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WO 2005/051240 PCT/US2004/039714 1 Patent Application For
PATIENT SELECTABLE KNEE JOINT ARTHROPLASTY DEVICES

wHkksR:QRETHE INVENTION [0001] The present invention re'%@?ﬁ%zommswu

orthopedic methods, 5 systems and devices and more particularly relates
to methods, systems and devices for articular resurfacing in the knee.
BACKGROUND OF THE INVENTION [0002] There are various types of
cartilage, e.g., hyaline cartilage and fibrocartilage. Hyaline cartilage is

found at the articular surfaces af,19 5oRSs,5 By, the joints, and is
responsible for providing the smooth gliding motion characteristic of

moveable jdnmewSeELac DestibHaESs fomy Axtased Aethe padedying
bones and measures typically less than 5mm in thickness in human
joints, with considerable varﬁﬁ%&@.ﬁ@lﬂ‘me joint and the site
within the joint. 15 [0003] :.,Adult cartilage has a limited ability of repair;
thuidhage td reatitesgmpiockrdiech byl siseasertBupBAS HeHEA0Id

an thriti C serious, physjcal deformity and
G R e LT BT R GRS
propfe sy icamaiogartindasipsiitaainginghsf kheknee articular cartilage
exhibits an 20 increase in tensile strength up to the third decade of life,
after which it decreasesBaaHaEriyMitbage fedrigsiable damage to type
Il collagen occurs at the articular surface. The deep zone cartilage also
exijjuten progressivede | ' th.with increasing.age,
aItEo (_ﬁ'lp collagen conten‘(‘t;%ﬁo%eﬁf _r%%%%%ﬂe%ﬁfosg%g}?géﬁ&ﬁﬁﬁgg al%iage
ob B ﬂ&?@’i‘%ﬂ%iéﬁi’é*tﬁﬁtﬁﬂ@?@%é’*éﬁ%é&%ﬁﬁ@tﬁw@r&mﬁ of
heloagstregtyaltherganizating iRfreapdageiwitt peivaithgtnt swificiently
de\ﬁ‘ﬁ@ﬂ&?ﬂ&%’?\ Q{Srddépec}?s%g %rftlr@&?eg%lté?&n gp%?t?c@!%?%érﬁlage is firmly

attached to the underlying bones and measures'typically less than 5mm in

‘thickness in human joints, with considerable variation depending on the
joint and the site within the joint. -

[0003] Aduit cartitage has a limited ability of repair; thus, damage to
cartilage produced by disease, such as rheumatoid and/or osteoarthritis,
or trauma can lead to serious physical deformity and debilitation.
Furthermore, as human articular cartilage ages, its tensile properties
change. The superficial zone of the knee articular cartilage exhibits an
increase in tensile strength up to the third decade of life, after which it
decreases markedly with age as detectable damage fo type Il collagen
occurs at the articular surface. The deep zone cartilage also exhibits a
progressive decrease in tensile strength with increasing age, although
collagen content does not appear to decrease. These observations
indicate that there are changes in mechanical and, hence, structural
organization of cartilage with aging that, if sufficiently developed, can
predispose cartilage to traumatic damage.
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WO 2005/051240 PCT/US2004/039714 2 [0004] Once damage occurs,
joint repair can be addressed through a number of approaches. One

WOghpreaincludes the use of matrices, tissue scaffolds or otRELGFRIE039714

implanted with cells (e.g., chondrocytes, chondrocyte progenitors, stromal
cells, mesenchymal stem cells, etc.). 5 These solutions have been
described as a potential treatment for cartilage and meniscal repair or
replacement. See, also, International Publications WO 99/51719 to
Fof6Ad4] publistededsotrrel dcd999j0O6MHA1 6412 tie dSitnessettahrough
puflj : WQ0N1/174 n, published March
15%%%@9%%5%%@%%%6(2% %%%‘%%1& @OM%E%a%euﬁ % k%e gﬁ,’%EUed
Selitarsprgatiofoar eihsr pateatNeG Piagied avithteatia(g broshessizedytes,

Daaambﬁfo}telg%ém@m?@mm&aGae%%%ﬂm\@éﬁ% ELR; dsyed
Patent No. 4,609,551 to Caplan et al. issued

Juge 23, 1998, U.S. i
P B VO S S P B Ay A
Augnis 2499 Te phiB oP sdphiddmentl $28 8840, Getptantiinal. FesiEedt¥aech

oD FIRA R TRERLAL b deBedla S8 TR
20810 & Paeuhinbed PEE/208 toaRd YIS BT 488 te MangsrstaRs, 2001,
angublish<dARNEN 954286683 B PGS YRS Jaly éh&.%@e-ﬁawgéfr?ﬂ

clinical outcomes with biologic replacement materials such as allogra
2D ARG EBR AndQR b ScRAIREL Nave.Baad G e Navanse
massuEd thesemiatefiaioa®, ihGachitye HanoPEo|sgictaISeRGarest ar

imil jdenticgl f dj -free hur
e L R e R bl bt

- thexPinBIbeTc2 rdBRfcddent atard ks pdihAinautcWasdntizs {.06s]ed

Ushiadlis 6gyeTe SIRagerfilpsef %?F@'ﬁ@@é%r@%ﬁgrpé{t 5@9&@;&%@%8&

the 'omg ith a_prosthetic material, for example, silicone, e.g. for cosmetic

ropird OB e SRS b 0 SR SABI .31 isted July 13, 1895
U.8. Patent No. 6,328,765 to Hardwick et al. issued December.11, 2001,
U.S. Patent No. 6,281,195 to Rueger et al. issued August 28, 2001, and
U.S. Patent No. 4,846,835 to Grande issued July 11, 1989. However,
clinical outcomes with biologic replacement materials such as allograft and
autograft systems and fissue scaffolds have been uncertain since most of
these materials do not achieve a morphologic arrangement or structure
similar to or identical to that of normal, disease-free human tissue it is
intended to replace. Mareover, the mechanical durability of these biologic
rebkacement materials remains uncertain.
[0005] Usually, severe damage or loss of cartilage is treated by

. 'replacernent' of the joint with a prosthetic material, for example, silicone,

e.g. for cosmetic repairs, or metal alloys. See, e.g, U.‘S. Patent No.
6,383,228 to Schmotzer, issued May 7, 2002; U.S. Patent Né. 6,203,576
to Afriat et al., issued March 20, 2001; U.S. Patent No. 6,126,690 to
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6,383,228 to Schmotzer, issued May 7, 2002; U.S. Patent No. 6,203,576
to Afriat et al., issued March 20, 2001; U.S. Patent No. 6,126,690 to WO

W0?299§69§z]4%40 PCT/US2004/039714 3 Ateshian, et at., issue@&g{&?«al‘) 3039?1 4
ciated with _

2000. Implantation of these prosthegic devices is usually asso
loss of underlying tissue and bone without recovery of the full function
allowed by the original cartilage and, with some devices, serious
long-term complications associated with the 5 loss of significant amount of

“S%SS%%P%P&C [Relusiadpirasionhoasirplissie-A0 8f30d00peningkak

the implant. [0006] Further, joint arthroplasties are highly invasive and

regififcasuig sy ssfaR P thWEHeRS Stidifs M ue &7 BPRfore

bonasook A dBAPY i iRerRAffIAGHRHNSSRARIO egCHECSHeaMTARING S RRES iS
often 10 reamed to fit the ste['n of tggrprg%h ; é% Tge rea(r;?irg r%?EHIE ei_n a
los¥ 6} ﬁﬂ‘@%gﬁ’é’}ﬁe&b%‘?{éogfbgf?_ lj TR : 33,4%%8% ot et Al

issoad cfangaificddt, dradtndistlieses andbahdaaeihshaissdipetiota
Prostss(as i BiGS MRSE RS fRETeRmPONent thal includes two
condyle [ati

as articulating surfaces. The two condyles meet to form a

sedBRB8}ochleaF uthgfolsldt AHATRAER SRS BEFANEBM FBRSHARAILRRYBes
with [esRackiathenfampsa apaparenis dupRigilafenpRenesiddereidac

t the t | . U.S. Patent 6,090,144 to Let t at.
e R e S e e el
comgonentafitithe wenistdheqryatimesis thabésradaptgdestiits engdersdof
Wiwestatio'a{@%&?gmas'ﬁ.@.f@ﬁ%@@,@émmig%mm[00071

A variety of materials can be used in replacing a joint with a prosthetic, for
exalapransifiéon89é gisripssostictittsioamed shapramateteripaiigiicarkhe
APRYRREASISIRR. £Bmblab chiARININO tHaih3108dsBl dadRupeinggssued
oo BTN TS 50 PR N BRI & Secerd trodhier
groove and ride on a tibial component that articulates with respect to the
femoral component. A patella component is provided to engage the
~ trochlear groove. U.8. Patent 6,090,144 to Letot et al. issued July 18, 2000
discioses a knee prosthesis that inciudes a tibial component and a
meniscal component that is adapted to be engaged with the tibial
component through an asymmedrical engagement.
- [0007] A variety of materials can be used in replacing a joint with a
prosthetic, for example, silicone, e.g. for cosmetic repairs, or suitable
metal alloys are appropriate. See, e.g., U.S. Patent No. 6,443, 881 B1 to
Running issued September 3, 2002, U.S. Patent No. 6,387,131 B1 to
Michike et al. issued May 14, 2002; U.S. Patent No. 6,383,228 to
Schmotzer issued May 7, 2002; U.S. Patent No. 6,344,059 B1 to Krakovits
et al. issued February 5, 2002; U.S. Patent No. 6,203,576 to Afriat et al.
issued March 20, 2001; U.S. Patent No. 6,126,690 to Ateshian et al.

issued October 3, 2000 U.S. Patent 6,013,103 to Kaufman et al. issued
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Schmotzer issued May 7, 2002; U.S. Patent No. 6,344,059 B1 to
Krakovits et al. issued February 5, 2002; U.S. Patent No. 6,203,576 to

WO Mfpfgasat#l. issued March 20, 2001; U.S. Patent No. 6,126,69QtoUs2004/039714

Ateshian et at. issued October 3, 2000; U.S. Patent 6,013,103 to
Kaufman et al. issued WO 2005/051240 PCT/US2004/039714 4 January
11, 2000. Implantation of these prosthetic devices is usually associated
with loss of underlying tissue and bone without recovery of the full

fu natitaglblyaody, theangitahasfitiage pragtnéti a@mea@agiggaa;@erious
tlon |ate .with the ss of significant 5 amo

%%é%ée@g%% ‘ﬁ%hi%ggr? causs%&%ogeﬁc’r?lugeoﬂée MBIV WHEPSOYRY © the

cofh'bﬁ@é@tmﬂ|§|@Y@dlyslﬁm@ﬂﬂ@pm§mﬁed}wﬁnmﬂemfrom

thedaisls 1RABIHHRRBHIPRAAYRS SR BEASHIGRIS il tB&%"o?%@Mf

replaced. Since the patient's bone stock is limited, the numb possible

reﬁf&@é‘ﬁ?@rﬂf d5RyE R SS PR T84 T8I 95RR A R ha i e 0d8p AYch

camhq:mmrmli@tedtamymarmmlmwﬁaéﬁwﬁemv%eﬂé@%ﬁ?
SU{%C%I, r{{asectlocﬂ of th ﬁl‘ltll’e or Sf_xof the, tlcular éurface of

255 0 %%%wl A to be

one ol MBre Boree mvolsd e rep
progieleoeds &maﬁhﬁpaﬁspﬁsémmwxmlmﬂ@dy irimmmﬂbarcnmmsmbfﬁ

oS8R AISAEERGEHIRS AL B IBP SRR RIS I a loss 15 o

the patient's bone stock and over time subsequent ostedlysis will

frd§08Rly lead?s RUSRRIABRGEHRIGS ISIRE RN IoRESSE SReeahigh Where the

implantandribecdene mageoaewwtﬂm\tﬁrtﬁa@n&ﬁauamrmgoﬁ?%hﬁs to
eventurillly kaj%g%gla?ed Since th rz{ltleptsjo % K is limi the
8" RS Sgnré\ée <& it&G 10 j Ricsfly with

num &1 O Y POSSI
arthﬁ@glas@;cemusemnhammmlamlﬁmﬁ@www sratviadspnoeder

Cage SYSBrshPEEh PR PRIAQRS,IRE-PALENS GaN KU A Ofd %ggf%‘igss

in a painful, non-functional joint.

optlons ultimately resultin
'8"2*6%)@2? %Oﬁ%lﬁflé’t areh §§G%é%é?&¥w OSfeOIYSfS will

frequently lead to loosening of the prosthesis. Further, the area where the
impiant and the bone mate degrades over time requiring the prosthesis to
éventualiy be replaced. Since the patient's bone stock is limited, the
number of possible replacement surgeries is also fimited for joint
arthroplasty. In short, over the course of 15 to 20 years, and in some
cases evern shorter fime periods, the patient can run out of therapeutic
options ultimately resulting in a painful, non-functional joint.

[0009] U.8. Patent No. 6,206,927 to Fell, et al., issued March 27,
2001, and U.S. Patent No. 6,558,421 to Fell, etal.,, issued May 6, 2003,
disclose a surgically implantable knee prosthesis that does not require
bone resection. This prosthesis is described as substantially elliptical in
shape with one or more straight edges. 'Accordingly, thesé devices are not
designed to substantially conform to the actual shape (contour) of the
remaining cartilage in vivo and/or the underlying bone. Thus, integration of
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2001, and U.S. Patent No. 6,558,421 to Fell, et al., issued May 6, 2003,
25 disclose a surgically implantable knee prosthesis that does not require

ction. This prosthesis is described as substantially elliptical in
WO R (fg@g;gowgwm

shape with one or more straight edges. Accordingly, these de¥
designed to substantially conform to the actual shape (contour) of the
remaining cartilage in vivo and/or the underlying bone. Thus, integration of
WO 2005/051240 PCT/US2004/039714 5 the implant can be extremely
difficult due to differences in thickness and curvature between the

e A B B e PRl e e St M ook 2o,
2008aderschitirecanmbion patemd'placineedvin cBrplastasito 604 0]
IisseRsitipRabnssira ises Uil are ,5}85@1%5@? eg 9 %&g%,%ﬁge%

femur have been described. For example, Platt et al

AMFRERISSH) dtareddRid 2IothAaIdssRERs anerornesitganknee joint

53B&1)ek@&87, describes a hemi-arthroplasty with a convex undersurface
was ngt rigidly attached tq the tibja. Devices that are attached to

O e e S A EBEER SR st A RS Lo he

gﬁﬂﬁamdlﬁemsedavaMOld@gvéb@s?@n exanuples St ebembrasshaped

Hadhid AP AYRPRAELS uisiindBt BEIRNGRJIAUNING oS mating

surface of the” device such that the "t" portion penetrates e surface
vHiR{ théCr8s GRatikin g SrRic HERRIaticHithe qorvesnndatugane
bipaeway facergRgedsiiray ey th it Riatesss Rrasthesisn GRaRPHG P-

6. A alterpative attachm n?S d_Fsi n js the Macintosh design, which
r8plhces the SQ"bser?gpe%sﬁH% a gfé%a%ag m%ﬂ?égsf%'?%éfﬁaww&th.
See®diter MEA etbvop tiestig ofishre dkorsebarit tnd@itibed M | ikplartts bthe

i Desigg... j r .49(4):

%%ﬁg%\é?g{%%g\%%é@%%%%a@ﬂoémg PR N AT S

! ). [0011] U.S. Patent 4,502,161 to Wallissued March's,
1%ce such that the *t” portion penetrates the bone surface while the

surrounding surface from which the *t” extends abuts the bone surface.

- See McKeever, “Tibial Plateau Prosthesis,” Chapter 7, p. 86. An

alternative attachment design is the Maclntosh design, which replaces the
“t" shaped fin for a series of multipie fiat serrations or teeth. See Potter,
“Arthroplasty of the Knee with Tibial Metallic Implants of the McKeever and
Maclintosh Design,” Surg. Clins. Of North Am. 48(4): 803-915 ('1969).
[0011] U.S. Patent 4,502,161 to Wall issued March 5, 1985,
describes a prosthetic meniscus constructed from materials such as
silicone rubber or Teflon with reinforcing materials of stainiess steel or
nylon strands. U.S. Patent 4,085,466 to Goodfellow et al. issued March 25,
1978, describes a meniscal component made from plastic materials.
Reconstruction of meniscal lesions has also been attempted with carbon-
fiber-polyurethane-poly (L-lactide). Leeslag, et al., Biological and
Biomechanical Performance of Biomaterials (Christel et al., eds.) Elsevier
Science Publishers B.V., Amsterdam. 1986. pp. 347-352. Reconstruction



describes a prosthetic meniscus constructed from materials such as
silicone rubber or Teflon with reinforcing materials of stainless steel or
nylon strands. U.S. Patent 4,085,466 to Goodfellow et al. issued March
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deyigesd not always provide ideal alignment with the articular surfaces-
and the resultant joint congruity. Poor alignment and poor joint congruity
c&b 1) examplepleadbtodnstaiiityvaifzhie minicésidbentrane\af thesae
solutions take into account the fact that roughly 80% of patients

umerﬁgﬁhauéaW9 731 () rﬁn:e cosafiartmnt congonty. |
n [ %..0n
et et Ut P QR e R

thef tetij@rdohdyizersodacetdpeteto[0018] Bhasnithercrenidiresfao det

¢ " iint o . ons that
R B o e R PR MR o e
theoswesimelibgrehnilbgreaticheraie Sintoeaisbtendiie acditielpatale to

b . ) . . )
e 18 C S R0 L AL R R e
praiieing duriatezmice therentiesedypadaemibiaan eapaitedl knee joint

Tt o B e K O AR D e
'W%W&thms and compositions that facilitate the infegration between
the cartilage replacement system and the surrounding cartilage which
takes into account the actual damage o be repaitred. Further, thereis a
need for an implant or implant system that improves the anatomic result of
the joint correction procedure by providing surfaces that more closaly
resembie the natural knee joint anatomy of a patient. Additionally, what is
needed is an implant or implant system that provides an improved

functional joint

SUMMARY OF THE INVENTION

[0014] Embodiments of the present disclosure provides novel
devices and methods for replacing a portion (e.g., diseased area and/or
area slightly larger than the diseasead area) of a knee joint (e.g., carlilage,
meniscus and/or bone) with one or more implants, where the implant(s)
achieves an anatomic or near anatomic fit with the surrounding structures
and tissues. In cases where the devices and/or methods include an
element associated with the underlying articular bone, the present
disclosure also provides that the bone-associated element can achieve a

near anatomic alignment with the



[0014] Embodiments of the present disclosure provides novel devices
and methods for replacing a portion (e.g., diseased area and/or area
slightly larger than the diseased area) of a knee joint (e.g., cartilage,
meniscus and/or bone) with one or more implants, where the implant(s)
achieves an anatomic or near anatogwic fit with the surrounding structures
and tissues. In cases where the devices and/or methods include an
element associated with the underlying articular bone, the present
disclosure also provides that the bone-associated element can achieve a

neapanatamicAlen MRt Mt HheZ suhebandral Bope e Rresent

disclosure also provides for the preparation of an implantation site with a
sintpeatatiosy & Rwrsaniafipsaigiviths paglametriesd dew paabraly can
alse Ae RV AR VS M6 Alalamic dluachonalityahthetenaie
joint by providihg a solution that closely resemb?e%s the naturzlil nee j%jlﬁt

aﬁ@ﬁiﬁwécﬁﬁéq#ﬁpﬁi%gfdhmmmra@@mépmnmwgiéa@&@itﬁimﬁba@vgd
functanaiesHl iR HReARRIGAD|Bin RIBVEN AR IRy Ides a4l

which includes one or more implants used to achieve optimal joint

copatifoi! foUn 2998 %@fﬁ@ti@@@@&dtﬁé?@tﬁ@wdﬁaéafaﬁthﬁpmi@ﬂtable
%aﬂ.@ﬁé’%’ﬁéﬂ@ﬁe&% VRS LoSHPRHRMSHARGR &RH-AR: iRjgHor surface

herein the superior surface opposes at least a portion of the condyle of
tHEFIAN BSRAticarHiPYELRI FhiinfaToresti®ace opposes at least a
portion of a weight bearing portion of a tibial surface and a patella; and

A& AhereinBACKSE A3RFRoAE TS SipKSCsARriRR 3RSy table for
thsegsaipRNsiANq Shape i) substentialbumatenasdhe shrnr - atdeast

a portion of an uncut articular surface that the superior surface of the

infS1RAR SR SRR $IRSEORRCSSSRt [aRsie o priRRRtiaRaBRYIe

refraiin et IiNERCATBRFSIRE A BIar] caadyledmiantgaprEsiag a

b?é'fé{aacg'c?mon of & weight bearing portion of a tibial surface and a
pateliz; and further wherein af least a portion of the superior surface
has a three-dimensional shape that substantially matches the shape
of at least a portion of an uncut articular surface that the superior

‘surface of the implant abuts.

i0014Db] in a second aspect, there is provided a kit for repairing a
knee comprising: a femoral condyle implant comprising a bone-facing
femoral impiant surface and a joini-facing femoral implant surface;
wherein the bone-facing femoral implant surface opposes at least a
portion of the femoral condyle and the trochiea, and the joint-facing
femoral implant surface opposes at least a portion of a tibial surface
and a patella; and further wherein at least a portion of the bone-facing
implant surface has a three-dimensional shape that substantialiy
matches the shape of at least a portion of an uncut articular surface
that the bone-facing surface of the implant abuts; and a patellar
impiant comprising a first surface that engages the femur mating

surface of the patella and a second surface that engages the patslia.



femoral implant surface and a joint-facing femoral implant surface;
wherein the bone-facing femoral implant surface opposes at least a
portion of the femoral condyle and the trochlea, and the joint-facing
femoral implant surface opposes at least a portion of a tibial surface and
a patella; and further wherein at leaStza portion of the bone-facing implant
surface has a three-dimensional shape that substantially matches the
shape of at least a portion of an uncut articular surface that the

beps-acing surif@%et fihed %5‘%’&? glt?e[&aée A IMRIAY i ce for

comprising a first sur acet at engagest emurm ting sur aceo the
padinearndial secopdsigiae éamer eheprddarepmenant 4af00gd4c] In a

third-R3pR RIS i Argyidad A PQsiaetc %?ogwm?wt

comprising: a femoral condyle component aving a ‘superior surface and
abmfefbpaidisceitng éuwﬁdﬁiafﬁhad% pstendinothenabizhreentved

lageratelae e xiending tersbe M{e gs#%'% SUPEH f%Héf%%%cfg

opposes at least a portion of the on yle o uran the troch

aiftl the iRreHbRRE rﬁa@ér@pb@@e@ad|§s%ﬁrp‘@rtwfsuﬁ@mapsasfaa@iand a
PaLelR MR NGTS 1AL QBPER PQREOR pa ﬁasgﬁ]%f R

three-dimensional shape that substantially mat esh1 ﬁape at least
a perten of te sHeeriarselifacsitsce theaartinepeitnas shiape diahe

InpIBstAREI M&e@%@%ﬂa&@%ﬁﬂ%%%%%%%\B%BLRO”'O” of

the device, wherein the bottom portion of the femoral condyle component

teRFFHRISSHGCR thal e S vaenipaRFATROfdNe simiee 2001dnd &
fwgaq%m@%w@mﬁ%ﬁw%g HBHER Hadaegdaint

comprlsm%ha femoral condyle component having a top portion and a

bdtfsrElbHIEPRIPT Rafien rittalleay ahersisbinsompangat superior
SHERAM AR %’i‘téﬂfﬁf@rs%%@&?eﬁﬁhﬁé?s!erﬁwéLjB?rﬂ%ruﬁHEféce opposes at

least a portion of the condyle of the femur and
[0014d] in a fourth aspect, there is provided a prosthetic device

for a knee joint comprising: a femoral condyle component having a top
portion and a bottom portion with a curved lateral edge therebetwaen,
and a superior surface and an inferior surface, wherein the superior
surface opposes at least a portion of the condyle of the femur and the
trochlea, and the inferior surface opposes at least a portion of a tibial
surface and a patella, and wherein at least a portion of the superior
surface has a three-dimensional shape that substantially matches the
shape of at least a portion of an uncut articular surface that the
superior surface of the implant abuts ; and a trochiear groove
component along the top portion of the device, wherein the bottom
portion of the femoral condyle component terminaies at a sulcus

terminaiis on the knee joint surface.

[0014¢e] in a fifth aspect, there is provided an implant suitable for
a distal femur in a knee joint having a superior surface and an inferior
surface wherein the superior surface is configured to communicate
with the femoral surface of a tibicfemoral articulation surface and the

inferior surface is configured to communicate with the tibial surface of



trochlea, and the inferior surface opposes at least a portion of a tibia[
surface and a patella, and wherein at least a portion of the superior
surface has a three-dimensional shape that substantially matches the
shape of at least a portion of an uncut articular surface that the superior
surface of the implant abuts ; and aftechlear groove component along
the top portion of the device, wherein the bottom portion of the femoral
condyle component terminates at a sulcus terminalis on the knee joint

stz 0tdebin adii pspeci-thers s proxided animplant uitaple for
a distal'temurin"a’knée joint having d superior surface and an inferior
suwigesiwherdacthbaupdhorsdiface socahiarss tratsoiretanitaty with
th r r of a tihio rticulation surface.and the _inferior
D R e A B SR e
tidtofb theral peticul stiola stidh tee whelai albleast a portion of the superior
surface has a three-dimensional shape that substantially matches the

shapé4i} at leadn @ sdrtioAsien (hetr trolddedriacintabtisyseperior
SWERGEGdae Jraplanbaes» RR 1AM N A tﬁﬁﬁgéﬁ@ﬁéﬁgﬁeﬁﬁﬂ%m

implant system comprising: a tibial component, wherein the tibi

cénirolesifapmets tibinfrmauradioiatinioseniarsl anicaddomsairface;
and @ femanal amaanaatahsein s famaral.companept cesa

femoral surface of the patellofemoral articulation surface and a
tisisreaneral thetipalatiofesinrabartinsiativosudapspand & ittniamgral

SupgEolaHiacRAn! f iRIaLsUERRORDR B Ny BRI yface

opposes a femoral condyle and the inferior surface is"configured to
cOHRARFERE Aninfiesebalrtarapuhertinthersibatiasidasereoneicthe

SUPRIIAG S ERAFRINBSAIRS IR SLonal I RAPS R ubstantially

matches the shape of at least a portion of an uncutarticular surface
communicate with the tibial component, wherein at lzast a portion of
the superior surface has a three-dimensional shape that substantially
matches the shape of at least a portion of an uncut articular surface

that the superior surface of the implant abuts,

[00144] In a seventh aspect, there is provided an implant system
comprising: a tibial component, wherein the tiblal component replaces
a tibial surface of the fibiofemoral articulation surface; a patella
component designed o replace a patella surface of a patellofemoral
articulation surface; and a femoral component, wherein the femoral
component replaces a femoral, the femoral component including a
superior surface and an inferior surface wherein the superior surface
is configured to communicate with a femoral condyle and the inferior
surface is configured to communicate with the tibial component and
the patella component, wherein at least a portion of the superior
surface has a three-dimensional shape that substantially matches the
shape of at least a portion of an uncut articular surface that the

superior surface of the implant abuts.

[0014h] in an eighth aspect, there is provided a prosthetic device

for a knee joint comprising. a femoral condyle component having a top



that the superior surface of the implant abuts. [0014g] In a seventh aspect,
there is provided an implant system comprising: a tibial component,
wherein the tibial component replaces a tibial surface of the tibiofemoral
articulation surface; a patella component designed to replace a patella
surface of a patellofemoral articulatign surface; and a femoral component,
wherein the femoral component replaces a femoral, the femoral
component including a superior surface and an inferior surface wherein

theHHBRIEHERRR AP SORBBURt 19 CORRMNIEHS \efaaeatfﬁér@;émlgeﬂ,y'e

and the inferior surface is configured to communicate with the tibia
CERPGhEHPAHET B Bet-RRLEM PURERT, TiEem WhRNSiR dNSoBtioR iPthe

SURRFINI: SYFacRd s iB4Bree dimeRie R Sharsihat WbslaRtAld the

matches the shape of at least a portion of an uncut articular surface that
th‘féognk@@ﬁimwgd@f@r@feswﬁiﬁaﬂtmg.efo@tlmﬂsﬁﬁa@péﬁ@_ﬁt%@ps@u@;i
thelierie. Pravide o apnasHIIIGHRYGR d01a4Ne IRE LOMPESGRior
femoral condyle component having a top 7c portion and a bottom portion

wRHEREG8d Ribrsrcdiemiirsrisiane thabsukeimaisiivurakdanden
inferigiestrtacR NS ISHKIGS SURRTINCSUERCS I9PROSRTaleasha portion of

the condyle of the femur and the trochlea, and the inferior surface

oSHEEESREIETRR HShR MR AR U RS ANPEVRAEIBICENE wherein at
legshBREIRBRINGELRRY I9brEYH FINBIA IR rRERGRSID BlshaRe that

substantially matches the shape of at least a portion of an uncut articular

s thf IR oS R STTRRIBRLISHIIDAIRS RARvCa% Schidas

gHeavYEnSRMRORRN kAl thederertion of the device, wherein the
bottom portion of the femoral condyle component terminates beyond a

sysditerminalis omithe kreedoinksrsfRcerd0RLA]HN iRtk asest there

isc%%‘ﬁﬂg%&”aj'%?ﬁa'é”&? %[grrwrént, wherein the tibial component replaces
the tibial surface of the tibiofemorai articulation surface; a femoral
component, wherein the femoral component replaces a femoral
surface of the pateliofemoral articulation surface and a fibiofemoral
articuiation surface, the femoral component including a superior
surface and an inferior surface, wherein the superior surface opposes
at least a portion of the condyie of the femur and the trochiea, and the
inferior surface opposes at least a portion of the tibial component and
a patella, and wherein at ieast a portion of the superior surface has a
three-dimensional shape that substantially matches the shape of at
ieast a portion of an uncut articular surface that the superior surface of
the implant abuts; and wherein at least one of the tibial component

and femoral component is asymmetric.

