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Deggooty rS:  FRAIPER ifldAlibn relates to orthopedic methods,

systems and devices and more palfclcuiar!y relates to methods, systems
and devices for articular resurfacing in the knee. )

BACKGROUND OF THE INVENTION

[0002] There are various types of cartilagé, e.g., hyaline cartilage”
and fibrocartilage. Hyaline cartilage is found at the articular surfaces of
bones, e.g., in the joints, and is responsible for providing the smooth
gliding motion characteristic of moveable joints. Arficular cartilage is firmly
attached to the underlving bones and measures-typically less than 5mm in
“thickness in human joints, with considerable variation depending on the
joint and the site within ihe joint. -

[0003] | Adult ca.;ﬁla§e has a limited ability of repair; thus, damage to

' cartilagé prodﬂced 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 cértiiage exhibits an
increase in tensile strength up fo the third decade of life, after which it
decreases markedly with age as detectable damage to ty'pe 1l collagen
occurs at the articular surface. The deep zone cartilage also exhibité'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 damagé.
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%%Wrepair or replacement. See, also, International Pubiications
WO 99/51719 to Fofonoff, published October 14, 1999; W001/91672 to
Simon et al., published 12/6/2001; and WO01/17463 to Mannsmann,

- published March 15, 2001; U.8. Patent No. 6,283,980-B1.to-Vibe-Hansen
etal, issued September 4, 2001, U.S. Patent No. 5,842,477 to Naughton
issued December 1, 1998, U.S, Patent No. 5,769,899 to Schwartz et al.
'iss'ued June 23, 1998, U.S. Patent No. 4,609,551 to Caplan et al. issued
September 2, 1986, U.S. Patent No. 5,041,138 to Vacanti et al. issued
August 28, 1991, U.S. Patent No. 5,197,985 to Caplan et al. issued March
30, 1993, U.S. Patent No. 5,226,914 io Caplan _et al. issued July 13, 1993,
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

.U

autograft systems and tissue scaffolds have been uncertain since most of
- - these materials do hot achieve a morphologic arrangement or structure

simifar to or identical to that of normal, disease-free human tissue itis .

intended to replace. Moreover the mechanical durability of these blologlc

repiacement materials remains uncertain.

f0005] Usually, severe damage or Ioss of cartllage is treated by

: reptacement of the jomt with a prosthettc matenai for example, silicone,

- e.g. for cosme_ﬁc repa:rs, or metal a_lloysi See, e-g.,_ us.: Patent No.r C

6,383,228 tc; Schmotzer, issued May 7, 2002; u.s. Patehf No. 6,203,576 |

to Afriat et al., Issued March 20, 2001; U.S. Patent No. 6,126,690 to
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m%%%%evices, serious long-term compilications associated with the
joss of sighiﬁcant amount of tissue and boné can include infection,
osteolysis and also loosening of the implant. _
[0006] Further, joint arthroplasties are highly invasive and require
surgical resection of the entire erticular surface of one or more bones, ora
majority thereof. With these procedures, the marrow space is often
reamed to fit the stem of the prosthesis. The reaming resuits in 2 loss of

- the patient’s bone stock. U.S. Patent 5,593,450 to Scott et al. issued

 January 14, 1897 discloses an oval domed shaped patefla prosthesis. The
prosthesis has a femoral component that includes two condyles as |

- articulating surfaces. The two condyles meet to form a second trochlear
groove and ride on @ t:b;ai component that articulates with respect to the

- femoral component. A patella component is provided to engage the
trochlear groove. U.S. Patent 6,090,144 to Letot et al. issued July 18, 2000 .
discloses a knee prosthesis that includes a tibial cOmponeht and a
meniscal component that is adapted to be engaged with the tibial
compenent through an asymmetrical engagement. '

[060?] 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, 443991 B1to
Running issued September 3, 2002, U.S. Patent No. 6,387,131 B1 to
Miehike et al. issued May 14, 2002; U.S. Patent No. 6, 383 228 to
Schmotzer issued May 7, 2002 U.S. Patent No. 6,344,050 B1 10 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. Pateht 6,013,103 to Kaufman et al. issued
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The present invention relates to orthopedl c net hods,

5 PeYtHE! hRye FOMiAEs GAREaNE® 5ERINDEI e IMplary Lnsssuch
t Q:oﬁ?ﬁltbé’ﬂ% is DERISHERs. Once the prosthiesis becomes loosened from

the joint, regardless of the cause, the prosthesis will then need to be
-replaced. Since the paﬁent"é bone stock is limited, the number of possible
replacement surgeries is also limited for joint arth'rop!asty.

[0008] As can be appreciated, joint arthroplasties are highly
“invasive and require surgical resection of the ehtire, or a majority of the,
articular surface of one or more bones involved in the repair. Typically with
these procedures, thé marrow space is fairly extensively reamed in order
{o fit _thé stem of the prosthesis within the bone. Reamihg rési.ﬂts inaloss
of the patient’s bone stock and over time subsequent oste-_olysis will
frequently lead to loosening of the prosthesis.' “Further, the éreaiwhere the
implant and the bone mate degrades over time requiring the prosthesis to
éventua[ly be replaced. Since the patient’s bone stock is limited, the
number of possible replacement surgeries is also limited for joint
'arthrbpiasty. In short, over the course of 1510 20 years, and in some
cases even shorter time periods, the patient can run out of therapeutié
opﬁons ultimately résutting in a painful, non;functional joint.

{0009] B U.S. Paternit No. 6,208,927 to Fell, et'ai.; issued March 27,
2001, and U.S. Patent No. 6,558,421 to Fell, et al., issued May 6, 2003,
disciose a surgically implantable knee prosthesis that does not require
bone resection. This prosthesis is described as éubstanﬁally eliiptical in
shape w;th one or more straight edges Accordmgly, these devices are not
des;gned to substantially conform to the actual shape (contour) of the
rernaining cartilagein vivo and/or the underlying bone. Thus, integration of
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and devices for articular resurfacing in the knee. -
BACKGROUND OF THE | NVENTI ON [ 0002] There are vari ous-

es _of cartilage, e.g., hyaline cartilage an
W‘%%E@%&%ﬁ?l | age. Hyaline cartilage is found at PFF@SNO“’M”M

articular surfaces of 10 bones, e.g., in the joints,
and is responsible for providing the snooth gliding
notion characteristic of noveable joints. Articular
cartilage is firnmly attached to the underlying bones
and neasures typically less than 5min thickness in

hHERApib A dihbe Hitidhap amideRble d}fﬁfér%'s o trleRRIgkRY
onthe joint and the site within the joint. 15
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di sea such as rheumat oi d and/ or osteoart
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%ﬁ %th ation. Furthernore, as human articul ar
age ages, its tensile properties change: The
dOpH0lf i ci alinterpositiarfal khee Herdecstthel arelret attachdd tadwth the
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occurs, joint repair can be addressed through

surgendiag sufisedeenadichahe b@eﬁ%’%ﬁbvwh@z@@@ew@a@sse

'@eéﬁ&ﬁé&%s *Tibial Plateau Prosthesis,” Chapter 7, p. 86. An

aiternat;ve attachment design is the Maclintosh design, which replaces the
“t" shaped fin for a series of multiple fiat serrations or teeth. See Potter,
“Arthroplasty of the Knee with Tibial Metaliic Implants of the McKeever and
Maclintosh Design,” Surg. Clins. Of North Am. 49(4): 803-915 (1989)

- [0011]  U.S. Patent 4 502,161 to Wall issued March 5, 1985,

describes a prosthet:c meniscus constructed from materials such as
silicone rubber or Teflon with reinforcing materials of stainless stee! or
nyldn 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
Bionie_chénicat Performance of Biomaterials (Christét et al., eds.) Elsevier
Science Publishers B.V., Amsterdam. 1986. -pp. 347~352.7 Reconstruction



tissue scaffolds or other carriers inplanted with
cells (e.g., chondrocytes, chondrocyte progenitors,
stromal cells, nmesenchynmal stemcells, etc.). 5 These
sol utions have been described as a potentia

treatnment for cartilage and neniscal repair or

repl acenent. See, also, Intgrnational Publications

WO 99/51719 to Fofonoff, published Cctober 14, 1999;
W01191672 to Sinon et al., published 12/6/2001; and
W01117463 to Mannsmann, published March 15, 2001;

P B Keialjo bty it il bersaREIe g e tssue
Ss&ffbldd 7 to Naughton issued Decenber 1, 1998, U S
Patent No. 5,769,899 to Schwartz et al. issued June

2039P8. U. FowBaberhmditly efifle 38 licdod&nbt é’iWagé pRdvide
i ssued Septenber 2, 1986, U. S. Patent No. 5,041,138
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d.J 13,. 1993 U. S. . Pat Na, 6,328,.76
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besibrii 86 hbicaulrk ise et opllylat feteergpairadl s do not
achi eve a norphol ogi-c arrangenent or structure

siORilBlar t o Bhus,deersirewainsc bers fop FOMBPEHPNS, Tor joint repar,
di sease-free human tissue it is intended to replace.
Mockdingrmethbes and bampositionthabiatiitete e integradion betweginc

repl acenent teriagls remaing uncertain. 0
447958 el rutayetent 2 e LD ceflegg Whieh
t {8k 6o BYcolrf hR 56BN arRbgd fFpd RipRlredM Rurthr, there is a
prosthetic material; for exanple, silicone, e.g. for
coserkfar eénrimsplant er impiantsysienuthabirprogsdhe @ngtomigresult of
Patent . No. 6.3 ] i S
> B0t preqhgn @ﬁ%@%ﬁe é? Q@J@B@ &6fracds YA ofBodaly
resemble 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 disciosure 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/for bone) with one or more implants, where the implant(s)
achieves an anatomic or near anatomic fit with the surrounding structures
and fissues. In cases where the devices and/or metheds 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



to Afriat et al., issued March 20, 2001; U.S. Patent
No. 6,126,690 to WD 2005/ 051240 PCTNS2004/ 039714 3
At eshi an, at alL, issued Cctober 3, 2000. Inplantation
of these prosthetic devices is usually associated
with | oss of underlying tissue and bone w thout
recovery of the full functidn al | owed by the origina
cartilage and, wth sone devices, serious |long-term
conplications associated with the 5 | oss of
significant anount of tissue and bone can include
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inpl ant,, [0006] Further, joint arthroplasties,are
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domed shaped patella prosthesis. The prosthesis has
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to Letot et al. issued July 18, 2000 discloses a
kbergindhe superon sufadenepnases & leashiadporiongbiieneonhie

j I td S d
et FR R a3 e ol e BB RO BEmRe S
e aputtion bPAWEight bredrirgf yortibn i beibialIstirfase ang aised
inreplacing a joint with a rosthetic, for exanpl :

sPRielighand &lhervdherelsatiepet @ BREIONST th SypeTiabsETace
',I@Eé‘g @h%é@&ﬁo@%@h%@ AL Esub®Entidfy InatcheSthd ahSid
of at least a portion of an uncut articular surface that the superior

‘surface of the impiant abuts.

[0014b} in a second aspect, there is provided a kit for repairing a
knee comprising: a femoral condyle implant comprising a bone-facing
femoral implant surface and a joint-facing femoral impiant 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 patelia; and further wherein 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 uncut arficular surface
that the bone-facing surface of the implant abuts; and a patellar
implant comprising a first surface that engages the femur mating

surface of the patella and a second surface that engages the patelia.
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2002; U.S. Patent No. 6,383,228 to Schnotzer issued
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Ream ng results in a loss 15 of the patient's bone
n
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surface opposes at least a portion of the condyle of the femur and the
trochlea, and the :nfenor surface opposes &t least a portion of a fibial
surface and a pateila, 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 trochlear groove
component along the top portion of the device, wherein the botiom
portion of the femoral condyle component terminates at a sulcus

terminalis on the knee joint surface.

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

inferior surface is configured to communicate with the tibial surface of



nunber of possible replacenent surgeries is al so
limted for joint 20 arthroplasty. I'n short, over the
course of 15 to 20 years, and in sone cases even
shorter tine periods, the patient can run out of
therapeutic options ultimpely resulting in a

pai nful, non-functional joint. [0009] U S. Patent No.
6, 206,927 to Fell, et al., issued March 27, 2001,
and U S. Patent No. 6,558,421 to Fell, at al., issued
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knee prosthesi,s that does not uir one .
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[0014g] In a seventh aspect, there is provided an implant sysiem
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 pateliofemoral
érticu!at’ion 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 shapé that substantially matches the
shépe of at least a portion of an uncut articular surface that the

superior surface of the impiant abuts.

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

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



device such that the "t" portion penetrates the bone
surface while the 15 surroundi ng surface from which
the "t" extends abuts the bone surface. See
McKeever, "Tibial Plateau Prosthesis,” Chapter 7, p.
86. An alternative attachsgnt design is the
Maci nt osh desi gn, which replaces the "t" shaped fin
for a series of multiple flat serrations.or teeth.
See Potter, "Arthroplasty of the Knee with Tibia
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Anst erdam 1986. 347-352. Reconstruction 6 of

npart@@a:tf the &ronesl mndvieo:qnmmt éermiipatesi hayeserhalres

er| d tlssu ffolds. [0012] However,
(r:r%r 'Is)Prb fé’?fﬁ&@%%&% do not al vvays provi de
al i gn nt th the arti.cul ar surf ace ndth
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damage to the lateral condyle. Thus, 90% of
articulation surface, the femoral component inciuding a superior
surface and an inferior surface, wherein the superior surface opposes
at least a porticn of the condyle 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 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 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
pateliofemoral articulation surface; a femoral component, wherein the

femoral component replaces a femoral surface of the pateliofemoral



patients do not require the entire condyl ar surface
repai red, [0013] Thus, there remains a need for
conpositions, for joint repair, including nethods
and conpositions that facilitate the integration
between the cartilage replgcenment system and the
surroundi ng cartilage which takes into account the
actual damage to be repaired. Further, there is a
need for an inplant or inplant systemthat inproves

t Beticunatioma afaoesand adbiofeimeralcritulsion sufac) the femoral
procedure by providing surfaces that nore clagsely
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< BPHBN: AL SRR b aCouBRe FRLDa e subiets ghdRe
t HApRAYEEES, WiHeln ABbEStsnd BrihedmiaNferediaBAd patella
assoc:| ated with the underlyi ng arti cul ar bone, the

peeswenentissaslyowifiealal so provides that the

bone- associ ated el enent can achi eve a near anatom c
afeQikpnt  wirt &n eeventh aaped:toﬂ'mralis brovidedTh ergatbsint

d|sclo ure, al so . E{ov i des, for .t rati on of an

HeVIeE 35 £ keSB! SRSing R gl RoRBfe Fonipridnt
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al so. rovi ded t0|rrprovethe anatomc
f andta imthdm ppriin with a epued edrfpoe mdawhrfg ‘tmr@betgfe&n

Jsg}hﬁé ﬁﬁl&e{a gﬁéerié:}h%.ls %ﬁy?r ! esen‘gﬁgﬁ% % pé%gn %f thenggndyle
of the femur and the trochiea, and the inferior surface opposes at
least a portion of a tibial surface and a patelia, and wherein at least a
pbrﬁon 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 superéor surface of the implant abuts; and a
trochlear groove component 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] Fic. 1Ais a block diagram of a method for assessing a joint

in need of repair according {o the invention wherein the existing joint
surface is unaltered, or substantially unaltered, prior to recéiving the
selected implant. FiG. 1B is a block diagram of a method for assessing a
joint in need of repair according to the invention wherein the existing joint

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



results, in turn, leads to an inproved functiona
result for the repaired joint. The invention al so
provides a kit which includes one or nore inplants
used to achieve optinmal joint correction. [0014x] In
a first aspect, there is prqQvided an inplant suitable
for a condyle of a fermur having a superior surface
-and an inferior surface. wherein the superior surface
opposes at |l east a partion of the condyle of the

f giprantgelisbletotaohivedhe reput. Fle 1bm=.f abicmsk dmgrémczﬁ a
opposes at least a portion of a q earln%
p&Retheg fosdeyelppipg an '@‘EW‘&@@ Haing 5he 16‘39 Bt a pghgnt.
further wherein at |east a portion of the superior
slPd@te hafia Ais apemhastive view of shaiséinmplant of the
substantially matches the shape of at |east a
pdrmeintion etitainte fomdroplaatation adt the thinlfoéateay bithetkhee joint.

f f th 0014b
57955 a8k et aPe mBEpt 8B ot T X P enaeteg
awé&ﬂ@ﬁh@ méhﬁdfrme 2 di6HPhe! ines Tdg!sPolviih 8/, 28. Fic. 2D
conprising a bone-facin fenoral inplant surface and
aig acipssisactiang! viewmieng %mﬁn%&@. ghowia 8t FIGwere HG. REiha

a OBt e e DS E S v 1 28RS o Gl 3R

aRbw fthe thplanf SFoFiO RA. Resm ek éf@ésﬁ@éct@ﬂélf\ﬁ@ﬁ obfieoses
at least a portion of a tibial surface

and
piteiRNkef R A showmdmplgedtaken@langaplage pafa"e'ctﬁ tig
BRI E S TR SBUHB D R e o Fi 20

t BROWH &nslaﬁfedaékérea&shg a ienid panalied to the wtmuatl planei EIG[ ar
surface that the bane-facing ?yrfac of the ugg &
alfLA SrosgnsgCkiPnGaYiEm Aiithe impipRll N rpsNenRdMRIanTGdake
surface that engages the femur mating surface of the
patella and a second surface that engages the
patella. 7a [0014c] In a third aspect, there is
provi ded a prosthetic device for
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-a knee joint conprising: a fenoral -condyl e conponent
- having a superior surface and an inferior surface

bott om porti on wi t h raTEUS20@H35714
‘| ateral edge extendi ng thesebetween; wherein the

superior surface opposes at |east a portion of the
condyle of the fenmur and the trochlea, and the

i nferior-surface opposes at | east porti on of a tibial
surface nd lL.a, and wheregin at

oG e Sl o 7 PG o i ) ghoWS 3 siinty larger
t higfarditERnRStaiR| ciedip e tHdWine HEBiahpRbWaAlds theéBEGH B6the

the shape of at |east acﬁortl on of ‘an uncut

ar #higipizipad) arbrraicnady apteosiaRey. 61S- 24'$ gsiddeviewiqg an
' na{@ﬁﬁte%?ﬁﬁo&méﬁzdoﬁhe 5&&% %’H’t ofFROZE sﬁé\mﬁl@@ﬁ‘énchor in

al ong the top portion of devi ce, wherein the"
boihe epof & k@q?l bfG. 2hds a@ﬁﬁaral vigw Riigh altersaisormhediment of

L gsggf it ESH 2aC5rlifd Sn BREABNH AN dPhfnor

aspect, there s
prsmthej&xﬁmaofm mrgshmemb@reﬁlee an-g are aifekradive jeptbudiments of

B iR=Rer QoS vl SO AR O] o g P

eolmr Fice Reliestnes, a vanaly ef sopebact Feast Eadellesichtathe

oSS DB Bt e ERh R e

f amplarﬂ@dttélfle fortthe tiblae pl,atﬁw;.:ttha haglfr@l a Ohamiﬁrfcat:ﬁogg
opposes at_le ortion a.tibia and a
oo sae it AHELRSERe b lerdeth shbRgmS of et

SURRIArR WhePlf e Suifase & thE [aetid anBesit® B@at@ﬁ«ﬁﬁomﬂjed
substantially matches the - shape of at |east a

po‘ifl{"fac?/ﬁ feffthampkeLio Batle Wil ar surface t hat the
erior surface of the i | ant.. abuts ;
ﬁemar gF iy SA %’Iﬂﬁéﬁ‘eﬁ% B‘F‘E?P{S VIS ‘i’f&’do% f’PP’BH" of

t hﬁj:t‘éﬁl@ 6Pus\BS LedondyRe R TePRtr RPN tHeQRfePbr AME superior -

fenoral condyl e conponent term nates at a_sul cus

t ewﬁaﬁa|vreé~n9mtw@sreﬁr§@fejyo Fi- 36Up paide viewei g implang of

f ' nfabhales PRCED id By bﬁth%r;ﬁféhee&melmeamp@rw Eabkeis a

vzew of the superior surface of the rmptant and F16. 3F is a cross-section of
the implant. Fic. 3G is an axial view of a fem_ur with the implant instalied
thereon. FiG. 3H is an anterior view of the knee joint without the patella
wherein the impiant is installed on the femoral CQndyIé. FIG. 31is an “
anterior view of the knee joint with an implant of FiG. 3a implanted on the
femoral cohdyle 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 fc;r use on a condyle of a femur further having at least one

chamfer cut.

{0018] Fic. 4a illustrates an impiant suitable for the femoral condyle
according to the prior art. Figs. 48 depict another implant suitable for
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a distal femur in a knee joint having a superior
surface and an inferior surface wherein the superior
syrface is configured to comunicate wth the
%Wﬂ?ggmsurface of a tibiofgenora

surface and the inferior surface is configured to
conmmuni cate with the tibial surface of 7b the
tibiofennral,articulation surface, wherein at |east a
portion of the superior surface has a

t hpiggertbriTens feRRIralsdvMagicl FRY. 48Ub 8isaBhiyEbdr¥pecREGRES of

th shape of at least a portion of an uncut articul ar

£ yeRlank fropp thesuRafiss srorca fig - Acis & sidh Miewef taaimplant
abéftﬁe A0 4 5" BpSViel b BePRferior bires & 6ﬁh@§rﬂ¥!‘aﬂ? d

an_i gl ant system conpri Si ng: a tl% mponeéent,
WHEE ﬁwa'ich"eaftel Rﬁfape%ﬁrﬁ?ﬂ%\#ﬁwﬁ@éﬂ@dg@iaf& Fiﬁbﬁalts an axial

S UWidv3 6€a _?gmlﬂ’ witPingfi rﬂllns‘?élFe'dctH%a%BhoﬁlGS 4l f@g,q an?e’?gr

fenora mponent , ere n enor al

T emva@‘é%w&nee]mmtamthcwm@p@tem \hmlaeeuptiteelh‘lpiﬁIHnwmltalled on

artH? fphHht cﬁi@d?l‘ér Eﬁf %1 %ngn Qntteh{))ll ﬂé\ﬁ%?g?énkneaer ol g t Ion

surf ace, onent 1 ncluding a’su
s limblaobotfid. éminnmaiehedam tharfémom| uhedye aldnlge.w&um rm;mant

| ib%%@% FIREHTR el Ph oSBT RI R che i b

TR« PSR A2 geBRPba o RishistimBlans hlfaple for
s L;:Hmieamnlt ah the fermadralhesndyle Fehdpds eftopltn e\aﬁ@the fmfer:or
t hat .t he

ort.ion an .un arti ar. surf
P Skrprd ot the FBRC Hhoviha #Panzfﬁ& St Eies Se R slighty n o
Sqieaﬁ_b*-\&smbf t‘id‘lﬁi;ﬁaﬂo% sﬂ:ﬂ‘@w cietile &ﬁpﬂaﬁplfﬁtﬂtzicsi)é% Ielm
coO ris a | ereln e | DI a -

C %o iburarthe SRPRRL O, Mt drastiopnge. 50 s a
t ishyietlyerepspalctias sidewiel loPﬂueSinpfa&ﬁ ®onfa BatSHd @rection.

c onent desj gned to replace a patella surface of a

- PBIFERTB 15!96 Vigws oF Uleaimpéﬁmtssapww@e &gariag fasdsr al
C FENBEHnd HGtRItE shhfteh e @mbediment wherein the implant

has lateral rails; Fic. 5t illustrates another embodiment wherein the implant
has an anchoring keel. Fic. 54 is an axial view of a;femdr with the implant
installed on the femoral condyles. Fi¢. 5K is an anterior view of the knee
joint without the patelfa wherein the implant is installed on the femorai.
cohdyie. FiG. 5L is an anterior view of the knée joint Mth an implant of
Flé. 54 implanted on the femoral condyles along with an implant suitable
for the tibial plateau, such as that shown in Fic. 2. FIGS. 5M-N depicts a
device implanted within the knee joint. FiG. 50 depicts an altemate.

. embodiment of the device which accommodates an partial removal of the
condyle. FiGs. 5p-5 ilustrate alternative embodiments of the implant

having one or more chamfer cuts.

articul at i-of €1/US2004/639714



10

15

20

25

conmponent replaces a fenoral, the fenoral conponent

i-ncluding a superior surface and an inferior surface

,Wo\m@_{r@hﬁot he superior surface . is configured tpCT/Usng/g39714

communi cate with a fenoraligcondyl e and the inferior
surface is configured to conmmunicate with the tibial
conponent and the patella conponent, wherein at

least a portion of the superior surface has a

t hr ee- di mensi onal shape that substantially matches
t hi0028hape dficatb4-elystratesodeviemanshawn imbig: S along with a

AL b ey S saB S SoRbibg v
pr surifabedmap.pr ost heti ¢ device for a knee joint

conprising: -a fenoral condyle conponent having a top
70100301 ti on faesl 7a-biiustate goralieomtedeliga of ardesite, suitable

anl® Pt e i %L%@”%vﬁﬂ oPUPe %@”@%ﬁ Forfibrdtis.
théﬁ@éﬁu?pg%ﬁh aodtiin BB iR Elo. BAEPFER el dher

oppashseraﬁ:utlueaﬂierm metaﬂianrinqmam (El'sbsa) Atsprdna@meaviewmf '

ate wher .ei | e of, t
P Srtdre B¢ H5h8HTs howhilElesorbahdrtia hubtion i the
S UWQ’&@u #lMpH@éd?@eﬁ wHote pStRBP® SHowal tohm*ateathe location
%'Iéhon o an uncut _articul ar ,surface_that
su

& §PPiaft $9pe rejptivene thﬁﬁpgﬁl{flr I Flssa%g Jlustrate the

ot rmdnérﬁ@npsﬁraﬁu@ed SRIFRNAETa. FaSelHudtiile BATALAROT
e

t he devic erein the bottom -portion of .the

f ARG f%@?ﬁjwté”%wmefi% Akt DdFInd a sul cus
termipalis aon the knee joint surface. [0014i] In.a_ -
ni F0&3hs pecFics fFeredsric PB@SSE@“&?ISFW'% o3 knaspoint
CORRN by BPfhedvides @éu “ll%ﬂttheﬁéﬁﬂ:ﬁi @Atcn?pzété HeAtnee

- conponent replaces e tib surface of

t i With r&opevie "apiﬁnt:erpdaa .pawligﬁmp@@é Fig ﬁaeml@ts an alternate
CoBRRE Ble kitfa8kigh B cbAgyiE ABRAL aPTRARRTimbBRL RRESiIPhe

fenora
condyle implant COVers a greater portion of the surface of the condyle in
- the posterior direction. FiG. 8¢ Hlustrates a knee joint wherein the impiant

is provided on the condyle, the patella and the tibial plateau. -

[0024] " Fies. 10a-D depict a frontaf view of the knee joint with ény of
the devices taught installed therein. Fic. 10A depicts the knee with a tibial
fir'np!ant.' Fic. 108 debicts the knee with a condyle imptant. Fic. 10¢ depicts
a knee with a tibial implant and a condyle implant. Fic. 10c depicts a knee

with a bicompartmental condyle implant and a tibial implant.

 DETAILED DESCRIPTION OF THE INVENTION

~ [0025]  The foliowing descriptlon is presented to enable any person
skilled in the art fo make and use the invention. Various modifications to
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surface of the patellofenoral articulation surface
and a tibiofenoral articulation surface, the fenoral
conponent including a superior surface and an
iZHPA510 surface, wherein the superior surfacRC1/US2004/039714
opposes at |east a portlohlof the condyl e of the
femur and the trochlea, and the inferior surface
opposes at |east a portion of the tibial conponent
and a patella, and wherein at |east a portion of the

S up%b%fmgcﬁ&.% dRasitd vhl?b@%é’dnlﬁb%’a%?ﬁ'to ﬁ{a}@e%kms@tn the

subst ant i y matches the shape 0 | east
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artlfc*au n surcg9 teI one et
to repritedscRstdLftE o iRt fappiete
ar t i @iendthAding of fhedevertioh eimtcasled ptmm@aﬁtauodmfdedrawnngs of

~the fenoral conponent aces a,fenoral surface
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L he AiEBrpRarhAton PR R aprbREET! Sbpigliors el in tis

ti bi gfeBticH adikdspbratdotremtiaetreidie fenor al
conponent including a superior surface and an

i nf eppios] sur f agawill bukgprictédby amrcif@kmsmﬁea@e methods
opposes at |least a portion of the cond

f emiecigdihersin ‘Fiabé’ﬁlcéﬂ"edaqiﬂ I RRY Pideepf P *'%’Fefda%‘@”ts which

Opp%%gt@él} do§§i§¥e as R s QRe PciteADrddridif b8 MPRRREkMOre;
pate conponent, and . wherein at |east a

por twmre@r ram@ 0§M®'§f—’$ sroravieeddbishimgerstoqs hat every intervening
di ”E\ﬂa?u east Jgﬂ:@? aﬁ@ﬁ%&éﬁ?ﬂn@f'tﬂat@@@ﬁd b other

ortion of an uncut” articu .
sur fm@dtdtamtel.’vﬁemgu@éﬁ ipithaf statgd sange lﬁlﬁf@comﬁﬁas%ﬁftwﬁhm the -

abUt;ﬁv verli! b, His CBABMPAIES Blat bR oblitHaR keatd@BHH

and
. 1nvent|ve variations described may be set forth and claimed independently,

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

{062?] ‘ " The practice of the present invention can employ, uniess
otherwise indicated, conventional and digital methods of x-ray imaging and
proceésihg, x-ray tomosynthesis, Qitrasound in'cluding Auscan, B-scan and
C-scan, computed tomogréphy (CT scan), magnetic resonance imaging
(MRI), optical cdhei'ence fomography, single photon emission tomography
(SPECT) and positron emission tomography (PET) within the skilt 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 Editioh, editors Stout and Jensen, 1989, John Wiley & Sons,
publisher; Body CT: A Practical Approach, editor Slone, 1999, McGraw-Hill
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conponent is asynetrical. [0014k] In an eleventh
aspect, there is provided a prosthetic device for a

Wwokoesasiabnt conprising: a fenoral condyl e conmperenteo4/039714

havi ng a superior surface wnd an inferior surface and
a top portion and a bottomportion with a curved

surface extendi-ng therebetween, wherein the superior
surface opposes at |east a portion of the condyle of
the femur and the trochlea, and the inferior surface
omyblisneraX-ray BrgnoaispdMhysiniank Approditaleditar Earop1208d a

b vt SUBRHE: 2o a3t rduoRBl- e Siabil theoc
S lR:ﬁ{tima’geaédlgor ﬁabhﬂ:naBrdmbbsﬂaﬁ)mbﬁ)ﬁbﬁl Gaigersity Pogdsi on
e BREP e 7801 i Eater Dl YetioR Bieta U Beve

cJepoldanBuahbag, ehel.t op portion of the device,
wherein the bottom portion of the fenoral condyle

- copgRgpent Tmpneaahaav@ftroarpran@ed mamdderamdrtaim sitions

BRI EF DESCRL PTI ON 015] FIG 1A is a
bIYIRPATIGICHH? oqarac‘ﬁ%'?sﬁ%a reraﬂmas% éraﬁaps.qﬁ\pfor
neRslitating tRe #itegraE6a oflh Nadd Gaﬁél\rof éﬁtﬁlﬁéé PBpANRIETIL R
emstmggqnlnt surface is unaltered, "or

s a5ubiest | AMPYs eiartaipgs), the lacspiques desaibrdhiereinellow for
S et ls8ini- SR PR carﬁb@é reépai. rh§teﬁal%%%§ adéeﬂ'ﬂ&ﬂgi Qi for

nmet hod for assessing a joint I n nee repair
aB¥YRRIENY farmstaisizen varilagethigkrass and{oreusyatuta. nheoihet

sy %ﬁ: % é Sgibd %&Rﬁ@% argf/o %ﬁ bfa{ﬂeyarﬁ?@glt gérﬁgﬁe Bve

0 desi'gning an t6 ac

pri

' t h@n‘a@aan EXBLIGr neas anstoamb ﬁb&zllth theamnretierobged cantitgedr

e S SR B SRS o R

] dharepainphateriabdan be shapedgpridr eminsplantatibre ahid such shaping

| ggiln ggb%éao '?oraéxamp etciinbielggtréjr%ic?tl'g%%sqgag ;pr%w RS rgatanotn
regardmg curvature or thickness of any "normai" cartilage surroundmg the
defect andfor on curvature of the bone underlying the defect. Thus, the
cufrent invention ;;rovides, among other things, formini’méﬂy invasive

- methods for partial joint replacement. The methods will require only

minimail or, in some instances, no loss in-bone stock. .Addiﬁona!ly', unlike
with current techniques, the methods described herein will heip 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. '

fco28] Adva_ntagés of the present invention can include, but are not
fimited to, (1) customization of joint repair, thereby énhancing the efficacy
and comfort level for the patient following the repair procedure; (i)
eliminating the need for a surgeon to measure the defect to be repaired
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FIG 2B is a top-view of the in_'pl.ant of FIG 2A FIG
2c is a cross-sectional  view of the inplant of F G

the lines GC shown in FIG 2B. FIG 2D is
Woé%@?‘ggg“%sectl onal view along the lines D-D sh%Q\F(Uﬁ??O‘W”"“

FIG 2B. FIG 2Eis a crok5-sectional view al ong the
lines BE shown in FIG 2B. FIG 2F is a side view of
the inplant of FIG 2A. FIG 2G s a cross-sectional
view of the jnplant of FIG 2A shown inplanted taken
al meoaera "é@’bé'“pfé?"&? eebodiriens (i gimtneting m@n@ed iarea
2Hgj

sur@eén & Qﬁaﬁeﬁﬁ&hﬁzﬁ@ﬁ’él d‘{:hﬁ rrﬁzﬁﬁrrtane %f?s?:g ﬁ‘

2A shown inplanted taken a ong

' thEr%’&'ftﬂfaﬁfhﬂﬁ%ﬁéevaivﬁilﬂwwaiw&‘aofdh@s&parematamaabasadam

o OB BBl Bhadts e oG ¥k g{]li{leﬁ%g%slt e )

~ paP@vidislg methotie oasap@inqgl jeints wih Gnly Minisked\os, ia sehieght | y

I L.t t th
nolEEnpes PBIGRn ok A MBI phsdoheSavarin.,
an@bngamtyemxipwﬂgroang ﬂpmpbﬁbpmhye pEtie!Ett rébbvle@ I? sﬁ)hﬁfti% "
e joint inplan

al t ate _enb
ot St &inBfs TG P oS R RGE ERe ighopian 46 fogs of
Fls@ohcﬂt is a bottomview of an al ternate enbodi nent
of the joint inplant of FIG 2A show ng an anchor.

