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[0003] Orthopedic implant materials must combine high strength, corrosion
resistance and tissue compatibility. The longevity of the implant is of prime importance
especially if the recipient of the implant is relatively young because it is desirable that the
implant function for the complete lifetime of a patient. Because certain metal alloys have the
required mechanical strength and biocompatibility, they are ideal candidates for the
fabrication of prostheses. These alloys include 316L stainless steel, chrome-cobalt-
molybdenum alloys and, more recently, titanium alloys which have proven to be the most
suitable materials for the fabrication of load-bearing prostheses.

[0004] Tt has also been found that metal prostheses are not completely inert in the
body. Body fluids act upon the metals causing them to slowly corrode by an ionizing process
that thereby releases metal ions into the body. Metal ion release from the prosthesis is also
related to the rate of wear of load bearing surfaces because the passive oxide film, which is
formed on the surface, is constantly removed: The repassivation process constantly releases

metal ions during the ionizing process. Furthermore, the presence of third-body wear
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materials possess a unique combination of the advantageous properties of a ceramic and a
metal, simultaneously minimizing the disadvantages of these materials. All of the U.S.
Patents cited above to Davidson, Watson, and Haygarth are incorporated by reference as
though fully set forth herein. While the early work of Davidson focused on pure zirconium
and alloys of zirconium in which zirconium was the predominant metal, later work has shown
that this is not necessary in order to form the desired diffusion hardened oxide. For instance,
an alloy of 74 wt% titanium, 13 wt% niobjum and 13 wt% zirconium (“Ti-13-13”) will form
the diffusion hardened oxidation layer used herein. Ti-13-13 is tanght in U.S. Patent
5,169,567 to Davidson et al.
[0007)  Another important performance criterion for medical implants is the
degree of fixation stability. This is typically accomplished through ingrowth of surrounding

tissue into the implant and its ability to become firmly anchored to other components such as
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fibrous tissué or bone. The surface features may be applied by deposition
or sppayii righetraethlsjugededr implants generally have a modulus of elasticity on the order of 15--

35x10° p.si. Polymethylmethacrylate (PMMA) cement, on the other hand, has a modulus of
elasticity on the order of 0.3-0.5x10° p.s.i. The stiffness of PMMA cement is therefore less
than either the metal prosthesis or the surrounding bone. Cement has lower mechanical
properties strength and fatigue strength properties than does metal or bone. These
comparative physical properties are thought to be the source of failure of hip and knee
prostheses implanted using bone cement.

[0010] Prostheses may also be implanted without cement. These devices achieve
fixation by in-growth of bone or tissue into the prosthesis or by wedging the prosthesis into
bone. The devices may also include surface features which enhance ingrowth with fibrous
tissue or bone. The surface features may be applied by deposition or spraying techniques.

[0011] It is generally understood that surface roughening results in increased
surface area which typically leads to better adhesion for the fixation of two surfaces.

Although a smooth surface minimizes the stresses within the implant, it also minimizes the
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[0013] There exists a need for a method to produce medical implants having

improved fixation while preserving or improving the advancements realized through the use
of oxidized zirconium. This improved stability is needed both with respect to the interface
between the implant and bone and surrounding tissue as well as in the interface between the
implant and other material such as bone cement. This should be accomplished while
simultaneously preserving the advantages which inure through the use of in situ oxidized,

diffusion hardened surfaces such as oxidized zirconium.
SUMMARY OF THE INVENTION

[0014] The invention is directed to a textured surface and oxidation layer coating

on a substrate material and prosthetic devices of such textured surfaces and oxidation layer

coatings.
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be chagachsdihged by the use of oxygen as an oxidant. Alternatively, the

oxi dation nethod conprises the use of a salt bath. [0020] In another
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may be characterized by the step of mechanically removing a portion of the maskant. The
surface may be modified by mechanical etching. The surface may be modified by deposition
of material onto the surface. The deposition may be characterized by chemical vapor
deposition.

[0019] In other method embodiments, the step of oxidizing at least a portion of
the surface of the metallic substrate may be characterized by air, steam, or water oxidation
processes. The step of oxidizing at least a portion of the surface of the metallic substrate may
be characterized by the use of oxygen as an oxidant. Alternatively, the oxidation method
comprises the use of a salt bath.

[0020] In another embodiment, the metallic surface is zirconium or a zirconium
.alloy. In a specific embodiment of the method, the zirconium alloy is selected from the
group consisting of zirconium with up to about 4.5 percent by weight hafnium and up to
about 3.0 percent by weight niobium; zirconium with up to about 4.5 percent by weight
hafnium; zirconium with 2.5 to 2.8 percent by weight niobium; and; titanium with about 13

percent by weight niobium and about 13 percent by weight zirconium.
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har de ' | - : t hi UR ou j1or ons.
0025 T RORHATHAP CohBUS oI Btfnfr b BORERE Ko ByhfoRC ind nelllE 0T o
is f prédiesischatyaatagrdongaisbyzi@ohi@n balzircanipmnaity hal itheg defismadhgdertadon and
a bearing surface on. the head portiqn, and ,wherein the secgnd ost hesi s
por t 1 GFIJAEOR JFYeR et R calipePiisl i ack ox ed ABGPRPT CRITAGY T T AT iRRer

sur f agg. RAAP LR MHaliBn AR EhAF Ba¥d bNhidRBeRESH if'Go SYHEEASE 1idrdnBe In another

embodiment, the diffusion hardened oxidation layer may have a thickness of up to about 10

microns.

[0025] In another embodiment of the prosthesis the first prosthesis portion is
further characterized by a femoral component having a head portion and a bearing surface on
the head portion, and wherein the second prosthesis portion is further characterized by an
acetabular cup having an inner surface adapted to cooperate with the bearing surface on the
head portion. The inner surface may comprise an organic polymer or a polymer-based
composite. The metallic prosthesis body may comprise zirconium or zirconium alloy and the
diffusion hardened oxidation layer may be a blue-black or black oxidized zirconium coating.
The diffusion hardened oxidation layer may have a thickness of up to about 20 microns. In

| another embodiment, the diffusion hardened oxidation layer may have a thickness of up to
about 10 microns. In a specific embodiment, the prosthesis is a spinal prosthesis. Preferably,
the spinal prosthesis comprises zirconium or zirconium alloy and the diffusion hardened

oxidation layer is a blue-black or black oxidized zirconium layer. In another specific



head portion. The inner surface nmay conprise an organic polyner or a

pol ynmer - based conposite. The netallic prosthesis body nay conprise

zi r coni urworo3pig78pni um al | oy and the diffusion hardened oxirdson2/ansd ayer
may be a bl ue-bl ack or black oxidized zirconiumcoating. The diffusion
har deRglo@l it i@ N SrodBkishRVE sfinh K26 heons. In
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prost hesj.s %ﬁ % SE%Fgl B{O@thesLs.lPreferably, t he spinal prosthesis
conpr I$EEUGXEOHT MO ATECSHAM R T and the diffusion hardened

oxi dation ljgoxy] | SinfarBtiiéeehbedinett oﬂh@%&s%'iﬂeﬁﬁ%ﬁh&@@@é HiRHHcaY@dpladtD
another specific -6 WO 03/049781 PCT/ US02/ 39054 'enbodi ment, the spinal
pr ost hergnseriieg wmte fierhody dissie of thespatient, the impdang cetibpipsing b eomponeal, vdiesein
prost LS COnpI | i i or zirconiumalloy.and the diffusion
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| ayer mef{AR 6desttib@nabdiey aadblactherevhein tahdeddt @spsttion rofethei ginfact AT el S a

medical inplant for ipserting. into the body tissue of the patient, the
i npl afPIERREH cemAEses acbHpuiembardengd oxidation et east a portion of the surface

of the CO”E b t i’?léé ur}bra?‘lrﬂg%hﬂc Rdnfdh PQ@apﬁlﬁﬁﬁe?sofpg e@%?é c bodTRkRRJS

descri bed an t her ereln at [east a portion e surface of
the odngonemn sedpnmayelse asedi dlbus ooiin kamderadidn oxitld athieo erdbayienent. 0028] The

nmedi cal . nplant jnvention ha n er of s i fic enbodinent whi ch, when
Toau. Bt it ftanl, May el Bort et e Rtq et cireomref i Ry T

nedi cabmpR AdonBY 0P Lirdor@NQ11BY 3he tIY diffubien Rakieh&VoxidorMBYé thhfbe a

prost hesi s body ma rise zirconiumor zirconiumalloy and the

co
di f f ublusrblack @Febié@(y@séﬁ"@gé) pisgpniuay eeatingy Tihe diffushon bardenedloxistatipn daskr eyaydi zed

zi rcomnj i | f.fus] - a i i . a

hi okalDa AR 1R bl S THE RS R SR OF o MR IR RS | ayer
may hauRickaesk lif Qlsrte 2bowtf 1 0upickensa bihet mddicatiimiptans malfarth@donglrisingpd ssif- may
further conprising a self- grafting device. [0028] The foregoing has

out | | BEARSENESE- br oadl y the features and technical advantages of the
present in hon 4 : j B P el foni gl ntion
Phat 1ol | 3O e B e R T Gated enll oV, Lo
of t hadvamwames o6 thewwrkdent inwemteoman ioldsal thed thed dedditedrdewdription fod the inhentoobh&ct  of

the clains of the inveniion. | oul e appreciated t.hose ski.lled in

the areldtsnay g bebenterdoa Ao Bo drafen ABEARERRLE obthodmittaky it

readi ¥ ddidrlted adredsarter RASdSiohAtheBEjc iof eheOdlaidlRSIfUNE DY eRERET It Shéwater es for
carrying out the sane purposes of the present invention. It should also be

real i 2pprepiptadrysthosskskillesdnithe ahghat the conception and specific embodiment disclosed
may be readily utilized as a basis for modifying or designing other structures for carrying out

the same purposes of the present invention. It should also be realized by those skilled in the
art that such equivalent constructions do not depart from the spirit and scope of the invention
as set forth in the appended claims. The novel features which are characteristic of the
invention, both as to its organization and method of operation, together with further objects
and advantages will be better understood from the following description when considered in
connection with the accompanying figures. It is to be expressly understood, however, that
each of the figures is provided for the purpose of illustration and description only and is not

intended as a definition of the limits of the present invention.
DESCRIPTION OF THE DRAWINGS