[0014j] In a tenth aspect, there is provided an implant system
comprising: a tibial component, wherein the tibial component replaces
the tibial surface of the tibiofemoral articulation surface; a patella
component designed to replace a patellar surface of the
patellofemoral articulation surface; a femoral componant, wherein the

femoral component replaces a femoral surface of the pateliofemorat



comprising: a tibial component, wherein the tibial component replaces the
tibial surface of the tibiofemoral articulation surface; a femoral

component, wherein the femoral component replaces a femoral surface
of the patellofemoral articulation surface and a tibiofemoral articulation
surface, the femoral component inclaging a superior surface and an
inferior surface, wherein the superior surface opposes at least a portion of
the condyle of the femur and the trochlea, and the inferior surface

0 e ortion of.the tibial component and atella,.and
R R A S e AR AR e 0% s
shapeithaest istadtial yarsafeves therEw@eraf ah lefsia parfiseof an

un ficular ce that th rior surface of the implant abuts; and
e e SRS A B e PR
asyrtimdeinyogtdiiia tdehtbragpetththereivpmyvides apiopdanisystem

RORIOHOSH : . o e :
A B e R e e SR o
deigeth tatriepisice paqptivsilaf thefacpesfaheufatsbiesrmtatesticulation

S : rein.the femaral compo t.replaces
R b e e TR LTS
tisiofénTo el zitivudati ent suitscey s dcinat dhecaumeoive stirfatuesl wfg e

syperior e | rfac ein the superior, surface
o W e G e R TR R,
anetheontnios ssifasdrgposes at least a portion of the tibial component
and the patella component, and wherein at least a portion of the superior

stf@tétias a thfean @viaTsiRsPSITpE enats phawantdly prastheticthe
SRl laasicn. pATas ALALHACLBHiG R CaHHoRedhattRperior

surface of the implant abuts, wherein at least one 0 emoral
am@yiaterasuperior surface and an inferior surface and a top portion

and a bottom portion with a curved surface extending therebetween,
wherein the superior surface opposes at ieast a portion of the condyle
of the femur and the trochlea, and the inferior surface opposes at
least a portion of a tibial surface and a patella, and wherein at least a
portion of the superior surface has a three-dimensional shape that
substantially matches the shape of at least a portion of an uncut
arficuiar surface that the superior surface of the impiant abuts; and a
trochlear groove compaonent along the top portion of the device,
wherein the bottom portion of the femoral condyle component

terminates after a sulcus terminalis.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1A s a block diagram of a method for assessing & joint

in need of repair according to the invention wherein the existing joint
surface is unaltered, or substantially unaltered, prior fo receiving the
selected implant. FIG, 1Bis a bilock diagram of a method for assessing a
joint in need of repair according to the invention wherein the existing joint

surface is unaitered, or substantially unaltered, prior to designing an



component is asymetrical. [0014Kk] In an eleventh aspect, there is provided
a prosthetic device for a knee joint comprising: a femoral condyle
component having a superior surface and an inferior surface and a top
portion and a bottom portion with a curved surface extending
therebetween, wherein the superior7gurface opposes at least a portion of
the condyle of the femur and the trochlea, and the inferior surface
opposes at least a portion of a tibial surface and a patella, and wherein at

le i f.the superigr surface_has a three-dimensional shape that
su@&%ﬁ%@%ﬁgcﬁéegsc:?%%v%ﬁ%%éegfa At f!eg§'st‘%C i)soart%%% ARALACLY Articular
surigibedat theyvsiopérpasirfplaaiadibesingldne abpisniaind aatieshlear
groove component along the top portion of the device, wherein the
b@@dta]portion &itheAdroparspactine vienmirepintéminated titer a
sulcus terminalis. BRIEF DESCRIPTION OF THE DRAWINGS [0015]
Fitv/eriias swiskle dudgrmrorionahibe firalsgesemooa fortneedeist! of
"oPRIACROEANE IR HERHRRNRTEIR. B SSINGAN SUTBCE 5y
unaltered, or substantially unaltered, prior to receiving the selected

inyjisane’ e imeay afsiseicaialgnamth et ipescthodsismas ebiing® fsingin
need oePaiaseardiag W he diy palon. whatsintherexissing-joint: guiface

is unaltered, or substantially unaltered, prior to designing an 7e implant
swietiesretRitreviehaleapaie ies E-Eishwowdkidagtant'ef aF inéthise for

deyslepingcAminiant apd sisingthe apiantia apalienl R 1E1EIC. 2A

is a perspective view of a joint implant of the invention suitable for

infRATHRIT & R MawRranted tRkamalensis pipne paaakehiedhaiew of

the-implrRERE KR, 2 i€ e dedSaaians SRAienaleiRnQlibedrapint of
FIG. 2B along the fines C-C shown in FIG. 2B. FIG. 2D is a

cRRQULPIBIaAteEiRke MphsaiRBsDPBralRhim themreonal mage FiGs 24

is a cross-sectional view of the implant of FIG. 2a shown implanted taken



wo thesimplant of FIG. 2A shown implanted taken along a planesanaliebia/oser14
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_cross-sectional view along the lines E-E shown in FIG. 26. FIG. 2F is a
side view of the implant of FIG. 2A. FIG. 2G is a cross-sectional view of

‘the sagittal plane. FIG. 2H is a cro$s-sectional view of the implant of FIG.
2A shown implanted taken along a plane parallel to the coronal plane.
FIG. 21 'is a cross-sectional view of the implant of FIG. 2A shown
implanted taken WO 2005/051240 PCT/US2004/039714 8 along a plane

parel t9 shaapalalens Mcaxdd Pravws Friightshvesra nghamtidrat:

A T, e IRy o RS AN GRIaN ok A f e

altébmeltpl stedogoame antéringy@nd iposlanbdy A, 2K shawide) devanthor in

B

of the joint implant an anchor. OWS an

anBiofoim tearbaal of 1§ cPods MeHBET VG COROERENALE erakegiment of
emRgginentpRintde FRRIBRERRANGBMenlvERr Suslane SRYRa R dPr

receiving a cross- bar. FIG. 2P illystrates a variety of cross-bars. FIGS.

2d’fﬁ\ﬁﬁ38ff5t8 RERTFUEVREREHpiARd Wiflin ARG RTERIEN YA %)

ilugtedtemdaatsBowinplint Radedacthieaviial ptalglafcfutbeivhayvingéss-
h I ) IG, 2T(1-8).i |

e o o e e PR IR 8 e

to ERvige mpiatied Wilain alnaedTbt thisipr(itilateigrnatbg0017]
FlGSpid 8088181 PRSBBRI Ratiay S irinalinPiaa sviakia asise

on a condyle of the femur from the inferior and superior surface
vieHToRTEs 1EL e TVSR) IieirE RN AURISIRTOPRRUTIRTNIGhETS: eid. 3A.
FlGnBEnisveheirin theha ifded af shefdet of thieimptantcate a3t issca ity

of é?‘%?ﬁ‘%"&?qg@?g“ﬂm a’q%%ﬂt and FIG. 3F is a cross-section of 20

th IS an axial view of a femur with the implant installed

therery FIG. 3itissan AaiRfigrvieye idbaBefininbrdtmutithaipatella
suitable for use on a condyle of the femur from the inférior and superior
surface viewpoints, respectively. FIG. 3¢ is a side view of the implant of
FiG. 3A. FiG. 3p is a view of the inferior surface of the implant; Fig. 3 is a
view of the superior surface of the implant and Fi6. 3r is a cross-section of
the implant. FiG. 36 is an axial view of a femur with the implant installed
thereon. FIG. 3H is an antertor view of the Knee joint without the patella
wherein the implant is installed on the femoral condyle. FiG. 3iis an
anterior view of the knee joint with an implant of FiG. 3a implanted on the

- femoral coﬁdyle along with an implant suitable for the tibial plateau, such

as that shown in Fig. 2. Figs. 3J-K illustrate an alternate embodiment of a
joint implant for use on a condyte of a femur further having at least one

chamfer cut.

[o018] FiG. 4aillustrates an implant suitable for the femoral condyle
according to the prior art. FiGs. 4B~ depict another implant suitable for
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wherein the implant is installed on the femoral condyle. FIG. 3ris an -
anterior view of the knee joint with an implant of FIG. 3A implanted on the

wdemesaheandyle along with an implant suitable for the tibial plalgg

25 as that shown in FIG. 2. FIGS. 3X%K illustrate an alternate emz’zﬂéﬁrﬂgﬁswm
of a joint implant for use on a condyle of a femur further having at least
one chamfer cut. [0018] FIG. 4A illustrates an implant suitable for the
femoral condyle according to the prior art. FIGS. 4s-I depict another

Implagksiaipbled ?éMé%?QQﬁé%‘%?ﬁBﬁit%E %%%%%ﬁé?@r% gﬁ\P'%??fwr‘;qeg‘

t
on a femoral condg/le. FIG. 4as a slightly persp vie e nt

frofEHBRRHTRIP S0Praseerns sutfase: Eige4cly afide viewaofitres Fi@ark.

FIGt Ao isen M. \vdevisof top InEavier s facs el NiaipRlapthE Fiknand F
ar%%e%séoec ive side views of the implant. EIG. 4c is an axial 5 view of a

femnur with e ThpRACHEEESIRE MEKS eidha ine'antaRigride isigh Hfighe
kneigyoifraittmonwtte ihatéitelavhcreitzibd thetam iFiestlledanatigior

f FlG. .4 i ' fth QI ith g
iﬁr?%ﬁbgf“% e e e R e s
su

hehiemsraterngdepliedl s @ereatetin Yavwat iheFiGe 2ot [@0A 2
FI@Sla-sf Bie. deniehensof FRaherdmplant SWikable o NARSIAGRLAL

the f | le. FIG, 5A i iew of the Inferi f
SRR E IOV Lo B RS ST T8I ectve view o
" . e s sidle view of
B ek e S S N
vidlpeR et pip et feiaral sseshipdisstionis BIGS vimaFoatbesidistitews of
therdent showipkie herinpdeads & IGe. AE aaddbilusirate an

alternativ% embodinﬁnt wherein the implant has lateral rails; FIG. 51

ilIEFRRES R ot RIABD GYRERPOFLIRRT MelfiR IRl a8 gn Shigdring
keptren&:1isg sidarviexiabitoe ioipderronvattirdtalireptant, Fic. 5pis a

slightly perspective side view of the implant from a second direction.
Figs. 5e-F are side views of the implant showing the bearing loads;
Figs. 5 and R illustrate an alternative embodiment wherein the implant
has lateral rails; F1G. 81 illustrates another embodiment wherein the impiant
has an anchoring keel. FiG. 54 is an axial view of a femur with the implant
installed on the femoral condyles. FiG. 5K is an anterior view of the knee
Joint without the patella wherein the implant is instalied on the femoral
condyle. Fie. 5L is an anterior view of the knee joint with an implant of
Fic. 8 implanted on the femoral condyles along with an implant suitable
for the tibial plateau, such as that shown in Fig. 2. FIGs. 5M-N depicts a
device implanted within the knee joint. Fi6. 50 depicts an alternate

. embodiment of the device which accommodates an partial removal of the
condyle. Figs. 5p-s illustrate alternative embodiments of the implant
having one or more chamfer cuts. |
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20 installed on the femoral condyles. FIG. 5K is an anterior view of the
knee joint without the patella wherein the implant is installed on the

wofesnsoatzeondyle. FIG. 5L is an anterior view of the knee jointpai&B064/039714

implant of FIG. 5A implanted on theéfemoral condyles along with an
implant suitable for the tibial plateau, such as that shown in FIG. 2. FIGS.
5M-N depicts a 25 device implanted within the knee joint. FIG. 50 depicts
an alternate embodiment of the device which accommodates an partial

reneuadpf the FRRsR-EifaSr 2R Hbtiale ARIRAINERINBIME W2k
lant having one or more chamfer cuts. WO 2005/051240

the im

P CHRGESBOIEBISSFIRRS P06  FRESSEieril S oa e Rem b e
in Bl&abeatomy with a graphical representation of the cross-sectional data
points comprising the surface map. [0021] FIGS. 7A-C illustrate an
altéP3M desigrfisisa Gewdéusitatatsie Btdonatedaiionoithaitasiceralitable

CORglEpHRSNS AW RRIBRS ORI IR AHR ka2 Bnd el 2

whole patella (FIG. 8A) and a patella that In order to install
aﬁ fooa2int (FlGF&B).mmmm_" sid@nmi@pfla@éﬂé_ﬁq'tﬁabke) %@%M%@hﬁ
s . 8c¢-0). and an illustration of the implant superimposed on a
e B e e BB DA R A e o
rel@tprdtebimpaiciielimpierics FIeSNEEIGS i Rephtathariripstrtion of the

su m% Rpte|la. J. | I . ign for
themﬁgtelja impmﬁgasedqngg@gfkp(ggg %éﬁ %@2%5] I@é@%%%?é%ﬁ?n _
refHelErARNLARNGSRIatbretx far Ratatian Ay OFth Sad ikatratadhe
inm@tm@nnﬁ@a%mmcakfm. %Winﬁu@weﬁd%imm%@ and
a pat ' nt. F1G. 9e depicts an alternate view qf the knee with a
con %éﬂrﬁ%?{frﬁ%%tg & 'E)Egé a i?ﬁaﬁ%%?vvﬁegnla%ﬁhfﬁscogﬁ le implant covers

a gerptey portiop,@k g suitaser ob thesenndie gﬂ%ét*\ﬁ&@éfcﬁf&%?é%e%iﬁﬂ

FIG. 9c illustrates a knee joint wherein the impla
with any of the devices taught installed therein. Fig. 9A depicts the knee

with a condyle implant and a pateila implant. Fic. 98 depicts an alternate
view of the knee with a condyle implant and a patelia i.mpiant wherein the
condyle implant covers a greater portion of the surface of the condyle in

- the posterior direction. Fig. 9¢ illustrates a knee joint wherein the implant
is provided on the condyle, the patella and the tibial plateau. |

[0024] " Fies. 10A-b depict a frontal view of the knee joint with any of
the devices taught installed therein. Fic. 10a depicts the knee with a tibial
implant. Fie. 10B depicts the knee with a condyle implant. Fig. 10¢ depicts
a knee with a tibial implant and a condyle implant. Fig. 10¢ depicts a knee
with a bicompartmental condyle implant and a tibial implant.

DETAILED DESCRIPTION OF THE INVENTION

{0025} The following description is presented to enable any person
skilled in the art to make and use the invention, Various modifications {o
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is provided on the condyle, the patella and the tibial plateau. 20 [0024]
FIGS. | OA-D depict a frontal view of the knee joint with any of the

A tipial
implant. FIG. 10B depicts the knee wjth a condyle implant. Fl c?/g@
depicts a knee with a tibial implant and a condyle implant. FIG. 10c
depicts a knee with a bicompartmental condyle implant and a tibial
implant. 25 DETAILED DESCRIPTION OF THE INVENTION [0025] The

follow; intion. | : illed | t

o el e e e o e e
PCT/es2eultbgFrngrie pincipebhdafined kedeisceiretiendb b cotndiither
apPAEALERHHEPRs AAUESLI i oAE wRREUINEGBERRICHNIR BRI HR IR cope

herein can be applied to other embodiments and applications without

p (
depatihi) FrBrRSRR dPiRPipratOpinet et prcarrR RGBT gs THathdhay
the appessetdralaition Bt iHterkipdesers invieadien trenahisbandeatiahéwn, -
limited tp.the embodi ts shawn,, but is to be. accorded,the wides
oD B e 2 O B e R I 08 o0 20
extenfasdemsssdisciesadhiersina donibteaxtemdwrestandindoodthizireye ntomlete

discloggge g RRRGIEEaIOR AR draNARER Of BlISRer PSR RURNings of

publications, and patent applications cited in this 10 applicationare =~
incorﬁ&r&@éﬁﬁ&‘%@f‘fﬁ/ Pefert RUPIiRRI B AR Wi P e eRRiGatN B pitRd da this
of skilappibata, aneassoretiteddreneibymsegdeasarried out in any order

of the recited events which is logically possible, as well as the recited

order [B0@6¢nts. Fu%mﬁm@pmmwmgmm vhkidls its hrovitledethizds
UNdeTRleREhialeRY ai%y HE ERED it HPL BRRYGR ML B LOBROEE

limit of that range and ‘any other stated or’intervening value in that st
range' T UHERWM RessiRFw iR W &SithR RO dpsbeiasausntemblefbg mate:
any optienaldeatgeeahdigedTegriviivalintionAdinseidee MaYd9 RRbFSHINg
and Cl/aa' uee, 'Qg\%%%r}ﬂgq}%er and lower limit of that range and any other
stated or intervening value in that stated range is encompassed within the
invention. Also, it is contemplated that any optional feature of the
~inventive variations described may be set forth and claimed independently,

or in combination with any one or more of the features described herein.

[0027) The practice of the present invention can employ, uniess
otherwise indicated, conventional and digital methods of X~-ray imaging and
processing, x-ray tomosynthesis, Qltrasound including A-scan, B-scan and
C-scan, computed tomogr_aphy (CT scan}, magnetic resonance imaging
{MRY1), optical coherence tomography, single photon emission tomography
(SPECT) and positron emission tomography (PET) within the skill of the
art.. Such technigues are explained fully in the literature and need not be
described herein. 'See, e.g., X-Ray Structure Determination: A Practical
Guide, 2nd Edition, editors Stout and Jensen, 1989, John Wilgy & Sons,
publisher; Body CT: A Practical Approach, editor Slone, 1899, McGraw-Hill

2004/039714
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or in combination with any one or more of the features described herein.
20 [00273 The practice of the present invention can employ, unless

woasrdisgiandicated, conventional and digital methods of X-ray - agpa4/639714

and processing, x-ray tomosynthesig, ultrasound including A-scan,
B-scan and C-scan, computed tomography (CT scan), magnetic
resonance imaging (MRI), optical coherence tomography, single photon
emission tomography 25 (SPECT) and positron emission tomography

(PE Jnwithi ' . : j e j fullyJn the
litﬂ?ﬁ‘?ﬁ%}%&%ﬁ?ﬁ %g{f] g%%d%(sti%g\%ﬁe%g%@ése%%.8%@%398%%% re
DeRRRRSEITIa8 URiRheT G0 Pental Badisleayaibidesstanding thensen,
edo Slone. 1959, Mera Hll oy 2008 e a0 PO O ab 714
editqr, Slone rqw-Hill _ : (
R S5 Al DL b M iR & A GAEh BRRBLdn E1bbg
Spngéa-V.atiash sublishel; and Dental Radiology: Understanding the X-

Ray Image, editor Laetitia Brocklebank 1997, Oxford University Press
puBReBdr. see BsopreRent ReRtPPiRides Matndsl anmhghmresiiens),

5 derrejshifing YeinBe 9artitalai) 3B e P aRHURYYRIAR MEAANSS

methads. and campositions for repairing joints, particularly for repairing
R G BRI Pl e et L ARS8 A o
catiiagiere paAmongtetizs fningsa thebjechnimengeathdésdbingszithallow f
tegniaReseshiher DRl LR e @ SR zalion Pfi carage,
repair material to suit a part@cu aééubject, or examp 2N ferms %?ng efor

cefPABREHICKTERS Arid6r eemiianndnaimensiradsrmperyataresivénen the
thistenesceandépre; WRveRHER) AhierBURIAI SR BAE A RIBIRGS IS AR xact of

nearﬁanatomic fit wijth the non-damagfed cartilage or with the subjéct's

ofginar carfiageE e S0ERE S0 BPRaITl Witihg Ry desneRed speifage or

maithitdecantiecth apgoh pricritaipapthntaticcean diugaishapiftgh s be

bageJR5iE YRG! CXHAHEFNSI PAGES HAlRreVide igﬁc}%@uactiiwo&aping
can be based, for example, on electronic images that provide information

| regarding_ curvature or thickness of any "normal” cartilage surrounding the |
defect and/or on c_urvature of the bane underlying the defect. Thus, the
current invention brovides, among other things, for minimally invasive
methods for partial joint replacement. The methods will require only
minimal or, in some instances, no loss in-bone stock. Additi'onally, unlike
with current techniques, the methods described herein will help to restore

‘ the integrity of the articular surface by achieving an exact or near anatomic
match between the implant and the surrounding or adjacent cartilage

and/or subchondral bone.

[0029] Advantages of the present invention can include, but are not
limited to, (i) customization of joint repair, thereby enhancing the efficacy
and comfort level for the patient following the repair procedure; (iD)
eliminating the need for a surgeon to measure the defect to be repaired
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regarding curvature or thickness of any "normal” cartilage surrounding the
defect and/or on curvature of the bone underlying the defect. Thus, the

. . i ) e ) e 20
wOCHITEM iyention provides, among other things, for minimally i)r}%filﬁi%/g) Ehaor1a

methods for partial joint replacement The methods will require
minimal or, in some instances, no loss in bone stock. Additionally, unlike
with current techniques, the methods described herein will help to restore
the integrity of the articular surface by achieving an exact or near
anéntriperatively e tyoeen &h&)hﬁmmﬂﬁr(ﬂi)@r%%ﬁéfﬁ#é@% r{g%%ddgpgnt
car, ';I@@gc ral pone. [0029] Advantages of the present
invSténtlgr]%ﬁéﬁr?é?uédz}fgbﬁgﬁgaa# i”Illlr}l%tée-'& {0 }i@%@mﬁﬁ%ﬁ”&ﬁ@iﬁ

re 4R Vigiesehpiara wfinkaiationicacyatune ebindorpavehfarsting patisnbn
follewvis@athiediepay i H&g‘@é inating for a surgeon fo
measure the d fﬁ%@ﬁegﬁﬁ% r\f/*\i/o 20 lé}/%équggo%%&eo niques, EV)
Pd‘fﬂﬂ@ﬁ@dﬁ?ﬁ} 893 7 BB IPIRETSVER SRy oHiBimmsdimesns (i)
elilénMatiugsthmrhmiirfwmﬁmmwﬁfﬁbheiﬂ@edgﬁ&ﬁ@hwéiw&he f
im @{ERH& 2 0Ce - (1v). _praviding methods of evaluating curvature o
thee repair égtgsr)lﬁa%l “gg(‘-:-h é}ﬁeo grsiléo ‘rgﬁlastgl e%ﬁ&é‘&e&%ﬁ%@ gAme
intPABRRABNGR!D AstsiYiib Enniquieg; ek B peoattie umetbnds ohrepaiing of
joirissmkh only minimal or, in some instances, no loss in bone stock; (vi)
improving postoperative joint congruity; (vii) improving the postoperative

fp o Coverymﬁmf a 10 [0030 %Hmﬁw&%ﬁg dargg?gﬁaég@d
UnNCUOLy, - 4 0 ofion. us € metnoas describe
e o e et RGN o s apir imarte of
préBRlaRtatignherdereatticulyr sitdaske (s piadiaton)dnghe procides

surﬁqg@(@oa@gagmrj&%_ provides improved repair of the joint. [0031]
1. ASSESSMENT OF JOINTS AND ALIGNMENT

{0031] I ASSESSMENT OF JOINTS AND ALIGNMENT

[0032} The methods and compositions described herein can be
used to treat defects 'resuiting from disease of the cartilage (e. g.
osteoarthritis), bone damage, cartilage damage, trauma, and/or
degeneration due to overuse or age. The invention allows, among other
things, a health practitioner to evaluate and treat such defects. The size,
volume and shape of the area of interest can include only the region of
cartitage that has the defect, but preferably wili also include contiguous
parts of the cartilage surrounding the cartilage defect.

[0033] As will be appreciated by those of skill in the art,-size,
curvature and/or thickness measurements can be obtained using any
suitable technique. For example, one-dimensional, two-dimensional,
and/or three-dimensional measurements can be obtained using suitable
mechanical means, laser devices, electromagnetic or optical tracking
systems, moids_., materials applied to the articular surface that harden and

Dmm 49 2 o
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15 [0032] The methods and compositions described herein can be used
to treat defects resulting from disease of the cartilage (e.g.,

wo Qsisosrtheitis), bone damage, cartilage damage, trauma, andf@it/us2604/639714

degeneration due to overuse or age4 The invention allows, among other
things, a health practitioner to evaluate and treat such defects. The size,
20 volume and shape of the area of interest can include only the region of
cartilage that has the defect, but preferably will also include contiguous

pariseoh shecardlaaessurannsling she/sruiacs: Aeircinia933 Asuilbes

ap reciate(élﬁ)% those of skill in the art, size, curvature and/or thickness

mELSR RN EN MEASHIEMER R SAG 2R PR S H AR s harder
examnpipeoateselyrensiarsngte paiveensia ﬁei,lmg*{m!htdmmisi.mﬂrl@
m | It e, mecnanical means, laser
e e R R R (e S s tvise
appiie a6/ tRaanievar sairicepeading dveana s Lo0s10% Y 2ei/or the

PGERIS200%/03R%E tlﬁﬁ@%ﬁi'i%?&etaﬁo‘S/HFfESEé?RPBé%&rPéB?én%LéeW&?r

more im?%irl:(? te_chnlcéues known in the art. Measurements ca
Alere

obRATHEY AtidRiga g LAt aREUSRERatively (e.g., using a probe or

ot rgical device)..As will be appreciated by those of skill in the art,
the t %ﬁness oft éi)éﬁ’a%rw&i‘(%aépc%ﬁ? Vary a%ﬁ}}%ﬁvw B ARy
upBRERERSITG adeifdniyraha/orantlicethitihe dlamage tonde chditagget

angier ALneHe bR SOMESIEHiAL A JRTIHRNOCHBR Qec%r?r@yﬁ%%%y

surface. [00341 FiG. 1A is a flow chart showing steps take

B8t MPASILERIPR foltSHISe SAprRERRSaishatRegessary, 11

mémshtaimensiofaitiagehadesomoidertod Feratabiiningnt :

o R B B e TR e e

orfga@fertsitsehscinfuutioraissesstionygnesdsss @ndelthop Eaetitidiver

hagy %Q%@tt%ﬂﬁéﬁ@%)éqssed 30. This model representation can be in
the form of a topographical map or image. The mode! representation of the
joint can be in one, two, or three dimensions. It can include a physical
model. More than one model can be created 31, if desired. Either the -
original model, or a subsequently created mode!, or both can be used.
After the model representation of the joinf I generated 30, the practitioner
can optionaﬂy generate a projected model representation of the target joint
in a corrected condition 40, e.g., from the existing cartilage on the joint
surface, by providing a mirror of the opposing joint surface, or a
combination thereof Again, this step can be repeated 41, as necessary or
desired. Using the difference between the topographical condition of the
joint and the projected image of the joint, the practitioner can then select a
joint implant 50 that is suitable to achieve the corrected joint anatomy. As
will be appreciated by those of skill in the art, the selection process 50 can
be repeated §7 as often as desired to achieve the desired result.
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"~ representation of t

or paral

measurements, the information is used to generate a model
representation 15 of the target joint being assessed 30. This model

wdepfeseniation can be in the form of a topographical map or im.

age. The
model representation of the joint cayxbe in one, two, or three THENSIORS 9714
It can include a physical model. More than one model can be created 31,
if desired. Either the original model, or a subsequently created model, or
both can be used. 20 After the model representation of the joint is
gen tk iti tionally .generate a projected model

R msgégﬁa{rgg%g%tl% |rr}1%1pac FRSEH Eéﬁaﬁiﬁ’aﬁ%ﬁ‘, 8.9., from the
exiSTRGLERIMNSGE Yratiregetieintfdby, abjaininddieg exanipts, afrtlxeray, and
opRASGdaict SulReBIoR: FMRIBAIIRN Higignf Again, this step can be
r

repeated 41, as necessary o esired. Using the difference between

the ARG raphicalceiithionpfttateins anddecopErigGiethdnageaf the

joi iti C n.select a joint implant 50 that is suitable to
”ﬁré@ﬁtﬁ@ﬁlé@ﬁ Fac%% ik ﬁx@gg} e #%é) ﬁp%‘?@%@fwm of

achieve the corrected joint anato S Wi

skill PR @feRRtifecidhectisagsiedus3050 thnstee wpadtetinglasNEBR Asnt

desigprhtermehianmihg: dgsiesHaRH! / - o
Pcsfré}%szom 039714 18 Additﬁii‘fy%sg&%e%n%é%gjét'%%”l"é(* following

prattiftsHaP G5 iRkim ianhepirement iiianat §& [Bmnstpspithtdiring,

for eeamplEnantof torganibithed seieet atisdindlesi oS HRIACRINS Y taraet

im ) will be appreciat those of skill in the art, thé'5:
p rgckz%'?? O%Qral;c%(.)lg %%Eéﬁ?:getéw & ng&‘%)?ef?orrrﬁoé% %%ef} W%@ﬁ%?&ﬁﬁ%dd ThiGass or

repPaseifiaaR AleMAd KR fipin2402% @ step of selecting a suitable joint
repﬁﬁ%ﬁ]ent implant 50 as shown by the arrow 32. Additionally, following

sel of suithite 181 RELRHCERAA IR FaAr STaninateispotaitsmining
mepstitivest infdssgesiogna ingenstalingaaassldepresratation of target
LA P e
can be accomplished by taking an image of the joint. This step can be
repeated, as necessary, 11 to obtain a plurality of images in order to
further refine the joint assessment process. Once the practitioner hasl
obtained the necessary measurements, the information is used to
generate a model representation of the target joint being aséessed 30.
This model representation can be in the form of a topographical map or |
image._The modea| repreéentation of the joint can be in one, two, or three
| dimensions. The process can be repeated 31 as necessary or desired. [t
can include a physical model. After the model represe'ntation of the joint is
assessed 30, the practitioner can optionally generate a projected model
-representation of the target joint in a corrected condition 40. This step can
be repeated 41 as necessary or desired. Using the difference between the
topographical condition of the joint and the projected image of the joint, the
practitioner can then design a joint implant 52 that is suitable to achieve
the corrected joint anatomy, repeating the design process 53 as often aé
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[0036] FIG. la is an alternate flow chart showing steps taken by a
practitioner in assessing a joint. First, a practitioner obtains a

womeaggrement of a target joint 10. The step of obtaining a megstFReaRLAR714

can be accomplished by taking an idage of the joint. This step can be
repeated, as necessary, 11 to obtain a plurality of images in order to
further refine the joint assessment process. Once the practitioner has
obtained the necessary measurements, the information is used to

gene@tﬁm@c&iwep@wm@@frﬂwtar@@é@mmrmmﬁeﬁmctaﬁ)a%@
This model re resentation c e in.the form of a topo ical m
B e o R R R DR e e T e
dmmegs:mmscﬁﬁtms;mmss‘ easiiryepoaseblaBy. atmedibssigroedbsired, It

carHBg égsg'éﬁgm%@ﬂq% ﬁif,t Lt odel representation of the joint is

assesse the practitioner can optionally generate a projected model

25 {(ﬁ?'qse ntatl@;& Qflﬂf&taﬁgﬁémdr%? wgc?cdeds@mndm$ﬂt0 thhis step
can repeated 41 as eSS or ired. U th erence
e RIRANRHE! RELRR A LSBT S - Lo e WG 8RS Fhage
of ﬂeprgsantmenm&thmtargatmwﬁ%tdémgﬁm@hdﬂﬂ@am'gﬁshmm joint
5“'Iéé%%?r%q?@&a‘%@%&%@%ﬂm&ﬂga&ﬂm}! 48PSRinG Wedlenian

rocess b3 as often as WO 2005/051240 PCTIUS2004/039714 16
neéé@%‘@%\’@cﬁ%\%"tﬂé thestiesiamplant dtadimioints pirarioRat aplaso

asww@eébeww&ma@d@a@m@ﬁ@awe&rgéckbaﬁ FﬁoISgéf«wétm@s
ruciate ste ho s CIQ s, etc, will enhance
A B R R RGBT B G55 RSO ot .
by those of pkilad thesarlessm et an exhosrn vy tee di aliv ekl it pdd the
ste of%] nerating a model representation of the target joint 30 to the step.

ing a JuRadie PmflawAaREHEEI PGSR asasfoNFeipheg an

arr%?a&t fimilpatedhertiew L@h@/\m@t&m dobavasctsdemabathose

S_UIE'.% !'fb’g Igrt*:cri Ag&%ﬁ?ﬁ r}_t’ m artnthe time the invention is practiced, the size
of area of diseased cartilage or cértiiage loss is measured 100, This step
can be repeated multiple times 701, as desired. Once the size of the
cartilage defect is measured, the thickness of adjatentcarﬁiage can
aptionally be measured 710. This process can aiso be repeated as desired
111. Either after measuring the cartilage loss or measuring the thickness

~ of adjacent cartilage, the curvature of the articular surface is then

measured 720. A_Iternativeiy, the subchondral bone can be measured. As
will be appreéiated measurements can be taken of the surface of the joint
being repaired, or of the'mating surface in order to facilitate development |

of the best design for the implant surface.

