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TO BONE CROSS- REFERENCE TO RELATED APPLI CATI ONS T IS a Ilcatlon clai ns

t he
benefit of U.S. Provisional Patent AppllcatlonAﬂm E/264 084, f|Ied

; Y& (e3e_BH @MCDGGIBHz" WO 02/071918 Attorney Docket No. TECO 1 th%Z>

January 25 LSsional Pat ent rial No.

60/ 309, 923At%gg%ﬁ’ %thS§ (¥§JBACKGRCUND OF THEcmNuENTICN 1. Field of
the Invention The invention relates to the production of textured surfaces
for medical and industrial applications and is directed nore particularly
to the production of undercut mcro recesses in_a surface a _surgical

4 npl ant made tMEEHOB) FOR NG INPERCYT MICRO, RECES iN & SUREACE
Description of the Prlor A«t It IS knomn to use textured surfaces on

surgi cal inplants for the »8UREIEALf TMREMTP IEADEG THERBERdhesi on and t hus
Sstabilize the | ocation of the |nplant reIatlve to t he bone For exanple, in
an artificial hip, AN {NE X FQRf E G PEANTHTQ BORE positioning in
a patient's femur, and an acet abul ar sub- assenbly for positioning in the
patient's acetabulun1 the fenoral sub WO 112/ (171 J18 PCT/ US02/ 020GL~
assenbly includes an artificial stemwhich is typically provided with a

textured surface, and ichessceitpbriNge JubrgssenblAppinciagdessan acet abul ar

cup which is typically provided with a textured surface, the textured
surfaces being proyi 4gM iR tREATRE £iRONed Benefit of U.S. Provisional

Patent Application Serial No. 60/264,084, filed January 25, 2001,
and U.S. Provisional Patent Application Serial No. 60/309,923,
filed August 3, 2001.
BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to the production of textured surfaces
for medical and industrial applications and is directed more
particularly to the production of undercut micro recesses in a
surface, a surgical implant made thereby, and a method for fixing
an implant to bone.
2. Description of the Prior Art

It is known to use textured surfaces on surgical implants
for the purpose of encouraging bone adhesion and thus stabilize
the location of the implant relative to the bone. For example,
in an artificial hip, consisting of a femoral sub-assembly for
positioning in a patient’s femur, and an acetabular sub-assembly

for positioning in the patient’s acetabulum, the femoral sub-
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grow h. The desirability of roughened, textured, bone-engaging surfaces to
assure stable positioning of surgical inplants has been recognized in U S

Pat ent Nowd2A981415, issued March 29, 1994, in the nane qﬂnmﬁgnk?%@ard,
U.S. Patent No. 5,456,723, issued Cctober 10, 199S, in the name of Sanuel

G Steinemann, U. S. Patent No, 5,603,338, issued February 18) 1997, in the
nanme of Kel R ] 261 ) + d e ;

1998, ‘i n LRE S of Crice I Baarec nd R pgh it TR YIRS e
Cctober 12).1999, in the names of Rgl and Ha al ... To _produce o
Coxtured ot TRce s BER Smraner nant: Eh% oo by fon “amnatetbpoy faf ke
spheres vacuum fusedq onto the datum surface of the jnmplant. This thod is
described PR ¥IFL2PAPENTURG A, éﬁ,98%?%@%850%%%83}“?’989?3?5“ ert V.
Kenna. In a simlar procedure, described in U S.  Patent No. 4,644,942,

i ssued FebF¥EF3Ce4 thegbexiyradh SHEERCEE bRiMY PEAVEGRS 4O REPECESMRfeHT -and
titanium spheres are densified as a coating, which is fused onto a datum
surface ofg¥®thpl ant, and the extractable conponent subsequently is
extracted. Wiile an inprovenent over untreated netal, questions have arisen
over the | ongevihy ddsiZabi WX Pl reb@h8n&TT/uexButaa ]l e -engeglingness of
the i nplanted devices utilizing such surfaces. It is questionabl e whether

there i s ssibstzamds ab gesurenatadbespositidning bl swevgdat hahpl ey iads f or med
by the spheres are not sufficient for |ong-term nourishnment of ingrow ng

tissue andidrn beregnEued her v.shepgrdvavheenzbaj iy esseheprostdietioscs
treated in this manner because of the fusing process adversely affecting

met al | ur gioRly Priapent i gandlost Reni NRbaMa, MRt 81 | Bhpe@NBiobecaNSE, A3 | .
difficulties in renmoving manufacturing contam nants, such as cutting oils,
fromthe filb%%%dnggéﬁePelto")Dﬁgss,Stiﬂ e HULLRET of TdE el . Steinemann,

U.S. Patent No, 5,603,338, issued February 18, 1997, in the name

of Keith D. Beaty, U.S. Patent No. 5,853,561, issued December 29,

1998, in the name of Bruce A. Banks, and U.S. Patent No.

.5,965,006, issued October 12, 1999, in the names of Roland Baege

et al.

To produce such textured surfaces, one known method is to
provide a mass of titanium spheres vacuum fused onto the datum
surface of the implant. This method is described in U.S. Patent
No. 4,834,756, issued May 30, 1989, to Robert V. Kemna. In a
similar procedure, described in U.S. Patent No. 4,644,942, issued
February 24, 1987 to Kenneth R. Sump, an extractable component
and titanium spheres are densified as a coating, which is fused
onto a datum surface of the implant, and the extractable

component subsequently is extracted. While an improvement over

untreated metal, questions have arisen over the longevity of



original datum surface, which can be accurately determned) is |lost by the
application of the coating spheres. The formation of perforated thin

nmetal lic gp@leiag plates by neans of chemical mlling an >
phot o- chem cal etching techni ques has been described in UCVéf)I(/BSOz/()z()((

3,359, 192, i ssued Decenber 109, 196’> in the names of Hans- Joachi m Hei nr| ch

et al, U S Patent No. 5, 606, 589, aued Febrtﬂﬁ % 53'87"1 i-n _t he names of
Ant hony J)uﬁq]@gﬁﬁnefeiﬁ‘%{l 1'“%31‘?&"‘:8 SeeBAF Y No ) %n%ﬁlu et Y

Sept ember 29, 1998, in the nanes of Anthony J. Pellegrino et al. The
processes tshaneist idoebi ¢ beetthare thesh LeUFRPItABEARY Q?P%n@chJée%b?ﬁrol over

the degree and extent of roughness or texturing. In U S Patent No.

5, 258, 098,14 ssudelllevedbehat? thE098idsofOomed dy]thpagpierest agp, neL S, Pat ent
No. 5,507,815, issued April 16, Z996, to Donald J. Wagner et al, and U.s.
Pat ent No.suFfi?3 eR62 fot Skumeg- tealor nanyi8inerR0GE, ingrovimndiesuefaBbivai d J. 3
MO 02/ 071918 PCT/ US02/ 0211GG Wagner, et al, there are described chem cal

and el ect neghem eakrabe)i figedy Qﬁe&SBéeﬂsﬁﬂnureeoofumsmtms ht reateam
sprayed patterns of maskant to create a pattern of dots resistant to

etching. Aff ﬁ‘-_&n%t mBhREx aﬂ&é@%@@t tBET ERPIMY prepest eslversalgoapt e ipat tern

i s produced. Wil e corrp ex i n appearance, such patterns offer little

pr edi ct ablniel 91 Sﬁ@{agg,%] diley Bet wﬁsnuh;myﬁnﬁate@m | agly sOGhN&LTRd

dat um poi n éere remains a need for a method for producing
o 3”852264&%%%%%%%3%%##3&%0 L e
he i vertLgnL2) e 00\ Lo Loyl g B i or praec Dot arpurer
obj ect s JéigEBQX'ggtﬁmr§%§¥§1éﬂoﬁh EOdUCIr£ accurately determined, is
lost by the application of the coating spheres.
The formation of perforated thin metallic sheets or plates
by means of chemical milling and/or photo-chemical etching
.techniques has been described in U.S. Patent No. 3,359,192,
issued December 19, 1967, in the names of Hans-Joachim Heinrich
et al, U.S. Patent No. 5,606,589, issued February 25, 1587, in
the names of Anthony J. Pellegrino et 51, and U.3. Patent No,
5,814,235, issued September 29, 1558, in the names of Anthony J.
Pellegrino et al. The processes therein described have been
found lacking in precise control over the degree and extent of
roughness or texturing.
In U.S. Patent No. 5,258,098, issued November 2, 1993, to
Donald J. Wagner et él, U.S: Patent No. 5,507,815, issued April

16, 1996, to Donald J. Wagner et al, and U.S. Patent No.

