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WO 2004/ 049981 PCT/ US2003/ 038158 1 Patent Application
For PATI ENT SELECTABLE JO NT ARTHROPLASTY DEVI CES AND

WoERIREMAB1 TOOLS FACI LI TATI NG | NCREASED ACCURARYT/USHEEI38158

AND SI MPLICITY I N PERFORM NG TOTAL AND PARTI AL JO NT
ARTHROPLASTY 5 10 15 CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains priority

to U S. Serial No. 10/305,652 entitled "METHODS AND
COMPCSI TI ONS FOR ARTI CULAR REPAIR, " filed Novenber 27,
2002. [0002] This application is related to U S

Serial No. 10/160,667, filed May 28, 2002, which in
turn clainms the benefit of U S. Serial Nunber

60/ 293, 488 20 enti t| ed Pat@nrHAppEcaton AMPROVE CARTI LAGE
REPAI R SYSTEMS", filed May 25, 2001, U.S. Serial
NunbePABBNBEELESTABLEIRINT ARTHRORONETY DEXFESANIFBPRGICAL TOOLS
CARPCILNAFINGHROREFASEDIAGCUR AR K SHEED AND SWIBLIGIRY INUP ERFORMING TOTAL
Serial Nunbers 60/ 280 FeGSIALROINUARBBROBOSSTY entitl ed
"METHODS AND COVPCSI TI ONS FOR CARTI LAGE REPAIR, "
(Attorney Docket Number 6750-0005p2) and "METHODS FOR
JO NT REPAIR, " (Attorney Docket 25 Nunber

6750- 0005p3), filed May 14, 2002, all of which
applications are hereby incorporated by reference in
their entireties. FIELD OF THE | NVENTI ON [ 0003] The
present invention relates to orthopedi c nethods,
systens and prosthetic devices and nore particularly
rel ates to nethods, systens and devices 30 for
articular resurfacing. The present invention al so

i ncl udes surgical nolds WO 2004/ 049981

PCT/ US2003/ 038158 2 designed to achi eve optimal cut
planes in a joint in preparat| on for |nstal I at| on of a
joint inplant. SEIISCIRETERE BOEMP .
There are various types of cartl I age e.g., hyaline

cqpboipge affis application claims priority to U.S. Serial No. 10/305,652 entitled
“METHODS AND COMPOSITIONS FOR ARTICULAR REPAIR,” filed November 27, 2002.

[0002] This application is related to U.S. Serial No. 10/160,667, filed May
28, 2002, which in turn claims the benefit of U.S. Serial Number 60/293,488
entitled "METHODS TO IMPROVE CARTILAGE REPAIR SYSTEMS", filed May 25, 2001,
U.S. Serial Number 60/363,527, entitled "NovEL DeVICES FOR CARTILAGE REPAIR,
filed March 12, 2002 and U.S. Serial Numbers 60/380,695 and 60/380,692,
entitled "METHODS AND COMPOSITIONS FOR CARTILAGE REPAIR," (Attorney Docket
Number 6750-0005p2) and "METHODS FOR JOINT REPAIR," (Attorney Docket
Number 6750-0005p3), filed May 14, 2002, all of which applications are hereby
incorporated by reference in their entireties.

FIELD OF THE INVENTION

[0003] The present invention relates to orthopedic methods, systems and
prosthetic devices and more particularly relates to methods, systems and devices

for articular resurfacing. The present invention also includes surgical molds
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5 fibrocartilage. Hyaline cartilage is found at the
articular surfaces of bones, e.g., in the joints, and

w0 goon0$998nsi bl e for providing the snoot h gli di PQI/OB1008088158

characteristic of noveable joints. Articular
cartilage is firmy attached to the underlying bones
and neasures typically less than 5nmin thickness in
human joints, with considerable variation dependi ng
on joint and site within the jpoint. In addition, 10
articular cartilage is aneural, avascular, and

al ynphatic. In adult humans, this cartilage derives
its nutrition by a double di f f usi on system t hrough the
syesigned to anhisvezoptimahduttilaasgn atjpiat iapreparation for installafien of a
ﬂh&l%ﬁgﬁtto reach the chondrocyte, the cells that

a nd”in the connective tissue of cartil age.