[0039] 'Once the surfaces have been measured, the user either
selects the best fitting implant contained in a library of implants 730 or
generates a patient-specific implant 732. These steps can be repeated as



10 52, the steps of obtaining measurement of target joint 10, generating
model representation of target joint 30 and generating projected model 40,
W cggaé’g '{%e@eated in series or parallel as shown by the flow 42, 43, 44.
O[ c]% . | cis a flow chart illustr Li{ng the process of selectRfgraRs2004/039714
implant for a patient. First, using the techniques described above or those
15 suitable and known in the art at the time the invention is practiced, the
size of area of diseased cartilage or cartilage loss is measured 100. This
ste% can pe re%)eated multiple times, 101, as desired. Once the size of the
[

carfiBy& Ol FEHansit aghinehadred Bingjpetant &ralagtierin? 37,

optitHalAsheiieasppestiHted BhithpEeCcessiaan

de%@gcgg%lgrl gs'@% fter.melms rn éhe cartiﬂﬁ%a?o@sfgrsﬁi%é%ﬁag the

thickness agjac nt ga?ﬁlén& ,atﬂecgﬂr SRSt AeaRsidiminiormaion

theROMHRIBSH iadbI PN Iesrnaay el thb e atidgrdtonshalfzomaicda berfaces of
5 meppldadicAacNlke ;%%ES&@I‘?QE&E\GQ?H%@@Qﬁeﬁ?%ﬁ&%ﬁj%%ﬁ%ﬁng

surface of the joint being repaired, or of the mating sutface |

fachfABSRRABIMRIRDEYo foh & 5u8P e SitpeliPaRs Mk pkat en fe39]
Oncedttibsirfagesdrae pegsntasanrehdbe wsaRiERI8 G R st

fittipg.im t contained in a library of implants 130 or generates a
o R P o TETnE s bmiienas wenn be
200570515 A49CTP s B0MIF0ROEMO liTglesititaberarerers avniarRGBIAYE
10 thesDRstEnaiEpM oA ralBilodi A% Byl he appreciated by

those of skill in the art, the process of selecting or designing an implant
carfdoaapsted aga‘mmithaim@ﬁngéi@ate@pama%A@&%M@b@%‘éiﬂg’r{ﬁé e
pap}%gp 591% Srhl{g(}h%?tﬁhﬁ] fgurfa%es' of 5 the device achieves a good fit
relative to the patients joint sur gges_uli éﬁﬁw@f Oseiatydisprsratinga for
ex&MAENg supermpodegpireiingitimadecotiertthaoinags ies heura)
Pajignt sratBm PR O AR ReRE ‘lﬁ}ﬁ neg; Fhitable implant has
been selected %r designed, the imp ar’%1 %i%g légﬁ&o%ur_%ce of tho joint can be
15 assessed as well as the desired resulting surface of the joint. This

technique is particularly useful for implants that are not anchored into the
bone. ' |

[0041]  As will be appreciated by those of skill in the art, the
physician, or other person practicing the invention, can obtain a

20 measurement of a target joint 70 and then either design 52 or select 50 a
suitable joint replacement implant,

10042 il REPAIR MATERIALS

[0043] A wide variety of materials find use in the practice of the
_ presént invention, inciuding, but not fimited to, plastics, metals, crystal free
25 metals, ceramics, biological materials (e.g., collagen or other extraceliular
matrix materials}, hydroxyapatite, cells (e.g., stem celis, chondroéyte celis
or the like), or combinations thereof. Based on the information (e.qg.,
measurements) obtained regarding the defect and the articular surface
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prepared 140, for example by removing cartilage or bone from the joint 10
surface, or the implant can be placed into the joint 150. [0040] The joint

woinsplarst selected or designed achieves anatomic or near anammig;§toyitzor14

the existing surface of the joint whilegoresenting a mating surface for the
opposing joint surface that replicates the natural joint anatomy. In this
instance, both the existing surface of the joint can be 15 assessed as well
as the desired resulting surface of the joint. This technique is particularly

usefHhiaF {RPLYBSHEIH- S B AR, %Fé}%ﬁ%a{%m FcRPBE fla?%@d] SSYLDS

appreciated by those of skill'in the art, the physician, or other person

prakHERE tHE TS/ BREEH reare Ghikpss Merhiadardinesirdihargie: jpint 10
anc#heagitheisesianber e seresblilpriaiabla RingraRIarRMEBhat wil

' . [0042].11. REPAIR MATERI 043] A wid iety of

R R st o R e, SOt AReiabieg Btie
notamwﬂmrmgtieﬂ;im@tatatcryﬁtalmmn%mmbsmmnmagmmwg@l
eelets oo SRURAEA AR ORS SR IALAA XA R kg picany

hydroxyapatite, cells (e.g., stem cells, chondrocyte cells "or
corliiHEES 7 tpRsteremtalishih mpiRimaiiserenplenmaicirisibatsre
obtatned spgatdingrtieadgiect and the articular surface WO 2005/051240
PCT/US2004/039714 18 and/or the subchondral bone, a repair material
carfii#rmed ok selediedatanthBousiegioReoamterekinese

- techniques described herein, a cartilage replacement or regenerating

malBBéPhaving &Wientieitiaenair systess phencetapioxtiaty aledéut,
WilIH&W&H&%@@F@%-Fﬁ@ﬁ:@iﬂ@?W@M?&Fiﬁkﬁ%@é@é%i@ﬁ%r‘@5:5'&%‘% d

the, thicrgﬁ%ess of the surrounding cartilage. The repair material can include

e
any &3 iHEHSHVd?Qn%REﬁé%,Qarﬂij}B W HiRdaseotR [eg Brrsthesis).
norBptablg. maRridghiéot Meamplesiaetmisithal eral. issued March 20, 2001

and 6,322,588 to Ogle, et al. issued November 27, 2001, and references
cited therein. A wide-variety of metals are useful in the practice of the
present invention, and can be selected based on any criteria. For example,
material selection can be based on resiliency to impart a desired degree of
rigidity. Non-limiting examples of suitable metals include silver, gold, _
platinum, palladium, iridium, copper, tin, lead, antimohy, bismuth, zinc,
titanium, cobalt, stainless steel, nickel, iron alloys, cobalt alloys, such as
Elgiloy®, a cobalt-chromium-nicke} alloy, and MP35N, a nickel-cobalt- |
chromium-molybdenum alloy, and Nitinol™, a nickel-titanium alloy,
aluminum, manganese, iron, tantaiﬁrn, crystal f%ee metals, such as
Liquidmetal® alloys (available from LiquidMetal Technologies,

www.liquidmetal.com), other metals that can slowly form polyvalent metal

ions, for example to inhibit calcification of implanted substrates in contact
with a patient's bodily fluids or tissues, and combinations thereof.



not easily bent or changed. [0044] A. METAL AND POLYMERIC REPAIR
MATERIALS 10 [0045] Currently, joint repair systems often employ metal

woAhAAs pedymeric materials including, for example, prostheseg%&{%a%wrm
anchored into the underlying bone {¢.g., a femur in the case of a knee

prosthesis). See, e.g., U.S. Patent No. 6,203,576 to Afriat, et al. issued
March 20, 2001 and 6,322,588 to Ogle, et al. issued November 27, 2001,
and references 15 cited therein. A wide-variety of metals are useful in the

ice of th ti 1 d be selected based or
L o SR AT oA SR e SAIP G FBCHER Ry to
immm@wr@d;negrlee)oﬁui@@l@rswmymmswsmwita_ih‘ﬁl .
m Sl ridium, copper, tin, lead,
e B PR TRF 5
allBOYVEWhahIaNiags, RAKREO TR WPy wretiraesHpolvidimetinkel alloy,
5  anglddERE calmiekel Relbaks ChenRisRyMabbdenmsall s aadMNigngl ™.

a ertkel-titan'u alloy, .aluminum, manganese, iron, tantalum, crystal free
mEBR Y erﬁd’%&l\ﬁ@%ﬁﬁ%ﬁb@@ et Qi BRPYHRRER Sigpitar
Texmebjoryies 208 wikvbadfiretal Bomsothesinsjals dateapmaiowhaform
paha .metal iens, forexample to inhilit calcification of implanted
S e L o S R R i,

cRHAN RS eRass. RelDy Pabsies g 4pohEN-12 $domesam) 19 [0046]
10 Sm;if@m@csjlwathfléq, mhymt?@dwlé@af){vge %Hgai&_ﬁﬂ%brﬁ]g%ﬂ’g?es (e.g.,
nylo esters, polystyrenes, polyacrylates, vinyl polymers (e.g.,
R B R Ry B s B KRG b gy droxy
chiatidele palyd sibinatenghoheretiaangso pelyusdmethyl 5 siloxanes,
. cellulose acetates, polymethyl methacrylates, polyether ether ketones,

etifdrRE vinyl AbRIERIDENS WRHE aIsRtRscaplopssisirfilaxaomity thers
ansbipistaresierpals Binyeseshahle @ Be SRy MErB 8t oludes the
15 - material PEEK 450G, which is an unfilled PEEK approved for medical
implantation available from Victrex of Lancashire, Great Britain. (Victrex is
located at www.matweb.com or see Boedeker www . boedeker.com). Other
sources of this material include Gharda located in Panoli, india

'(www.ghardapo!ymers.com).

20 - [0048] - It should be noted that the material selected can also be
filled. For example, other grades of PEEK are also available and |
contemplated, such as 30% glass-filled or 30% carbon filled, provided
such materials are cleared for use in implantable devices by the FDA, or
other regulatory body. Glass filled PEEK reduces the expansion rate and

25 increases the flexural modulus of PEEK relative to that portion which is
unfilled. The resulting product is known to be ideal for improved strength,
stitfness, or stability. Carbon filled PEEK is known to enhance the

| compressive strength and stiffness of PEEK and lower its expansion rate.
Carbon filled PEEK offers wear resistance and load carrying cépability.
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also be used such as dextran, hydroxyethyi starch, derivatives of gelatin,
polyvinylpyrrolidone, polyvinyl alcohol, poly[N-(2-hydroxypropyl) 10

wo meshaerytamide], poly(hydroxy acids), poly(epsilon-caprolactpne)uszeo4/039714

polylactic acid, polyglycolic acid, pdl¥(dimethyl glycolic acid), poly(hydroxy
butyrate), and similar copolymers can also be used. [0047] Other
materials would also be appropriate, for example, the polyketone known
as polyetheretherketone (PEEKTM). This includes the 15 material PEEK
A386agy/hich ispnynleddpReisRRPEMEAEBRUGANIND BRERBatble

available from Victrex of Lancashire, Great Britain. (Victrex Is located at

Wil RRRIRE BB QR B SRRV E ARG B8R Bl shatrsistources
off i) ateviglgoct eeMbar dadonatibinaRane lidndiRdMevmavd very low

hargii?;ggl rggésrct?m ) 2% 004 Iéaspguclﬂ be noted that the material
selec ecf can a s% Be' ﬁﬁ‘e .qf)or examﬂe,oétﬁ%fra&%ég%? ﬁ@@Kcﬁﬂabzﬂso

avisiabidtaout deprebngl e, tbacroseatithglassiitien. di@letptaibom

fil j : } Hggedn implantable devices
bﬁeegﬁ%'%ﬁgﬁﬁgéﬁ)%ﬁ%g%%&%%Iled EEK reduces the

e#oamjon ratemﬁdraﬁél;lilﬂﬁdﬁaﬂhsﬂb@rf|?éld@é(&ﬂﬁ@!ﬂé‘é Eél?&ﬁ&wt?@g@e ltO
t rtion which is, unfilled. The resultin ct is known to be idea
o R SRl e PRI R P 1o ko
topehiettreretimerketonpiessive (BIEEKIN, and gtffieesityaf PEEK and lower its
e i il [ resi e loa,
R N e A T
wiPEhES SheFRRRIAART suitable similarly biocompatible thermoplastic or
sate materials that resist fatigue, have

t lastic pol d ;
O0RT] e BRI TP GEL AR AU o o5 chatapd 1 e
alispiptiorarand guuts Wethedniituiap isiomeesisahoéytachized used

iR SASRH TR Ra<tenRE. HES 'uROHA RIIIABES"

Publication WO 02/02158 A1, dated Jan. 10, 2002 and entitled Bio-
Compatible Polymeric Materials; PCT Publication WO 02/00275 A1, .dated
Jan. 3, 2002 and entitled Bio-Compatible Polymeric Materials; and PCT
Publication WO 02/00270 A1, dated Jan. 3, 2002 and entitled Bio-
Compatible Polymeric Materials. |

[0052] The polymers can be prepared by any of a variety of
approaches including conventional polymer processing methods. |
Preferred approaches include, for exampie, injection molding, which is
suitable for the production of polymer components with significant |
structural features, and rapid prototyping approaches, such as reaction

injection molding and stereo-lithography. The substrate can be textured or

made porous by either physical abrasion or chemical aiteration to facilitate
incorporation of the metal coating. Other pirocesses are also appropriate,
such as extrusion, injection, compression molding and/or machining
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wobRaystherketoneetherketoneketone (PEKEKK), and

also be comprised of polyetherketoneketone (PEKK). [0050] Other
materials that can be used include polyetherketone (PEK),

polyetheretherketoneketone (PEEKH), and generally a 10
polyaryletheretherketone. Further other polyketones can be used as well
as other thermoplastics. [0051] Reference to appropriate polymers that
can be used for the implant can be made to the following documents, all
ofsghivhuse Tnpadbrdies fudyeiarby cbfesender Thebgdomumants include:

P licatian. , itled
e R AR S T A s
dﬁfyé'c\?éﬁ?aéj, bebreandhenfilE Higessmpatible Polymeric Materials; and
P blication WQ 02/00270 Al, dated Jan. 3, 2002 and entitled Bio-
Tile POYIB NSRS B8 PR AL SRR SE B prepared
byczmyimﬁtmmaﬁmﬁaﬁmmmmad?mmmiawemamptﬁymﬂgir_xing_
PRAAG B RS B ARRARHER DB [ raimple. injection
uction of po

molding, which is suitable for the pro ymer components with

sijiRfREe ¥raBR IRI MU PEY BRUGAHRI PR GYbRYG ieppro Ashesatadon as

r@@i&nﬂ&@i@gtm maldbe apchsteraqstisiography. The substrate can be
textured or made porous by either physical abrasion or chemical

alfigradipn to fathikatgstiecooppratithe sistbembetalocoating.potbes pretesses

D e e S R s,
TisieEiRg etplyrrsrmich &shPRIY RS phyEiescsidfaneceanisalents can,

IOE@W!%@E&@eﬁ'ﬁ?bﬂ@r@@ﬁféﬁmtﬁ@rﬁgfﬁ@@@aﬁﬂﬁu&mﬁ%r@ﬁd
between t€e Qint surra gs.éSOSBLMore than one metal and/or polymer

~Lorpeq Qbyagious meta itabl

imited to, metal, ceramic, polymeric (e.g., biologically neutral elastomers

porous coatings inciude, but are'not

such as silicone rubber, polyethylene terephthalate and/or combinations
thereof) or combinations thereof. See, e.g, U.S. Pat. No. 3,605,123 to
Hahn, issued September 20, 1871. U.S. Pat. No. 3,808,606 to Tronzo
issued May 7, 1974 and U.S, Pat. No. 3,843,975 to Tronzo issued October
28, 1974; U.S. Pat. No. 3,314,420 to Smith issued April 18, 1967; U.S.
Pat. No. 3,987,498 to Scharbach issued October 26, 1976; and German
Offeniegungsschiift 2,308,552, There can be more than one coating layer
and the layers can have the same or different porosities. See, e.g., U.S.
Pat. No. 3,938,138 to Kahn, et al,, issued February 17, 1976.

[0055] The coating can be applied by surrounding a core with
powdered polymer and heating until cured to form a coating with an
internal network of interconnected pores. The tortuosity of the pores (e.g.,
a measure of length to diameter of the paths through the pores) can be
important in evaluating the probable success of such a coating in use on a

Paae 21 nf 87

PCT/US2004/039714
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5 combination with each other. For example, one or more
metal-containing substrates can be coated with polymers in one or more

WO p8BiA8280, alternatively, one or more polymer-containing suBStRAtS Hen/039714

be coated in one or more regions With one or more metals. [0054] The
system or prosthesis can be porous or porous coated. 10 The porous
surface components can be made of various materials including metals,
ceramics, and polymers. These surface components can, in turn, be

separsttlety varines Beansido, intulfatdnof srusiend eoresriomsmeeliuly

vadi S, Suitable pqQrous coatings. include, but are pot limited to,
e B e B R e R B B O s
siltberestidiblosra porpéasbissieddpanaisnatattionperabinatibasbtirelz o

OrSARIIRESINEa SeBn i Tal I HAOS BE3AS Sl

issued September 20, 1971. U.S. Pat. No. 3,80¢ Tronz
ME§3FNISFAARG BEETBIeN K YBY DTS {5arfings mul erfemRassercihy]
197keld, SoRatamiple 33460 e Sraitiiiaspest dpiH. 18, 1967; U.S. 20 Pat.
No. 3,987,499 to Scharbach issued October 26, 1976; and German
Ofe@héyungsséhrift 28306(BaRAT ReErA M ARERMILE than one coating layer
and the layers can have the same or different porosities. See, e.g., U.S.

PdPOSA] 3,038 Ropab RalFiakt SPNiAERIAGER RN A7MPIT BIYTIESRThe

canatingispaiterapehed Py, SHHBIRGHIAE: VBI85 OAWsSathROIBer
and hea&ing‘?lég il cured to form a coagi with an .internal network of
¢

n
NI HY BRSE RTS8, I IHRSSLrES AR AV SHEARISf
legthlagaiiapletenainher pegeithatioghrthepaiss s cain defempoaiditide
\ hPE L of
A S e P L GRS
al§enlyrstipawiivthe bagssypticha dhirknasse@nsior oorvades) Phéhsorous
cogiifigarperanpliesiie tberfioige olefepoMuleh@direached. Conditions

for growing cells (e.g., chondrocytes) on various substrates in culture, ex
vivo and in vivo are described, for example, in U.S. Pétent Nos, 5,478,739
to Slivka et al. issued December 26, 1995; 5,842,477 to Naughton et al.
issued December 1, 1998; 6,283,980 to Vibe-Hansen et al., issued
September 4, 2001, and 6,365,405 to Salzmann et al. issued April 2, 2002.
Non-limiting examples of suitable substrates include plastic, tissue
scaffold, a bone replacement material (e.g., a hydroxyapatite, a
bioresorbable material), or any other material suitable for growing a

-cartilage replacement or regenerating material on it.

[0058] Biological polymers can be naturally occurring or produced in
vifro by fermentation and the like. Suitable biological polymers include,
without limitation, collagen, elastin, silk, keratin, gelatin, polyamino acids,
cat gut sutures, polysaccharides {(e.g., celiulose and starch) and mixtures
thereof. Biclogical polymers can be bioresorbable.
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the article as a whole subjected to an elevated temperature that bonds the
powder to the substrate. Selection of suitable polymers and/or powder 5
WOE%%Q%EQH be determined in view of the teachings and references cited
erein,
BIOLOGICAL REPAIR MATERIAL [0057] Repair materials can also
include one or more biological material either alone or in combination with
non-biological materials. For 10 example, any base material can be

dei@gﬁ or shﬁ)_e and suitable cartilage replacement or regenerating
9

or example based on the mgjt index of each. [0056] B2 1/US2004/039714

BigpLbaRieRls 4arddainsaapiines deperedditeimmhe

S) suc

celtsodre betigrafte(Guow thins s suslier)wiloiheRagrrnihtRer
R e R O e Spetie).

defect has
‘chomtfratiptedyiemadionas Ralest Rigyiratiolns M/ 0 2/ARD s doirkiéxanats: et
desgrinagisierermmploindss LatoroNes JBlIYka PR
iss eﬁ;&@fc mber 26, 1995: 5,842,477 to ijgééé%%ée%%tﬁuﬁhghege Adgust
Dece r
ﬁOﬂﬂTpm&sﬁﬁ m%dm%ﬁmﬁfm&l;@hdﬁigieﬁl BBhcalBs &ine host,
oflj -examples of sultaple substrates include plastic, issue |
scaf'fb{gi,ﬁlng%or?e% ref)%?(?e mséjrt:{—tierﬁ teriaT e ‘HV&?R’(VE\BQ{Q@(@W ihg o
bidfesBFBEBResHiERERgNDOiharimplendr sitaterial suitable for growing a
cartil géa replacement or regeneratin'(gg material on it. [0058] Biological
pol SR

een reacne onaittions

ISsue

N 6581 S BRSHABY B qpasTeatarialsriedratstediser 4,

ples of include plastic, tissue

can bE" /RGP edEtrnhe! dhp iBveRtenira Peovieris wped to

lf_e'rmmatiﬁasl‘.laadrﬁlﬂ Jﬁ@pr&ﬂ?f?@@dﬁ@l@ﬁi@?@@'& rﬂlﬁﬂﬁi@q ‘éﬂ&.a Y 88hor
| | astin, si ratin, gelatin, polyamino acids, cat gut
cuitheen S AR Retenrf BRIl e adprobe
theterst. iBivtbifeal poiedarsatamicarisitre botbaitle (V@ RROFHOA R emple
PGHYSR084{9387 46 2HOpRIAosisaLERIaHlsvserh indhg pgthods

describ

d herein
seam?ess or near seamless maich between the donor tissue sample and

the recipient site. The probe can, for example, be cylindrical. The distal
end of the probe is typically sharp in order to facilitate tissue penetration.
Additionally, the distal end of the probe is typicalty hotlow in order to
accept the tissue. The probe can have an edge at a defined distance from
its distal end, e.g. at 1 cm distance from the distal end and the edge cén
be used to achieve a defined depth of tiss_ue penetration for harvesting.
The edge can be external or can be inside the hollow portion' of the probe.
For example, an orthopedic surgeon can take the probe and advance it
with physical pressure into the cartilage, the subchondral bone and the
underlying marrow in the case of a joint such as a knee joint. The surgeon
can advance the probe until the external or internal edge reaches the
cartilage surface. At that point, the edge will prevent further tissue
penetration thereby achieving a constant and reproducible tissue
penetration. The distal end_of the probe can include one or more blades,
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can be autografts (from the same subject); allografts (from another
individual of the same species) and/or xenografts (from another species).

w0 Sas/iieqg International Patent Publications WO 02/22014 to p@;@ggﬁ%ggm

5 at published March 21, 2002 andWO 97/27885 to Lee published August
7, 1997. In certain embodiments autologous materials are preferred, as
they can carry a reduced risk of immunological complications to the host,
including re-absorption of the materials, inflammation and/or scarring of
INSAmsHessHERNECAY a8 TR HR A NIRCHE 208 SEPAdinerL of
the invention, a probe Is used to harvest tissue from a donor site’an e
préparef HreeipiemeandnTHEBRIS dike Baprbanissateensistingn grerain

allegrafinsc areasRfdcTdiopebe dantsem iR ashigrg a aoad,anatomic
match het eegeih donor ti%?ﬂye sample  and the recipient site. The probe
e 9

o Dlericed or B AN SPTouaNBa fiRste mpc
?ematthg thertiystisssmnsai essan mtrkaTamda ﬂmﬁa&ﬁplp@ﬁkiit@.jry}ﬁqw?:gm@wh il
(0] | e probe Is typica Sha

o BEIRBIE R SR ol aSE HRLRR 1 e B P

préfeiesraasanis fofbevind viderkblagescganhe tooved Hoeprisheasmtiave
anredgeeby sepined cistanesdiens2Ris fisaliendoRd <Akl cm distance

from the distal end and the edge can be used to achieve a defined depth
of [i06i#¢ penetiatwmfoehemiasting:nibtees g satiobe £1desnaaieas e

insj il . < le,. th i '
O e I SRLERREEEE st
ca?%@@%ﬁ,%éeymﬁbHwa&é@ﬁ@wmﬁgsma@nmymm\mtmen@se
of dQiBt SR AEaKpaRIRIHe TRERILIRMTe FAHAINARREING R QRS Rt

the external or internal edge reaches the cartilage surface. At that point,
th§0088E will prevem &mbeditissutefiraditatitivitheieiaachRving @in be

R IR A E S

shaped probes of slightly different physical dimensions can be used. For
example, the probe used in the recipient can be slightly smaller than that
used in the donor thereby achieving a tight fit between the tissue sample
or tissue transplant and the recipient site. The probe used in the recipient
can also be slightly shorter than that used in the donor thereby correcting
for any tissue lost during the separation or cutting of the tissue sample
from the underlying tissue in the donor material.

[0063] Any biclogical repair material can be sterilized to inactivate
-biological contaminants such as bacteria, Viruses, yeasts, molds,
mycoplasmas and parasites. Sterilization can be performed using any
suitable technique, for example radiation, such as gamma radiation.

[0084] Any.of the biological materials described herein can be
harvested with use of a robotic device. The robotic device can use
information from an electronic image for tissue harvesting.
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24 saw-like structures, or tissue cutting mechanism. For example, the
distal end of the probe can include an iris-like mechanism consisting of

WOS%Y}%-;@J 2?(‘pall blades. The blade or blades can be moved using a manual,

orized or electrical mechanism thereby cutting through th& HERB U g-2714
5 separating the tissue sample from the underlying tissue. Typically, this
will be repeated in the donor and the recipient. In the case of an
iris-shaped blade mechanism, the individual blades can be moved so as
to close the iris thereby separating the tissue sample from the donor site.

[008PEM anothdP &RTTRIRIRTRRRIMBRt {Rp GoHt agaJepBsaime b mategial

radiakenpeneyideyiccreande dataperiaernee MaddistalradisbHspigbe.
The laser evice E.Letheg[lzi\dlofge uenc{gy devge can be used to cut through
SERG 0 L5 EPAERSHISIO LR AE 5 tAE BRASISRRF AN e.

the fiSeue and
[008&]Ng e sdopiesentcothhmicsiemtialy sthersayie pgotzeteambpidssed

in 1 ipient .l i ~Simiarly, 15 .
e e M e aEion et A S

exih IRAGINY HiHE QuFaTtise 96 proniteaa vecshgrinp Siiraceentanthat

usedHirthieedenaa e reky ashisyingpiisbhiihervegaribatiss wesample
or tissue tragspla t and the repiRtien_t site. The probe used in the recipient
can Also De seﬁg?ﬁré/es%ro%éwﬁgﬁ AT L08 i QREBEHE AR EBSRisRk cting
20dormpopitiosudnidst tuthad o theepatidign urmutidgotitedrtiphuesmmple
frogrdhermaderiinodinmpin edenalmalerial G Ay ialodice
repair material can be sterilized to inactivate biological contaminants such

as FRUBRARIVIUSE] IVdEdes fon SRRMPI CoBMBMER BRatmiioRstes.
Stai&w&mmamm@m@w%@%a&@@e25&58&9&%@@&%&&19
examPIear diation, suchg?s am aradi%tgm.?}?(i)OMéAnyo the biological
matetials descrioed TIPS Ch D AP S GUMIPHINE cPrrrabationRoRe.
Thexpisitie Hewvsotasrasenitfentatod fowthrfaleetronic image for
tissue harvestinﬁ. _ o
0066] . Device DEsIGN

[0067] - A, CARTILAGE MODELS

[0068] ‘Using information on thickness and curvature of the
cartilage, a physical model! of the surfaces of the articular cartilage and of
the underlying bone can be created. This physical model can be
representative of a limited area within the joint or it can encompass the

“entire joint. This model can also take into consideration the presence or
absence of a meniscus as well as the presence or absence of some or all
of i‘he cartilage. For example, in the knee joint, the physical model can
encompass only the medial or lateral femoral condyle, both femoral
condyles and the notch région, the medial tibial plateau, the |éterai tibial
plateau, the entire tibial plateau, the medial patella, the lateral patella, the
entire patella or the entire joint. The location of a diseased area of
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WO 2005/051240 PCT/US2004/039714 25 [0065] In certain
embodiments, the cartilage replacement material has a particular

wo bioeshemioal composition. For instance, the biochemical compositigtefigze714

the cartilage surrounding a defect ¢&n be assessed by taking tissue
samples and chemical analysis or by imaging techniques. 5 For example,
WO 02/22014 to Alexander describes the use of gadolinium for imaging
of articular cartilage to monitor glycosaminoglycan content within the

Ca{:'ﬁ@fg&fﬁm@%@@&%ﬁ%??@89&9&7&%‘&%@“@@Hb%ti%ﬁiﬁét&%@s‘&%‘i‘ﬁﬁ- :
ture [

made or cultured in a manner, to achieve a biocchemical composition
sirRif? feuglidian didangaageetribeddm MR A8 ation 10 site. The
culture conditions used to achieve the desired biochemical compositions
col PR3t for B AR SR BTG € 8 GRARRALAR Do
codgpersitioedof The gavtiiegretaéplaremant@micheh doatngrmpleralgidn, for
exarapl iNg ' imes
o STR G B HACE %&n&ﬁﬁg}%&g 15 %%%%?‘%@\@l%%ﬁ%%k
[0667)A beinrT aldsfeptowi INCiisiss [958 Shag e anbifopesiatRkisys.
ang eHE/aER AFTES GarHagfefiBRY BeAhBRALObHIRSHERASP G

articular cartilage and of the underlying bone can be created. This
FEARIATE PO 03P TR B AR Soint
or neagussttoiipa tsdkes sntireaningridns candsl obizialso dtkesintge point
copsi lon, th b IScu La
bR i RO MR L TR AR o
knBeifésntnaie afsicaPaidigetcayprdnedaisiR LG endinmeeirdivingteral
ferasmnbsendyirnbrarderane! e condylanandithe ndichimmen; e

medial tibjal plateau, the lateral t‘ibial Fplateau,the entire tibjal plateau, the

mERRIPIRENHERN 4 AT BIHE PN S F GBI S RE R SHRN The
lodatibasofhadiseasessinieabfhe healthy, surrounding tissue is preserved.

[0070] ‘In other embodiments, the curvature of the articular surface
can be measured to design and/or shépe the repair material. Further, both
the thickness of the remaining cartilage and the curvature of the articular
surface can be measured to design and/or shape the repair material.
Alternatively, the curvature of the subchondral bone can be measured and
the resultant measuremelnt(s) can be used to either select or shape a
cartilage replacement méteriai_. For example, the contour of the
subchondral bone can be used to re-create a virtual cartilage surface: the
margins of an area of diseased cartilage can be identified, The
subchondral bone shape in the diseased areas can be measured. A virtual
contour can then be created by copying the subchondral bone surface into
the cartilage surface, whereby the copy of the subchondral bone surface |
connects the margins of the area of diseased cartilage. In shaping the
device, the contours can be configured to mate with existing cartilage or to
- -account for the removatl of some or all of the cartilage.
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répairéd can be determined. This process takes into accountth&{Ufgpo4/039714

WO 2005/051240 PCT/US2004/039714 26 cartilage can be determined,
for example using a 3D coordinate system or a 3D Euclidian distance as
d&%gjr&tg 2%in WO 02/22014. [0069] In this way, the size of the defect to be

example, roughly 5 80% of patients have a healthy lateral component. As
will be apparent, some, but not all, defects will include less than the entire
cartilage. Thus, in one embodiment of the invention, the thickness of the
normal or only mildly diseased cartilage surrounding one or more
cart@gl defectée: %fe’%&‘{’}f’é(ﬂ Yigstnierrgechvedonrsinemiioing
obtaripeshepacsingie w@hﬁ&n@m@@@fablm;ﬂgm&M%P@{etﬁbsf&fﬁé‘%%P'%
2 P ig n4'6‘§f'?t ’7_10\9{50%5 morz than 10 points or over the length o
the enMifS Td %’ngﬁ"gs‘a% ) & Ain PRI G2 s grnsratrd et is
determaiazoplanaapmicpnitiesthesapyried,, avdadontegaloeysianm aaphe
selectedsych, that as much as possible of the healthy, surrounding tissue
is preserved. 15 [0070] In other embodiments, the curvature of the

artiggresurfaceramhfmezmpired ihARHePRREIeE 91BPs thgsepair

er, both the thickness of the remaining cartilage and the

materjal. Furt la

Cars P AP A e e e R AR TR D RiaTomec
shapdthitrépais matatiag stifaredtivebcdingunabpeceiisorahendial
boge.cat [tant measurement(s) can be used
e e SR A e e
the"8BrRB iRBRBHeCaNBRY R AdelIthahié Rigs LB suitiate- tydhtecapiing

caftlageusdace ghe nepiBlassafacee el AirRsed EALIZERE ARG it

identified. The subchondral bone shape in the diSeased areas can be
TP SR TR T A SHIbER BRRHFUAIT Y dRse 6] Selhyiperst, the
subegetndzairipoasstnfaeeditot Heeacpetifageoswrface, whereby the copy of
the subchondral bone surface connects the margins of the area of
did@44al cartilalfes HPBREPHIRBEE202 of the implant 200 can be shaped by

any of a variety of means. For example, the upper surface 202 can be
shaped by projecting the surface from the existing cartilage andfor bone
surfaces on the tibial plateau, or it can be shaped to mirror the femoral
condyle in order to optimize the complimentary surface of the imptant
when it engages the femoral condyle. Alternatively, the superior surface
202 can be configured to mate with an inferior surface of an implant
configured for the opposing femoral condyle.