FI Eﬁﬂ:ia!jM Shombusaﬁhﬁmdmcbds desctibed hierei Sifovdfor the design and
Ss-.enbe fﬁ% re alternative enbod men?
ofusetfﬁéO*i‘trFsP%thfﬂ TRHE ArBHReY @tfrtha@sfqvao@gasne of
t rimipintdtion) beBeidtidlgats fRe ) aharaccad% Forovides
|IIustr§tesavr|et of cross-bars. 20 R

i 1TPEReRrePaH t1e JRiBli ce i npl anted wi t h| n a knee

j Qi FI GS. ., 2s illustrate another i nplant

JSS’-JPB%HI e fob tgeA?gﬁﬁsﬁﬁENbpﬁﬁgaﬂ’SMPﬁ&Nﬂﬁggl ng a
cha cut__al on ne edge. FIG 2T(1-8) illustrate
ﬁsgf’ﬁer nat Eheeﬁ’ﬁgbqq%e@ﬂd 6‘%“?‘?% qqstq«ag;(:nbep rgify can be

wheegithtrbitelefetts assattg #1418 distiaBb of thedldrihgd &é #HC'V eat e

aflat ngl ed surface_for. the inplant
- wtEeRLBY

AONe garegge. SRHage damage, ﬁ@i@ﬁacﬁﬂd\’ﬁv Vi ews
Ofde@ehéﬂaﬁén HiPtPSeruse or age. The invention aliows, among other

things, a health practmoner to evaluate and treat such defects. The size,
va!u_me'and shape of the area of interest cén include only the region of
cartilage that has the defect, but preferably will also include conﬁguous
parts of the caﬁilage sdrfo'unding the cartitage 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, oné—dirﬁensional, two-dimensional,
and/or mree-dimensidnalrmeasurements can be obtained using -sﬁitable
mechanical means, laser devices, electromagnetic or optical tracking
systems, molds, materials applied to the articular surface that harden and

Clnmn 40 & &7
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suitable for use on a condyle of the femur fromthe
inferior -and superior surface viewpoints,

wo bRseeekd vely. FIG 3c is a side view of the Ipm{mbgguﬁgg']lq_l

of FIG 3A FIG 30 is apniewof the inferior
surface of the inplant; Ftc. 3Eis a view of the
superior surface of the inplant- and FIG 3F is a
cross-section of 20 the inplant. FIG 3G is an axial
view of a femur- with the inplant installed thereon.
FI enmize dhe furianedioniury jaa@/gfoneHs maere dmpaingdeqhniguss

t K@ oRALR Hefa }"Ql%gfr%mtégqs béﬂ%@%taufedmiﬂbés@elgg pgﬁ

f enor al con IS an anterior view
k n!eteaqp@rattvew (elg..asingpipeotie of otfeGurgisal deylcaht Asiwiinbe

F aProgEETRa B it s Aol R 1ABRE P e Bl Rl

2 .caRIvas at3hyigivar pointrderendingalipoer paiist eatmtdinyemd/aftha

| P PRl 5 o SO Bl LA

1 Ipadiiuraai®sation oh pl atidulstddrdeee for the fenoral

condyle according to the prior art FIGS. 4s-i depict
afoodygr i npFanta mJal ﬂablohaﬁwhoWhg?ﬁ@ﬁé 55240 2 practitioner

PCT/ US2004/ 039 errent a fenoral con
ERESSERSING ol st 1B PIoe R eR NS 7 HieRaV eraaTd o7 % target

i nehedd. - THestep e ostantia arméawr@ﬁent dah®e ddeohfplishsd B¢
V|ewof the i |ant. of FIG- 4e, FIG 4D is a top

VPG RN iiaos Pitae jint hisriek oBh berepdale. ARy ARl

a"ﬂé’ogtaﬁ{ §pﬁ@éi§§’8ﬁ¥da\§§s$ﬂz BRIt it WrHRF rdiing th@piuﬁnt FI G
4G is an axial™ 5 view of a femur wth the inplant

[ @ﬁ%srwtpmeéﬁrpnqa tee pptitionghhameledpingd th@/ NeeRssRrY
e o ESSEB SL B e B

' | §f the targeé igidrbeingeapsepseth 80k e mqsiehtemﬁsentai\qm can be in

aI ong Wi t h tgh&.'rﬁéﬂg%l{m g@&f ‘%ﬁgp‘%ﬁ% éi-ﬁé‘é?éﬂ 6 the

 plicintszam besipaineatva, isathren dwmemsnorﬁa Bcap indgd¢ 8@h9sical

FlfStier Mo AP ol RIGEE] 24160 r0) BFir ddWEANEip thE"! ©
original model, or a subsequently created model, or both can be used.
After the model fepr'e‘sehtatiori—of the jojnf is generated 30, the practitioner
can dptionalty generate a projected model representation of thé target joint

~ in a corrected conditicn 40, e.g., 'fr'om-the exis_ting cartitage 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 diﬁerence;betweén the topographical condition of the
joini and the projected image of the joint, the hractitioner can then select a
jointimplant 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 répeated 51 as often as desired to achieve the desired result,
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pl acerfent on the fenoral condyle. FIG 5A is a top
view of the inferior surface of the inplant show ng

hanfer cut. FIG 5a is a slightly perspective
woﬁ%o@wﬂwﬁ} he superior surface of the inplant. BCE&USR4/039714

IS a perspective side vi ewof the i mplant froma
first direction; FIG 5D is a 15 slightly perspective

side view of the i mpl ant froma second direction.

FIGS. 5e-F are side views of the inplant show ng the

~beasdditorangdsis cohtdriplate& tharth b*fa‘c;hﬂ:dh%? Eﬁé\%bﬁ'ﬂ}]

al ternative enbodi nent wherein
| atfBFgtUremeNkef aaggetpint 14 lag@m@@g é@fcﬂﬁﬂmm%rﬁ:ﬁwraye atd

wheheh Befbba SRR foint FeSadénetiGRBidigo kee! . FI G -Si

is an axial view of a-femur wt e Inplant 20

|| mabsé] ed ORs ot ppcR eigt&c?ﬁfmc%% of &kiFin B8 48 10

anterlor vi ew of patel | a
m@f@ﬁﬁlomfecarhwpamd dlf,eqﬂmémn theostop of penefretimy amodel

CoSicbon86h o bl SrphGHR 1b%e XM Bkl KRG o

f erf@ﬁ!acera@htdmp@mt ép@ﬂ@hwnrbyammamma stultbabliﬁ folfoing

TR SuBbED g RStk b Bl S0hacSigpe i biining

- k ne@eqswenrrerﬁlcﬁaiarget jdiep rtatgermatatg mbﬁaterregﬁfﬂ@ﬁM‘B%rget

ey, ch acc artial renoval :
of J‘% E‘%j d §§Peéa 5 psie O%F-F %% ?’8 rapeaied it s&res or
enipadiliebas shavin b ehe ey 24, tzslmvl ng one or -nore
chanfer -cuts. WO 2005/ 051240 PCT/ US2004/ 039714 10

[ omm:qa] FI GS. Fz@A1 ﬁls dnl aisdrnateeficw Bieat Sfovisg SREWAK by
i.cal re resentation of t

cr 8&0%&8%?’ "g ﬁgﬁsestaag}gaa %H%D'&Stcﬁﬁﬁ ionRy obkRins gy f ace =
mapnedsQfsddnt ok @arg@ﬁdht iflol WRé %@;ﬁof%ta’%‘uﬁ? éf}ﬁéﬁsﬁ&ﬁé@“
a

f enor

,ofa%wce [ le . 5 for a portion o
coffay P8 aCﬁ%fVPﬁiﬁj‘eé’ twigkipe é&é”@@ﬁqu ferigint orkis stepeanpe

FI @)ea&ﬁst JsdreBesdarp M6l odtRA bRy Fadd) m%?ger%

pa%ue er reflgze the joint assessment process. Once the practitioner has
obtained the necessary measurements, the information is used to

generate a model representation of the target joint being asées'sed 30.
This model representation can be in the form of a topdgraphicél map or B
image. The model representation of the joint can be in one; two, or three

- dimensions. The process can be repeated 31 as necessary or desired. It

can include a phys:cal model. After the model representation of the joint is
assessed 30, the practitioner can optionally genérate a projected model
-fepresentation of the target joint in a corrected condition 40. This step §an
be repeated 41 as necessary or desired. Uéing the difference between the
topographical condition of the joint and the ‘projected image of the joint, the
practitioner can then design a joint impltant 52 that is suitable to achieve
the corrected jdiht anatomy, repeéting the design process 53 as .often aS
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illustrate an alternate _desj

has been.cut in order to install an implant (FI G
8B). A top and side view of a suitable patella

wo béiR)ogitko i S shown (FI'GS. 8c-D), and an illust rﬁé]“/@éhﬁ@imsg"m

the inplant superinposed gn a whole patella is shown

toillustrate the location 10 of the. inplant done

relative to the patellar ridge. FIGS. 8E-F illustrate

the inplant. superinposed over a patel l'a. Fl cs 8GJ
g far tﬁ'ﬁ’{«; E |

i npfcaRtay 42 adgRvaths @ﬁﬁkfesiﬁméa BEgSIOn. ?‘aﬁ *é%‘e’%“@%

de%?ﬁés Wﬂ@g ﬁFB\ﬁdshd Qd8itiSeal YeRWRsO8udh KNARIs| Re, lips,

e devices taught installed therein.
FI megsgqrua@pe @ﬁeg'sh 96 aRERGES, CIGSSPATE, BtccWRBNNANCaInant

%@ﬁ%%é@@wﬁpﬁeggg{oﬂ§ depicts an alternate

dyl'e inplant and a patella

pgir% ?ﬁq nhey W"tb@f ggFéH‘%é!é ﬁg'ﬂ’meacﬁtskﬁlqmﬁéaﬁ @reat er

e sur condyle in
po;sraetftlooer dam preicieod dirstty frgo the M@thﬁ‘ gepsraging ree@ofie)i nt

ne A Bl Bl Pt e i i i
1 1@Ql-aoemeﬁié mtpi??tgseasmt sthovm eythefartdve 2BnSienijasitmthadfiavh
ool Heve. fiwiieans fiEfigh o AR fab 8 o iR B hplegy
de@: ehesstebe okaet@mmg measaendyt of iarg&tz—,\mht o cgenla@atmg

oBvdievrchehied b o8l oo Bof e e BR i o

bi ermardpaBidah seaas vt parandl sarshownchyathie flovalf2,i 4aldant .-
25 DETAI LED DESCRI PTI ON OF THE | NVENTI.ON [ 0025] The -

f ojgoegy N dewErHddkiaONbwW Shapt Heﬂrﬁtm@ the peswlsk@fabecting an

person _skilled in the ar

P A6 2 RS SiiEHY B POateS SPDE8 ABB R AEhose

PCEUIH%% Wrilﬂ'l thé britdigneetihe dhéfﬁ‘ﬂbﬁti@lﬂ‘soﬁrb&%édwﬂd s:ze
be readily apparent to those skilled in th
t hef ajem ef ¢f§e@ﬁ‘rer%arﬁhaa§ R ERTLIASE PR lé.fﬂe%egé Ggpﬁ"'wg éﬁp

-t Oc. 0 fiFepeBiRPALABAY fmad doRRR! derbi OORCHHOEE of the

departing fromthé spirit and scope
cartilage defect is measured, the thickness of adjacent. cartalage can

optionally be measured 118 This process can also De repeated as desired
111. E;ther after measurang the cart:lace i0Ss or measuing- the thickness
of ad_jacent cartilage, the curvature of the articular surface is then
measured 720. Aliernatively, the subchondral bone can be meésured. As
will be apprebiatéd measurements can be taken of the surface of the joint
being repaired, or of the m#ting surface in order to facilitate developfnent '

of the best design for the implant surface.

[0039} ‘Once the surfaces have been measured, the user either
- selects the best fi ttlng impiant contasned ina hbrary of implants 130 or
generates a patient-specific implant 732. These steps can be repeated as
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~in any

of the presént i nvention as defined by the appended
clainms. Thus, the 5 present invention is not intended
o be limted to the enbodi ments shown, but is to be

t
WORBAHEY the wi dest scope consi st ent With t h&CTUS2004/039714

principles and features di’scl osed herein. To the
extent necessary to achieve a conplete understanding

“of the invention disclosed, the specification and

drawi ngs of - all issued patents, patent publ i cati ons,

anaeﬁ@d%%e@@ﬂd & é&ﬂévecfhtegﬁs{ f‘ttiﬁﬁ hﬁ@la @r a patient, 131,

application are ncor por at ed her el
{ 0638 |Asaxill el appieciatpg hydhesecof Il in magert athe pkoddssiof

th@ei@&fn g@ﬂﬁ'[ghér?ﬁﬁe% : e%ﬁrb%tg % ”If%rma .

event
I ogqmtane«y zrpib\ssl\ﬂlﬁl e, x-eay ofthé patiert h@enaﬁetﬂeai the d@ﬂ‘facﬁb‘s of

o S8 hyic® UohCET R ior DR e AR Bt iat SicR, Tassing
v atanabe betongsished by Uopexarapid, Supseim ddsmgtthéflmbléﬁf image

B8 et b S 5 R s

. | nwibableom.piaﬁt f8s beén keletRAl @ RN &@%p@ﬁi’sﬁoéz!rpﬁ%
e

feature o nventive variations describ

s ek epPRyPe 40007 ey IrRQYEItEATtIRge of Bpne from the joint
C ogthiaBat drafe WhplBneEah Qélgla@éd iR theDbink #6of eat ur es
descri bed herein. 20 [0027] The practice of t he

prigssoyt i nveREi@At :ﬁﬁil‘arﬂ@@ie@téd ét"ﬂe%@ﬁed%tchg ?ﬁ tomxcor |

i ndi cat ed, .cgnventi onal and digital” netho

i nREGT ABRRANC vk thesexisting,sLiiage obihedgint woiks sresentang H
ul da@fLdlMhck RE ﬂﬁ@'d&%a@in@ Gt Zﬁfa%@ %t?@ﬂicagsstﬁg r;llatural '

computed tonography (CT"Scan), nagnet resonan

i gt ARptomyRIny thl%mstamle bethd %m@tlngﬁm@camﬂwe ;slrmgmbe

| pf}é%%@ébe%rﬁssﬁéipﬁs‘( %&éﬁ( &ﬁg@of%dﬁo&g Thison

em ssi on tom)gra

ar’fﬁchfmuﬂism&mwaﬂyetssew éoremlaantmévat éngl ot anohdried into the
liggppat ure and need not be described herein. See,
e.g., X-Ray Structure Deterfination: A Practical

Gyosley 2nd e 1989,

; oh . o K8 g‘tik ge apg@b a‘?étﬁbﬁl*%%@ 8?Q@Pjn &% LIS cal

A;ﬂb"ﬁ@ﬁ'éﬁ., OI'thhe!bPEISD@ nmctzmgghe Mvaﬁam lah lobtain a
measurement of a target joint 70 and then eﬂ.‘her desagn 52 or select 50 a |

suitable joint replacement implant.
[0042] I REPAIR MATER:ALé '
[0043] A wide variety of materials find use in the practice of the

' presént invention, including, but not limited to, plastics, metals, crystal free
-metals, ceramics, biological materials (e.g., collagen or other extracellular

- matrix materials), -hydroxyapatite, celis (e.q., stem cells, chondrocyte cells

or the like), or combinations thereof. Based on the information (e.g.,
measurements) obtained regarding the defect and the articular surface
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WO 2005/ 051240 12 PCT/ US2004/ 039714 publisher, X-ray
Di agnosi s: A Physician's Approach, editor Lam 1998

W0§m3}0§9ﬁ5 Verl ag, publisher, and Dental Radi 0|§@MU82004/039714

Understanding the X Ray | mgge, editor Laetitia

Br ockl ebank 1997, Oxford University Press publlsher
See al so, The Essential Physics of Medical |maging
(2nd Ed.), 5 Jerrold T. Bushberg, et alL [0028] The
present invention provides nmethods and conpositions

f oand/eptiersubghpradral isonep arrepaiv haatéyal fean bedpaned ogselected.

ar[:i ular cartilage and,for , facilitatin Fe- :
uiiber? LS e o+ fiase o teledsctiiaves escied Persin. 2
matgtilagbTeplBbsment GTUb @@ﬁraup@mmer@ hav:ng Y cmwamitehﬁat will

t echni ques descri hed herein w for .10
oBBia 3 Rertoviog rorbiace et wisafw Ihésnieur Ang sbape ofthe

Pagitcalal Qﬁrfééébhﬁé twill fridfch A ARk Fedsbfties a@najnd%@@amiage
cartilage thickness and/or curvature. Wien the = shapé -

(e The repairsaateripl eatviesladg gy sembinajian of s)ateals, and typically

ar frichidedh fé%&fbrkaﬁg&»upﬁémé ofid, e%rﬂﬁ!% rRkteR8Rthat are

anat om c he non-damaged cartl | age or

theﬁtsﬁtﬂ@')ébeﬂt@rmaggﬁf@ cartilage, the success of

repair i s enhanced. 15 The repair_ mnaterial can be,
&%&1 pri orAt o METARANBIACANMERE RERAR MASERIAG can be

- based, for exanple, on electronic inages that provide

i nfa8i48ht i on Cufa;‘éﬂmpwg TeEAINAUSiRTeS often BMplayasstaband(ny

LB SR OB A W LR A e

t hiato therureetlyingvenei(e.g., g feniutds theasasef at kree prosthesis).

OSP4 TH BSOS L 20

or and 8,32a/588 to g el R 1meldd$wanbetnﬁ7e2@®hcdnd references
Addi t

O BB B Vo R Rk R B BB e

I npregent ijvaftiohhandican belkalectad haee dyaraodrit@ia. Rpr @aRample,

e er s orc S hfene AR BBt B et of

s ubgibiRN dKeh-likmMg examples of suitable metals include silver, goid,
platinum, palladium, iridium, copper, tin, lead, antimohy, biémuth,' zinc,

| itanium, ccbé?t, stainiess stesl, nickel, iron alloys, cobait alloys, such as

Elgiloy®, a cobalt-chromium-nickel alloy, and MP35N, a nickel-cobalt-
chromium~molybderium alioy, ahd Nitinolm a nickei-ﬁtanium alloy,
aluminum, manganese, iron, tantalum, crystal free metals, such as

Liguidmetal® alloys (avaaiabie from LiquidMetal Technologles

www liguidmetal.com), other metals that.can slowty form pelyvalent metal
ions, for example to inhibit calcification of implanted substrates in contact
. with a patient's bodily fluids or tissues, and combinations thereof.
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WOZSHF B0 evel

-materia

'd| Lidlef s ”dtswaﬂ%g???w

[0029] Advant ages of the present invention can
include, but are not Ilimted to, (i) custom zation
of joint repair, thereby enhancing the efficacy and

procedure; (ii) elimnati¥g the need for a surgeon
to neasure the defect to be repaired WO 2005/ 051240
PCT/US2004/ 039714 13 intraoperatively in sone
enbodi nents; (iii) elimnating the need for a

SS565E" . S0 oM ke B0l i
C Lﬁowmﬁ@s 93‘ g t h},&om)epaymtm&t ﬁoly@byrdm@s eﬁbl?@cryia@éte vyl

tis n in tive probin

{ & S Pobeu e, oA RE Gy Roe. Pelaripvige and
] Qidxlvwﬂtmbnda)' p/ol{eaabmte@rpo{yuretﬁ@m@s pbiisdiaRegs. no
Ioss in bone stoc i mproving postoperatlve

j Slfanes opRji 195?@09@?91 POWFF}%*MW%"’Q aess pelyether ether
PaetRt, étﬁ?l@ﬁ@%ﬁg! AbeSRBE powmﬁ&hége %Ft:%c@ﬂgloéé!é iihit

|nprOV|ng ostopérative function, such as range 0]

SOPSMMETANUEBTreT HiRreof [FoReeehE SesEictraberaan
alglQvhd (% Qe HetBarNar I‘R{f sﬂa%mﬁgéf&ﬁ)e% of ggiaﬂn

at nore precise
sipolyvistpyrratdanet a@lwnyl algoho @OMM1(21mwam>@pmae( s)

B S i e Y

1550 yt@ﬁ@}aciﬁhaoln@yd:rgldiacm OOkyc;mgeﬁ'ly( ?Igoshocmlmit)r pb@?wydroxy
se efects resulting from
c(e %ISOE oarthrltl S),

anmage e ma an
7§r at ?o%m% %%v gag% 5 be roq;ﬂ%ter r@ﬁ?m}‘? the
alpbtykst,one knowgn ab lpeiyetﬁaretge:kemdee(ﬁ’lﬂm('fm akHis tncmmes thed

o e e e G e e e

t hﬂpiaa@ho:m aodilable from Victrex of Lancashire, Great Britain. (Victrex is |
located at www.matweb.com or see Boedeker www.boedeker.com). Other
sources of this material indude Gharda located in Panoli, India
(www_ghardapolymers.com). '

- [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% giass-ﬁlléd or 30% carbon ﬁ!léd, provided
such materials are cleared for use in implaritablé devices by the FDA, or
other regulatory body. Glass filled PEEK reduces the expansion rate and
increases the flexural modulus of PEEK relative to that portion whichis
unfilled. The resulting product is kno\nin to be ideal for improved strength,

_ stiffness, or stability. Carbon filled PEEK is kndwn to enhance the

compressive strength énd stiffness of PEEK and lower its expansion rate.
Carbon filled PEEK offers wear resistance and load carrying capability.

for the patient follow ng the rBEEUB2004/039714
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cartilage that has the defect, but preferably will

“also include contiguous parts of the cartil age
WO susiosnmdi ng the cartil age defect.

appreci ated by those of skioll in the art, -size,
curvature and/ or thickness neasurenments can be

obt ai ned using any 25 suitable technique. For
exanpl e, one-di nensi onal, two-dinensional, and/or

t hr ee- di nensi-onal neasurenents can be obtained usin

siiG48bl e rscwWibeappraciated, olhgs syitalpls, sigdlarty biocompatible
| d
P BFRRIG! Srbpia8ic fledrbBRtcE o SHAL BTR rol I
hiatigoe, tmvek golbd memony\ere tlexig Faiieidmieztble have very iﬂw
PCT/L 1
a%sor %)%I%E ?nd ﬁélod \%QP ﬁc?l T éd}Ss.EHféé}S%q?,@ nc flﬁaee

naglng ni ques
aused \Mﬂamﬂ depariing foam tthaesamlpémf tredinmentidnn Theimplapt can

oe e&gh&*n%%?%ir afvig %'flye,&éf*e%}ﬁ%fqne%@é;@ﬁ& 22;2? cd by
 BBER g oviotbes gt sor BE00H FERESabetheinar ng

'ummppbtyetnbri@tmme@nékmné (REKEKK], mnaf t he

e castila bone to be corrected
P&a%gemg%ﬁ F?@G? tl‘:’P%g!g%'?g% @l’?dﬂ?”ﬁﬁ W&l ar surface.
[ POP4iekitrethbkdtond Hurper 6inaF bolgkatvhedcst B Sstake Wely

a practitioner in assessing a joint. First, a
p?%l@?‘iefﬁ@ﬁ@Pp'@éf"é‘i ns a measurement of a target 10
joint 10. The step of obtaining a measurement can be
atd9sid i s hé%ﬁfﬁsﬁfxcsw ﬁapfé’ﬁ"?%@gl%ffmt% a6 bt usepHpsthe
SirfRart?An R 18889 8 foRswing e8eGAEMs, dilof WRicRRF4AI N a

~plurality of images in order to further refine the

j Beafporaied é@mhv refeerness Thesecdoqumenty metudei BRér . has
Obhalcaggn {8 PREEEBAU Y, dafiRaR! B, §OESIC aﬁ$§nﬁiféhcg.gat i on

is used to generate a re resentation 15

t @pgeatipleiRelyretieiaterials £60 E@bhcahtpfsW@@@!ODE?S At, dated
" S04 85 9P ALhE Brfifitl BR-E8mpatible Polymeric Materials; and PCT

Publication WO 02/00270 A1, dated Jan. 3, 2002 and entitled Bio-
Compat_ib!e Polymeric Materials. |

[0052] - The ;joiymérs can be prepared by any of a'variety of
ap'proaches including conventional polymer processing methods. 7 |
Preferred approaches include, forl example, injection molding, which is
suitable for the 'procia.icﬁon of polymer co'mpdn__ents with significant
structural features, and rapid prototyping approaches, such as reaction

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

made pérous by either physical abrasion or chemical alteration to facilitate
incorporation of the metal coating. Other ;irocesses are also appropriate,
such as exirusion, injection, compression molding and/or machining o

[0033] As widtudaeos/nso714
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the formof a topographical map or irrage. The nodel
representation of the joint can be in one, two, or

three dinensions. It can include a physical nodel.
WOV%/E(PE’ “PA%hn one nodel can be created 31, if de PG HHS2004/039714

Ei ther the original nodel” Lor a subsequently created
nodel , or both can be used. 20 After the nodel
representation of the joint is generated 30, the’
practitioner can optionally generate a projected
n@&@ﬂfqv% riypiatiutthe ﬁo’af“et’ PFeC’%%ﬁe@JPr jopiysical ﬁ”ﬁ
CRIEERSSH propiHidd SRy ii’sQawtgbiS for éérﬂﬂ?\é Bfd gﬁie%ﬁ!r@&he
cartilage on the [ surface, by providing a
nphysinat @ﬁdthﬁ@vﬁﬁp{ﬁ@m’gfﬁéﬁﬁﬁ%surface or a

conbi nation thereof Again, this step can be repeat ed

400585 necddesarthanpne meil andiar palsTerFanthe dsad Br ence
b [ t

¢ FBRgsct i) BRAOLARE, P offfie) oRfplinkd et PoRkuify
ceubstrates can| rea:coeaed mthrpplymms #NONSOr Treag regionsudn abl e

t ' - ]

SR ENE ghe b e BBlRfrlcBpRiniR8 3LBatp Cap ot coatclin
seteot inmore Egaessgtbtheammotzemetgieat ed 51 as of ten as
desired to achieve the desired result. W 2005/051240
PIOTEEIS2004/The%Eystem bbpradithesisorsal they poriotis iog porous coated.

R e e A

, emamrﬁlng metaisx cé@ymcsamhd pohemersel eede surfatetmmipnentsndan,

t t. 50. 0 ted -
o e B SpureRIay VAt e o ey attide of 3 ERBI GRS,
PfoRaee éf aiRetrhitaly. Couithr: pséreﬂs ebaeRanalia b aroded

T epr entation of the tar oi.nt 30toth te
Rt o eial B POt (e IREGRAIN Peli SIS0

sfNaPYiddRe r@b%%&?eﬂﬁ!éﬂbﬁé%ﬂiﬂﬂate faﬁbfda\&oﬁ%mauons

sel ection of suj oi nt repl acenent

t e eélf)e%'scomb'@ﬁt%%h@r&ﬂf NRER f-Enbke- Bt Ns"@@ps 1836@

1Qshge8teieRiddiemBEeho, e cO it Q8. 9608 309% Thdhzo

joint 30 and ener at | n proj ect ed d_nodel 40, can be

riepeasd Mayi/n 18464 pad Lb$ at No. 3,843,975 to Tronzo issued October
29, 1974; U.S. Pat. No. 3,314,420 to Smith issued April 18, 1967; U.S.
Pat. No. 3,987,499 to Scharbach issued October 26, 1976; and German
Offenlegungsschrift 2,306,552, There can be more than one coating layer
and the iayers can have the same or different porosvhes See, 2.g., U. S.

Pat. No. 3 938,198 to Kahn, et al,, :ssued February 17, 1976.

[0355] 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 tor’tuosuy 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 c:_oéting inuseona

FPane 21 ~f A7
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parallel as shown by the flow 24, 25, 26. [0036] FIG
16 is an alternate flow chart shovm ng steps taken by

WO OS5/ 240t itioner in assessi ng a j oi nt. First, PaT/US2004/639714

practitioner obtains a neasurenment of a target j oi nt
10. The step of obtaining a neasurenent 15 can be
acconpl i shed by taking an image of the joint This
step can be repeated, as necessary, 11 to obtain a
pl urallty of images. in order to- further refine the

j arqﬂhe&@s‘@wﬁeﬁeepaléee@é% Ratchlorhé1He iR 1q Mogirissued July
OEEatQB?jTEE%oFtRE%%gﬁ%cHE g@lgp%ﬂ@@kﬁhe F&ey bid gpwaﬁt 2R

IS use gener at resentation
t thregaticipaist whele sgbiesisesioen eevate@) teThperatwpel gat bonds the

AR S8kl e L0 o g

caoathgsican ctxee:ietewmnecbin view ed thalieasiisgoarsd rélﬂammes cisd

- Pereta o ayer bared nBR MRk Pl S'défd ”h
30,

pﬁﬁfé???.”éﬁt b ishaREA 52#1%%% 5 proj ect o

B S, SRS Shelfedth b idoBical 41
amatae shienal@ie oificortbindtenngth dm—ﬁbfo@&faemrtm WEein

PGrBEELaY et rehisn bt s St 8 gl b

't Bermaée%eacenbﬁt dttregéﬁéramtg ratérisms) sichsad fetdlIcartiigge

ach| eve the correct e j oi nt. anatony, repeating the

deg qu@nm%ee%edée bgdh %P@%‘-h The gglisermyeben b grown in.
PEdAilRARBALIA3RE Mhse LALINAE Qﬁ;eﬁtéest(aneshaﬁveutéyeof the

desired inplant design. The practitioner can ‘also

asadiagefyaoHading rﬂaﬁm@rtitageatﬂwtmﬁ@reem eacheds Canglitipngs -
r ﬂirlg?ownhﬁ ehfs gel %péhond?g&ﬁes)(‘drpﬁrﬁahg sﬁﬁﬁfﬁes ﬁfcultiure ex

ors, Cros ars enhance ‘t he ants

peivb @ndm pizoiare teecribergler example, 'TBU{QD(?ﬁﬁntA@SAﬁL473b@9

ARPERkLAE: & i ek R ner 2K! hbod, s 848477 & Nétﬂﬁjtﬂn etal,
issued December 1, 1998; 6,283,980 to Vibe-Hansen et al., issued
Septerhber 4, 2001, and 6,365,405 to Salzmann et al. issued April 2, 2002.

. Non-limiting examples of suitable substrates include piastic, tissue

scaffold, a bone replacement material (e.g., a hydroxyapatite, a
bioresorbabie material), or any other material suitabie for growing a
cartilage replacement or regenerating materiai on it.

