCtioh
surface,.it also‘protectethosesurfacesagainet which
it is in operable contact and consequently enhances the

performance and life of the prosthesis.

The usefulness of zirconium oxide coated

2
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prosthesis is not limited to load bearing prostheses,
especially joints} where a high rate of wear may be
encountered. Because the zirconium oxide coating is
fiimly bonded to the zircoﬁium alloy prosthesis

substrate, it provides a barrier between the body

fluids and the zirconium alloy metal thereby preventing

the corrosion or'fretting of the alloy by the process

of ionization and its associated metal ion release.

Oxygen diffusion into the_meta1 substrate during
oxidation also increase the stength of the metal.‘
Consequently, a zircOnium.QXide coated prOSthesis_may'

be expected to have a greater useful“service‘lifer

Zirconium orzirconiuma110y.canalso be.used'tq
provide a pofous'béad.or wire.mesh sﬁrface to which
surrounding bone or oﬁhér tissﬁe mayfintegrate to
stabilize the prosthesis. 'ThesepofOus cdatings'can:be

“treated simultaneously by the Oxidation treatment in a

manner similar to the'oxidation of the.baSe prosthesis.”

for the elimination or reduction of metal ion release.
Furthermore,_zircdnium or Zircoﬁium‘élloy canaalso'be
used for frétting—susceptiblé devices su¢h as bone
plates and screws,.ot‘as'a éurface Iayer applied o?er.

conventional implant materials prior to in situ

oxidation and formation of the zirconium oxide coating.
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In situ oxidation is the preferred method for
producing the invention oxide coatings because it
allows oxygen diffusion into the metal substrate
thereby allowing the formation of a tightly adherent
oxide coating while also strengthening the zirconium
metal. Other techniques, such as depositing an oxide
coating on the prosthesis substrate may also be used

but the coatings produced may not be as effective as

those produced by the in situ process. Thus,_chemical
or physical vapour deposition methods may be used,
especially those using an ion-assisted deposition

method.

While the above discussion has dealt mainly with
blue-black or black zircbnium oxide'COatings on
prostheses, zircbnium nitride coatings-are also

effective in reducing wear on opposing surfaces and

preventiﬁg corrosion of_the.unde:lying substrate by'j"

bodily fluids.

Even though air contains about four times as much
nitrogen as oxygen, when zirconium or a zirconium alloy
is heated is air as described above, the oxide coating

is formed in preference to the nitride coating. This

is because thermodynamically oxidation is favoured over

nitridation under'these_COnditions. Thus, to form a

nitride coating the equilibrium must be forced into
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favouring the nitride reaction. This is achieved by
elimination of oxygen and using a nitrogen or
nitrogen~forming atmosphere such as ammonia atmosphere
instead of ailr or oxygen when a gaseous environment
(analogous to "air oxidation") is used. The nitriding

conditions would be those ConVentionally employed for

nitriding.

When a salt bath method is used to produce a
nitride coating, then the oxygen-donor salts should be
replaced with nitrogen~donor salts, such as, for
instance cyanide salts. Upon such substitution, a
nitride coating may be obtaihed under similar
conditions to those needed fof obtaining an oxide
coating. Such modifications'as are necessary, may be

readily determined by those of ordinary skill in the

art.

Alternatively, the zirconium'nitride'may be
deposited onto the zirconium or zirconiﬁm-alloy'surface
via standard physical or chemical vapour deposition
methods, including those using an ion-assisted
deposition method. It is preferred that the physical
or chemical vapour deposition methods be carried out in
an oxygen-free environment. Téchniques for producing
such an environment.are.known in the art, for instance

the bulk of the oxygen may be removed by evacuation of
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the chamber and the residual oxygen may be removed with

an oxygen getter.

When the zirconium or zirconium alloy is provided
‘\with a zirconium'porous bead or zirconiﬁm wire mesh
surface, then this surface layer can also be coated
with zirconium nitride to providé pfotection against

metal ionizationin the body.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A prosthesis having a prosthesis body portion
comprising zirconium or a zirconium alloy, the body
portion having a surface region comprising an oxide or
nitride of zirconium, wherein the oxygen or nitrogen
concentration in the surface region decreases from a

maximum at its outer surface to a minimum at the inner

part of the region.