[00743 The lower surface 204 has a convex surface that matches, or
nearly matches, the t?bia! plateau of the joint such that it creates an
anatomic or near anatomic fit with the tibial plateau. Depending on the
shape of the tibial plateau, the lower surface can be partially convex as
well. Thus, the lower surface 204 presents a surface to the tibial plateau
that fits within the existing surface. it can be formed to match the existing
surface or to match the surface after articular resurfacing.
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device, the contours can be configured to mate with existing cartilage or to
account for the removal of some or all of the cartilage. WO 2005/051240

woB8s3Akd94004/034714. 27 [0071] FIG. 2A shows a slightly p%r@p/%ggy&é%ﬂc‘

view of a joint implant 200 of the ipgention suitable for implantation at t

tibial plateau of the knee joint. As shown in FIG. 2A, the implant can be
generated using, for example, a dual surface assessment, as described
above with respect 5 to FIGS. 1A and B. [0072] The implant 200 has an
PRRSIece Z82u e Shslnte s Rt ATl edne B0 TS,
upper surface Is formed so that it forms a mating surfacé Tor

reGeNAcg Hdshloveng jointesdRdpeethniiibmpeifastlp aaiviax cBatiwretie
regging HiprieavpTiBanBeRKe serace FLeANDS R BRlL SRNEaMR SYCh

that it presents a surface to the opposing, joint surface, e.g. a negative

e

suMRaLAtYITRR Mgy ingfarard lamik Rl REHARUACHES SvTacedil

beptyipseciated hidhnstaos skissetitaltyvaabecetivexmmessiesvaeed
not be a perfect one. [0073] The upper surface 202 of the implant 200 can
bel8A&fled by FEeadp shawaAdep siencelibeHointxapipte, ahBiapder As

Sugﬁ?&@rﬁg%@@B%@@@&%wm&eﬁw%&%mﬁzf&%ﬁg%a%ﬁgém

cartilage and/or bone surfaces on the tibial plateau, or it can be shaped to

miffdt BRNABRSLPELREYIERKS SRl ShERRRS tHaCerinmiiatian) auate
of giipimn)aatawherkitengnoesiee emanrbeengyisidkarontivelyridae
sugi%jég%rs?urgfascte'zloa 02”rcarllJ ib? tﬁggf{i%ﬁr cri t? matf with an inferior surface
of an |mpl%nf cS%ﬁgu¥ec{€f8r e 0ppos %%H’l%l% r&@n%@?@?&&irfaﬁ?e
lower. sllitace 200w @mppramatet Hadteasmofieiithiodheramctidyaniasthes,
the.sibial o ¢ L . i .
o O e P

pl&tRiEG! & forsrasipthcE balse i PAIR R SRR Asto the width W can

vary from, for example, between 0.25 to 2.0, and more specifically from
0.5 10 1.5. As further shown in FiG. 2B, the length across an axis of the
implant 200 varies when taken at points along the width of the implant. For

example, as shHown in FI1G. 28, Ly = Lo = La.

§0077] Turning now to FIGs. 2¢-E, cross-sections of the implant
shown in Fi6. 2B are depicted along the lines of C-C, D-D, and E-E. The
implant has a thickness t1, 12 and t3 respectively. As illustrated by the
cross-sections, the thickness of the implant varies along both its length L
and width W. The actual thickness at a particular location of the implant
200 is a function of the thickness of the cartilage and/or bone fo be
replaced and the joint mating surface to be replicated. Further, the profile
of the implant 200 at any location along its length L or width Wis a
function of the cartilage and/or bone to be replaced.

[0078] FiG. 2F is a lateral view of the implant 200 of Fic. 2a. In this
instance, the height of the implant 200 at a first end hy is different than the
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well. Thus, the lower surface 204 presents a surface to the tibial plateau
that fits within the existing surface. It can be formed to match the existing
surface or to match the surface after articular resurfacing. WO

WOR06E54X40 PCT/US2004/039714 28 [0075] As will be appreciatesbyp/o3o714

those of skill in the art, the convex gtrface of the lower surface 204 need
not be perfectly convex. Rather, the lower surface 204 is more likely
consist of convex and concave portions that fit within the existing surface -
of the tibial plateau or the re-surfaced 5 plateau. Thus, the surface is
esSERRID VogidDRIvYralex serdTdRTElE,. FUOTEIRHE pehonsaipdsW
of JOI | 163 in.FlG, 2a the exterior shape
o B e o oS R e

vaRSlAeiapm ettt riRE Iasieds yases almmgidal anek aadicatcin

_Hwmrnaamﬂéoeaamﬁegimrbseeﬁ@ﬂﬁéﬂ@l@'iBWé@&HP@ﬂ%@W ve
|rreag]u£%{tg s!not forming a true geometric shape, e.g. ellipse. As W|nge
apprecia ecqJ BY ’fﬁdgeaoq%%ﬂ\”lﬂ% IR AR 5?*%%}5‘%%@@1% of
imBariewan edgy 84 Perndiey alarthdniogthaiilieivinh defastiiRBfces, be
co . | t e wid can_vary from, for
exgm??kigv%gg%§%mt§ %.%ﬁ%%g?e%ﬁgﬁﬁ:gllf}%)m T\‘)e(féto 1.5. As
furtFEEBABRPtRSE NBI TS [an ik ixisvalratientisofitiel it pnb 200
vacessboman il aeis aleng UieadibPSURERRIAN Lol AP
asv%g_c.)w? n FI%. 2:;‘1 L1xL2$ LB\FE) 77] Turning now to FFGS. 2c-E,
cross-ggcégﬁ% P%hé‘im %’f"gﬁ’S § %}&%%{}e depicted along the

lin -C, DR).a - _20.1mpl a thickness 9, t2 and t3
re;E)ﬁg?:%f\/:ely._ Aﬁﬁl} §€a§e§ %?%%e%%@ﬁ%%%%ﬁs{)%ea tﬁ?&eﬁ@s@%ﬁﬂa a
imBRsht 18 AIBRJBBIR S AR Entastwithithakn g pirctdaRhilatett
at thpiieniauriacatipouasithe impRAt m:i%ww%@fﬁbﬁégéﬂﬁsﬁ%ﬁé

lor 'lgone be replaced and the joint mating surrace to

th tilage
be%-r%%rﬁbi% éag% fes! rs ANiNe Hpper surface 202 of the implant 200. FiG. 2H

fs a cross-section taken along a coronal plane in a body showing the
implant 200 imptanted within a knee joint 7020. As is apparent from this
view, the implant 200 is positioned so that it fits within a superior articular
surface 224. As will be appreciated by those of skill in the art, the articular
surface could be the medial or lateral facet, as needed.

[6080} FiG. 21 is a view along an axial plane of the body showing the
implant 200 implanted within a knee joint 1020 showing the view taken

~ from an aerial, or upper, view. FIG. 2. is a view of an alternate embodiment
where the implant is a bit larger such that it extends closer to the bone
medially, i.e. towards the edge 7023 of the tibial plateau, as well as
extending anteriorly and posteriorly.

[0081] Fie. 2K is a cross-section of an implant 200 of the invention
according to an alternate embodiment. In this embodiment, the lower
surface 204 further includes a joint anchor 212, As iliustrated in this
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25 of the implant 200 at any location along its length L or width W is a
function of the cartilage and/or bone to be replaced. [0078] FIG. 2F is a

wolaigsalsyiqw of the implant 200 of FIG. 2A. In this instance, th E‘f"j%lg&e%/ossm 4

the implant 200 at a first end h, is diferent than the WO 2005/051240
PCT/US2004/039714 29 height of the implant at a second end h2.
Further the upper edge 208 can have an overall slope in a downward
direction. However, as illustrated the actual slope of the upper edge 208

varies along_its,Jength and can,.in, some instances, be a positive slope.
TP daEL T a7 TR A BSR GUT hogoe, & doiamira
direetidrerAlatl esteattsiithen dotu Elveto peidé cih @ Ofveé thed grep?A itk \Bldesnd

al t in Ins . itive_slope.. As will
o B b e e A e R gla
ariinar rfupiaibet 2En e diaat ean be reresrdioyiaseiia vilinh2 pleme
edqifiyamider substantially equivalent 10 without departing from the scope
of the invention. [0079] Fic. 2c is a cross-section taken along a sagittal
pl§BR8R] a bodpdditwriatythesishment RAAcIRlahtedinithinBdEr2ielH

1 C r f the jmplant 200 lies an the tibial
oIt LGS he e fo 3 P BOHR Bl Recas Bt
infIaReDEH2 Prs e aBReaaneeLEactionaskan albhdawidrbaantamated

baglytsbaningiien itme'ant #ROHMPRLREVEFIRAINERICBY 1020:A5d8
apparent from this view, the implant 200 is positioned so that it fits within
a QDEE%RS?‘&WN&S@M%%W TGP 5 REHRISSENE B)RAO4EIBS skill in

thimereatieel attibilitgrostidaicsptant dd@ ithihejethal Tidatefetfackiciade, but

. i is a view al ial.pl f the body
ST L bt HURE B T RN 6 e
viedintaashop A Asa el Vit rs/Assiret. F1g.igr atelwdllestraternate
ehedimanbrnsTaiiadenian smBiiae) sehchabiatendsisiasesdo

the bone . .
a stde, view and a front view.

[0083] | In an alternate embodiment shown in Fig. 2m it may be
desirable to provide a one or more cross-members 220 on the lower
surface 204 in order to provide a bit of transiation movement of the impiant
relative to the‘sufface of the femuf, or femur implant. in that event, the
-grdssmmember can be formed integral to the surface of the implant or can |
~ be one or more separate pieces that fit within a groove 222 on the lower
surface 204.of the implant 200. The groove can form a single channel as
shown in FiG. 2N1, or can have more than one channel as shown in
Fic. 2N2. In either event, the cross-bar then fits within the channel as
shown in FiGs. 2N1-N2. The cross-bar members 220 can form a solid or
hollow tube or pipe structure as shown'in Fie. 2P. Where two, or more,
tubes 220 communicate fo provide translation, a groove 221 can be
provided along the surface of one or both cross-members to interlock the
tubes into a cross-bar member further stabilizin'g the motion of the cross-
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medially, i.e. towards the edge 1023 of the tibial plateau, as well as 25
extending anteriorly and posteriorly. [0081] FIG. 2K is a cross-section of
an implant 200 of the invention according to an alternate embodiment. In

WOREMBYAiment, the lower surface 204 further includes a joiRCANESMON4/039714

212. As illustrated in this WO 2005/651240 PCTIUS2004/039714 30
embodiment, the joint anchor 212 forms a protrusion, keel or vertical
member that extends from the lower surface 204 of the implant 200 and
projects into, for example, the bone of the joint. As will be appreciated by
thosar ofiskivei totfizeartptiae kel oas void pemaméhﬁateﬁ duyliwaw'm skplane

> R JUSSASRLIAPANY 28 SR '9'8 %E{’% qpehor

2 can have a cross-member 214 so t rom a Eflve the
Jomm%!ﬁﬁh‘t‘#tm?t Iﬁ’&ﬁ%ﬁ@“ﬁﬁﬁﬁar@@c@épa efthe larvmtscn As will be
art, the joint anchor 212 could take on

appi ted by ofsk in th

ot 10 R A Boldn AT RRIR L ek e SHReREfof
prdhmmtgahmmmﬂtablbtpmﬂMbmmanmgoﬂwﬁhﬁwsjmeBhQ@&é@émé
Inciide, bl dienohiied o niaBnhsspalis feelhy et aiaronall,

one or more jOIn'[ anc ors cgn OVIde eS|re .
N iRESk=y¥ \@ﬁbgstg@¢qwﬁsvbﬁgﬁéﬂrm@f@monnmemr@famuamemmm

mml@’q&,-fmnl,ﬁ,@,ﬁl%g@w and a front view. [0083] In an alternate
embodlment shown in FIG. 2M it may be desirable to provide a one or

moi@08s}ss- memmmﬁ@pnmm\masarfme 2RbdaiaTeRr soipTemiste a
bit \L f nt r Iatlve the surfa of the
Sy HIionmAvRRRNLAY dhedmp ed e ST Beer

femur, or femur implant ara cross mem
forﬁi@dzmégﬂmtﬁqwé anrfasast fnfe/mpaaﬁngtedahet loe loeeebRBofehe fillet

sem@@&@mﬁeﬁuﬁm&hm@me%&rwﬁe%%%@Rdhﬁd%ﬁf&ﬂ{%é%ﬂé
the |m&%ant 200, Thg roove can form a single channel as

own in FIG 392) two fillets 230, 237 are provided and used for the

posterior chamfer. In FiG. 2s(3) a third fillet 234 is provided to create two

cut surfaces for the posterior chamfer.

[o086] Turhing now to FiG. 23(4) a tangent of the implant is
deselected, leaving three posterior curves. Fic. 2s(5) shows the result of
tangent propagation. Fic. 2s(6) lllustrates the effect on the design when
the bottom curve is selected without tangent propagation. The result of
tangent propagation and selection is shown in Fia. 2s(7). As can be seen
in FiG. 25(8-9) the resulting cormer has a softer edge but sacrifices less
than 0.5 mm of joint space. As will be appreciated by those of skill in the
art, additional cutting planes can be added without departing from the
scope of the invention.

[0087]} F1. 21 ilustrates an alternate embodiment of an implant 200
wherein the surface of the tibial plateau 250 is altered to accommodate the
implant. As illustrated in FiG. 27(1-2) the tibial plateau can be altered for
only half of the joint surface 2517 or for the full surface 252. As illustrate in
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shown in FIG. 2N1, or can have more than one channel as shown in FIG.
2N2. In either event, the cross-bar then fits within the channel as 25

wo sz ity 1GS. 2N1-N2. The cross-bar members 220 can forp@/@gygo%w,m

hollow tube or pipe structure as shaan in FIG. 2P. Where two, or more,
tubes 220 communicate to provide translation, a groove 221 can be
provided along the surface of one or both cross-members to interlock the
tubes into a cross-bar member further stabilizing the motion of the Cross

WRGOSRSH MO BCTISARRATA. SLbrbital e Implegt,

200. As will be appreciated by those of skill in the art, the cr

m&HRAIPS ST B BT RRYItYRC ARG WIS fetativmiarihaenteiatepaticr
frmabm@m@dway@@m 1098dtAS ShowbIRdGEFRO-F J&Hére the

ant|C| ated . &he surface OJ 5 the tlﬁal plateau will be prepared

o GRS SR e Sl B B 0k ARe Rt s AP Bt Plane
facifithtrizpthe Abditicoalhedtmutaneiot mhaamwmtbmﬂhﬁm fyhile

t' o -
oo AR BThE el AHBATAR SRR AR
ALRESEEES RBidedsTine kanle 3 édcpr vither ®itrulitikin ahlanscerger.

Fl%g?ﬁélbﬂlém@s;%ﬁna*m aavingia aindadliat AHBRHRIASR. E‘Pﬁr
f|IIE IS La E% he implant anterior to the posterior portion of the ti
ot o S S B R R e ey e

fortiper postecie ot HaentamaRts as (Bsithitltblies @3 Ais Pravigasidaed
0 8 oA pe R RS RIS R B R

pd3eribr iﬁ@é@eﬁww%ﬁa@ﬁo&/@%@m@éa@ b flatgensyrstadiatipflaFte.
25{bxriisirais the pitemansthedesigmwhghe the bottom curve is

selected. without tangent propagation. The result of 20 tangent
prijeagtion andiselegtimwdcshmun3a-Fid i2elEhtAsieadRHEBAVIding an

opposing joint surface to the implant of FiG. 24 is shown. This implant
corrects a defect on an inferior surface of the femur 1024 (e.g., the
condyle of the femur that mates with the tibial piateau) and can be used
alone, i.e., on the femur 7024, or in combination with another joint repair
device. Formation of the surfaces of the devices can be achieved using
the techniques described above with respect to the implant of FiG. 2.

{0089] - Fis. 3a shows a perspective view of an implant 300 having a
curved mating surface 302 and convex joint abutting surface 304. The loint
' abuttih-g surface 304 need not form an anatomic or near anatomic fit with
the femur in view of the anchors 306 provided to facilitate connection of
the implant to the bone. In this instance, the anchors 306 are shown as
pegs having notched heads. The notches facilitate the anchoring process
within.the bone. However, pegs without notches can be use.d as well as
pegs with other configurations that facilitate the anchoring process or
c_ruciate stems. Pegs and other portions of the implant can be porous
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in FIG. 2s(8-9) the resulting corner has a softer edge but sacrifices less
than 0.5 mm of joint space. As will be appreciated by those of skill in the
art, additional cutting planes can be added without departing from the

WOst§p@3dEthe invention. 25 [0087] FIG. 2T illustrates an alternB@r/us2004/039714

embodiment of an implant 200 whefein the surface of the tibial plateau
250 is altered to accommodate the implant. As illustrated in FIG. 2T(1-2)
the tibial plateau can be altered for only half of the joint surface 251 or for
the full surface 252. As illustrate in WO 2005/051240
PCOT0ats2004#089 %M cad FeGna(ada)itheytdsind aemyatior itfage ¢an

i : o . .
e e A e S AR S el e
the-fnPIsfisSBPBRDtRHY faiars e conieln g dieesursh andinal Hptendius a
bg@ﬁﬁ)m@ ?@@ﬁﬁé@@!@ﬁhﬁu@tﬁaﬁ@ﬂée@dgftgrtt?ebeﬁiﬁv&%?m%}% Han for the
attacnmen anisms can _pe provigeag to ancnor tne implant to tne
o e R e ARebbn i ity BB <NITB SRS AR, The

k ; it withi _sagittal | plane,
o e L8 BRI ke o TIERR) SRS BARR. o
impYERewWKieREiRG frotdhentrenb Rl thrRiBenttnenvt e sk nsadmpdishing
these iaplas IR desisRetiiacriRiaRsde sharipisclrd iﬁgp‘ﬁﬁﬂlG 1%31@ gt

as determined _under the steps described with respect to , while the

lowRPEURSSE QGRIBHEASAE 315t "5t LSS iRy s b e Srallspisstito
thestnodifiitiosatfa aeme e joinoi[ACBRIHBEHNE Cavbie v RicdArd an

imp| i idl ing joint surface to the.implant
o B g, e R E Cite
of HOrétRweYBR AN ayor dewasdatnyianshers. fefuciath atensesvithstatiltial

platisay WA GaL & HSE HhoAang Je@p OB bR fauHLA24, or in

combination with another joint repair device. Formation of the surfaces of
thd@#iges carFime 3Blsieved asightly perspective superior view of the

bone mating surface 304 further Hlustrating the use of three anchors 306 to
anchor the implant {o the bone. Each anchor 306 has a stem370 with a
head 372 on top. As shown in FiG. 3¢, the stem 370 has parallef walls
'such that it forms a tube or cylinder that extends from the bone mating
surface 304. A section of the stem forms a narrowed neck 374 proximatl to
the head 372. As will be appreciated by those of skill in the art, the walls
need not be parallel, but rather can be sloped to be shaped like a cone.
Additionally, the neck 314 need not be present, nor the head 372. As
discussed above, other configurations suitable for anchoring can be used
without departing from the scope of the invention. |

[0082] Turning now to FiG. 3D, a view of the tibial plateau mating
surface 302 of the implant 300 is illustrated. As is apparent from this view,
the surface is curved such that it is convex or substantially convex in order
to mate with the concave surface of the plateau. Fie. 3 illustrates the
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20 the techniques described above with respect to the implant of FIG. 2.
[0089] FIG. 3A shows a perspective view of an implant 300 having a

woCkiMes mating surface 302 and convex joint abutting surface 98471}-5}}80 4039714

joint abutting surface 304 need notfprm an anatomic or near anatomic fit
with the femur in view of the anchors 306 provided to facilitate connection
of 25 the implant to the bone. In this instance, the anchors 306 are shown
as pegs having notched heads. The notches facilitate the anchoring

ithin. bane. H ith tches b d
R R e e
orbedsciié ieanshrang hedromiantpdftdndhsf hoasmpdtivstaatés flesous
W@%Q&@%%@é%%%ﬂéiﬂ&?é@fd%ﬁ% %%r}%ﬁgea%ém,i%%%a“ be

inserted without bone cement or with use of bone cement. The implant -

caPPPECaRsRghiv thrad of #idldNBAGHHRNB SR &10TR PRERARLBE tPERIgNd
folieevahencatisnier afiélegsBumrRdsathanndhianias e RelvanRgmihat

no hone s to.be remoyed other than fqr the 5 placement of the peg
ho?ese{h%%@%%rﬁ?ﬁé%ﬁﬁ@ %?gseenr?/l%r%sb%ﬁ egg%rﬁgs ﬁpﬂ%?ﬁ]”ﬁng Ghdors 306
colil traitedon crossristytisiroth ndomptatid@fUiadepaiting frerirtbe Bdope of

th t. . . .. il il ! Qi’g:hgi'%aig‘légjll [ ..ig
ingﬁeea@}jws%]adbvi:%%eo He_impla%}tj%%o%n the Jloﬁ’lt. %%%egﬁor?gh% %ﬂ%ge but
armrmﬁﬁéa%gﬁﬁgdﬁ|B§rrb%n@9té@m9 fordemagrigRmlg, viéchmay
maee jeluiEnchesedferN e picad-as HesrdcAsilustiaiad in FIG.
3, three pins are used to anchor the implant 300. However, more or fewer
joif@3ghors, druzide ibusinates thinsxiehnibe aishd feithoutabepaating fiom
hesReaPERLe fuy 100 (M R IR Sups phe il piRe e,
rrace 304 fur 2

superior view of the 15 bone mating su herillustrating the use

of thk® SheMerd a8/ alenanvibiedatamhapierivly BoH 8ansh madiesr 306

 haspresteyis MO othAshendwi & ehelpatdashavd bl Rmihergiem

%l&ge}rsn&%rnef“fwviﬁugtrated in F1G. 34, is illustrated covering a portion of the
lateral condyle. The pegs 306 are also shown that facilitate anchoring the
imptant 300 to the condyle. '

[06094] Fic. 3H illustrates a knee joint 7020 from an anterior
perspective. The implant 300 is implanted over a condyle. As shown in
FI1G. 3t the implant 300 is positionéd such that it communicates with an
-implant 200 designed to correct a defect in the tibial plateau, such as
those shown in Figs. 2.

[0095] Fics. 3J-K ittustrate an implant 300 for placement on a
condyle. In this embodiment, at least one flat surface or chamfer cut 360 is
provided to mate with a cut made on the surface of the condyle in
preparing the joint. The flat surface 360 typically does not encompass the
.entire proximal surface 304 of the implant 300.
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such that it forms a tube or cylinder that extends from the bone mating
surface 304. A section of the stem forms a narrowed neck 314 proximal to

e d 312. As will be appreciated by those of skill in the art, the
Woév%)l%}goarlpeggj not be parallel, but rathgr can be sloped to be sh&sddUiieac4/039714

cone. Additionally, the neck 314 néed not be present, nor the head 312.
As discussed above, other configurations suitable for anchoring can be
used without departing from the scope of the invention. 25 [0092] Turning

noyy ta FIG. 30, a view of the tibial plateau mating surface 302 of the
mﬁ?&ﬁf’boo is iR rAtdivseteshisresiarom aivrirahtoiisagace is

O g S{BA0 Bl 9B BRI
e \Y a e platead. . lHiustrates the

o TS 2k e e e PSP e S5 8 mplan
SOgatper ilusainadnguse AlHse: BRIFEPRIBLARIHYING e imniant

300 to the bone. As illustrated, the three pegs 306 are positioné

15h4R. R TRlant 494k senigiprstiued hitieeverskittnttiedatarane
or mdrm@xﬁgiféﬁmhﬂ @@Qﬂ;t@@%ﬁdhﬂ;}tﬁﬁﬁ@_%ﬁ%ﬂ&f_ éﬁﬁ&@&éfﬁﬂ@ f@n%_?}e
an r n .ne as or gny other sujtable orientation that enables
e R s O e 2l o 2 BB 1 20 e
30ePrEkén oM tienlifde &ni cshiuvge iMI0 BB Eofypitalifishetaeysaieyie
Orj f he i t iS perpendicular to
B RAL 9 PN BRETL A CRAE cbBhINT Rob W e By of

pefashaiegrirmahibe miRieLFHawm pithe YR PI2. Steilnstentotone

axtainviptioabilyecisrase LARbhMERgim IR soadyeda02 ansya fpedial
i [ 0.shown 1006 along with the

A1 AT 11058 S0 8 LG ETRORE MBSt

pdiefiie. daithe inhddenuiate ¥D216 THeimptant@A0lbstvatew inFIG.

3boiripitpistroveNadARATIRTOL T lIRIRhSOnAYle. Thepeds 305,

are also shown that facilitate anchoring the .
configured such that it corresponds to the actual curvature of one or both
of the existing femoral condylés, or to the curvature of one or both of the
temoral condyles after resurfacing of the joint. One or more pegs 430 can
be provided to assist in anchoring the implant to the bone. As will be
appreciated by those of skill in the art, the implant can be configured. such
that the superior surface contacting a first condyle is configured to male

- with the existing condule while a surfacé contacting a second condyle has
one or more flat surfaces to mate with a condyle surface that has been |
maodified.

[0088] Fic. 4p illustrates a top view of the implant 400 shown in

FiG. 4. As is should be appreciated from this view, the inferior surface
404 of the implant 400 is configured to conform to the shape of the femoral
condyles, e.g. the shape healthy femoral condyles would present to the
tibial surface_ in a non-damaged joint.



implant 300 to the condyle. [0094] FIG. 3H illustrates a knee joint 1020
from an anterior perspective. The implant 300 is implanted over a

wo eeRIde4hs shown in 20 FIG. 31 the implant 300 is positiongg-gueth a4
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communicates with an implant 2003designed to correct a defect in the
tibial plateau, such as those shown in FIGS. 2. [0095] FIGS. 3.1-K
illustrate an implant 300 for placement on a condyle. In this embodiment,
at least one flat surface or chamfer cut 360 is 25 provided to mate with a

CUtrmsg on the-purfaee,ahteqicoRAe BINEPAINALNR 9t TR LR from
Surtace

60 typically does not encompass the entire proximal surface 304

of the MfpIshearechbeadiualaiesy PRINgSHNBERI39714 35 [0096]
ill h ign, of i | k hrop! "TKA"
orldi0knee b8 AGAURE SR F R BB D te 5 aAd PR

49&@@@@@@ MGWQQ mmm;lagszqwm@ E1té$04dsa\mdfdss_a
lusteats apathiey 5BB!arngk éh&%@!&l%ﬁcﬂﬁc}(@ﬁ@ﬁﬂ@%é%f
al and medial femoral condyle

configured such that it covers both the latera
aI&R%\}Ufﬂ%tﬂ%eﬁdfeﬁ&?-siﬁfé%@'é?*fﬁ@fbﬁ%?fmwtht@ﬁﬁﬂ%‘hﬁ@éd%s a

latpeabransytsovmnpegaiit G ansl Feestigk g30dAe K9MBRRALHZ0 and
a bridge 430 that connects the {ateLaJ c.ondg%e component 410 to the
|

mera%?t%B%ag}@%mee'mp 3 ThieTB% aag{elo least a portion of the
f £ iy ' I

o e It e L T e e

a EESHREGE thee implant 40f i inaRlaped RyRn bRTFreNddethAsEhoMsY in

sugpca/de ahiisriman A08ts i \RekaneeiresRandiRARescpmatHre of
the femoral con%égg‘é%he curvature cfan he 15 c_onfi%ured such that it

colfaABhaged 1 CORRR RGN IPBHRIRbPIAE RkiSHTY fSmoral

cotitdeshmvto thé&asvature of one or both of the

- [0102] As will be 'appreciated by those of skill.in the ar’é, the implant
400.can be manufactured from a material that has memory such that the
implant can be configured to snap-fit over the condyle. Alternatively, it can
be shaped such that it conforms to the surface without the need of a snap-
fit.

[0103] Figs. 5a and 58 illustrate yet another impiaht 500 suitable for
repairing a damaged condyle. As shown in FiG. 54, the implant 500 is
configured such that it covers only one of the lateral or medial femoral
condyles §70. The implant differs from the implant of FiG. 3 in that the
implant 500 also covers at least a portion of the patellar surface of the
femur 572.

[0104] Similar to the implant of FiG. 4, the implant can optionally
oppose one or more implants or opposing joint surfaces, such as those
| shown in Fig. 2, and can be combined with other implants, such as the
implants of Fle. 3. FIG. 8Cis a perspective side view of the implant of
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femoral condyles after resurfacing of the joint. One or more pegs 430 can
be provided to assist in anchoring the implant to the bone. As will be

WO%%%%qated by those of skill in the art, the implant can be configured such

at the superior surface contactisn’g a first condyle is confidl$r&d/§3004/039714
male with the existing condyle whilé ‘a surface contacting a second
condyle has one or more flat surfaces to mate with a condyle surface that
has been modified. [0098] FIG. 4D illustrates a top view of the implant
400 shown in 25 FIG. 4a. As is should be appreciated from this view, the
infeftiar Sarfacehd@d f he. 5BplARIHPRAS CARISE D PR IREILIHNS00 is
shegpe %Etpoecferr%oralnﬁnq%les, e.g. the shape healthy femoral condyles
wolld PreseRt iy ihe Huid "4t FHEEHS AbGemeyabSendyiwtbat it mates
2008105 0240ePTHIS 20 0% pB9FIt REFHRET|tFGSNAEtRACCHSY atthe
per, ' ' f i Jinferior surface (i.e., tibial :
DD o] e b S R Bt
fenf@PeobBdiiRNAlYa 2R araleshRdfree 03 ana berneaiided otyde 186dor

Theiirkers Godyatiesehdylis eaoshemHAR AoRs VB e Jakaral
eplcpor\l’gc}/l 1008. The m%nt 400 illustrated in FIG. 4B, is |Ilustrateé

coVenng BotH ORASI8E Pfishdaparitiedaimhsartiamavihiis e The

pedspiatt anetasso shown that facilitate anchoring the implant 400 to the
condyle. [0101] FIG. 4H illustrates a knee joint 1050 from an anterior 10
pel@algélive. ThEfmPRilitabetRs M pRIBRSSBEtopote wovityie smARshEoM

in $HGwrih theimplans @%Lm@ﬂwweame&hﬁm ﬁﬂ@ﬁwﬁ?ﬁéﬁ%ﬁ&aﬂ

implant 200 designed to correct a defect in the tibial plateau, such a
thoel g %vgﬁqh?sﬁz?éw’?8&EQPA%%mﬁs@faaﬁ?emfe&%m&@r@iemmn

thesbirpaind thepfamorkh cbiigias ke gnivashapi ed oy Rmatarsihakbas
MERRRY SHELIRE 8 tibial surface in a non-damaged joint. -

[0106] - FiG. 5 is a view of the implant 500 showing a hatched three
point loading support area '\_evhich extends from a top portion 513 toa line |
(plane 17) and from a line (plane 18) to a bottom portion 515. Also
iustrated are the pegs §30 extending from the superior surface. FiG. 5¢
~illustrates the superior surface of the implant 500 with the pegs 530
extending from the superior surface. Fic. 5F also illustrates the hatched
-cantilever loading support area; which extends from the Eihe_ {(plane 18) to
the top portion 573 of the implant. The loading forces and directions for
each support condition are based on physiological load encounters. Table
1 shows the Physiological Loadings taken from a study by Seth Greenwald

Table 4
Physiological Loadings"
Set_up ‘11 ” “2” . H3!!
Flexion Angle 0° 60° S0°
(degree)

Normal Force N | 2,900 : 3,263 3,625
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implant can be configuréd to snap-fit over the condyle. Alternatively, it can
be shaped such that it conforms to the surface without the need of a snap-

20 repairing a damaged condyle. A% shown in FIG. 5A, the implant 500 is
configured such that it covers only one of the lateral or medial femoral
condyles 510. The implant differs from the implant of FIG. 3 in that the
implant 500 also covers at least a portion of the patellar surface of the
femur awb [OTOp] SimijgE3q the implant pf33d Gy 4, the impla

OPIeSANYI PRPOSE PNE O[ARIAGMPIANTS O PAROSIREHOINt S@@F%o@‘ﬁ?h
s thosgaghown in|FIG42 arelggn be copatinedwith other mplasy/such
as the 1FEdafiy/eighteBvw)itikehQitSPa0eyEREBIY enalee wigivi pBThe Implant
of WO 2&9&&@5@1&4& BR AU E2R0MIA3 WeighBaf bk p &Y. %sm)own in

FHorRg. [ E” pUOrEUIaGE.R Ofﬂ)? K“iﬁ%ﬁ%%t\%nﬁéﬁ% mer
C%%Pé’ % g C‘rﬂé{ iGr @?éﬂ%%

thg RAHL & er surtage rdhp i C@Yﬁ{é or more
PegssaaR-AAR RS- AENELETHE RRSISIHE AREhesnsdhednn éﬂ&héﬁagone
Agglianady, @mg@r@@mt@%@@@@@mgrqg@gd on an interior surface

502 of the condyle component that conforms to an optionally provided cut
mEHETh the shisingetoetinepieint 809 desonithdihithisthepimplan, thattsee

[0 Sk fd crfﬁ»kllh‘%‘é@zﬁ?rérﬂ%’épﬁﬁt‘i B4 Yswah g iBlang 200 c%@

own In FIG. 5A. As Is should be a preuated from this view, the in erefor

sd%@@%@ﬂe@ﬁﬂ% i iR 1980 MiTHRREARI RecOMERR b HRofbordd
Shﬂoasféﬁthﬂmt@m@cﬂéﬂgcqndwl@aoﬂc@rﬂa@t@@aﬁ%@ﬁimmmahﬁenwles

S R R B R TR Lok

[0108] Turning to the cantilever loading shown in Fig. 5F, the

loading will occur from set-up 3, or 90°, at a 75/25 load distribution (75% of
3625 N = 2719 N). As with the above example, the joading will be
concentrated on a 6 mm diameter circular area located at the center of the
posterior-most portion of the medial condyle normal to the flat cut surface

of the posterior condyle.