[o0s58] - Bro{oglcal polymers can be naturally occurring or produced in
vitro by fermentation and the like. SUItable biological polymers include,
without I:mttatton, co!lagen, elastin, silk, keratin, gelatin, poiyamlno acids,
cat gut sutures, polysaccharides (e.g., celiulose and starch) and mixtures
thereof. Biological polymers can be bioresorbable. '
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practitioner can proceed directly fromthe step of
generatl ng a nodel representation of the target
oint 30 to the step of designing a suitable joint

Sinmilar to the flow shown*above, follow ng.the
design of a suitable joint replacenent inplant 10 52,
the steps of obtaining neasurenment of target joint
10 generati ng - nodel representation of target joint
gene .
o[ SBRLa" - bR aRalentlstoli Bie fHthodHisBibes hergiy
42¢amae agpgraffsqOes] the sah@ sutxpedt)s aﬁogrlaﬁsv(fcd:raranother

UG]S S ERS8T R Lo 0 BB

: abSea abgo, lirhtemtzﬂ:ﬁalsl%ate:atb?teallaatnbrlenmomzmvtEtoaAféx@ider et

th f
o SnPiTRard e 20 I 6127685 10,5 BudRneT August
rreasme'd Irl@@rtaiiﬁh;rﬁboc&héﬁts a@@diomsfrﬁﬁt%ﬁbl%darﬁlﬁréi’eﬁb@ as
tipes, 101 %Jﬁ‘g%gf Once the_size of th
VeV A EatRe R aesus iPEnolgicy FoRfiraiens o the host,
adinaioginy re 28k biptiaf &f 6R malphisORREMARNERRGH L4 rr}\%Q)f
This process can_ al so. be repeated as desired 20

Ei ?ﬁéﬁs‘ﬁ%wwammgﬂp*@ﬂ Hartilage | oss or

uﬁ’\%u” ng the thickness of adjacent cartilage, t he ,
8%dur e of" Ph eHIOOHKRRN OF %'F!ﬂ%’équ‘s apRbe isrsad (e ed

13@awé§ﬂh§é1§@%r¥:e& M@ndr@ﬁe $HAGH BFECHa% ab@&ﬁeﬁ?&t@ €The d%neor ,

measur ed e ap reci ated neasurements can
t aHierragibe Iﬁ@atgqﬁrﬁ a@@n@waﬁh%n plpgieft oban mytegspfi Thechrobe is
Ofuéet&% Rhi08 asg‘HJd%%élﬂ:c%&@g DERVJ%%E Joﬁb?tzssufe Sample

devel opnent best design
s ATcibe req;lgeageﬁte@%“@é preke is wpeaifediyidasigrisddn acﬂaase med,

t e séds @ﬁé&?%&gﬁx?és@%?tcﬁ BEy e t-tm%féhbpgssug%gﬁ{ﬁi eang |

contalined in alibrar
patheé‘mlplsp@ﬂef Tbeipnpieasan, maxamebasm Snmmﬂmemstat

B, S T DM oo

i iddciinatinrihe dman&ldtqf tHieBfirobe is typically hollow in orderto
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 can
be used to achieve a defined depth of tsssue penetration for harvestmg
The edge can be externa! or can be inside the hollow portxon 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,

nt inplant 52 as shown by the arrow BEI/US2004/039714
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133. As w Il be appreciated by those of skill in the
art, the process of selecting or designing an

WO 200pbande can be tested agai nst the informati orcr/uso04/039714

contained in the MR or x2nay of the patient to
ensure that the surfaces of 5 the device achieves a
good fit relative to the patient's joint surface.
Testing can be acconplished by, for exanple,

superinposing the inplant inage over the image for
t ﬁéwdﬂiﬁlsé'ﬁﬁi'%eﬁ &Ir fissuecpiting mepaniyae hogeramplenibe distal

g ok TR e, PSR LBt et ooy

r @mﬁﬂ Ha;ieea'?he biegle wbidseseahbermoned pgihgta memsair f ace

b A s haRbRCER It B e anc

acbpaetisg ﬁmatissnecsampte fremrthanadenyirng f:$stue\MTyb|ctallw this will -

e hadided FLbE ot ehd el B lant Thufe B S iR dhaped

r @;ﬁdecmé@&ntslne thatindiatual jpidet candleqfiyved Bo BBItS close the
I nst both the existing, surface of the joint can
bire{BCrEbY seRREFting o SRl Hee: Pealones 81 ng

e of th oint. This chni que i artlcularl '
uiéqﬁ? “for In 'mmm%nt&fﬁ’eﬁmg%%m Bendsgeara |
bestfofrdfARASY déﬁcwdah bBentagRtRringiie dnd VistAIRFR d¥fths Kidbk:

in the art, the ysi ci an, or other person

pr B8 taser H@V’Fﬁ er Mﬁ/'@ﬁfqﬁ@ﬁu‘er&%‘(ﬁjw be E@e%%ﬁ@'ﬁ@ﬂ*ﬁ
th@ttsts@é GAH th QbPhralOtrRNAstd §é¥n6letfl°c?rh ti5e ﬁh&@n Msue,

sel ect 50 a suitable joint replacenment Inplan

[ o2 |t iRERAl&nbAiRBh S hé RRARor) tMé @!§m\éﬁ5rb§é ¥a:9£e

materlalsflnd use i.n the practice of t pr esent
i HERhini tha dopacandindge recipienfoln am?fh@re@mb@dirrpﬂr&smm&@ ly

- Meh Rl @B%§B?§h§h"tig%fffe?§1t%§(§ﬂ:§l dithBR&BAS San '%%8&'@&'

mat eri a agen of ot her extracell

rrﬁtcam&ie‘:wmemrpbe gped nytﬁeaﬁwgat ¢arebe glightly S(n@aligr lhaswtthm

 Cbhon FOSRHEO0 RSl O b B s e

or_txssue transplant and the recipient site. The pr_obe used in the recipient |
can also be slightly shorterr than that used in the donor thereby corkecting
for any tissue lost dun‘ng the separation or cf.ztﬁng of the tissue sample
from the underlying tissue in the donor matenai |

[0063] Any biologscal repair material can be sterilized to inactivate
-biological contaminants such as bactena, viruses, yeasts, molds,

mycoplasmas énd parasites. Siér’iiizaﬁon can be performed using any
suitable technique, for examplé radiation, such as gamma radiation.

[0084] - Any.of the biological materials described herein can be
harvested with use of a robofic device. The robotic device can use
‘ mformation from an electromc image for tissue harvestmg
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measur enents) obtained regarding the defect and the
articular surface WO 2005/ 051240 PCT/ US2004/ 039714
18 and/ or the subchondral bone, a repalr mat eri al can

WOBROG5i3#8d or sel ected. Further, using one orPGHAPE08+039714

t hese techni ques descri bed2°here| n, a cartilage
repl acenent or regenerati.ng rmterl al having a
curvature that will fit into a particular cartil age
defect, will, follow the contour and shape of the 5
ar ar s

h@'u%g]r 2 Ir:]%%gg r %%gfmeérlts ;Eﬁé %Qrtﬁ%% Feprgt%é&%ﬁfm%ienal
i ncdsusl paalnyiac blmbheratcabwmﬂosnm:tre ri arlnsstamaj ﬂiqknnciaémy:al

oSt o R BhreBE SABURNRE GrdcBh b dssb¥ed by
c h:ang diss{idahipled. anNE!Eé«lmoék\@'lél@txé’ WERY %Rﬁﬁg’;\té%hmques

ERIALS 1 t |
of tw@m%&v{?&(’?—’iﬁ%gﬁ?&? Yaghep hotdhbeh e phsdeium
i et ingkidiy oféfﬁc@éﬁ&?ﬁ!@ge By @@hh@ﬁ@gcoyanﬁﬁbw@nmwted

into the underly oneéép (ge femur 1 n_the case
ofWiEhiR fiecsigge hb Sriiagsepla f@ent%@erpﬁmmﬁ@ﬂal

6, Z3hed BelnPad¥ &d @lituredt | in %' mahﬁé“ﬁﬁad\@é\féfh BBche A
and 6,322,588 to (gl e, al . 1ssued November 27,

2 CWIPPQsiPsImibarda diaat qﬁﬁecfﬁr&lag@ pEFreRding\thg iplandatias v
. Of it AR SRR tié’ns'ugecf! RSl @ﬁ% se {re&ieRfred BRschRIGSENt

i nventi on, and can be se ecte on any criteria.
Fmore;mq@lne can iraleds, f0r exampir, ivervirgipornentratiens. on

b}:ﬁ ?%in&%eﬁm‘}atof%% Sazﬁgi{ag b?ﬁ%&ﬁeﬁfm ré%eﬁle%ﬁryg
suha@nal CADl, ﬁbr exph'mle ierinfiyeaced b wontrollimg donaentretigseand
co ﬁ"?‘?'%ql’%‘%ﬁg @Zﬂ%@ gﬁ{%t gﬁgﬁ\nﬁfgﬁgrﬁt: :J;lgl u(r:nobal t

[:083% suc E{ngé é%&) a cobal t - chrom um ni ckel

oy,” and 35 Nt c cobal t -

' n:@@@?’]“trrl* Dl ybde&#{i},@)‘émPDg{_&d Nitinol TA, a

tanium a um num manganese, i ron,

t 4BbasM (_:[%ﬂg%fo%s&r{@ﬁﬂ'liamég GRa R8rvature of the
cartilage, a pAhysicai model of the surfaces of the articuiaf' cartiiage 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 madel can élsq take into consideration the presence or
absence of a meniscus as well as the presence or .abs‘eﬁce' of some or all
of fhe ca.rtiiage. For exa-mp{-e,' in the knee-joiht, the physical model can
encompaés only the medial or lateral femoral condyle, both femoral
condyleé and the notch régicn;, the medial tibial plateau, the lateral 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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Li quidnetal (r) alloys (avail able from Li qui dMet al

Technol ogi es, 25 www. | i gui dnetal . com), other netals

wo bdpslsean sl ow y form pol yval ent -metal ions, pCarus2004/039714

exanple to inhibit calcifixati on of inplant ed
substrates in contact wth a patients bodily fluids
or tissues, and conbinations thereof. W 2005/051240

- PCTI US20041039714 19 [0046] Suitable synthetic -

pol ymers include, without limtation, polyan des

( e;amiagen@érohsé detpahsyledi brsxamplf-:wsmg eﬁ@s;oordmate system of

b %ﬁ%{:?ééqa% s fﬁ&% %%Wv?%%eﬁ%et lBZI yvi nyl
{
dﬂﬂ@%é; o 5 B e B bER o PR 1 B Bl e
Wﬂé@ﬁfﬂécﬁt'ﬁﬁs prﬁ:@bg@td&e& nabrmnoummamm exanpig| enghly
b o Sy R R Bl 5 b P B Spparent
B'éahﬁesgnbﬁ&la@ @éfe&ta%u mdmdeyig@g fhafale enlire@altiagis ethus,
such as dext r an, ydr oxyet hé ?'tcgrch derlvatlves of

gdh ane gmbogisreaj Pﬁmedw?faﬂqnd BesAATHDE nammalesenly
%ﬁ/&)ﬁh %gaééﬂdéa?ﬂiﬁgé Qﬁﬁ‘bﬁncﬁl@g BRE BAfoYe SdRikied defects is

roxy acid (epsi | on-capr ol act one),
panqamd cTiae itruckqs@s ma}sya@m@ntac@nd)e GRipedaha Stigle point

g'afb,glge?a% é%)mua é)b%nxéirfemxa mr&ﬁrﬁ):s_em@mbar,

nmer s’‘can e used L3047 O her ‘materi als
V\mdxrds ahere tben a@ points paever the leratinafshe ; entmeeremammg

ST S P R R,

u rﬁpplrd:;mdatePEEr@mﬂprga,vawcrﬁlar repeiiisystem) cenpesetestécsuch
vai | abl.e f \/
L e s T e

Sy i %@%d%ﬁéé%f%‘%% Ry e

(veun [ vaedared oessigre andl/or bafdbesEpait matesial. dF urtieer, both.

no&ig %séwnaess oP %er%ﬂl%gnmg car%ll e%taen% ) %m%la&{?e %?the articular
surface can be measured to design and/or shape the repair matenal.

. Altematlveiy, the curvature of the subchondral bone can be measured and

" the resultant maasumrnert’s) can be used to either select or shape a
cartilage repiacement material. 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 cartitage can be identified. The
subchondral bone shape in the diseased areas can be measured. A virtual
contour can then be créa'ted by copying the,subcﬁondrgal bone surface'intp
the cartilage éurface', whereby the copy of the subchondral bone surface
connects the margins of the area of diseaéed cartilage. In shaping the
device, the contours can be configured to mate with existing cartilage or to

- account for the removal of some or all of the cartilage.
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WOPELHEE f or

filled. For exanple, other grades of PEEK are al so
avai l abl e and contenpl ated, such as 30% gl ass-filled
or 30% carbon filled, provi ded such materials are

other regulatory body. G &ds filled PEEK reduces the.
expansi on rate and.25 increases the fl exural nodul us
of PEEK relative to that portion which is wunfilled.
The resulting product is known to be ideal. for

1 PR ek FTE o A MR R Pt oot SR

st ettt hoanﬂtr@tnnﬁémsméblewmmt théftlbral plateau of
@ansn on EK offers

d P
AR IUMChS snoa LB PhrlhomBIEGE PR bS CRpPrAted using,
0B LR 240 B UFAR0 ALERRT AL 200068 2t

ap reC| ated, other suitable simlarly bioconpati b
t herfilepI TANIB-or t her nopl asti ¢ pol ycondensat e

terials that resist fatigue, have good nenory, are
{ o7 B e, anb®&rpiget PUbanpe URRSSUBCH 208wA IoWRISt ur e

abg pfapt 208 ané"édpé}%erél\@é@e 206/ e BH5ATUPACE 282 % R

can be 5 used wi thout departing fromthe scope of tﬁg
i ricetial lbwnnmamamg sitaceder respyingiibe opppsing daintssurface; in -

B A28 B O ey R A

that can one
p dtapdienarizblymoncavre st tbatik prasepts(PEKEGS tp thaopposmg

SOPHERIES! B KFRBAICL PR TR hand Y 87 Al i
pa;loymnmmmiss with. Ae wilbizzlappreviatdd byathoet béskill in the art, the
TP rkfeion, B3 Yo BR SFsFRER A, PP Lo be
Sy TR A TRl o0t oo
i regiyuwde:vaREY o Sndalsl Foaexaompi®\Oh62pp2d Safale 2eibiatbe

J art‘mapeé) by pro;ect;ngc{he sE:r'fééeeigom tﬁe existing cartilage andf/or bone
surfaces on the tibial plateau, orit can be shaped to mirror the femoral
condyle in order to :optimize the complimentary surface of the implant
when it engages the femoral condyle. Alternatively, the superior surface
202 can be configured to mate with an inferior surface: of an imp!ant

conﬁgured for the opposmg femoral condyle.

[0074) The lower surface 204 has a ,convéx surféce that maiches, or
néariy maitches, the tibial plateau of the joint such that it c::'eates an

~anatomic or near anatomic fit with the tibial plateau. Depending on the
shape of the tibial plateau, the lower surface can be partiéuy convex.as
well. Thus, the lower surface 204 presehts a surface to the tibial plateau
that fits within the existing surface. It can be formed to match thé exis_ting |
surface or to match the surface after articular resurfacing.

use in |an ant abl e devi ces by t hePHDBS2004/039714



- Conpatible Polyreric Materials; PCT Publication WO
02/ 00275 Al, dated Jan. 3, 2002 and entitled '
atible Polyneric Materials; and PCT
wo BBnsBIpat | 0 o O Boovo Ag dated Jan. 3, 2002 and 40374
entitled Bio- Conpatible Polynmeric Materials. .20
[ 0052] The polyners can be prepared by any of a
variety of approaches including conventional.
pol ymer processing nmethods. Preferred approaches
[ r[ﬁGTE]e f oAs evilhbp bppreciafastivy thosewif dkifldn thetart he sonvex

SRR B R e oy B GBS BB e, v

pr;oggt aw‘)iaﬂg 204 mf]ﬂealiy sordistas coﬁm argmcaﬂﬁ:am pemb'ggn
noj al na, stereo-11tho esustatec e
obet T Bl ol B shore bR bl PR ol s
5 Orptél‘EQIJm“F}ﬁle Hel irkk @edsenfiah/ Variablyecorivag ahgebaddven -

of the metal coating. Qther processes are al so

alﬂ[nnm;rl at eFic. 2HGRoAS a&bpm@ﬂheljtﬂhﬂﬁtpim,of FiG. 2a. As
npr ession _nol di th and/ or ?]tj WD 2005/ 051240
b thed

p@hpwszr@&ﬁ @8dhe gxteper shape 204, plant e B¢ pipngptsd.
POMEESndated RASESN Bke !at\én@t?}b? 'sﬁébe@ﬁx@ludﬂ‘%céll?ﬂﬂcﬁlaguas:—

properties and is suitab or_carrying a spr eadi
mﬂlpflpﬁyw@atraqkoa@ thwaven astdll beiappredrted dhasextelius 3]

e.t.éa ;sqgacaﬁi .ﬁlegg@ 1 o afn@ﬁ% %ra.eg;%om% éﬂbr%r .

|na one or
rra alsl ttp@nt At miithioe ag@rggnat@it lasthoas olf)ekl& inthedryithenactual

poé)é@}%'f ghépﬂa %ﬂ%yﬁﬁenlgﬁ%rcg vgﬁl Qﬂ%r%n& eergé;ﬁfebég%é/ joint

o]

1

ne or con
C amfami to he conected Tharsghe eaficorrdheilangtio rh.do dine wiithe W can

o Tons o daren' SERRD S5 1S5S b cte SERHIGHE PG
15 cans het.6ede further ahowum Fret @8] thiedength across an axis of the
implant 200 varies when taken at points along the width of the implant. For

‘example, as shown in Fic. 28, Ly = Lo = La.

00771 Turhing now to Fies. 2c-E, cross-sections of the implant
shown in FiG. 28 are depicted along the lines of C-C, D-D, and E-E. Thé

20 implant has & thickness ﬁ, 2 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 thicknesé at a particular location of theifnplant -
200is a funcﬁon of the thickness of the cartilage and/or bone to be
replaced and the joint mating surface {o be replicated. Further, the prbﬁle

25 of the implant 200 at any location along its length L or width Wisa
function of the cartifage and/or bone to be replaced. '

{oo78] . FiG. 2 is a lateral view of the implant 200 of Fia. .24 In this
instance, the height of the implant 200 at a ﬁr’stend hy is different than the
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~including netals, ceramics, and pol ymers. These
surface conponents can, in turn, be secured by
various neans to a multitude of structural cores

WORMNRSH48T various netals. Suitabl e porous coaPCOUS2004/039714

i nclude, but are not |I|ini#®d to, netal, ceranic,
polyneric (e.g., biologically neutral etastonmers 15
such as silicone rubber, polyethylene terephthal ate
and/ or conbi nati ons thereof) or conbi nati ons

t her.eof - U.S. Pat 5 123 to Hah
| o0 << ErmiEn s S208hd N he. Pl IR LB s e
' Trlfm@can omledlogégé{i’ dow%r@ﬁﬁedﬁ o? HB%vé!gatszﬂlLﬁﬁ%teWtﬁp
5 ot Fitpel S fioptt QR0 ies Hatia Hblength g Ca in
Pagomd\mstahc88, bedt 2 %obﬂv@@i&éé bﬁ@ﬂ%\ér&ﬁé‘ ﬁﬁve@@dgg ¥1048n have

1976; and Gerrran O f eni eqgungsschrii f

THaT averalhsigee i A dowmure AEeeipa: As dlusigied thﬁrﬁlétt.lalhelopca of

Iszﬂés@w@graéaglam \Féi‘%s%?cﬂﬁ ;gngggfhfl %{goerf(%n Epié?ﬁé 'isis?érrces be

i s%a@ﬂfl\feeﬁem AB wrﬂ bq@mecrﬁtww thyseotsidt ithe aan be
5

S Y A o bty POMASE S o

Wi Qfﬁataﬁ wherneis rhaandrmtam ekuivklanhtasscbsiaeiialydequivatent

SRRt bORhY rB HRRCBRL B ulenfhnion® TeRPLT e O
g?[ﬁgﬁ@h ' n’pg[c{ %IS arbrgé’saééafohqglémﬁogqg% 8 A%i DARETT S

. a COa I N use on a
2008y GH ORIt tﬁ@Tmp@ﬁeem 0B8GZated Wihinpa katd muhtc'faimé&a that

P )

3o g3 Qo 204 R syt Zhonl n e VBA! idimatcteg an
t mae fagnun Hi24areptsvatetheamger bivdad 20Zofhasmplanh2d® Fie. 2

?Néec& esd tc?l 2 el evat ed t erlr_gg fat ure that bonds the

SO0 St HNE? TR PIRGR I ety sReviRg the

pcminpimt 200 oplantegovithin a&nee@mnwocaa iD8pstatar Mo eds
| r\]ile\@ % Pnpriggtezétf I%Cprgs%% so tkruaetfatefr tse r\]\f%%l?‘l zg: Iségednor articular

surface 224. As will be apprecsated by those of skill in the art, the artlcuiar

surface could be the medial or Iateral facet, as needed.

{0080] " Fie. 21is a view along an axial plane of the body showing the
'i_mplan_t 200 implanted within a knee jbint 1620 showing the view taken
- from an aerial, or upper,l view. FiG. 2J is a view of an. alternate embodiment
where the irhpiant is a bit I"argef such that it extends ciosef to the bone
-medially, i.e. towards the edge 7023 of the tibial plateau, as Well as
extending anteriorly and posteriorly.

fooe1] FiG. 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 2712. As illustrated in this
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herein, for exanpl e based on the nmelt i ndex of each.
[0056] B. Bl OLOG CAL REPAI R MATERI AL [0057] Repair

woa%%nater|2§+s can al so include one or nore biol 0%6’?}082004/039714 _

ei ther alone or i conmbination with
non- bi ol ogi cal materials. For. 10 exanple, any base
mat eri al can be desi gned or shaped and suitable
cartil age repl acenent or regenerating material (S)
such as fetal cartilage cells can be applied to be

t BeydRRRSent Tthe jGift Afchon21RSointed pRAn@IcPVReéINor vertical
conjunction wth the base until the thickness. (and/ or

c meyakeiteat %tertdﬁé‘rora e loweg sudase 8hal thg impéant 200 and
C?F%é&té l‘%ﬁf Sfém&@sth*éq?:aﬁﬁgc?g@{%t KOUAl bé %gﬁrelsﬁaté@ﬁy

) on vari
strmarcmsbiﬁ in thecart. tihe beeloan by peypandicilar of Nwithia a plane
8?§{e6q§g for exanple, in U S Patent Nos. 5,478,739
to Sl "et al. issued Decenber 26, 1995; 5,842,477

f(&@?ﬁ' ght O%@c{x}lcg’lail\haés%ﬁ’cﬁﬂw Reﬁenﬂ.efhef]o:g%gagn?r 212 can,

980 nsen et al
208ie aanmbsenatben b4 so tisdiitonma rboécm‘abarspwwedthmnmlt

V2% o B A R A5 il radl

r bp trasend skill tather arglthé gmgt ancﬂoh gdz omyd Mt& be a ariety of

e i oken s B i

rmatsmltyrafﬂrsnﬁiplmm;n Erféojsﬂ:l 'Bie@bcctrﬁ@tnczude but

ol ymers can be naturall _occ roduced in -
- Derdnetiigiieg tp.drne ks, GAt eetnetcl frdtiokell gopor more

bjhteBicRars PP HEESpioVRiedds desiveti NP 2diFdt @fiusiate
col l agen,. elastin, silk, keratin, gelatin, polyam no

a6fogs;sectians of @teqiate PEPOARPYS 4E 8 1HiA %@p?@r‘g implant from

caldidd @s® a@xﬂ% sdgdy. and m xtures thereof.

Bi ol ogi cal pol ymers can be bi oresorbable. WO

2005859512400 BRHIRZA0 EnikdiThént shown0ATY. Bi Aleg) 58

materials used in the methods descri bed herein
desirable to provide a one or more cross-members 220 on the lower

surface 204 in order to provide a bit of translatlon movement of the mpiant
relative to the surface of the femur or femur lmpiant in that event, the

~ cross-member can be formed integral to the surface of the implant or can
" be.oneor more separate pieces that fit within a groove 222 on the lower

sﬁrfacé 204 of the implant 200. The groove can form a single channel as
shown in FiG, 281, 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 FiG. 2pP. Where two, or more, -
tubes 220 communicate to provide fransiation, a groove 221 can be
provided along the surface of one or both cross-members to interiock the
tubes into a cross-bar member further stabiliziﬁg the motion of the cross-
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WO Lntsexsmae i onal

can be autografts (fromthe sane subject); allografts

- (from anot her individual of the sanme species) and/or

xenografts (from another species). See, also,

Al exander et 5 at. publish#&d March 21, 2002 and WO

' 97/27885 to Lee published August 7, 1997. In certain

enbodi ments autol ogous materials are preferred, as

they can- carry a reduced risk of immunol ogical
Ilcatlon h ncl udi n apsor tlon

ofbarrelaRg & su@P 'E?Pgrﬁfa‘f’iué’ﬁ %?%%eg@tg Sigcliin

t Nfe LS HeaSoSUBRPMRHILRE 2bD 8ah ﬁ@lf&mecs;hfe@fauy@m&%@]
I n one enbodi nent of the invention,.a probé is used’

t ompiagt wilseut deparing freimtae §epRsy ofdhe invention.o pr epare a
reci pient site. The donor site can be located in a

xcif88flaf t , A% BOMEGREIGS. 3r-Rait ingpligpaied thatiee prdare ofs
Ustﬁg tiby Eﬁ?&a‘%"@ﬂl%e%@ﬂa%ﬂ %kqaﬂnﬁnﬁﬁhgﬂw%fﬁé?géhr{?r}@cewe

donor ti1Ssue sa e reciplent sit
pribperass- tgapsmmbe,@l Tgxusjtaﬁh@ﬁég the a@bvﬂ af\iee npiant to seat

s eqlll AP wifi Qﬁéi%ﬁﬁ%ﬁee&xﬁ ? Wﬁg&t is when

tlssue sanp therelplen e probecan,
f dhe éreaiim,is bemotibindri cal . The distal end of the

probe is typically sharp in order to facilitate

t i[66888 penefFratdsgh2)illvstdite poiieinate embodirerlof 'mmmiarnif

P20 Wbyl B HOb B LRI o R G bl

dl ARtars(d) illnsarmtéﬁ anumpﬂalnshahn@a dsmge fillet at bdvat 1230. The fillet

0 uE BRERS gorPE vhPEnfiab RS i PRt H gL oERR bRL spins:

f ks Serwrent FF:GQZS(ZTh@a mmzm re3dfearerevided amd usaifobthe

PRt A i HBo e ohA i e B4 B puieE i GePIENG

Itcut%ﬁﬁb@hﬁsmos@éfﬁﬁ%uﬁ@fernt o the cartil age, the
subchondral 'bone and the 25 . underlying marrow in

t feogsise of Tam:@g Rbw3t Flt. 23(4 ekmgemtq:tfrtﬁe iiRaritug geon

R e b, B Bl A

t hangst propddatibh emenpsbyntSedtes tigsetact on the design when
the bottdm curve is selected without tangent'propagation. The result of
tangent propagation and selection is shown in Fla. 2s(7). Ascan be seen
in Fic. 28(8-9) the resulfing comner has a softer edge but sacrifices less

' than 0.5 mm of joirit 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] Fic. 271 illustrates an aiternate embodiment of an implant 200
wherein the surface of the tibial plateau 250 is altered td accommodate the
implant. As Hllustrated in Fic. 27(1-2) the tibial piat'eau can be altered for
only half of the joint surface 257 or for the full surface 252. As iliustrate in

Pat ent Publications WD 02/ 22014pdm0S2004/639714
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penetration thereby achieving a constant and
reproduci bl e tissue penetration. The distal end of

wo tobgofabmbe can i nclude one or nore bl ades, V@PCT/US2004/039714

2005/ 051240 PCT/ US2004/03%214 24 sawlike
structures, or tissue cutting nmechanism For exanpl e,
the di.stal end of the probe can include an iris-Ilike
mechani sm consi sting of several small blades. The

bl ade or bl ades can be noved using a manual, -
% 2T{Eed) e poisteytortantgrionsytiacs ean ba 8abB§0 emnade@ 262

¢ A chil Beldhel Rodlifk oL Rl 8 ey Wkl ety AR
r ammng dan nistohm ds&tbwma rm‘spebtstortbe irplants ofl it habd a&ethe
v al

-sha d ' he -i
o bt St HE8 RElin R DBRE STE PR phdSdirPRlNg Rk bispe
s epmeatudngtidiieoﬁaim afactmmgtenddhamisiitecstobe brcﬁdzde%! to

| 281 e B nS RS e i HOOMRLFtoe ST gl

| pEegaRbedroviebdleTHI el 26£LaBEh&H sittviAghiR bHshe, e 1€
| aser device or the radi of requency device can be used

t 8a¢HR! ar KPERIEH Plange Of NS VIETHY 2 PR NR(FErhown IR £1G.i1 23610k -

SRR bo(d) IRRYERR ANHRAANWIGCH ESRS the é&ﬁé%bnah 2R The

nmbodi ment of the invention, the sane probe can

u§EIéEF|S§'ffﬁh% ofithese implantmaretdesignesitpicentormita taenprofirted
eopadl Sﬁﬁé ﬁf 44 béteh¥indd ABEPHE UADGS Dhed Wiflibdpect to

ent MeNSI ons can
eE@aﬁl Wwhile ﬁ"@ !pweb euriaceds idesighed tebe §iat ror sobstabirily flat to

S B L L
i T,
LL@@%‘IE‘Z@ e A, SEF A b L O R on

-t hppositgajoind sedamﬂ tct the inhplant of ﬁ!sr ébys smwse;dthmg;;ﬂ@'itf or

o BB Rh A PR ORI I R Per €l 8 Tic

dooralyleait the ifahur {H20 G2es/with teolingi tateatppad canbé asedl

C%I'?angei eSt &n ﬁ1| | emdurtﬁzk ndarcut'\ 'c\émtbmatlon with another joint repair
device. Formation of the surfaces of the devices can be achieved usmg
the techniques described above with respect to the implant of Fig. 2. '

[bOBQ] FiG. 3A shows a perspective view of an impiant 300 having a
“curved mating surface 302 and convex joint abutting surface 304. The joint

- abuﬁihg surface 304 need not form an anatomic or near anatornic fit With

the femur in view of the anchors 386 provided to facilitate conﬂect:on of
the implant to the bone. In this instance, the anchors 306 are shown as
pegs having notched heads. The notches facilitate the ancharing process
within. the bone. Howevér, pegs without notches can be uséd as well as
pegs with other configurations that facilitate the: anchoring process or

- cruciate stems. Pegs and other portions of the implant can be porous
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bi ol ogi cal contaninants such as bacteria, viruses,
yeasts, nolds, nmycoplasmas and parasites.
Sterilization can be perforned using any 25 suitable

WO K1 le, for exanpl e radiation, such as garRfEI/US2004/039714

radi ation. [0064] Anyof t¥e blologlcal material s
descri bed herein can be harvested with use of a
roboti c device. The robotic device can use
infornation froman electronic imge for tissue

[ ORER T mplRne R R W th PO e g wifiuse of

, repd:raa:mmmt Ttmlmptadt cahd®e :mq@ietilto ubarthblsmbﬁmdral bone,

Compart SR E I OTT P gt o 5 ARG SrhEPae i

beh@@memdntbg'e tHateb 'm@nélrfeﬁb@ t@%fﬁﬁvgﬂ@théhﬂ?ﬁrqé& the
i M technl or exanpl e
%Eé‘%f‘iﬂ”*t‘%ﬁ th@’ RE& _ly %*a&gcem PRSENWNI PRASIStFRkU m

i ng fartlc etorm t.or
e 9@5&“%?@3@%&93 2RO G al MY he
Ca\ﬁlﬁhdlﬂﬂ@pér@ﬁ_&] GBRNABCHPe bEBRMEertibA WHiR ke bé‘éomﬁl%ﬂing

n be nade or cultured in a nmanner, to achieve

(s8Meciective RhBRavidinshingiasea stabilitt ofthe dmplané 300in the
%Idt'%@e SAHSAHAGE Bk B hamina@d%' s, yim?é s, 108,

culture conditions used to achi eve. t

bi @fenkididanally. cness SNePdRist eraiorh 80Ricen be providedas e,
ValigdiBd, A < ROGRNL [‘#atie% thrddl QRISM Gy t‘a%!mﬂﬁ.t gﬁe%g[é

t he cartl age repla cement or regenerati ng

| 'ca3100 Howergamsire or fswverpdintennheds, lawcuamstam iangins, can be
PR RUL A AR RS M RBRST | "o o

CEBORY, | 088 oy SR TR B b e

catmnel ragling surfshy s’»‘iﬂé&ﬂ!rthmdustreﬁng the wardfdloes afchbise306 to

ard gt s ir%sfa‘n.{_ioatgg b%ﬂg @éch anchor 306 has a'stem370-with a

_ head 312 on top. As shown in F1G, 3¢, the siem 370 has parallel 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 proxnmal to
the head 312. 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.
Add;tlonai!y the neck 314 need not be present, nor the head 372. As
discussed above, other confi igurations suitable for anchoring can be used
without departing from the scope of the in\fention. |

. [0082] Turning now te 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. Fic. 3 illustrates the
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t he underlyi ng bone can be created. This physi cal
nodel can be 20 representative of a limted area

he joint or it can enconpass the ent
WO%6JH€EE4 his nodel can al so,fake into consi derﬁ(fffg;gommswu

] &1
the presence or absence o? a meniscus as well as the
presence or absence of sone or-all of the cartil age.