[0029]  Figure 1 is a schematic diagram depicting a hip joint prosthesis in position.



art that such equival ent constructions do not depart fromthe spirit and
scope of the invention as set forth in the appended clains. The novel

f eat ur es wbiosl4e8e characteristic of the invention, bothPa%¥/sS02/84084

organi zati on and net hod of operation, together with further objects and
advant ages (N4dah bex:het t (o} X f.ol.l gw.ng. i.ption when
consi de?ed [(?Ur? Oh coﬁ%gg{ei 2’(;{;% aVU\SAE ?ﬁﬁ%ﬁeﬁ%%%%ﬁggﬁ &%1{:%‘34%%&19 ﬁfo%{hgﬁ%,o be
expressly (o0sd] st obigurelBoisawehemitivaliagr@aoli a tthed joént fpk@thes’ ih plaps.ovi ded f or
the purpose of illustratjon and descriptign only and.is_not,  intended as a
definiti on B2 he FigHiedisgrschempatisdiagasin of Hiraits 9f 2 typisabikneeipiy OF THE

DRAW NGS [ @f%%! FIBYER 3 ik $ Buseharahitatbask G fBndtf!

pr ost hesi S?I n posit on.§1-7 V\iD%r (5497811 %ﬁ/%%#?&g'@%rg’[egb%%@gﬁe 21is
a schemadussudieggr am showi ng a typical hip join prosthesis. [0031] Figure 3
is a sche 1.C,diagram of a knee joint prosthesis in place. [0032] Figure 4
5 a schomti] di aEiERm OETPREAL AvoPe TR PLRIn RV FTE POBEISF gur e
5 1S gultdlesdraph, including error bars, of the Shear Strength of various
surfaces. [0034] Figure 6 graphically shows the results of pin push-out
testing for various__surfaces. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0035]
As used herein, "a"DETALED RESCREIHOShEF JHEBNEENAIONsed herein in the
clainm(s), when used in conjunction with the word "conprising", the words
"a" or "anfg MRAQsNer@h, 9P “biaNaPhRan b5 bSRErdICAS]bd heBRi g MY

mean at | east second or nore. [0036] ‘As used herein, the term "nedical
i npl artdmishcwWhehessedny cdamncteonf with thempbraricamipusinghittbe whvedo&dyor “an” sybr oader

t han and i ncl usi ve, of gr%zst he@hc deyi ces ,and i ncl uglleést bone .pl ates and
bones TXEPORE OLMGTS A% PRY AfNFEE Bsrey grpgder ASHUEER" Rer 4 SCCQRgOL QTR may be
a pure met 3903y anAdldsed -hekéiR38le RemUSRRIREN @hplant’hBrch@esNany eddvileefor
nodi fied" in reference to a surface Is defined as a native surface which

has béaplantagign ado e hasdyh At ig beepdribam andinclysivg of prasthetip daviees apdaeclidesgr owt h
and on-aqar Lomr. fi i .ahility. It does not include those

o nodeft il a#’.éa?lﬁ%g PR asay | LY y by the addition of
extraneous [0887¢r i als usddieedin, ‘Ghetillie” mayrbe apurti thétel @nin atloyposi ti on as that

of the native surface,%‘fﬁch_as bé@t@h‘g i ncorp ,raé,i,on of metal beads, or wire
mesh coati n8®3&¥ o t He ysed newing fhe Fuw “terweanpdified, 14 sfeisner s SEHaSS cover

E) E?Q p?\;cwﬁﬁ@d %‘SJ;{ LA6R sARdcLH AR %adb %Wre%’téﬁf‘t@ict@clﬁl?{ueg RNEwh i HeOM B ARshce

bone in-growth and on-growth to improve fixation stability. It does not include those

methods which modify the native surface solely by the addition of extraneous material, either
of the same or different composition as that of the native surface, such as by the incorporation
of metal beads or wire mesh coatings to the native surface. These latter techniques merely
cover the native surface and create a new surface for bone in-growth and on-growth, as
opposed to texture-modifying native surface.

[0039] As used herein, “zirconium alloy” is defined as any metal alloy containing
zirconium in any amount greater than zero. Thus, an alloy in which zirconium is a minor
constituent is considered a “zirconium alloy” herein. Similarly, a “metal alloy” of any other
named metal (e.g., a hafnium alloy or a niobium alloy; in these cases, the named metal is
hafinium and niobium, respectively) is defined as any alloy containing the named metal in any
amount greater than zero.

[0040] The following discussion contains illustrations and discussions of
preferred embodiments for practicing the present invention. However, they are not limiting

examples. Other examples and methods are possible in practicing the present invention.
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opposed to texture-nodifying native surface. [0039] As used herein,
"zirconiumalloy" is defined as any netal alloy containing zirconiumin
any anourwogs@#arer than zero. Thus, an alloy in which zir®cmiuse/s®sa n nor
constituent is considered a "zirconiumalloy"” herein. Simlarly, a "netal

al I oy" of th I i Qbj al | oy;
in these c@égf tﬁgleﬁg%eggﬂ%g%gﬁhiréﬁtegg? H?ol}’lfn@l ﬁ@%&%@{%@g@c@@gﬂ) IS
def i nfod aasSingslyntable Qirogtisticadeviicey Ah eexnasrebdifiddabuface aopsisdampufita gegehter t han
zero. [0040] The foll ow ng di scussion contains ill strat'ions andf
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enhanged attachnent surface for 1 npl ant abl e. prost hetic device.

t ext Ef]éq RSaTH R EPnE Fﬁ%@l@ﬁﬁi@?ﬁqﬂ 1‘%"&6? %Wﬁ tﬁf);‘?‘ﬁgpﬁ S acgnanidrtﬁ%gul ar
sur f ageii,S dfrfisBachafdbndd okiRBRH sarfRa dcc@by, labRaQvigpatt] the Bahacerfade drbg as
prosthetic which is, or has been, surface oxidized usi ngi an in situ

oxi dawelbras proskstis deviceh in mduch the tertugeddsurfage iaath thearoEfediiBikiondiardaned ay er

typi cal.l f thic h Gk : inRv.entiion
P! ool oyl hESRE ST RS AR e €7 0nc pRBeRC SERE ITIYRBLOY,
si t u, redufréentds thatdenedhaic dtivite dosewhaegosesiep Pothad tekomsd sirfacpand ant he

sanme surface area, as . well as prosthetic devices in which the textured
surfa@e”%{rfhffﬁﬁ@n'%ﬁrdéﬁdwxdﬁhﬁ‘ﬁg’ir ®hardened oxidi zed surface occupy

di fferent pitﬂzji' StTHéC{?véﬁt{nfsaﬁﬁr% @bcdvRRdPmas et dbidMdnC 6f i B8 GBled,
requirenent 1s that the prosthetic device sonewhere possesses both a

t ext udiéfhsionr hardenednokidationi faysist syndigigticsily nmpenvde kel pexipunansd ofusuriase.
[0042] The inv nﬁor?F ave discovered that the conbination of in situ

f or netf* ﬁflﬁr&fﬁa AR HSMH8R®Y oxi dation | ayers synergistically inproves the
per f or mancgy,ofcShhae Modiftivhe nodification techniques. Surface Texture
Modi fication [0043] A typical hip joint prosthesis is shown in Figures 1
and 2. TheqysB] | Oi Atypisdl i foihi fosthBdi®ist OwheiAFigwbd | entilte Teebipajoihead 6
of the prosthesis fits into and articul ates against the inner |inhing 8 of
an acsteabl ffits inbthe fomwhwbie ithe femnonali head prafiteriprosthesie figeinge andyarticalatiin i n

Fi 1. tal | : ting.1 j - ted
5 g 0T B Ml 1, AL e o,

the peKdWs it PRlukdd. A Porviuk aidtyl, bead @b vargmeshisoatipial2 epdedncorporatedesh

coating can also be applied to the . . .
promote fixation of the implant by ingrowth of surrounding tissue into the porous coating.

Similarly, such a porous metal bead or wire mesh coating can also be applied to the
acetabular component. Importantly, area 12 may consist of a texture-modified area to
accomplish the same objective as the porous metal bead or wire mesh coating.

[0044] A typical knee\ joint prosthesis is shown in Figures 3 and 4. The knee joint
includes a femoral component 20 and a tibial component 30. The femoral 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 tibial base, peg, and platform are ideal candidates for texture modification
and diffusion hardened oxidation, as well as other portion of the knee prosthesis of Figure 3.