6,193,762, issued February 27, 2001, in the names of Donald J.



undercut mcro recesses in a surface of a body. A still further object is
to provide a nmethod for producing such recesses in a desired pattern which

i's neasur iy @&@isispr edi ct abl e, and which can be dupli cat edp@Pdsr@pGat ed
precisely in any sel ected nunber of surfaces. A still further object is to

provi de a nethod for producing a surgical inplant device wherein the
material of the device retains its netallyrgical propertjes throughout
product i on FagReryw§Y '1f%f§?8a¥?j§ﬂEQ§£2F§1g%ﬁ9*f%; ?gﬁl?i?fﬁﬁ?ﬁﬁgngﬁf ct is
to provide a nethod fox producing textured, surfaces for surgical inplants,
whi ch sur f 866Bipg opnceasks PABE olf IFWIuprEser wildy SARBPRSRIGYSCur el v

i nterconnect the inplant and the tissue and/or bone. A still further
object is petpeows def aasiahbodtd wrreatedacPagtentPisdetacessigtiagit itacl ude
undercut and interconnecting recesses which pronote and facilitate ingrowh
of bone andtehind, wirer ppthiM@tdanehmakkent i datippranyscepgatedlivt,” awi t h bone,
A0 stabilize the position of the surface on the bone and to initiate an

i Nt er connegbinplePrpternbes wersaided.i nEhané enghliekeihongeatiamcdesceatsh fit”
is acconplished by the textured surface scraping bone fromthe inplant site

during a pﬁééﬁeﬂxé defehant 8t 10prddi@nabY 1 pEpdie Rapast s BfthvetheoBeni n the
voi ds of the textured surf ace . A still further object of the invention is

to provide;ppi hods, Qs abbacliNg R 24 gheah Jdplkant to bone. A still

further object of the invention Is to provide a nethod for bone harvesting

d di f jcal inplapt Leul t i
ttachment of t BESTRE SRy, FReRl! pbdrh U bLE! A0 4 QRERTR 18 Blaldng o
t hod f Ki pcal . inplant i.ch i bit . [ fit with
bone. i mpl okt S B8 SATREH CRBIRGEI BN R REOROERES FTaAe SASERE bone

site. S body, such as a bone or other ingrowing body.

SUMMARY OF THE INVENTION

An object of the invention is, therefore, to provide a
.mgthod for producing a textured surface which is adapted to
interlock with an adjacent body.

A further object is to provide a method for producing
undercut micro recesses in a surface of a body.

A still further object is to provide a method for producing
such recesses in a desired pattern which is measurable and
predictable, and which can be duplicated and repeated precisely
in any selected number of surfaces.

A still further object is to provide a method for producing
a surgical implant device wherein the material of the device

retains its metallurgical properties throughout production.



WO 112/117191H PCT/ US(12/020GG A still further object of the invention is
to provide a surgical inplant having undercut mcro recesses with sharply

defined evdgemni7iwig bone-engagi ng surface thereof. Wth the@boysndpg ot her
objects in view, a feature of the invention is the provision of a nmethod
for producing a multiplicity of undercut micro recesses in a surface of an

article, such that the article thereby exhibits a greater, fractal_ area at a
| evel bel ow t he ﬁng%eta‘f%ri ?E’é?ﬁFb#erd’ REOvhge s%r“f%@@,d %‘Pr"é PrAdNGdrY

conprising the steps of applying a nmaskant_|ayer to substantially an
entirety ofexhered tSunfacehir &€ SUTH AR APPIIRESradRaflk FUBfacesnpsenets ed

| oci to expose underlying portions of the article surface in a sel ected,
pr edi ct abl ehe airgrayrhogdict bs sue andior) bapel y9 rpcamedy cinhercoonehe Exposed
underlying surface portions fox a tinme sufficient to etch the exposed
surface pottplurst and theetibddee tdrel/et-chanté. to et ch beneath remaining
Jortions of the maskant |ayer and produce a nultiplicity of undercut

recesses, and reRnpyiIg fulieheenBbiéedy IR Ieaptoridera Rethb@NEod GrREA¥ELE t he
article surface in exposed condition with the nmultiplicity of recesses

under cut aggkis Y HaTeBIwhIt M GRNNRG! QAL LERS R ihPeRbiHdR1Ag LA QS ed
pattern of the recesses. In accordance with a further feature of the

| vent | on. whf18F G iohoE Ouhdlerh A YIRERGTL LOFoRiPBUCHBRL i ubiBh! S O

undercut mcro ?ECESSES In a surface O%l an article in a selécte

whi ch . [ . sel ect n er..of, surfaces. The 6 ...\

112/ 071016 BORTORDS 11 2010 IS0 o REFOHRE: (e s FRb TBFSapBhyF HiPd hiskant

I t bst ant.i al | tiret f l.ect ed f f th ticle Th

mmskant | oY% FELERER PEUFed By SEonBl BHe diecred Tadantyate an

interconnection process between the implant and the bone. The
"scratch fit" is accomplished by the textured surface scraping
bone from the implant site during a press fit implantation,
thereby producing autografted bone in the voids of the textured
\surface.

A still further object of the invention is to provide
methods for attaching a surgical_implant to bone.

A still further object of the invention is to provide a
method for bone harvesting and seeding of a surgical implant with
particulate bone matter during attachment of the implant to the
bone.

A still further object is éo provide a method for making a
surgical implant which exhibits a precise fit with a bone implant
site, to reduce micro-motion between the implant and the bone

site.



ablation in programmed | oci to expose underlying portions of the surface of
the article in a progranmed pattern. An etchant is then applied to the

exposed uR@gpllirigig surface portions for a tinme sufficient &S hdsbe
exposed surface portions and to enable the etchant to etch eneatﬁ

remai ni ng portions of the maskal ayer and produce the nultiplicity of
undercut recesses, and the renmi ning maskant |layer is renmoved to provide
the sel ected subfseeell fukperedbistdiaf shewirverthonmist £l PEFYAPSOR under cut
recesses therein. In accordance with a further feature of the invention,
there i s pseviied dmpbahochdvingpuodaccuy wioeer gecassesprinnt shavbhy facility
for stimulating ingrowth of bone upon attachnent of the inplant to a bone.

.The net hodgénaidilesgtbeistLsonel-epgayiny nonrfacegtesgdd cl €) applying a
maskant | ayer to substantially an entirety of a datum surface of the

article, removi Rgead aBsvel ahdeotmskantebeyein Wiess! actesblaciost @nexpose
.underlying portions of the surface of the article, applying an etchant to

the exposef UIARILY ;00U IAGA 8R! bPNS Adindd bEPpethidicient to eteh the

exposed surtace porfions 0 enha e etchant™to etch beneath

el i g ROILANS, OF Lbe SRt .l aver AL RLORICE BRI BET GLUY O

under cut arp edges™ at err ersections wth the datum

surface, and renoving, the renaini WO (12/071918 PCT/ US(121020
portions ot %5?3&&%@5&% SrB?‘a%ﬁ- d%het’% Ya& éﬁ?ﬁﬁ faaggelg%e%egﬁa(%tea&
condition with the sharp edges for shavin articul ate tter fromthe
bone, and W% &thé F%E%gs"éesl%fwolthfaeﬁ‘é?g?‘??g ; Pét%%ﬂét%néth ®

particulate matter for stinulating ingrowh of bone. In accordance with a
still furtsimfaceat the BEthath CORPERSI RS theh SLEPF sOPrIRR Y@ Ia anBEFRPT or
producing a textured surface in a surgical inplant. The nethod includes the
st eps of appier ng avhsdatitalllyyen ewt Brdtt aft Fhel grafclentsiuréageof a dat um
surface of the inplant, renoving portions of the nmaskant |ayer in selected
| oci to exyssrimgdehé ymagkepar lagas Of ddlectatiubvsiirfacxpoket hederlying

portions of the article surface in a selected, predictable, and

reproducible pattern, applying an etchant to the exposed

underlying surface portions for a time sufficient to etch the

exposed surface portions and to enable the etchant to etch

beneath remaining portions of the maskant layer and produce a

multiplicity of undercut recesses, and removing the remaining

maskant layer portions to provide the article surface in exposed

condition with the multiplicity of recesses undercut and

comprising interconnected recesses, to provide an engineered

pattern of the recesses.

In accordance with a further feature of the invention, there
is provided a method for producing a multiplicity of undercut

micro recesses in a surface of an article in a selected pattern

which can be repeated in any selected number of surfaces. The
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i npl ant, applying an etchant to the exposed underlying datum surface
portions for a tinme sufficient to etch the exposed surface portions and to
enabl e t hg@iAhAadig to etch beneath remaining portions of the,g&skans | aver
and produce a nultiplicity of undercut recesses having sharp edges at their
intersections with the datum surface, and renoving the remai ning portions

of the maskant | ayer to provide the_dat surface in exposed _condition with
the sharp BRI ARCLUASS Hoe p%ﬁecﬂscﬁfa?gpuﬂﬁl”tgef‘ F‘?ﬁfﬁﬂ%éayﬁe?o and with the

recesses for receiving and retaining the bone particulate matter, for

sti nul at i ngaly SRR 1Yf aporrt inatyaek oR dERANECtRAL AUBRLags 19f thetMeriF€at ure of
the invention, there is provided a nethod for attaching a surgical inplant
to a bone, Théehamankemodlepeprisitignt hemgvep Pyofcoppoberidigestsdripgal 8 WO
U2/ (171918 PCT/ L1S(12/(12111(> inplant having a datum surface, a

mul tiplicidylafion dnopregessesi ilvci heo detpames unflackyirgngolbhensrid] ithg
sstructure on the datum surface, pressing the datum surface against a
surface ofsiiEadeor®, thadatt (Hikg inhe papdeanimedl pagtéhe baneesciidracdsto il |
particul ate bone matter fromthe bone, wherein the recesses receive and

retain the.a hpikalerhone Bilebal @n&dd gt Suifgkd Wt 9bns heobane. I'n
accordance with a still further feature of the invention) there is provided

a met hod fﬁm@tsm%segkﬂgn@ STl 2k nk Bk ed BuRsRO8EoltIBnEBAA@d £ONPT i Si Ng
the steps of providing a surgical inplant having a datum surface and a

mul ti Pl cidyei0f, URGCLEULaN GIPLEERSSESdth (ARLIRLUMAHELAGE. oBUG thal the

i nplant exhibits a greater fracta ow t um

“surface thar}ﬁi S g)éhi 1bi tr? a];toéuhg éuml urf%(il(c:g icp er%eect{rggfs c%fsstege dat um
surface anfTHE T SG8EEFUHITNG SharPadEadc by s MG FRE" datUnesif f ace

SUrt ace, |1 ahEo EHBLENE JRENGEE 15Yehdbe SBAPYFRLI GRS BONE T ter from the

bone, wherein the recesses
selected surface in exposed condition with the multiplicity of
undercut recesses therein.