- For exanple, in the knee joint, the physical nodel:

can enconpass only the nedial or lateral fenoral

CORAYY EuridRL 104 oI m»th@ﬁu@&@nhg e HCf three

region; the nedial ti b| al plateau, the Tateral tibial
pIP&G‘é 406 farmachaling therimpiant 3904e é’mporlehés nipigirated, the

r%E r?%f;s b a&’é‘?@éa% é%f‘fo%ﬁﬁa th Wdvr p%ﬁhﬂ ge of

cation o i seased area of
vepamasmzmsecaf ISKSSZIG)G‘@/ PYRINELr me tags chape used, bad

o€ GkLiien gy RRETBOP 150 Bdndl bl g1 GGy, WG

Oﬁﬁiﬁb’i@mnabk{: of0ésiktibm that iesablay the tesired zacbbrinchFicledrect

i AFaleBathbSt nedion G ung P A gey T Brd BGiR S #

paho'anﬁ:smase Byphel thy pbad sredrientEMBRisurAse of te be

BRSPSl W may
eRBORsIR i thefpeghteing F@ﬂb@h@&uiat' fethe Rugkessstnefimblmt,

normal or only™ nildly diseased cartilage surrounding

E@ogm NOr eF16286 Ell'u@ﬁﬁte@@ﬁ@éklél \héw offgasfened 70001 Ihavmg a
kness neasurenent can btained at a sin

péﬁfﬁ'ia* sendyle 100%pRe akSF‘?/d'a‘aﬁO”Hﬂthﬂf‘eT%’“Fﬁf Songy rfossa

EXAHRE Sndwi® 9bDE a%g@vrﬂ@ﬁa@ﬂéte; al ebRondAt 1068 aRB headidlan
10 points or over | ength of the ‘entire remaining

c &Ptcondyje 1088 Ah@rshw@ iséfﬁf% patehar ssrfpee of ttlerf@wéflezz
I g h@%’aﬁfam 566l iL80RateARRE ":Shafs%dsﬂ@fe%%véﬁn a #om%n of the

articu repair system can be selected s

- aloteiat ponslyley dHeinsios 396 arp @lseesiiowmthatdacifitetmanetpring the

Walﬁﬁtw@@tﬁé%ﬁ{?ﬂ 15 [0070] In other enbodi nents;

curvature o € articular surface
[o0e4] Fic. 3+ illusirates a knee joint 7020 from an anterior

perspective. The implant 360 is implanted over a condyle. As shown in.
Fic. 3i the implant 300 is positioned such that it communicates with an
~implant 200 des;gned to correct a defect in the tibial plateau, such as

- those shown m FiGS 2.

[0095] . Fics. 34 illustrate an implant 300 for placementona
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 encompaés the
entire proximal surface 304 of the implant 300. '
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can be neasured to design and/ or shape the repair
material. Further, both the thickness of the
i_ni ng cartllage and the curvature of the

Woé?‘{;ﬁ)ﬂﬁ“%r surface can be jeasured to desi gn BnEI83004/039714

shape the repair material. 35 Al ternatively, the
curvature of the subchondral bone can be neasured and
20 the resultant nmeasurenent(s) can be used to either
sel ect or shape a cartilage replacenent material.

Fopoo@spnp! € Fid . ikesticsy th@fdetsﬂﬁm of%J{I?rPlé%r‘%’té}' pgne can

be used to .re- create a virtual® cart age sur ‘ace: the

rra@@hrﬁ@iaéw (FHAT) pEMeTY knescd®R dPesterion q@@xie&narnenor cuts.
i 22 2 ol L6 aoB 0B o081 oS ARG B85 our
CHBOLTEN. D pcabeAdHE %Ht@%n@&%rﬁﬁ%@f@@é %{snégn%gwg

surface into the cartl age surrtace
of Fighés,.dud rhplacl 4010 is coofigured sueh thaditrmevers tbdsﬂa tmmiamres

AR Rp RrRieonAge ot PPyl B RR A i B

exT@tZ hge (mplanﬂ 40fchas a iaﬁeraacmdg,m chrapondre 47@rmidad metial

ol sDlins Dt o S bptis +b %O%%é%@aﬁh%'agfrrabmncxyfe

petrwzm:&mét hi£10 m}g?z |ne?rmmfcoady!@|d@h:pdrﬁﬁt ?2!? r}vﬂﬁ? cgsferln'@

i on,.sui e or on a e |

olIEFa A PN o B RIS sTRcaY 6 gL 1014 Enemplank 0o
| reRinapiof ANy dose %ﬂéfﬂr@ﬂbré%hbﬁmts fsgeh 8% #BleShoRmdHal

UFEIf ace_ assessnent, as descri bed above with respect
5

8 HIESSTed, Kl 48 GUENICWIR theyiSPRipnt of Guc-Hes Asrshown
URR Fic. 9! fRR1nEASs siﬁfdc@"iﬁﬂ.’ Fuhd ﬁﬁﬁagpﬁo@igcizu‘?\/ed to
peripheral edge 206. The per surface 202 1s forned
s FofTeaRong torte arvatyraof H@ faralcrondgles: Bee cyvivatyre han be
ORRARIIEG LALAInat HbAEEHOAdA tolt %dd%ﬁ&ﬂos&,r@e‘f@ﬁea&#%h
concave to receive the The concave surface
c & thseexjstingdempral @ﬁedsa@s,sudn thehaervaturg pbermbsbath of the

SYEMBRE chyidiEaiRaSifking 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 contactsng a ﬁrst condyle is confi gured to male

- with the ex:stmg condule whlle a surface contacting a second condy!e has
one or more flat surfaces to mate with a condyle surface that has been
modified.

{0098} | FiG. 40 illustrates a top view of the implant 400 shown in

FiG. 48, As is should be appreciated from this view, the inferior surface
404 of the impiant 400 is configured to conform to the shape of the femoral
condyles, e.g. the shape healthy femoral condyles wouid present to thé
tibial surface in a non-damaged joint. |



joint surface, e.g. a negative surface of the mating
surface of the fenur it comunicates with. As will

wo bRsappigci ated by those of skill in the art, sdius2004/039714
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negati ve i npression, need 3ot be a perfect one.

[0073] The upper surface 202 of the inplant 200 can

be shaped by 15 any of a variety of neans. For
exanpl e, the upper surface 202 can be shaped by
projecting the surface fromthe existing cartila

ani088] bone FiesdERNES iitstiate perspiestivepyiawe gﬁthedmg?qnt from

f dyl d
¢ g ek U A o B PR E R YL S ot

P, T e e e o

W tateraimondylerﬁm aodref mediabtordylé 404 Tihe interdangyiae fbssa

P ARSERR TOAPbATRU A€ BB iphrtbic ot Tt

_n e400 Yustedted esFict 4, it ilnsbiteg| mivedng bbthtdoadyles andshesh

¢
w Rl sSie & witem i 1o AT he adhoRln AR b et o
t higcliilakd ahcrdringanslimplast 400erthe eohale. can be

~partially convex as well. Thus, the |ower surface-

20 1pIESent Fid SllfAaetes Dkhde Jcﬁmtbam floimats auterivhat
fits wthin_the eméq? surf%ce eﬁ’b%‘ﬁc befgf\ g
reRRPeNe KR imRigNt 40915 pplapied yerhelrandiles % & %Wn in

-af par 43kt 'uﬁgllaﬁf 43@%33’0%&%@6 sudPr o dSates with an.

PCTI US2004/ 039714 will be appreciated

. byimgairi 208rdesigrer to ﬁormi aaqiqfecft'ﬁéh%méie@iate%rff%@%f

t Ae€2204 need not be perfectly convex.
Rahﬁﬁéggﬁé‘ﬁﬁwfomer surface 204 is nore |ikely consi st

0@9 ex a &iﬂ%@b%ré@ét&ﬁ%&hoéé“@ﬁskm iy tid hl’?'tﬂem’ﬂﬁiam

stl g surface of the tibial plateau or the :
r eé%mrae% m@uﬁc&r@aﬁom matewéh%%:m@ﬂp@’ such that the

es; v F
ﬁ@ﬁ%%%h%eo%rn\'t;?@e}ﬁ 5SS BT 1R %%ﬁ%&ﬁ? ARt Can
Asbe shaped such that it conforms to the surface without the need of a snap-

fit

0103] FiGs. 5A and 58 illustrate yet another implant 500 suifable 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 510, The imptant differs from the implant of FiG. 3 in that the

~ implant 560 also covers at least a portion of the patellar surface of the |

fermmur 5712,

[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 cén be combined with other implants, such as the
_ impténts of Fic. 3. FIe. 5¢cis a perspective side view of the implant of
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shown in FIG 2B the exterior shape 208 of the |
i npl ant can be el ongated. The el ongated form can
take a variety of shapes including elliptical, quasi

appr eci at ed the exterior 1¥ dinmension is typically
irregular thus not formng a true geonetric shape,.
e.g.. ellipse. As will be appreciated by those of
skill in the art, the actual exterior shape of an
in‘EI ant can vary depending on the nature of the joint
deFige bALAS BrowgoInideiSed theTsuperipheurface 9 203f the énplanyio is

b, SRR Aol EPthe (Ridkuld 3 he MorSHUTR R wRER HERL

1 with Asd ther pdrtion ehthwrpateﬂaFB(Efa@sof thé éerhemnigtahit aovers One

t i when. t ak :
o 7 Birar R ighd i S8R AR et tothe
asbm\mddmnnﬁiyc an 2agleld, sufab@ 5831c3n bR pidtidddien iaﬁgnt@ﬁw

o FLGS.,. 2C- Cross-section of t [ ant
Corirage 5925 e G Ia SR EaTang s SOMORRS ey oh epaRy o
ar]d‘oﬁd&d cifmadéaanItiﬁ@haﬁrécehﬁ&h@;dnhtls@m@éﬁnthlwhfér?th%nd

rEectlvely As illustrated by the
BEPEE 8&%Sns, the th| ckness of the inplant varies

aI both [ ts |e and width W, The actual :
AR 0. " JFie sp il i PrspatINGIoB vl hagnRRD! 500
20&@@1 iA Fid! st%ﬁaom%é é(}bpfr!éélﬁ&% Rfm e vied, &Hel REFior
and/or bone to %gace joint matin

WFUriase S04 osaﬁerfgmiarg ds confiaured to thﬁ@rm t@fthe @rqgctee
¢ %dﬁ%‘f %rgfe?r%%:asonawsl & 53@5%@% Qltﬁé; %ol?ldklegr

function of e ca
t ovedd pwatt@dhe[hb@?sq:rf@e@ gnort- daraasg%ct ;@rrw vi ew of
the inplant 200 of FIG.2A .In this instance, the

'heﬁ%wﬂ of tFie. B anievootthaimalant £ shavdng a hatched three

o R o HOrOSLER 20 S SRR LA

t H@faapﬁao apd @emz@sn% fMang 38)toanbetiver potiios| AFeAlsn a

dapautatd SetRE bhOe s3b1RRRNEIhg n td dFEHeF SHddCFic. 5

- illustrates the superior surface of the implant 500 with the pegs 530
ex'tending from the supericr surface. FIG. 5¢ also illustrates the hatched
-cantilever loading suppdrf area; which extends from the line (plane 18) to
the top portion 5§73 of the implant. The loading forces and directions for
-each support conditio.n,are based on physiclogical load encounters. Table
1 sh‘ows'the Physiologicél Loadings taken from a study by Seth Greenwald

Table 1
Physiological Loadings'
Set_up ‘ﬂ1 n ‘52” . “3”
Flexion Angle o° 60°* g0°
{degree) '

Normal Force Nj 2900 : 3,263 3,625
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actual sl ope of the upper edge 208 varies along-its
length . and can, in sone instances, be a positive

overall slope in a downwaP® direction. As illustrated
the actual slope of the |ower edge 210 varies al ong

its length and can, in some instances, be a positive
slope As will be appreC|ated by those of Skl|| in

et Og?mga\ss‘han : Tnl\,uhv d’m

oISt arp | et i@irAscent
i t hoi@S@epar tli ngHG v  YaTal he ilhvelm@ ¥ BWY)

[ 0079] “BuadgWeight W) ta!%@sSae%Q V%af oé%ﬁ@#e e

-sagi ttem rpugm éorian a/er@@ﬁjpo@hwmhboftwg si3dhe). 200

I Rhants é ir ?Kﬁlt A%&rm@nmatpoi A8
lﬁéﬁj Bl e@u? %’m—zaa m@ ARENS Sc.
SqRn the
e 45' ‘M%esirﬁpmefca Qntfglnc,ge'ﬂfgn Hhdohe. @
vﬁ rrfg ﬂgﬁmlﬁhﬁé%@lsﬁmmﬁgﬁ ngt hin-a knee .

Jﬁ@pmlozo UdSg e ifRRA%t Scfe%@z‘fﬁé&‘ihstms tpE%atfohethe three

t200|s posi t'i one hat i1t fi
s ppiet loadingrwill oud:ta'rfrors sefue d (2300 Nndogeplicate a worst case

SR 945900 LSBT Pl S S s o

f be esed. ?‘Ene?leadiegfw@ Ee [caﬁeﬁjtramcton ath;]m d@mebwcattdmg
a;‘h?%ta denbeb e %maPt%%%eé 8Bt SR ok

I
i, e s R P8

i foaaliry Wil logegerorasetup Babr 80°, eka éﬁﬂ§ loadnmmmmn i85% of

2988 VRO ALY b B R B

aBSnéé?T"eﬁaeéd S8 % B mhﬂcﬁi&&ﬂeté‘rldﬁcui%anes la:atg@ssﬁ&eccﬁm@rmmfe
an | ml ant of e 1n ti1on _accordi { n
2 POSPRAFBOSHRRSERREH e TediR| NSl aHe e et pidhaurrace

S ¥ frRCfhsiiibr tUhd @r includes a joint anchor 212. As
ilTustrated int

[0108] -~ Fics.5¢ and 1 fllustrate alternate embodiments of the
implént 500 having a rail design that provides one or-more rails 521 along
--medial andfor laterai su:ies of the implant 560. The rail 521 can be - .
pos:tfoned so that it extends along a portion of the mediatl 577 and/or
lateral 519 sides before communicating with the angled surface 503. As
will be appreciate, a single side rail 521can be provided without departing
from the scope of the invention. ‘ _
[0110]- Fic. 51 illustrates another embodiment of an implant 500

having a kee! design. A keel 523 (or centrally formed rail) is provided on

the superior surface ofthe Emp_lant- in this embodiment, the keel 523is
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WO 2005/ 051240 PCTI US2004/ 039714 30 enbodi nent, the
joint anchor 212 fornms a protrusion, keel or vertical

Wowgﬁ?& hat extends fromthe | ower surface 204 of th

e
200 and projects jnto, for exanple, RHFE'HBHEPO714
of the joint. As will be ggprem ated by those of
skill in the art, the keel can be perpendicul ar or
lie wwthin a plane 5 of the body. [0082]
Additionally, as shown in FIG 2L the joint anchor

oorELey an M SufacE O IR b 3P I Kedlife

' amneeacmte@, thé keelrand® wnterad, as $hoven, wiubktantally centered,

tho . the a the joint
SR ER G olits RS st sl BV hds 1o me
V\:fﬂ:bh‘fﬁl’:jtﬁ‘ild:été vaztmnmﬂlﬁehuoug sl:d'tfal cs.afeernbiivaty, Imr@fhe joint
rovidin Increa t abi t he | a 200 i
P R0p G Riorbiti oo, B e reotis e ot fo eyt
ttme Wwonser Modiied sbdhdes, teeth, etc. Additionally, one
or nore joint anchors 212 can be provided as

d¢si ﬂgd FI Bic. Boillastehtds tHel andalnadve of thedemus 2000 BAn® &

T skl Serye 8L GG sl Zonn PG TS [uBRcHa fasea

- alig gEahewh rmdl twih st Bpfeondiie i food®Y:dSe medial

desirable to provide a one or nore cross-nenbers 220
oﬁptcﬁﬁdﬂ@\ﬂé’r” 0. Bﬂﬁ P%@@’?@'ﬂ‘a% opihedemuy 79?%% @so Husgfrated.

Oﬁhbﬁ:ﬁﬁﬁaln%b@ ﬂl!ﬁ@é@&ﬁﬂtﬁéfsi I‘@sam %Uennﬁ%@[dté’rﬁht 0

the surface of fenur, fenur.

eg¢erdyle apd azrepr'@cprbgfsthﬁ@ﬁi@@ar %tafﬂqgeofftb@ faraun Hi1ggThe pegs

 tBgosh LRea S ¢ 3 H@h dncPlorifd he mgpove 1o Eondyle

separat e pieces t in“a gr
| 6ne patedlar ardace204 of the inplant 200. The groove can

forma single channel as shown in Fic. 2i4, or can
hiZor e t Fign5KHlestcalan adneadoish&i?g frommAnante@. 1n

CpLRBECRNE the ihBRnE 566 & iRPlark&tPBud the ltDESh I Fre. 5L
illustrates a knee joint 1020 with the implant 500 covering the medial
condyle 1004. As illustrated in Figs. 5K and L the shape of the impiaht 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] . Inanother embodiment of the invention, the implant 500 can
have a superior surface 502 which substantial!y conforms to the surface of

 the condyle but which has at one flat portion corresponding to an obligue

cut on the bone as shown in FIG. 50.
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‘25 - shown in Fics. 2N1-N2. The cross-bar nenbers 220
can forma solid or hollow tube or pipe structure as

WO wimsmzdon FI G 2P. Wiere two, or nore, tubesrPAIS2004/039714

conmuni cate to provide tréhslation, a groove 221 can
‘be provided along the surface of one or both
cross-nenbers to tnterlock the tubes into a
cross-bar nmenmber further stabilizing the notion of
the cross WO 2005/051 40 PCT/ US2004 31 bar
B8] Vet d SRS PBITARIC-A50R SRETRIT SHL S MECra e

byt DRBAWAL a P iditerdrte BdtReah the AMErH ARSpRREdFRIRET
220 can be forned integrally with the inplant )

V‘%d‘!"i t del@%t5R0§1lﬁJ§@§'Ebtdh61rr&ﬁé?ﬁgoofhath d E)REirean.
084] As shown in_Fics, 20QR IS anticipated that

t ﬁe'f%@ H64der mating with dhe mféwfﬁ%?%an wntariopeup&hanta
b
rg%sfgéeﬁdg‘cﬂgﬁggﬁgﬁﬁ%ﬁdwﬁe%ah@ .ﬁ?p@&it\s%ofﬁdaﬁa%gﬁ%, ar

Itating the abili | ant
t differeat angledusebyillubtraies atmféaef rmant 0 having # contoured

pé%cg'é&% f%ﬁﬁ%%@g??r%‘grﬁg ﬁé&%sﬂ@ﬁn‘st&ﬁ&e Ji282, A Qi

isTIn nmotion tfate an’
adttt G686 ared enbamifermmt 584. I tips @mbotin@d®mo a!merior cutis

il I ,

i ) hoBlfes B PR BRI SRS 1

rmn;' pmé:tlaesﬁ:]tgd:nas fard ty@tcaﬁytr Ids_eMn ih&?;#t Ifelrtanrtfedlfbrea TKiAs 2
aced. on t he ri.or .t ost.eri o

s ooty R e o, 266 fkSh ot Petcdle Y Higieblant sy

tfapafrélisioh SuRidey toZt% KRES, iPreirde Cataididieigek.f or t he

posterlor chanfeer. In FIG 2s(3) a third fillet 234

TRARTPVI dedhids saremustratethe ikbplantt SEUsITRG eSwitaa driphical

posL oL Pag,Pn[éﬁgfq %ﬁ%gggqﬁ s Bﬁggﬁgﬁgﬁygig%glﬁgﬁaC? %F%%e

p@r&h@ rhStanY deRbed. Fik 6 2i8¢Shatehavep Ve deﬁéﬂrﬁplQﬁt 500"
‘tangent propagation, FIG ZSE@%%I [ u trates

é!ﬁf@epn&ﬂpp e fadragled giace §0¢-0 rh'Scwra\ofé)f.tae implant
_SSé@i%ﬁFbte% BRI 51L000B kRS WRAERL hitge sHRBor BFiHst -Of

implant 572 which covers the patellar surface of the femur (or the trochlea.
region) to provide é maﬁng surface that approximates the cariilage
surface. As will be appreciated by those of skill in the art, the shape of an
implant des:gned for the medial condyle would not necessaniy be a mlrror
image of the implant desagned for the iateral 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 pateliar
surface of the femur. Therefore, the implant can be deSig ned to include all
or part of the troclea region or to exciude it entirely. '

- [0118] Fic. 68 illustrates a bottom view of the implant 500 layered
- over another derived surface shapé 601. FiG. 6¢ is a bottom view showing
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20 tangent propagation and sel ectl on is shown in FIG
23(7) As can be seen in-FIG 2s(8-9) the resulting
oner has a softer edge but sacrifices less than 0.5

Woﬁ?ﬂz‘@Puﬁ‘bl nt space. As will be appreciated by RHAR0¢039714

skill in the art, additiddal cutting planes can be
added w t hout departl ng fromthe scope of the
invention. 25 [0087] FIG 2T illustrates an alternate
enbodi ment - of an inplant 200 wherein the surface of

| el 280 BieERting Mgl Tl BXS e GBI sogl B

pl Btfeb s e 6P ialatclosedul view @‘rthg/ Flealst shiowirpetheaiontiylar

B A g S B8 B 85 o syt

_ FI Sto;ﬂﬁrcistsedty vtelmeofgibeurepliaot 5empesrhmecbmua%alm@gmmcbﬁ

polbPreEpn it B sl shact Bby ot Alisii SitpS view ana

SUFizaée is a bonshpsteror alesw be used with respect to
the inplants of FIG 2i where the grading either

| i msnsj t h| n Fa; Emhmustrate abomplaw 708 fcawh@dnmgﬁq»émwmuar
t he itio at t ment
ﬁaﬁ FROVEr &Wé‘é iagﬁﬁoqc}/qs@s PhCant to
t r@rﬁybdr@f@ TaY ﬁ@@@mpeﬁemmgag&@co%’d% th& &PhE,

264 can be provided. The keel s 4 can either sit .
wi eiehmedial ahistera! depending an e desidRel BR ssconhermpenent
norz@éﬁlgagbg m@pﬁem@uﬁaw& §fé0néﬁ1u\' mﬂ.&u&%%mn L the

FI G lustrates an inpla covers

enwneweuse ?mbaﬂmlﬁfﬁ?e dbg surfanes 1@ tmwam bt corfigued
i r@_lmﬁa tﬁ%@ze%%hﬁ&@?%? &80 %ﬂrf-%ahah& e @%tt%%i |
m ne

shape of e ) oint er t
de@aﬁew)ela shieped basgskoen awseq:ttaa ofthe whiural shhpe Ioﬁﬂmerfemur

-’_SLgJ Sehshil p%@.g t{%@%fbpvggu% rggng,g,gﬁ%gr%dﬂrlﬂéﬁ%% :

[ ow'8is} suriaasi afdhien tamuroAF&:rmtlvays the distal m:prfame canl b& ahgped
{ oot B 90 hE 18P BRMAL o BligS U 8 LA HE to
optlmaily mate with the tnbzai plateau. The proximal surface 724 (e.g., the
surface th'at‘engages the femoral condyle) can be'conﬁgured,such that it
- mirrors the surface'of the femur ih either its damaged condition or its
modified condition. Likewise, the proximal surface can have one or more
- flattened secﬂom 726 that form, e.g., chamfer cuts. 'Additionally the
- surface can include mechanisms facilitati_ng_attachment 728 to the femur,
such as keels, teeth, cruciate stems, and the like. The media!_fécing
portion of the condyle implant has a tapefed surface 730 while the lateral
facing portion of the patellar component also has a tapered surface such |
that each component presenté tapered surfaces 730 to the other
comporent. ‘
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t IRECh GRBPORGIE] &he IR, GRAtHER)

corrects a defect on an inferior surface of the fenur
1024 (e.g., the condyle of the fenur that mates with

WO ieSodibdei al plateau) and can be used al one, pcemIS28/039714

the femur 1024, or in conktnation with another joint
repair device. Formation of the surfaces of the
devi ces.can be achi eved using 20 the techni ques
descri bed above with respect to the i nplant of FIG

2. [0089] FIG 3A shows a perspective view of an

| (pE203t  300BYdividing the sufaces ofheimedislanikdeerd02 and
porpetohinf bR RGBS PSS b in . 7

NERE inpmaitprdvidés Impyovdd fitdféhé eoaforma- swrremesafo thlae

anchors.3 ro dto ilitate conn 0

b Chesroialpob XeaBialg, R bters hferbr BREED s ferk s
ANgRAIcY 70 sBEss th@;Wtoaﬁi caeebohaVdseg Al tHeesmakadive of
The notches facilitate the tﬁmCho“ n gooces

P el B Rt vati
f ac@ﬁ it BBy PSARNNMikdsiOn TaRaIR0 Bid WesRSTitee patenat

tate the anchor i ng processor cruci ate stens.

- Pepspgnentds iaproyedt i ons of the inplant can be porous

WD 2005/ 051240 PCT/ US2004/ 039714 33 coated. The
i PN2Mlt canFigs. BaEdiustigtaw PREHE doriE %‘eﬁ%@ﬂ%ﬁ’%ﬂﬁe

u%ﬁF%BF afp (& orT.%ré RbEAE shengl@pioted to
e subc ondr

bone, 0. it can substantiall ég

' f dricbovingreechmnisiue, ibdedied. A Milhbs apprecieiakby tess of g

R S T S g o A
si djsidsucawithgutpiepadingi fragn Bunscopead khe inveuin]. FRh&A

e
- whpdtellassolwheaeinoons susfrcagr thenpatstmB0@biae bes cutdbr form a

1ot Bk AELRT R LA ot [ E sbTiptss B pafpre

t 08003Mﬂﬁan impidast, 819apdsitioned @intthe SMhoetrosurfutei 802074k v,

mp?ant g% haé g ri]ettte% Eigt%es 8;9 g‘\a% %Buts%hg [:,;%\6'09-.6 urfite of the

‘patella 802 and a dome 874 positioned on the plate 872 so that the dome

is positioned in situ such. that it will match the location of the pateliar ndge.
The imptanf 810 can be configured such that the edge of the plate is offset

1 mm from the actual edge of the'pat'ella, as illustrated. As Wil be .
appreciated by those of skill in the art, the plate 812 and dome 814 qah be

. formed és a single unit or formed from multiple co_mponénts. Fic.8pisa

side view of the implant 870 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 will be determined by the position of the pateliar

ridge.
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desired. As illustrated in FIG 3, three pins are
used to anchor the inplant 300. However, nore or

wog&m@&i‘?i nt anchors, cruciate stens, or pins PCQI%]SZ%&IMWM

hout depart| ng fromthe scope of the
invention. [0091] FIG 3e shows-a slightly
perspective superior view of the 15 bone mati ng
surface 304 further illustrating the use of three
anchors 306 to anchor the inplant to the bone. Each

anghes; 306 l‘raﬁuﬁg AORNIS ERSMVBELR, he iRBASht 340 i08ndwp.  AS

shown in FIG 3c, the stem 310 has parallel walls
s uBtretimpesed op Sergnalterefbpatgia 890 |’fh@'i§5|9f ihillusteste hajdhe
fr t :
AR S0 A oAMon el ot o
hepalelBr Zidgas . wi | | be appreci ated by those of Skl I | \in

the art, the walls need not be parallel, but rather
cdf188 s| opEtes: Schulluwmpean pitkmative dasign for the pateliar

fﬁéﬂp dn?.zﬁé %c; 1Ilk§ﬁat§§s X uﬁip‘f%ﬂ%}?? ARG b@ﬁmﬁ[ﬂ%ssqgées &%

‘¢ drignigeitatiflehmferidrsatfbee 852 haviod: oegsl §54 antebdingghetefrom '

OB P Thb o iARE el BEE o gs

plratiedad dmthe 856, snd & aoend3tiZtecdectibe 858 tHa rEn Ba0nachined to

il lustrated. LS apparent fro IS Vi t he
LUPRER A BSe e BRROER Birrhd< Fho BiBs bt apbeitance of
S WsiaBnirisahiber@rentgving B dordewith bainelR odritdr dfiilee dome
concave -surface of  the pl.at ea#.6 Fl 3E i | Lustrates

t FPOpABe08E 6571546 808 54 Fira B5¢ et to conform

SLtbftﬁé:ﬁee?@ﬁofqﬁe bhARicLRP b@ﬂé..ﬁa@a@ Bunubgstel bhusblat Whikn

the use. of three for anchori n%ﬂthe I mpl ant

@d EE@‘QS 806

arrﬂu@ﬁ@'dﬂ g8 HietQut iRdd B8R, t&"s'zapr@rpdé@%F’ﬁi[:stra%ﬁmW I
be appreciated by those of skill 'in the art, one or

Wr{bqezgegs C b eALSRGsraASE 1§tet'zh Qi bﬁé‘kﬁéé mfpﬁa\hﬁg?a
pegs 306 to one_ another can be as shown,

ny
otqeEtbiRalion-nf tee ispplaris & irpiaptesithesab e Sia. 9. de ¢rplant
aneRBfind'the ddnyle3d00, is illustrated. Suitable implants can be, for

example, those shown in Fies. 3-8, as will be apprec:ated the portion of
the condyle covered anterior to posterior can include the entire weight
‘b_earihg surface, a portion thereof, or a surface greater than the weight
: b-eari.ng.surface.' Thus, for example, the implant can be configured to
terminate priof to the sulcus terminalis or after the sulcus terminalis (e.g.,
the groove on the femur that coincides with the area where load bearihg
on the joint surface stops). As shown in FiGs. 9A-B, @ patellar implant 800
can also be provided. Fic. 8¢ illustrates a knee having a condyle implant
900, a patellar implant 800 and an implant for the tibial plateau 200.
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WO pegssiadee oriented on the surface of the
- that the peg is perpendicuydar to the fenoral condyle,

illustrated a cross section of the inplant 300 taken
along.the lines F-F shown in FIG 3E. Typically the

whi ch may 10 not result in the peg being _ _
perpendi cular to the surface of the inplant. [0093]
FIG 3Gillustrates the axial view of the femur 1000
havi n | ateral condyl e 1002 and a nedi al condyl e
1661125% The i &8s t%aymﬁw g8 fffernade wﬁy@f%ﬁﬁm@b@aﬂe of

a|a%ev\6gflpw% ?Bé 3k Fd; A Bl'aﬁ%nc?e}gcﬁbé@gl%@%ﬂ@ﬁb?'therem

epl con ovvn st atel l ar sur
offig. H@Aﬂmmtnateﬁm Eneqaawrm@ tihfﬁillfanltantsa@ﬂ plared thereiad

1 B st 4 WA MBI 30D Bl eyl U6

f aektrittedtaboxach phiraiily thihe impidrdsn taugbbhereint dvn be payvided

| 0B i PRt 50020 PPl B0 10 i haee

_ oyaint leavirgntdyl implavts teoein. Finst, 2@ibfal iGiplatt 200ds ipnplided on

3 it d h.th [ th

" e 544880 fond "BOPRL PO B RIEVEeR onne faeng
t lcbh?le PAohfidé agpietiaRd byt these osSiawm the aHl Ehe ifplants
[ 009 FIGS. 31-Killustrate anlrrplat 300 for

pIFae @ﬁé’?’ﬁtaliﬂﬁi e ctB?Fotﬂ?P dmPlaRts pesertRGaite i mating swices

ORgs ﬁlbé&?até@’)r bRRst Phr éi‘a?ﬁéléf wﬁlélte tﬁ@@bieﬁ m;ﬁénip?iﬂy isq%i:ed
to mate with a cut made on the surface of the condyle

| | in Bﬁeépmlairr@mn?étrmtmf thermeﬁr apd the gandyle 'B‘G’éﬁnt 300is.

g e Rl TR O s CS Byl Wi B pPeciatee
p@yﬁmﬁsm@mm SBirmoagBY i Eio. 400,13 Hhiahimplant 2086

?6»9&13&’ toﬁ’%%@/@ 506}{5%@?!3%%{5? E?g@jdfég@ﬁ&%t%d/ As dTéﬁ%%s%ed

I mary erior cu anteri or

' 4%om1 dhelissitrgllardsitan be@saa@amdomtmm samenedthparsment of

¢ tﬁff‘éﬁfcr?ee JS% Sbu[g‘%ged not be.