[0045] The hip joint prostheses and knee joint prostheses explicitly described

above are merely given as illustrative but non-exhaustive examples of prosthesis for which



acet abul ar conponent. Inportantly, area 12 may consist of a
texture-nodified area to acconplish the sane objective as the porous netal
bead or wwoa3mewkl coating. [0044] A typical knee joint pr@srhese?/39056 shown
in Figures 3 and 4. The knee joint includes a fenoral conponent 20 and a
tibialy,.c 30 - . I l.acl s_gond 22 whi.ch
proviyg”%%ggaﬁﬁ%@%8%§}ﬁgh%ﬁg$é@%1@@g$ﬁ§8$g§§#§%fggﬁﬁ%ﬁgﬁFméﬁaheBgagﬁ24 for
af f i xiim@ntitee nfa§ierextendedmpostaathip and Reed joiit prosiiivges, hdivall as othiep prRtheSE
includes a tibial base 32 with _a Peg 34 for mpunting the tiblal_ base onto
the t isleding, hutioh linyfes top spnaeshorlderribevegand SpsrHaostheses Byaawlesofand s
suppl i L 1R Ok |40 . orngNe
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nodi f ispiatl disc pasithestsf 4smsélbas dtherde ke inventdat isaigo applivabld toanedtdiémplaatst i on of
t he knee osthesis.of Figure 3.. . 5], The_hip j.0oi nt prostheses and knee
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i [ 1 ustratiyeodsyt NPRe AXBEdRIhHEMEMBaPbEstrRte REKASE BRAifRaliod intbiveihe nd VO
03/ 049781 PCT/ US02/ 39054 the present invention is applicable. It is
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f i ngefnprossitdiebe she mysamt. e¥hat ths piveatiorappblogatichanikaMerdhidg thelsuefeces i nal

prost heses such as vertebral body rep)acenents and _spinal dis rost heses,
as welPrePgEe 8 A0THERIPH DERES THIFIS 2Rii6s tg%fﬂnﬁe@mpeh%wm RIS RN S
gener %hﬁ%%%'é{@hﬂg of | 1€ |rh951ﬂ9’su9§ﬁatﬂ?ﬂ a!réag‘&n?%té&ed BONGe I%ﬁ%%?rl, angljbone

screws. | ] The nost common nethods of surface texture no catlon
i nvol eeehitgeprosess nufy brarskentedsa amdbatrdtinges| aseecdsaittted by thesudunt enhnatgees,
maskan are used.to pr.otect various. portiqns of .the surface fromthe
ool | LB i GRS R RO B2, Ohd Py P fimed B ed by
the meonad! of WieHa8t tshendthv et 1N pRI¥BdsOyshdeRi tenflefiiird tandt heSpérinice | S
prepared through an etching process which utilizes the random application
of a wRetatmt cemd]l eighstheuesnlting cwifey produprd it el precesgbs Thatmmiber gofeas
unpr ot ect. Y. ' ' . - nunber
o 11 rEEnE ol e PRREE afihP s ELERLRRRLGERTS FTh PRchERRILEREITES
requi rdedatb@byathy bagy treedl lutitizapforitb@implant. oWlile araiyconéurp e fzixcomidmoniiosy.
Contrql of etchant strenﬁ% h, and thf: process_ condi tions, of tenperature and
time pEPHRE s episarlaied @5 Hie kst Bode of RracHes the iy caiien dtls PBSFRERECHY t he
process ergta%drm&éosﬂ Hetal &GS WA isa%abféeoﬁﬁéih% Gl @ed "By N ifARbret chant
utilized for a given attachnment surface is dictated by the base netal
uti|i Zeciehing absérui axpdagion techhique desaribed om ifuller detadibebynimam tel utdized sricant i s
o Mo lbfad Aaichll” L 8Rkngl3N Fre Has PR b releshitfic A USR8 o botlae b P
etchant. The use of other suitable substrate metals is within the scope of the present

invention.

[0047] In the chemical etching embodiment, a maskant is aﬁplied to the surface to
be etched in a random fashion. The random spattering of the maskant on the surface may be
accomplished by, among other techniques, manually applying the maskant by brushing it
using a brush or utilizing any type of fibrous applicator loaded with the maskant. Another
method of application would be delivered in an air stream utilizing an air brush.

[0048] The maskant is selected to provide a substance that will cling tightly to the
surface of the implant during manipulation of the implant and will also remain stable when
the etchant solution is applied to the coated part. The maskant must also be removable
residue-free after the etchant step(s) are completed. Examples of suitable maskants include,

but are not limited to acrylic, epoxy, or polyester maskants. The maskant ideally produces
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understood that any netal substrate which is capabl e of being oxidized by
the diffusion hardening in situ oxidation technique described in fuller
detai | bewowstwgrsbe utilized as the inplanted nmaterial. ARCThmozzosh the
base netal may necessitate a change in the maskant and etchant. The use of
ot her (fulif qf}:@

i nvent I %IJR ﬁ@%ﬁ?&% o gtﬂéﬁeté%ﬁ%g I%gé[@(k:ﬁﬁg l%g‘éajﬂnit)@% :I\l%ﬁste?ﬁ%&én}ggﬁant i s appl i ed
t o t hetchingmoeess.o be etched in a randomfashl on. The random spattering of
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application would be delivered in an air streamutlli zi Rg an air brush.
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tightl ot e rfac of 1 Iant
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etchant step(s). are conpl eted. Exanples of sw‘te bI e skants i hcl yde, but

are ndt pertpinagegialsosugh raﬁlqeePreB%SJ@&tonﬁfs #yl glebs-e olygd ka3t

| deal | B6NESS Thie bt ag gﬁﬁ%ﬁ@ﬁé Hﬁgl?édetg%?e‘ltygé BPE:théﬁt defildaedrigdges
once the e I ng process egun and not itself "deteriorate during the
et chi n@scpmt;,ceﬁ&e n[u&ﬁﬂﬁ] mﬁyéesucrrrsmé bgfevamaumhﬂw caurst. Jbickkbrmaskants
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beads ’or%ﬁra?tabﬁﬁcﬁféhtt@é?ﬁlﬁ]u@@tlﬁ id @1 siﬁémﬂéaﬂfy%d’c&ﬂthaﬂﬁé%mmht\dﬁ bpplicdrinta
bl asting 1S possible. A solvent such as nethanol fythbe utilized al one or

with aapdoas tsp:mgreslt faphion uﬂewmsq@m pegionmed theyueaecithe implaghto; be ¢agfrsh vi ous

to the et ch nd , (o

neopr She-Y 2o ranaps P e haten BoreR3hin s abnof Heihhdom R0 G0,
sol venty ﬂ@%lzl@adﬂdl ﬁh&l@ésﬁﬁk@@bn@ﬁ@ﬂltd the dtlmrd; oiesbnte iniskemicésy plee appléddchant
utili zedyl The viscosity of the naskant, be IB{h‘ﬁeaSEd }bjy evapor ati on of

the canpskent mampe pertialystbatted utilizmadhe |g9tb it eoTgF AETrPEL BTV ¢ or me
of ap -] n
Fechn gh ey i R0 g S R R L R o Rl 11
r andomsoathad.t er ed fashion all ow ng onIy a portion of the surface of the

i mpl ant t t b ka dot t I f d
whtch each WFsdine. skt et sey SU6F epBRiagbeh uf nefeiptiadidefhon.
conpar B@%ﬁ#}‘l‘%d Ak RREIS agdSS@TBnd dH5k Ak 8fots.t es adphibledo asleleaiVarieyobe

partia ded utilizing the grit blasting technique descri bed
previ cmraﬂswnd thicknesses of maskant in order to obtain the proper random finished surface. Each

of these particular maskant surface features produces a somewhat different etched result. An
optional step of drying the maskant at an elevated temperature may be useful. The conditions
may vary depending upon the nature of the maskant, however, four to five minutes at 200 °F
is usually sufficient.

[0051] While a number of etchants may be utilized, one particular embodiment
utilizes a standard 30% nitric acid/6% hydrofluoric acid combination which is readily
available. The etchant is applied at 110 °F for approximately 4 minutes to achieve a desired
0.008-0.010 inch etch depth. This time period or the strength of the etchant solution may be
adjusted upwardly or downwardly to achieve a heavier or lighter etching. The etching is
halted in a water bath or spray.

[0052] The maskant material may be removed in a variety of ways, including

mechanically or chemically. Mechanical brushing or blasting of the maskant may be used to
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for cleaning with an 80-120 nesh grit at 80-90 psi to assist in providing
an irregular maskant coating. [0050] Maskant features may differ depending
upon t he wppBioeEsi on. Maskant nay be applied as thick aggCorspzsdosns or as
thin spots. It is desirable to achieve a variety of sizes and thicknesses
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the inplant surface, preventing any netallic material from bei n% renoved
at t hibsfgseietphingseMedita yloped feaiines bidicatopd maskand conflitiere intermekiate thealywer s .
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event waddsyankdchy edsdefeas evhidheillabiedie g effact o€ covdpleaonipsiane coainomirstg mone of
the all 055’(( to be etched away. The resulting surface also consists_of

gr adudPasran «sling SaeroacRoTF @3@1@}9@%} BEKesPriTHeE Pxrler e aaemble yesuler i ng
maskanf paBGE rlﬁgﬁlg%fb%?ﬁafetaflﬁésl %pgﬁﬁps&hso& !ﬁg_ﬂf&q&ﬁélw sUbshiat e during
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the etchiing cycle” Hg atures I ndicate a thicker maskant
coat i rigeretsing leva] m&@nmlﬂeﬁt}gm surfheé iresells Founaaltiple fmflicattorst dhhasdiingMedi um