[0109] - Fies. 5G and H illustrate alternate embodiments of the
implant 500 having a rail design that provides one or more rails 521 along

- medial and/or lateral sides of the implant 500. The rail 521 can be |
positioned so that it extends along a portion of the medial §17 and/or
lateral 519 sides before communicating with the angled surface 503. As
will be appreciate, a single side rail 527can be provided without departing
from the scope of the invention.

[o1101 FiG. 51 illustrates another embodiment of an implant 500
having a keel design. A keel 523 (or centrally formed rail) is provided on
the superior surface of the implént. in this embddiment, the keel 523 is
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15 point loading support area which extends from a top portion 513 to a
line (plane 17) and from a line (plane 18) to a bottom portion 515. Also

wolsisiatedare the pegs 530 extending from the superior surfa&gggégﬁéﬁwmm

illustrates the superior surface of thgimplant 500 with the pegs

extending from the superior surface. FIG. 5F also illustrates the hatched
20 cantilever loading support area, which extends from the line (plane 18)
to the top portion 513 of the implant. The loading forces and directions for
ea;ch support con?{iﬁ'on are based on physiological load encounters. Table
1

REARIRE 7%, 105 &1 EATRE aREPAS A P by Aot b
Grappracitat Sch e k@8 Bty biolngiter adis B WHEbUPSIdAthIRESRlered

Flexi I 9 | N 2.900 3,263 3,625
W e e St S B PR 5 S 1)
NSPRANEBIcR SR Ag oxdified daité stSatie AStemaivale WitreBNE ibbix
BWWLBELx BWorBedYnAtaiaht (RVA 146D &Ry %%x%aﬁgiﬁléa%em%[m&i?r?

cm.h eigoht for an average body weight of 74 kg (163 IbS). 1"Tibial Plateau

SJRE B TRAFRASH RS tor Influencing Polymer Failure Series IlI -
P igr Stabilized ighs.. Paul D,. Postak, B.Sc., 5 Chyistine S, Heim,
5 TP et Orceria BB IR Rl e,
THat®I®! SAEAHROR e adialerasty|cOM@4. Plas intrrdaatdyierdassh
Anél%MQ@W@o&@%ﬁﬁ%@@t&%ﬂ%ﬁ@ﬁd%’ﬂé@gﬁeﬁ{g@%iiﬂ)

this application, the three "point loading will occur’from set-up 1
ToePéﬂg‘in&%J{ 10T pe patdilar surface of the femur 1012 is also ilustrated,
The implant 500, illustrated in Fig. 54, is shown covering the lateral

condyle and a portion of the patellar surface of the femur 7072, The pegs
530 are also shown that facilitate anchoring the implant 500 to the condyle
and patellar surface.

[0112] Fig. 5K illustrates a knee joint 1020 from ;an anterior
perspective. The implant 500 is implanted over the lateral condyle. Fia. 5L
illustrates a knee joint 7020 with the implant 500 covering the medial
condyle 1004. As illustrated in Figs. 5k and L the shape of the implant 500
corresponding to the patella surface can take on a variety of curvatures
without departing from the scope of the invention.

[0113]} Turning now to Fic. 5m and N the implant 500 is positioned
such that it communicates with an implant 200 designed to correct a defect
in the tibial plateau, such as those shown in FiGs. 2. |

[0114) in another embodiment of the invention, the implant 500 can
have a superior surface 502 which substantially conforms to the surface of

 the condyle but which has at one fiat portion corresponding to an oblique
cut on the bone as shown in Fig. 50.
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10 loading scenario, a 75/25 load distribution (75% of 2900 N = 2175 N)
will be used. The loading will be concentrated on a 6mm diameter circular

WO 24ps&3ottted directly below and normal to the ped on the be&igsmEEs 714

[0108] Turning to the cantilever lo&fling shown in FIG. 5F, the loading will
occur from set-up 3, or 90, at a 75/25 load distribution (75% of 15 3625 N
= 2719 N). As with the above example, the loading will be concentrated
on a 6 mm diameter circular area located at the center of the

DESteSpr-moSTRRMIRANG P conyep TSR i nkgtace |
i ter| .[010 IGS. 5G Hi rat t t
R R A 1o e P bR B A BT 8F ies one
ofgmees 1ais 5P Aangmarial andan aeseian o e mglegy SO0

e rail 521 can be positioned so that it extends along a portion of the

nistiare FPA M1 Bl vits e dpisksvefare epmaLAtalingviiFedeand a
apgiestion itac a6 Fid\ Sy dhbeAppresiateinapiingIsogdonih Shgaap be

proyided without departipg, 25 from the scope qf invention. [0110] FIG.
L S LR a AT By AR 200 AR Croures
desitareASREdDE At liog cethriuley jtontrrd el &g m%@qnuttﬁﬁup@iﬂai
suase oLihe dpplan n,nesambogmanb R HRELEZ BN o i
2005/051240 PCT/US2004/039714 39 located on the surface of the
iR B o PHIIME SRS NRIARIAEE SAGREEIGRT, Ren@sidan be

cgeilfggé@ﬁa;é. smawso ut§é¥§‘@6%@|ib£ @?mﬁ;w &Qﬁ@%@@%ﬁ%ﬂ@gﬂ_ -
angled surfac can be prayvided to _communicate wjth a modified join
R B s B D LD PG e R a ok P JOBTRBLC
clars0Beisita bergenfiguitetiknemdfaavtirethetvaiater datelified surface.
[0111] FIG. 51 illustrates the axial view of the femur 1000 having a lateral

cEtAR 1002 EiRPabivéuiiitHa e iomiantROhel ke & ik Tesgeaphical

representation of the cross-sections 610, 620 from which a surface shape
of the implant is derived. FIiG. 6A illustrates a top view of the implant 500
sitting on top of the extracted surface shape 600. This view of the implant

500 illustrates a notch 574 associated with the bridge section of the
implant 5§72 which covers the patellar surface of the femur (or the trochlea
region) to provide a mating surface that approximates the cartilage
surface. As will be appreciated by those of skill in the art, the shape of an
implant designed for the medial cdndy!e would not neéessarily be a mirror
image of the implant designed for the lateral condyle because of
differences in anatomy. Thus, for example, the notch 574 would not be
present in an implant designed for the medial condyle and the patellar
surface of the femur. Therefore, the impiant can be designed to include all
or part of the troclea region or to exclude it entirely.

[0118] Fic. 68 illustrates a bottom view of the implant 500 layered
over another derived surface shape 601. Fic. 6¢ is a bottom view showing
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is also shown 1006 along with the lateral epicondyle 1008 and the medial
10 epicondyle 1010. The patellar surface of the femur 1012 is also
il The implant 500, illustrated in FIG. 5A, is shown covering the
Ig[%&e%rl'}g?ﬁ%%ondyle and a portion of the, patellar surface of the fen%ﬁ?’fé?
The pegs 530 are also shown that facilitate anchoring the implant 500 to
the condyle and patellar surface. 15 [0112] FIG. 5K illustrates a knee joint
1020 from an anterior perspective. The implant 500 is implanted over the
Iatgral .con‘%\]/{% FIG. 5L illustrates a knee joint 1020 with the implant 500

oveFigRIR EdisrEBAIRAN B K ifrlisied sTRessareartf? shawn
shap&of fre FplBntiSaCicwrespandioftte the Paialtosung eeeCashiajs on

i i t ting. f th th
e, T DB P R Bl o ustates
positieneastrii wewicttammiii88Quesiionepioyerde desidie to
corgsieaeiitich b the Sbinldl 890D AE 18R3E SRR e

[01';_L4 In another embodiment of the invention, the implant 500 can 2
av

&5 98 oA BOURA RSB MR substantially conforms to the surface of
th yle but whi at.one flat portio esponding to an.oblique
cuetlgﬁt e bone!yayg':}r%%vaﬁﬁttﬁa%’.ﬁﬁ%@%@&l‘zﬁfﬁe g{%g-a;omt sifmilar

PCp/ths F0RIEIR3EIA abare[ 18R TR AMY A0l @9 BB sBitsdhitwimplant 500
i SRPNPRAEIE aT IO MR EnT ﬁ@%ﬁ&&&e@%%%ﬁ'&%&?%@%ﬁﬁf?g

posterior cuts. [0116] FIG. 5R-s illustrate an implant 500 having a

coftBtieediptor L@ ERPRRANY RRHIRS RS s UisceesRaheramenent

cut728kagdge Sthe siatitincatfeds bithorannadhe sassedppiRmo00
fro ligh ifferent angle. EIG. 5T jllustrates er implant 500
o e o, e b e e R el gpred
po§kidhatitrsedistabsmdpasul 856 andhe chalatertbat Bite64h4 tibthis

eMAGY BRPRILHRESY LIS a projection of the natural shape of the femur
compensating the design for valgus or vérus deformities and!or flattening
of the surface of the femur. Alternatively, the distal surface can be shaped
based on the shape of the tibial plateau to provide a surface designed to
optimalty mate with the tibial piateau. The proximal surface 724 (e.g., the
surface that engages the femoral condyle) can be configured such that it
mirrors the surface of the femur in either its damaged condition or its
modified condition. Likewise, the proximal surface can have one or more
flattened sections 726 that form, e.g., chamfer cuts. Additionally the
surface can inciude mechanisms facilitating attachment 728 to the femur,
éuch as keels, teeth, cruciate stems, and the like. The medial facing
portion of the condyle implant has a tapered surface 730 while the lateral
facing portion of the patellar component also has a tapered surface such
that each component presents tapered surfaces 730 to the other
component.

%)_4/(}39714
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provided. FIG. 5u illustrates the implant 500 of FIG. 5T from a side 10
perspective. The cuts are typically less than the cut required for a TKA,

WO peasgpiaally less than 10mm. The design of the cuts for this roprapt@imsn 714

for a revision surgery to the knee, #¥equired, at a later date. [0117] FIGS.
6A-G illustrate the implant 500 of FIG. 5 with a graphical representation of

" the cross-sections 610, 620 from which a surface shape 15 of the implant

is derived. FIG. 6A illustrates a top view of the implant 500 sitting on top of

thi@?ﬁﬁ cted SW%%&H%%@%J@§ Nianeahihedmplanit&ap illustrates a
notch 514 associated with the brlgg,e section of the implant 512 which

cofeRPAtMsRisIRI INfcRe A ERE ABIRYA IO RETTRGERIEES REQWR R olide
a refingRutfpesvibes approvsadteast the canitagrléLsadasto Aswill be
appeciated tbhose,olakdhn N 21l (b shaee ot an JmBiARL desidned
forthe"media congy e Woufaan%t necessan@/ € a mirror image Oefr{h
imphagitde Sigrestiessivdhiaietatitberlyde bebelsesofldifidhensawiler size of

angLpiohBReRPARIRIBIRE SRieie I RINARAb I zBf&?é%PH‘EhﬁP

implant designed for the medial condyle and the patellar 25 surface of the
ferﬁ'l?d@ma%f&é‘, sAealiRpiarFe it Hedisihscuasrintiiaaie® part of the
trogipapte@isniPntarevelgide it entirely. [0118] FIG. 6B illustrates a bottom

view of the implant 500 layered over another derived surface shape 601.
FIGB4]s a botivss \aw shsialg Wiz20931054MarROPiaS2808/ 0387 14

41ithedmntaRhsteasing tRgugh the suttatiedsydaseahape 600

shown" in FIG. 6A. FIG. 6D is a close-Up view of the FIG. 6¢ showing the
coRBgRrRgimEeh s ddectedrifg Wil B PRoESatRthEy bosemiciE
illuisteatest sotapasiRiiRr ddawo hthedmplarirkPho asiivneass afenidie

grad?shi[:al 5 rgpt%asein atig , gf he s r{a‘a{(s:((:eosQ}altg%eg?elio.().v Fil_gbGFH's ap anterior
view aRg" B 8 s s0oM- posterior view: (017 8] BIG 7 A Enitidtrate

aniliugtates70dmpestiee Mryagomt ishadlapatelia 800. FiG. 88 illustrates the
patelia 800 wheré_‘m one surface of the patelia 800 has been cut for form a
smooth surface 802 to mate with an implant. FiG. 8¢ illustrates the patella
800 with an implant 8710 positioned on the smooth surface 802. The
implant 870 has a plate structure 812 that abuts the smooth surface of the
patella 802 and a dome 814 positioned on the plate 872 so that the dome
is poéitioned in sifu such that it will match the location of the patellar ridge.
The implant 870 can be configured such that the edge of the plate is offset
1 mm from the actual edge of the patella, as iliustrated. As witbe
appreciated by those of skill in the art, the plate 812 and dome 814 can be
formed as a single unit or formeci from multiple components. Fic.8nisa
side view of the implant 8710 positioned on the patella 800. As shown, the
'dome is positioned on the implant such that it is off-center. Optimal
positioning of the dome wiil be determined by the position of the pateliar
ridge.
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to the implant 500 above. However, implant 700 consists of two
components. The first component 710 engages a condyle of the femur, 10
%pb%%gial or lateral depending on the design. The second_component
20 engages the patellar surface ofithe femur. As discussed fith
previous embodiments, the surfaces of the implant 700 can be configured
such that the distal surface 722 (e.g., the surface that faces the tibial
plateau) is shaped based on a projection of the natural shape of the femur
15 comﬁgensatin the design for valgus or varus deformities and/or

flalEHiAl of the SIMABE SV IS HHEAIRAMRIANRLGIR 8% FFace can

bessipapieth dzaseoroinshenahare phteadiBiR) plajrait o NevEe AsHace
designed. t tipnall ith thetibjal plateau. The proximal surface
o o e B BB SR e % e ush of e
cohfitp¥rdidgeh that it 20 mirrors the surface of the femur in either its
damaged condition or its modified condition. Likewise, the proximal

su kan haldSh&er it aamerritenalivh desientet rmatelpr
chm‘rﬁemm.wm‘r@?whﬁe SRR saol inGly dﬁ@tﬁﬁh@@'@@ésfﬁgi@%ﬂng
att ent 728 to. the .femur, su eels, teeth, crucjate stems, an
O e e B B b e A R e
sufticndsyingitie the tateral TacingtisolivorafLberipataiidiaco Bgbnantalso

h . .
B 00 M S

P8 300 BRI 24k Uie priioeirR§ didtR-R5h tsamandb v parenianns of
arr:d interal @@mmrﬁm,enmimi ﬂdgﬂﬁﬁﬂﬂf‘é ﬁfﬂCT@éi‘c@@rﬁ@i‘f@t]‘:‘% @t'§me

S n EIG., 7, the implant provides improv ito conforma
R R e e N T,
of théhenreads 6f shivftutichiampstient WidsicB.ctiuktretrsserbiongdosahidiso,
the,senller Rigmal FAFHSOBIRREALRAIHBRIA eRaRles tAgimRlant to

be placed within ]
plurality of possible cut lines 862, 862’ for purposes of illustration.

- [0124] FiGs. 8A-c iliustrate a lateral view of a knee 1020 having a
combination of the implants of implanted thereof. In Fig. 94, an implant
cavering the condyle 800, is ilfustrated. Suitable implants can be, for
example, those shown in Figs. 3-8, as will be appreciated the portion of
the condyle covered anteﬁor to posterior can include the entire weight
bearing surface, a portion thereof, or a surface greater than the weight
bearing surface. Thus, for example, the implant can be configured to
terminate prior to the sulcus terminalis or after the sulcus terminalis (e.q.,
the groove on the femur that coincides with the area where load bearihg
on the joint surface stops). As shown in FIGs. 9a-8, a pateltar implant 900
can also be provided. Fic. 9¢ illustrates a knee having a condyle implant
800, a pateilar implant 800 and an implant for the tibial plateau 200.

8004/0397 14
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the joint using a smaller incision. Finally, the wear of the patellar
component is improved. [0121] FIGS. 8A-F illustrate a patella 00 with an

WO ippiantz4810. The 10 implant 810 can have one or more pegsCeyusiake /039714

stems, or other anchoring mechanisms, if desired. As will be appreciated
by those of skill in the art, other designs can be arrived at using the
teachings of this disclosure without departing from the scope of the
invention. FIG. 8A Illustrates a perspective view of an intact patella 800.

Figo88s]lustratesdberba pAipdadOQARRIRIE VR HRgR AR RAEIIE of

800 has been cut for form a smoaoth surface 802 to mate with an implant.

Fid SRR RBS AN BEBRIAHSAFAPRE 826vEdaRiARigharein.
snfoetH Guifluse @62 dlkredrhpldng &libha sepfiate2stutivedGharthat abuts
th f tell 4 positianed .on th
R 2 el € O R Sl R RS R R
th&iescaned abeve. sapduealifdgbthe epapiarte et bershe cunhgurerligech

thalithe 8989:ah braiglaterisseifegbide v BoRHNERCWEE 91188 918 knee

patella, as illustrated. As wil be appreciated by those of skill in the art, the
p

pldRnERavip e RN e rin st PADRISMBIaT 708 soprauisiad AN

mitittiplieiabpigtenenisd Bl Sedmis immpRsidvirvy aivide droplang fdng
positioned he patella 80 S n, the, dome is itjioned on the
e S R RS DS R Re et
detémfipdtbinliedcspolithat biethinpantiarase¢gbewd @Des vosiryourfaces

PQJM@%QQ@@?:%?%t%&P&%H&%F@Wé%5&%8%%?’?] %’ér"tg@gagé%%

810 is shown superimposed on the unaltered patella er

ilJedagMRaEROPRRIIBRY b e shreE dheeenavlarteirrtsHhESs to
thelmeatipntied therppdehasditgentd OhedbiaimAndd WHtiephreciated

AENREYE SIS PAERNG now to Fic. 10D, a tibial implant 200 is
provided along with a bicompartmental condyle implant 500. As discussed
above, these implants can be associated with the same compartment of
the knee joint, but need not be.

[0126] The arthroplasty system can be designed to reflect aspects
of the tibial shape, femoral shape and/or patellar shape. Tibial shape and
femoral shape can include cartilage, bone or both. Moreover, the shape of
the implant can also include portions or all components of other articular
structures such as the menisci. The menisci are campressible, in particular
during gait or foading. For this reason, the implant can be designed to
incorporate aspects of the meniscal shape accounting for compression of
the menisci during loading or physical activities. For example, the
undersurface 204 of the implant 200 can be designed to maich the shape
of the tibial plateau including cartilage or bone or both. The superior
surface 202 of the implant 200 can be a composite of the articular surface
of the tibia (in particutar in areas that are not covered by menisci) and the
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implant. FIG. 8G illustrates the implant 850 in its beginning stages as a
blank with a flat inferior surface 852 having pegs 854 extending therefrom

wdQuaA19kiNg to the patella. The articular or superior surface 860 has a

rounded dome 856, and a round plate section 858 that can b FridERAfEH039714
to 10 match the bone cut. The articular surface 860 takes on the
appearance of a "hat" or.somberero, having a dome with a rim. The
center of the dome 856 is also the center of the bearing surface. The rim

858 form _to th ds of ticul tient. Fic. 81
o e R RERobie O R 8 B R 65
FIGeersech! iy 81 Atmonsting Soplovalityestioos sitecaut tis e 862aB6R for
PurpeRes o4 lsyatoRl0aAA G- 96 JUsals palcral view of a

knee 1020 having a combination of the implants of impfanted thereof. In

Fic[@#7pn implathieeyeariagthesonsiiaeoois dust aiedaRuad e ve
implants G b% foh %a ple, those shown in FIGS. 3-8, as will be
apprecited AR o%?@?h‘é B\eaadyishiprloriedsctiage ean

inchrfe ticbethirghedifhtidreariagesddacs thepatipntidameirosa surface
gr p@@@ ' eafi LJhus, for example, the implant
caer?%ﬁe{ co nfig%l}?e%g%g%r%iﬁgﬁgpﬁr?o{%g%g%%u QR %’Fﬁiﬁélg ¥F gfﬂg@ﬁgre

sulBAbARYRIRLRY (asgisahéngdbeenemigraiseirshat lcentcidesrivithaf ibe

aresutehaEpearldpeRsine \aeea e iR ALIRFEF RS AS RaNp in FIGS.
9A2§d%% @Jﬁtell?r implant 900 can also be provided. FIG. 9c illustrates a
avi

knée JL ORAVR fi Rh 8D 628 PR aPXATpRIR: 80% afiearfidiplent
for 8RE tifiehptepees 260 rivEQI2A0pAR 12 TALRE FAA2PRHORRE Ik ke
[O%I-i%@&tﬂ@ﬁiaﬂgvﬁ%ﬁﬂ Itiglr .tg_giea\l/g \%f ﬁpe coronal plane of a

knee joint with one or more implants described Above implanted therein.

FIGo 4% illustratesomknasdininerestinial dmalant 200 plagedherein. FIG.
10s H%J ratg\s a knee with a condyle implant 300 placed therein. As 5

deSEIPRTALE A SAR7RE AR IRALS QLRMHEreRigABY provided

compressib&e material. if a compressible material is selected it is
preferably designed to substantially match the compressibility and
biomechanical behavior of the meniscus. The entire device can be made

of such a material or non-metallic materials in general.

[0129] The height and shape of the menisci for any joint surface to
be repaired can be measured directly on an imaging test. If portions; or all,
of the meniscus are torn, the meniscal height and shape can be derived
from measurements of a contralateral joint or using measurements of
other articular structureé that can provide an estimate on meniscal
dimensions, | |

[0130] In another embodiment, the superior face of the implants
300, 400 or 500 can be shaped according to the femur. The shape can
preferably be derived from the movement patterns of the femur relative to
the tibial plateau thereby accounting for variations in femoral shape and
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within a joint in order to restore joint movement. FIG. be illustrates a knee
joint having two implants therein. First, a tibial implant 200 is provided on

woO thestilsisdplateau and a second implant 300 is provided on theagingoo4/639714
condyle. As will be appreciated by #sose of skill in the art. The implants 10
can be installed such that the implants present each other mating surfaces
(as illustrated), or not. For example, where the tibial implant 200 is placed
in the medial compartment of the knee and the condyle implant 300 is

Plasestdming laterakearapaiimante RSl comabinations wilbe, d@p%&q%

by those of skill in the art. Turning now to FIG. 10D, a tibial implant 2
B8 2 dRmon BeciRaRRsemeieshdyle implant 500. As

S5 d abo these mp ant can bea sociated with the sam
iﬁloar ment of TRARNEE, Jonn Thesan Fb”éeﬁﬁ’é%‘i}?ﬁé‘%ﬁﬁ?’oﬁl‘g&?t

syetdilranass idesigindbiearesiach aepfémeosﬁqme, iRl ghdpndenioaid
ehg&em%gw%gtlgwhape. Tibial shape and 20 femoral shape can

include cartilage, bone or both. Moreover, the shape of the implant can

algoiagjude pOHtiitnﬁerr@HIQ@ﬂm@Qﬁ%ﬁ@&ﬂihﬁ@bﬂé@%é&ﬂ&{we&@c“

as the rrtte ISCI ;[he m% hi(’:lt' re reSS|b articular. during gait or

oS Y IR WA e sl eeR Beddbegiey & Reiidie

as@éraﬁaifrmgvmretmwammb@ammnm'g’ fierteanuprapeitentf %theve a

magsghlLing IR0 AlemaIGal HEBBoE R egtﬂgaeéecéne%
ne

undersurface 204 of the implant 200 can to mat ape

of the GHINPBIEAN ReIAd @%ﬂ@é&l@ﬁ@dﬁtéh@%ﬁheri@@@wme
suttameﬁg&xaﬁﬂ@mvh&&&%am@m&av%s&f a4 apieHiRafKtace

E%he tibia (in particular in areas that are not covered by menisci) and the
©685/051240 PCT/US2004/039714 45 meniscus. Thus, the outer

of the f t|n
oo cor%ress.oﬂsﬁ@c%ébﬁf*?g‘i%ﬁnﬁ O e T R g
urltBitser st B aRdisist aPheTshe 2 rneta a metal ailoy crystal free metais, a

biologic material or combinations thereof.  In certain 'embodiments, the
surface of the repair system facing the underlying bone can be smooth. In
other embodiments, the surface of the repair system facing the underlying

. bone can be porous or porous-coated. In another aspect, the surface of
the repair system facing the underlying bone is designed with one or more
grooves, for example to facilitate the in-growth of the surrounding tissue.
The external surface of the device can have a step-like design, which can
be advantageous for altering biomechanical stresses. Optionally, flanges
can also be added 'at one or more positions on the device (e.g., to prevent
the repair system from rotating, to control toggle and/or prevent settling
into the marrow cavity). The flanges can be part of a conical or a
cylindrical design. A portion or all of the repair system facing the
underlying bone can also be flat which can help to control depth of the
implant and to prevent toggle.
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[0127] Similarly the superior surface 304 of the implant 300 can be 5
designed to match the shape of the femoral condyle including cartilage or
bone or both. The inferior surface 302 of the implant 300 can be a

Woﬁ%ﬁﬁéoof the surface of the tibia%flateau (in particular in &r€a4/8a0H089714

not covered by menisci) and the metiscus. Thus, at least a portion of the
outer aspects of the device can be a reflection of meniscal height. 10
Accounting for compression, this can be, for example, 20%, 40%, 60% or
80% of uncompressed meniscal height. These same properties can be
apPiEdto the intsiariwitng\exaimPs S 48| tadeveriin {0128} byseme

e ' I { devi lecti enisca
i R T E ke C

coftfist CEGHHE RRiRRDIRgCaldhalerials PR AL Ue sioRweTeRissttsially
matdictier contpeseifilitynemiamBshanieideeheviosisidge merissHs
ThFeeéﬂ{ar%éjseu\checg@ 8be. %I%ﬁ of such a material or non-metallic
materials in general. ﬁgi & Re ?%ﬁarﬂ‘?g&ecﬂlw HeMKsioakng
joiff Safded votiio deubssite duen deabimesied iy ecie08) a0 AG38IRI
test; ti ISk the,menjscal height and
shsggééfﬁgg{i g(ﬁ@g é%?\tiae%mﬁ%ﬁﬁnﬁggﬁ%ﬁ%%%sgﬁ o r%ﬁ}ggg &l f&?ﬁ'f or using
meAUGRIFRL AtETBHab %y aPRbRE SRR AIraSHTa MM pHovideenasstimate
onahmentiteal caaansions. 25 [0130] In another embodiment, the superior
face of the implants 300, 400 or 500 can be shaped according to the
fell@33She shapbusanhprefeiabhstardesivettfudmdhe oroversentpakerns

i T R e Soe SELoa BT S et ardiar ™
tibROYEATE EF RN NS AT 2R BYE R fiTstAnsbA dyleoekeapriments, Theafies:,
tragwstaiesandsaygeapndbaditia RNEANERISE] - thickness and curvature
similar to that of the cartilage tissue lost while the second component is
typically designed to have a curvature similar to the subchondral bone. in
addition, the first component can have biomechanical properties similar to
articular cartilage, including but not fimited to similar elasticity and -
resistance to axial loading or shear forces. The first and the second
component can consist of two different metals or metal alloys. One or
~more components of the system (e.g., the second portion) can be
composed of a biologic material including, but not limited to bone, ora
non-biologic material including, but not limited to hydroxyapatite, tantalum,
a chromium ailoy, chromium cobalt or other metal alioys.

[0136] One or more regions of the articular surface repair systerh
(e-g., the outer margin-of the first portion and/or the second portion) can be
biores_orbabie, for example to allow the interface between the articular
surface repair system and the patient’s normal cartilage, over time, fo be
filled in with hyaline or fibrocartilage. Similarly, one or more regions (e.g.,
the outer margin of the first portion of the articular surface repair system
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[0131] The movement patterns can be measured using any current or
future test know in the art such as fluoroscopy, MRI, gait analysis and 5

wO pesisnaoons thereof. [0132] The arthroplasty can have two @emeRo04/039714

components, one essentially mati#§ with the tibial surface and the other
substantially articulating with the femoral component. The two
components can have a flat opposing surface. Alternatively, the opposing
surface can be curved. 10 The curvature can be a reflection of the tibial

ShaRfoheIecil SRS IBE BB IR0 1eiBldBgRaNGARd g yaH/scal

shape and combinations thereof. [0133] Examples of single-component
sy tBnee HERHADBIBRPRRURTREAOINERIRSAE N PURFABY, Aahwhare
meiabalpye iy stabivewietaticaly idebielagicinaieriater aommhisations

thereof. In certain embodiments,the surface of the repair system facing
articular sunr g{em STF\ can Ee Se ?ﬁs,otrh'g"@lﬁ?f%%'e%f

age repair S onIE Rares Fiane
the uhderlying bone can be Smooth. In other embodimen
theartisgie spdireroatiitigg thattndanty vanrisoheactissbe fwmiy achieving a

PIAUSH9RIS LR ABRIBSH AR SrhoIE SRR Pbpitie Sonalk SyslemLfacing

the underlying bone is designed with one or more 20 grooves, for example
toSIHERHARNB E3URRVth of the surrounding tissue. The external surface
of.the gdevice c‘ﬁ]‘hgve‘g step-like design, which can_be adyantageous for
all€hinY biomedH EnicRPEPASSEL Gftion SIS rTGSE RN &R bEHAREY at
oreponer ppsitonss amthe disiteddgthommtaeis bheaeptinsgstém

fr g, r tt)] ' ow
e el eyt

pSRlelBranesteraatepale sstdhs fiGng the underlying bone can also be

B 3855 051 25 BT DR 3 oS PR O G RETR

ofsunfitipl cepainpygstem sgstbmpliable or liquid or deformable at the time of
implantation and can harden later. Hardening can occur, for example,
within 1 second to 2 hours (or any time period therebetween), preferably
with in 1 second to 30 minutes (or any time period therebetween), more
preferably between 1 second and 10 minutes (or any time period
therebetween).