In accordance with a further feature of the invention, there

.is provided a method for producing a surgical implant having
facility for stimulating ingrowth of bone upon attachment of the
implant to a bone. The method includes the steps of providing a
rigid article, applying a maskant layer to substantially an
entirety of a datum surface of the article, removing portions of
the maskant layer in selected loci to expose underlying portions
of the surface of the article, applying an etchant to the exposed
underlying surface portions for a time sufficient to etch the
exposed surface portions and to enable the etchant to etch
beneath remaining portions of the maskant layer and produce a

multiplicity of undercut recesses having sharp edges at their

intersections with the datum surface, and removing the remaining



receive and retain the particul ate bone matter to stinulate ingrowth of the
bone. I n accordance with a still further feature of the invention, there is

provi ded omigipdgf or bone harvesting and seedi ng of a surggggdozjosdsl ant
with particulate bone matter during attachment of the inplant to the bone,

t he met hod conprising the steps of providing a surgical inplant having a
surface far en

surface, (HEFG? q%efg%n%h%‘: hsParde lap%\ﬁ ‘(]':-%t %d&ﬁﬁh?qgéﬁp%ﬁggggg 8, bone

a
mpl-ant aving a mul't ercut mcro recesses and

bone mlling structure in_ the surface thereof, .and_nnvi Ll .ant al ong
t he bone, edh SORARE AR YHHY S ﬁg?ﬁ? eede|e§I ggﬁt Selr%f%plan i %g?é{:g?%%e
matter fromthe bone, the bone matter faIIing into #he m cr.o,recesses and
retained tHetEFy fEOnstPRUPERR: ARG YdFR e MRESEERR T SR VERdF Ut

recesses. In accordance with a still further feature of the invention,
there is prepdigénga thet hode fRArtheMlAGe anatiied éar FRPTERT IRGy ERGreetercdl | y
sopposed datum surfaces spaced fromeach other by a predeterm ned di stance,
each of thendatum surfaces being adapted to interlock with a bone surface,
the nethod conprises the steps of providing an article having first and
second dat um surd acs-qiatanicensi gl aptsad 10 fnegpec tlieathye eof age finveht dow,
second bone surfaces, the datum surface portions being spaced from each

ot her by tdmerr edepesvinsd #indrapaetvhi pfodusiagbat eerttivledy sefifiate tim a
di stance between the first and second bone surfaces, applying a maskant

layer to suybstiaplhi ahbYadh. enfld fle¥nod Sachaet the SadpimcsUBHBCeSng lRENDVI Ng
the maskant layers in selected Loci to expose underlying portions of the

dat um sur fﬁgﬁgnknlaygﬁl est%soc%m%g%y aapfp!e\ﬁit@geg?i cgfi Céﬂ%ra&uaosw@aﬁr&sed

under | yi ng datum sufface portions atine su ent to etch t exposed
PO one, St UgIhUT PULLPSSS cH0ilg, ANE bABLhagL,l st dienty
the renaiq%@g QgséﬁBEséouﬁ’é?@f?%gtggrgﬂgﬂ?%g gﬁéuggtum surface of the
implant, applying an etchant to the exposed underlying datum
surface portions for a time sufficient to etch the exposed
.surface portions and to enable the etchant to etch beneath
remaining portions of the maskant layer and produce a
multiplicity of undercut recesses having sharp edges at their
intersections with the datum surface, and removing the remaining
portions of the maskant layer to provide the datum surface in
exposed condition with the sharp edges for shaving particulate
matter from the bone, and with the recesses for receiving and
retaining the bone partiéulate matter for stimulating ingrowth of
bone.
In accordance with a still further feature of the invention,

there is provided a method for attaching a surgical implant to a

bone, the method comprising the steps of providing a surgical



10 WO 02/07111H PCT/ US(12/ (120GG surfaces in exposed condition with the
multiplicity of undercut recesses and devoid of structure protruding

t her ef romyd gp/a¢ser dance with a still further feature of they,igfRRidsOn
there is provided a surgical inplant conprising an article having a datum
surface for abutting engagenent with a bone, and a multiplicity of undercut
mcro recesses _in.the datumsurfac such t \ I Di reater
fractal ar ela‘?tntahla&%? %e‘#na&ﬁmt ﬁ‘érgiﬁef'a(?emfl Eg#%{;&e%%i ﬁﬁég}é)ltlt%sﬁﬁ%sgﬁr face.
I ntersections_of the recesses ang t he daa m surface define sharp edges
adapt ed t ottt R BB RFSar 8B RSO gé??i TR e PRetPR B are
adapted to receive and retain the bone particulates cut fromthe bone by
the edges,SWrdasei nBrasBinhFreWERt R THEASENBIFHIZF thEUFERE. RS . Pifhe above
and other features of the invention, including various novel details of
conponent camed Asthodg e fdhe winplampvalsaanthe bene isswmfacpyteleridrdi bed with
reference to the acconpanying drawi ngs and pointed out in the clains. It
wi || be undardicatdtéhadnd hacpatt footh athembbhe dswiznck ice the esemadzzdyi ng t he
invention are shown and described by way of illustration only and not as
limtati onecefivehandveidirohe TherPidulcitpl Bén@nthfteat itbest Dhulldties i nvention
may be enployed in various and nunerous enbodi nents w thout departing from
t he scope ;@fiheni B¥eitd YPanell WO 12/ 071918 BRI EF DESCRI PTI ON OF THE
DRAW NGS PCT/ US(12/ (12(1 C( Reference is nmade to the acconpanying draw ngs

In which are shgwy ddbusheaty Mg GTREE BAlS Rl B LAY &IH 188, 1 L5 oMMy ch

its novel features and advantages w il be apparent. In the draw ngs:
there is provided a method for attaching a surgical implant to a
bone, the method comprising the steps of providing a surgical
implant having a datum surface and a multiplicity of undercut
microrecesses in the datum surface, such that the implant
exhibits a greater fractal area at the level below the datum
‘surfacé than is exhibited at the datum surface, intersections of
the datum surface and the recesses defining sharp edges, pressing
the datum surface against a surface of the bone, and urging the
implant along the bone'surface, to cause the sharp edges to shave
particulate bone matter from the bone, wherein the recesses
receive and retain the particulate bone matter to stimulate
ingrowth of the bone.

In accordance with a still further feature of the invention,

there is provided a method for bone harvesting and seeding of a
surgical implant with particulate bone matter during attachment

of the implant to the bone, the method comprising the steps of

providing a surgical implant having a surface for engagement with



FIG 1 is a diagrammatic sectional view of an article having a surface in
which it is desired to provide a nultiplicity of undercut mcro recesses;
FIG 2 depigisrifig article of FIG 1 with a layer of maskgyrgabebded!

deposited on the aforesaid surface; FIG 3 depicts the article and naskant
| ayer of FIG 2 with the maskant |layer in part renoved; FIG 4 is sinilar

to FIG 3 and show ortjons af th | ¢l A t etched
avay Lo prodele HIGACR: G THSPEoRFeRIL s MulBiel Ry e kB LRt 2 €10
FIG 4, but show ng the repai ni ng paskant | ayer stripped a . F] GS. 6-10
are progr d855%XR RCEFESMART cb%‘??c%léﬁél‘g ﬁ@#é‘ﬁSm}ﬁggkg%ﬁ‘{rﬁ%ﬁFnﬁkﬁfe‘?ﬁe
article adjacent a bone and interconnection of the article and the bone;
and FI G 1dnd gneyvigigaghaniillants @dopgnbhe BBER - oFuUshstidft &die MApLARE having a
plurality of surfaces treated as illustrated in FIGS. 2-10. 12 WO

112/ U71918s RERFHISE2 4321 6Ch t BEIERICRTLOAL ©FPoNEE "RREFERREM EVBODPNENTSE n t he
above referred to prior art exanples of chemcal, electrochem cal, and

phot ochenisgle middtierg fal hingffrect thaombcrs regedeesuand ngtaingd beereby
considered a serious defect and a |imting nechanismf or the accuracy and
resol uti on@fshfiliagal iAgLbUtlY cFPEnat bons .indadene Uithdagac cereswben t he
chem cal etchant renoves netal beyond the boundary of a maskant, or resist
layer. Often, syghyblef-gidht bigh ld Melig 1t beréhdie flsktt bpnmeadedntobnmany

processes, such as the production of electronic devices, rotogravure

pl ates, ang qther irB@i?%ﬁﬁté-m WAV Eoyr rhm&%gicut bLPgs BB she18xe! Ridady and

utilized to produce use and novel three-dinensional geonetries by
allowing the u C i e t p egi a mcally
applied paﬁetneermnaﬁﬁé/o%% %ggg(ti héegtﬁl%sﬁ}’&f%égﬁ%gg %ean? {r?'éy%ré}?s%tg’%re% ih%eer ed
pattern of undercut recesses. This proyides .sharp_gepnetries_whe esj red)
and produd®$ %@ﬁ@?gv‘gfﬁt%q%w&aﬁﬁdo atﬂbeeFafq}‘uac?’gﬁf?%qer?eIr?filgﬁsagﬁgheddre
obt ai nabl e by other nethods. Further, it permts retentiqgn of a

pr edet er nitfed BHEELO6K B FRi hACTSUFREERCR 0 Ref BEEPAY SRTIEEFetbantrePs
repeat abl e "datum surface", or surface intended to abut another body to

whi ch t he afh@videisgr pRCRFEHYe haviRg doied. arhesaedld SStUPhEVERMSR ex
pattern is identical and contiguous with the base netal of the treated
body, inagmartions pdaptedcirermespactivele dsgage fheshand gespndpppied, such
as the fused netal spheres nentioned herei nabove. 13 WO 02/071918