o ohe heat 1SR, | LR By ER AR GO0 LRt ALERTE SLELLAE LU0 0
conpl ghglowth¥@ohRe@nd to allow for a firm anchoring of the bone along the surface of the
implant structure. The surface features are irregularly shaped to promote bone ingrowth.
[0054] When using an electrochemical etching, the choice of maskant and the
process parameters for a given surface is dictated by the substrate metal utilized for the
implant. While a zirconium or zirconium alloy implant is contemplated as the best mode of
practice in the invention, it is to be specifically understood that any base metal may be
utilized as the implanted material. A change in the substrate metal may require the use of a
different maskant electrolyte, and the process conditions of the electrochemical etching
process. The use of other suitable substrate metals is within the scope of the present
invention. Any suitable maskant and process conditions of the electrochemical etching
process are also within the scope of the present invention.
[0055]  After the maskant material has been applied, the exposed portion of the
uttachment surface of workpiece is ready to be electrochemically etched. The exposed
portion of the attachment surface is that portion which is not covered by maskant deposits. A

tank may be used to submerge the workpiece and the cathode under an electrolyte fluid. The
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areas and by those areas which illustrate the effect of conplete maskant
coating versus no naskant coating. One or nore additional nmasking and

et chi ng cyoloes498e possi ble resulting in patterns havi ngPamaiSoysnnss
features superinposed on the previously forned surface. An increasing
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Wi t hi hefefie scope of the present invention. [0055] After the maskant
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is the.anode of the el ectrochenical, syst a i s connected to. t sitive
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The cathode shoul'd be of the sane  approxi mate di mensi ons of the workpi ece

such thimpertamstheedise the elegtralyty dyid mush adegypelyeremayp hodhithe Bedtandathea on

t he i b ol 1.4 d t rol |l ed
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her ei n. €lectrolyte tluid for the electrochem ca et chi ng
pr ocedu galians per minute per 100 amps and have a temperature of between about 100-130 °F.

One skilled in the art of electrochemically etching metals will be able to determine the proper
values of these parameters to use with a particular application.

[0057] The cathode may be made from any material suitable for use in
electrochemical etching such as copper, nickel, or an alloy of tungsten-copper. The cathode
should be configured so that the work gap between the cathode and the attachment surface of
the workpiece is substantially uniform. This is accomplished by making the cathode
substantially conformal to the attachment surface. Preferably, the work gap is between about
0.020-0.250 inches, more particularly between about 0.060-0.120 inches. One skilled in the
art of electrochemically etching metal will be able to determine the proper work gap to use
for a particular application. A direct current voltage difference between the cathode and the
attachment surface of between about 8 V-24 V and a specific amperage of at least about 50
amp/in® of exposed portion of the attachment surface are to be maintained during the

electrochemical etching of a workpiece. Preferably, the direct current voltage difference
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preferably a solution containing the proportions of one pound each of Nad
and NaNO3 dissolved in one gallon of water. One skilled in the art of

el ectr ochwoiosad7gl et ching metals w |l recogni ze and enpl @gTiUse2/390p4 Opri at e
el ectrolyte fluid to be used for the type of netal of a particular
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cathode may be nmade fromany material suitable for use in electrochen cal
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the art 0}10@ ct rﬂ%ﬁ%lg,adhlexnﬁkﬁ?{eﬁ&uaa{eﬁhcwétéhi&ep%b@ ik Qeffialcarifiidre the

proper work gap to use or a particular application. A direct current
vol t agienedj thbeglenseful btthotmemt stifaceattayde obtainadibrough thecneed tiewerrdnd qrongf

bet ween about V-24 V an speci.fic a rage qf at |east .about

oo | ABTTou eytlen T ioRmp B DS PRE st BNEHRE Saitt sl 578 e dBEM G Mai ned
duri ngnd RfticBhepbieARAMPedtra Ifﬂgmgmaau theREkPaRGant dMedteriabismedshireddi r ect
current voltage difference - 3 WD 03/ 049781 PCT/ US02/ 39054 bet ween the

cat hody ategtht hef amatesiahe el dée B widlencasBouycle2- 18Whemnanyliiple
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surtace. e values o hese“paranet ers use with

ot her siEh®s heabigstad &vithesdid y20d@ksh aumaddl gritpricene theskpplicatibr of thi enaskantof
el ectrochem cal etching netals. The stated conditions will produce a netal
r enov anaterigl 6o a§ togyemoeterhp adhesioripf e Rifedci¥e wor kpi ece material is a

cobal t- chr gﬁ%ﬁm ab'tl%)’ g{g‘%ﬁ?’ﬁg bn RSP tthoilg BbERhNghd/S: elé’e%'fr%ﬁﬁéﬁﬁ_@!alu ntil a

desired et pth o 0.002-0.007 inches is achieved. The tinme

per i octehirg atchpossiide aamdt witbinofhet $vopelofcthe qubssnt devention. For example, the
description provided above involves the random application of maskant to the surface to be
texture modified, resulting in a random and irregular surface. Alternatively, the maskant can
be applied in a controlled manner in which a signature surface would result. Such a
systematic signature surface may be comprised of a regular pattern or if may be irregular.
This could be accomplished by the controlled application of maskant. Alternatively, the
mnaskant may be applied in such a way as to completely cover the attachment surface,
followed by the systematic and controlled removal of selected portions of the maskant to
effect a surface having regions of varying coverage. Such controlled removal may occur by
way of photo removal, such as, for example, laser ablation of deposited maskant.
Alternatively, a chemical, electrochemical, or mechanical removal may be used.
Additionally, the use of precisely controlled deposition could effect the final mask directly,
obviating the need for partial removal of masking prior to etching. For example, chemical

vapor deposition techniques, among other deposition techniques, may be used. A number of
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etching process, particularly the specific anperage, nmay be adjusted
upwardly or downwardly to achieve a heavier or lighter etching. The

el ect r ochwoiosaho7et chi ng process is halted by renoving t heCralspzspes4
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o deserbet v

of ~maskant 10062 er nWihilg Prepent; prefersed srbofimpsn(s pfaths dpysngan afe af as to
comp! ¢ 8 X GRYAL vhbsbl ABBnRAHAGE not liflibe WEdeRYinli1Bap B8 BB and
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maskant . M Sgi WelhaE Diffusioic Herdened Oxelugoi Laghem cal , or nechani cal renoval
may be used. Additionally, the use of precisely controlled deposition
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renoval of masking prior to etching. For exa i cal  vapor
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whi ch™are T nmret s to one o nary s In the art upon
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the present invention. [0061] The,surface di.fi.cations of the present
i nvenEiTpgy SR IB‘éta%e‘ﬂl%F% ten P st e é‘ﬁ rnf)gggjétefl HSt h?;#’éu ’e’i]JPB]éngf ?ni%ng and
whi chShaah, e 3185 WRedd! aROBBeRIbIOtd Eomiih® I oxidation layer of the present

invention. In the discussion that follows, the focus is on zirconium and zirconium alloys;

however, the invention is not so limited.

[0064] In the case of oxidized zirconium it has been found that small amounts of
zirconium are sufficient to yield the desired diffusion hardened oxidation layer. For example,
the desired oxidation layer has been successfully formed on an alloy having 13% zirconium,
13% niobium with the remainder being titanium. Oxygen, niobium, and titanium include
common alloying elements in the alloy with often times 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. Other non-limiting

examples of alloys useful herein include zirconium with up to about 4.5 wt% hafnium and up
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upon i nplantation and pack the bone or tissue material into the inplant to
pronote bone or tissue in-growh or on-growth. Presently known in-growth
and on- grwaton/osarsf aces (e.g., sintered beads, sintered wpPCa/usessnspl asm
spray, etc.) are not designed for this and do not acconplish this. The
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f or mathsh pé?ceésqsdG%r proyide 3 thin, ha ef‘%(@%’%&éﬁ nl]ﬁ%’ HSLPR N 2ur i ng
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& hoy Srokel i ARG gy D lsSeds ERMED Ind BinfA SREHSACPE (8 ChRiR | 0
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up to sabatite fhefal. Wt %0 haf ni um and up -15 WD 03/049781 PCT/ US02/ 39054 to
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(¥

zi rconi um VP8Pl abdbe air, sicam gndypatek P@@éﬁlwrgﬁ%ﬁs‘iﬁpﬂ? B4 NAV~REBH LT ni um
and iy anpLmuy b@fﬁ%ﬁ%tto IR ats %Héqfegahﬂép SPhilB W 1nc(61{9bfa@éwb§f’ Rferbh& B esence

of zirconhi umi s Hot’ med neéessary,
though fully set forth. 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 is 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 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 the formation of
the undesired oxide form. In the case of zirconium or zirconium alloys, the undesired oxide
is the white oxide.