10139} One or more components of the articular surface repair
system can be adapted to receive injections. For example, the external
surface of the articular surface repair system can have one or more
openings therein. The openings can be sized o receive screws, tubing,
needles or other devices which can be inserted and advanced to the
desired depth, for example, through the articular surface repair system into
the marrow space. Injectables such as methylmethacrylate and injectable
hydroxy- or calcium-apatite materials can then be introduced through the
opening (or tubing inserted therethroughy) into the marrow space thereby
bonding the articular surface repair system with the marrow space.



include combinations of metal, plastic, metal alloys, crystal free metals,
and one or more biological materials. One or more components of the
i rface repair system can be composed of a biologic material 5
wo?ﬁ%%’?gue scaffold with cells sucpyas cartilage cells or sterh cENSEISH
or seeded within a substrate such as a bioresorabie material or a tissue
scaffold, allograft, autograft or.combinations thereof) and/or a non-
biological material (e.g., polyethylene or a chromium alloy such as

hromium cobalt). 10 [0135] Thus, the repair system can include one or
NS 35 B TRt PTG & GO BIRADH GTYSATEN GRS R msertod

exdmtptbe tiesaitigs landsatfacecdaitreystelarsanhareadistandde and
se t st nt i ically. designed to have
o ST G S AR S e i e
whiRP¥esyaiesn tpdbm penentiertisngsicall\caesignetitsooh dve scoamvatpie
simikay ve Hherssdrshandrat keamdr, adiion: bedisst scomngagnigan have

biomechanical properties similar to articular cartilage, including but not
limREE Y SIS RSt Ve RB2PE e RE IR aRuPRRIRi g sneHb S ik,
Theditst aftertthe secgad, toenpoaentaaprookisisheiivaatiffexanbmetais or
mefal alloys, Qne or 20 more components of the system (e.g., the second
portigf!cgn bé corrfbgfseﬂb otf%{'tr)gio o ur%ﬁf‘e?fié’ﬁr’émaiﬁé, {ErBifhited
to PefIscioatetbarb g e einderrcitansoe biberrtittniae dadilage repair
hydaismratieatansalins RS BrmiH @M Womimcopaltargther
metal alloys. [0136] One or more regions of the articular surface repair
syé?éﬂrf& ‘ﬂ?b B EerRARGin, of the first portion and/or the second -
POkt an be-hior or example to allow the interface betyeen
theﬁgﬁéﬁlar su?&%eaerrﬁegﬁgg%%{aecrﬁ ang: ﬁws Sa 'Pérﬁasnr%ﬁr%ré?;&%rﬁfﬁ;}é’e% ver
timatignbe bemeawHwWise B ne o fsrevarlilalfer Shiaithwye timoerhasen.
regiaa R chmne PEtHMamBAl RS filBastp Ofthe asiickiar shiface

repajr system WO 2005/051240 PCTIUS2004/039714
aftachment mechanism can be inserted and advanced towards the

g39714

articular surface repair system.from a non-cartilage covered portion of the
bone or from a non-weight-bearing surface of the joint.

{0141] The interface between the articular surface repair system
and the surrounding normal cartilage can be at an angle, for example
oriented at an angle of 90 degrees relative to the underlying subchondral
bone. Suitable angles can be determined in view of the teachings herein,
and in certain cases, non-90 degree angles can have advantages with
regard to load distribution aiong the interface between the ai'ticuiér surface
repair system and the surrounding normal cartilage.

[06142] The interface between the articular 'surface repair system
and the surrounding normal cartilage and/or bone can be covered with a
pharmaceutical or bioactive agent, for example a material that stimulates
the bioiogical integration of the repair system into the norrﬁal cartilage
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48 and/or the second portion) can be porous. The degree of porosity can
change throughout the porous region, linearly or non-linearly, for where

WO tiesdegree of porosity will typically decrease towards the cengerrafisbén/039714

articular surface repair system. Thed$ores can be designed for in-growth
of 5 cartilage cells, cartilage matrix, and connective tissue thereby '
achieving a smooth interface between the articular surface repair system
and the surrounding cartilage. [00137] The repair system (e.g., the

SegRAkIERBRONARS NLmidlidie£oMmAenaRtaYsledIsheandRIaRaghed to

the patient's bone with use of a 10 cement-like material such as

m&XRMRENRCRIRES hieRaBEH Y utosNiErFaca dRiR2FRRRE HiskAkIs and

théibleeti{@1a@}dts certain embodiments, one or more portions of the

articular surface repair system can be pliable or liquid or deformable at

thdddd of imdfantatiBREFNeaNG ReRMRE8¥eTEMdening can occur, for

exam%!‘ﬁ, 15 within 1 second to 2 hours (or any time period therebetween),
r

préfdidlly witfih 4eSEEBRE e RPmTiRRRESESIemS Bhvairuoszes,
thetebatwesahdbiekrerafesaiiy betaisemeseaurdanshil syHuias anany
ti ' therebetween), [01.39] One or more compopents of the

a?'gl%u §£é2§9 a%ge arg(ga%gcr%) fcfié’ & anl?Breargd%{p%%?%? eESWé'V?er&ﬁ'S'ns.
Fotrexaphiigie shetenadéenah Qn_ﬂﬁddeaifn_h@eatmndhgm Haceiegiai. sirstather
Capdiay EOMErQAL TP SRRIVAIS INGIGINS THE QRENINgS &a%%&@%%‘& t
receive screws, tubing, needles or other devices which can be msertjec?
arfl A BIRcE 1A dCRRERYAIRBIRVIER eatiphic fiabgRrdeaiilar

sustaeetsdFRIrsIEbr OB tmen AEMIL SRESR. (BieCEiphEYaR®S
m%h Im{ettpéa}g:rylate and injectable hydroxy- or calcium-apatite materials
can then BE hitroduced through the opening (or tubing inserted

th@@qﬂypugh) igto them[%%sthereby bonding the articular surface
repair system with the marrow space.

[0146] As noted above, the methods and compositions described
herein can be used to replace only a pdrtion of the articular surface, for.
example, an area of diseased cartilage or lost cartilage on the articular
surface. In these systems, the articular surface repair system can be
designed to replace only the area of diseased or lost cartilage or it can
extend beyond the area of diseased or lost cartilage, e.g., 3 or5 mm into
normal adjacent cartitage. In certain embodiments, the prosthesis
replaces less than about 70% to 80% (or any value therebetween) of the
articular surface (e.g., any given articular surface Such as a single femoral
condyle, etc.), preferably, less than about 50% to 70% (or any vajue
therebetween), more preferably, less than about 30% to 50% (or any value
therebetween), more preferably less than about 20% to 30% (or any value
therebetween), even more preferably less than about 20% of ihe articular
surface.
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wo apyanssg,to the underlying subchondral bone and the bone marrow o

WO 2005/051240 PCT/US2004/039714 49 Similarly, screws or pins, or
other anchoring mechanisms. can be inserted into the openings and

;
epiphysis to achieve fixation of the gyticular surface repair sy%?éfrﬁj t5 b9 714

bone. Portions or all components of the screw or pin 5 can be
bioresorbable, for example, the distal portion of a screw that protrudes
into the marrow space can be bioresorbable. During the initial period after

the surgery, the_screw can provide the primary fixation of the articular
su??é‘cég‘!{epair 2@?&59%%%’58%%} li'f% rHW{ﬁ/p(B‘? GO RS J8Fous
coatathalea atongahent tidansirfadentéthetartiesurea(tiigge repaanito

S [ ' izer.qf.the articular,surfac
N B P e T R e
cafahdagecAvrEarsartbe panenrAdidiiernrithansecseaipifasresampier other

attagkimenlRASARNYSHenl R BERRIREBIEMEARN BRI ER aiso be

biorefHoE{b ble, The screw or pin or 15 attachment mechanism can be

indRFtEHSn d HECRRtEREIE RAhBA R RAMANE R CRAaRaT spsiEiamaheh
noiheattitegparaimyadtpottiosofdbe. bhonesorfrerch bompisight Mesting:
sulags o fheJoit I9AH) T ugags bisen e plcular sufce
repair system: and the surrounding ROrmal caniage can be aranhBRgle,

foPEXeRRsie sarohrtedhanenanipatef Somegnass tedtieplasedess than
uneteiyingaURSROBAER oNRgRUERIHABIRS A0 S HetBHRINR¢HD view

of %/%@Eﬁeachin s-herejn, and in certain cases, non-90 degree angles can
e UA0EN g SRR SR AT R M BT AR theiedraeen

betegnibet acitatas sesattam épaissystaniangr thafadgounding normal
cartilage. 25 [0142] The interface between the articular surface repair

syRadABland thd RerBiawtanguHbrasalaniiayiemdian berferowdise covered
Witk RRASNBRAUIGA] SEMIRRCHVYRa08RLIN R RBPIEAMaasialghat

stimulates.. . - i ‘
surrounding or adjacent cartilage or bone. Typically, the articular surface
repair system is formed and/or selected so that its outer margin located at
the external surface will be aiigned with the surrounding or adjacent

cartilage.

[0149] Thus, the articular repair system can be designed to replace
~ the weight-bearing portion (or more or Ieés than the weight bearing
- portion) of an articular surface, for example in a femoral condyle. The
weight-bearing surface refers to the contact area between two opposing
articular surfaces dur'mg activities of normal daily living (e.g., normal gait).
At least one or more weight-bearing portions can be replaced in this
rﬁanner, e.g., on a femoral condyle and on a tibia.

[0150] In other embodiments, an area of diseased cartilage or
cartilage loss can be identified in a weight-bearing area and only a portion
of the weight-bearing area, specifically the portion containing the diseased
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. the biological integration of the repair system into the normal cartilage WO

2005/051240 PCT/US2004/0,39714 50 and/or bone. The surface area of

w0 Ahe/intestace can be irregular, for example, to increase expostiaugbsgozori4

interface to pharmaceutical or bio&ztive agents. [0143] E. PRE-EXISTING
REPAIR SYSTEMS 5 [0144] As described herein, repair systems of
various sizes, curvatures and thicknesses can be obtained. These repair
systems can be catalogued and stored to create a library of systems from

WhICh A1 BPRFORURISSYIRMINY 3 nsividHAlRAtGRE CANdRRY s urface

selected. In other words, a defect, or an articular surface, is assessed In a
pEFRatiIaYEEBject 10 and a pre-existing repair system having a suitable

sh nd size is_selected from the liprary for further manipulation (e.g.,
R o TR SRS EAT L (A RS FPRE & BT A e
abewigntk anethecteditnrepltape sitiosts niesiyridedf e etieinarautiecased

to,r péaé; q , a portion of the articular surface, for example, an area of
el 9%1[ _ .
dis€ased cartilage or lost cartilage on the articular surface. In these

SX?HEF, the aiﬁi?lﬂéﬂhéﬁ téaﬁflbmmﬁ»y&%ﬁwé?en Mﬂ%ﬁ‘f%ﬁ%:jéﬁﬂ]@%
only the area of diseased or lost cartilage or it can exte eyond the

B A RS PGP ARGE S G758 AR 98 AR Pent
carilaghbg htcntgen trabdoemerightibeapirasthefasereplaces less than about
70% to 80% (or any value therebetween) of the articular surface (e.qg.,

al§1§ikn artidiisesaifesrssth Hedafegidadasrariconiylecated only

PEHeIRD NG AaBaRAk0 WSO MEdH LR HRRR YA ABEC eV een),
more preferably, less than about 30% to 50% (%rz%gy r{\{glu

5
rrRBelR B PR B YRR s TiRas e, 464 el value
theyehgbiaangse\wvene tiseraderaltlyd dibtalthe abioutalQSarichespeticular

system can only be applied to the medial femoral condyle. Preferably, in
any methods described herein, the articular surface repair system is
designed to achieve an exact or a near anatomic fit with the adjacent

normal cartilage.

[0154] In other embodiments, more than one articular surface can
be repaired. The area(s) of repair will be typically limited to areas of -
diseased cartilage or cartilage loss or areas slightly greater than the area
of diseased cartilage or cartilage loss within the weight-bearing surface(s).

[0155] In another embodiment, one or more components of the
articular surface repair (e.g., the surface of the system that is pointing
towards the underlying bone or bone marrow) can be po.rous or porous
coated. A variety of different porous metal coatings have been proposed
for enhancing fixation of a metallic prosthesis by bone tissue in-growth.
Thus, for example, U.S. Pat. No. 3,855,638 to Pilliar issued December 24,

| 1974, discloses a surgical prosthetic device, which can be used as a bone

prosthesis, comprising a composite structure consisting of a solid metallic
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surface. WO 2005/051240 PCT/US2004/039714 51 [0147] The
prosthesis can include multiple components, for example a component

wO Etagg/&%fmglanted into the bone (e.g., a metallic device) attached to a

component that is shaped to coverghe defect of the cartilagé OveFadfHgs9714
the bone. Additional components, for example 5 intermediate plates,
meniscal repair systems and the like can also be included. It is
contemplated that each component replaces less than all of the
corresponding articular surface. However, each component need not

re AT S LIHETH SO A BPIRESFRALRS Slithecsameotrid msiadiamaterial
prestiesis aanbavesn diageriapianiedtcopiene v ihat seglacestass than

10,30%.af the bane and a cartilage component that replaces 60% of the
oot e S SR TR A e e

copapdtesh Dfapidalis nostetiabandahtogednie dathairfaciat§QF 48T with
CrUsRE TR0 ERRBls BB AT B AUDA Tl AAlECIRALRQ AL L v

achieve a near anatomic fit or'match with the 15 surrounding or adjacent
caffRig of B AREBSAREIISCA theuraF igiprcuhidparmshsteistibrsehisd
angfaustilgaieehendiayeis esiepanargintpeaetabipaxeronlsyince wil

be_aligned with the surrounding or adjacent cartilage. &0149 Thus, the
artsllc‘:zuelgnésr PepAPEy a2 %ubg}%)eg]' Wto’?@ﬂ?ﬁ%@aq@b fig RERAEBearing
potisdip(diomoee Gelesbsteantiale uvaigin freanitiye pobtidratetaatgicular
SUHRGE Ok S HATRIR B OO A TR NG IS RE RN G SYHACS
refers to the contact area between two opposing articular surfaces durlng
acHNitRSS SRPRIFRKTETIFNIFR(8ID OPR AhAIY S OIMTRIB MAtErGIsHoRe
weighbbesarenetiansicarher apgesin hie Al MaNfigifg®B@other -
femoralcondie and on. (i IPLE0Ln other embodiments, ap area of
diSEASEq A age or _ € used for arug dellvery. The
polymeric materiais can, for example, be placed inside areas of porous
coating. The polymeric materials can be used to release therapeutic drugs,
e.g. bone or cartilage growth stimulating drugs. This embodiment can be
combined with other embodiments, wherein portions of the articular
surface repair system can be bioresorbable. For example, the first layer of
an articular surface repair system or portions of its first layer can be
bioresorbable. As the first layer gets increasingly resorbed, local release of
a cartilage growth-stimulating drug can facilitate in-growth of cartilage cells

and matrix formation.

[0156] in any of the methods or compositions described herein, the
articular surface repair system can be pre-}nanufactured with a range of
sizes, curvatures and thicknesses. Alternatively, the articular surface
repair system can be custom-made for an individual patient.
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cartilage loss can be identified in a weight-bearing area and only a portion
of the weight-bearing area, specifically the portion containing the diseased

WO WEEPR/051240 PCT/US2004/054714 52 cartilage or area ofrpastilagaszori4

loss, can be replaced with an articdar surface repair system. [0151] In
another embodiment, the articular repair system can be designed or
selected to replace substantially all of the articular surface, 5 e.g. a
condyle. [0152] In another embodiment, for example, in patients with

diffppgricartilagg lossyifipRésuiRiePair system can be designed to
replace an area slightly larger than the weight-bearing surface. [0153] In

cqoaiBpspectsithe defgeine be repaired is located only 10 on one
articular surface, typically the most diseased surface. For example, in a
pdfiéhBliith selrkedainiiagiatoss sharinpeditideamaiametersliavitiiteess

SQUBIF UIPBBRE AL PIBRE q&%@@ireamfamééga qply be

applied to the medial femoral conl(e}yle referably, in any metho

dESaMmRIE Mhrein iRrdnirkioers b e Teibast 'ﬂ@ﬂ?lﬁ‘??ﬂé%ﬁ‘@ﬁ@é to

aejmma(e@a%@r@crmar@é@ﬁméwm hetasircepianemealt gartilage.
In other embo iments n{}fﬁ ne artlcijlar surface can be

repzﬁf’]ng hnt 5?35? o %E)glld rﬁe VP Fcerﬂﬁ?ﬁﬁ? ed to areas of

d cartil I I rea
o d.seaseﬁiﬁ%ﬁ?ﬁfﬁ%ﬁiﬁﬁﬁ%ﬁ%ﬁ%ﬁ% SRR

sufelaigye forlsding Bvoiaklie @nﬁ@%‘%@@?%@cmﬁ%@ﬁﬁé of
thgbﬁéi@hlaéwfmmaw tiatidheradibaes,0bthe F¥aiamdihat is pointing

s R S R b AR B

25fayerdsaprcimgwitkcfiotosf anchetellmipzo sthasis huythoeddissfleendgngveth.
changing cartilage thickness. See, e.g., WO 00/15153 to Mansmann
published March 23, 2000; if enzymatic digestion is used, certain sections
of the cartilage replacement or regenerating material can be exposed to

~ higher doses of the enzyme or can be exposed longer as a means of
achieving different thicknesses and curvatures of the cartilage

replacement or regenerating material in different sections of said material.

[0161] The material can be shaped manually and/dr automaticaliy,
for example using a device into which a pre-selected thickness and/or
curvature has been input and then programming the device using the input
information to achieve the desired shape.

[0162] in addition to, or instead of; shaping the cartilage repair
material, the site of implantation {e.g., bone surface, any carfilage material
remaining, etc.) can also be shaped by any suitable technique in order to
enhance integration of the repair material.
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Thus, for example, U.S. Pat No. 3,855,638 to Pilliar issued December 24, .
1974, discloses a surgical prosthetic device, which can be used as a bone

Wo%g%%gﬂ , comprising a composite structure consisting of a sqlid metallic

I
WO 2005/051240 PCT/US20041039714 53 material substrate ana a >0 714
porous coating of the same solid metallic material adhered to and
extending over at least a portion of the surface of the substrate. The
porous coating consists of a plurality of small discrete particles of metallic
mjsqggj bondegtoge@]%rmat their points of contact with 5 each other to
defined plurality of confidited interstitial pores in the coating. The size
a cing of-ﬁp]% B%H ,g ‘Fgﬁ&p [Str | lurality of
mnc_&q :ﬂ/er_s, can be suc% tﬁ%étﬁ%e verag%%?ééﬁ?%%?ﬁ %‘lzége%fasc};lsoq that
mr&itiaeiEYS A DeB RARERIRICAG ariREsy vtk ihersusiaandisgibuticjrcant
becarsiRNGABENHGENTERE HersshSFIRICoMRGIQ N HRCRIRNG the

surface of the coating. Jn another embodiment, the articular surface repair
oy BT YRGB B B0 B B SRS A T 8lS AP G ARASE Sodled
witiRinG Teldigdel thenapeuttie sig entt dattudiagdeegsmogibphy or the like).

PIRIMASRIEgISEIdEeT IR [ RANER RIS el

polym.erlc materia z or exampie, ) Inside areas o
CORMGIPHY [R5t AvstigdratbraIsE AN AT tiearelmsehieseabesitig a

drigshoR S RGNS RAEAHIAAE0rBRERSHIBILAIBOHOK UGS ENF smbpgliment

can be combined with gther embodiments, wherein portions of thé

arfit(l SUMHARE BBPGPBRECan be bioresorbable. For example, the
fir rof a ' ir e or partions of its first layer
L] o Ailloc i R S

loSdrageadhsr newtipn&jdhgrewthassrdelfeshgadrbg cesohmthietesinygrowth

of inestHanaisg {5e M MgErinigealiand0 12648 Ay aiingaethods.er
com%(;smns desc\%flic‘){%g he‘reénhE th% n'?lr];gcr:lélg %U{éz?%% raec%?érv Z)éséem can be
prE AL PARRAPE] FA'a9En 8D F P y o
describing the healthy cartilage by means of a parametric surface (e.g. a
B-spline surface), for which the control points are placed such that the
parametric surface follows the contour of the healthy cartilage and bridges
the cartilage defect or area of diseased cartilage. The continuity
properties of the parametric surface will provide a smooth integration of
the part that bridges the cartilage defect or area of diseased cartifage with
the contour of the surrounding healthy cartifage. The part of the
. parametric surface over the area of the cartilage defect or area of
diseased cartilage can be used to determine the shape or part of the
shape of the articular repair system to match with the surrounding

- cartilage.

[0166) in another embodiment, a near normal cartilage surface at
the position of the cartitage defect or area of diseased cartilage can be
reconstructed using morphological image processing. In a first step, the
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25 sizes, curvatures and thicknesses. Alternatively, the articular surface
repair system can be custom-made for an individual patient. WO

WO020@5I861240 PCT/US2004/039714 54 [0157] IV. MANUFAGIRING4/039714

[0158] A. SHAPING [0159] In certafit instances shaping of the repair
material will be . required before or after formation (e.g., growth to desired
thickness), for 5 example where the thickness of the required cartilage
material is not uniform (e.g., where different sections of the cartilage

reRIRERITS B2 AbELHRNAIRINGOMAIRS ialarHre Eere D5 ICKIRR R Sdemi-
[O%‘]?r’g% T eg%plafemegi[ material can be shaped by any suitable
teSPGIETRANGIRE KRBT RN RIS G tRRKIER 48 dm&emaatal 10
abtrasio, fegienanasiog, dvablatomadalibbeed eagyriceaime!)! resulting in

e Irasiog - ration of nmons.
o e A S R R R &R, or
chiap flieg wathiageotmbrirgical SesirgPP YRl @D AS TR RdNVaA<Nem® D

publisheaMaehiate| 28R dearvipain gierstion s HS & fSL i SREHoNS
15 of the far(gl e reﬁplace_me_nt or regenerating material can be exposed
to '#g,ws? Ser & BN dPLaNeRPK RIS ERPIBR & Bdalionsmesater
achityihg diffenend ,iﬂébkﬂﬁ%@ﬂtﬁﬂﬁrﬁ@@&;ﬂ:r‘e&‘@fclb@ﬂ&fﬁ@fﬁi&eh of the |
re t rati terial in different sections of said material.
o TR i A S LR P St or
exXRpRHousRig heleucenhpb@hicthe putpublomged thidkifiéss whdikor
CusHaRIEPRRSI BRRAINBY L RIGRER AERGRMIN RS Hevice YSIBGIRS of

inEut information to achieve the desired shape. [0162] Ii addition to; or
in

beLROHagR SRS BRRIShEIseRstd rRallang, Grrata® HPRMORARARN
(eqyehbasuiatthacyrtagiaganasedatalst meealniutsattdgeanalsepe
Sr@@ﬁge%@%t%\"ﬁ%%etﬁ%cs rggg%tlnpgrrtdoefr t % shape of the articular repair

~system to match with the surrounding cartilage or subchondral bone.

[0167)] As described above, the articular repair system can be
formed or selected from a library or database of systems of various sizes,
curvatures and thicknesses so that it will achieve a near anatomic ﬁt; or
match with the surrounding or adjacerit cartilage and/or subchondral bone.
These systems can be pre-made or made to order for an individual patient.
In order to control the fit or match of the articular repair system with the
surrounding or adjacent cartilage or subchondral bone or menisci and
other tissues preoperatively, a software program can be used that projects
the articular repair system over the anatomic position where it will be
implanted. Suitable software is commercially available and/or readily |
modified or designed by a skilled programmer.

[0168] In yet another embodiment, the articular surface repair
system can be projected over the implantation site using one or more 3-D
images. The cartilage and/or subchondral bone and other anatomic



10

15

20

25

enhance integration of the repair material. WO 2005/051240
PCT/US2004/039714 55 [0163] B. SIZING [0164] The articular repair
it OF match with the surrounding or adjacent cartilage, subchBhdfaPBHE39714
menisci and/or other tissue. The shape of the 5 repair system can be
based on the analysis of an electronic image (e.g. MRI, CT, digital
tomosynthesis, optical coherence tomography or the like). If the articular
repair system is intended to replace an area of diseased cartilage or lost
catffa§i! aserR sruAsiRAIIOM eanlbelaehmsie dmagegsacimasu Midior a
prayidasisg\iskialdecensiaainmeidhe shrreehhaaline i satliage in an

electrﬁnjc imaglg%[%):rLGS In one embadiment of the invention, a near
A%

noffral Ciffiftage SIHERE SRR O RidRo FaRdags Magiensrhahendisk bone
recawsttheteshayorinite shoictinesthe Wehltisytisariitgasudpar apsess the

O?%ﬁ%tggglcan be formed or selected so that it will achieve a near anatomic

R e A I P RS St PR ot

suRBEMeld: sumaspiveesmatinorioniel eseriginnadipeintuarpantanetic

sughiriaak tep rossamatie sedaee ilaysdrarantorr of e Bsalifer
carésllgg}%an%hrld%es the cartilage defect or area of dlseaggd cartilage.
The' @ity b%?t?é‘g(ﬁrﬁ%‘%aﬁﬁeﬁﬁg%@@WWp%viﬁ@@ﬁm@ﬂﬁ)«
int jon of 2 ri that bridges the. cartilage defect or area of :
dis?gggg cartil%ité%(\j‘v‘sigﬁ Ft e‘a%so%m %%'ro of tﬂefe%%%r?gﬁﬁ\a egaﬁé@?(hff"gﬁﬁﬁaags
Thesrepe tiiepanatwstie sintives aadtthe adivdathepairtiysiedefectoar

areAcRhedi HaBSLHFAMIINEIeRM R SRdm detREifR Ihe Rhap t of
the shé%pe of the artjcular repair s _s?éﬂr’i] to match with %?e surrga?r{s Ing 25

caffAdRe B RIECFL s Sraisedimelrnatiasiientie mpirssatatimeef

at the cartilage, subchondral bone, menisci and other anatomic structures
and the articular repair system are rendered into a 3-D image, for example
application programming interfaces (APIs) OpenGL® (standard library of
advanced 3-D graphics functions developed by SGI, Inc_; available aé part
of the drivers for PC-based video cards, for example from www.nvidia.com

for NVIDIA video cards or www.3dlabs.com for 3Dlabs products, or as part

of the system software for Unix workstations) or DirectX® (multimedia AP
for Microsoft Windows® based PC systems; available from
www.microsoft.com). The 3-D image can be rendered showing the
cartilage, subchondral bone, menisci or other anatomic objects, and the
articular repair system from varying angles, e.g. by rotating or moving

them interactively or non-interactively, in real-time or non-real-time.

{0170] The software can be designed so that the articular repair
system, including surgical tools and instruments with the best fit relative to
the cartitage and/or subchondral bone is autorﬁatically selected, for
example using some of the techniques described above. Alternatively, the
operator can select an articular repair system, including surgical tools and
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wo W62,4992/051240 PCTIUS20041039714 _5b cartilage can big

the position of the cartilage defect or area of diseased cartilage can be
reconstructed using morphological image processing. In a first step, the
from the electronic image using magual, semi- automated and?gﬁgﬁgﬂmwm
automated segmentation techniques (e.g., manual tracing, region

growing, live wire, model-based segmentation), resulting in a binary

image. Defects in the cartilage appear as indentations that can 5 be filled
Wit‘iﬂsq ologi 8@ ' atign.performed in 2-D or 3-D. with an
apprpﬁ%g%g'l% sz%le%?é gﬁ%?{u%?ﬁg !eilgrrggr?f‘er'ﬁqen cﬁgtsalﬁanosﬁ%?a%%ﬂgis
tyFisifbl e dviple @ ad peiRitivasolldweebbiater erosiony Aalithtiotaiegiator

- selFiBaAUEsa RYSLRLHS MHIBUIMARRIR Jréfa%!@ﬁ@ﬁﬂ’éﬂt%&esﬁ%

structuring element lies inside a region in the source image. An erosion

opBPEiERL e I RNMEHRURASSHRR LR fthelern therEiviaraepair
straytein guedetre it tilas intisies e ging sthe mp%&m%@@-ﬁ@%ﬁﬂ?ﬁ&f
th il fect or area of diseased cartilage creates,a new. surface
o e R A
beagsiryed ddiaminecthe siiapdemeaicroiet evsinapsdobyHibadimiatore pait
15 gystarndmmateh witidhe,swHoRNsking saktilags ar stbehondral bone,

[0167] As described above, the articular repair system can be formed or

sef&geh Rt Kbiaraet H&t&%@ﬁﬁ@%téﬁ%té¥%'aTm§%¢zéﬁer can

cugvalutes thedithiTksesserse tantibvdsaghievena neas @@ﬂtgmigrftta%as
m%$h with.the surr u&?)in 8{ adjacent ca§§g$e and/or.subchondral bone.
2 _

Rest aﬁ)gs WAL ONSE braSRRESE AN MNP SRR AR

ese s ems can
pasigpthondoatipene comeniishidit@hendishues thBzaditolathispafosystton,

wihdesurouPiasaeatiRcen fRladeLRYiRianiakPang pLaROIsC

and_other tissues preoperatively, a software progra e use

pr3jRaRke SheabFHE daithe _tEMbiradhebsailmin sRirpiomedibre it

wikhe@Tismaaitdb S wtabieiseBrejeaisssnmersiaiy saaiiableisag/or

o3l
[10171] In another embodiment, the implantation site can be
visualized using one or more cross-sectional 2-D images. Typically, a
series of 2-D cross-sectional images will be used. The 2-D images can be
generated with imaging tests such as CT, MRI, digital tomosynthesis,
ultrasound, or optical coherence tomography uéing methods and tools

- known to those of skill in the art. The articular repair system can then be
superimposed onto one or more of these 2-D images. The 2-D cross-
sectional images can be reconstructed in other planes, e.g. from sagittal to
coronal, etc. isotropic data sets (e.g., data sets where the slice thickness
is the same or nearly the same as the in-plane resolution) or near isotropic
data sets can also be used. Multiple planes can be displayed

- simultaneously, for example using a split screen display. The operator can
also scroll through the 2-D images in any desired orientation in real time or
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modified or designed by a skilled programmer. [0168] In yet another
embodiment, the articular surface repair system can be projected over

WO %%l%%%gtatlon site using one or more 3-D images. The cartilage and/or
chon

su ral bone and other anatogjc WO 2005/051240 ~ PCT/US2004/039714
PCT/US2004/039714 57 structures are extracted from a 3-D electronic
image such as an MRI or a CT using. manual, semi-automated and/or
automated segmentation techniques. A 3-D representation of the
cartilage alr{d/ot ubchondral bone and other anatomic structures as well
as the arficliarrEfanrsyaioh PR etk faemagrd fasime/akimg avhidygon
ordeR Bssulfacerticutnesppar aysestic cu B igREgsaNRERRsEY Bon

desarintion. ) . : tons Seo Tt
e B R 0 Bl 0 BRI B S Rabhce in
Ccichion 0pss ey the @ dimrgandsnojtteaigHbaartingesentations of
tngaidnaranoster subsbendiaidh bes ke g g rucures

angd the articn‘ﬁr r? air system can be merged into a common coordinate
{ﬁﬂﬁ&r%ﬁﬁ? Lrsd far tag FHiSvisE Toeais s vitee. dBeir@dD

ingtanionirsitge Bhe thppERotaionfepfetinemsiasanshisRondtaane.

mepisel. H%Ige_ig 'ngutp” ic structures and the articular repair system are
SRR, é-g agﬁfgﬁr"é’%%cp’l‘e"ﬁgr Vighe RSB odr 3 RHisYiar

rendered Iinto a

infEFBiESYTIEM SPO BT ) astesh @b thidibesiredfiraphemtsiich3:E graphics

fugsitiongfde . I t _of the dri f
pc-base:%Viﬁ’;%fﬁifﬁ“;ﬁ%?’éx%%’%%*ﬁmﬁﬁ%f & SRRl

vides AL LB PN RERRBY. B¥HFBsD ABsisriaxrisnierastpaly (f théne
syseratepfivasertol thiniugharksabons sacdai of RpLiuHERes RGB! £0
f ' it Wi sed PC systems; ayailable from

S B S Bl s nom
céﬁﬂh@f@,@subchondral bone, menisci or other anatomic objects, and the

arti repair system from varying angles, e.g. by rotating or movin
[téq.}lg]r _p_ éy RaAPIbD PrRO orgpmg g- by g g

[0173] Rapid protyping is a technique for fabricating a three-
dimensional object from a computer model of thé object. A special printer
is used to fabricate the prototype from a piurality of two-dimensional
layers. Computer software sections the representations of the object into a

| plurality of distinct two-dimensional layers and then a three-dimensional
printer fabricates a layer of material for each layer sectioned by the
‘software. Together the various fabricated layers form the desired
prototype. More information about rapid prototyping tecﬁhniques is available
in US Patent Publication No 2002/0079601A1 to Russell et al., published
June 27, 2002. An advantage to using rapid prototyping is that it enables
the use of free form fabrication techniques that use toxic or potent
compounds safely. These compounds can be safely incorporated in an
excipient envelope, which reduces worker exposure
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them interactively or non-interactively, in real-time or non-real-time. 25
[0170] The software can be designed so that the articular repair system,

WO 3psiddlagpsurgical tools and instruments with the best fit relatheTiostoe:/039714

cartilage and/or subchondral bone%$ automatically selected, for example
using some of the techniques described above. Alternatively, the operator
can select an articular repair system, including surgical tools and WO
2005/051240 PCTIUS2004/039714 58 instruments and project it or drag

it f[r1tathe implantatidersiieturiagd Bitibedosts prsliestnissigseThe
operator can move and rotate the .articular repair systems in three
s R R S P e Bt e
?n@'pb@ﬁ@?ﬂomheaﬁlimédﬁba puvertisutiiecbfiainsadpstien smddbevith a
In3plaatRliahRite: stiaUisHALiBERCFHMNHAEhRS £OFRHIEK &%&'i&%‘h&@&r
rocedure can be repeated until a satisfactory fit has begn ac Leved. he

P | J .
pRICEEUTERANIBR PRFEIHAEESAA RN SRPHIS Goaidsr. futis opimtbe
cpmptitetaesister tuthplevaeRaitiFes RN tRERAVERID IR IRl a
firgt trial imoyﬂla ttpa{hth% OP atgr can test. The operator can 10 evaluate
oS AN it e Rl Bed ol I B oRsee 5 AR RIRCAMIEE Y poor
aﬁ@#ﬁ@ﬂ%émmib@mmtm stirachdiygrcariagespond to the
swheRonAiahbians weasiss: MelsilsrRaRased.on findaimaton,
ot ant and test s

the software or the operator can then select another imp S

aRGHHRRIORS R SRk ARBIS P Ralen) Bublisatienstiect, modify 15

- apdwEIRabs Avieiscermuse cpEVgsantsHet theRumBses slesssiped

herein. [0171] In another embodiment, the implantation site can be
vidudified usintherrenid protetyring-sattisadh2-BvintigessTopricaiges
SeHem 244 GERSSHEGUMRMAsEs W PE weed. fiNg 2:Rimages,can be
20 generated with iimaging tes'ts suchas CT, M%ﬁ%tg??&ﬁggﬁt é’sis,

uRiRESSIRNaH P BpReaIebRerbrRIghBYgrashynEsRigtatema e astitsols

this scenario, each two dimensional image slice would correspond to a two
dimensional prototype slide. Alternatively, the three-dimensional shape of
the defect can be determined, as described above, and then broken down
into two dimensional slices for the rapid prototyping process. The
advantage of using the three-dimensional model is that thé two-
dimensional slices used for the rapid prototyping machine can be along
the same plane as the two-dimensional images taken or along a different
plane altogether.