PCT/ US| 12/stixZ@ciesi, Vhel dattine svetthod plesttidnsebehng esprdesl deovr eaehl dvherer s
of producing textured nmetal surfaces, and while it is expected that the
met hod wi by fthed psafistentirdd diiskatge iwhimdt db bolds eyt i@nd ywaghal tdwe aret hod
produces deeply textured surfaces in netals, such as titanium zirconium
st ai nl ess dilstanceandetvéay tHhaiest , ardidistiond) bosé r et face sekpp By ingetaal

carbides, and cobalt/chromium it will be appreciated that the nethod is
readi |y agapkedcf 9hydSeto substantially an entirety of each of the datum
surfaces, removing the maskant layers in selected loci to expose
underlying portions of the datum surfaces in a selected pattern,
applying an etchant to the exposed underlying datum surface
portions for a time sufficient to etch the exposed portions of
the datum surfaces and to enable the etchant to etch beneath the

remaining maskant layers and produce undercut recesses, and

removing the remaining maskant to provide the opposed datum
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wi th bodies of other materials including ferrous and non-ferrous netals,
and all oys thereof, and ceram cs, plastics and gl ass, and conposites of
metal s, cQipsEigPl astics, and glass. Referring to FIG IpctiishhdesPe Seen
that there first is provided an article 10 of one of the above-nentioned
materials, or a material simlar thereto. The article 10 is provided wth a

datum surface LN, which it | ired. I . LRI G

under cut r%@ggéég% ﬂimés’ﬁp(?vs\’ﬁai .‘ﬁéﬁi%%qz q’éEﬁa@{eef\{@i%églﬁ:’é%%f qn%:dé?:?g is
deposited on substant'?l\y.the enti retu¥_ of the urfaﬁe 12. The maskant is a
sui tabl e aEPWFﬁ?SeT%i 2evgh At RIS U EsPERE Eh&EFTRKE O The | ayer 14 may
be applied by dipping, spray coating, or electrostatic depositing, to
produce a | ayer IPhPERAESARGST witBuR Bt bbl -fyrdheri fraturehefcbat et EtioPe of
FIG 2 preferably is baked at 200F (10F? for about 15-17 minutes. Kodak
Thin Fi | m RBerstisdaerdaicieds susrairae iapdant cprigbhe amsddcleTbavirg
Kodak Resist is added 2% by weight, carbon bl ack pignment, or other pignent
descri bed bedstwhehwvfiack] for W ithdhgl 20204 GeiREE WSEh24 1A, 6 &nldi sper si ng an
appropriate pignent or dye into a naskant |ayer can render the maskant

| aser recefihlveplildiyegkaniercutselieebetdebosrd dn the dwimd engthceof the

| aser, or any projected |ight source, to be used to produce the desired

pattern of sfEgkawt kheOBoliPCe N iREe aldredtd Heacaae Heaitl Bf Hated | aser,
the resulting |local heating fromthe absorption of |aser energy selectively

renoves tigy) &) edk YurlfdGel B8Pl LbxMBEKANd drayel ldr-eddiereby exposing the
underlying netal surface 12 of the article to the action of an etchant. As
not ed abov el r.e t (o] Si t ich.is.add %

car bon bl ag t%ﬂén%gnsogfﬁ%%ﬁegs}%%t gﬁ%r@eepgfs’lhl@u%é%f%s&e ? éggt 0 %e

| aser wavel engt h npL .o . The pi nt is dispersed.into the skant
in a high %ﬁ%%ti anéla é:lr%%ug ifu‘%lﬁﬁqWey;ﬁng%ré;gpchdgFeuiﬁ 1?"? Paargéﬁb‘é?‘é?ﬁre Sse of
15-20C is reached. The resulting maskant is applied by dipping,or_ by

Sprayi ng, PTG 26 GSRPRGE o SFECLYBST FERPAD HepoSPE RETbhFIaths
surface to be treated. Selected areas 16 of the_layer 14 are then renoved
to expose P thxss thg BPre Y dReuRfSEFf ok stimutpke wrewtBorpuths dianect ed
direct l|aser ablation to generate progranmed patterns in the maskant |ayer
al | ows t helntppltheat®6RS88Ssuch patterns to irregul arly shaped finished
goods, parts, or itenms which have surfaces of conpound curves or radii.
Such shapes ar eThewbansd pndnebhen deadurasi ol the dipivenhieon cadlnadedings, such
as dental post inplants, hip faint assenblies, and naxill of aci al

prost het i caritiis npwel 14t {illEl of ¢8mPRGeniS] 32A0R4414d Bregenewl k mows dkeect ed
i mge, or array of recesses, or a fractal pattern, in a |aser receptive
maskant, twereuparoficalaohpdescrdbedcteth eferehoe did atiel ¥cabmpisyife
maskant or etch resist layer in selected loci is preferred. In a preferred.

enbodi mentd@iwibke EREhpEintHd dukons BHE dMMERAs. It will be understood
that the particular methods and devices embodying the invention
are shown and described by way of illustration only and not as
limitations of the invention. The principles and features of
this invention may be employed in various and numerous

embodiments without departing from the scope of the invention.

11



by direct witing with a neodym um doped YAG | aser with a wavel ength of
1.06 mcrons, to which carbon black is receptive. A pattern is selected

whi ch optwaieesisipe ef fects of undercutting. The pattern ghasghhficgaved in
Tagged Inmage File Format (TIFF) or as a plot (PLT) graphics file, and used
to direct a |l aser marker. An Electrox, Scriba Nd: YAG | aser marker may be
used, with patterns stored in digital file format. Upon | aser exposure, the
.underlying surface portions 18 are exposed in those areas in which the
maskant absorbs the | aser | aser ablation is
predi ctabl e and can be actorat ' rC ed frominplant to
inplant. Wiile the aforenentioned YAG | aser has been found effective, so

al so have 002, BRIRRENSENDS WRACE fredhe SEPTEPATAHRY| dERyingsHdp whishadteat i ng,
or thermally vaporizing, the maskant to generate a desired pattern of
exposed sUiHEe iddpsbraticer] smpodarestfhiplothet Feventtiiond fesmrwlveth Hesei n.
The pattern can be generated on a Conputer Aided Design (CAD) system using
any conpatidied fiepsurgpeandradyentageediidd depappateyal. for i magi ng. The
pattern can be scanned froma 16 WD 112/071918 PCT/ US02/02111( draw ng,
print, photograph,ther drheihgke, and converted into any file type conpatible
with the | aser system enployed. An alternative nethod of manufacture-is to
use a photo sermid. ueigbakaidgratiagici Seafitnagdviewtde evireecds 1dwlRd
above, or applied as a dry filmwhich is lam nated to the surface. Thé

maskant i & ReRaeEPOsarhi WSiRYIE Adessour fEofaln ARPEOPTiALS wavel ength
(typically 280-550 nanoneters). Portions of the maskant are cross-Iinked

and/ or borgded L0t RecYIfRe8dULi Ng the exposing process (in the case of
negative working resist). The other areas of the maskant are dissolved or

washed away in eve ' c . t I-Li zes conpat i bl e_devel oper
sol ution, such ngscsqs\gd%i‘g%%% B%lt%aggéﬁ%?%a? tgjr'—%zlza;f e,g %‘ft%tag@aé{ﬁ’d %%I'\‘Pegﬁ‘taé‘?

t hereby e i t I ying material . .The exposed portions 18 of the .
surf ace 1?%%98%0%%&&%%& e?ag??/ ﬁrﬁﬁaéds?ﬁg%c%ﬁcher at 100F spray
tenperature an O Lbsg/in2 spray pressure, in a Ntric and drofluoric
Acid sol ution %5%%50 ?Pjﬁfsmtﬁ?ﬁt ég‘?l@cﬁf% BAtkant daerePENBIE- ix with

conti nuoung ig;)i ngrgd upon_the etch surfaces 18 to encourage |lateral) as
vel | as vEPE| BFRRCHANGT 1R BATY sBo¥Rder st ood that alternative etching
processes, such as inmmer slmr;g ultrasonic and el ectrolytic etching, can
produce sinil aFfestl % sifrdast &hi HEE prodadeshowions post 20nsiif ther e
undercut, as shown in FIG 4, and which are, in part, interconnected, as at
22. The neteicls matcirottered shy maskanbnetclasi awagte ko beraticey uaasseut

undercutting of
and interconnected recesses;

FIG. 5 is similar to FIG. 4, but showing the remaining
maskant layer stripped away;

FIGS. 6-10 are progressive diagrammatic sectional views
showing positioning of the article adjacent a bone and
interconnection of the article and the bone; and