[0126] The{arthroplasty system can be designed to reflect aspects

- of the tibial shape, femoral shape and/or patellar s.hapé. Tibial shape and

femoral shape can include cartilage, bone or both. Moreover, the shape of
the implant cah alsb inc{ude portions or all compon(e’hts of other a_rticu_lar
structures such as the menisci, The menisci are compressible, in particular
during gait or loading. For this reason, the implant can be designed fo
incorporate aspects'of the menis_cal shape accgunﬁng for cbmpression of
the menisci during loading or physical activities. For example, the |
underéurface 204 of the implant 200 can be designed to match the shape
of the tibial plateau including cartitage or bone or both. The superior |
surface 202 of the implant 200 can be a composite of the articutar surface

of the tibia {in particular in areas that are not rcovered by menisci) and the

| NplrEIUS004/039714
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[0097] FIGS. 4B and 4c illustrate another inplant
400. As shown in 5 FIG 4s, the inplant 400 is

emoral condyle alopg with the patell ar
surface of the femur 1012.” The inplant 400 has a
| ateral condyl e conponent 410 and a nedial condyle

‘conponent 420 and a bridgée 430 that connects the

| at eral condyle conponent 410 to the nedial condyl e

COomRaREN. THRS, hBidutereR P@é&'ﬁﬂtf@dé&é &ashe 8 reMdibAs Of
t he ﬁatel l'ar surface of the femur 1012. The i npl ant

40fenissa! height Aeaoupting s sempressian. it ean kel fehexamplech
aSZ@%OWASEWbr'%%: bﬁunc%mdréss@@%érﬁgcai Rbfght4c is a

side view of the. I mpl ant “of 4s. As “shown in
FI@12fp, t h%arﬁﬁﬁ%@*th@%uﬁéﬁér%ﬁaé@%@@ﬁf Eh%empimh %ﬁ AR%e
is curved t correspond to the curvature.

f efiRsignedde ﬁ%ﬁ}% tne shapeaf ﬁ%@m@amdﬂé Hlﬁiu@ﬁﬁ fcagmmor
S Usdhd dtdoti. tTh%%feﬁ%PQu’W’écetfszt ({ﬁhé‘ﬁﬁa;?l y‘?%t b & or t o

one or both e existin enor
t heorapAsita of the, susface mé thsr tltb@itniﬁteau (ih @adfoeiaanraareas that are

oo el b et A el ol RleastHePlo it

. | rmltammeotstdﬁ ehhebdaece c#s bavial refldation &y premiscat keighty

o Ryl bk B o BE AR AP o, 0 or
- coBi%hof immraprésset memadall r@zgm 'nmefelsaufeeplrobenré@hﬁn be

th.th t f tact
2 aspevesﬁaio@éh%ylaa%n%@f»”w%w&'s? 4% ek Cor faces, 1o
th d | hat, h modifi ed
[ BGRR F TIRY PR EES e By PRar T RS an
406 fisdtingnhé men%aﬁktﬁpeékﬂn bRsmbde shanttde erafpiibeCi at ed

“fromthi }aw ew, h‘?ﬁ'l nferior, surfac 404 of the -

i FEITARESIRIB Mate i n AFAMRICTIP'E SRk selered digpe of
t fmefemw %s:iﬁ&f%)’é&%tarﬁagf mh® t58 e phaidily ahgnor al

nd resent to the tibial surface in a
n %aﬁﬁ?@&?v %*% ior qjdo iPBISEHS Ut $RtTS deYios FA0 D Mare

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

[0128] - The height and shape of the menisci for any joint surface to
be repaired cah,be measured directly on an irﬁaging 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 us;ng measurements of
other articular structures that can provide an estlmate on memscai
dimensions.

[0130] | in ancther embodiment, the supérior 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 thareby accounting for variations in femoral shape and

and - .
T/USZ2004/039714
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36 [0099] FIGS. 4E and F illustrate perspective Vi ews
of the inplant from the inferior surface (i.

wo d00Hpabaop! at eau mating surface). [0100] FIG @@T/US2004/039714

illustrates the axial viewsof the fenmur 1000 having a
| ateral condyle 1002 and a nedi al condyl e 1004. The

~intercondylar fossa 5 is also shown 1006 along with

the lateral epicondyle 1008. The inplant 400
illustrated in FIG 46, is illustrated covering both
c@h@i&m@ahmtamre@as & femoral sanslylediexepcetends, ratetes,

R EnBRER A RS R AP iR M EREC, oyl e, o101 FiG
ST | e nBeERERL gl i Be A BT phf By

~con ﬂ.ytluestesmm:xme art suEh Bs ﬂd:orqslcepy R Bigeit 406lysts and
. pos%ng fthat it conmuni cates with .an.

gned to correct a defect in the

15%%! 1 at a%'i BlhshRarfea oy el teriednenfs. pne

-t Ieese'ntieuy trhﬂng mpthane tibikbsuifite arahthbestierrsubatantaipd -

| ARG ithsBe omprey AR BRCTtG Ha e o BRncrth gan have a
caaﬁéﬁ;ﬁasm@l diffaaal Awahuuveiyt ﬂ@@ﬁpp@@n@ bam csambe Edroéd.

it conforns to the surface wt he ne of a '
s BB cupyaiurecands a miegtionsaf t&ﬁa'b?éssm%w néory?*b%hape
amaJem Hom Bfntm uaﬁcﬁme&néﬁrscat%%abeeau Ichbirations
darmge condyl e. hown in FIG 5A the inplant 500
i $ereefnfi gur ed such that it covers only one of the
lateral or medial fenpral condyles 510. The inpl ant

~dI®t8 s f r oframeies BHFRAE-MAQNGENT SYSIAME iRgiude, but are not

Lg}tﬁg 8% 5é;ura?tg 2% (MRS aWetbPaSheRl BRY bg)gta@ffrekl?ﬁe Is, &

t @!qimc nmbeermﬁpr eempingtians theref; iprerain @mboepﬂer@iﬁ,ethey
surface of the repair system facing the underlying bone can be smooth. In

- other embodiments, the surface of the repair system facing the underlyihg’ -
- bone cen 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 bi_omechanical stressee- Optionally, ﬂénges

" 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 ﬂahges can be part of a conical or a
cylindrical design. A portion or all of the repair system facing the ‘
under!ymg bone can aiso be flat which can help to control depth of the

tmplant and to prevent toagle.
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oppose one or nore inplants or opposing joint

surfaces, such as those shown in FIG 2, and can be
~conbined with other inplants, such as the inplants

WORP50p13403. FIG 5c is a perspective side vi e@iUs3004/039714

i mpl ant of WO 2005/ 051240 4PCT/ US20041039714 37 FI G

S5A. As shown in FI G 5c, the superior surface 502 of

the inplant 500 is curved to correspond to the ,

curvature of the fenDraI condyle that it nmates wth

and . por ar s\ rface of .the fenur
2ISHE PO NooRlng SBraee b R e S g
t dneladé smmbmammmetgi blm@t;c akenblidye, EMyetabfrie Afutals,
Addi ti onal | sur fgce 503 can be provi ded’

f it oyt e S0 SRAE B85, T st b eorFtR.e (DAt
t hatictandueres répaauaéysmm EAm Bé'cbmp@%@c‘! bﬂ@@;dksgzc H%‘i’@né?n

t e surface of @!ESOI nt surface with
19a AtliISAYR eaffof cbw pelis ichms Garlilgge F%JtSe%r Séem ce"s alone

pefr%eeeéd wﬁmhcaosaas&me@‘uch%% 4 %P&'&?%P?Q%atér%] 1 9P 9WRs i

A. As iIs shoul ea reC|ate rom-t IS VI ew,
t @aﬁwe@llqsraft guiqga@‘éors@unlaﬂaﬁqr@ thefsioBrandBBGr men-

c%lb%iﬂélcongﬁfl (8%“2%3!& eﬁé‘ﬁr PERbREL 'ﬁﬂdyo;?t%@&?a f the

f enor hea enor a
‘c GhEgmiem CMPd present to the t| bial surface in a
non- damaged joint. [0106] FIG 5e is a view of the
i rl@'i%ﬁit sooTéwm\tmm@ppair sysiemecan inclede opB oponaTe aremioiy

13, to
PRAE Bl R oML SRS e EL e RoRRIL DRt
bstitfore {&painsgatem&n Héveon flist bod arsacend acrapbd‘nmtp ape first
5 fro N r| of. FIG 5F :
" EPEEPERs Ml 9 ebded MG ol dnd S
wistrhilar e thze gStHé&ﬁrt:Isge muﬂ:engstfwmm thé eesaees gonent is
S rf.a e.. FlG 5F a strat t
BRI pesiarea i REYSE propltL A i s Lehcia angm I
t laedition ethémkarmenibahemta:antﬂfa@ett@@ﬂéﬂfﬁlﬁl phoberils difiar to
| rTPhcuﬂar cart:rl]aege mc?udn l% bu ?Fma{gg to sngn(?!%:t' gi%gt?cutfyoarnd '
resistance to axial loading or shear forces. The first and the second
component can consist of two different metals or metal afloys. One or
“more components of the system (e.g., the second portion) can be
composed of a biologic material including, but not fimited to bone, ora
non-biclogic material including, bust not fimited to hydroxyapatite, tanta!hm,
a chromium alloy, chromium cobalt or other metal alloys.

[0136]  Oneor more regions of fhe articular surface repair systerﬁ
(e.g., the outér margin-of the first portion and/or the second portion) cah be
bioresarbable, for example to allow the interface between the articular
surface repair system and the patient’s normal cartilage, over time, to 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 syétem



- 10

15

20

25

each support condition are based on physi ol ogi cal
| oad encounters. Table. 1 shows the Physiol ogical

wo Zdesabings taken froma study by Seth G eenwal #CTatshendloso7i4

25 Physi ol ogi cal Loadings48Set-up " -m2n o 3"
Fl exi on Angle 00 60 90 (degree) Nornal Force N 2;

.900. - 3,263 3,625 WD 2005/ 051240 PCTI US2004/ 039714 38

(I'bs.) (652) 733.5 815 Nor mal Force Wal king Stair
Descent Stair Ascent Case (4.0 x (4.5 x B5. 0xBW
Baag/oVegRcopBRpricak 67N B parfw ﬁ@rdqﬂfﬁe REP@rOSIfY £4n
1 v, e 7
(TR pofo BERRAC R DB ey, ilore
Fm dagresdf n@n@:iwgmMiyﬁyrcemsmpwas@rm@@emar of the

SR T B D oo

Phaaﬂblage@eﬂhcqmﬁda@m maRbs and chnbedive disoud &@reﬁmechmdng a

i nai Iy

HEBen Bt £t el iaes RSl EM 6 e

i spreurdifsePartlieger i-bed in this application, the three'
point loading will occur fromset-up 1 (2900 N). To
r gl3rT at e arhwoeshir sgstem (b(y.) thaciesgnd cenponent ua niﬁﬂp%
| oad di st ributi {

ESPORGE SRS G BR PHBE D R R PRUFES bty S 2
di@netEikeahaetibbsuchaianethoedtracrdiates tijbotablel rpdraxydor
normal to the ed on éi}& earlng surface. [0108]
Tﬁﬁ‘ﬁ‘i’ﬁba?@t? gt P k€oadi ng shown in FIG 5F,
th . L

[0138] In certain embodxments, one or more_ portions of the articular

surface repair system can be pliable or liquid or d‘efonnab‘ué at the ime 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).

{0139] One or more cornpdnents of the articular surface repair
system can be adapted to receive injections. For example, the extemal

" surface of the articular surface repair system can have one or more

openings therein. The openings can be sized to receive screws, tubing,

" needles or other devices whif:h can be inserted and advanced to the

'd'esired depth, for example, through the articular surface repair system into
the marrow space. Injectabies such as methyiMéthacrylate and injectable
hydroxy- or calcium-apatite materials can then be introduced through the
opening (or tubing inserted therethrough) into the marrow space thereby

"bonding the articular surface repair system with the marrow space.
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| oading will occur fromset-up 3, or 90, at a
75125l oad distribution (75% of 15 3625 N = 2719 N).

t he above exanple, the loading will he
WOA@??Y:}%%? ated on a 6 nmdiapeter circular aregpqggﬁ%ﬂgﬂ“””

at the center of the po_sterior-rmst portion of the
nmedi al condyle normal to the flat cut surface of the
posterior condyle. [0109] FIGs. 5Gand Hillustrate
al ternate enbodi nents of the 20 inplant 500 having a

r aSimaﬁﬁ? | @Rk et piRs, th'd%%r é?ﬁﬁom%ﬁ?ébﬁaﬁsé‘rhk Sca'?‘?ée ?Hs@ﬁgd
medi al andlor lateral sides of t | ant

r ainto the pperingpand aégﬁmqe@!rf@dh% an@eﬁmng %ub@iapeﬁr@é b@m% agd
Q"Hoh@ ot el @} é‘VéOHx%Pon b%@ra?{.cééﬁ a%g

be ore communi catl e angled surface 50
wi felpaib sysigipite dheabene. anrt:ng:a or &il dempeinants ofl therscew or pin

o G ethosbligile ABRSEHE, 1 B BB 60 tha e
enﬂ!mttudmhtodhe amarrow spate &00be bmsm@@lkdﬁhrir@miegmﬂam
keel I J d

¢ neereRabel B LAOHYCloele P 5 plifidg bl R8for G the
endatickilarenkface hepdicelstdi %m&éﬁ@eﬁﬂ}@ﬁi@ﬂm bone intc a
PCTcIPréjﬁﬁz gooaggf? gr%étlaé}gr{jgg B'HEle oréﬁf%t&-%.gfa%%é gheq |éjar car% Iage repair

apsesh sdethke lver ke te @ﬂﬁa@%tﬁtﬁﬁﬁe@ bethe AFcHBONMIHace
substantially centered, | ocated off-center. An

an‘&lp@'élsﬁﬁ‘?rf@@é’r@é@ec%?ﬂeoe prow ded to conmunicate

W t h a nodi |ed nt surface, Al ternat] veI wher e
CHlo Tl it TS ArlenlaTsus R SYSter Pabe REMerER 1o g

C OpH i nRELERNVIY UES 8f & Qi &t £oré oh otHeh 8tt¥8HAe M mechanism.
nodi fied surface, [0111] .FIG 51 illustrates ‘the

ax| g aacement meﬁaam@mam%@owm?& & Thepeew or pinor
c Oﬁ%ﬁeﬁﬂggcﬁ!ﬂsrﬂ dﬁﬁ@eﬂhs&%&ﬁdﬁcﬁaéﬁé@nﬁed Biﬁ‘ards the

intercondylar fossa is also shown 1006 along with
t harticaresisiace rradheptem {9082 ARB-CeRiagfervared portlon 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 carﬁ!age'cah be at an ahgie, for exampile
oriented at an angle of 90 degrees relative to the underfyihg subchondral
bone. Suitable angles can be determined in view of the teabhings herein,
and in certain cases, non-90 degree angles can have advantages with-
regard to'load distribution along the interface between the articular surface
repalr system and the surrounding normal cartilage.

[0142] The interface between the articular surface repair system
and the surrounding normat cartilage and/or bone can be covered with a
pharmaceutical or bioactive agent, for example a material that stimulates
the biclogical integration of the repair system into the norrﬁal cartilage
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10 epicondyl e 1010. The patel lar surface of the f emur
1012 is also illustrated. The inplant 500,

wo pdobastn@at ed in FIG 5A is shown covering thedmtenedossris

condyl e and a portion of tdse patellar surface of the
femur 1012. The pegs 530 are al so shown that
facilitate anchoring the inplant 500 to the condyle
and patellar surface. 15 [0112] FIG 5K illustrates a
knee joint 1020 from an anterior perspective. The

i rasidétbone Tihe surpre afescidbe interired candpaimeguiasyire.

F . Lo . '
PR SOl e R Fe i e R A gu oA

i Ibiegsiiveegenisn FI GS. 5K and L the shape of the

i npl ant 500 corresponding to the patella surface can
t dR&4HAn a vEri et?R%E ERfARSPEIEMSt hout departi ng
fromthe scope of the invention. [0113] Turni ng now

t d0H4E.  5m Aadescrbed hafpinarepaBcysiesgfsaripeheides,such

¢ . . o - :
covaireS HAALESEEs Pt Be R, Plhes HpUF SRS
t hesatalbgued énd SoGst toiredieElitratyrof systetnsriroemabiciinent

f the i i on._ the .inplant. 25 -
e I T
t veords)rof defectobr at Ch{glicutm @yﬁecebg asduiscéd h\f@paﬁ?ﬂae;ﬁﬂajéﬁ

ort,l on corr.espondl n to.,an. o | u on e one
SRR S RB S Pl SRR SRR 10 BP0 714
4QeldRfetSfom Whaiittanynfdrther hanifiRatidnae. g, naMapig) 8RO 1S

shown froma side viewwith a 7 difference between
t WBPBABYPNor and posterior cuts. [0116] FIG 5R-s -

il] rate an inplant 500 ‘having a contoured. surface
Sé%éﬁér mat Fng VIPMNTPRRETES St surface and an anterior

oWl anh BB atiPatE MEReRS SodrPREP SRR S RREbSS

Flhrei® Tah beufba 36 RsHiaRodmea pordraetith® QRIcORY siifack, for.

C%%:%%Ire? %n area of diseased cartilage or lost cartilage on the articular
surface. In these systems, the articular surface repair system can be
désigne’d to replacé only the area of diseased or lost cartilage or it can
~extend 'beyond the area of diseased or lost cartilage, e.g., 3 or 5mm into

| horm_at adjacent carfitage. tn certain embodiments, the proéthesis |
replaces less than about— 70% to 80% (or én_y value therebetween) of the
articufar surface {e.¢., any given articular surface such asa single femoral
condyle, etc.), preferably, less than about 50% to 70% (or any value
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 the articular

surface,
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surface 560 for mating with the joint surface and
posterior cut 562, a distal cut 563, and a chanfer
In this enbodi nent no anterior cut i .
rovi gg%l FIG 5u illustrates the inplant 505%3?“1308/039714
5T froma side 10 perspective. The cuts are typically
| ess than the cut required for a TKA, i.e.,
typically less than 10nm The design of the cuts for
this inplant allow for a revision surgery to the

kipeed7r]i f regné bﬁﬁthe@ts @anl mt:ne;ﬁeda.txmle[cembaheﬁbcﬁr 6A-C
illustrate the inp th a gra hlcal

r SYRBPER SPMBANGT ﬂefﬁés m@gt%déeiq fbﬁgmé%e ge BOME
V“He@_f&eﬁaﬁé&ﬁeﬁ‘%@ aRaRRneAbtrRl id IPkeHT% Q{E\Ferltﬁe QSfécvgﬂne

Aillustrates a top view o

t t
C cettiags overiayBOdHs boge. e&\ﬂmeﬂ@cpognm%a%”@w%%@m@
B Rl Yot mbTBL FhpaiPOR b WA i EarBc6 514

assocl at e e section of I mpl a
Sjmlmdc ht sopatesnnlated ﬁm@aﬁrcmmmére@fawh éeEfSethan all of
e t ' f
{ Pl ot ERio 3 fBbe! M, Lach AR LRGN iR
beepippe thel ssesipdayion bbthe aticglhi srface. tihether wordédhe

ot el s HiRlERa ol heaect bn

| BoPaot theemngred o artilbbe cbmp@naht tbanréplaeeb 60%usfethef
di ff e. notch

S s, o epronBess 2Rt andiies ank SmB RIS Sayida 435S,
t RenipeebA repRBEY lets &itth thiecertiaé attlcarar 2orfsgy.f ace of the

femur. Therefore, the inplant can be designed to
i poi4gie al | Th@trtioalet s@sﬁfactéme;iatrc@bﬁw capheforaledte

excuelten re 011 illustrates a
bk wifadhien 4 AFoLaE TPIFolt S ML AR her

d%urmaﬁd;ﬁ lbféﬁ@céﬁt@:@ﬁﬂ &9 or Fbike. T§Bickhhy, Thd aiticQRir Lugdte

showi ng 5/ 051240 PCT/ US2004/ 039714 41 5 the

i ﬁﬁmfah%y%m !%i@(r@ﬁfés PREY/Or BRSERT Thiabls Pulet Bwrainecaied at
s kP extBRh SR will be aligned with the surrcundlng or adjacent

cartﬂage

[0149] Thus, the articufar repair system can be designed to replace

- the weight-bearing portion (dr more or less than the weight bearing

~ portion) of an articular surface, for example in a femoral condyle. The
weigh#bearing'surface refers to the contact area between i‘wo oppqsing
articular surfaces during activities of normal daily living (e.g., normal gait).
At least one or more weight-bearing portions.can be replaced in this |
" manner, 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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in FIG 6A. FIG 6D is a close-up view of the FIG 6c
show ng the condylar w ng of the inplant covering
lRGsExhracted surface 600. FIG 6E illustratgsygaade@B30714
post’erl or view of the inpkant 500 positioned over the
graphical 5 representation of the surface shape 600.
FIG 6F is an anterior viewand FIG 6Gis a ,
bottom posterior view [0119] FIG 7A-c illustrate an

i nplant 700 for correcting a joint simlar to the

i eEliiags obARaalTeetlagi®Wes tan beeiplured Wit aoasicatss sofface
two _conmponents. The first conponent 710 engages a
CERAVE¥SBI- t he fermur, 10 either medial or lateral

dependi ng on the design. The second conponent 72

CREtbs T paRDeT SmoBHIeItdng BT (Rl Sy otem can be
di SGaHRiest sWidcfied ffrepRice \SuBYBNRATIYGHI oTRIN articul# surface,
surfiaces of the inplant 700 can be configured such

tgt a eARAWR-stal surface 722 (e.g., the surface that

faces the tibial plateau) is shaped based on a .
pl0dpekt i onlbanether ﬁatb@mergﬁab@x%\gpiﬁh'@n fs ‘I'%" diffuse

, A o _
gg@gﬁé &k Nhe é&ﬁcﬂ%i@%nr sQteMPAiISe B6sidAéd!fo replace an

tres and/or flattening of the surface of the
f aneasligitiytiarges tharethe weiaki-kRaging|ISUSa¢g-ace can be
shaped based on the shape of the tibial plateau ta
Pi0968He a Suceda asesHgnee delect dnbe FRRAEIHRIRsaRY oy

e e R o

bexampié, igarmtiest withtsesere aariflagedoss oy thetmedislferaagal of

the f ; " = o L > _
SR et (TR 98, SR B Spar
ceystda\can only Iy appiies toftha tricelied ferswet cantyler 2B@fenably, in

o3 heicdacenatnhefll fe pRELE Blceebal sulbhBcS, |
t bgsifrRiiin, achisveharaexdat el 8 nekeatdtomar fitavitt thestdarent and

the Tike. The nedial facing 25 portion of the condyle
i RPTIEhCaRIAgea t apered surface 730 while the lateral.

e

1 BR espRete8 UTHaaRm (06K repait Wil ke fypically limited to areas of -

diseased cartilage or carlilage loss or areas slightly greater than the area
of diseased cartitage or cartilage loss within the weight-bearing surface(s).
{0155] ' ih another embodiment, one or more components of the
articular surface repair (e.g., the surface of the syétem-tbat is pointing
towards the underlying b_bne or hone marrow) can be porous or porous
coated. A variety of different porbus metal coétings have been proposed

for enhancing fixation of a metaliic'prcsthesié by bone tissue in-growth.
Thué, for example, U.S. Pat. No. 3,855,638 to Pilliar issued December 24,

| 1974, discloses a-surgical prosthetic devic;e, which can be used as a bone

prosthesis, comprising a composite structure consisting of a solid metaliic
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conponent. WD 2005/ 051240 PCT/ US2004/ 039714 42
[0120] By dividing the surfaces of the medial and

Jateral conmpartnents into independent articulati
WO 20$4#8s, as shown in FIG. 7, the inplant pPGWIﬁ% 41039714

i mproved fit of the confoPtml surfaces to the
subchondral bone. Additionally, the lateral-anterior
portion.of the fenur is 5 shielded fromstress which
coul d cause bone [ oss. Also, the smaller size of

F et S6ARMS oAl ta}]:gt?rjogggégédhg ofERPEARAS bli nldtBlié fatdrd

a snal I NCI SI ON.
Fiadhéred to tané ewmldnm ovenet [pastd pgmon@cﬁ ﬂiﬂ)ﬁ@’fﬂcei of the

W EREE Tedhs Fhitho ltelsig be 4 BLEAPofbyRal BLRE0
onpertmtesrmi neetplig matenial boatded kgether abtheintpoants odgomacﬁ with
T RROEBIRP Ry oo TRy of Foristiea MiaRERE O 84 ¥
acbitirgd Tae sixsiargl dpeeirigeefthé pgsicie, which caditecdissibued in
R TR I T
R ol Pt e et A0t it o

{ Gietyauin §an BRsHOR SR 0%6?%%@%%0

| iEAdte tothé suriiicd of tHE fcbaﬁﬁ It BfotAat @hbadinfAP tme %ll‘hc'éﬁar

i npl ant 810 positioned on e snmoot h surface 802.
i HEIfAGR repaly shtsMca) ceniaisang (e PEymalin matﬁgrﬁ@ t{'“h%

SERRLD 1Mk, B Hieace BRI ORGerR e BB br oiter -
p@bamaﬂmlqah trefimentn )t can&e Used T drugrsieByery e
2‘8@ n‘i’étetgllﬁg E@ﬁt ﬁh le%m !'edgg Iac-er?‘%léhd@és%@s oﬂ)gro%@n

ure at t [ate
oftbalirg. Tme polyhTasia ma@natstqa!al bewty@i tofreiea@e ﬁmrewetﬁ!c drggs,

R DR B Wl B OGBS O DB cop o
combined with other emboediments, wherein po_rtions of the articular
surface repair system can be bioresdrbable. For example, the first layer of

" an articutar 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. | 7

[0156] | In any of the methods or com'positibns 'dE'ascribed' herein, the = -
articular surface repair system can be pre-manufactured 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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formed as a single unit or formed frommultiple
conponents. FIG 8o is a 25 side view of the inplant-

wo Rdfosesi tioned on the patella 800. As shown, P¢m32004/039714

donme is positioned on thesd4 npl ant such that- is
off-center. Optimal positioning of the dorre vv|II be |
determ ned by the position of the patellar ridge. WO
2005/ 051240 PCT/ US2004/ 039714 43 [0122] Turning now
to FIGS. 8E-F, the inplant 810 is shown superinposed
off¥E unallVer e MVPWFATTURINBO in order to illustrate
that the position of the donme 814 of the inplant

cBM88EpondAto tsfﬁ'épﬁ"‘ﬁcatl on of the patellar ri dge 5

[0123] FIGS. 8G.r illustrate an alternative desig
f B¥15Fhe pat'élcﬁaﬁm *HW%tShﬁPtﬁg @dhe rengdtraead! ‘t’ﬂé’e

nguﬂea eopaﬁéﬁo&e&nm@gﬂ §lodds b dsirdg thibritesithh
at infe h

rior surface 85 avi ng pegs 854 extendlng

t Bxarapleovhere 8re thitkness efghe sequies spgematerial is not

a 0 ome
st . "pnSiiorch SEORT 81 B deiaadrepliaiih o
nmgenam:lin’gmétéﬁah&mhramﬁerbohﬁli@ulessme articular
surface 860 takes on the appearance of a "hat" or

s[iesl er o, Trevieplpcemeoimatarishcan be shapkitkbyamy switable

< BEBRUE ingkiding TnEhirkted B Basing oottt iechhical
ofbitdenp iskr atbl’aeigg rmggi;lﬁh?r; rﬁgd@freaﬂzemdsd tresttmabes an

i npl ant whi ch the bl h
| Reablatda oAt SaRouhe B and SieplaR S RREHE.
pléfiﬁydt@ée?? €atowtt RRetrS88Rd afP Sthdr oredrisisnalss fefinfluencing or
i ] ustration

PRGNS SRR MBS ha eGP BOHNISTILR e

| pEbiRpEa Mérch 0B) 20000 dnbpnant digeRtitn 6 usB4; cattzin BB

covering the condy le 900, is illustrated. Suitable

i Apihgrastilegmr qggacefr@,nt OlR4RPPEALNG HeAle I FaRbe %PPP%%“’

'3hi%he?‘§o§és| df tRERRINEST Pl ERSoSANbAGY? 87a means of

achieving different thicknesses and curvatures of the cartilage

replacement or regenerating matenai in different sections of sald matenal

[o161] The material can be shaped manually andlor automatncaﬂy
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] - 7' In addition td, or instead of, shaping thé cartilage repair

' materiéi, the site of implantation (e.g., bone surface; any cariilage material

- remaining, etc.) can also be shaped by any suitable technique in order to

enhance integration of the repair material.



20 the condyl e covered anterior to posterior can
include the entire weight bearing surface, a portion
t hereof ,” or a surface greater than the weight

WO B0 surface. Thus, for .exanpl e, the i npl dft/E44/039714
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be configured to term nata prior to the sul cus
termnalis or after the sulcus termnalis (e.g., the
groove on the fenmur that coincides with the area
where | oad bearing 25 on the joint surface stops). As

Sr[@’l"ﬁ!i]i n FIES. 9wje a patellar inplant 900 can al so
be provided. FIG 9c illustrates a knee having a

CC[{HWA e i Wp’h@é"érhc@@p re;féa:rlf!ﬂrts@n'i 8in bERdrARd ARl that -
I npl ant for the tibial ateau 200. WD 2005/051240
P@Wwillaghigwe e 31 anatgmi¢ %1@5113@ w4th the eprpyining prrdjagent
al |
i PTIEE, SobBar b, R Rt dosud W Toke fthe
t epait systerFEan belb@set! londBe eaglysis @f rpglectauicrigage (e.g.

| 1RE T PRRE b R AP Fefence 1bmop bty o e k-

‘t higtheiarticulss repridsstem hmmltmw@déo r@immmmaawf@ﬁsaahed

| CB PR B 5 SO pfa B o8 e o =
I IchetBdd ﬁh@ﬁr@adﬁ%&evmu@il retorstiction tidbe ishppeof Sealthy
the{tﬁqgﬁ Fi r a.tibial inplant 200 is provided on

d*a@"pffﬁ#{%& 'MA¥%, second i npl ant 300 is
DB S: cainiie spSeiPent Rl ifenifn, Uger Roppal cartiage

| pHasd st the pesifiohef tiesdalilbge defeehcdrhiog réd&ﬁsirdméfaby S
as | us

resen each oth n aces at ed
oA oIato8 s By, CHpleRe StlRes fdisn e Al tisde SgRct
PlRELEf dibdhdelearmaha! Tﬁ@@iﬁﬁfbﬁ@iﬁmﬂé bdactigess gnd t he
condyle inplant 300 is t;)yacedlnthelateral

c SiepEiRing fe hegithy cagings amereRs oLf Pﬁfaﬂlﬁ%ﬁv%edﬁ@da
by Eﬁlﬁi%%u%c@k FdrlwHieh ﬂ'i‘%ebo%&bl PO 8 glar&eMIsheh tﬂaﬁhel
aD, a tibial | ant 200 15 provided al o

b.p@amgtﬂt:ﬁaﬁ@%ﬁ c&l@wa;W%cq»rrmraﬁftth%b@aithﬁaa?ig%g%andges

ggﬁn% ga}zmrr?@s%%f%&ak Rdaof b aled RaARIEAITBR irkhuihe same
properties of the parametric surface will prov:de a smooth integration of
the part that bridges the cartilage defect or area of diseased cartilage with
the cd_ntour of the surrounding healthy cartilage. The part of the

. parametric surface over thé area of the cartilage defect or area of
diseased cartilage can be used to determine the shape or part of the
shape of the arficular repair system to rnatch with the surrounding

. cartilage.

[0166]  In another embodiment, a near normal cartilage surface at
the position of the carfilage defect or area of diseased cartilage can be
reconstructed using morphological image processing. In a first step, the



t he knee joint, but need not. be. [01261 The |
art hropl asty system can be designed to reflect .