[0067] For zirconium and zirconium alloys, although larger thicknesses of up to
about 20 microns may be used, it is preferred that a blue-black zirconium oxide layer ranging
in thickness from about 1 to about 10 microns should be formed. For example, furnace air

oxidation at 1000 °F for 3 hours will form an oxide coating on Zircadyne 705 about 4-5
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as under simlar oxidative conditions chemcally simlar netals such as
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tenperature and tine are possi ble. Wen higher tenperatures are enpl oyed,

t he oxkdanitedowenvdhe melting print efgthe salt.t dsangiigoxidaicng thearateonl efidatiqiels

undesi red oxi orm |n. t S h1CanNi NeZ4 [ I t he
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al | oy 500800t gin2Ran grr °R)hiKdwness eise bivetipxggen laduiuin tRO bathprahse tisyndre used,
it is preferred that a bl ue-hbl ack zirconi um, oxide %g%/er rangi

t hi ckrfeatinesrbas 4B dernece diraggdationgatnthe  BAE EMg AN FFEMEHTEY. AE%}“ b%&nm e,

furnagg,a ok (9N FRE hd 9 Brdanb QrandfRtiosriNg {hickh@dsBrasu by} Agri&eak.i ng on
Zi rca y%@%%pgjbggﬁ:f ey S s e 2
[0069] Whether air oxidation in a furnace or salt bath oxidation 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 oxidized, the hardness of
the surface shows a dramatic increase over the 200 Knoop hardness 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 Knoop hardness.
‘[0070] These diffusion-bonded, low friction, highly wear resistant oxide layer
have heretofore been grown on the surfaces of orthopedic implants subject to conditions of
wear. Such surfaces include, among o;chers, the articulating surfaces of knee joints, elbows
and hip joints. Hip and knee prostheses are illustrated schematically in Figures 1 and 2 (hip)
and Figures 3 and 4 (knee). 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 be fabricated
from ceramics, metals or organic polymer-lined metals or ceramics. In the present disclosure,

we teach the use of these surfaces on other portions of a prosthesis as well. In particular,
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m crons thick. Longer oxidation tinmes and hi gher oxidation tenperatures

W ll increase this thickness, but may conprom se coating integrity. For
exanpl e, woeslersl at 1300 F will form an oxide coating alpeWtusaA39es£rons in
t hi ckness, while 21 hours at 1000 OF will forman oxide coating thickness
of ab [y on
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coatl t I} osthesis, is the nethod of U S. Pat. No.
4,671, 824&1{6%%{}%%6@5?5ﬁ8 ]'ﬁaém'?%achi ngs of which are i ncor porat ed by
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| ower s e ne&“}'%%n%lggog?i ﬁﬁ{i’é‘%%(g ﬂ)gaw(loe ri‘jés}gll ﬁdglli g{x%lta ﬂfl 9%’ B{%‘feﬁﬂ{ feH%of
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the '824 patent prefers the range 550-800 C (1022-1470 F). However, the
| ower oxygemrioemeh& dfTekinee-Dekiltiedr Difisn Hiraed OxdaionIgset Hiafuckor furnace
air oxidation at the sane tinme and tenperature. A salt bath treatnent at

1290 OF forspb@uss-deuys s produces an oxi de coating thickness of roughly 7
m crons. | ether air oxidation in a furnace or salt bath oxidation

I's used, theo72i rcw& %H@@;ﬁbﬁ@m%a%kﬁ%eﬁfsec&ﬁpérﬁl EWdat afrehith heyr daess.  For
exanple, if thé surface of a wought Zircadyne 705 (Zr, 2-3 wt._ % Nb)

pr ost sesfheessagrinst shanej eerasatdezay, textm,e -medifiad sandofliffusipn. bendersde oxidired a
d t fant I
sur f acurridie 2 E iFugiioaas 488 Wb ORRRa NS> Sad's) iFls AR ol Tcfber,

f ol | owdxidizédxhatabkiare-mbifiet! Nette refidtssoflthis heting Ghowed tmxada)mmwptemm]s | s
approxi mately 1700-20Q0 Knoop hardness. [0070Q] TE%se di f f usi on- bonded | ow
frict w@#acenlil?@r@l bgfangial Wéﬂ%‘?@ﬁt”@‘i@gﬁéhqaé%ngﬂh‘éw RS €3BT CEeBEPIFHown on

t he sq{nf%agzse @&é}@%dc% @pl ants subject to conditions of wear. Such
non ers,

surfaces | nc the articulating surfaces of knee joints,
el bows ano[OM:ﬂ j olmths datdl ‘tmlcamd TermeedFwichtoed” mefqrmedﬁsmata&mocedure

schematically in Figures d 2 (hj apd 4 (kne

nent i dﬁe‘ﬂn%%/ Fﬁcg 1§ ﬁ%mé'lggeiy 8?V€igi?dpg’])ltglrﬂ? gant ﬂﬁ 39 e, % ﬂecﬁ%as%rt em ar e
typi cajplaiohab rpaﬁiaam%ﬁlfova@&ﬁle ritdskants yieldid gethe hﬁask@@%ﬁ{fwearﬂﬁbl@uﬂm s
fabricated fromcéramcs, nmetals or organic ({ool ymer-1lined netals or

cer anitben chemiedlly qj@l@gjgmngcﬁ ritnicoanid/Bydrofluoric aci xture. The remaining maskant
was then removed and the surface was cleaned. “Textured Surface No. 2” was produced

using a random spattering technique to apply the maskant and a nitric acid/hydrofluoric acid
mixture as the etchant. In all cases, the substrate was a zirconium alloy containing 2.5 %
niobium.

[00674] The average shear strength of an oxidized Textured Surface No. 1 was
nearly 500 p.s.i. greater than the corresponding unoxidized textured Surface No. 1, and the
average oxidized Textured Surface No. 2 was more than 160 psi greater than the unoxidized
Textured Surface No. 2. Also, in one of the unoxidized Textured Surface No. 1 specimens,
some of the metal asperities were found to have sheared off during testing and remained
embedded in the cement. This was not observed in any of the oxidized specimens. It

appears that improved shear strength against bone cement and resistance to shearing of the
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we teach the use of these surfaces on other portions of a prosthesis as
well. In particular, -17 WO 03/049781 PCT/ US02/ 39054 when conbined with

t ext ur e- nwoioBioeEs8i on t echni ques, the resulting surface exirChiuss2/zbanced
fixation performance. Bone and tissue in-growth into the prosthesis is
enhangagd, 3 {50 ﬁi‘?@‘ﬁd&i 'S&T%teﬂefﬁ% 1 Q%ﬁ%&@ﬁsﬁﬁé&?«aﬁ' ki Nirack! SR and
ot her materrals, FElatt ve to conventiona prosthetic surfaces, is also
enhandett. is B bElowharduhewulgnehicatlf in Biguter - nodi fi ed, di ffusion hardened

oxi de layer coated prosthesis is not limted to | oad bearing prostheses,
especially joints, where both a high rate of wear may be encountered and
fixation is expected to be a problem Because the oxide |ayer coating is
firmy bonded to the pure netal or alloy prosthesis substrate, it provides
a barrier between the body fluids and the pure netal or alloy netal

t hereby preventing the corrosion of the alloy by the process of ionization
and its associated netal ion release. Performance of Texture-Modified,

Di f fusi on Hardened Oxi dation Layer Sup aces Shear Strength [0072] W have
performed experinents conparing shear strength of various surfaces against
bone cenent of 1) texture-nodified and diffusion hardened oxidized
surfaces, 2) texture-nodified and unoxidi zed surfaces, and 3) surfaces
which are neither oxidized nor texture-nodified. The results of this
testing showed that an oxidized textured surface has a substantially

i nproved average shear strength with bone cenment over that of an

unoxi di zed simlarly textured surface. [0073] In the data bel ow, "Textured
Surface No. 1" was formed using a procedure in which the surface is
conpletely covered with maskant, followed by the controlled | aser ablation
to partially renove sonme maskant, yielding the masked surface. This surface
was then chemcally etched using a nitric acid/ hydrofluoric acid m xture.
The renmai ni ng maskant was then renoved and the surface was cl eaned.
"Textured Surface No. 2" was produced wusing a random spattering technique
to apply the maskant and a nitric acid/ hydrofluoric acid mxture as the
etchant. In all cases, the substrate was a zirconiumalloy containing 2.5 %
ni obi um [0074] The average shear strength of an oxidi zed Textured Surface
No. 1 was nearly 500 p.s.i. greater than the correspondi ng unoxi di zed
textured Surface No. 1, and the average oxidized Textured Surface No. 2
was nore than 160 psi greater than the unoxidi zed Textured Surface No. 2.
Al so, in one of the unoxidized Textured Surface No. 1 specinens,
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gd—surface—Tthe—date+sgirven—betowandsh Woa a|J||| \qu ‘g’,m 8 €
WO 03/ 84@4&81 PCT/ USOZpmBeRo. OX| RAGN 3 Eggimﬁ NGT il ]
ENxiied SVAERIAL  CONDI TT @N-4(IMPA] [ P&E95nb Td xt U(D)ﬁﬁkecsur aaesiNoJ] 16745
No Oxidized 11.55 1675 44892 4-2 112 31 1785 451-4-3[1Q02.74 155785
12.30 1784 451.4.5 1#5193 1039 451.4.4 10 05 1458 AQ# age 1567
S-D——20—174—TFextured Do aceNo—2—451-5-1—zr—2 tnfL8 a1 d
51=5-2-962 139551544 10 35 50T 451 o P —ho
leérage4bl- 5-6b 1Z.55[1820 Average [10. 721 14 S.D. 1.40 264 1 @%b Ul
eSPhlo. 1 451-6-1 Zr+2.5Nb Unoxidiged 8.81 1278 451-642 8092]129%4
Tegtupel SyrbioeNo. 151- 614 Q_$0-591333 _U57ed5Ns 7 780xdpd  4519%- 6] 61429 G
451-5-2 9.62 1395
451-5-3 10.35 1501
451-5-4 10.54 1529
451-5-5 8.25 1197
451-5-6 12.55 1820
Average 10.21 1481
S.D. 1.40 204
Textured Surface No. 1 451-6-1 Zr-2.5Nb Unoxidized 8.81 1278
451-6-2 8.92 1294
451-6-3 8.25 1196
451-6-4 9.19 1333
451-6-5 7.78 1129
451-6-6 6.79 985
Average 8.29 1203
S.D. .89 130
Textured Surface No. 2 451-7-1 Zr-2.5Nb Unoxidized 7.64 1108
451-7-2 8.92 1294
451-7-3 12.14 1761
451-7-4 8.61 1249
451-7-5 6.93 1005 *
451-7-6 8.04 1166
Average 9.07 1316
S.D. 1.82 264
Grit-Blasted; No Other
Texture Modification 1LSZ/2LSZ (front) Zr-2.5Nb Unoxidized 7.38 1071
3LSZ/ALSZ (front) 7.81 1133
5LSZ/6LSZ (front) 8.16 1183
1LSZ/2LSZ (back) 7.79 1130
3LSZ/ALSZ (back) 7.35 1066
5LSZ/6LSZ (back) 6.96 1009
Average 7.58 1099
S.D. 0.43 62
Bead-Blasted; No Other
Texture Modification 269-193/269-202 Co-Cr N/A 3.74 542
269-199/269-204 3.01 436
269-191/269-203 3.92 568
269-196/269-205 3.40 493
269-197/269-201 3.72 540
Average 3.56 516
S.D. 0.36 52