FIG. 11 is a diagrammatic sectional view of a surgical

implant having a plurality of surfaces treated as illustrated in

FIGS. 2-10.
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the pattern, and to permt connection, joining, or "breakthrough" 17 WO
02/ 071918 PCT/ U S02/020(1 of sonme of the recesses so as to produce a
sharply defg agadie@npl ex network structure, including an i nge&FQRASHEL N9
pattern in which the size of nost of the recesses is smaller at the surface
12 than at a plane sone di stance bel ow the surface 12 of the article 10.
The recesses 20 may, | LN j anpect at and near
the surface 12, as at Rf rN 9 : BE Qé@éﬁ“sh T1 ace recesses
20a (FIG 5). The etching of the metal surface 12 is thus carried out in
one step. as oppdsthe tPNEEELErved st HHGTsYh TP IET SEnERSF1qqe pri or
art references cited herei nabove. In the one-step etching process,

non- spher i €AeCERFREMFADed2pe Rt @shgmd cat otk ldd PBeat bt i phf s b POHRsRges and
dept hs which are repeatable frominplant to inplant. The remaining resi st
may be remdurdebsutitimersi hgs threthodpsidered e iserdoNe) @bfaet 28:8Ser i pper bath
at about 180F for about 10 mnutes. Alternatively, the maskant |ayer may be
renmoved (FLfniSindynesbbussn ofonrthemaksutacatdreh rebkbldesin e, chkeaiaalicle 10
may be lightly post-etched. There is thus provided a nethod for producing a
conpl ex, ahiledsd dperR8iéns Nt enRARGELiNG AR’ RhefA' tisd NHealic3d1di mensi onal
surface treatnent, to enhance the attachnent of biological matter to a

surface of e@dhddPlrAoabl endlayl WRyoRl ERE hAlRIacYNBECE | ik Ot Ber rbodies to
be bonded, nmade by sel ective etching and undercutting of a surface so as to

forma netyorde of Rteheasicd NulRibut PLAL CONNRS el PSS SRY o1 TRERattern is
formed by e TR 15 Sy 1a e sy LR 153 e Fhe s aetall ! Ton of

an etch resj r t ol j ng_ t d e

appl i od oy P ToF READ ot dUles] L GG I BESNLETOT Y WRSHR 1 1
stored in (ngA&% or rogher co uhert- based.s t}tem which controgl s the maskant
abl ati ons BRFI%E prEAPET AR SHGEHn| 32 YT Fe el f 1P HupPPlEYFHn. The
article i smgc?em caI.I\é eth)ed to_formthe conplex pattern, The netal |l urgical
propert i esESCRHE tHRE PRI PO EXPHRIERE| 2P Uhid 1768 BP tRAQSPCsy uReEe! e
remai n substantially consistent during the process. Soft tissue or bone may
i n- gr ow t PR ftREEesSipRifidd, SpeRet¥ier) Myn 2aRoving iihenapAgrFwet g wor k
that offers superior nechani cal adhesion and resistance to degradati on.
Further, tHestatp edprrd feeper ragbenecef enshenichdlyurdpidet patesses and
the originnal datumsurface facilitate an initial "scratch-fit" between the
i npl ant sSd dd@tatlieare®nlding treatment layer is an engineered pattern of

undercut recesses. This provides sharp geometries when desired,
and produces a higher void volume and larger fractal dimensions
than are obtainable by other methods. Further, it permits
retention of a predetermined area of original surface to afford
an engineered and repeatable "datum surface", or surface intended
to abut another body to which the undercut surface will be
attached. The metal of the complex pattern is identical and
contiguous with the base metal of the treated body, inasmuch as
it is generated in the body, and not later applied, such as the

fused metal spheres mentioned hereinabove.

13



In operation, to produce a textured surface on a surgical inplant, a

sel ected pattern of undercut and at least in part interconnected recesses

i s effecteimragigurface of the surgical inplant (FIG 5).pdMusiiphegt ation,
the inplant surface 12 is pressed against the bone B, (FIG 6) such that
sharp edges 24 of the recesses effect the "scratch fit" with the bone B,

whi ch invol ves avi ng,_of or. m L|i rtlouk at ts.b bone
B, which segrren?@ugee%?eer'L%%heOdO\g'&Eékgg%%gggrseaéokahger el n? ?n§8u%g%:%%%§fe, t he
bone segnents b stinulate in-growh of the bone B.(FLG.7) to securely |ock
Che’i ol an@rREOEERS B ugetrpetab)surtgoedy A HE B LR e Bt us
the scratch-fit securely adjoins the inmplant_article 10 to the bone B, to
prevent or thenmarhed widdo fhpEi Bibankder vhE Yoy mipesdt RRsHesH. aPde
presence of such notion woul d di scourage the ingrowth of bone into the

i mpl ant an#hiher ey miitbodupugduadie ﬂeGE’SYt eeFRUNRce SEShneRs | oh metalle i npl ant
and bone. Further, the scratch-f it application of the inplant to the bone
harvest s benehpas ttithdtm, nai teminm,chthdhless steefhand arflays tbesssEs and
is retained by the recesses to encourage and stimulate ingrowth of the bone
into the reafstabm, lrMedsaycbraamdtad s, emnessabscad del, aandwukthleghirghiah] on,
they provide a greater sub-surface fractal area than spherically shaped

recesses, apdyilenabuppreeeatad wMatacher mengRueserta@ily haidprea mBterial
and the inplant. Referring to FIG 11, it will be seen that for bones B

accepting @n.jnplants 1@ 9?%%99? Rlidhal iy findat Ui SN FRRE Dok el RGL4IdI NG

opposed surfaces 12a and e accurate locdation of the datum surfaces

opposed surfaces . accurate T oc: “the
cat um sur 1 SeEET b R STREYe TEndiRoey bl Bl e PRSP RElC AR e

Texturing the surfaces 12 | ow the.surfaces .dges_noething to add to the
surfaces. %\ﬂrg‘?%salst,est 8)%3??%951 ﬁgrgﬁlr}fzsé(:eéfﬁlg%m%‘n?l‘% as%r'f aces increases

t he space requi eg bet ween tgg opposed ,E(r)&ne surfac stt ohacce%,: t he i npl ant
and | eads to rei‘% T or%t A 'rnﬁi At ¥iRhoth FRThIFE T oFPEE U5y By addi ng
to a surface |l ack the required precise control to determ ne the deviation
of the peaREOGdahaRagHetcsd 10 R 0DF 135 119rs abey e UM cHet PaFe R 4 al .
The nmethod presented herein facilitates accurate _and precise |ocation of
dat um sur f@E e MHteFipgi sHPliawptisrstoar HEe agpirtat1drhs pProvadadt vithamd
manuf acturing will be
| datum surface 12 in which it is desired to provide a multiplicity
of undercut recesses.
As shown in FIG. 2, a layer 14 of maskant material is

deposited on substantially the entirety of the surface 12. The

maskant is a suitable acrylic, epoxy, or polyester resist, or the

like. The layer 14 may be applied by dipping, spray coating, or

electrostatic depositing, to produce a layer thickness of about

0.001-0.010 inch. The coated article of FIG. 2 preferably is

baked at 200°F (+10°F) for about 15-17 minutes. Xodak Thin Film

Resist has been found to be a quite suitable maskant. To the

Kodak Resist is added 2%, by weight, carbon black pigment, or

other pigment described hereinbelow,
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apparent for such sharpened surfaces, including dental drills, surgical

rasps) nedical files and burrs, and cutting tools generally. It will be
under st oowda draziyrany addi tional changes in the details, ngi@Ei@hscet EPS
and arrangenent of parts, which have been herein described and illustrated

in order to explain the nature of the invention, nmay be nade by those

skilled in the art within the principles.and sco of ,the invention. For
exanpl e, while THEPTEEG88 anr evth"ﬁm%Prcé’ﬁP XP ARFR %S\Bﬁgﬁn’fo t he

datum surface, it will be apparent that the recess axes can be "tilted" to
provi de asyA¥fet CRRaFelftfertdift Masgantyi258% AGCARLITR- etldRaREskMad%angl e, a
tilted sawtooth structure (not shown) can be realized. Such structure

al l ows relsfliefsed basediondms savehendth mfnshehdasry ., Buenytpyrificredesi st s
tensile force urging dislodgenent of the inplant. 21 WD 112/071918 What

i s clainmedight BEUtUS] 12 0 1eG~t4. prodmtchotief desjreddpeingrm ol tiplicity
of undercut mcro recesses in a surface of an article, the article thereby

exhi bi ti ngna@kgheat @roh rgd adurdaea at. a Irevehe betowd e sHffaee tihaeri s
exhibited at the surface, the nethod conprising: applying a naskant | ayer

t o subst anheakb¥uapigpticRhly nebtthe Sl ake BbsbRst Rkt bel EasdLmNLBY
portions of the maskant |ayer in selected |oci to expose underlying

portions @kikBeidtiyClanciidsf 268yl Aréasdethed - PdER na@lPPiV NG R0 ¢} chant
to the exposed underlying surface portions fox a tine sufficient to etch

[ he TrDoSeREbLACRONR e BIMLLY SIANELE N aAAT, Lo SleRheRsalh

remai ni ng porti maskant and” produce pricity” of
provi de t 8 SPE 27 RUTade FheBRosedt: BRET it h PREFTNTY FRRRRE) “of
recesses undercut and conprisjng interconnected recesses, to provide an
engi neere&spg?gglf rﬁ%srlstthggf’egbég’és’:s Fslded\¢§ (Gayhgm Pigck pigment, or

other pigment more particularly suited to the laser wavelength to

be employed. The pigment is dispersed into the maskant in a high

shear mixer until fully dispersed, or until a temperature risé of

.15-20°C is reached. The resulting maskant is applied by dipping

or by spraying, spinning, brushing or electrostatically

depositing onto the surface to be treated.