[0176] Rapid prototyping can be combined or used in conjunction.
with casting techniques. For example, a shell or container with inner
dimensions corresponding to an articuiar repair system can be made using
rapid prototyping. Plastic or wax-like materials are typically used for this
purpose. The inside of the container can subsequently be coated, for
example with a ceramic, for subsequent casting. Using this process,
personalized casts can be generated.
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' i e reconstructed in other planes, e.g. from sagittal
wo G&igljmages can b P 9 047039714

known to those of skill in the art. The articular repair system can then be
superimposed onto one or more of these 2-D images. The 2-D cross-

to 25 coronal, etc. Isotropic data sgts (e.g., data sets where fhedhig
thickness is the same or nearly the same as the in-plane resolution) or
near isotropic data sets can also be used. Multiple planes can be
displayed simultaneously, for example using a split screen display. The
operator can also scroll through the 2-D images in any desired orientation

in &Y Hime or \Repsopsiebrim a0 b ssebioopwriusinpartar asabtime:
theysperaiorasia pitiegoaged fesreielime whikuEeine g B

arficular repair system can pe displayed in cross-section utilizing different
dis&%?%ﬁ%"%gls,ﬁg?fys Siﬁg‘ﬁ%{g}%ﬁ) rI‘(S?’%)?&?fWéﬂ?W@ﬁ% those of

thinzaDpienaties mensonstnatit habdeartitegmrisdbchondral bone, menisci
or_other tissue. Alternatively, a three- dimensional display can be used for

thB3Rular replair sy SRR T EGHNRSES onic image and the 2-D or 3-D
repIes, tation igf.th(? articular.repair system can be merged into a
cotr?iumg}rw‘| coordiriate Bﬁ‘iguﬁ{mf% SHREM P ERRIEDL e Berpamshose
plackebatatiectiesiate anjetentabia sitef The 4Qseses of tRdknee using,
CrRsSs j f tomi the | ion_site and the
D e RO s

cEM%Rb AhASSPRiela R T IBRt &SF s asknimardetiiéepiag. as an
imation that th the series of slices), in real-tin -
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plurality
thesRepiitiairdacinableragiypreantteldhe joint. Thereafter, the medial

portal can be incorporated into the operative incision and/or standard
lateral portals can be used.

[o181] Once an appropriate incision has been made, the exposed
compariment is inspected for integrity, including the integrity of the
ligament structures. If necessary, portions of the meniscus céh be
removed as well as any spurs or osteophytes that were identified in the AP
x-ray or that may be present within the joint. In order to facilitate removal
of osteophytes, the surgeon may fiex the knee fo gain exposure {o
additional medial and medial-posterior osteophytes. Additionally,
os{eophytes can be removed from the patella during this process. If
necessary, the medial and/or iateral meniscus can also be removed at this
point, if desired, along with the rim of the meniscus.

[0182] As would be appreciated by those of skill in the art,
evaluation of the medial cruciate ligament may be required to facilitate
tibial osteophyte removal.
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20 plurality of distinct two-dimensional layers and then a
three-dimensional printer fabricates a layer of material for each layer

WO H88HohEd by the software. Together the various fabricated |&¢8r¥ $aoa+/638714

desired prototype. More informati®A about rapid prototyping techniques is
available in US Patent Publication No 200210079601A1 to Russell et at.,
published 25 June 27, 2002. An advantage to using rapid prototyping is
that it enables the use of free form fabrication techniques that use toxic or
pdfEtixjompoutdssiieljpiitmstacempave tecapepsaie)rnacupesdated

OB TR R0 D 101720 A powder piston and buitd

. bad-aigyprovided. Powggs; Priudas any material (metal, plastic, etc.) that

can be made into a powder or bonded with a liquid. The power is rolled
frgiéseeder stuinsantitheadspireageo ohfi@ Qurfacheihadaed. The

thic fthe | is.coniralled 5 e computer- The print head then
e e B A
ddsidanth@ngsetpeingisidsing nrsiedexpigseghia meidial incodyée it bed
andhSrRTFRSSiAT SRR RANALR erhiRiinoflb LA RAS TeME Y Witable
controlled at each layer to correspond to the three-dimensional location of

thE e A0e Bthvet aRtealPragutiis” dsprReshng Bedial plerasiase fof-
exarpitordfobadant Puidiaptioaita220340d F36RA4 inidankhersmebal.

pyblished. Septemper 18, 2003., [0175] The rapid prototyping, can use, the
e SR P Bl G Wl B A S e e e ot
déterining ebohldbhBened-tdintengiGnAlkstmpres Renoaich thictZertetyastoof
the R IARPIRG MARNNS A LPHISREGNAES) 88600 dinansipnaldmage

slice would correspond to a two dimensional prototype slide. Alternatively,
th e ARG A dredariprt staighbaaskdimfnat iastances,

dessgsikaddbot/ealgud shesshrakepadpwisdniorivep Himaisianal slices for
the rapid prototyping process. The - -
[0186] To insert the device of FiG. 2 into the lateral compartment,

perform a mini-incision arthrotomy lateral to the patella tendon. Once the
incision is made, expose the lateral condyle and prepare a lateral sleeve to
about 1 cm below the joint line using a suitable knife and curved
osteotome. After preparing the lateral sleeve, place a Z-retractor around
the lateral tibial plateau and remove anterior portions of the meniscus and
the osteophytes along the tibia and femur. Remove the Z-retractor and
place the impiant againét the distal aspect of the femur and over the tibial
plateau-edge. Hold the implant at a 45° angle and rotate the implant
against the lateral condyle using a iateral to medial push toward the lateral
spine. In some instances, application of varus stress may ease insertion of
the implant.

[0187] Once any implant shown in FiG. 2 is implanted, the device
should be positioned within 0 to 2mm of the AP boundaries of the tibial
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advantage of using the three-dimensional model is that the two 20
dimensional slices used for the rapid prototyping machine can be along

Wot%‘ﬁ)méjlane as the two-dimensional images taken or along a different
plane alto

gether. [0176] Rapid protgiyping can be combined  {SEF 039714
conjunction with casting techniques. For example, a shell or container
with inner 25 dimensions corresponding to an articular repair system can

be made using rapid prototyping. Plastic or wax-like materials are
ty PREBIRR U SEW RIABIENPRRPO SYeT e iheithsl afthartivatioercdahe range of

SUBSERILSRURS tREASE pifoRnBa RILUNIRA FRIGIIE. U Alihsgquent
cagn&ql{;mgﬁthls rocess, personalized casts can be generated. WO
2008155348 @?/%%MW%'B@[@@7~°7’]°R‘A%?ﬁ?oéﬂi?§-yi’@g0éélﬁﬁbe
useimdpsquirting uticiter teepain RyskemsnRape pretotyping can be

performed at a manufacturing facility. Alternatively, it may be performed
in {94 BeratingAoui berapareiatad o thiveeméakillriententtasdtimal

peffermasht>fold 8l:aRURBCA T HIEN QUF Be iU LIPS iopretgdli(n
perfo&?%ng%gﬁrger on a patient, the sur%eon can pFreoperatlve y ma ega
|

detél ARG MR SR BN B RYRG PIBr @R@®ieomN erect
ARcRamelincperiasiunonaienprintive 853RssNEatAaerhANd Ratalla

sp r identified. 10 [0180] Using standard surgical
tec?f?rﬂé@s?t §§§t‘?§é{?@]§§§ﬁﬁgﬁ?§f 35%%%?3%5?&% ﬁ#ﬂ?ﬂé‘iﬂ Brder to
préifiacedbs tensatisnaloncepetibtross-therkbes|aig, todfestepaied.

A mediadpqital can be used initially to enable arthroscopy of the joint.
Thereafter, the medial portal can be incorporated into the operative

ind@i@sand/or Bandateddyiatcralartslgstambe used. [0181] Once an
appropriate incision has been made, the exposed
0190]) To insert the device 300 shown in Fig. 3, depending on the

condyle to be repaired either an antero-medial or antero-lateral skin
incisions is made which begins approximately 1 cm proximal to the
superior border of the patella. The incision typically can range from, for
example, 6-10 cm along the edée of the patella. As will be appreciated by
those of skill in the art, a longer incision may be required under some
circumstances.

[0191] it may be required to excise excess deep synovium to
improve access to the joint. Additionally, all or part of the fat'pad may also
be excused and to enable inspection of the opposite joint compartment.

[0192] Typically, osteophytes are removed from the entire medial
and/or lateral edge of the femur and the tibia as well as any osteophytes
on the edge of the patella that might be significant.

[0193] Although it is possible, typically the devices 300 do not
require resection of the distal femur prior to implanting the device.

Pann R nf A7
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compartment is inspected for integrity, including the integrity of the
ligament structures. If necessary, portions of the meniscus can be

wommnsasegias well as any spurs or osteophytes that were identiieg iR 030714

AP 20 x-ray or that may be presentédithin the joint. In order to facilitate
removal of osteophytes, the surgeon may flex the knee to gain exposure
to additional medial and medial-posterior osteophytes. Additionally,
osteophytes can be removed from the patella during this process. If

nebiessay:, thesapdinl BorEauptesl Pagiisermeanalso N8 sraguadathis

25ﬂ9é)'5rrg i;desired, along with the rim of the meniscus. [0182] As would be
appremcjﬁegtby those of skill in the art, evaluation of the medial cruciate

lig may bg:regui aglitate.. tibial, osteophyte re l. WO

20 51% 1240 &é%@&@%3%4%1@%%&%@]‘%@%?Hérj:%  teieRes |
haRRSHIEEN | Seisier santiien daRigcad siaths canddnubicbdavirdiibg alistal
[03&abr TibtahBlateny HARSEARIBsIHLBEHRYIS,INALTIG ﬁ&t&éﬂ?
m glales com&ﬁrt enlﬁfe%‘otm mini-incision arthrotomy medial to the
oot rER A A lE THE e FA B ssinieineerdondy and
prepadile. Maltishs|gaidetin phamet, hales betouitiel jpit finccesingeasuitable
k%&e b H{Jel'df:o: urtq[geﬁ Jgit‘etrf 'rt a(m the m@gl@.l_Sle \‘/e’ place az
retractor% zﬁ%unf thi?rr?edid tibial p%tgegt‘f 5?% &é‘?nd ve denBrEdEhs of
1(PtRaeHe HiscBYiaR ibtrmnMed BRYtthedrongth $08is rstalmmion ithis

paintfatacokes ot be digsaedaaRout 69 o ﬁ@lﬁ%t@?%‘f@ﬁ&e of the

Z-retractor .and place the implant against the most distal aspect of t
fe’nr“lnlﬁ)r%anrt%é%@é? %?%&Vﬁateau edge. Push the implant straight back. In

O T8 (010 et g B BT RR AR 0. ing

cc%?) § 300 of 6. 3, or the implant 400 of FiG. 4, or where a condyle
and a portion of the patellar surface is to be repaired, e.g., using the
implant 500 of Fi. 5, the surgical technique described herein would be
modified to, for example, provide a greater incision for accessing the joint,
provide additional apertures for receiving the pegs of the implant, etc.

- [6196] ‘C.  Patellar Repair System

[0187] To insert the device shown in Fia. 7, it may be appropriate to
-use the incisions made laterally or medially to the patelia tendon and
described above with respect to Fig. 2. First the patella is everted laterally
and the fat pad and synovium are bent back from around the periphery of
the patella. If desired, osteophytes can be removed. Prior to resurfacing

the natural patelia 620, the knee should be manually taken through several
range of motion maneuvers to determine whether subiuxation is present, If
subluxation is present, then it may be necessary to medialize the implant
600. The natural patella can then be cut in a planar, or flat, manner such

that a flat surface is presented to the implant. The geometric center of the
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perform a mini-incision arthrotomy lateral to the patella tendon. Once the
incision is made, expose the lateral condyle and prepare a lateral sleeve

wo%e%ﬁ%&- cm below the joint line using a suitable knife and 9&(&%2004 039714

osteotome. After preparing the lategal sleeve, place a Z-retractor aroun
20 the lateral tibial plateau and remove anterior portions of the meniscus
and the osteophytes along the tibia and femur. Remove the Z-retractor
and place the implant against the distal aspect of the femur and over the-
tibj I .edge. Hold the implant 45 angle and rotate the implant
ag_alr%ﬂ[étihe a'?e?a%%ﬁ%y?ﬁewﬂgﬁnggqa mfiS ﬁﬁ%ﬂ%ﬁﬁ?%%@% lateral
ZQWﬁét W@oh@ﬁﬁmwﬁﬁmmfwaxstmpm S one or
INSeHH 'rﬁ@l@g YA I shown in FIG. 2°|s
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botfffRNdeRags Sif-pIAs bopisb PS40 PCTIUS2004/039714 63
pli{ﬁ%{é and su%?rim lsTed over the boundary. Verification of the range of
motion lhould thén b pgrformed to confirm that there is minimal
tr fon of the | tioning | nfirmed, closure, of the
T bertormed b G e BRI GBI TS S wil be
afpebineditegainssd s bsusbatihe sunases ces seietituiahe sufece
of ithplétitatplaeriddayipg desieable depending on the configuration of
the implant 200. For example, one or more channels or grooves may be
fotA#Wbn the Shefdomegbihg dibiatipkidaalf tmbesamamediteanchosing

MRS MRS YRR A IB6IKS ;é]ﬁ ' 10§L§5. 2K or the translational
movement cross-me%n ers g \ 1%59%%#% in° l ?.r%tl\ﬂf‘r\ﬁr[%wg] B.
CARagTRtRR pHilsiatisien e b SiBarstive devicinB0thshoventioR 6. 3,
deenmirg:efdines eRrBALO RRFGRABERGINRHhAVERBRIRNL.
antgro-lat?[al I§kln . . . .
apparent 1o the practitioner skilled in the art. The embodiments were \
chosen and described in order to best explain the principles of the
invention and its practical application, thereby enabling others skilled in the
art to understand the invention and the various embodiments and with
various modifications that are suited to the particular use contemplated. It
is intended that the scope of the invention be defined by the following
- claims equivalents thereof.



15 incisions is made which begins approximately 1 cm proximal to the
superior border of the patella. The incision typically can range from, for
example, 6-10 cm along the edge of the patella. As will be appreciated by
those of skill in the art, a longer incision may be required under some
circumstances. 20 [0191] It may be required to excise excess deep
synovium to improve access to the joint. Additionally, all or part of the fat
pad may also be excused and to enable inspection of the opposite joint
compartment. [0192] Typically, oste@phytes are removed from the entire
medial and/or lateral edge of the femur and the tibia as well as any
t on the edge of the patella that might be significant. [0193]
Wﬁfﬁ%ﬁ@%sﬁble, typically the devices 300 do not require resection
of the distal femur prior to implanting the device. Pane 91 of t7 WO

1, @9%&9&%&9&@&%%%9@%?%%E%W%\é% él%gsxﬁgﬁgmf?ao&?a%%ﬁa”
be perf ant.

__be performed to provide a surface for the implant. [0194] At this juncture,

Infqriar At ag RIDIER YRR T ABKRIE PORIFEH. Al dRAdEaATIREPhEMe condyle

of m@mwm&wéﬁﬁﬂdﬁlﬁé&hm caYeRsthe gilﬁtabécf;@@@éal £aEiage é@hm of a
ide enables the surgeon.to termine plac .ent a ertures_t at
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malcREahL! @a@ﬁ@@a@%%‘%‘?ﬁ%% bave heen Grertedidne QUdR S, perior

removed and the implant 300 is installed on the 10 surface of the condyle.
sutasmEht Ea B tisEHES facilitate adherence of the implant 300 to the
condyle. [0195] Where more than one condyle is to be repaired, e.g.,

2. 15 e RS ARPLEG:S 2505 Map gt A0 8L BIG AU A i o
patient.

3. The implant of claim 1 wherein the implant has a thickness of 85% of a cartilage

defect in a patient.

4 The implant of claim 1 wherein the implant has a thickness of between 85%-100% of
a cartilage defect of

a patient.

5 The implant of claim 1 wherein the implant has a thickness of a cartilage defect plus

z predefined ofisel value,

6. The implant of claim 5, wherein said offset value can be seiecied o adiust for axis

ralalignment.

7. The implant of claim 1 wherein the implant is constructed of & material comprising
metal or metal alioy.



and a portion of the patellar surface is to be repaired, e.g., using the 15
implant 500 of FIG. 5, the surgical technique described herein would be
modified to, for example, provide a greater incision for accessing the joint,
provide additional apertures for receiving the pegs of the implant, etc.
[0196] C. Patellar Repair System [0197] To insert the device shown in Fic.
7, it may be appropriate to 20 use the incisions made laterally or medially
to the patella tendon and described above with respect to FIG. 2. First the
patella is everted laterally and the fat’pad and synovium are bent back
from around the periphery of the patella. If desired, osteophytes can be

8. THEY 599 ﬁ%‘é @r%ﬁﬂ% & anual !:?d?e@%ﬂetQFr%B%eb?&B&Qaﬁ?

manu en t roug several 25 range o motlon maneuvers t
act %r&a’}ﬁ%ﬁ%é Whether subluxation is present. If subluxation is present then it
may be necessary to medialize the implant 600. The natural patella can
9. Themrbganitdhclephabarnerflathenammenisachathdtweitied surtagesis, active
mal¥esented to the implant. The geometric center of the WO 2005/051240
PCT/US2004/039714 65 patella 620 is then typically aligned with the
eometric center of the |m lant 600. In order to anchor the implant 600 to
10 ?ﬁ@%‘é‘f@f%‘%@o&%@ %W?ﬁ%ré HE S BRRp GO & A HéQE%E 1SR Ay
anpgtefliPirface to accept the pegs 610 of the implant 600. 5 [0198] VI.
KITS [0199] One ore more of the implants described above can be
11. C%béﬁﬁr%%e&"&ﬁwiﬁ akitsuch thatibe surge el gan SIRck ONSOIRAIEhe of
tnelTIRI20SS 10, be-used during suracry, (0200 10 laredping descriplan of o
Iments o invention has been

, resent
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or to limit the invention to the precise forms disclosed. Many modifications
12 andkvenpdiens wilhe 1 further having a plurality of structures for attachment.

13, The impiant of claim 12 wherein the relative orientation of the structures for
attachment are selected from the group consisting of. symmetrical, asymmetrical,
rows, circles, friangles, and random.

4. The implant of claim 1 wherain a second component of the implant covers a
portion of a patellar surface.

15. The implant of claim 1 whearein each of the superior surface and inferior surface
have a slope relative to a longitudinal axis through at least a portion of the implant and
furthar wherein the slape of the superior surfacs relative to the slope of the inferior
surface is selected from the group consisting of. posiiive, negative, and nuill.

16. The implant of claim 1 wherein the exiernal surface of the implant approximates

the shape of one of the condylar, trochlear, tibial and pateliar articular surfaces.

17, The implart of claim 1 wherein a condyie mating surface of the implant has at least

one planar surface for mating with a condyle surface.

18. The implant of claim 17 wherein a femoral condyle surface is prepared for

receiving the implant,



apparent to the practitioner skilled in the art. The embodiments were
chosen and described in order to best explain the principles of the 15
invention and its practical application, thereby enabling others skilled in
the art to understand the invention and the various embodiments and with
various modifications that are suited to the particular use contemplated. It
is intended that the scope of the invention be defined by the following
claims equivalents thereof. 66 WHAT IS CLAIMED : 1. An implant
suitable for a condyle of a femur havirg a superior surface and an inferior
surface wherein the superior surface opposes at least a portion of the
16,5900 o1 e femurAnddns tohiea. and e Infetior.surface opppses at
least a‘portion Of a weight bearing portion of a tibia SUrfade and-a patella;
recaiNtMutRemmiastein at least a portion of the superior surface has a
three-dimensional shape that substantially matches the shape of at least
a portion of an uncut articular surface that the superior surface of the
1o iﬁ%é’ﬁ‘tp?dﬂ@f Feihd SBRIF O F AR WhEHERHE infipRaiehay prming at
leathicknessof actrtidaigerdatesitintas patient. S d benmplantot daing Inglant.
wherein the implant has a thickness of 85% of a cartilage defectin a
patient. 4 The implant of claim 1 wherein the implant has a thickness of
20. péw§viEam BB R-280% '0f e @iAd§ 8 Bttt BT e Fatiéne 5 TIReee|alt'emoving
horfdlaim | wherein the implant has a thickness of a cartilage defect plus a
Predefined offset value. 6. The implant of claim 5, wherein said offset
value can be selected to adjust for axis malaiignment. 7. The implant of
21, dlasmripienérdin dve i plastds doastracied ofrdemate naticomprigingranetal

carﬁ’l%&é@tal alloy.

22. The impiant of claim 20 wherein the condyle surface is prepared by forming at

least one planar surface to mate with the at least one planar surface of the implant.
23. The implant of claim 1 wherein the implant is selected from & library of implanis.

24 The impiant of claim 1 wharein the implant is surgical implanted via an ingision of

10 om or less.

25. The implant of claim 1 wherain the implant is surgically implanted via an incision of

G om or iess.

28, The implant of claim 1 wherein the range of motion of the joint is resiored o
between 80-99.9% of normal joint motion.

27. The implant of claim 1 wherein the range of motion of the joint is restored fo

between 90-82.8% of normal joint motion.



67 8. The implant of claim 1 wherein the material comprises one or more
biologically active materials. 9. The implant of claim 5 wherein the implant
is coated with a biologically active material. 10. The implant of claim |
wherein the implant is comprised of a metal or metal alloy and a polymer.
11. The implant of claim I further having a structure for attachment on at
least one of the superior surface and the inferior surface selected from
the group consisting of: ridges, pegs, pins, cruciate stems,
cross-members, teeth and protrusiof@. 12. The implant of claim 11 further
having a plurality of structures for attachment. 13. The implant of claim 12

28 Wherainithe selative ousRialionefthg SEUGies arRliachment #fed

selectﬁed from the group consisting of: symmetrical, asymmetrical, rows,
belypeg iiangles ARATAhESh P he implant of claim 1 wherein a

second component of the implant covers a portion of a patellar surface.

29. %%e@%%e%f'&% %&@WM%{% i%%@%&%@l%ﬁ%‘%%%’go% Iﬁ?&sgcﬁ 0

inferior surfrace have a slope relativ a longitudinal axis throu
betggsorfidregfthedhisianedat faaket wherein the slope of the superior

surface relative to the slope of the inferior surface is selected from the

roup consisting of: positive, negative, and null. 16. The implant of claim 1 |

30 Wierain'ahe dxierai s"&?ﬁé’@g‘d?ﬁf@*ﬁﬁﬂ%ﬁﬁﬁ%%’s&%‘é‘f@gg%@é?r%%é'i gprien of
a seneobthegendylae feochlear, tibial and pateliar articular surfaces. 17. The

implant of claim 1 wherein a condyle mating surface of the implant has at

least one planar surface for mating with a condyle surface. 18. The
S1. il anesrélaim amwhereraa fembiaPcondyie stifaeesRe s épafedEfsrng from

the KRGRIMEIG: the iaRlapkH8: 48:ddhe bnplantofiglaim 17 wherein a femoral
condyle surface is prepared for receiving the implant.

32. The implant of claim 1 wherein the implant further comprises a keel extending from
the superior surface, wherein the keel s in a recessed position from the medial and

lagteral side.

T

P
S

he implant of claim 1 wherein a portion of the superior surface sits within a plans.

34, The implant of claim 33 wherein the portion ¢of the superior surface that sits within

a plane mates with a planar cut on 2 surface of the femur.
3&. The implant of cladm 1 wherein the implant mimics an anatomy of a healthy joint

3&. The implant of claim 1 wherein the implant mimics an anatomy of a joint prior to

SUTgEry.
37. The implant of ¢laim 1 wherein the implant mimics 2 targeted anatomy of & joint,

38, The implant of ciaim 1 wherein the implant is placed within a joint space during a
surgery without performing ligament balancing.



19. The implant of claim 18 wherein the condyle surface is prepared by
forming at least one planar surface to mate with the at least one planar
surface of the implant. 20. The implant of claim | wherein a femoral
condyle surface is prepared by removing bone. 21. The implant of claim
20 wherein the condyle surface is prepared by removing cartilage. 22.
The implant of claim 20 wherein the condyle surface is prepared by
forming at least one planar surface to mate with the at least one planar
surface of the implant. 23. The impldft of claim 1 wherein the implant is
selected from a library of implants. 24. The implant of claim 1 wherein the
a0.TplaNt 3 suplicalimpianted via.an incivion.of, 40,001 65225 The e
|mp‘1azﬁ;r ot claim 1 wherein the implant'is surgi a?y |mplante8 via an
IMGRETSROIT 6 PBIENG H19BBE. 1 PH!5Me implant of claim 1 wherein the range of
motion of the joint is restored to between 80-99.9% of normal joint
S : 0, ; a
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between 95-99. 9% of normal joint motion. 29. The implant of claim 1
41 Wherginthe range-of motion efihe joinkis eestored to between 93-99.9%
of normal joint motion. 30. The implant of claim 1 wherein the implant is
formed to oppose at least a portion of a second condyle on the femur. 31.
42 The implant of @iaim’l Wheseinethedimpltfeitiér comprises a rail
extending from the superior surface on one of a medial or lateral side. 32.
42T implant of claim L uheren i implant further comprises a keel
g from’ the superior surfacte, whérein the keel is in a recessed
position from the media! and lateral side.

44, The implant of claim 43 wherein the fillet is exterior to & posterior portion of a tibial

spine.

45. A kit for repairing a knee comprising :



33. The implant of claim 1 wherein a portion of the superior surface sits
within a plane. 34. The implant of claim 33 wherein the portion of the
superior surface that sits within a plane mates with a planar cut on a
surface of the femur. 35. The implant of claim 1 wherein the implant
mimics an anatomy of a healthy joint. 36. The implant of claim 1 wherein
the implant mimics an anatomy of a joint prior to surgery. 3-1,. The
implant of claim 1 wherein the implant mimics a targeted anatomy of a
joint. 38. The implant of claim 1 wheféin the implant is placed within a
joint space during a surgery without performing ligament balancing. 70

39 ) | : . Iy :
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angyhistigifacirddenag dmpanpiEaca: Whesitdhedarsiaend iemecaummant
su@dgl@gzpegglscgw%é%%t h%@fﬂﬁm@éY,tNéigéﬁw%@‘%%H%@Pﬁﬂ?ﬁé@ﬁ@l’alé%; Jﬂﬂft_he
. implant of claim 1 further having a beveled edge. 42. implant of claim
IO RSFRE R AP TE 67, SR 30T FeANEAShE APEICL AR HBGH g2 2
patﬁllet_.am. Wh@énwﬂhargiofaslmast@mﬁmeiof_me ﬁﬂeei@ektgﬁmpmmeeiaas 3
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emoral condyle implant comprising a bone-facing femoral implant surface

an HHW&?&?ﬁW&cﬁ’Hﬁ 46%%%%18% aﬁﬁaé%ﬁ‘é?é?ﬁfﬂ?ei@@'@é‘ffa@ﬁ@i and
femoral implant surface opposes_at least a portion of the femoral condyle
i P L S e

surfeastdd fpertisteis artbiatstrfaceuaadatpatipsgrdtifertdmeliaherein at

least a portion of the bone-facing implant surface has a three-dimensional
shape that substantially matches the shape of at least a portion of an

48 UneutAnieulaesuEfacethatthe hope-aeingsurface of the implant abuts;
and a patellar implant comprising a first surface that engages the femur

mating
a femoral condyle component having a supsrior surface and an inferior surfaces and &

top portion and a hottom portion with a curved lateral edge extending therebetween:
wherein the superior surface opposes at ieast a portion of the condyle of the femur
and the trochiea, and the inferior-surface opposes at least portion of a tibial surface
and a patella, and wherein at least & portion of the superior surface has a three-
dimensional shape that substantially maiches the shape of at least a portion of an

uncut articutar surface that the supetior surface of the implant abuts,; and
& trochlear groove componant alony the top portion of the device,

wherein the botiom portion of the femoral condyle component terminates priorfo a

siticus terminais on the joint surface.



surface of the patella and a second surface that engages the patella. 46.
A prosthetic device for a knee joint comprising: a femoral condyle
component having a superior surface and an inferior surface and a top
portion and a bottom portion with a curved lateral edge extending
therebetween; wherein the superior surface opposes at least a portion of
the condyle of the femur and the trochlea, and the inferior-surface
opposes at least portion of a tibial surface and a patella, and wherein at
least a portion of the superior surfacé-has a three- dimensional shape that
substantially matches the shape of at least a portion of an uncut articular

4’?.%@ﬁ%&%&@%&HB@QPE@%@M&%‘WEﬂg't%%%é buls: %’}lﬁ!&%%é?%{%me@

groove component along the top portion o evice; wherein
by péRIGIToF HRETeibPh2isityle component terminates prior to a sulcus
terminals on the joint surface. 72 47. The Prosthetic device of claim 46
erein the device has a thickness determined. by a cartilage defect in , ,
48 RS Th 1SS P BVl oY SR AEUITErans e BSURS Rag &1 55%
of ahiekiess dffabout:8594=0f a cartilage defect in a patient. 49. The
prosthetic device of claim 46 wherein the device has a thickness of
between 65% and 100% of a cartilage defect in a patient. 50. The
439 pRSSIBRL B RGP FAP b WHErETR ThE Bl éFdehagsAHickmEss of fifaween
gs%attitagecdetect tnaipatentiplusapredetermined offset value. 51. The
prosthetic device of claim 46 wherein the device is constructed of a
material comprising metal or metal alloy. 52. The prosthetic device of
50 déawrpasstoethiei haviny aistruélurefoeiattaehingnt baat leastomedrface.
carbB gl reosthetic device ot claim:ba wherelp:the stiyicture for attachment
is selected from ridges, pegs, pins, cross-members;. cruciate stems, teeth
and protrusions. 54. The prosthetic device of claim 46 wherein the implant
51 furthereamprises/adail oxtending trem the supesos surtace: & one af:asrial

medial or Iqt?ral side.
complisifg metal of mewl alloy.