* Inadequate cement layer — data not included in final analysis.
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Average 8.29 1203 S.D. .89 130 Textured Surface No. 2 451-7-1 Zr-2.5Nb
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1249 451Wo-03/08788 1005 451-7-6 8.04 1166 Average 9. 07 13C6/USBr/B054. 82 264
Git-Blasted; No Oher Texture Mdification 1LSZ/2LSZ (front) Zr-2.5Nb
Unoxi di zed 7.38 1071 3LSz/4LSZ (front) 7.81 1133 5LSZ/6LSZ (front) 8.16
1183 1LSZ/[BoBq ( baE& bxiflaliéh pod6ss H’a!nfa%/slﬂhe%xﬁﬂaﬂﬁrfa& 3hd 10RBelibkedZhit SZ
(back) 6.96 1009 Average 7.58 1099 S.D. 0.43 62 Bead-Blasted; No O her
Text urthis pawsiitierach As 26D 23 9 pagentds rapactyd, gripdigg e G4 surfaes of gy bew: 204

260- 1891 3 LA IE3ApREY o rentile o ERER B o Bodthe 0 hompt bone,
cenentgrbwtheonte tleaeeturedtsutfad. ljlthedmnmdmed adxtandbeyisd more- ARLHIARND 300 49IRd,

PCT/ US02/ 3905 00 The oxi dation roc ss hardens the textured rface
and i tW‘?“ég et ﬂ’év%% {f{%ﬁi t im;ggindingothe it sugfaces; o Qler‘écg‘ﬁ Bs W%&lalnﬁiﬂ a

| npact@ditioghl AVt Nen VY sl fnd@8SdRS. TR RAMNR daRchsaslel thaf ﬁlfltdx'i‘tﬁzéd"e
i npl ant. The presence of freshly grated bone is thought to pronote bone
textured surface has a substantially improved average shear strength with bone cement over

that of an unoxidized similarly textured surface.

In-Vivo Ovine Studies

[0001] In this study, an ovine animal model was used to determine the in vivo
biological response to these macro-textured and oxidized zirconium surfaces and the resulting
shear strengths they provide. A texturing method known commercially as ChemTex® 5-5-5
(CYCAM, Inc., Houston, PA), and a newly developed chemical texturing process known
commercially as Tecotex® 1-103 (Tecomet, Woburn, MA), were selected to produce macro-
textured surfaces (Rmax > 0.4 mm) on a zirconium alloy (Zr-2.5Nb). These textured surfaces
are subsequently oxidized to form a hard ceramic layer uniformly about 5 um thick over the
entire surface which consists predominantly of monoclinic zirconia.

[0077] The ChemTex® textured and oxidized zirconium (CT-OZ) surfaces and the
Tecotex® textured and oxidized zirconium (TT-OZ) surfaces were compared to sintered Co-
Cr beads (SB-CC), a common fixation surface for hip stem and knee femoral components,
and ChemTex® textured Ti-6Al1-4V (CT-Ti) surfaces, which have been used clinically on
total hip replacement components. Also investigated was a ChemTex® textured zirconium
surface left unoxidized (CT-Zr). Twelve cylindrical pin coupons (6.5 mm x 15 mm) with
each of the five surface types listed above were created. Bach coupon was implanted into a
6.4-mm hole drilled in the lateral side of the distal metaphysis of an ovine femur, with one
pin implanted per animal. Four sheep with each coupon type were given bone labeling
solutions at two periods post-operatively.  Solutions of calcein (15 mg/kg) and
oxytetracycline (15 mg/kg) were administered intravenously at days 14 and 35 post-op,
respectively. At six weeks post-op, the animals were euthanized and the femora were
harvested.

[0078]  The eight specimens of each type from the animals not given the bone

labels were prepared for pin push-out testing. First, the boney tissue immediately adjacent to
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grow h onto the textured surface. The unoxidized texture, being nore
ductile and not as hard, would not be as efficient in grinding the cut
surfaces wh oBle®@7Bone in this manner. An additional advantagasozseobe seen
in the data. The results denpnstrate that an oxidized textured surface has

a SUb%ﬁé‘Qﬁdsgdf‘ e ‘pﬂ?P{?vQ fi}i}‘%{ei‘”d; %%{Lﬁ éﬂe‘%ﬂ%ﬂt_a%ﬂ Sty %@ﬂleth% &edote t hat

of an unoxi di zed"si m ace |es 0001]
| n t hissrfa¢esadyf theapinami @mcﬁmmgeﬂlat IﬁiodelsurfﬁSS pl&pehdl@m&b ehigraxie of {'le pif. Wnvo

bi ol o cal sponse to these ma text red and OXI di zed, zirconi um surfaces
and t L4 srgvo-hydranlics eghant ?SHE% %ﬁnﬁv&ﬁﬁronA prRRTieRn e Kk nown

comre rv@ds%éﬂ/us%ﬁ tgiﬁm-r §%0ado %e5me<§1§1Y&ﬁMf thd}fin alo'ﬁ'@&'t%%?ﬁ VleP f‘%teel r AWy

devel oped chem cal ‘texturing process known commerci al ecotex(r)
1-103 mrneuaimn¢ten/%ucmcthm;)late\/waseussé lte suppdrttthe pomdmwundmgdhe tagortluensld

Sur 1 adhané BV Th st B iRt 2eAPO A Bk ke RE P b Snang BESERRRE or m

about fErctglrgqlﬁﬁwquguﬂ e tHe®in @Ak kdcorded! f ace whi ch consists predom nant ly of
nmonoclinic zirconia. [0077] The Chenirex" textured and oxidized zirconium

(CT-2) surlP@Ts aftrtistigal arl?éizfssﬁ 6% they rushwub ipagds vap Redped BIRE B PNGTWAYTT- O7)

surfa r m&gﬁg 0 geation
surfa%glﬁlfyor ﬁ%%ggm?glﬁ?%%ees emrgfakf%&n%rggiﬁwéﬁﬁp&h‘g% exa rg IEéext ured
Ti - 6ATusth¢ A 954 Tonfidancd ateasal (ki @.05haiie rbeeiningsfedr qiet:maiaalolfyacﬂmypé fibal  hip
repl acenent t ext red Zi conl um

Al t d Chemr
Sur § adBS FB A Bieh 49 Eaen( BYSHP bOTRLEl S TR RSB
15 mMypofk tidk s &?&th 1ﬁs' V’Ph§961{e§’éb%p6l¥ BRRithdr3 e e RV NELR 1%@@15 . Each
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each type fromthe ani nal t he e for pin
push- %TB@?(ﬂﬁga TEgpm tﬁhczcn%sg n ssugR ? %gr%l " ré ﬁgg{ grceg{rlltsl? ﬁe%dt- %1 W0
03/ 04%&&@’@3{@@(}%3@ cd]lg@btﬁﬂgis of the pin was sectl oned away, |eaving
bone in contact only the intended test surfaces of the pin_and

pr oduci ng fﬂ0980]boné’lf’5]@#5h&&1é§€3%$ FrenliRddn 2xpragoPisheoul Jqads as Shqw i FFiguye,
6. The TT-OZ coupons produced the highest average push-out strength (2.83 kN), but this

was not significantly different than that of the SB-CC (p = 0.53) and CT-OZ (p = 0.25)
coupons. All three, however, withstood significantly higher push-out loads than the CT-Zr (p
< 0.04) and CT-Ti (p < 0.008) surfaces. No significant difference between the CT-Zr and the

CT-Ti surfaces (p = 0.392) was found. Histological analysis showed bone growth in direct
apposition to all five surfaces. For each, bone grew down to the deepest recesses of the
fixation surface, providing mechanical interdigitation between the bone and the implant. The
bone labels indicated that bone deposition had been initiated by day 14 post-op and was
continuing at day 35 post-op for all of the surfaces investigated. ,