Selected areas 16 of the layer 14 are then removed to expose
portions 18 of the datum surface 12. The use of computer-
directed direct laser ablation to generate programmed patterns in
the maskant layer allows the application of such patterns to
irregularly shaped finished goods, parts, or items which have
surfaces of compound curves or radii. Such shapes are routinely

encountered in implantable medical devices, such as dental post

implants, hip joint assemblies, and maxillofacial prosthetics.
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PCT/ US112/ 020(1 ~ 2. The nmethod in accordance with claim1, wherein the
article conprises a material selected froma group consisting of netal)
ceram c, Woe@lhfss and glass materials, and conposites thgi@fisoad206d NE

met hod in accordance with claim2, wherein the netal article conprises a
netal selected froma group consisting of ferrous netal, non-ferrous netal,
and alloys thereof. 4. The nethod in_ accordance with_claim?2, wherein the
metal article chmuenssate aeisliectefedPRae s (Im TG olp TOHRISESing  of
titanium zirconium stainless steel, tantalum refractory netals, netal
car bi des, frettedbphttetmorinum dbsewy steTRPLiNe BabkRRE i (FR&cE8Rd%hcd® with
claim1, wherein the maskant conprises a material selected froma group
consi sti ngcaxfpuaeradiyédtsd dasepoky)dinattdypabyate ckhe askppt ne¥ RFFH n
accordance with claimb5, wherein the maskant further conprises a sel ected
one of a dygighdlaypigineleétedhbometimogrefearedr dance with claim6
wherein the pignent conprises carbon bl ack) 23 WO 02/ 07191H

PCT/ US(12/ 02116 & plagepBtlathtdaiacaer danae Wiethoa) adi &t jwiner ara hixe
maskant conprises a polyner resist. 9. The nethod in accordance with claim

1 wherein ; . (Y ! i t Qiek.a 10. The
! b?é?é%%%%i‘léiﬁ%e&l‘tﬁ g ayn UL dop8a Oddl; I Gk rt Biek. a

nmet hod in nce w aim9 and further conprising baking the naskant

|l ayer at 200F.(10F) fpr i cd2ad 7 48 NHLES: cddbod N8 St Bed i Re@iGGRr.dance
with clai rﬁaé’e%%%gaﬁr?ﬁelr'ao%g%rc%g?%b %E}g’g‘té??. ﬁg t%e piagrrent irn t'he maskant
in a high shear m xer, and_m.xi he ¢ t d. pi gent st herein until a
terrpe(rjaturpé«p.ﬁ%ﬁsrlf}f_liSj&V\?&d! ‘é’ﬂ?%ﬁa:%ze %'ib%%gt ﬁggffi% ulre. fzt T[]e net h]?d in
accordance wi clairm erein applying .the maskant_ | ayer urface
of the ar t%%%&ﬁb??se@%%ﬁ@ﬁ?e%’%ﬁ%gdﬁs aP‘ﬁﬁénlgr,’ 'I:Saﬁg%)%i %3?9%95‘1 nlflel ng,
brushing, and electrostatically depositing the maskant onto the article.

13. The netdati ATAEEbrdfarie anPHet cf BhTh ETRRBT 67 nf +modSF BFSEHe® naskant is
effected by | aser ablation. 14. The nethod in accordance with claim 13

wher ei n t kB reater laser marker.

An Electrox, Scriba Nd:YAG laser marker may be used, with
patterns stored in digital file format. Upon laser exposure, the
ﬂunderlying surface portions 18 are exposed in those areas in
which the maskant absorbs the laser beam.

The pattern produced by laser ablation is predictable and
can be accurately duplicated and repeated from implant to
implant. While the aforementioned YAG laser has been found
effective, so also have CO,, diode pump, and green lasers. Any
laser capable of ablating, or thermally vaporizing, the maskant
to generate a desired pattern of exposed surface may be used in
carrying out the method described herein.

The pattern can be generated on a Computer Aided Design
(CAD) system using any compatible file type, or generated as a

phototool for imaging. The pattern can be scanned from a
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ablation is conputer controlled. 24 VWO 112/1171918 PCT/ US02/1120G1> 15.
The nmethod in accordance with claim 14 wherein the pattern is forned by

sel ecti velwo é2@¥PMkNg the maskant by an active |aser projecid®psiabdagr n. 16.
The nethod in accordance with claim 1l wherein the application of etchant to

exposed surface portions of the article is effected by a spray etcher. 17.

The net hod, in .accordance Wt [ m nehQ t S h ' erated
at 10DF spdrrﬁwlngr?pgfcé?gfepvgoné(}g%ég*’bsﬁn%&?gg 'p?ﬁ%sﬁ%ﬁiﬁgg Fhed TP
nitric-hydrofluoric acid solution for about 20 minutes.  18. The method in
accor dancef idi& WY@FaFH?‘Ra%HeeiwﬁtghEh‘?e i ﬁé’sﬁﬁ?kaﬁefqygéér portions are
renoved by immersion of the surface in a NU Phase .23 Stripper bath at 180F
for about ten mMmuplernpgivenpethahaf FANRERTHEhCE \'/’\Pt‘llﬁ%laaiprlhofﬂ wher ei n
the controlling conputer operates in conjunction with a CAD system havi ng
facility fomsstdvengaphenter ndiiich #&garnl19btoatb8r deYihes P8 FFAESai d data
into a photo tool. 20. The nethod in accordance with claim 13 wherein the
| aser abl atiowe,i srehppried 4z aadsyl Erlmdvloed 68 dawixBledsée, the Q02 25 wo
02/ n~ns PCT/ US112/ 112t 161 | aser, and a green | aser, and other | aser

provi di ng ghrwanel.enghd wpgcans iiat ehénrearsedyt ushngfa tlighttaskante ¢fl anThe
met hod in accordance with claim1 wherein the undercut recesses are of a

non- spher i 53> fRAkk gUEaTE hgt22 (t yPEcAEL P Qb o- 85 achanshistee s t heettaions21
wherein the configuration is substantially ovoid. 23. A nethod for

produci ng & Yl kRLkGhE Va i &%@@@ﬁﬁk@a CARCBE5884 It ansUEhaggcof an

article in a selected pattern whic
during the exposing process (in the case of negative working

resist). The other areas of the maskant are dissolved or washed
away in a developing process that utilizes a compatible developer
solution, such as sodium or potassium carbonate, or stoddard
solvents, thereby exposing the underlying material.

The exposed portions 18 of the surface 12 are etched,
preferaﬁly using a spray etcher at 100°F spray temperature and 10
1bs/in® spray pressure, in a Nitric and Hydrofluoric Acid
solution for about 20 minutes. Sufficient "fresh" etchant is
continuously impinged upon the etéh surfaces 18 to encourage
lateral, as well as vertical etching. It will be understood that
alternative etching processes, such as immersing ultrasonics and
electrolytic etching, can produce similar results. The etching
produces recesses 20 which are undercut, as shown in FIG. 4, and
which are, in part, interconnected, as at 22. The metal is
etched in such a manner as to deliberately cause undercutting of

the pattern, and to permit connection, joining, or "breakthrough"

17



can be repeated in any selected nunber of surfaces, the method conprising:
applying a maskant |ayer to substantially an entirety of a selected surface

of the arwaoche7imienovi ng portions of the maskant |ayer by mamiebssisgi rect ed
| aser abl ation in progranmed |oci to expose underlying portions of the
surface of the article in a programed pattern; applying an etchant to the

exposed under Lyhdl G5 Wheac8ecPPEdd oS akOk ofptbditees W fshakpi a@fl%ah the
exposed surface portions and to enabl e the etchant to etch 26

(12/ 071918 ?gg_q% ayer
and pr oduce%ﬁ% ?rru?%tl p?tl crty o g?%ﬂ? cessggg§cgﬁn%€§rrlt) %lé%g%gk
remai ni ng mas ortlons to v de t he sel ected surface in exposed
condi tion W't Jt‘?r‘}'é | Fll Fi %# tTPs('):T °5né§?cﬁ?c?sesc?§s§‘§ss?‘ﬁ &t ft 2 g‘ The

nmet hod in accordance with claim 23 wherein the | aser ablation is perforned
by a neodyRrttRThped tPAR o PAFReh SRMGadhF Bttt DL o¥hbhR SUFE R E?oﬂ%. 25.

The nmethod in accordance with claim23 wherein the |aser ablation is
per formed Bye REEEEt 8- onEhofreresges| a8cr3Y a i 68eclpdfp FAerinshances gr een
| aser. 26. The nethod in accordance with claim23 wherein the progranmed
pattern isinstereuinectaateint tredrotbeofunidegyded kPenge i |isy FIGnat, and a
Plot Graphic File. 27. The nethod in accordance with claim23 wherein the
under cut reoesisks ealergéd asndirceplreresads caud | (FuGat pn. 28. The nethod in
accordance with claim27 wherein the configuration is substantially ovoid.
27 The etching of the metal surface 12 is thus carried out in

one step, as opposed to repetitive etching suggested in some of

the prior art references cited hereinabove. In the one-step

etching process, non-spherical ovoid shaped recesses are created

featuring desired sizes and depths which are repeatable from

implant to implant.

The remaining resist may be removed by immersing the body
surface in a NU/Phase 23 Stripper bath at about 180°F for about
10 minutes. Alternatively, the maskant layer may be removed
(FIG. 5) by solvation or emulsification. If desired, the article
10 may be lightly post-etched.