[ 0005] Adult cartilage has a limted ability of

repair; thus, danagBACKGROUNDHOR THEINMENHOMuced by

di sease, such as rheumatoi d and/ or osteoarthritis, or

IGO0, Can TIRAM ahoyaiRius Qyfesincaltidde, 49f qwan.wcmge and

ation. Furthernore, human articul ar

cabmcaa@ageag‘és@lme cartiageds If%'nﬂraé;ﬂ?ﬁ aitigdlag sigfages ofhenes, e.g., in
S ﬂ'%eﬁ) € 1Rl i€ ALY onQBIethre[t)r]é{?l@ﬁ\g%é Istdof %Iﬁﬁﬂgt r'nbﬁ&?characterlstlc

bits an I ncrease in ensi e stren
t lof moveaagintsf Aridutar caftilage iatiiroly attach@d: tcetﬁge@derlymg bones

g%ﬁﬁ%%uygst lg?lgglglt I@%#ﬁ%%%rﬁ% ﬁll&gsrg?m%é[[ﬂ&rﬁé) Suith

agen occ e articul ar surtace
z cossiderablei Vasigoratisperality ti jointangsiig métsin the jaletc rlealgéltlon

I
B e e e S N
0 ba&ilaglat degives |ts ndtrman bytahb:tubtdwdaffesmm eysiemrtglemgh rlhe synovnal
ni ca

t ] f
C P08 W ahough N darse o eLip e aned @ Bhea
F@ngmreld:ytépm@ecenftmart tbmbuh@m t]?t_é obnaemel |t|SSlafanfawt|Iage
or ex , e suyperfici one.

L T000H), £y AT Parfiact B AR Tty o BRs Yhyd. tEnERdo
Stcéﬂﬂkiﬁé“pr@@uééd B@iséddd, du@lﬁﬁ@ﬂﬁeuﬂfatdmdfaﬁd/oabél%bammttshor

decreases mar kedld%| hdg?gre as dijﬁgﬁiﬁ?bl e dﬁﬂaﬁq
6raum@ecan| lead Iq $RyiONS PRYEIFR dSfOTRAY 26 8. Fu ore, as
Pm&%mgge 8géd)1Rs Aéndile lﬂréﬁerﬁég drpge. The sd@@rﬁiimal zone

zone cartilage also exhibjts a progressive decre

i 9f tr@nlmaeearﬂwl@rr@ﬂﬂaw exhibifrcalsTange iy ensig ﬁ%@lﬂj% up fo the
C Qhilt RIS e Wi B8R Rich n%&&ee%&& #8256 as HaRztable

obser vations | ndl cate that here are 0qi)ﬁal’] es I n
meteagieda ltyrenld collaggb @ccwsramaﬁrapularf S;}&fﬁc,@at'rh@ ndesfp zone

CaLHhAPRYekibRIL BrodrB&ive ddcrease in tensile strength with increasing
age, although collagen content does not appear to decrease. These observations
indicate that there are changes in mechanical and, hence, structural organization
of cartilage with aging that, if sufficiently developed, can predispose cartilage to
traumatic damage.

[0006] For example, the superficial zone of the knee articular cartilage
exhibits an increase in tensile strength up to the third decade of life, after which it
decreases markedly with age as detectable damage to type Il collagen occurs at
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5 sufficiently devel oped, can predi spose cartilage to
traumati ¢ damage. [0007] Once damage occurs, joint

w0 eais998an be addressed through a nunber of PCT/US2003/038158

approaches. One approach includes the use of matrices,
tissue scaffolds or other carriers inplanted wth
cells (e.g., chondrocytes, chondrocyte progenitors,
stromal cells, nesenchynmal stemcells, etc.). These
sol utions have 10 been descrihed as a potentia
treatment for cartilage and neniscal repair or

repl acenent. See, also, International Publications WO
99/51719 to Fofonoff, published October 14, 1999;
VibeldrBdiearsuriacsi ibe deep abne catilage sitesdextibie/p0aressyad

UFectents' i lph s StRQSRI ok nD A6, AN Gn tadiPcqnient does
i astepbeSeint dadreased, TH28O bpsdlv&tiorRdndinateNbat théresre 4hanges in
shes8ey g, SR aIG el Sigetieadditeatiue b SBlngfet i
lSJs@“tﬁciBﬁtllyedJéveMpgd4cé}OBreﬂ&bo‘se)céiaraigano ébumatic damaged
VRO et “pce Gattnge Sooni St rsbi 59 0° desidingpyan a