[0081]  The macro-textured and oxidized zirconium surfaces (CT-OZ and TT-OZ)
provided biological fixation strengths equivalent to those of sintered Co-Cr bead-coated
surfaces (SB-CC). These results, along with the histological finding of active bone growth in

direct apposition to the surfaces, suggest that both forms of macro-textured and oxidized
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Co- Cr roradt; edadiecbuld hadasane €58t @n) the Dislsgicaleisshd fmmadiotely wdjhdent he the

hi st ol ogi cal finding of actiyve boPe growh in .chjli.rect a?%gl?i ion to the
sur f actEace | &tk BthateNgk mﬁé‘[‘%_ﬂf‘%lr‘?ﬁ’sl Ty sUBgET Gt extdaredy Ay oX1ET 78422 wo
03/ 04%&%415%%8%&%5%%% i HoREIA Mifoﬁ%ﬁ%g’%l@%iﬁab@&ow de a clinical

fixation equrval ent that of sintered Co-Cr _ .
[0084] Although the invention has been described with reference to its preferred

embodiments, those of ordinary skill in the art may, upon reading this disclosure, appreciate
changes and modifications which may be made and which do not depart from the scope and

spirit of the invention as described above or claimed hereafter.
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beads. [0082] All three of the above surfaces denpnstrated significantly
greater Dbiological fixation strengths than chemcally textured Zr-2.5No
(CT-Zr) awo 03i04580-4V (CT- Ti) surfaces. O note is the i mprasemsnssin the
shear strength due solely to oxidation of the zirconiumalloy. Both the
CT-OQZ and the CT-Zr pin coupons yef using the same Zr- 2.5Nb all oy
and were chemcally textured in an i ent@;%gal manner, yet the first group,
whi ch was oxidi zed after the texturing process, produced a significantly
hi gher bi ol[0985al Alllxzténdsands putdivgtiénst hemtidnké is deospdcidicatiqn anehindicativess | ef t
in the oxi di z condi.tion. .[ 00 The reasons.for the i ovenent jn

per f oA AR BER R Pk P Odo iR A OGRS Bt bR e

resul tuBficAtRWME ed hebelnl BCEPbrA@ChPsferdnbe do MRCERE¥kteitesk 1f00cH IiB@didahl coni um
knee fenoral study, the hardened ceram c texture was observed to "shave"

t he pidpheasigngyastspewliedllytand indnidualiynindicatydbo heinsarporaedly feigrendehe recesses
of the texture. This nmay act in a "self-grafting"” manner to encourage bone
gr owt Ry @b QedifiSoduiRhant surface. The softer textured netal surface may be
| ess proficient 1 n creating this effect, while the hard ceram c surface
acts to rei¥8m3¥e the texture &BHPliti es and rMblkeon hem nore resistant to
abr asi on by e,pone. In additi eram c surfaces, are resistant to
corrosion a %ﬂi’%ﬁt rel ease, V\hi62ﬂggc7gul d have s%ar%a@ffect on the biol ogical
tissue i mMed¢E40% adjacent to &1887 surface. ByanKahparer nmeans, the results
suggest tha idation of a te d zirconiu surface significantly

i mproves tH 6‘8@%‘&0@ cal fixati >gztréijgggte}rengt h attguﬁ%ﬁ)l e. [0084] Although the
|Event| ](c)n hgz7hgesn descri bed wig/togief erence t greys preferred enbodi nents,
those of ordinary skill in the art may, upon reading this disclosure,
appreciate‘kgﬁhﬂé%s and nodi fi A4t9%ns” whi ch mdyPI¥€ made and whi ch do not
depart fromgépepscope and spirqfoqef the invengion,agadescri bed above or
claimed hereafter. -23 WO 03/049781 PCT/ US02/ 39054 REFERENCES [0085] All
pﬁtents and,PUb8iscati ons menti dHEW6 n t he specWVegsaetdn are indicative of
t he | evel Ebﬁﬁﬁ skilled int t to whic L.hyention pertains. Al
patents angjf’ﬁplj I cations are hlg?legi‘yr% incorporm%%ggp%ﬁéference to the sane
extent as i6,199062 i ndi vi dual RiB00Icati on was Wpgemirktdal | y and i ndi vidual |y

i ndicated t jhcorporated b erence. U. - nt Docunents: 2,987, 352
Ssgglijfz}é gg P 37/8/ ngl Daiihs

6/ 1961 Wt 71,824 6/198 ygarth
5,152,794 10/1992 Davidson
5,169,597 12/1992 Davidson et al.
5,180,394 1/1993 Davidson
5,370,694 12/1994 Davidson
5,372,660 12/1994 Davidson et al.
5,496,359 3/1996 Davidson
5,549,667 8/1996 Davidson

Other References:

ASTM Manual on Zirconium and Hafnium, J. H. Schemel; Special Technical
Publication 639, American Society for Testing and Materials, Philadelphia, PA, 1977.

[0086] One skilled in the art readily appreciates that the present invention is well
adapted to carry out the objectives and obtain the ends and advantages mentioned as well as
those inherent therein. Systems, methods, procedures and techniques described herein are
presently representative of the preferred embodiments and are intended to be exemplary and

are not intended as limitations of the scope. Changes therein and other uses will occur to
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4,673,409 6/ 1987 Van Kanpen 4,644,942 2/1987 Sunp 4,272,855 6/1981 Frey
4,865,603 9/1989 Noiles 5,922,029 7/1999 Wagner et al. 5,507,815 4/1996
Wagner etwa@lo3/0468258, 098 11/1993 Wagner et al. 6,193, 762pP2radod3dégner et
al. 5,037,438 8/ 1991 Davidson 5,152,794 10/1992 Davi dson 5, 169, 597

12/ 19 A t . i: 3 4 4

v cog SS9 B r i e lomisad it hPYEAS g By ARyt EadEEA Y.

5, 5491ifetsboB¢ 46 clams.dson Ot her References: ASTM Manual on Zirconi um and
Haf nium J. H Schenel; Special Technical Publication 639, Anmerican

Soci ety for Testing and Materials, Philadel phia, PA 1977. [0086] One
skilled in the art readily appreciates that the present invention is well
adapted to carry out the objectives and obtain the ends and advant ages
menti oned as well as those inherent therein. Systens, nethods, procedures
and techni ques described herein are presently representative of the
preferred enbodi nents and are intended to be exenplary and are not
intended as limtations of the scope. Changes therein and other uses wl|l
occur to -24 WD 03/049781 PCT/ US02/ 39054 those skilled in the art which
are enconpassed within the spirit of the invention or defined by the scope
of the clainms. -25 WD 03/049781 PCT/ US02/ 39054 What is clainmed is: 1. A
met hod of producing a nodified surface on a netallic substrate conprising
the steps of:
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nodi fying the texture of at |east a portion of the surface of said netallic
substrate; and, oxidizing at |least a portion of the surface of said

netal | i c wolmsioueBe to forma diffusion hardened surface @aTamoz3eet al |lic
substrate. 2. The nethod of claim1l wherein said step of nodifying is

char a i . .chem cal or electrochem cal etching. 3. The nmethod of
cl ai mqgﬁ\%\;nlg?%lnﬁxggsfd etching is characterized by etching wwth acid. 4. The

met hod, of ,c] aj in saig | i cl.erd t.he further step
o ampty P PRU R ElR SRLAEISIAS oy FRMIAC LRI AEToREIE he BT
met hod of ofl aim 4 wherein the maskant is randomy applied. 6. The net hod of

claim4 wherein said step of applying a naskant is characterized by the

step of sprayig@ifingShe tdxQire BPatdbasiB PR TMOsERcobstid ARt sifbdirfle;
metallic substrate. 7. The nethod of claim6 wherein said step of spraying

or sputtering@$ characterized by a random application of maskant. 8. The
nmet hod of claim4 wherein said step of applying a maskant to the surface of

the metalli Co§f&?ﬁﬁ%%{ %ia'he? g;gﬁ&%ﬂﬂezﬁgfa]@é( of WhidYmEAMR Ldd@118 f3HATAC

e
wi th said maskant a er partially renoving a portion of said

maskant. 9. Th&fusiimeddantd sidaceod sakdenetnlihic sabstkatet ep of partially renoving
is characterized by the step of laser ablating a portion of said maskant.

10. Tie naubeacktiedd 6f cdim Bwhbeiredaid stap of Sibaidyiag iaiatdctdriz¥d bgaRKemtal 6r
characterized by the step of nechanically renoving a portion of said
maskant . SECtra@ienieal REBING claim 1 wherein said step of nodifying is

char act eri i tchi 2. [ﬁgg : hm.1, wherei n
sai d g'epﬁﬁ? ﬂlrf'%léc(f)l ; Vi @@%ﬁg@%@ﬁ?’;@%ﬁ%&%@gﬁ% ti oer?a%%lgl“ﬁ%{g gl}ll'al onto
sai d surf Fhe.mdiBod Dielaimt b ovhendin chil etchidgvik ehedacteszdddby ttep fothedepapsof i on i s

characterized. by chem cal. vapor ositjon. 14. The nethod of claim1,
wher ei n Sép}g)lygltg@ngsfka%ggp&hezquﬁ%c? gprglﬁg?eé%h‘éﬂbfé@feby air, steam or water
OXI datﬂ.onmémcla‘i%ﬁlW@ﬂtﬁé%ﬁ%n?%&%ﬂ&% 24, 15. The nethod of

claim1, wherein said step of oxidizing is characterized by the use of
oxygerb.as Tha nsthethof claim 4 wherein said step of applying a maskant is characterized by the

step of spraying or sputtering of maskant onto said surface of said metallic substrate.

7.  The method of claim 6 wherein said step of spraying or sputtering is characterized by a
random application of maskant.

8. The method of claim 4 wherein said step of applying a maskant to the surface of the
metallic substrate is characterized by fully covering said surface with said maskant and
thereafter partially removing a portion of said maskant.

9. The method of claim 8 wherein said step of partially removing is characterized by the
step of laser ablating a portion of said maskant.

10. The method of claim 8 wherein said step of partially removing is characterized by the
step of mechanically removing a portion of said maskant.

11. The method of claim 1 wherein said step of modifying is characterized by mechanical
etching.

12. The method of claim 1 wherein said step of modifying is characterized by deposition of
material onto said surface.

13. The method of claim 12 wherein said step of deposition is characterized by chemical
vapor deposition.

14. The method of claim 1, wherein said step of oxidizing is characterized by air, steam, or

water oxidation processes.