52. The prosthetic device of claim 45 further having & structure for attachment on at

izast one surface,

53, The prosthetic device of claim 52 wherain the structure for attachment is selected

from ridges, pegs, ping, cross-meambers, cruciate stems, teeth and protrusions.

54, The prosthetic device of claim 48 wherein the implant further comprises a rail

sxtending from the superior surface on one of & medial or lateral side.

&5 The prosthetic device of claim 46 whersin the implant further comprises a keel

aextending from the superior surface, wherein the keel is in a recessed posifion from

the medial and lateral side.

58. The prosthetic device of claim 46 wherein a portion of the superior surface sits

within a plane.



H. The prosthetic device of claim 46 wherein the implant further comprises
a keel extending from the superior surface, wherein the keel is in a
recessed position from the medial and lateral side. 56. The prosthetic
device of claim 46 wherein a portion of the superior surface sits within a
plane. 73 57. The prosthetic device of claim 56 wherein the portion of the
superior surface that sits within a plane mates with a planar cut on a
surface of the femur. 58. The prosthetic device of claim 56 wherein the
portion of the superior surface that. sits within a plane substantially mates
with a planar cut on a surface of the femur. 59. A prosthetic device for a

574188, 8%89&%&?&%@%‘%@%&?@%‘%hl%o Pf?a”neé‘% %%"slﬂ SR RIHOR o

" “and a bottom portion witha curved latera edeget erebetween, and a

sitssyplict Blafadeaipe WiiafelforsGHaRee ashersiA ahésiparor surface
opposes at least a Portion of the condyle of the femur and the trophies,

d the inferjor surface opposes at least a portion of a tibial surface anda =

58, LR RIS Uotrr e 4 (RAEE & pOVEEHT BF TR GUBENG QLR e Haesr ace that sits
witimeepthnressiciral tishapa thatsbbstaatiatlyunatches theshape ¢ratiteast

a portion of an uncut articular surface that the superior surface of the

implant abuts ; and a trochlear groove component along the top portion of
59 thePtrsia afistetihe HHSReRT HERTOH 6f the femoral condyie component

terminates-at @ sleyisdenminalisenirbe kheedeink undace o8mThgtion with a

ggo thtetiag dgvic&of %Iaim 59 whgrein the device has a thickness . horei
R tehinad By 4 Cariraye defdet i & patisht 6T T RUDALINEC dRigs B Wherein
thedlaimrBg suhErsinthedsvidéshas athitknedstef abuit@5%hefenvarttaythe
roSElectit-anatinniob2. He asihelc deuce.alalaim 5% where e, and o

device has a thickness of between 65% and 100% of a cartilage defect in
palglisa iRt 68 & PrGstiebie Hevicetor ahPriso SwHersIM e dBlagHagrgional
shdbickness:oithe cantiagraefectinppatigntpls a predeternined otsetuiar
sur)r/aaclgezﬁat the superior surface of the implant abute ; and
2 trochlear groove componant along the top porticn of the davice, wherein the
battom portion of the femoral condyie component terminates at a sulcus terminalis on

the knee joint surface.

60, The prosthetic device of claim 59 wherein the device has a thickness determinad

by a cartilage defeci in a patient.

61. The prosthetic device of claim 52 wherein the device has a thickness of about 85%

of a cartilage defectin a patient.

£2. The prosthetic device of claim 59 whersin the device has a thickness of betwesan

65% and 100% of a cartilage defect in a patient,

£3. The prosthetic device of claim 59 wherein the device has a thickness of the

cartitage defect in a patient pius a predetermined offset vaiue.

64. The prosthetic device of claim 59 wherein the device is consiructed of g material

comprising metal or metal alioy.



64. The prosthetic device of claim 59 wherein the device is constructed of
a material comprising metal or metal alloy. 74 65. The prosthetic device
of claim 59 further having a structure for attachment on at least one
surface. 66. The prosthetic device of claim 59 wherein the structure for
attachment is selected from ridges, pegs, pins, cross-members, cruciate
stems, teeth and protrusions. 67. The prosthetic device of claim 59
wherein the implant further comprises a rail extending from the superior
surface on one of a medial or lateral 5fde. 68. The prosthetic device of
claim 59 wherein the implant further comprises a keel extending from the

85. Qs s in theeelis inare ti
e e B e e & =
leagidHie BT 3Re superior surface sits within a plane. 70. The prosthetic

device of claim 69 wherein the portion of the superior surface that sits

ithin a plane mates with a ar cut.on a surface of the femur. 71. The |
06 B AL e O AL S RrSTT e B OR S SUPEMEFSbRaeaacres
frorthad osits wethinpanpl anes substantiall pmzites withng, plaffascdporiasarface
of the femur. 72. The implant of claim 59 wherein a femoral condyle
surface is prepared for receiving the implant. 73. The implant of claim 72
67. Whe rirsthe e AR U SHA R prspaBd by Yo iR BRTegs PoiRd
axt@iana surface o paate with:themat deasione planas-surfagesekthe implant.
74. The implant of claim 59 wherein a femoral condyle surface is prepared
by removing bone. 75 7 5 The implant of claim 74 wherein the condyle
88 §m$a@*@$§1§t7@p@@dq)¢r@ﬁm\ﬁﬁgmamla@%@e implant further comprises a keel

extending fram the
superior surface, wherein the kesl is in a recessed position from the medial and lateral

side,

89. The prosthetic device of claim 58 wherein a portion of the superior surface sits

within a plans.

70. The prosthetic device of claim 69 wherein the portion of the superior surface that

sits within & plane mates with 2 planar cut on a surface of the famur.

71. The prosthetic device of claim 89 wherein the portion of the superior surface that

sits within & plane substantially mates with a planar cut on a surface of the femur.

72, The implant of claim 58 wherein a femoral condyle surface is prepared for

receiving the implant,

73, The implant of claim 72 wherein the fermoral condyle surface is prepared by
forming &t ieast one planar surface {o mate with the at least one planar surface of the

implant.

74 The implant of claim 58 wherein a femoral condvie surface is prepared by

removing bone.



76. The implant of claim 74 wherein the condyle surface is prepared by
forming at least one planar surface to mate with the at least one planar
surface of the implant. 77. The implant of claim 59 wherein the implant
mimics an anatomy of a healthy Joint. 78. The implant of claim 59
wherein the implant mimics an anatomy of a joint prior to surgery. 79. The
implant of claim 59 wherein the implant mimics a targeted anatomy of a
joint. 80. The implant of claim 59 wherein the implant is placed within a
joint space during a surgery without/erforming ligament balancing. 81.
The implant of claim 59 wherein the implant is a system comprised of a
75, %%@qhﬂearamw%a%%a!:@!l?&@@aﬂsw@emgé?s e implagtofelaim
59 wherein a thickness of the implant at a location is adjusted "to account
carf{59§t least one of valgus deformity, varus deformity and flattening. 83. The
implant of claim 59 further having a beveled edge. 84. The implant of

aim 59 further havi chamfer cut. . 85. The implant of claim 59 further
75 GG B8 TR HOSAT GPoiahias BT S o
leagostenGmportion:of dctiiale giinéd 6t Bzshenimp st suitiisie $oirs distent.
femur in a knee joint having a superior surface and an inferior surface
wherein the superior surface is configured to communicate with the

77 fehROPAP &tiHACE B aSTEIRGY A1 TEl ARt G BT AL SR THE FhfeAGRItY Joint

surface is configured to communicate with the tibia! surface of the

- tibiofemoral articulation surface, wherein at least a port'gn of %he.g p ri8ré

75 e R e e e R Y R A BEOh e astegre

surgtigpe of at least a portion of an uncut articular surface that the superior
surface of the implant abuts. 88. The implant of claim 87 wherein prior to

an implantation step, a bone out is peirformed‘ on the surface of the femur.
7S 49T PRI BFLRIH &7 SUh&rei BB ERE it S PESIEAG BOmpH 2 1ot

implant of claim 89 wherein the implant has a high posterior extension
80, arlgggnp%am of cigim 59 wherein the implant is placed within a joint space during a

surgery without performing ligament balancing.

81, The impiant of claim 59 wherein the impiant is & system comprised of a condylar

implant and a patellar mating implant.

82. The impiant of claim 59 wherein a thicknass of the impiant at a location is adjusted

to account for at least one of vaigus deformity, varus deformity and flattening.
83. The implant of claim 58 further having 2 beveled edge.

84, The implant of claim 58 further having a chamfer cut.

85. The implant of claim 58 rurther having a fillet.

86. The imptant of claim 85 wherein the fillet is exterior to a posterior portion of a fibial

spine.



the femoral condyle. 91. The implant of claim 90 wherein the knee Joint

has a high degree of knee flexion. 92. The implant of claim 87 wherein

the portion of the superior surface is greater than 2 cm in length. 93. The

implant of claim 87 wherein the implant further comprises a rail extending

from the superior surface on one of a medial or lateral side. 94. The

implant of claim 87 wherein the implant further comprises a keel extending

from the superior surface, wherein thg; keel is in a recessed position from

the medial. and lateral side. 95. The implant of claim 87 wherein a portion

of the superior surface sits within a plane. 96. The implant of claim 95
&7, iR S yEraEn T aHEsSupBIY SuFdeeshatdifs ithin saisaneshaes and
an Withig RIaRRIClheR: @ SHEfacs-ekthe femalrs ¢é4nBdurkhadmpiant of claimiBiine
¢ wherein the ;ortj,(é)n ?f the su e;i?[,surfac? that si %wigth a plarge .
STQIBtAR TSy hat AR AT A ar BUD bR A &G ACE ot tHE TRt g8 e
corimgpladtiofoclaim@7 daitherhindrigpahsatfachmetmestiuctare; rihetein dhen
surﬁl@é?wr[@f@ﬁ %??&EP& Bblr%c?r‘? Iﬁc&?éjsfﬂﬁg}i 5@&%’3@@_955 R%%ree-dimensional

cross-members, cruciate stems, teeth and protrusions. 99. An implant

shagpstash WamiBRERIY: mashachinpbaenelahiaen AROHNE G pBREherticular

femoral component, wherein the femoral component replaces a femoral
surface of the patellofemoral articulation surface and a tibiofemoral
88 ditiettationt surtirie| fiesdfengrabtonipenentiipciuding Hesuperiorssurface
pe;ﬂf}%@@ Jnferiog surface.wheyein the superior surface opposes a femoral

condyle and the inferior surface is configured to communicate with the
tibial component, wherein at least a portion of the superior surface has a

89 threearsimensionaksiapehalrsutestantally: inatehesithe shape of at least
a portion of an uncut articular surface that the superior surface of the

implant abuts
g0, The impiant of claim 89 wherain the implant has a high posterior extension along

the femoral condyle.
81, The implant of claim 80 wherein the knee joint has a high degree of knee flexion.

§2. The impiant of claim 87 wherein the portion of the superior surface is greater than

2 cm in langth.

92, The impiant of claim 87 wherein the implant further comprises a rail extending from

the superior surface on one of a medial or lateral side.

94 The implant of claim 87 wherein the implant further comprises a keel extending
from the superior surface, wherein the keel is in a recessed position from the medial

and lateral side.

5. The implant of claim 87 wherein a portion of the superior surface sits within a

plane.

98. The implant of claim 85 wherein the portion of the superior surface that sits within

a plane mates with a planar cut on & surface of the femur.



100. The implant system of claim 99 wherein the femoral component has
a thickness determined by a cartilage defect in a patient. 101. The
implant system of claim 99 wherein the tibia! component has a thickness
determined by a cartilage defect in a patient. 102. The implant system of
claim 99 wherein the femoral component has a thickness of about 85% of
a cartilage defect in a patient. 03. The implant system of claim 99 wherein
the femoral component has a thicknggs of between 65% and 100% of a
cartilage defect in a patient. 104. The implant system of claim 99 wherein
_ the femoral component has a thickness of the cartilage defect in a patient
97. P B plRIAEFRIREY oHBERAGE. PATIA0AT THeSiHp Sy SEm O it
a plafahersuntiaé femaralotmponent basoa thickhesscofithésoartilage defect
in a patient plus a predetermined offset value. 105. The implant system of
claim 99 wherein the femoral component is constructed of a material
98. domprisiag! sfadliof metdnallbgyites ThHéERTFIant Syyrarof ¢laimobe
struldtiRefhavinga sHustie fos affagNmeRtopak leaal QResSUHaeet) truciate

The im%lant system. of claim 106 wherein the structure for attachment is
sterngIdefia AEM AtG¥S Begs, pins, cross-members, cruciate stems, teeth
and protrusions. 108. The implant system of claim 99 wherein the superior

f f mo onent has a substantially flat section
ggiz\i{sﬁ%ﬁa& %%ﬁ?ﬁv@é%%@ e cuton a femora[ condyle. W. The implant
a tigjpb e A Eain 08 wiRefE i DAk GNRBrE EofipaRthEs Aré! SiZBacasing
tiniofd Mo RIZHGedidfbrT B@fgaél%a?%ﬂmr@i@éwmd' Srwhereraiang:0Lmers
components are_manufactured using standard casting techniques, 111.
co R BREOF S AT B SRR T G GHGHUE pafece and s
tibiertendihgy tfroetitmessuiper ot sudace o tonewkatmedlial-or dateral sideurface

and(le%(??teiﬁg%mﬂﬂge%ﬁ@@r?‘%g@%g%F@%ma&}ﬂ&é@% CAMPUBES A 1ECng
the inferior sgrface is configured to communicate with the fibial component, wherein at

ieast a portion of the superior surface has a three-dimensional shape that substantially
matches the shape of at least a portion of an uncut articuiar surface that the superior

surface of the implant abuts

100. The implant system of claim $9 wherein the femoral component has a thickness

determined by a cariilage agefect in a patient.

101. The implant system of claim 98 wherein the {ibial component has a thickness

determined by a carlilage defect in a patient.

102. The implant system of claim 92 wherein the femoral component has a thickness

of about 85% of a carlilage defect in a patient.

103. The implant system of claim 99 wherein the femoral component has a thickness
of between 65% and 100% of a cartilage defect in & patient.
104, The implant system of claim 9¢ wherein the fernoral component has a thickness

of the cartilage defect in a patient plus a predetermined offset value.



from the superior surface, wherein the keel is in a recessed position from
the medial and lateral side. 113. The implant of claim 99 wherein a
portion of the superior surface sits within a plane. 79 114. The implant of
claim 113 wherein the portion of the superior surface that sits within a
plane mates with a planar cut on a surface of the femur. 115. The implant
of claim 99 wherein the portion of the superior surface that sits within a
plane substantially mates with a plangy cut on a surface of the femur. 116.
The implant of claim 99 wherein the tibial component has a dome
ositioned on a plate. 117. The |mplant of claim 116 wherein the dome is
WQJ SIROMERBheiTEsHiate SBiCh Tt AP EDER (P AGRBRSHNCRRTE Rickness
of toenterpomtefdbeplateith8pilbe: implant ofclaina skt vdnesein an apex of
the dome is positioned to correspond to a patella ridge. 119. The implant
of claim 99 wherein a femoral condyle surface is prepared for receiving
10%heEnplam 126 TRETFIBIEN DI E1aIRIM TS [inepem th PORfSTabcsHglacied of
z mauseceisrepasedday dorming atdeast one planar surface to mate with
the at least one planar surface of the implant. 121. The implant of claim
119 wherein the femoral condyle surface is prepared by removing
108 drtifalier 300 P RER SREHE cﬁ%ﬁm%i@mﬁeﬁﬁ%@f@ﬁ%r"éﬁ%ﬂaﬁf@ on at
leasunfaceusgumepared by forming at least one planar surface to mate with
the at least one planar surface of the implant. 80 123. The implant of
aim 119 wherejn the| imics an anatom of healthy joint, 124.
10 R A G ST S RFLrin B B S ARGT PGt s prctoe
frorprigiots sgeg@rwize’owewm@m ofrgiadis SR Whetedt thodmsitinsmimics
a targeted anatomy of a joint.

108. The implant systern of claim 89 wherein the superior surface of the femoral
component has a substantially flat section designed 1o mate with a bone cut on &
femoral condyle.

109, The implant system of claim 89 wherein one or more components are sized using
W-ray SiFing.

110, The implant system of claim 88 wherein one or more components are
manufactured using standard casting techniques.

111, The impiant of claim 89 wherein the implant further comprises a rail extending
from the superior surface on one of a medial or {ateral side.

112, The implant of claim 85 wherein the implant further comprises a kes! extending
from the superior surface, wherein the keel is in a recesssd position from the medis!
and lateral side.

113. The implant of claim 89 wherein a portion of the supsrior surfacs sits within &
plane.



126. The implant of claim 99 wherein the implant is placed within a joint
space during a surgery without performing ligament balancing. 127. The
implant of claim 99 wherein the implant is a system comprised of a
condylar implant and a patella mating implant. 128. The implant of claim
99 wherein a thickness of the implant at a location is adjusted to account
for at least one of valgus deformity, varus deformity and flattening. 129.
The implant of claim 99 further havingga beveled edge. 130. The implant
of claim 99 further having a chamfer cut. 131. The implant of claim 99
further having a fillet. 132. The implant of claim 131 wherein the fillet is

T extBRdT PR PO StENBr ot sia fiBiaPSiiAe T3asuRRiiviptaiesy stemsits

witderaprisirgrattibiaticompaneniundieteintbedibiaheaampaenent replaces a
tibia[ surface of the tibiofemoral articulation surface: a patella component
designed to replace a patella surface of a patellofemoral articulation

1 surfgceirintt afemordecahmieineine whidreire thesfenmradcamponémit sits within

a plaRlacesaienoral-ihewiemoms campensnt ineluding a,superior surface
and an inferior surface wherein the superior surface is configured to
communicate with a femora[ condyle and the inferior surface is

olaf omponent. wherein at least a portion of the superior surface has a
three-dimensional shape that substantially matches the shape of at least
a portion of an uncut articular surface that the superior surface of the

11 AmManthaiHe o8 aid3t sThedrBRIant SysiRms of Hlaim B3 wheraindgch that

femoral component has a thickness determined by a cartilage defect in a
an BRBeA. 188 OTHe AHHTAAT /A BT Rl E385REHEin the il

component has a thickness determined by a cartilage defect in a patient.

e .'IT!:;1 kigr%pl éﬁm?%fh Ir%i &‘f W erein the femoral component has
e B B e e
correspond o a patella ridge.

119. The implant of claim 99 wherein a femoral condyle surface is prepared for

receiving the implant.

120. The implant of claim 118 whersin the fermoral condyle surface is prepared by
forming at least one planar surface to mate with the at least ong planar surface of the

impiant.

121, The implant of claim 119 wherein the femaoral condyie surface is prepared by

removing cartilage.

122. The implant of claim 118 wherein the famoral condyle surface is prepared by
forming at ieast one planar surface to mate with the at least one planar surface of the

implant,



137. The implant system of claim 133 wherein the femoral component has
a thickness of between 65% and 100% of a cartilage defect in a patient.
138. The implant system of claim 133 wherein the femoral component has
a thickness of the cartilage defect in a patient plus a predetermined offset
value. 139. The implant system of claim 133 wherein the femoral
component is constructed of a mater¥&l comprising metal or metal alloy.
140. The implant system of claim 133 further having a structure for

12:8tashmeBkon abiteasbanesisfaceinlddn he-iepianisysteneof slaim Lt
wherein the structure for attachment is selected from ridges, pegs, pins,
cross-members, roll-bars, cruciate stems, teeth and protrusions. 142. The

124 praRtRyStan eI s B iherdniRe! stipdtors arfales b bffel ferhesal to surgery.

component has a substantially flat section designed to mate with a bone

125° %8%\%% n@eépgl%cé)@gfxﬁ"@%%hgﬁ%pian? nm nF\)tlcaan:g %’ rSteezfr—:% %E%l%' n%i,{?; :H?W

wherein one or more components are sized using x-ray sizing.
126|‘r_1§H;tnt s}ystem f claim 133 wherein one or more components are

AL GG StahtERd SN B RIERRE WHB PHRIMHARR during & surgery
withsydteanfofalainpa38 wherinitbe implant further comprises a ralil
extending from the superior surface on one of a medial or lateral side.
stem of claim 133 wherein the implant further

Th
127, ﬁ‘g} Wg%érfgp %ﬁ%ﬁﬁ‘iﬁ%&%@ﬁ fﬁ@iéap@r?o%%ﬁa&@mvvﬁa?&ﬁ%@%@éﬁ%&*mpanf

andm@ aa’f@ﬁe%emﬁpwwientfrom the medial and lateral side. 147. The implant
system of claim 133 wherein a portion of the superior surface sits within a
plane. 148. The implant system of claim 147 wherein the portion of the

128s(periopsutfatedmabsittavithin thiplanssnates withzat planaretb o adiusied to

accolHaEe AN Abe fermur 149 ey 'WP”%?Q@E%%M glaim 433 wherein the

portion of the superior surface tha

128, The implant of claim 88 further having a beveled edge.

130, The implant of claim 88 further having a chamfer cut,

131, The implant of claim 89 further having & fillet.

132, The implant of claim 131 wherein the fillet is exterior to a posterior portion of a tibial spine.

133, An implant system comprising:
a tibial component, wherein the tibial component replaces & fibial surface of the

fibicfermnoral articulation surface:

a pateila component designed to repiace a patelle surface of & patellofemora)
articulation surface, and

a famoral component, wherein the femoral component replaces g femoral, the
fernoral component including a superior surface and an inferior surface wherein the superior
surface is configured to communicate with a femoral condyle and the inferior surface is
configured to communicate with the tibial component and the paiella component, wherein at
lzast a portion of the superior surface has a three-dimensional shape that substantially
matches the shape of at least g portion of an uncut articular surface that the superior

surface of the implant abuts.



sits within a plane substantially mates with a planar cut on a surface of the
femur. 150. The implant system of claim 133 wherein the tibial
component has a dome positioned on a plate. 151. The implant system of
claim 150 wherein the dome is positioned on the plate such that an apex
of the dome is off-center a center point of the plate. 83 152. The implant
system of claim 1 50 wherein an apex of the dome is positioned to
correspond to a patella ridge. 153. TRe implant of claim 133 wherein a
femoral condyle surface is prepared for receiving the implant. 154. The
implant of claim 153 wherein the femoral condyle surface is prepared by
forming at least one planar surface to mate with the at least one planar
134sUtfacenpitiesistpiant. A& Thevdmplant ok claimrib3owierein: thesfemosahess

d @fg%qﬂ%? @ug%%%?% é)éecg%ggéﬁ% cgggnoying cartilage. 156. The implant of

clal where € femora omffflé surface is prepared by forming at
least one planar surface to mate with the at least one planar surface of the

1zgmplantdad: dRestmptantof claim-Aadiwbereinheimplant mimicsafkness
anatomy of a health%§0|nt. 158. The implant of claim 133 wherein the

de BT AYIRICRHR R Bl brior to surgery. 159. The implant of

claim 133 wherein the implant mimics a targeted anatomy of a joint. 160.

e Y .

during_a su gery without performing ligament balancing. . The implant
of a&f’EFa%Fﬁ i§3%\ff‘%f’é?ﬁ‘?i?@i%ﬁf§rﬁ & e%%stem comprised of a condylar

implant and a patella mating implant. 84
137. The implant system of claim 133 wherein the femoral component has a thickness
of batween 65% and 100% of a cartilage defect in a patient.

138. The implant system of claim 133 wherein the femoral component has a thickness
of the cariilage defect in a patient plus a predstermined offset value.

139. The impiant system of claim 133 wherein the femoral component is constructed
of & material comprising metal or metal alloy.

140, The implant system of claim 133 further having a structure for attachment on at
least one surface.

141. The implant systern of claim 140 wherein the struciure for atiachment is saieciad
from ridges, pegs, ping, cross-members, roll-bars, cruciate stems, testh and
profrusions.

142, The implant system of claim 133 wherein the superior surface of the famoral
componeant has 2 substantially flat section designed fo mate with a bone cut on the
fenoral condyle.



162. The implant of claim 133 wherein a thickness of the implant at a
location is adjusted to account for at least one of valgus deformity, varus
deformity and flattening. 163. The implant of claim 133 further having a
beveled edge. 164. she implant of claim 133 further having a chamfer cut.
165. she implant of claim 133 further having a fillet. 166. The implant of
claim 165 wherein the fillet is exterior to a posterior portion of a tibial
spine. 167. A prosthetic device for a gnee joint comprising: a femoral
condyle component having a top portion and a bottom portion with a
curved lateral edge therebetween, and a superior surface and an inferior
1435 0fgde p\ﬁﬁ%?éﬁﬁ%éﬁﬁéﬂo%@%@ HPEseS HPIE LS APPERTBH FFELREST
usirgPRdylespfiflie femur and the trochlea, and the inferior surface opposes at
least a portion of a tibial surface and a patella, and wherein at least a
portion of the superior surface has a three- dimensional shape that
T4dsUlrstamtiEdly matehesitheishape ohatdeastaportion ofapcadtutarticular
maﬁwgg&gg@%mg suparey %fﬁ%ﬁ&f% dmplant abuts : and a trochlear
groove component along the top portion of the device, 85 wherein the
bottom portion of the femoral condyle component terminates beyond a
145suisasteiminalisan tekiree jointsudaces 168 Anfimplantsysiess & rail
exSQRYBIng: A tbiaL component, whereln the tiial component replaces the
Tibial SUrtAce of The tbistermoral articulafion SuF ace; a femoral
component, wherein the femoral component replaces a femoral surface
14e0tihe pricliolameral artigilaten sHdace aad:adibipierarabarticuationee

surface, the femoral component including a superior surface and an
eXIGRiNG (SUrr R SHRRRPE I SUBERGH %H??a%%ag&d&?s%ée&?fé’&&'t ROPGRTbIBE
ithe thedangyle atthedemur and the trochlea, and the inferior surface

opposes at least a portion of the tibial component and a patella, and

wherein at least a portion of the superior surface has a three-dimensional

147shapd THat substant gl iaatdiesthershiap e wti at lebis e pbetion Biffface sils

within a plane.

148. The implant system of claim 147 wharein the portion of the superior surface that

sits within 2 plane mates with & planar cut on a surface of the femur,

148, The implant system of claim 133 whereain tha porfion of the superior surface that

site within a plane subsiantially mates with a pianar cut on & surface of the femur.

150, The implant svstemn of claim 133 wherein the tibial component has a dome

positionad on a plate.

151, The implant system of claim 150 wherein the dome is posiiioned on the plate

such that an apex of the dome is off-center @ center point of the plate.



an uncut articular surface that the superior surface of the implant abuts:
and wherein at least one of the tibial component and femoral component
is asymmetric. 169. An implant system comprising: a tibial component,
wherein the tibia! component replaces the tibial surface of the tibiofemoral
articulation surface; a patella component designed to replace a patellar
surface of the patellofemoral articulation surface; a femoral component,
wherein the femoral component replgges a femoral surface of the
patellofemoral articulation surface and a tibiofemoral articulation surface,
the femoral component including a superior surface and an inferior
1545 frgdB P R RETE RS GISER OrOSLIMARE 65750 3R S R | e FaPB MGt Bt BRec to
corcandyle ofdhefadmuidgnd the trochlea, and the inferior surface opposes at
least a portion of the tibial component and the patella component, and
wherein at least a portion of the superior surface has a three-dimensional
1S e TaR Bt Tially hAIRHRYS BB SR E A Fettdt 255D St AR
recging Beicutaasurface that the superior surface of the implant abuts,
wherein at least one of the tibial, femoral and patella component is
asymetrical. 170. A prosthetic deyice for a knee jaint comprising: a
et et e R A e N Sl
forrgingaideafid aadPparton apriia Betowihohsonl ififs Bl veasUtacss of the
impextending 86 therebetween, wherein the superior surface opposes at
least a portion of the condyle of the femur and the trochlea, and the
inferior surface opposes at least a portion of a tibial surface and a patella,
TS5 dSvRRER &f B3 4 PoriFTDr the RIPerCelifissHages is prepared by
rentbveerdaméasional shape that substantially matches the shape of at least a
portion of an uncut articular surface that the superior surface of the
implant aputs; and a trochlear groove component along, the top portion of
156 TR R oTTHE DR DRI G BRI AL BTGy R R BREN Gt
forrrermiiatesiafter sisulcasfemminalisie with the at isast one planar surface of the
implant.

157 The implant of claim 153 wherein the implant mimics an anatomy of & healthy
joint.

158 The implant of claim 133 wherein the impiant mimics an anatomy of a joint prior
fo surgery.

158. The implant of claim 133 wherein the implant mimics a targeted anatomy of a
joint,

160. The implant of claim 133 wherein the implant is placed within & joint space during
a surgery without performing ligament balancing.

161, The implant of claim 133 wherain the implant is a system comprised of g condvlar
implant and a patelia mating implant.



84

162. The implant of claim 133 wharein a thickness of the implant at a location is
adjusied to account for et least one of vaigus deformity, varus deformity and flattening.

183, The implant of claim 133 further having 2 beveled edge.
184, The implant of claim 133 further having & chamfer cut,
185, The impiant of claim 133 further having a fillet.

188, The impiant of claim 165 wherein the fillet is exterior to a posterior portion of a
tibial spine.

167, A prosthetic device for g knee joint comprising:

g femoral condyle component having & fop portion and a bottom portion with
a curved lateral edge therabetween, and a supsrior surface and an inferior surface,
wherain the superior surface opposes at least a portion of the condvie of the femuwr
and the trochiea, and the inferior surface opposes at ieast a portion of a tibial surface
and a patella, and wherein at least a portion of the superior surface has & thres-
dimensional shape that substantially matches the shape of at least a portion of an

uncut articuiar surface that the superior surface of the implant abuts | ang

a trochlear groove componant along the top portion of the devics,
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wherein the botiom portion of the femoral condyle component terminates

beyond a sulcus terminalis on the knee joint surface.

188, An implant system comprising:

a tibial componant, wherein the tibial component replaces the tibiat surface of
the tibiofemorai articuiation surface;

a femoral component, wherein the femoral component replaces a famoral
surface of the patellofemoral articulation surface and z tibiofamoral articulation
surface, the femoral component including a superior surface and an inferior surface,
wherein the superior surface opposes at jeast a portion of the condyle of the femur
and the trochlea, and the inferior surface opposes at least a portion of the tibial
component and a patelis, and wherein at least a portion of the supericr surface has a
three-dimensional shape that substantially matches the shape of at ieast a portion of
an uncut articular surface that the superior surface of the implant abuts; and

wherein at least one of the tibial component and femoral component is

asvmmeiric.

169, An implant system comprising:

a tibial component, wherein the tibial component replaces the tibial surface of
the tibiofemoral articulation surface;

a pateliz component designed to replace a pateliar surfacs of the
pateliofemoral articulation surface;

& femoral component, wherein the femoral component replaces z femoral
surface of the patellofemoral articulation surface and a tibiofemoral articulation
surface, the femoral component including & superior surface and an inferior surface,
wherein the superior surface opposes at ieast a portion of the condyle of the famur
and the trochiea, and the inferior surface opposes at isast & portion of the tibial
component and the patelia component, and wherein at isast a portion of the superior
surface has a three-dimensional shape that substantially matches the shape of at least
& portion of an uncut articular surface that the superior surface of the implant abuts,

wherein at least one of the tibial, femoral and patella component is asymetrical.

170, A prosthelic device for a knee joint comprising:
a femoral condyle componeant having a superior surface and an inferior surface

and a fop portion and a bottom portion with & curved surface extanding
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therebetween, wherein the superior surface opposes at least 2 portion of the condyle
of the femur and the trochlea, and the inferior surface cpposes at least 2 portion of 2
tibial surface and a patella, and wherein at ieast a portion of the superior surface has g
three-dimensional shape that substantially maiches the shape of at least a portion of
an uncut articular surface that the superior surface of the implant abuts; and

a trochlear groove component along the top portion of the device, wherein the

bottom portion of the femoral condyie component terminates after 2 sulcus terminalis.