- wo a®BReshs of the tibial shape, fenoral shape atdigd2004/039714
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patel | ar shape. Tibial shage, and 20 fenoral shape
can include cartilage, bone or both. Mreover, the
shape of the inplant can al so i nclude portions or al
conmponents of other articular structures such as the
meni sci . The neni sci _are conpressible, in particular

- dwertkpafan bepxiraged figm the .ei%qﬁrpglclrlévagéws'manu@u Sapi-

Caéﬂxt&ﬁat@& %h@fb‘? Gutdnated %Qgrﬂght%%ﬁn fedpiidue i onB 57% rHj%n

nmeni scal ape accountin conpres
wmcs@ reggior gfgwwmméva yirer mokipkbassd segmeiiatiasy. resvitmg in

oo aimade, DU pibn SR artiat E AP Fhdl B

| r!uel fligil Mghcaambrpmgmmai closing aperdtisrtperfimnedipaeD or 3-D

it B ocinPaebpitol iR ERaE, FheaPRRS henthn

are@wctamaﬂefmeex w04 ditaticerfelibwad bean seoiorand cilhﬁ)d/@)erator )

200 51240 PCT/.US2004/ 039714 . 45. i us. t he -
2SR RELhatetpRe TR R oimade 0 B S ket Bemp ohe

Ff%mxﬁt@lﬁhg el%hﬂéﬁt neé\msmené re@@orf iPrthe @ﬁWc@Sﬁﬂage Ainhdrgsig@n
be, for exanp 20% 40% 60% or 80% 0

u r?(E’SFﬁS‘PF e”@i‘%ﬁ‘erﬁém eqt pixeligithyp putpbimage tg; Hf the wholehe
s %Bﬁéthﬁﬁ Slehicift fes %ldéfa Fé@?od |ﬂﬁh@ Bbur‘%@%‘é?@ . l?'ﬁe fi ﬁing of

designed to nmatch the shape of fenora ondyl e

| fm g%milage egfact pageeas! disggged 6arfv!ﬂaen:reaﬂ¢é g REve plidace
ol

¢ BYeEe a2 obhel AP bRt ﬁsﬁ%ﬁﬁﬁaﬁfﬁpﬁu?é“@%ﬁm

abedssed hadetermpinetbe sbep% o@aarbyf thershepe of thedartingar repair

asg ﬁ'lut?) n?g Pﬁ ‘?Mth%e sﬁﬁéﬁno‘i‘ni eértblaggl o‘?fsulagﬁoncﬁét'ltbeorne

I cé -can ectron of neniscal

R e’@“%%%f@%b@’%}ﬁ PP e e RR R

miprimsdiair sktsEcitt fromreel@ﬁa@mmbmerqf spsteawmofiyarious sizes,
curvatures and thicknesses so that it will achieve a near anatomic ﬁ{ or
match with the surrounding or adjaéeht_ cartilage and/or subcho_ndral bone.

- These systems can be pre-made or made fo order for an individuai patient.
In order to control the fit or maich of the arﬁchlar repair system with the |
surrounding or adjacentbarti!age or subchondral bone or menisci and
-other tissueé preoperatively, a softwaré program can be used.tﬁat projects
the articular repair system over the anatomic positiqh where it will be
impianted-. Suitable software is commercially availab!e ahdJor readiiy |
modified or designed by a skilied programmer. '

[0168] in yet another embodiment, the articular surface repalr
system can be projected over the implantation site using one or more 3- D
images. The cartilage and/or subchondral bone and other anatomic
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applied to the inplants shown in FIGS. 4-8, as well.
[0128] In sone enbodi ments, the outer aspect of the
evice reflecting the nmeniscal shape can be nade of

dev
WO 2050088 preferably 15 conpressi bl e mat eri alPCT§S2404/039714

conpressi ble material is selected it is preferably
desi gned to substantially match the conpressibility
and bi onechani cal behavi or of the neniscus. The
entire device can be made of such a naterial or

o ER e e BRI forh f SpUBGH e imatEten o B9 5

beCT apiag meahuzh sehé-asbasated éndiar eactdnyated segmientagiong

t o i |, [ '

¢ nECtiest 2 e e Sdnioniog 180 e BT LpBh frd Btne

medrslsthercariasomnic Mﬁmes& ?@eralalﬂwe afticlilap repsi $i8tem is '
ot her articul ar

A T e

[ GedShetrio saffaéd pdpresdmatione for d descapRR bioFarbas @apimetric
t he nglants 300, 400, or 500, c q be shaped accordi ng
t-o’suf‘éﬁé feRrgTentatans Segplor eXAMPls Boley.albiPyetial . Gomnuder

f r@r‘%?hi&@: PRNCIIBD And Pr4ic8 $n ©f ALAROCRSVRYIeY, TPabdiven [ 1095).

the tibial plateau thereby accounting for variations

i goi:s_@g]pr al  Thapd Adlite 2R 1GML 4iIRGE/dHEARN QbR
46 tibi ofenoral contact area as the fenoral - condyle
f 1Ropgandotherangtorigishiugires gpG g Atiadaryspaigsysies em be

t hﬁe%b@ﬁrﬁo ANDITRG ESbrdirlatel Sydterh erHEDRERAN regéﬂr EgtBﬁi
can e measured usi n a_ny_curren_t (_)I‘ futur te

krRgw then baplaged astherdesyefl implentiop ite VRIe repaesentations of
Ak ¥t CibchoR P bBAL IrRlsdifl Bler ddiital. sHires
artnr op st y can ave two or nore conponents, one
esdrine articylamenaigsystamn arheendelidintea Bflareagm dort dxample
O BlicRrAGHhihg interfaces (APIS) OpenGL® (standard library of

advanced 3-D graphics functions developed by 5G|, Inc.; available as part
of the drivers for PC-based video cards, for exarmple 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; availabie from
www.microsoft.corh). The 3-D image can be réndered éhowing the -
cartilage, subchondral bone, menisci or other anatomic objects, and the
articular repair system from varying angles, e.g. by rotating or moving
them interéct'ively or non-interactively, in reai—tihe of non-realtime.

[0170] = The soﬁware can be designed so that the articular repair
sys.tem, inciuding surgical tools and instruménts with the best fit relative to
the cartilage andldr subchondral bone is autorﬁatically selected, for
example usihg somne of the techniques described above. Aliamatively, the
operator can select an- articular repair system, including surgical tools and
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articulating with the fenoral conponent. The two
conponents can have a flat opposing surface.:

wo%@g{ggﬁ{/i vely, the opposing su_rface can be_ C g?f%jszn&s%smu

ature can be a re% ection of the tib
shape, the fenoral shape ~“I'ncluding during joint
notion, and the neniscal shape and conbi nations
thereof. [0133] Exanpl es of single-conponent systens.
include, but are not I|imted to, a plastic, a
PahstRient@an® badject & oeray it @ntothe idpleatatibn ke &isirt al S,

a 15 biolo terial _or conbi nati ons thereof.
o SUiBHIR oNE BBF IR GUes I Re FPREY G DA FBDERel orm

- T apiicitartrBgait SEeshy lrﬂtﬁré@@iﬁréi’%ibrﬁ&ei%ﬂ@lbﬂhe Erﬁplaﬁié’tﬁfn site

enbodi ments, the surface of the repair system facing

t RO RN G VisBhispastigreotibe metweerpmw::efaafwzr
| Ry %H&ﬂm@ﬁﬁg&hcanbh%ﬁéurﬁr@%m ms&&fﬁoﬁ%ﬁ'ﬂe SYRb &

facing the und I ng bone 1s desi one o0
maselsm glﬂwe@edur@ r:areiaarfpp@ate@ Uﬁtﬂ@ satistactory fithas been

LB D 5 BB SPHE] B ERRL o

evi ce can

weas hecampuivar-asdistatt iagydmis of partaFneexamgalng tbmﬁgm@ a4n
SRR SRR LA e B APHER AR RO

t resaluetmlhe ﬁsyﬂheesmffwarmaam!m daauggnddcarmmdab highgightareas

tt
ThE PRGBSt i g diire HmaT i s lnd o
desbéibndfel m:@hé loPedlschbd otnter tumeeemséd 6 e Mrbasatie,
ing bone can_al so whi ch can hel p

tgn nder |
@ ST O gPRBRIOr R U geleRt aaner BrRak AT oot
t Q0ghRenVDROENEA MO RGH ké%@?&é%%&%eie‘&? hOdRA]

Non-limting exanples of mnultiple-conponent systens
i FEA{90 6T BYIRRIG CRTBPYET REAGERTS &Pfée% P'é‘POﬁ%'% gpsaiedy s,
chgrdi@l free metals, and one or nore biol ogical
materials. One or nore conponents of - the

[01711 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

: 'generat'ed _with imaging teSts such as CT, MR, digital toh'losynthesis, |
ulfrasound, or o'pﬁéai coherence tomography using methpds and todls

~ known to these of skill in the art. The articular reiaair'system can then bé
superimposed onto one or more of these 2-D images. The 2-D cross- |
sectional imégescan be recohstructed.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 néarly the same as the in-plahe résoiutidn) or near isotropic
data sets can also be used. Multipie planes can be displayed

- simultaneously, for example using a split screen display. The operator can

also scroil through the 2-D images in any desired orientation in real time or
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articular surface repair systemcan be conposed of a
biologic material 5 (e.g. a tissue scaffold with
cel I's such as cartilage cells or stemcells alone or

WO BN t hi n a substrate such as a bi or esor BETAIS2604/039714

material or a tissue scaffold, allograft, autograft
or conbi nations thereof) and/or a non- biol ogical
material (e.g., polyethylene.or a chrom um all oy such
as chromumcobalt). 10 [0135] Thus t he repair :

S gl

P Eelfe! f6 opEfaarord B Bides @hufyollRdifte,

t Aeingrthisc ] haﬁmwlaffrap@r sysiarnrcagbet chspiaysem inaovessasédtiot

i AR GEERA Mes, G0 srUBE porBARE L ficaty

cinajetting thoss pfiihled-Dx im@batienfonstnatmgahe idaetijegd,i ssue

cBeg Bt A RS G SR RS erppi mcfree!

. sdidnsihabdisplanean be usaddot the ramddse répdnﬁ&ys@élﬁ'p aPRNLD
alghave blomscr eé:?)ﬂ%ir ertles simlar
 CERASHE ag Tod B ER SBUELAB P! e Arb e repair

ssystérarcaflbaghéget inteROcorh®ieh Tharffité Syaxindl THLAHENY,
or_shear, force The first and the second_ conponent

CBRaK S¥sient cary theqbeiaged althe Aesidimplaniation sitg. | Tys.
Qe of 20D BRJsE-eRIB6Nths a%fatdn'ﬂ@ sﬁMétLFé%‘ (Ifeoigipéaﬁtgﬁon

second ortlon) can be conposed

ntltecandiihe;ariiquiariraegir Bystematan) baﬁlﬁrélayetdamtﬁmetwe@r (eag. the

rwerafo@ ke b&oﬁfﬁr@&%ﬁ‘la deiet Uebis) Mom%s?r PR 4. %s

hydr oxyapatite, tal um

cHt aniratics haimovss thraugh the seliesdf stigas), ih(r&sﬁ]méhenom-

q%%gm%gglons of the articular surface repair system
(e.g the outer marginof the first portion and/ or

second goort (Kap RepinRi Or esor babl e, for

: exanpfe to allow the |nterface bet ween the arti cul ar

T age. b PERRRD L iRabR o R Moy o

slimengiegelabiedct fige a Spmpkterinyodeb nktherobjast oA spepialsinter
(i€ uled to fa%ﬁc&?ttﬁé p%tg*)é' frBFn % gﬁmfsﬂty ot tu%%&n'e%&ogg{ the

articular surface rep
layers. Computer software sections the representatlons of the object mto a

plurality of distinct two-dimensional layers and then a three-dimensional

printer fabricates a layer of materiai for each layer sectioned by the

- software. Together the various fabricated Iayers form the desired

profotype. More information about rapid prototyping techniques is avadable
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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W) 2005/051240 PCTI US2004/ 039714 48 and/ or the

. second portion) can be porous. The degree of porosity
WO 26@hs1abange t hroughout the porous region,

non-linearly, for where &he degree of porosity wll
typically decrease towards the center of the
articular surface repair system: The pores can be
designed for in-growh of 5 cartilage cells,
cartilage matrix, and connective tissue thereb

aBHi78Li ng £ pewder pistoneadialid badaie BrPvidrd. Howden! ar

C DELEE shERREGSIARERT, Atte, 06 ) thHl co e e Tt o per
| oF aridetipith a éguig onleth pOWSISE etﬁka)i feamn afecden sntneiwitiva
eB@ér 0‘?@5 a%upfgﬂg or'htbF fﬁflc ef:sl 8f ﬁ%ﬁggﬂ%r éJ% F%l‘?trolled

such hacry Injé ]
hlyyjtimmmmlter d hb cpnmrheqwaﬁ‘ﬁn aelepasits & birsleafididtdméo thek e.

A P L T I T
pisizginerotiéd Irite] thedbid mfamfdmblpeomssﬂﬁ e%ptéam @fith the
raeni n can

BERS Tt SRR e NG RN S RN ErPoR SRRt e

- afhved-HifferBRINAPIBCHNG 618k Wesioe ,forﬂ’feﬁf)ﬂf aéﬂ a( furtet Bisclisslon:

second to 30 mnutes (or- any tine

t PfdPisrEecass Pee. frbexamptee oy Btept 8%?‘?&@@?\“ Nesecond. and

- 1EhamiaHaBS AL A5 MEhkhbiSEePa! p@tflishéd %g@%m@ 2008139]

One or nore conponents of the articular -surface

[@ﬁ?‘&]‘” 20%&53@&%&%@@@%@%%%@@0%; imfage% |
i hj ections. For exanpl'e, the external surface o e

Qtpipad s degorifed ab@\b%iws%%ﬂénﬁo&ﬂiema% egfle obthertwpe
ORRRhEGSal 1Y, \ng Bor H&‘ﬁ @W!ags;% dRe Bﬁc%tﬁlgfﬁ:g rﬁé’chme In

recel ve scre dl es or
vihiscisepaio, mchrtwgrcﬁraan%mwl Anage slice wgulﬂmrrea@@m ’@dﬁ two

A% RieRsiohd) S;%rgiﬁ"iﬂffﬁl Sidet BiAMaR i en@ ik E WiREnSiHid Rpe of

repair sy
the defect can be determined, as descnbed above, and then broken down

into two dimensional slices for the rap;d prototyping process. The -
advantage of using the three-dimensional model is that the two-
dimensional éiices used for the rapid prototyping machine can be éio_ng
the same plané as the two—d_imensional images taken or.aiong a different

-plane altogether.

[0176] o Rapid prototyping can be conibined or used in conjunction

- with casting techniques. For example, a shell or container with inner

dimensions COrresponding to an arficular 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 procéss,
personalized casts can be generated.

| | PEBNSY0039714
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25 the marrow space. |njectables such as
met hyi net hacryl ate and injectable hydroxy- or -
cal ciumapatite materials can then be introduced

WO 3007/6318# t he opening (or tubing inserted PCT/US2004/039714

t heret hrough) into the maftow space thereby bonding
the articular surface repair systemwth the marrow
space. WD 2005/051240 PCT/US20041039714 49
Simlarly, screws or pins, or other anchoring

isnms. _can be jnserte i nto the openi ngs.and .
TEOALa ™ RERE riabPTG a8 e bbb PadoB A MRS Tenar
benstefR! RaWdProRBpiHYYEnShd pedbimaVa J inxatiabiirig fidify.
articular surface repair systemto the bagne.
péviematuely it Bray henpFoHBRE & Hie RREBGTERN AT 5 can
béntRicPERHQE RdiisBrerhdlt naX BhderfolRedli stal portion of

a screw that protrudes into the marrow space can be

bijgiagor babye. [BHcRATieHwddsal period after the
surgery, the screw can provide the primary fixation

ofgifg ar tﬂ’r%%!tébeﬁ%iﬁﬁf@u RPRLR aPHEEAITthe surgeon can

f
Subsequent!|y, ingrowth of bone into a porous coated
aPeeppgralivglytmeke a delesminadien ohthe sfignment eltharknee using,

Cdldiapipfe, %@ﬁél?éét A?igx-?é!y?tlﬁ Ebﬁéﬁnih??feo?&%ﬁv@%s&@@smem |

primary stabilizer of the articu ace repair
s@py daterabandpateti® epiye feat gre paegent oy be identified. sur f ace
repair system can be anchored to the patient's bone
wl@1BGlise ofUsingstandardssrgigableconitess, e patlembist

: [
o OPEREE S onli¥h RLSBE I RMacTRORAD 6 BISAIR ess to the
mpotti@nics pocams né thenswetieidt tihible regahirad.od thad@lgodsl ¢amcbe
artleular ' - 10 - i l.age
b i 1 g phlRBbong ERBTORE Tha:<aRE: SR hieal?
nportaeiagtde ihearpbrajedintd theeopHrativedngisiontand{od dthdafihe
[ terLacrg bet V\ﬁen téne articular surface repair system
atitt*"ehi® %?F%'?J aiuﬁa 'normal cartilage can be at an

L, oL GRE A BAR Ty s BRef i Bl SBocec
compartment is inspecied for integrity, including the integrity of the
ligament structures. . If ne"cessar‘y, portions of the meniscus can be

. removed as well as any spurs or ostecphytes that were identified in the AP
k#ay or that may bel present within the joint. in order to facilitate removal
of osteophyles, the surgeon may fiex the knee to gain exposure {o
additional medial and medial'—posterio.r osteophytes. Additionally, '
osteophytes can be removed from the patella during this pfocess. if
necessary, the medial and/or lateral meniscus can also be removed at this
point, if desired, along with the rim of the meniscus.

[6182] ‘As would be appreciated by those of skill in the art,
evaluation of the medial cruciate figament may be required to facilitate
tibial osteophyte removal. '
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bone. Suitable angl es can be determned in view of
the teachings herein, and in certain cases, non-90

wo Megoaesangl es can have advantages with regalPdTES2004/039714-

| oad distribution along thke interface between the
articular surface repair system and the surrounding
normal cartil.age.- 25 [0142] The interface between the.
articular surface repair system and the surrounding
normal cartil age and/or bone can be covered with a

ph8F&alceut i @ape H1e Ipinbaeifacrs hayemeerirpPaRdnibpdegired
”%?F A oA inSbMéRinkd 82 joinke bi ol ogical integration

he repalr systemlnto the normal cartilage WO

. 200pd4)51240APCT/ 1457409 4dt83d 714 so and/or bone. The
- surfacCe area of the interface can be irregular, for

exgqmie. - t 0T HeERAKE JEVNBO 2ODDT Fla. At the eﬂsécﬂ&e to

phar rraceutl cal or bioactive agents. [0143]

PRemnmﬁnmeﬁewAﬁmn@m grifingiomy medial étstm prtella
ol CREMNC nBreTTndile, KRPOGHRe ThERS conB Rl o0

c @nepa@e me@al@e@@ tambpout bpedb@@wdh%mrﬁ haelusbrgm suitsble
SYAhE R e p%%{e%%rﬁ@ ARBPBRBEHAY FrhElRMEele Hiace a 2-

atTent can ['ecte
V\mtdax;to;aardalh@tﬁe medzalatrbfairp:lateau andsembee enterisr psiiess of

L Do et Ao ISR e B o8 B8 264 FhLF BerER Bk
f tiewkhdeshould be ﬁle;lfesg1 ttofaiTogE 80° ommioeu Retmove the g%rse_trrﬁctor
® 508 eyt AR SrelahEacint e sk ARG bebscs U Bie a1 Fafover

descrbibesiatedb cbige PuEHORE T eﬁabm mlal m-@@ trssmces
portjion of the articular surface,

aﬁeahtahoaloé ¥aIgER SRS "‘F&&és%l‘nﬁe&‘i” e Wﬂ%@ on t he

a'f[Hsa“jl To insert the device of FiG. 2 into the lateral comp-artment,
perform a mini-incision arthrotomy lateral {o the patella tendon. Once the
incision is. madé, expose the lateral condyle and prépére a lateral slesve to
about 1 cm below the joint iina‘ using a suitable.knife and curved
osteotome. After pfeparing 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 fernur, Remove the Z-retractor and
place the implant agains-t' the distal aspect of the femur and over the tibial
plateau ‘edge. Hold the implant at a 45° angle and rofate the implant
againét the lateral condyie using a lateral 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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WORMMRYPhe area of diseased or |ost cartil agdCHL

- cVENEROT GEPRER TBY hhiormed onithe gurtanecefithy i

surface. In these systens, the articular surface
repair system can be designed to replace only the
area of diseased or lost cartilage or it can_ ext

3 or 5 Mminto 20 nor mal a63j acent cartilage. In
certain enbodi ments, the prosthesis replaces |ess
t han about 70%to 80% (or any val ue therebetweeh) of

th td [ .Sur i:ven articul ar

sup PRl At e r R AF e fy oy Rty ke i fhnge of
pr stoéombhgyld tessbd parformed b OBt hial Bord Brmiaipaival ue

t her twe .mgre -preferapl | ess t han about 30%
t oFREURAST e iR B58 Brdfientng SRyt e, dosure of the
prebendis| perornsd Ubiag tedpaitued Mowa isB 4ror any val ue

t her ebet ween), even nore-preferably | ess than about

%O[ﬂ/ﬂeg}zto h 2 agsgﬂ;m be@gpre%lﬂtid;b?%_hﬁé@o@@ﬁﬁﬁ@ﬁ%ﬂ additional
' y ' e prosthesis can i
i ﬁ%ﬁf@@"ﬁﬁ*{%ﬁﬁ a%ﬁéﬁ%gﬁlﬁkgﬂaw 'ﬁ%&%ﬁ?@@l%ﬁa@mﬁ
t het thiesconfipliranbe f thelidpkRe280 Fr €Radiple, Bn8BF Aldré C
devi ce) attached to a conmponent that is shag.ed to
&l plateauto
bosoniiststs aRdHormg MRUMERMs SRk RXATREE P12 shown in

internedi ate plates, neniscal repair systens and the
| i [k6- d5Ar tedmnsiationglsromgatent crosssmemhesnlZaRéd shhet in
egghRsCcapponent replaces less than all of the
corresponding articul ar- surface. However, each

c nt need ngt,, el portion of the |
ar ig??lear s?r?f acgpmljﬂsgkaﬁggu\%%@g?he prost hesi s
c e a hpnesd ; at t-hat -
o 10T o Che b aag shan i Fie 3 apadFSn tne
c ompeiierte betgpairassitheran aotwremadial or enterodadegral shihe

C B ST Adr sk OB SR SRINER bilroRb e, "
s (upgber. bgrdend]the pateliz.t TheuheisiosUydically caepange frpst, éon
Caflaftipid, ¥ 4B ImUiong the edge of the patelia. As will be appreciated by
those of skill in the art, a longer incision may be required under éome
circumstances. '
[0191'] _ It may be required to excise excess deép- s_ynbviufﬁ to-
improve access fo the joint. Additionally, ail or part of the fat .pad may also
be excused and to enable inspection_of the oppbsite joint cdnﬂpartment.

{0182] Ty'pically, 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 patelia that might be significant.

[0183] Although it is possible, typically the devices 300 do not -
require resection of the distal femur prior to implanting the device.

Pana A7 nf K7

end
004/039714
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selected so that it will achieve a near anatonmic fit
or match with the 15 surroundi ng or adjacent

WO SRLhshape or bone. Typically, the articul ar %{f@@gﬂl‘mwu

repair systemis formed angd/or selected so that

outer margin | ocated at the external surface w II be
aligned with the surroundi ng or adjacent cartilage.
[0149] Thus, the articular repair systemcan be
designed to replace 20 the weight-bearing portion

( dlowRyes ibdesieass bpna utsisan ke nﬁﬂ%n@@arw RpVigsoa sirdace fof
'?h@frﬁ;ﬁlg ar surface, for exanple in a fenoral

condyl e. wei ght - bearing surface refers to the

S A R T b i

ddri activitie
n@osiibn daitige camthdndzsplacatbon thencoralyleewhich cbeans ithfegdistal

P 9%@%%? g?mf%%d tfﬁg gglﬂ%aé%%%ges%% ggﬁgeﬁﬁgf@%ﬁ §ing ;ch;emenr%

e 0 eperioeas matamabredaemhpldnsmmob@ acdurbizgyeplated on the

 oFRbbEI TGS aSRE ¢ Pkt e #E dlbgTeTbdPmiaicn,

s pasitd apedtdmestfm PBrhmOn dEstAt OhbE itk hlatibs AaneseeiD

2005/ 0 40 PCT/ US2004/ 039 cartil age or area
F’e@é‘?‘f Jf e, guid Pd%éem@é‘?ff ‘Z‘@ﬁ“&%@é S0P ixingiziied op 89 ar
. SHOffEGEST theRBhYIBYSERRNt dMlSl LisddNtotvaeiities aaﬁ@eﬁééfmﬁe

the articular repair system can be designed or
sHTRlankedfq e théﬂoﬁelé*esubst antially all of the
articular surface, . a condyle. [0152] '

al85Er  enbWinerrfore ff@n %‘?&P?@F&'e i# to paferaiies, evgt, ysin
divid hSRante Ad0 dra98. 3, Q}‘P%ze H}ﬁ’efﬁ@dﬂ%'ﬁﬁﬁ 4, P Unk esé(ﬁ&?dﬁe

can be designed to replace an area slightly arger

t ABf atnestiaipithe neéelier Byrfaneris i be repaing] elm usmgt thén
agReIshSsod der 13?@,%&_ shiRiRf tdBRRIUE S skhind PRATRASIL e

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

[0187] To insert the'device shown in Fic. ? it may be appropriate to
.use the incisions m-ade latera[l’g or medially to the patella tendon an'd'

. described above with respectté F1G. 2. First the patelia is everted léteral!y- '

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 determiné whether subluxation 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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10 on ones articular surface, typically the nost
di seased -surface. For exanple, in a patient with
severe cartilage loss in the nedial fenoral con

WO Hp/03128s severe disease in_the tibia, the artl’camgép"“m”l“

surface repair system caffPonl y be applied to the
medi al fenoral condyle. Preferably, in any nmethods
described herein, the articular surface repair system
is 15 designed to achieve an exact or a near anatomc
! Ipatetatdaolil el N 2igRBH Wi (A GEbIRSE: cdrd it !
ot her enbodi nen an one artl cul ar surface
c &Mplabk6e& paiardey. tomharrt@a( wplant 60@ praihe patélla 620, one or
I or
 SRrEReleX draBEiifes AR Seatlt i BREAH LT
araeaem@hmpegh §thofitie daplant ag@ or cartilage |oss
wi thin the wei ght-bearing surface(s). [0155] in
afotd8r enbddi mdrs one or nore conponents of the-
articular surface repair (e.g., the surface of the
s¥8t99h t hatOns ogminnm oithe timpkantisdadeabedh dbove cagbbone

Y i g R e e T S

pimpiesisdo B& uked derhgsaigegy.f i xation of a netallic
prosthesis by bone tissue in-gromh. Thus, for .
emqon e, 34'51(3 f?ggfmg desoBiphord BBem'tbocﬂ?i’delnitsaﬁf ﬂ}éiplﬁﬁb_nt
er i,scl oses a surgical prosthetic
QPR b Bepart st TS R netes e HusFeudt AR o
cdﬁmﬂpﬁbﬂgit&‘s AGITHRSIEEE (G bE eahalistive QP& Frhit e Plvedtion to
lid nmetallic W? 2005/.051240,_ PCT/ U52004/ 039714 53
SRIESIRS QTS distiesed Many Brogificationg antyvayrations wilkhe
sappatefEloahé bradiabesd sklled ad by &€ THe eﬁﬂoaﬁ@ﬁgwaﬁe

over at least a portion of the surface of the -
sGhessnand. deﬁﬁéb% FoRrdecivResh §<riainthe penegpleg qiithe al i t y'

OfrveRmdd arth ﬁé:ﬁr%bﬁcai{éﬁbﬁééﬁbﬁsﬂ'@f'eﬂyf‘ér@bhhé: oferé Ekﬂ?éd in the

bonded toget her at eir points of contact wt
eglro Hf"ﬁ%’ Btapg tae fnvestien ﬁ'l“ﬂjﬁlﬁ Yatrgwumenthmlﬁ‘@@mté@nd Wlth

| DhRdRthbdiftatiBAE $Satide Ebi?ed to the particular use contemplated. It
is intended that the scope of the invention be defined by the following
claims equivalents thereof.



coating. The size and spacing of the particles, which
can be distributed in a plurality of nonol ayers, can
be such that the average interstitial pore sizeis
not nore than about 200 m crons. Additionally, the
pore size distribution can be substantially uniform
fromthe substrate-coating 10 interface to the
surface of the coating. |In another enbodi nent, the
articular surface repair S tem can contain one or
nore polyneric materials that can be | oaded with and
rel ease therapeutic agents including drugs or other -
VVHQquqﬁgg jcal treatments that can be used for drug
delTvery. The polyneric materials can, for exanple,
be pl aced inside areas of porous 15 coating. The
" . |
1. ARIDPIERE bl B oha 8 AT HI TR 4 SIR7Ssurtace nd an
infesibi surfaat whgrain tgssupBhpsswfdsediphesas adaasbe potinmsiiegicondyle
W th other, e ' [ ' :
of it oy e e SRl e PREISE SRR odoRSs &St portion of 2
weidhtdreasing patiibe of Bdibiz xanquiesgndt dhpateia; end fuher whereiagt least a

articular surfa r ' r ' i :
porfiir e Slpetiot i e 155 ue Sl AT aP b R Pbstelfly
mattByethegpibse bhatrleastiangirion efsor brexl} attiodat surtlcedbat thé superior

carti] age gr -stimulating drug can facilitate
suﬁ?ﬁgaﬂg\?ﬁrﬁp%p?%?.i lage cells and matrix formation.

[0156] In any of the nmethods or conpositions

descrij bed herejn, the artjcular surface repai. o
2. TopdmaiRnE e FaE bW el dePErb AR PO RS AL Baltlans gefect in o

ishZes, curvatures and thicknesses. Alternatively, the
pati@

articular surface repair system can be custom nmade

for an individual patient. WO 2005/051240

3. 1?@&5‘%%9%&&31917%&954&{9Q%7&]nt h¥s a MASRAEAEHHBY MGT a cartilage
0153] A. SHAPI NG [0159] In certain instances shaping

defet in A@ali&Pai r material will be -

4 The implant of claim 1 wherein the implant has a thickness of between €5%-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

a predefined offset value.

6. The implant of claim 5, whereirz said offset value can be selected to adjust for axis

malalignmeht.

7. The impiant of claim 1 wherein the implant is constructed of a material compr'ising
metal or metal alloy.



required before or after formation (e. g-, growh to
desired thickness), for 5 exanple where the
t hi ckness of the required cartilage material is not
uniform (e.g., where different sections of the
cartil age replacenent or regenerating materi al
require different thicknesses). [0160] The
repl acenent material can be shaped by any suitable
t echni que i ncl udi ng, but nq; limted to, casting
techni ques, nechanical 10 g%rasion, | aser abrasion
or ablation, radidfrequency treatnent, cryoabl ati on,

8. T%@rilln?Fa'nPGIsciéi% EUROH BelrhiRiANGAREE DA 8t her: Biblogically
nutrients, enzynmes or growh factors and any ot her

actiye g1eder@l§-t abl e for influencing or changing cartil age
thickness. See, e.g., WD 00115153 to Mansnmann

9. TREGbEREE: dARCRSmeir2@ROmpldht Rrepsit ith & beRsidany attve
used, certalin sections 15 of the cartil age

maielgl acement or regenerating material can be exposed
to higher doses of the enzyne or can be exposed

10. Hﬂg%ﬁ:aﬂ%f%a{rﬁaﬁ@h&%m ReehnE Bhighics@sta Rt lnafesSslioy
and curvatures of the cartilage replacenent or

and RIWBELti ng material in different sections of said
material. [0161] The material can be shaped nmanual ly

11. ?ﬁggﬁ%ﬂylﬂ\l@m %Lth&% hal %ﬁfrgﬁﬁfyw gttac)ﬁhra@t an dexageone of
. . - a (0] !
the RURSTRESH et Trd TERGF bPSE FRRTERg T h e aBor e g

ridgelepegsppins, ¢rniatendens rcrees-mehibsvs @9l ané srategioshape.
[0162] In addition to, or instead of, shaping the

12 YRR B e PRt AP Jaabh

remaining, etc.) can also be shaped by any suitable
13. e MAbRHELA dliff SekhdRin BahaaGE: bidrigloalds ¢ fuctires for

e BRI o V0. 200535 H 20 ST R0 038 b,

rows, circles, triangles, and random.

14. The implant of claim 1 wherein a second component of the implant covers a
nortion of a pateliar surface.

15. The implant of claim 1 wherein 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
further wherein the slope of the superior surface relative to the slopé of the inferior
surface is selected from the group consisting of: positive, negative, and null.

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

the shape of one of the condylar, trochlear, tibial and patellar 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 implant of claim 17 wherein a femoral condyle surface is prepared for

receiving the implant.