16. The nmethod of claim1l, wherein said step of oxidizing conprises the use
of a salt bath. 17. The nethod of claim 1, wherein the netallic surface is
zi rconi urworo3a4w8r coni um al l oy. 18. The nethod of cl ai m PCTWiser/&ioss sai d

zirconiumalloy is selected fromthe group consisting of zirconiumwth up

wei gt i QB GRBE BE il 17 wiHRc SR SR 81 P Pics RBM o T B SRR i

zi r coni umowgen 28.ah okladt. 8 percent by, weight niobium and ti tan| umwi th

about rce t ht ni obi ym and _abqut 13 percent by we
zir corﬁi]% hg gicthgded lwgld vigpered sgichtep ofyerizing QoI the ruﬁ%ofsqﬁa?

conpr i Bes T8e FRkAd o%%'la%tle%fefe@m&*}ﬁetalﬂﬁ ac%‘?é’ﬁhl%ﬁﬂlﬁgof)i zitnl R0 P! 0PI um
tantalum "and titanium 20. A prosthesis antation conprisifg a
first I oThhevetbopmftdlaim didwhersiacsaid z1rpomsmheléo§s ipeeledted ;frommithe fgrowt
prosthe5|sﬁgor1|o conprising a bearing surface, said bearing surface

bei ng si z8& aped to engage or cooperate with a second bearing surface

on said second rosthe5|s t|o and mgﬁreln at |l east a portlon of the
surface of safH%9% 'W§ﬂ”$h88t %5&FW€H weight hafndws ad goter #host $-Qor t i on
or both is te 555 1ggg&gmegdg%mﬁhe process of any of «clains 1-19; and,
wherei n at st a trfon of said first prosthesis portion or said second
prost hesi s portlon or_both conprises a diffusion hardened oxidation |ayer.
21. The prost hzeomumiwith up o abouirhe peicentdyiweiglthefnigmpst hesi s portion is a
fenmoral conponent further characterized by haV|ng a bearing surface
conprising at I econ sthesis portionis a
tibial conponenﬁﬁﬁur&ﬂﬁtfgﬁggggFggﬁ&ef$%§hango: £base said tibial
conponent adapted to cooperate with the bearing surface -27 WO 03/ 049781
PCT/ US02/ 3905 4itan2iin witheabpuiosX peesdns b fwetdhtinfabAiy and etverit 13 patcenttbyowaight
conponent congrlses organi c polyner or polymer based conposite. 23. The
prost hesi s of ?EFAIH121, wherein said metallic prosthesis body conprises
zirconium _or zirconiuym all oy and wherein said diffusion hardened oxi dation

| ayer % dhpmeshasd ofclaimdy Wﬁlné?érkthéxnﬂalkeaurchﬁ@ewmﬁesada@tahijlected from the

group consisting of hafhium, niobium, tantalum, and titanium.

20. A prosthesis for implantation comprising a first prosthesis portion and a second

prosthesis portion;

said first prosthesis portion comprising a bearing surface, said bearing surface
being sized and shaped to engage or cooperate with a second bearing surface on

said second prosthesis portion; and

wherein at least a portion of the surface of said first prosthesis portion or said
second prosthesis portion or both is texture-modified by the process of any of

claims 1-19; and,

wherein at least a portion of said first prosthesis portion or said second prosthesis

portion or both comprises a diffusion hardened oxidation layer.

21. The prosthesis of claim 20 wherein said first prosthesis portion is a femoral component
further characterized by having a bearing surface comprising at least one condyle and
said second prosthesis portion is a tibial component further characterized by a tibial

base, said tibial component adapted to cooperate with the bearing surface.
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24. The prosthesis of claim23 wherein said diffusion hardened oxidation
| ayer has a thickness of up to about 20 m crons. 25. The prosthesis of
cl aim 23 wbhaesmigrssai d di ffusi on hardened oxi dation | ayer Ra3/so02/s405£kness
of up to about 10 microns. 26. The prosthesis of claim20 wherein said
first ;pro i [k I her. ] ral onent
navi nga eaitshieR? sk b2k i 2o MIAEhBEAAT Homttsd o R LR
wher ei n spolgm=ebased cpmpsdifeesi s portion is further characterized by an

acet abul ar_ cup havin n inner surfa((i:e adapted to cogperate with the

bear i r?§ S B BEsthgas of KAl WhgHein Bd mstel 1T REOSC]S PREX PMBHSSS | ZCARINEL
wherein sgig g I i dag=ls . I - based
conposi te.all £2liér3(5 The ag?%st Sg]‘?%ﬁ?(;gdlg?gﬁﬁ%%ﬁﬁgﬁgge%%ﬁdaégﬁéa}%égsa€w% %gag{;t hesi s
body conpoi klesk axidizedzmenniwm ceatingoni um al | oy and wherein said diffusion

har dened idation.layer.is | ue- bl ..-0l bl ack oxidi,zed zircqni um
Cont i g 3he PheshhindY Hlain 2 foherdh medb Sinbion hothd afes: Tveh dadhed
oxi dat i onti@yREs b 18 abblti20kfiRfnsOf up to about 20 microns. 30. The
prosthesis of claim28 wherein said diffusion hardened oxidation | ayer has

a thi28knébe poesthgsis of glsdmt 23 ovheren gnil dgfusiophbardensslt preiditsorniayet diam 20
wherei n the .prosthesi s, i ni.nal prosthesis. 32. The prosthesis of claim
31 wherei ﬁncsl%eéf‘ osfgl%pntglsabéf)uﬁol?t 1§fsol%§. conprises zirconiumor zirconiumall oy
and whel eThe pedsthedis fof et oheheeimedidofist pidstiesik pyion is fiaxtidr RaftReikedr

bl ack oxidized zirconiumlayer. 33. The prosthesis of claim31 wherein the
spi nal pr BYtehEsneral gompanenh ApVigg < hepdopertienand 3 bearmge syipst predhes bead ¢ ai m
33 wherei al.d [ di 145 o G [Se ' ' - kLLconi um
a1 oy andPonngRR ARl B BEGRN 1354 AEE BT, EHED UMM Bhize g bhCAT) T
or bl ackaeetitgilaretp hiavieg ah immek aydace adsptedtaremtipemke with tlanbeatiog siufserdr ng
into the a%q%/ a'i ssue of the patient conprising a conponent, wherein at

| east a pBEticBRPEHIofPNe surface of said conponent is texture- -28 WD

03/ 049781 TRECHJI48(231s 3P Cfafn 26D hEeBtsakY inhBEsuRf208 BSiipdes aRYor &hiChaiyAr ér 19,
and further wherein at |east a portion of the surface of said conponent
conpr i sesagolinidribaasirompodiéhied oxi dation | ayer. 36. The nedical inplant of

claim 2%5 %‘ﬁle %%s?l‘ges{s ro?@a&ﬁ%?? WhERiE 94 in%ettilﬂg pPJstlg&Q %oﬁ{r %Bl%ﬁrigégdzirconium

or zirconium alloy and wherein said diffusion hardened oxidation layer is a blue-black

or black oxidized zirconium coating.

29. The prosthesis of claim 28 wherein said diffusion hardened oxidation layer has a
thickness of up to about 20 microns.

30. The prosthesis of claim 28 wherein said diffusion hardened oxidation layer has a
thickness of up to about 10 microns.

31. The prosthesis of claim 20 wherein the prosthesis is a spinal prosthesis.

32. The prosthesis of claim 31 wherein said spinal prosthesis comprises zirconium or
zirconium alloy and wherein said diffusion hardened oxidation layer is a blue-black or
black oxidized zirconium layer.

33. The prosthesis of claim 31 wherein the spinal prosthesis is a spinal disc prosthesis.

34. The prosthesis of claim 33 wherein said spinal disc prosthesis comprises zirconium or
zirconium alloy and wherein said diffusion hardened oxidation layer is a blue-black or
black oxidized zirconium layer.

35. A medical implant for inserting into the body tissue of the patient comprising a

component, wherein at least a portion of the surface of said component is texture-
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bone screws. 37. The nedical inplant of claim35, wherein said netallic
prost hesi s body conprises zirconiumor zirconiumalloy and wherein said
di f f usi orwbasderied oxi dation layer is a blue-black or bl &ch/usk/shozed
zirconium coating. 38. The nedical inplant of claim37 wherein said

diffusi on shangensaakt 8Pl RYelpRS -fo. dbIGHASShelin UP1Q ARGHE, 3P

m crons. 39. The nedical i1nplant of claim erein said fusion
har dened @hd siaface nf $aad esmprasnicontprisck a dffusiwh hapdehed atidationli@ydri cr ons. 40.

:”218 ”% C?flhe imngic%rlnimglfanf: (l)fa élart?m3§5 ];éigétebcf %ror%ot[l;g rf,rirosuipnc nis?ist?neg:,l I)f_ l%n%fl;[lzlitgg algi(? viee.
bone screws.

37. The medical implant of claim 35, wherein said metallic prosthesis body comprises
zirconium or zirconium alloy and wherein said diffusion hardened oxidation layer is a
blue-black or black oxidized zirconium coating.

38. The medical implant of claim 37 wherein said diffusion hardened oxidation layer has a
thickness of up to about 20 microns.

39. The medical implant of claim 37 wherein said diffusion hardened oxidation layer has a

thickness of up to about 10 microns.

40. The medical implant of claim 35 further comprising a self-grafting device.
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