B'ﬁtémﬁgﬂc?ﬂap?y%adh@s C@Headppﬁdaohtmclu@&JtQé uvam madtces, 1398,
at en

L Sca ka0 el CaptRrp AR IR TGoelo 40 do ShDBIETER Qipndiotyte
abro PR stRARAINRRS, rﬂésen%ﬁ%al dibi-ceffaitet®y. Th¥ee solutions have
1,195 to Rueger al .  issued August 28, 2001, and

ubsen PesGibed s a motem@l regiment @réa@at&as%%%@e@m' rggair or
19 ace’ﬁ?é’iﬁv%e a@d ﬂ*\téﬁ‘alatl&#ﬂl PoBEStvhs vo biop 1990 ¢o Fofonoff

acement naterials such as allograft and auto

5 publihed Kuioharsid 459% YAOPBIOAST A SMSEA! dnBublsheR 12 18672001,
S'aHS%v $M7%63 {d“lﬂaﬁnémérﬁ{ abfsHedMisteh a6 G LBS ZPatent No.
5P A

ol ogl ¢ arrangenent structure sim )

r
| @eaﬁsu,m Bt to YiheiHasfsen et akligsuedi Sapieraber4&20RtindS. Patent No.
(& [ e r \/
S IR e e BB 6 2 e a0 o
waett st aleisaiied Jumr&:% t1898, U[SFegdnt Biu 80P, 55dodiaplan et al.

o]asslugg Soe8 Wob 2? ﬂgé@ﬁ? §Sﬁgfzéni ﬁot 5 %ﬂﬁ ‘%%F k?é’ %/af;%m &Gf 'T?éﬂed

etrc materi
S iAlUQC@ll’EQ 1099, U fSJPa%t Ri@08/102 388 1o %’ﬁl’dﬂ%@ﬂ%@@ﬂl\&%oh 30,

CO00EL 0%, PG 53T e el o8 us.
2(Q2snt W oS 6, 328! 75 to MardWick @Bab s ued Datember €1, 2001, U.S. Patent
I ssued '\439('5&26{% Oegerzgg%] lagl&sc[%Pat gé %1, gh& @S.Gggeﬁto
No. 4,846,835 to Grande issued July 11, 1989. ,However, clinical outcomes with
biologic replacement materials such as allograft and autograft systems and tissue
scaffolds have been uncertain since most of these materials cannot achieve a
morphologic arrangement or structure similar to or identical to that of normal,
disease-free human tissue it is intended to replace. Moreover, the mechanical
durability of these biologic replacement materials remains uncertain.
[0008] Usually, severe damage or loss of cartilage is treated by
replacement of the joint with a prosthetic material, for example, silicone, e.g. for
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2000. Inplantation of these prosthetic devices is
usual Iy associated with [ oss of 5 underlying tissue

wapa4loeel wi t hout recovery of the full functi oPCHUFO&MBS158

by the original cartilage and, with sonme devices,
serious long-termconplications associated with the

| oss of significant anpbunt of tissue and bone can
include infection, osteolysis and al so | ooseni ng of
the inplant. [0009] Further, joint arthroplasties are
hi ghly invasive and require surgical 10 resection of
the entire or the magjority of the articular surface of
one or nore bones. Wth these procedures, the marrow
spaareeticyepaiesyed matal@lldgs. $ee,fa.¢., Ul PatermhNoB,383¢228 to

PLBRHAEE RS0, LS Wb B 4Bl Al g v

eMa&ih 20,290¢dU.5aMatant Nod 6, 12858000 Ateshiars ehal. dysuedddeteber 3,

S B o SR SRR 8 B g o o

auhd@rglr@t fisdde SHE fb@ﬁéWlthEbterebmmt oﬂth\selfalsmeﬁdsn aliovieariy tae
secon trochle roove and ride o

BB 9RENd MiTSATER deVighs: R ete 14 gapiicatons

f g8y Hte & MIRENEREs ofsiBAitiSArt AnfRAPENERLE lafid PoAY ices thdludle
E%Qﬁ%e the trochlear "groove. U S, Patent 6, 090, 144 to