[0164] The articular repair systemcan be formed or
selected so that it-will achieve a near anatomc fit
or match with the surrounding or adjacent cartilage,
subchondral bone, nenisci and/or other tissue. The
shape of the 5 repair system can be based on the
analysis of an electronic image (e.g. MI, CT
di gital tonosynthesis, optical coherence tonography
or the like).. If the artigular repair systemis
intended to replace an area of diseased cartilage or
| ost cartilage, the near anatom c fit can be achi eved

18. Pk RSpRnt SR4NAH 7 RALre P8l dondiietsddface is prepared for
reconstructi on of the shape of healthy 10 cartil age

receidingiheigiaMoni ¢ i nage. [0165] In one embodi ment of

" the invention, a near normal cartilage surface at
the position of the cartilage defect can be

19. Teg dmplanteftdaimblp wheresy ihe (candig stRecena freRsyethy famigeat
iea%%&}%&?gﬂ@% %hﬁat@%ﬁfh‘ thaaeiaef & pi9har AF@Be Bf the impiant.
iseased cartilage. This can, for exanple, be
achi eved by 15 describing the healthy cartil age by
20, TF@RRgfn & AT RhEf SHrhaaroi R s ftac RIS obda py removing
bonsuch that the paranetric surface follows the contour
of the healthy cartilage and bridges the cartil age
defect or area of diseased cartilage. The continuity
21. phefraplahist adimt 2ewbeansamibe cbodge stidae wiprépapedby tmaying
__smooth integration of 20 the part that bridges the
car@%qq.i | age defector area of diseased cartilage with
the contour of the surrounding healthy cartilage. The

t of . tri f th
22 Bt gl e BT B B phaGH s Sl Mo Rl =
leadl@nE PRshat eutieiccomhaie Witheths BaRasponapplatarafurfabe of hbanplant.
of the articular repair systemto match with the

surrounding 25 cartilage. [0166] |In another

23. SRBOAbIRRNGS clAMNEFheRA Halim@Rint id fgrtedfrbraceibadry of epiants.
position of the.cartilage defect or area of diseased

cartilage can be ' -
24. The implant of claim 1 wherein the impiant is surgical implanted via an incision of

10 om or less.

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

6 cm or less.

26. The implant of claim 1 wherein the range of motion of the joint is restored to

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 90-28.8% of normal joint moticn.



reconstructed using norphol ogi cal i mage processing.

In a first step, the WD 2005/ 051240 PCTI US2004/ 039714
56 cartilage can be extracted fromthe el ectronic

i mage usi ng manual, sem - automated and/ or automat ed
segnent ati on techni ques (e.g., manual tracing,

region growing, live wre, nodel-based segmentation),
resulting in a binary inmage. Defects in the _
cartil age-appear as indentaij ons that can 5 be filled
wi th a norphol ogi cal closing operation perforned in
2-D or 3-D with an appropriately sel ected

28. The iebiEA STEiBhen®Rtre e ChRsH STgnSRRY @tth®intiisSrestored to
typically defined as a djlation followed by an

| beh@@@'gﬁ?%ﬁg Ko PAETYACIBPEPIRr  sets the current pi xel
in the output inage to 1 if at |east one pi er of the
structuring elenent lies inside a reg%l on_ |

29. $paipRantRigRimAwaeisY) bR ratgeePaiios O @'Q*Fr%feétﬂ’?%m
betWerPhs-08 gbh6r r%%ﬁfé‘f’{ondtmi%nto 1 if the whole

structuring element lies inside a region in the
source image. The filling of the cartilage defect or

30, 2@% ?ﬂ@&ﬂp&fsc%e]dwﬁ A ﬂh@% féﬁ?:@tf&%é@ BV pSLE Eﬁ@@st a portion of

e area of e cartl age defect or area of
a satiope aoedyle an thd &gt hat can be used to determine the
shape or part of the shape of the articular repair 15
systemto match with the surrounding cartil age or
31. Sheohpiad oficldiorewhefelbZimplantivsben ¢erobrises e ail exending from

the ?&%%H%glsﬁx[f%? riaoﬁ 8@&%@‘&1‘?%“3 ?aisf,s med or selected

aseé of systens of various
Si zes, curvatures and thi cknesses so that it wll

s2. 36058803750 CHPSET el bl nglel Syl B mepogns o

the bopeior 20riddie seryls tranieat &rin heepsssedpdsition froedide nbagiial and
order for an individual patient. In order to control

latefghgide; t or match of the articular repair systemwith
the surrounding or adj acent cartilage or subchondral

33. gagﬂrﬁ@l@g’tn% %r%law gl rg% ggélgtalo? ﬁgﬁ%g%? 0 ré%tels\rése within% 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 impiant of claim 1 wherein the implant mimics an anatomy of a joint priorto

surgery.
37. The implant of claim 1 wherein the implant mimics a targeted anatomy of a joint.

38. The implant of claim 1 wherein the implant is placed within a joint space during a
surgery without performing ligament balancing.



the articular repair systemover the anatomc
position where it will be 25 inplanted. Suitable
software is commercially available and/or readily
nodi fied or designed by a skilled programrer. [0168]
In yet another enbodi nent, the articular surface
repair systemcan be projected over the inplantation
site using one or nore 3-D inmges. The cartil age
and/ or subchondral bone andﬂpther anatom c WO

2005/ 051240 PCTf US2004/ 039714 57 structures are
extracted froma 3-D el ectronic imtage such as an M

39, The Anplemt SIS TRASRIN theSibraAtic kR 80¥dhAsed of a condylar
aut onat ed segﬁﬁntatl techni.ques. A 3-D

implaghped amaigla 6@‘?ﬁ%”&artllage and/ or subchondra

bone and other anatom c structures as well as the

ticul a re air o
0. 3br iRl B W RraL S S Te  BErLs Y SEHERT: Bojysted
to asondrd bwr at tgastemmobitalgus. defomitydearos 'dpiormny amd attgrings
paranetric surface representations see, for exanple
Fol ey, J.D. et al nput er C?aphlcs Principles
41. Zhe ipplat ofckaimr @rthnaa@\éraﬂna Pewied edgs, edition, 1995).
[0169] The 3-D representatlons of the cartllage.
and/ or subchondrﬁ@ 10, bone aﬂ t her anatom c
42. QP?L}EP@PE@: il 't WENSE PRl afF ?'@%&CFt system can be

merged into a conmon coordinate system The articul ar

2. TR PheRY S { ERnb B R B2 Fons ot “the

cartil age, subchondral bone, nenisci and other
{ t [
4 A ere e e T o POHB M i
spingppl i cati on programming interfaces (APIs) OpenG.(r)
(standard library of advanced 3-D graphics functions
devel oped by SE, Inc.; available as part of the
45. &W'V@F?WBWQ%WWI €0 cards, for exanple from
www. nvi di a.com for NVIDI A video cards or
www. 3dl abs. com for 3Dl abs products, or as part



of the system software for Unix workstations) or
Direct X(r) (multimedia API 20 for M crosoft
W ndows(r) based PC systens; avail able from
www. ni i crosoft.con). The 3-D i mage can be rendered
showi ng the cartilage, subchondral bone, nenisci or
ot her anatomi c objects, and the articular repair
"system fromvarying angles, e.g. by rotating or
. nmovi ng then1|nteract|vely,ﬂr non-interactively, in
real -time or non-real-tinme.”25 [0170] The software
can be designed so that the articular repair system

i nglad opeg cﬁﬁ&g@é rAbiahCAnSorRMe 4 Hoﬂe"—ﬂéﬁiﬁ@&én@#a‘l it surface

best ve to the cartlla%e and
andmamﬂewwiemmnaawﬁmt whereinyt §é&0@@1fwg fegyoral implant

surf%??ggpgc?seg S l%;%sts? ﬁ@r{f&E dr iR LROPAIEHATe 983 He RIHKIADANE the

native operat or can select an articul ar
joint-izpmigremyks Bnplantreeiriade ngpeassdit ieast & portionhg tpp! surface and a

patejllaoggcgﬁ%?p %&n z'ft%ggs‘]t/ Wﬁof RS bPlﬁa'e:f%%%r?ggﬁace has a

threa&i!mgnsmmalisabﬂ)@’thab slilsstamithily mﬂhaheq L‘h?@;%ShameOf(ﬁb wagt gportion of

an e SRR s SR En e CH%C#JF%S 5?@‘%1‘61 FRYE BERE Ar
peviean o o &t Tl pisf PHERE AR Ploalitf i emur mating

surfat® biihk patalin asidtzesecbnd surfaemthat ersgages itenpatelia. be
conputer assisted. The procedure can be repeated
until a satisfactory fit has been achieved. The

roce ure can be Lforme Iy by the operator;
48. GyPrpst e%%??%“@fgfa?r%ﬂ?%ﬂm% @Tﬁgﬁ@l n whol e or part. For
exanple the software can select a flrst trial
npl ant that the operator can te aL o n
2 feG TR RN OTRET AT SHRALs 41oos r E e e ettt gnd 2
top Féﬁ]@nta@ldfé' KHHohOPbitiah 0B a afrvaDiaterallddge rtEndbettaerebetween;
l ant and the surroundin

wheseln dho BERGROT BUMESSIPRRERS SEIEasIS et ot PEcgBlyie ghthgernur

andQAe tRbSieh Hrr tRB ihfeRar- sdrﬂé@e %Fééé&@fa@ leist pdreio®pes dbiar surface
can then sel ect anot her ?t and test r#ts

and a patella, and wherein at least a port on of the superior surface has a three-

dimensional shape that substantially matches the shape of at least a portion of an

uncut articular suface 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 terminates prior to a

sulcus terminais on the joint surface.



alignment. One of skill in the art wll readily be
able to select, nodify 15 and/or create suitable
conmput er progranms for the purposes described herein.
[0171] In another enbodinment,. the inplantation site
can be visualized using one or nore cross-sectiona
2-D images. Typically, a series of 2-D
cross-sectional imges will be used. The 2-D. inmages
can be 20 generated with |qﬁg|ng tests such as CT,
MR, digital tonpsynthesis, ™ ultrasound, or optica
coherence t onogr aphy using nethods and tools known
47. 5He E)P&?ﬁeﬁefdeﬂ&b |olf clalin UBSHRKEdIn tH@evidd B BiickhefPldtermined
systemcan th be  superinposed onto one or hore of
by&h@@@gﬂdﬁach@gﬂe%aﬂeﬂhe 2-D cross- sectional imges can
be reconstructed. in other planes, e.g. fron1sagitta|

to 25 . coronal, etc. Isotropic data sets (e.qg. .
48. Fbe pragiratic deriee o Fleim BAvdlenis dhe @%’*%SS%WKB?S%@@Q%W 85%

of at(g iﬁgé‘@ef@étdrt\?}a‘tzgnp ane resol ution) or near

|so séts can al so be used. Miltiple
pl anes can be di splayed simultaneously, for exanple

49, i@% g)?cfs%eﬁag debi c§ ol gl%gn %Bwe?é(n G PRES d;%t é)fhlc%‘\@ss & 5®ween |

roug 7= the mages 1 n any
65% ahen 08 b2 aartiia@diefecmaqqatlm 20051051240 - -
PCT/ US2004/ 039714 - 59 near real tine; the operator
can rotate the inmged tissue volunme while doing
50. Thé %rosfﬂi@;c&iet/ics lmlf aka;m Gﬁa‘if}‘rera'y sheedei@Enhdses thickpkay etthien
' ross-section | ay pl anes,
cartga%e %fﬁ@‘l‘??éiat’e oqj%%ﬁlpr %%ﬁf&%ﬁgﬁi‘g i1y matching
those of the 2-D inmages denonstrating the cartil age,
5 subchondr I,bo e, . meni sci__.or._ ot her
51. A orondiatecieyice 2" Sl de ‘@?eﬁ%ﬂéheoﬂ%wceofﬁ§8P§V°E%%°fb%me‘er
conib?@%gfrﬁétaicb}ﬁnététél@ﬁ ar repair system The 2-D :
‘ el ectronic image and the 2-D or 3-D representation of

the articular repair systemcan be nerged into a
52. TRETRELSARI AV RA 0? cRits U8 Turtidiading izCdth@fure for attachment on at

least one surface.

53. The prosthetic device of claim 52 wherein the structure for attachment is selected

from ridges, pegs, pins, cross-members, cruciate stems, teeth and protrusions.

54. The p'rosthetic device of claim 46 wherein the implant further comprises a rail

extending from the superior surface on one of a medial or lateral side.

55, The prosthetic device of claim 46 wherein the impiant further comprises a keel
extending from the superior surface, wherein the keel is in a recessed position from

the medial and laterai side.

56. The prosthetic device of claim 46 wherein a portion of the superior surface sits

within a plane.



repair system can then be placed at the desired
inplantation site. The 10 series of 2-D
cross-sections of the anatom c structures, the
inplantation site and the articular repair system
can be displayed interactively (e.g. the operator
can scroll through a series of slices) or
non-interactively (e.g. as an animation that noves
through the series of sliceg), inreal-time or non-
real -tinme. 15 [0172] C. RAPI'D PROTOTYPI NG [ 0173]
Rapi d protyping is a technique for fabricating a

57. tihegRostA RIS RN cianbjsecihdreidha pertion bf ﬂfe smpdﬁtbr afface that
the object. A special rinter is use abrlcate

Sitbt“'l‘f@"“b?@faé‘ﬁfﬁ%te$ b cal PR § SHFa¢5A8 ¢ fehdi onal
| ayers. Conputer software sections the
representations of the object into a 2Q pluralit

58. dihetnrertbetiofnvirierr §5D @IWW%?&@E RGP R Wea'supenor g“rf ace that sits
wrtﬂrlrlgtﬁzzﬁ’? e é’@gﬁnﬂé‘if‘y matRt Whed plhAB L Bh @SsuakayetheGemur.

_ r each | ayer sectioned by the software.
Toget her.the various fabricated layers formthe

59. g@ﬁr’o&?\gt!c BLRLL B%’ze&@f i dorfgsiRt | on about rapid

ping techniques is available in US Patent
Pum feem:tralmncllﬁe ZOUROOTIGOINGE 108 MRitseand @botigm portion with a

cur@etbbEla de%\ e%ﬁenl,gé'ﬁveég arid e gupéar‘ﬂ)r @ﬁl‘f@&t ?rﬁf’aﬂ ﬁ’ifér‘ﬁ* @Qrface wherein

enabl es use of free
the fsupmdrasb rfaoabmm:mses at I&as‘tﬂj esr‘uph af thﬁﬁs@nﬂ}ﬂﬁ iaf tfmfemw eng the

ounds el
troc%ﬁe %ﬂ%\et %{i%g%%aogeoi%?%?%%qgenv ope, 8@‘” C,%IE re ﬁ% ggd @
patei, Iaed whiepshs Bf lead@ RH051H 65h240pRCT/WE200 1293 ¥reg-dirggnsional

OIS ETR TR e

_surflfaba&he(mlﬁb hﬁ:éﬁ&d&xrﬁ‘dﬁb@fm@mw abars trmided Wwith a
iqujd. The

a feed
iR i oneae L e iHelBh B oHiE e Fake ulilh the
bo’cﬁbhﬁpbrﬁ&ﬁ bf ihe f6@bid ebhddk component terminates at a sulcus terminalis on

the knee joint surface.

60. The prosthetic device of claim 5¢ wherein the device has a thickness determined

by a cartiiage defect in a patient.

61. The prosthetic device of claim 59 wherein the device has a thickness of about 85%

of a cariilage defect in a patient.

62. The prosthetic device of claim 59 wherein the device has a thickness of between

65% and 100% of a cartilage defect in a patient.

63. The prosthetic device of claim 59 wherein the device has a thickness of the

cartilage defect in a patient plus a predetermined offset value.

84. The prosthetic device of claim 59 wherein the device is constructed of a2 maierial

comprising metal or metal alioy.



5 by the conmputer. The print head then deposits a
bi nder fluid onto the powder |ayer at a | ocation
where it is desired that the powder bind. Powder is
again rolled into the build bed and the process is
repeated, with the binding fluid deposition being
controlled at each layer to correspond to the
t hree- di nensi onal | ocation of the device formation.
For a further discussion 10,0f this process see, for
exanpl e, US Patent: Publlcatlon No 2003/017365A1 to
Monkhouse at al. published Septenber 18, 2003.
65. TR pRlstHdIR dedieh bf BIafth: BHY R Ha@ihg Usardchfe Fovittachment on at
di nensi onal images obtained, as described above in
leastepe sEfage- to deterni ne each of the two- di nensional
shapes for each of the layers of the prototyping
machine. In 15 this scenario, each two dinmensi ona

66. The.geosisticalewisalod cleism SEIWHRIN the Srychye fof %F?ﬁﬁiﬂ@ﬂ%ﬂﬁ selected
frorfi f}&’%éét %?Ss ﬁ:'hr‘isd grosé‘l b &hB&k! MBldie $tB@s] t"ééﬁ‘?a f@ﬁéléﬁ@'
shape the scri bed

efect can be determ ned,
above, and then br oken down into two d| rrenS| onal

f ‘?hé g?cfstﬁé%irc t}ﬁ‘:ero;?efa ‘%‘L HEriR g‘ﬂg E%?&%her-%ﬁhpnses a rail

usi ng ree- st onal
exteriang ftdsm tma/\m@@odsmrfmsu arere &4 r@@dzaucsréatemjrstdehe r api d
prototypi ng machi ne can be along the sane plane as
t he two-di nensional images taken or along a different
£8. Ehapmemeﬁngmwmerof clabt B6wiRag n dhepinutiantywitivey compribes a keel
b g ed or used in conjunction wth casting
exXIggE . For exanple, a. shell or container with
superﬁrb‘resruﬁaSe dumemitb@ Resld¢ nes paesiathpdsiicanram tHecnbdial and jateral
.. repair system can be nmade using rapid prototyping.
sidep)| astic or wax-like materials are typically used for
this purpose. The inside of the container can |

69. %ﬁ? %gcg%gegl}gl {%g(pggg};rﬁ %9 &%rrﬁaexa orb?%gbg §gper;o;' su%cé sits

wzthﬂﬁég%l i zed casts can be generated. WO 2005/ 051240
CT/ US2004/ 039714

70. The prosthetic device of claim 69 wherein the portion of the superior surface that

sits within a plane mates with a planar cut on a surface of the femur.

71. The prosthetic device of claim 89 wherein the portion of the superior surface that

sits within a plane substantially mates with a planar cut on a surface of the femur.

72. The implant of claim 59 wherein a femoral condyle surface is prepared for

re'ceiving the implant.

73. The implant of claim 72 wherein the femoral condyle surface is prepared by-
forming at least one pianar surface to mate with the at least one planar surface of the

implant.

74. The implant of claim 58 wherein a femoral condyle surface is prepared by

removing bone.



[0177] Rapid prototyping can be used for producing
articular repair systens. Rapid prototyping can be
performed at a manufacturing facility.
Alternatively, it may be perfornmed in the operating
room after an intraoperative neasurenent has been
performed. 5 [0178] V. SURA CAL TECHNI QUES [ 0179]
Prior to performing surgery on a patient, the surgeon
can preoperatively nake a geterm nation of the
al i gnnent of the knee using, for exanple, an erect
AP x-ray. In perform ng preoperative assessnent any
75. ITak ehglanesidigmat 24 Weerspuns cohdfle anéacprie pesparahiny teenoving
identified. 10 [0180] Using standard surgica
carifia@hni ques, the patient is anesthetized and an
incision is nmade in order to provide access to the
ortion or portions of the knee joint to be repaired.
76. AhgBPlant Ptam 7 ouhersi tkﬁgeadﬁ% SyTage) IS Prég ey @rming at
leaslohB HRHEPRYT&e thhiate Yithtthe AhREERIHeNandr BariaBsbBthe implarit.
portal can be incorporated into the operative
i nci sion and/ or standard 15 |l ateral portals can be
77. 458 Snpib A& H i PR e MRE ARPIaAL RinkiBS b BRARASfRERRIthy joint.
made, the exposed conpartnent is inspected for
integrity, including the integrity of the |iganent
78. The H@bi%@&-ciéiﬁq dé%ﬁé%ﬁ the iRBah PNSicObin BRSMRNdFEGE®MIt prior to
can be renoved as we as any spurs or osteophytes
surgdmat were identified in the AP 20 x-ray or that may
be present within the joint. In order to facilitate
renoval of osteophytes, the surgeon may flex the o
79. Rhe émplaniafiaeimngsosbereint the impldht monias aderabigd anaipmy of a joint.
medi al - posterior osteophytes. Additionally,
ost eophytes can be renoved fromthe patella during
80. Thi smplanteafssaiml 59 whereesthaliyplanhie phased atithimal jaint space during a

| at eral .nmenjscus can a enoved at this 25

surgggy SiRop Bt ARG SRR B PR Che i m of ¢ he
nmeni scus. [0182] As woul d be appreciated by those of .
ﬁ_hi L1 in tguf .aré . . . . .

81, The implant of claim 59 wherein the implant is a system comprised of a condylar

implant and a patellar mating implant.

82. The implant of claim 58 wherein a thickness of the implant at a location is adjusted

to account for at least one of valgus deformity, varus deformity and flattening.
83. The implant of claim 59 further having a beveled edge.

84. The implant of claim 59 further having a chamfer cut.
85.Thehﬂpmntofdamw59fuﬁherhaﬂngafmet

86. The implant of claim 85 wherein the fillet is exterior to a posterior portion of a tibia

spine.



eval uation of the nedial cruciate |iganent may be
required to facilitate tibial osteophyte renoval. WO
20051051240 PCT[ US2004f 039714 62 [0183] Once the
joint surfaces have been prepared, the desired
inplants can be inserted into the joint. [0184] A
Tibial Plateau [0185] To insert the device 200 of

FIG 2 into the nedial 5 conpartnent, performa
mni-incision arthrotony neial to the patella
tendon. Once the incision is nmade, expose the nedi al

ondy] e. an e nmedi al | ee : .
e e e T A SRR
an iglghsesuragamicpsn thé\btmsriop serhars in gotfipareteidi cmrsli@eate with the

| ace .a Z-. retractor, around the nedi al ti/bi.al au
femBrAlSrdrs sl SETrs saielie Shfa b i e iRl §ls RlaBh &
confifi@e@% e6RMYhRSeANEn thettivial slllace aftds fisiolemorditartiduilation

oint, the knee sh_oulog be fl exed to about, 60 or .
~ surfage WhatgiRgl ieasha PRrioBq g sHPerighg Cﬁ%@staﬁlaf%eﬁﬁwgﬂ%"’”a'

sha?@ HASLbdthRidND Fhatchesy Bk sRSHE6T at0éast AooHRIMYT aanthcovaticular
~ the tibial plateau edge. Push tge i mpl ant straight

surfpge fhat the supeECr sidfasrE & IMBHItARYSi on of val gus

stress nmay ease insertion of the inplant. 15 [0186]
To insert the device of FIG 2. into the | ateral

88. FbepaplERErTclaimpeT VoRRINPTIR i 20 HERISTEHOHE ERy %P%‘_Fﬁ/wt_ is
perﬂr?aﬁ-hga ah PsiRBeRAked ffufrendon. Once the incision is

expose the lateral condyle and prepare a
| ateral sleeve to about 1 cmbelow the joint |ine

. 89, %ﬁéﬂﬂpﬁa?&fi%ﬂwﬁ\bﬂéﬁeﬁz Q%Eé“’cﬁﬁg polligot one. After
préparing t

e lateral sleeve, place a Z-retractor
around 20 the lateral tibia! plateau and renove

eri o end ‘ .
0. 18 BRSO Fe EPAEH, A0 s axposon sons
the Zormatl emtdgie. and pl ace the inplant against the distal

aspect of the fenmur and over the tibial

91. The implant of claim 80 wherein the knee joint has a high degree of knee ﬂe_xion.

g2. 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 impiant 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.

85. The implant of claim 87 wherein a portion of the superior surface sits within a

plane.

96. The implant of claim 95 wherein the portion of the superior surface that sits within

a plane mates with a planar cut on a surface of the femur.



pl ateau edge. Hold the inplant at a 45 angle and
rotate the inplant against the |ateral condyle using
a lateral to nmedial push toward the |ateral 25 spine.
In sonme instances, application of varus stress my
ease insertion of the inplant. [0187] Once any

i nplant showmn. in FIG 2 is inplanted, the device
shoul d be positioned within 0 to orm of the AP
boundaries of the tibial WJI72005/ 051240

PCT/ US2004/ 039714 63 pl at eau and superi nposed over

o7 S SRR o SR Boen e BB e v

a plEhS biBdtantiaNR sk wiana @larizheut arph amtface@idies feosirt i oni ng
is confined, closure of the wound is perforned using
t echni ques knovvn inthe art 5 [0188] As will be

98. FRLIAGLAL FEIdMst RegRr hvisliahl attabhihbet sa:rutturadmetremm@é
treatment of the surface of the tibial %ﬁat eau

Strugies FoABRac BB RIFIUIoR OTHECS PP PR BSST STHBTS, ofeiate

sterhgfﬁlaétﬂtanaq%tn!:s%nsexa”m e, one or nore channels or
grooves may be forned on the surface of the tibial

pl ateau to acconmodate anchoring nmechani snms such as

g9, hREmLER! sildn ShMAsihg: 10 FIG 2x or the translati onal
nmovenent cross-nmenbefrs 222, 221 shown in FIGS. 2M N

a tifji@leg]poBEnCohaEmInerigi cPmepRenfaripessR fibiFsUTRsR P 2
txba&&%a%%ﬁ%ﬁia@&ps S reg @n%ra%on%@ﬂ@%@r&@ti%ﬁ@moral

el ther- an antero-nedial or
corrmwentfeba’cefs alfersmahsqrsaq‘mﬁt%ﬁé peisliofematad artigdiabion pérgaGesand a

bioquipﬁa)é lag%{]]%# %[n g’u ep{h%)(f'e%lra! c%n%ﬁﬁent%ﬁ&flhé’é sQSér‘Flﬁrsunace

Incrsion t can ran
andfmnferrbosurfmammren tide $Qparior sludaes Qm@swgéermra? prendyle and

the Frﬁ%noa{ Hﬁa%e is ocr?a\égubrSd SPRLSE! AlE %b\mh thteq 88rfnﬁéllﬁédt whdlein at

I'NCT ST on nay
least a portion of the superior surface has a three-d1menszona§ shape that subs’tantially
matches the shape of at least a portion of an uncut articular surface that the superior

surface of the implant abuts

100. The implant system of claim 99 wherein the femoral component has a thickness

determined by a cariilage defect in a patient.

101. The implant system of claim 99 wherein the tibial compenent 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.

103. The impiant system of claim 99 whe%ein the femoral component has a thickness
of between 55% and 100% of a cartilage defect in a patient.
104. The implant system of ctaim 99 wherein the femoral component has & thickness

of the cartilage defect in a patient plus a predetermined offset vaiue.



ci rcunstances. 20 [0191] It may be required to excise
excess deep synoviumto inprove access to the joint.
Additionally, all or part of the fat pad nmay al so be
excused and to enabl e inspection of the opposite
joint conpartment. [0192] Typically, osteophytes are
renmoved fromthe entire nedial and/or |ateral edge
of the femur and the tibia as well as any osteophytes
25 on the edge of the patel?% that m ght be
significant. [0193] Although it is possible,

i cal | Cas . .

104, {RE MG BT B 67597 o PR Bl s

of tiRs cartiBgefdefétt W& RERnt 65&24%@%&@1‘@8@@0&@3@%4 64
However, if desired, bone cuts can be perforned to

provi de a surface for the inplant [0194] At this
105} Uheiroplent sya‘@rrpat tlaint 93 whergin thefemoral compoO@ntfy existrncted of

amvﬁe%aL ng,nséz,l,g @’?}ﬁ' gﬁe@, be placed on the condyl e

fenmoral cartilage. The
gui de enabl es the surgeon to deternine placenent of

1062PRE Hﬂ'étgﬁt éy@%tm @f‘ﬁ@ihﬁgé‘) hLEthbfTﬁJa\ﬁﬁ@ a 380ctlife Pe attachment on at
accurate y ‘pl aced on the condyle. Wth the guide in

leagioRE SUrTReH: es are drilled into the condyle to create
apertures from1-3mmin depth. Once the apertures

107 RS S5 SE ot15  U 5E AOIE B0G5  socte
front ddggd, @egCanem crasarmérebers ectutiatd seins| teathearatpretresions.

of the inplant 300 to the condyle. [0195] Were rmre

t han one condyle is to be repaired, e.g., using
108; i implsnizoetest ofgiam 28 whereithibe) supRaeISUIBOS 6f thﬁ-lf@mr@!

corrﬂion\éﬂﬁ'i& As Ry flﬁ%c@or@@éé;g% @fméth@}vc% BbeAtut on a
surface is to be repaired, e.g., using t
femoral condyle.

109. The implant system of claim 92 wherein one or more components are sized using

x-ray sizing.

110. The implant system of claim 99 wherein one or more components are
manufactured using standard casting techniques.

111. The impiant of ctaim 89 wherein the implant further comprises a rail extending
from the superior surface on one of a medial or lateral side.

112. The implant of claim 89 wherein the implant further comprises a keel eidending
from the superior surface, wherein the keel is in a recessed position from the medial

and lateral side.

113. The implant of claim 98 wherein a portion of the superior surface sits within a

piane.



15 inplant 500 of FIG 5, the surgical technique
descri bed herein would be nodified to, for exanple,
provi de a greater incision for accessing the joint,
provi de additional apertures for receiving. the pegs
of the inplant, etc.. [0196] . C Patellar Repair
System [0197] To insert the device shown in FIG 7,
it may be appropriate to 20 use the incisions nmade
laterally or medially to t e patella tendon and
descri bed above with respect to Fie. 2. First the

114'0‘?%6' | ﬁﬁj]'ltaqf?éﬁ‘rgtﬁg Ly &%?%ér# ar}agﬂgf t‘h?ﬁsg&%xté?rl%%ﬂraéé‘%aft sits

withiirhe oimcehates with adgaharenit oo stsedpty dfthe demube r enpved.
Prior to resurfacing the natural patella 620, the
knee shoul d be nmanual |y taken through several 25

1151 angig fnSiEntBItizan gsmea:mrtse bomglebetrm auperibreduniace that sits within
subl uxation is ent subl uxati on_.i.s present,
2 plBhRbSETIA)Y BB ReEds SR 6 AitTese T e e ant
600 The natural patella can then be cut in a planar,
manner such that { at sur{ q
WipTB% m‘é@ & GRS whsraRtthe ﬁ”Pfé GERREER %asc% HP@P Repitippgd on 2
pkﬂ&@ 2005/ 051240 PCT[ US2004/039714 65 patella 620 is
then typically aligned with the geonetric center of .
the inplant 600. In order to anchor the inplant 600

t Ll ke dORE & PedittiheBlonARE bl Sch that
117'6?%& hﬁ%@rgte&glaggﬁég VY%%J??BZ e|oate Ia'?tggéurfeacoe tolb accept a

an arex g dsd@ne isodff-certel apertat PEORT e pPglds] Vi, Knrs
[0199] One ore nore of the inplants described above
can be conbined together in a kit such that the

118sTihg gopiantad cairh dde voreseipranames of thqﬂicam i pasitigped e d

Corrg%%rgﬁneﬁaqgﬁ%/n? 0200] The foregoi ng description of

Ye present 10 invention has been
provi ded for the purposes of illustration and

119. The implant of claim 99 wherein a femoral condyle surface is prepared for

receiving the implant.

120. The implant of claim 119 wherein the femoral condyle surface is prepared by

forming at least 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 cartilage.