There is thus provided a method for producing a complex, at
least in part interconnecting pattern, or similar 3-dimensional
surface treatment, to enhance the attachment of biological matter
to a surface of an implantable device, or the interconnection of
other bodies to be bonded, made by selective etching and

undercutting of a surface so as to form a network of at least in

part interconnected recesses. The pattern is formed by the
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WO 02/ U71918 PCT/ US112/112U1~1 29. A nethod for producing a surgical
i npl ant having facility for stinmulating ingrowh of bone upon attachnent of

t he i npl afo d2@7¢w1kone) the net hod conprising: providing a gd@igh@bdesCl €;
appl ying a maskant layer to substantially an entirety of a datum surface of
the article; renoving portions of the maskant |ayer in selected loci to

expose undderrlegitngaggfgb&%&gﬁyaﬁeﬂa&e&n $HE{ A or0makRen@ridyelg; applying an

et chant to the exposSe I ng datum surface portions fox a tine

sufficient to enable the etchant_to undercu i aLn tis
maskant | &CYARE blﬁ%mugeﬁufﬁ*%ﬁﬁecﬁ%y'bgf Lgﬁ]ﬁr@ RbNgr SR tiQMS cBhpldie

ercut recesses having sharp

edges at their intersections with the tum surfacge; i t
remai ni ng PorryRe BRrEFRE ﬁﬁ?ﬁﬁﬁfl?saye&?‘teop%?%%’itndﬁgt ﬁgg%%é ﬁ'%\éuraggcgfi n

exposed condition with the sharp edges for shavjng, parti.,cul .at from
the bone, HRETWCPRPRERE TREEESS EXSEYX WHEH ﬁPﬂbr%Prﬁjqf‘@ maf/ﬁrfr‘lf%f%%éﬁ%

PCT/ LI S112/ U2011 retaining the bone particulate matter_for stimnulating

i ngrowt h andodsepr8dictahist hod Fwbisitodoc FRBCE 1 FFBH SR %ke Fﬁea
surgical inplant, the nmethod conprising: applying a nmaskant |ayer to

subst ant i aldtycae esttheticadflyaetahedntsufoaveths P leKpPaFierY-endtfng
portions of the maskant |ayer in selected |oci to expose underlying

portions Gfetaheudatem rdpaeeiet shetienmaantiafpp yheganhi @t #ast 2B t he
exposed underlying datum surface portions for a tinme sufficient to etch the

exposed altered by heat, but remain substantially consistent during the
process. Soft tissue or bone may in-grow the surface so
produced, résulting in an interpenetrating network that offers
superior mechanical adhesion and resistance to degradation.
Further, the sharp edges at the intersections of the undercut
recesses and the original datum surface facilitate an initial
‘wgeratch-fit" between the implant surface and a bone.

In operation, to produce a textured surface on a surgical
implant, a selected pattern of undercut and at least in part
interconnected recesses is effected in a surface of the surgical
implant (FIG. 5). In implantation, the implant surface 12 is
pressed against the bone B, (FIG. 6) such that sharp edges 24 of
the recesses effect the "scratch fit" with the bone B, which
involves shaving off, or milling, particulate segments b of.the
bone B, which segments b enter the ovoid recesses 20 wherein, in
due course, the bone segments b stimulate in-growth of the bone B

(FIG. 7) to securely lock the implant to the bone B (FIG. 8).

19



surface portions and to enable the etchant to etch beneath renaining
portions of the nmaskant |ayer and produce a nmultiplicity of undercut

recesses Q{@ving1Hharp edges at their intersections wth thegdadimeyr face;
and renoving the renai ning portions of the maskant |ayer to provide the

datum surface in exposed condition with the sharp edges for shaving
particulate matter fromthe bope..and wi . S «f celVi and
D0 VID 02/ 0710 FBUBCTRRRETHFIERI £1E E?%‘i‘%‘%lﬁjggtgﬂégggn?%&r lahf deady o
for stimulating ingrowth of bone. 31. A nethod for, attaching.a surgical
i npl ant t 018 benkhe tnRemBr hbA RHHETIS i Fg ™ BrBvFuiHgE*8 Lok 4t ﬁeqwﬁﬁﬁaﬁ?e

havi ng a datum surface and a nmultiplicity of undercut mcro recesses in the
dat um sur f hody Sucma Fenet Be | Ape AneseRFELPE SSUER)MOHIoR VPukd A155PE5298 a

| evel bel ow the datum surface than is exhibited at the datum surface,

i ntersecti ens digtdwridatfuboser fntoe thed impdane g dhegeby ndhiFairagg tiges |
‘pressing the datum surface agai nst a surface of the bone; and urging the

i npl ant al eBggt FerhaRe esubhncetidm chude thplaiargndedges.to shave

particul ate bone matter fromthe bone; wherein the recesses receive and

retain the partipgutate, hane Jmhken- pht Cipsitiicatt ahest i gy dwpbant tdeHeone.
30 WO 112/ (171 118 PCT/US(12/020(r( 32. A nethod for attaching a surgical
i npl ant toy,g,bope.dNe BBhBOgafOfRitid atter which falls into the
surface recesses and is retained by the recesses to encourage and
stimulate ingrowth of the bone into the recesses. Inasmuch as the
recesses are of an ovoid configuration, they provide a greater
sub-surface fractal area than sphe;ically shaped recesses, and
thereby a greater area for engagement of the bone material and
the implant.
Referring to FIG. 11, it will be seen that for bones B
accepting an implant 10 having a plurality of datum surfaces 12,
including opposed surfaces 12a and 12b, the accurate location of
the datum surfaces is most critical, inasmuch as any build-up of
implant material above the datum surfaces causes the implant not
to be accepted by the bone B. Texturing the surfaces 12 below
the surfaces does nothing to add to the surfaces. Whereas,
texturing the surfaces 12 above the surfaces increases the space
required between the opposed bone surfaces to accept the implant
and leads to rejection of the iﬁplant. Known methods of

texturing by adding to a surface lack the required precise

control to determine the deviation of the peaks of the added
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providing a surgical inplant having a datum surface, a nultiplicity of
mcro recesses in the datum surface, and bone mlling structure on the
dat um sur {yg@c@07pgssi ng the datum surface agai nst a surfaggOfisibischone;
and urging the inplant along the bone surface to m | particulate bone
matter fromthe bone; wherein the recesses are adapted to receive and

retaln the, RaLliaul fe AU SRR ARLE Noidifl kBLER: {0 UcBuPhed endone.

33. The net I'n accordance wi'th claim 32 wherein the undercut recesses
are of a non-spherical .confiqguration. .34 is dance with
clai m 33 WESEST £RGELRE %ﬁﬁughg?lgfgﬁ%ssya}ﬁf ?Ig%?éjglovlmpggﬁg%' WO

02/ 071918 PCT/US02/ 1) 2111C 35. A nethod for_bone harvesting a eedi ng of
a surgical inpl QHRETARPISSAEFEE ot ’ﬁ{éﬂf@tﬁﬁt?ré#) Wgﬁﬁt\éﬂrﬁﬁ'{‘}gﬂt %Sf t he
inplant to the bone, the nethod conprising: providing a surgical_ inp3.ant
having a SERHERE®Y §PTeRyelycThatPapethsBr iRARS s dPFLRRING REREADI SRt rvi ng a
mul tiplicity of undercut mcro recesses and bone mlling structure) in the
surface theregifcalamdspeyimepided ifapeanand|owgst hand ot iggchophat t he
mlling structure dislocates particul ate bone matter fromthe bone, the
bone matt egerendallilyg i nto the mcro recesses and retained thereby to
stinulate ingromh of the bone into the undercut recesses. 36. The nethod

i n accordance wit hwillaibe 3hdehet @d) dHae maderaidithiecedsesmraes dh ahe
non- spherical configuration. 37. The method in accordance with claim 36

wher ei n t hg1GENTd, gmaabt o 4 5 st andi atdahgeneht. o8&arsneihoeh fiarveraki ng a
surgical inplant having generally opposed datum surfaces spaced from each

other by a,fuedetenli §ededirdAnes i 88chQftihendaianl s tagesibaing adapt ed
to interlock wth a bone surface, the nethod conprising the steps of:
nature of the invention, may be made by those skilled in the art
within the principles and scope of the invention. For example,
vhile the recesses are shown with a central axis normal to the
datum surface, it will be apparent that the recess axes can be
‘"tilted" to provide asymmetrical undercutting. By impinging the
etchant at an angle, a tilted saw-tooth structure (not shown) can
be realized. Such structure allows relatively easy insertion

into a bone channel, but strongly resists tensile force urging

dislodgement of the implant.
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32 WD 02/Ur1918 PCT/ USfI 2/02f1(il providing an article having first and
second datum surface portions adapted to respectively engage first and

second bow®) muriages, the datum surface portions being spasedydrRiisgach
ot her by the predeterm ned di stance which is substantially equal to a

di stance between the first and second bone surfaces; applying a maskant

| ayer to substantially an entirety of each of the datum surfaces; renoving
t he maskaritbatagér S1pHM@R| &t ed | oci to expose underlying portions of the
datum surfaces in selected patterns; applying an etchant to the exposed
underlying datum surface portions for a tine sufficient to etch the exposed
portions of the datum surfaces and to enable the etchant to etch beneath
the remaini.ng rasisnitod fper prafecing el bHpbrEHY PECRRIFLUG, MY F8novi ng

t he remai ni ng maskant to provi de the opposed datum surfaces in exposed
condi ti on paidelastBeiAubt sptiaxe wioknuadeicks, theessekelezgherelp 112/ 1171918
PCT/ US112/ 02( 11 G wherein the datum surfaces are devoid of structure

protrudi ng4hereihgm $Peathsyr@ictal anpd ant acdepel sialgw aheaseiBiae having
a datum surface for abutting engagenent with a bone; a nmultiplicity of

under cut  ,GL0 sECEGRIIAR AN AIAALURTSLE] 39R neuRbd dwbrasidgarticl e
exhibits a greater fractal area at a | evel below the surface than is

applying a maskant layer to substantially an entirety of the

surface of the article;

removing portions of the maskant layer in selected loci to

expose underlying portions of the article surface in a

selected pattern;

applying an etchant to the exposed underlying surface
portions for a time sufficient to etch the exposed
surface portions and to enable the etchant to etch
beneath remaining portions of the maskant layer and

produce a multiplicity of undercut recesses; and

removing the remaining maskant layer portions to provide the
article surface in exposed condition with the
multiplicity of recesses undercut and comprising
intercoﬁnected recesses, to provide an engineered

pattern of the recesses.
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exhi bited at the datum surface; intersections of said recesses and the
datum surface defining sharp edges adapted to cut the bone and produce bone
parti cul afy@Si209pigl recesses being adapted to receive and rgt@idaihRebone
particul ates cut fromthe bone by the edges, to stinulate ingromh of the
bone into said recesses. 40. The surgical inplant in accordance with claim
39, wherein said article is of a material selected froma group consisting
of netal, ceramic, plastics, and glass materials, and conposites thereof