‘Oét°%P°'y$'§§D@é|39dP‘§FeI‘8"g ofdopirplant oses a  knee
n&m Sies' S Mier, j&ﬁ{ é‘r‘ﬁ'ﬁ‘é @st‘iésbér@hl QA& aAd feqire surgical

mponent t hat O s ad to be engaged
mse:ctlmofttha |eatlrechrt’p@ mairrity Rf 1&5\9 réwfﬁﬁ%pf meapr more

eBQ >R th g%d&%‘%t F\%%éﬁé\ﬁ%péé@lb%&pé@ i M@?toViﬁ the stem

JOI roce S 1S the 262,
SDbthrpresthaS;ls The trAMiSg mmm afs of Juspatient’s b@@% s@ck Us.

| P P Ebet B g Bl oae SR g o

Alshap’eﬂ 4165 proathesis. Toe Stosthﬁssrfgaswialmca'alemnmm@n’e’thatglncludes

oS s AT G e SRR Ry e, R Socin

pltr@\thldaro‘graowab@ndé on a(:tdmmnmpahemtghm articul#tes bathirespect to the

portion of ocket thin.the hi .
D Geghronsr A st piisbdatht 5 FrdiRelS Bhhags B rogpiear
ﬁ@tcﬁ)t"vlﬁayss .Fadet® mﬂzm 1) Lm@tleatai nspued JJO|yI’Tt8 2000 dascloses a
rost heti cone

" 6psF pstisi bt BEFeehata s?ma%ént and aana%fe'aiﬂ? 2ppofient that

S@ad%téld to Bé Shgddedentnh e tibkil 4dRp&esht Fdugivaasyhmatrical
! Se%gggement

[0010] Another joint subject to invasive joint procedures is the hip. U.S.
Patent 6,262,948 to Storer et al. issued September 30, 2003 discloses a femoral
hip prosthesis that replaces the natural femoral head. U.S. Patent Publications
2002/0143402 A1 and 2003/0120347 to Steinberg published October 3, 2002 and
June 26, 2003, respectively, also disclose a hip prosthesis that replaces the
femoral head and provides a member for communicating with the ball portion of

the socket within the hip joint.
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Septenber 3, 2002, U. S. Patent No. 6,387,131 Bl to
M ehl ke et al. issued May 5 14, 2002; U.S. Patent No.

wWG28884P88 to Schnot zer issued May 7, 2002; U. BCT/US2003/038158

Patent No. 6,344,059 131 to Krakovits et al. issued
February 5, 1002; U. S. Patent No. 6,203,576 to Afri at
et al. issued March 20, 2001; U S. Patent No.
6,126,690 to Ateshian et al. issued October 3, 2000;
U.S. Patent 6,013,103 to Kaufgan et al. issued
January 11, 2000. Inplantation of these prosthetic
devices is usually 10 associated with | oss of
underlying tissue and bone wi thout recovery of the

f 10011 1] f unctA ety dfanatdrialy cahdearsediimegplacing @ jinfovitival,

a%rgs‘@%gﬁap%’a[nﬁﬁ? snfﬁ%éégéj Joglggsnrp% ?% Sﬁi?égﬂl%‘ﬁ%tal alloys

t aresapprapridite. bBee ecanUchdentdts @44@93& B1 keRunmihaissued

Seuditer 3202 FEY PR NG S R to BHf B issyred May

of 4,t7002¢ AS ePatbht Nb.€6,383122$l&586hm0ﬂzér isbuad Meed, 200H&).S.

LA 547550 oRaLk S st el B2 EoBlebis, 1BLDE paten

| &1 6,203,596 to Afriat et &r isbugpMasdhy20,[20012)). SAPatemt Noe 6,126,690 to

Rlperoa o i Bt B0 L 5 B Bt b Refagetal

”Eb@éd Hé/nu%fry tne00dr tmaahtafo@arﬁqag@p@fstr@ﬂe dea@e@rs usaRYy
bones involved in the repair. pi cal | W|tht
o$the full

pReRastiR@Yith {958 qﬁﬁﬂ?%r\llvl%%f&éle@dfb&nﬁw %t ER8YSN¥|
Wﬁf‘xﬁﬁ%‘n hi c%?\] thEQ)nE;lntal Eé}ﬁlaéé%%%ltlﬁ Q&n@rd%tc@@%eﬁous long-

Ream ng résults in a |l oss of the
pmrmecmmrsucgtmm @ﬁ@@ﬂtedrm theoss; efsignificagkemewits of tissue and