2. A prosthesis according to claim 1 wherein the
surface region of the prosthesis body portion is a

bearing surface and is adapted to engage another

prothesis body.

3. A prosthesis according to claim 1 or 2,

wherein the prosthesis body portion is adapted to

penetrate and engage body tissue.

4. A prosthesis according to claim 3, wherein the

prosthesis body portion is a screw.

5. A prosthesis according to claim 1 or 2,
wherein the posthesis body portion is adapted to be

attached to body tissue or to another portion of a

prosthesis.
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6. A prosthesis according to claim 5 wherein the

prosthesis body portion is a bone plate.

7. A prosthesis according to any one of claims

l to 6 in which the prosthesis body portion is a

modular component.

8. A prosthesis for implantation in a patient,

comprising:

a) a prothesis body formed of zirconium or
zirconium alloy, at least a portion of which is adapted
Lo penetrate and engage body tissues, and

b) a thin coating comprising blue-black or black
zirconium oxide or zirconium nitride directly on at
least the portion of the prosthesis body adapted to
penetrate and engage body tissues for preventing metal

ion release from the coated portion of the prosthesis

body.

9. A prosthesis according to any one of
claims 1 to 8, wherein the body portion further
comprises an irregular surface structure adapted to

accommodate tissue ingrowth on the portion of the

prosthesis body adapted to penetrate and engage body

tissue.
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10. A prosthesis according to claim 9, wherein the
irregular surface structure is formed of zirconium or

zirconium alloy beads connected to the outer surface of

the prosthesis body.

11. A prosthesis according to claim 9, wherein the
irregular surface structure is formed of a zirconium or
zirconium alloy wire mesh connected to the outer

surface of the prosthesis body.

12. A prosthesis according to any one of claims

1l to 7, wherein said surface region extends

over the entire prosthesis.

13. A prosthesis according to any one of claims

1l to 7 and 12, wherein the surface region is less

than 10 microns thick.

14. A prosthesis for implantation in a patient,

comprising:

a) a prosthesis body formed of zirconium or
zirconium alloy including an implant portion for
penetrating and engaging body tissues, of ‘the patient;

b) a bearing surface on the prosthesis body, the
bearing surface being sized and shaped to engage a

bearing surface on another prosthesis portion; and
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c) a thin coating of zirconium oxide directly on
at least the bearing surface of the prosthesis body for
making the bearing surface inert, more wear resistant

and of a lower coefficient of friction.

15. A prosthesis for implantation in a patient,

comprising:

a) a prothesis body formed of zirconium or
zirconium alloy including an implant portion for
penetrating and engaging body tissues, of the patient;

b) a bearing surface on the prosthesis body, the
bearing surface being sized and shaped to engage a
bearing surface on another prosthesis portion; and

c) a thin coating of zirconium nitride directly
on at least the bearing surface of the prosthesis body
for making the bearing surface inert, more wear

resistant and of a lower coefficient of friction.

16. A prosthesis according to any one of claims
1l to 15, wherein the prosthesis body is the

portion of a hip prosthesis adapted to be implanted in

a femur.

17. A prosthesis according to any one of claims
2, 14 and 15 wherein the bearing surface of the

prosthesis body includes a head portion adapted
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to articulate with an acetabular cup formed of an

organic polymer or polymer-based composite.

18. A prosthesis according to any one of claims 1 to
1l1,wherein the prosthesis body is the portion of a knee

prosthesis adapted to be implanted in a femur or tibia.

19. A prosthesis according to any one of claims 2,
14 and 15, wherein the bearing surface of the
prosthesis body is at least one condyle portion
adapted to articulate with a tibial component formed

of an organic polymer or polymer-based composite.

20. In a method of making a prosthesis as
claimed in any one of claims 1 to 7, 12 and 13,
the improvement comprising exposing the surface
region of the prosthesis body to an oxygen or a
nitrogen-containing environment for a

predetermined length of time.



FIG |




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - drawings