34 WD 112/071118 PCT/ USQ2/ (120G1 41. T jcal j tod ance
with clainf40, Er‘B‘Tg}‘?L‘fé‘ 81,9%%%Iwégﬁsggégg%@yggpégﬁeﬁ@e f?glringa
group consisting of ferrous netal, nqgn-ferrous netal .aq:dlnal Io yS LI r eof .
42. The sufgfRategsTdl BRFST 2 hROEFARCe IHPT I 8RR SO7Sdierdih OfhEe et al
article is of a nmetal selected froma group consisting of, titagi um

zi rconi um ceramin egdastaes, whiERSH TREEF R Or FPAeFAMROS HHESaFPERFDT des,
and cobal t/chrom um all oys. 43. The surgical inplant in accordance with

cl aim 39 wherein the undercut recesses are of a non-spheri cal

configuration. 44. The surgical inplant in accordance with claim 43 wherein
t he confi gar at i Dheidethdis tianticabtdammeivwith4Blaiine? nwhhyein nth gwtddnce with
claim1 wherein the etchant is applied to the exposed surface at an angle

sel ected fgpmdia dRpIBEetOa tdi X pesedrsarimemea gnduyidonsdeutiegref ative to
t he exposed surface. 46. The surgical inplant in accordance with claim 39

wher ei n t hg, Ji QIO HRG8S SRS EAGH AV Re@aleNiri@la1a%yE Bercel ected one of
(i) normal to the datumsurface, and (ii) at an acute angle to the datum

surface. 35
.A9.ASBL.AY R Al "e. AAOR A",.AAe. AL.AU .AY e. A e. A 9y. A e. ALe. Al &R ANLR A.~°

e.A .Ah . A e AU, A Ve ALR_A9. A A . A Al : WletaAL) : ;
b* gVC~yt 0j %‘ [\/]U'g%?ctgiﬁc?’zﬁldcé'}i cgfggﬁ:al ca]“ég %:lg can]e\cza'] ?gfégT%%%Aa] g?a?J] c\z;] ca
Ica] ca] ca] cal £0a) calgralesal Glalgailath £l AR kol BN K dng of

titanium, zirconium, stainless steel, tantalum, refractory

metals, metal carbides, and cobalt/chromium alloys.

5. The method in accordance with claim 1, wherein the maskant
comprises a material selected from a group consisting of an

acrylic, an epoxy, and a polyester.

6. The method in accordance with claim 5, wherein the maskant

further comprises a selected one of a dye and a pigment.

7. The method in accordance with claim 6 wherein the pigment

comprises carbon black.
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maskant layer portions are removed by immersion of the surface in

a NU/Phase 23 Stripper bath at 180°F for about ten minutes.

19. The method in accordance with claim 14 wherein the
controlling computer operates in conjunction with a CAD system
having facility for storing patterns in digital format or

transferring said data into a photo tool.

20. The method in accordance with claim 13 wherein the laser

ablation is effected by a selected one of a YAG laser, a CO,
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’2310%i&f()5an be repeated in any selected number of surfaces, the method

comprising:

applying a maskant layer to substantially an entirety of a

selected surface of the article;

removing portions of the maskant layer by computer-directed
laser ablation in programmed loci to expose underlying
portions of the surface of the article in a programmed-

pattern;

applying an etchant to the exposed underlying surface
portions for a time sufficient to etch the exposed

surface portions and to enable the etchant to etch
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removing the remaining maskant layer portions to provide the

3Y10% u& () -

selected surface in exposed condition with the

maltiplicity of undercut recesses therein.

24, The method in accordance with claim 23 wherein the laser
ablation is performed by a neodymium-doped YAG laser with a

wavelength of about 1.06 microns.

25. The method in accordance with claim 23 wherein the laser
ablation is performed by a selected one of a CO, laser, a diode

.pump laser, ahd a green laser.

26. The method in accordance with claim 23 wherein the
programmed pattern is stored in a selected one of a Tagged Image

File Format and a Plot Graphic File.

27. The method in accordance with claim 23 wherein the undercut

recesses are of a non-spherical configuration.

28. The method in accordance with claim 27 wherein the

configuration is substantially ovoid.
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removing portions of ‘the maskan r 1in selecte
expose underlying portions of the datum surface of the

article;

applying an etchant to the exposed underlying datum surface
portions for a time sufficient to enable the etchant
to undercut remaining portions of the maskant layer
and produce a multiplicity of undercut recesses having
sharp edges at their intersections with the datum

surface; and

removing the remaining portions of the maskant layer to
provide the datum surface in exposed condition with
the sharp edges for shaving particulate matter from

the bone, and with the recesses for receiving and
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datum surface of the implant;

removing portions of the maskant layer in selected loci to
expose underlying portions of the datum surface of the

implant;

applying an etchaﬁ£ to the exposed underlying datum surface
portions for a time sufficient to etch the exposed
surface portions and to enable the etchant to etch
beneath remaining portions of the maskant layer and
produce a multiplicity of undercut recesses having
sharp edges at their intersections with the datum

surface; and

removing the remaining portions of the maskant layer to
provide the datum surface in exposed condition with
the sharp edges for shaving particulate matter from

the bone, and with the recesses for receiving and
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method comprising:

providing a surgical implant having a datum surface and a
multiplicity of undercut micro recesses in the datum
surface, such that the implant exhibits a greater
fractal area at a level below the datum surface than
is exhibited at the datum surface, intersections of
the datum surface and the recesses defining sharp

edges;

pressing the datum surface against a surface of the bone;

and
urging the implant along the bone surface, to cause the
sharp edges to shave particulate bone matter from the

bone;

wherein the recesses receive and retain the particulate bone

matter which stimulates ingrowth of the bone.
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providing a surgical implant having a datum surface, a
multiplicity of micro recesses in the datum surface,

and bone milling structure on the datum surface;

pressing the datum surface against a surface of the bone;

and

urging the implant along the bone surface to mill

particulate bone matter from the bone;

wherein the recesses are adapted to receive and retain the
particulate bone wmatter which stimulates ingrowth of

the bone.

33. The method in accordance with claim 32 wherein the undercut

recesses are of a non-spherical configuration.

34. The method in accordance with claim 33 wherein the

configuration is substantially ovoid.
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10/6U&'()imp1ant with particulate bone matter during attachment of the

implant to the bone, the method comprising:

providing a surgical implant having a surface for engagement
with a bone surface, the implant having a multiplicity
of undercut micro recesses and bone milling structure,

in the surface thereof; and

moving the implant along the bone,'such that the milling
structure dislocates particulate bone matter from the
bone, the bone matter falling into the micro recesses
and retained thereby to stimulate ingrowth of the bone

into the undercut recesses.

36. The method in accordance with claim 35 wherein the undercut

recesses are of a non-spherical configuration.

37. The method in accordance with claim 36 wherein the

configuration is substantially ovoid.

38. A method for making a surgical implant having generally
opposed datum surfaces spaced from each other by a predetermined
distance, each of the datum surfaces being adapted to interlock

with a bone surface, the method comprising the steps of:
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second bone surfaces, the datum surface portions being
spaced from each other by the predetermined distance
which is substantially equal to a distance betwéen the

first and second bone surfaces;

applying a maskant layer to substantially an entirety of

each of the datum surfaces;

removing the maskant layers in selected loci to expose

underlying portions of the datum surfaces in selected

patterns;

applying an etchant to the exposed underlying datum surface
portions for a time sufficient to etch the exposed
portions of the datum surfaces and to enable the
etchant to etch beneath the remaining maskant layers

and produce undercut recesses; and

removing the remaining maskant to provide the opposed datum

surfaces in exposed condition with the multiplicity of

undercut recesses;
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39. A surgical implant comprising:

an article having a datum surface for abutting engagement

with a bone;

a multiplicity of undercut micro recesses in the datum
surface, such that said article exhibits a greater
fractal area at a level below the surface than is

exhibited at the datum surface;

intersections of said recesses and the datum surface
defining sharp edges adapted to cut the bone and

produce bone particulates;

said recesses being adapted to receive and retain the bone
particulates cut from the bone by the edges, to

stimulate ingrowth of the bone into said recesses.

40. The surgical implant in accordance with claim 39, wherein
said article is of a material selected from a group consisting of
metal, ceramic, plastics, and glass materials, and composites

thereof.
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42. The surgical implant in accordance with claim 40 wherein the
metal article is of a metal selected from a group consisting of
titanium, zirconium, stainless steel, tantalum, refractory

metals, metal carbides, and cobalt/chromium alloys.

43, The surgical implant in accordance with claim 39 wherein the

undercut recesses are of a non-spherical configuration.

44. The surgical implant in accordance with claim 43 wherein the

configuration is substantially ovoid.

45. The method in accordance with claim 1 wherein the etchant is
applied to the exposed surface at an angle selected from (i)
normal to the exposed surféce, and (ii) acute relative to the

exposed surface.

46, The surgical implant in accordance with claim 39 wherein the
micro recesses each have a central axis at a selected one of (i)
normal to the datum surface, and {(ii) at an acute angle to the

datum surface.
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