122. The implant of claim 119 wherein the femoral condyie surface is prepared by

forming at least one planar surface to mate with the at least one planar surface of the

implant.



description. It is not intended to be exhaustive or
tolimt the invention to the precise forns
di scl osed. Many nodifications and variations will be
apparent to the practitioner skilled in the art. The
‘enbodi nents were chosen and described in order to
best explain the principlesgef the 15 invention and
its practical application, t ereby enabling others
skilled in the art to understand the invention and
123t hiee inparit oldaiontiGdirassin sheaimplant mimicy an praiemy of a healthy joint.
nodi fications that are suited to the particul ar use
contenplated It is intended that the scope of the
124 RiyeimAla obdaiad?q weeByhe eP'a s MBRF A angiPaly o @ joint prior to surgery.
eqU|vaIents thereof. 66 WHAT IS CLAINED 1. An
i opl ant sujtable for a.con havi n .
125 TR FRAT S WiRe R4S PR PP atd AR AREPED o 2t
superior surface opposes at |east a portion of the
126COReydptant of claimeod winareinaineintritent isr adekd edthinaniding bigace during a surgery
.1 n er'or.s rfac oses at |least a portion of a
VWﬁRB{ Tgeg ?ﬂﬁqgé?FFSWgof a tibial surface and a

patella; and further wherein at | east a portion of
t r
! fant.
127, ﬁ% r?ryspz% Pé?l%%ﬁ @ﬁe(?'eitt:\?@% %)g{r;&grpgérﬁ&@efj égé@Sndy ar implan
andwowatéilanﬁaimgamplantut articul ar surf ace that the
superior surface of the inplant abuts. 2. The
i mplant of claim1 wherein the inplant has a

128! 'Fﬁ{#@%ﬁ Ppéi?lﬁ‘l m%rlaﬁ%ethflﬁﬁé-s%tof tHe iﬁplaﬁtaét 'a@@éat;o?? is éEh.%ted to

aim1 wherein the inpla has
accwﬂt&(ﬁé@@swle%wéﬁs gefermity; V%rg%defa@ﬁ‘é@d f'ﬁﬂ%n%t i ent.
4 The inplant of claim1 wherein the inplant has a
t hi ckness of between 65% 100% of a cartil age def ect

1290‘fh@|nﬁﬁédt eNdlaim™09 fiRBerd HAVINA bavtletdledgen 1 wherein the
i npl ant has a thickness of a cartilage defect plus

130. The implant of claim 99 further having a chamfer cut.
131. The implant of claim 99 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 reptaces a tibial surface of the

tihioferoral articulation surface;

a patelia component designed to replace a patella surface of a pateliofemoral
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 substantiaity
matches the -shape of at least a portion of an uncut articular surface that the superior

surface of the implant abuts.



a predefined offset value. 6. The inplant of claimb5,
wherein said offset value can be selected to adjust
for axis malalignment. 7. The inplant of claiml
wherein the inplant is constructed of a materi al
conprising netal or nmetal alloy. 67 8. The inplant
of claiml wherein the material conprises one or nore
biologically active naterlals 9. The inplant of
claim5 wherein the inplantdlis coated with a

bi ol ogically active material. 10. The inplant of
claiml wherein the inplant is conprised of a netal
or netal alloy and a polynmer. 11. The inplant of

134cirpé %;ﬂlaﬁﬂﬁy&i&@f ohaarhnmawsmucﬂherfmmt cahparentbat a drickness
at | east on Bg{i?fﬁr surface and the

detgriyRgd By a & ‘#aé’@éje%%q? om the group consisting
of : ridges, pegs, pins, cruciate stenmns,
cross-nenbers, teeth and rotr 12. The i mpl.ant
1350 TR RV EY= I PHORIT S W8 o G FmBinedt et fafigiess
detditingl b6 BRMige del imbeatiol ant of claim 12 wherein
he relative orientation of the structures for

attachment are selected fromthe group consisting of:
1 38%‘@@?1‘1 ﬁléﬁ@é steﬁ?’ OB 1 2RhercirPe ferBbiaf E&fiporidnt AROE BSckness

T | ant. of claiml wherein a
ofa %% g?fﬁ%‘% eqtﬁg $#%nt covers a portion of
a pat eI | ar surface. 15. The implant of claiml
137MRE fh aﬁ%@teﬂi of aﬁ%nﬁ’?{%@%hé{relrﬂhéffé\ﬁﬁraﬁt?&nbﬁe@ﬁ h&¢ a thickness

of b?%&eawg@%"/a@na‘f T G Pet ok e et ana

further wherein the slope of the superior surface
138! ‘Phé‘%ﬁﬂﬁnﬁ@sfeﬁ?oﬁéléﬁﬁﬁ of whb@ir f?xfeffﬁm@fal c@rﬂbcﬁr@]@ hi$ a thickness

consi,stin ive,
of treeptiege sl prens s A ReP R e SPs VAl 1
wherein the external surface of the inplant
1392PRE MXPIHRLSS8tem of claim 133 wherein the femoral component is constructed

of a material comprising metal or metal alloy.

140. The implant system of claim 133 further having a structure for attachment on at
ieast one surface.

141. The implant system of claim 140 wherein the structure for attachment is selected
~from ridges, pegs, pins, cross-members, roll-bars, cruciate stems, teeth and
protrusions.

142. The implant system of claim 133 wherein the superior surface of the femoral
component has a substantially flat section designed to mate with a bone cut on the
femaoral condyle.



the shape of one of the condylar, trochlear, tibial
and patellar articular surfaces. 17. The inplant of
claim1 wherein a condyle mating surface of the
i npl ant has at | east one planar surface for mating
‘With a condyle surface. 18. The inplant of claim 17
wherein a fenoral condyle surface is prepared for
receiving the inplant. 68 18. The inplant of claim
17 wherein a fenoral condyl& surface is prepared for
recei ving the inplant. 19 The inplant of claim18
rein the cond%/Ie surface ls%r ared by form d
143 858 FgAR YSiETh P! SRt RERWhCIRERE YT R hephgaay s
Us,r@r;grég,lsaﬂ surface of the inplant. 20. The inpl ant
of claiml wherein a fenoral condyle surface is
prepared by renoving bone. 21. The inplant of claim

14429nXRHISh sy RS Bpéléhfﬂ €3§\Hﬁér@§'€oﬁesorﬂh&i@afoﬂ€boh¥nts are
removing carti The inplant of claim?20

marwﬁ@cﬁ@reﬁqsnw%mﬁgrgéa%tm@%’fa@@?m@spr epared by formng at
| east one planar surface to mate with the at | east

one planar surface of the inplant. 23. The inplant
14507 he Iraplant sysiest ef daithie33 wherait thedmelentivrtaer wmﬂﬂsss arail

exté\/d%jmlgaﬁéfm ¥le éaﬁBﬁri%PEc?rface%‘h on-Eh&fei fﬁ%%ﬂ&r iSferflspiem 1

n the "ant 1's surgical 1 nplanted via an
i nci si on of 10 cmor less. 25. The inplant of claim

1461;;?9@&@&' Htoérﬁ ' %asm ?ﬁwbéreﬁ%g éf‘ﬁﬁ!?hyfuhﬂ@ ;?r%fe%%e}

cm or
extazidmmfrdm\ﬂhms:mamot herfacanybersin instkeshis of atm@smqi pesifign from

r est ween 80-99. 9% of normal joint notion.
the fdi gi%raéﬁ'ﬁéof claim 1l wherein the range of
rmtlon of the10|nt is restored to between 90-99. 9%

: ’5470'?he tm&a nt gys{em o alm lPT:‘S wﬁerean a portion of the superior surface sits

within a plane.

148. The implant system of claim 147 wherein the portion of the superior surface that

sits within a plane mates with a planar cut on a surface of the femur.

149. The implant system of claim 133 wherein the portion of the superior surface that

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 piate.

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.



28. The inplant of claim1 wherein the range of

notion of the joint is restored to between 95-99. 9%
of normal joint notion. 29. The inplant of claiml
wherein the range of notion of the joint is restored
to between 98-99.9% of normal joint notion. 30. The
inmplant of claim1 wherein the inplant is forned to
oppose at |east a portion o a second condyl e on the
femur. 31. The inplant of 33im 1 wherein the i npl ant
further conprises a rail extending from the superior

15 B AR, BBy T b A 4 g oot

corresppnd oespaielkesdigext endi ng from the superior
surface, wherein the keel is in a recessed posi tion
fromthe nedial and | ateral side. he .i Iant fof
153¢ The imAlapiScE R398IRre7 fEFoFa gog 2 yriacedt Prepeted Rr
rec&iihg thd fipidhta plane.  34. The inplant of claim 33
wherein the portion of the superior surface that sits
wthin a plane mates with a planar cut on a surface
15407 he replaeinaficlai@st 53mreinumeafamwai aondiimsurfeaeeisgireparae by

fomiijﬁgla?fetaﬁ r[eI ;ﬁ?n i a Pcp%afefW|ﬂ1 {h%adtlﬁé% bid Blanar ftace of the

vvhere In ant mmcs an
impmmatorry of a joint prl or to surgery. 37. The inplant
of claiml V\,hereintheirrplant rrirricsatargeted

f t t
1550Rer MHARYE AP B WhSS B tae GPSUPLIATHY 8 SHOReR Faepased by

rem@dVingR@rifageSur gery wi thout performng |iganment
bal ancing. 70 39. The inplant of claim1 wherein the

inmplant is a system conprised of a condylar inplant
156aMte an;plamedflcminmatﬂ?m@emipItiamfemarel condglei supheais mepared by

forrﬁ gape%st &8 }%E‘e‘ KNesR Win {hleeat hdmk aﬁﬁ%gl%hatasurface of the

R 1S a to account for at one of
implagit.gus deformty, varus deformty and flattening. 41.
The inmplant of claim1l further having a bevel ed edge.

157. The implant of claim 153 wherein the implant mimics an anatomy of a healthy

joint.

158. The implant of claim 133 wherein the implant mimics an anatomy of a joint prior

to surgery.

159, The implant of claim 133 wherein the implant mimics a targeted anatomy of a
joint.
160. The impiant of claim 133 wherein the impiant is placed within a joint space during

a surgery without performing figament balancing.

1681. The implant of claim 133 wherein the implant is a system comprised of a condyiar

implant and a patella mating implant.



- 42. The inplant of claim| further having a chanfer
cut. 43. The-inplant of claim1l further having a
fillet. 44. The inplant of claim43 wherein the
fillet is exterior to a posterior portion of a tibia
spine. 45. A kit for repairing a knee conprising : 71
a fenoral condyl e inplant 3anr|5|ng a bone-faci ng
f enor al inplant surface and a joint-facing fenoral

162 iﬁl an;%iagt %grﬁ élS%vﬁwre%H a tp%rr?&@%fgl?ecg?)garft%@#@c! tion is
admsé%mcceemw @ lead PR GT ¥4l a%?@afm% i geTormity 8“3 flattening.

joint-facing fenoral inplant surface opposes at | east
163aTheirmplant dfclamtizbifaftherinafnge kaveled edgat el | a; and
further wherein at |east a portion of the bone-facing
1641 rht anpiasiufickine 138JurhertHavimg-adihaeisi @al shape t hat
substantially nmatches the shape of at |east a portion
1650fThe anplentaficlantizéuldneravingaefillehat t he bone-f aci ng
surface of the .inplant abuts; and a patellar inplant
166C TRAP i slaRgfaldimrst veheréiadies filkats ety és a tphstefienportion of a
tibidrapineg surface of the patella and a second surface
that engages the patella. 46. A prosthetic device for
a knee joint conprising: a fenoral condyle conponent

167hA\/praﬁh@t;c8&Welf@ra$cuéémoan@nangl nferior surf ace and
% portion andabottomg_gortlon W th g 4
at o8 MAFONEX e SRAIRRGSTIHIAY & RRSRTIon Kt ?th'ﬁeomw wi

a ciVee [a‘té%él Sl tRERbERRRFCENEE sLSSdr sBrifey émcpéh Qlffertdﬂ Qurface,
condyle of the femur and the trochl ea

wharaindhe sEPSSIGF PURCSOMMRSSES ahleasianryrtion ek ths rff%@yl%ef fheifgmur
andSHE §RERiea MY *ﬁc RILSA Rirfabd Q?ﬁ%‘%‘s%‘* k 228l a b8&SH ofta tibial surface

portlon of th € superior surrace has a three-
anddd patala. andlwheieip &t tagat @ sabisn shieaupgrioraciies hepa three-

' dlmg'ﬂé‘ ﬁal%%?ﬁé Hef ﬁéﬁstént%ﬂfl gﬂra%he%fthéghawlétt jest é %HJ’U@H of an

e super surface he |
uncabantlsulaaﬂdfa@ettfrﬁdm e@@er@f sovacecd ﬁ%mﬁﬂtaﬁ% ande top
portion of the device, wherein the bottom portion of
the fenoral condyle conponent term nates prior to a
s ulcimschier grotaescoorponkot flongthedap padien of the device,



72 47. The prosthetic device of claim46 wherein the
devi ce has a thickness determined by a cartilage -
defect in a patient. 48. The prosthetic device of
claim 46 wherein the device has a thickness of about
85% of a cartilage defect in a patient. 49. The
prosthetic device of claimgt wherein the device has
a thickness of between 65% and 100% of a cartil age

def ' ' -
O et S SRR Bt s
beyoaﬁalduagxe tetefimadis dnrthakpee jogritsupbes a predet er m ned
of fset value. 51. The prosthetic device of claim46
wherein the device is constructed of a nmateri al

168C pAPMmpRinhgysterh abmorisingt al  al | oy 52. The prosthetic

device, of claima46 furt havi n ctur

att s R oTsran Wtk Voo P el shebal fe'Blal surace of
the phR&Erhetl srticexiceesuwhesl ai m 52 vvherel n the structure

for %tachrrent is selecte romr

cr 053 [SRABIEGEPAIENE MREERT] Sﬁ%{"tﬁgé??ﬁ? Ee}ggora!

surf@&e of fhe faiteIBtdhedralCart@yiatioh afrfack ahmaétﬁudMﬁﬁ@H artichiation
npl ant further conprises a rail. ex mth
surfgeﬁethfé HMYE} FALRENSHT HRVEE aaSLFP@ﬂ'Pé?UrE?F %ﬂ sgpygirface,

whe’?ém thé §u;51§rfb§5 th@ddeCoriRubs Bt 18hstc Bortbrd 6f m@%@dyﬂe bhee femur

|'ant - further conprises a keel extendln
andsttm ordipasaicrthe &fengierERee PRRPSESA 15381 ¢ RO gses

corrgﬁr?% é}ﬂ‘f i paRNia I \ﬁ?é?é@at @éb@t !a%b&foﬁ'of ﬁiéjﬁ.lpeﬁér sdﬁ'éa%e has a

etic deV|ce of claim46 wherein a portion
threekwmgagenai@ham Hahedodantially W%’“Fheﬁ the phapeeof a?ieaSSf? Pomon of

an Jl?:%t Eﬁ%ﬁ;tapgﬁﬁfa“ce%é&' tﬁ@ sQéerﬁJr%hﬁbc:@of"iH@ Trﬁlenttd?J%t& QhEi on

e superior surface sits wth a pl ane
mat e\shavemrataeqslt aneef batlibish campongriead &mwﬁécqr@mnenf s
asyéﬁ‘n ;@e prosthetic device of claim56 wherein the
por I'on of the superior surface that sits

169. An implant system comprising:

a tibial component, wherein the fibial component replaces the tibial surface of
the tibiofemoral articulation surface; ' .

a patella component designed to replace a patellar surface of the
patellofemoral articutation surface; _ '

a femoral component, wherein the femoral component replaces a femoral
surface of the pateliofemoral articulation surface and a tibiofermoral articulation
surface, the femoral component including 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 porﬁbn of the tibial
component and the patella component, and wherein at least a portion of the superior
surface has a three-dimensional shape that substantially matches the shape of af least
a 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 asymétrical.

170. 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



within a plane substantially mates with a planar out
on a surface of the fenmur. 59. A prosthetic device
for a knee joint conprising: a fenoral condyle
conponent having a top portion and a bottom portion
with a curved | ateral edge therebetween, and a
superior surface and an inferior surface, wherein

t he superior surface opposes at |east a portion of
the condyle of the fenur arf® the trochl-ea, and the
inferior surface opposes at | east a portion of a
tibial surface and a patella and wherein at |east a

ortion of th erior
‘fhergﬂ?tgge& Wherein Hgﬁgﬁgrhoéﬁg%gé ?;9 Iggt%ia %talsta Porta n of We condyle
of tHefensihape tief tredhidzc ast! tiee pderior sarfade @poaas:aﬂeastta wartien of a

S 25 RS S0 P50 e FREED goce e

threb%@ﬁélbm? @hﬁ;ﬁe trhe s@t@tﬁr&@lly whedteisihé lgleapelmat tmist a portion of
ortion of the

con onent _terninate
an Lgtcuaa@ewewrfa&fe&hmﬁ? §UWOF¥H§E ‘53 f?i?”‘sﬁﬂ Sisaand”
SQ tro-Eh%apgr%‘é(/@ ebmgoﬁm iaffhgthe ;@d;pﬂ:bcml&Q ofifhe eiice haieerein the
evi ce has a

ness determned by a rtil age o

bottgrer rastion #f the ﬁnw@hwnda@ CWW@%PBE@(WE%FQ@ 8, ity terminalis.

claim59 wherein the device has a thickness of about

85% of a cartilage defect in a patient. 62. The

prosthetic device of claim59 wherein the device has

a thickness of between. 65% and 100% of a cartil age

defect in a patient. 63. The prosthetic device of

claim 59 wherein the device has a thickness of the

cartilage defect in a patient plus a predeterm ned

of fset value. 64. The prosthetic device of claimb59

wherein the device is constructed of a materi al

conprising nmetal or nmetal alloy. 74 65. The

prosthetic device of claim59 further having a

structure for attachnent on at |[|east one surface.

66. The prosthetic device of claim59 wherein the

structure for attachment is sel ected



fromridges, pegs, pins, cross-nenbers, cruciate
stens, teeth and protrusions. 67. The prosthetic
device of claim59 wherein the inplant further
conprises a rail extending fromthe superior surface
on one of a nmedial or lateral side. 68. The
prosthetic device of claimb59 wherein the inplant
further conprises a keel ekt3hding fromthe superior
surface, wherein the keel is in a recessed position
fromthe nedial dnd Tateral srde. §9. The prosthetic

devi ce of claim39 wherei géghéortior of the superior

surface sits mﬁthln a e prosthetic

devi ce cl ai m,49 ifon of the
Superio?ﬁsurface thafﬁABﬁﬁgrdﬁﬂ d plane mates with

a planar cut on g surface of the fermr. 71. The
prost hetic devicg of clai M®9 wher eijn.-tthe ﬁo&&ion of
the superior surflace that sits w tHi@mpFi@Nane

| substantially mates with a planar_EQt on surﬁace of

the fenur. 72. The inplanf of claima9 wheret'n a
fenoral condyl e surface is|prepared for ~Teceiving
the inplant. 73. The inplagt of claim72 wherein the
fenoral condyle—surface s prepared by jf orm ng at

1 | east one plapar surface to mate Mﬁth tre at | east

one pl anar sufface The i npl ant
of claimb59 W1ere| T$ ég e Serace is
pr epar. by A@ The prptant—of

cl ai m“74 wher =| n the é‘sﬁ@ﬁfeJ@WTace i s |prepared by
renmoving cartilage. 76. éﬂf i mpl ant of |claim 74
wherein the cpndyl e surfa i s prepared /y»%orﬂ$n at
| east one plahar surface to mate with tr% ﬁ?a_t
one pl anar surtace of the Ijnplant. e inpla %
of claimb59 wherein the inglant nin1cs n\an&iony, f

' a healthy joint.
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78. The inplant of claim59 wherein the inplant
mmcs an anatony of a joint prior to
The inplant of claim59 wherein the inplant mmcs a

targeted anat

cl ai m 59 wherein the inplant

space during

80. The i
is placed

ony of a joint.

a

surgery. 79.

npl ant of
within a joint

surgery w thout perform ng |iganent

bal anci ng. 81. The inplant 287l ai m59 wherein the

inplant is a systen1conpr|sed of a condylar inplant
and a patellar m —The inplant of
cl aim 59 whereinja thlckness of thel i npl ant at a
| ocation is adjupted tOBREDdUNt fop at | east one of
vai gus defor i y|, MEASHRENENTBOF fl atteni ng. 83
' ai mpagdETtmsinTavl ng a bevel ed

edge. 84. The ipplant of claimb59 further having a
chanfer cut. 85 The inphgnt of clpi#mSI Lt her

- having a fillet.|86. The T1iplant of| @IFqn(_ljpﬁﬁLV\‘her ein
the fillet is exte o1 POSTE \3r t|onfof a
tibial spine. 76 87 An i npl ant siata le e fo
distal femur in a knee joijnt having a superlor

surface and
surface is ¢
fenoral surfa
surface and t
comruni cat e \
ti bi of enor al
<——-por43 oo
t hr ee- di mensi
t he shape of
surface that
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artic
co

ice of a tibiofenora
he inferior surface is
i t h t GENEBRAGIE MDate of

art iREPRESENTANMONOF whe

n the superior
I'h t he

ulatlon
hfigured to

| he

Fein at | east

the suppsRGETUCINGE has a

onal
at

shape that substanti
| east a pBDtion of an u

Al |y mat ches
hcut_articul ar

abuts. . 88.
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cl ai m 89 wher
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wherein the bone cut

ext ensi on al ong
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the fenoral condyle. 91. The inplant of claim?90
wherein the knee joint has a high degree of knee
flexion. 92. The inplant of claim87 wherein the
portion of the superior surface is greater than 2 cm
in length. 93. The inplant of claim87 wherein the
i mplant further conprises a rail extending from the
superior surface on one of ¥3#dial or lateral side.
94. The inplant of claim87 wherein the inplant
further conprises a keel extending fromthe superior
surface, wherein the ke position
~fromthe medial and | at MEASIRE. SFE OFhel | npl ant  of
cl aim 87 wherein a portj AREA GMBISERSEDr| surface
sits within a : TARTIPIGRIORS clarm 95 <~

wherei n the portlic h mrg i ac QR]H@MLS
within a plane ' @ FAGE L?ﬁéon a sdﬁlﬁce)

of the fenmur. 77 97. hp |rmI am—nf cl ai 0387 _wheret'n
the portion of tlhe superior surface that sits within

a plane substantjially frates with a planar dut on a
surface of the flenur. PRIEABEIRFTHICKNESS alncs:z‘-"*\
further havi nggﬁ att achmenhFADYACENT Wh l/ UWAL)

structure for achmept is [ rom rji dge
pegs, pins, crogs-nenbers, c(rs'ﬁ(i:z‘:ﬂgmff qal-—fstems \Leet%‘h“an/d

protrusions. 99.[ An inplant sys conpri sijng™a——"
tibial conponent|, wherern the ti1Qial conponent
replaces a tibigl surface of a i bi of enor al

articul ati on surface; wher ei n
the fenoral conponent E%I‘%@%&%‘gﬁghg face of

t he pat el | of enorjal arlt QfuAR!

tibi of enoral articurgt iANDIGR SEBCHONDEAM, Opﬂ()NAL
conponent including 4 superior BdNEace and gn 121 )
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| east a portion of the superior surface has a

t hr ee-di nensi onal shape that substantially matches
the shape of at |least a portion of an uncut articul ar
surface that the superior surface of the inplant
abuts 100. The inplant system of claim 99 wherein the
fenoral conponent has a thickness determ ned by a
cartilage defect in a pati edf3d7 101. The inpl ant
system of claim99 wherein the tibial conmponent has a
thi ckness determned by a cartilage defect in a
patient. 102. The inplant syste ﬁg cl ai m 99 wherein
the fenoral conponent has _a of about 85%
of a cartilage defect 4 N\ 103. The inpl ant
system of claim99 x he fenoYal conponent has
a thickness of be n 65 oand 1§ 0% of a cartil age

defect in a patl} t.1104 |np anty syst2@f of cl ai m
99 wherein the f& as—a thupkness of
t he cartllageect in patlen S a

pr edet er m ned fset/value. 78 104 The i npl ant
system of clailny 99 erein fenprgl conponent has
a thi cknesspgo in a patient
plus a predeteri 105. The i npl ant
systemof claim he~conponent is
constructed of ' copprising netal or neta
alloy. 106. The i £m of claim99 further
having a structure itt-dchment on at | east one
surface. 107. The inplant system of claim 106 wherein
the structure for attchggﬂeg%ﬁ$selected from

ri dges, pegs, pins, cro cruci ate stens,
teeth and protrusions. 108. The inplant system of
claim99 wherein the superior surface of the fenora
conmponent has a substantially flat section designed
to mate with a bone cut on a fenoral condyle. 109.
The inplant system of claim99 wherein one or nore
conponents are sized using
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X-ray sizing. 110. The inplant systemof claim99-
wherein one or nore conponents are nmanufactured
usi ng standard casting techni ques. 111. The i npl ant
of claim99 wherein the inplant further conprises a
rail extending fromthe superior surface on one of a
medi al or lateral side. 112. The inplant of claim99
wherein the inplant furtherSihprises a kee

extending fromthe superior surface, wherein the
keel is in a recessed position fromthe nedial and

| ateral side. 113. The i t of claim99 wherein a
portion of the super|ior fice sits wi.ithin a plane.
79 114. The inpl ant| of 13 wher PR the portion
of the superior surflace t ts wtHin a plane
mates with a planar [cut rface of the fenur.
115. The inplant of Iclai )erein the portion of

t he superior surfacd tha within a plane
substantially mates jwi th |3 ar cut on a surface of
the femur. 116. The inn!g" 3% 99 wherein the
ti bial conmponent hag a dp ¢ tioffed on a plate.
117. The i npl ant- of claiv erein the donme is
positioned on the pliate Raf © an apex of the
done is off-center d-centér point of the plate. 118.
The i npl ant of clain111$:2g§re' n apex of the dome
IS positioned to corresp "t ‘patella ridge. 1109.
The inplant of claim99 wherein a fenoral condyle
surface is prepared for receiving the inplant. 120.
The inplant of claim 119 wherein the fenoral condyle
surface is prepared by formng at |east one planar
surface to mate with the past one planar surface
of the inplant.
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121. The inplant of claim 119 wherein the fenoral
condyl e surface is prepared by renoving cartil age.
122. The inplant of claim 119 wherein the fenora
condyl e surface is-prepared by formng at |east one
pl anar surface to mate with the at |east one planar
surface of the inplant. 80 123. The inplant of
claim 119 wherein the |an£M37nrncs an anatony of a
healthy joint. 124. The inplant of claim99 wherein
the inplant mmcs an anatonmy of a joint prior to
surgery. 125. The inplant of claim99 wherein the

200

implant nmi @8 a targeted anatonmy of a joint. 126. .~

The i npl ant [of cIa|n199 wherein the inplant is placed

128. The olént cl ai erein a thlckness of
t he |nplan at a Qégatlon is adjusted to account for

at | eas e of valgus deformty, varus deformty an
I ?98 f I def def ' d

flatten 129. The i t claim99 further
havi ng a bevel ed edge.qplggf 2ﬂ§ i mpl ant of cl aim99

further having a chanfer cut. 131. The inplant of
claim99 further having a fillet. 132. The inplant of
claim 131 wherein the fillet is exterior to a
posterior portion of a tibial spine. 133. An inplant
system conprising: a tibial conponent, wherein the
ti bial component replaces a tibial surface of the
ti bi ofenoral Yarticulation surface; a pat& | a
conponent desjgned\to repl§te a patella $urface of -a
patel | ofenoralp articy atimn {surface; anfl a fenoral
conmponent, mh%rein the fenpr conmponent| repl aces a
fenoral, the ;fenonal conpone t including a superior
Ehe-supérior

sur face and ah i nf r|oro§urfa e wherein

1020<




surface is configured to communi cate with a fenoral
condyle and the inferior surface is configured to
conmuni cate with the tibial conponent and the patella
conponent, wherein at |east a portion of the
superior surface has a three-di nensional shape that
substantially matches the shape of at |east a
portion of an uncut articul &3%urface that the
superior surface of the inplant abuts. 81 134. The
i mpl ant system of claim 133 wher¢in the fenoral
conponent has a thicknﬂss determined by a cartil age
defect in a patient. 5. The i'mil ant system of claim
133 wherein the tibig conponent as a thickness

det er m ned by a car |Iageodeﬁéct AN a patient. 136.
The i npl ant ste ab C a|n1183 wherein the fenora
component has |@kness "of . ab8uty 85% of a

cartil age defect n a Qﬁtlenf) 137.\ The i npl ant
system of cl ai m 133 mherabn the demjral copponent has
a thi ckness of oeﬁmeen 65%.and 100'023221 artilage
defect in a patle Th &rit oSt M claim
133 wherein the ferprat— s—’ath ss of
the cartil age M2t "in’a_ atPent‘"\,*ow
predet erm ned of f sef\val u&* 139.°The i npl ant system
of claim 133 wher ei he>fenn5al cohponentj i s

constructed of a ‘fue'ial riegi ng netal or netal
al l oy. 140. The i npl,anf sySte Qf claim 133 further
havi ng a structureofur at taghne 7t on at |east one
surface. 141. The pl ant system of clai m 140 wherein

the structure for atfaghnment.ig selected from

ri dges, peas, pins) c¢ross-nmenbers, roll-bars,

cruci ate stens, teeth ﬁﬁ% &g% sions. 142. The

i mpl ant system of cl ai igﬁ F;in t he superi or
surface of the fenoral conponent has a substantially

flat section designed to mate with a bone cut on the
fenoral condyl e.




82 143. The inplant system of claim 133 wherein one
or nore conponents are sized wusing X-ray Ssizing.
144. The inplant system of claim 133 wherein one or
nore conponents are manufactured using standard
casting techni ques. 145. The inplant system of claim
133 wherein the inplant further conprises a rail
extending fromthe superior8§ﬁZface on one of a
medi al or lateral side. 146. The inplant system of
clai m 133 wherein the inp further conprlg@@ a
keel exte on1the superi o ' e, erein
the keel is t he nedi al
and lateral side <ySpAm of clai m
133 wherein a por fTor surface sits
within a plane. 1% systeppef claim 147
wherein the #' qperi or surface that
sits within a prane<petes wth a planar cut on a
surface of the fenur. Ii-jia T?&n’pl ant system of
claim 133 wherein thelp 0 t he superior surface
that sits within a plane substantially mates with a
pl anar cut on a surface of the fenur. - 150. The

i mpl ant system of clain1133 sherein the tibial

a plate. 151. The

i npl ant syst e e, _dome i s
posi ti oned op ‘ suEﬁZthat an appx of jhe
done is off-fcenter 4 platg. 83
152. The i np| ant L) IS wher ei n aﬁ apex
of the donme Ns pd correspon« to a patella
ri dge. 153. rein a
fenoral condylje surfate-is prepared for/ receiving
the inplant. 1. 54. Thelaﬁﬂzﬂn of cl 153 wherein

the fenoral condyle-surface is~prepared by
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form ng at | east one planar surface to mate wth the
at | east one planar surface of the inplant. 155. The
i mpl ant of claim 153 wherein the fenoral condyle
surface is prepared by renoving cartilage. 156. The
I mpl ant of claim 153 wherein the fenoral condyle
surface is prepared by formng at |east one planar
surface to mate with the at9 ﬂﬁgst one pl anar surface
of the inplant. 157. The inplant of claim 153
wherein the inplant mmcs an anatony a heal t hy
joint. 158. phant of clai m 133/ wher el

i mpl ant  m fri [

surgery pl ant of cl aim 133

I mpl ant mjm c geted anatony off a

The inmplant o 133 wherein th

pl aced wift hinja space during C-l'l!lm

84 162. The inpl gt of claim 133
of the inpha a location is adj

for at |east_ ope of ~valgus deformty, varus deformty
and flatten

. Nﬁeinplant of m
further having a bevel ed edge. 164. E}L@hﬁgﬁt %f
claim 133 further having a chanfer cut. 165. The
i mpl ant of claim 133 further having a fillet. 166.
The inplant of claim 165 wherein the fillet is
exterior to a posterior portion of a tibial spine.
167. A prosthetic device for a knee joint.conprising:

g | 220
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a fenoral condyle conponent having a top portion and

a bottomportion with a curved |ateral edge

t her ebet ween, and a superior surface and an inferior

surface, wherein the superior surface opposes at

| east a portion of the condyle of the fenur and the

trochlea, and the inferior surface opposes at |east a

portion of a tlblal surfacefO&hd a patella, and
~wherein at |eagf aéportlon of the superior surface

has a three- di mensional shape that substantially
mat ches t he shape—ef T
articular surfgc
bﬂ’)/ a a troghl ear groove cg

1 portion of Ahe deviced385
f %n of the fefroral :
beyond a sujcus terpapal
surface of
at f ace; a fenoral 9 ftg 28-2
conmponent repl aces a fenDraI surfa of
patetT of enoral articulation surface and a

230b|of ulation surface, the fenora

conponEﬂBE? é?gg;ﬁg 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 |east a portion of the tibial conponent
and a patella, and uh prnisaortion of the o
superior surf agg” Fhnal - shape t hat g

substantl;,_' | east a portion
Eut le_superior

art lar s
' eﬁ%ﬁe |nplant
i bi al _

4
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the tibiofenoral articulation surface; a patella
conponent designed to replace a patellar surface of
the patellofenoral articulation surface; a fenoral
conponent, wherein the fenoral conponent replaces a
fenoral surface of the patellofenoral articulation
surface and a tibiofenoral articulation surface, the
fenoral conponent i ncludi ng43Fuperior surface and an
inferior surface, wherein the uperior surface
opposes at |east a portj e—_
femur and the trochl.e :
opposes at | east a -ortlon of the t|o|al component
and the patelonent d wherei/n at | east a
portion of ¥he superior——-surface has/a
t hr ee- diner~L:D?I shape that substantially matches
ac

R

t he shape/of |l east a portion gf an uncut

] e that the superjor surface of the
f's, wherein at |easg/one of the tibial,

1 patella conponen |s asynetrical 170. A

Z t co
aV|n surface

>~ and a top portlon and a
curved surface extending 86

trochlea and the inferior sue/f
portion of a tibial surface 410 2 pF
wherein at |east a portion offf
has a three-dinmensional shapg
mat ches the shape of at | easty
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