OBb& ké(ﬁbéus\@"gbéaﬁe{]nﬂ?go&?ﬂﬁkrﬁplgﬁ@%ﬁé’sﬁﬁpﬁﬁbhﬁgtl&f |std§%oly5|s

pr os eS| s e area where eIITp ant
t Rack dneproathesigdipcanties lensened fram thedeint reagrdlpes Qfsthe cause

p I |
(Eﬂ | éljrc}gtﬂ §|Bgﬁléﬁsﬁ%%a t )SF k?ﬁ;? %@ng @‘ﬁﬁ.@ the pﬁgcgr}t"szt%ne stock is
pbmstednl the nambac efprssibiurepiacesent surgedes isialsa linaiteicoior joint
JOIrtEt ar hropl asty. In short, over the course of 15

8 p and in sonme cases even shorter tine

p@oomis t h@s eeat lbeappreanaterd,l joiarthodpladiies ape bighty invasive and

| [ .
oA P it TP gcn PRS00 7 6 sBeinisii sisyiay sugaesyo one
6 of Rfdt8bores/iavolesy incthe regdiis Tapiealamaith 'eldabe ptaredasEssthe marrow
eons in i nt

7 SPoe Apite e aranbs it s’ Bl st el e PG Bt

the bone. Reaming results in a loss of the patient’s bone stock and over time

O

subsequent osteolysis will frequently lead to loosening of the prosthesis. Further,
the area where the implant and the bone mate degrades over time requiring the
prosthesis to eventually be replaced. Since the patient’s bone stock is limited, the
number of possible replacement surgeries is also limited for joint arthroplasty. In
short, over the course of 15 to 20 years, and in some cases even shorter time
periods, the patient can run out of therapeutic options ultimately resulting in a

painful, non-functional joint.
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February 26, 1985 discloses a knee distraction device
that facilitates knee arthroplasty. The device has an

w@ojoustekl e force calibrati on mechani smthat 5SPenERi0e%038158

the device to accommpdate control |l ed sel ection of the

| i gament- tensioning force to be applied to the
respective, opposing sides of the knee. U S. Patent
5,002,547 to Poggie et al. issued March 26, 1991

di scl oses a nodul ar apparatug for use in preparing

the bone surface for inplantation of a nodul ar total

knee prosthesis. The apparatus has cutting guides,

tenpl ates, alignment devices 10 along with a

dleX1Bhct or Aavriety ahiopisqre availabiaie assish atrgpes ingeerforming joint

orop Rt teiCe. KrElerhi® 6 Pl L@ e Yianig issued

P5glgnuer3e26 41985 idisslosds @dneb alistctidrpdevics that fasilitites knasd

! 2 ifhoBH) $he BRORE el S RlustdtiE ;e BARPAI oA et

pensblé&mesdevld.e?.o aEaOrentodEte&fbﬁIr@ll@d saediivorafltihé ligemerad .

d F 5d
¢ BGOSR berAnpled By 8 sy 8 hpkith SHEE R Bl ffke. us.
pP@tén@ edoblsay tb Poggi%eafttaedss%ﬂmmbﬁ 26at%gledisdasal a modular
order h“ t ake addj ti me. .ITh

¢ RPBRIgl & HESs BivdPeting he Bpes PiTairdar Foppiator fes modular total

nﬁhélé Qﬂostlﬁ@@aﬂ'h@fapbé'@tlbqw% cuftitg guidks, &mﬁlﬁt@shﬁlgﬁmd’mt dewces
fi xed position b%/ t he beari, n%&]sl eevgh Q
CAIRRGHGT ESHBEIAG 826 JAMPRIS ISETETs Siat oyt Meddary and

argtilfife @foﬁé'ré’é%cﬁor@gnﬂ@%s‘théé% irpldrigtor ors tli’tﬁehthpiZﬁﬁDSO to
U.S. Patent 6,056,756 to Eng et al, issued

2@’9@9@.65@! dx5eigd HARRAT 55 69%@%%9 fiFgstechio %r@daﬁar ﬁewams for
ende frPhre a@ﬁg?ﬁo@ﬁé bﬁrfade”f@? #alimpltatioPr al AYGuISUbtd] Ree

resectio rosthetic re Iacenent and 1 ncl udes a

j awgsthiasis. pl. SolP%iEﬂty5 38ppde ta @orahlll@bgbﬁwgd beheiagy &h1 995
t Q%EIOEQEJHSﬂEhPBﬁl%ﬁﬁorI dﬁgﬂé’élf &?rgén@l X b%éhﬂg sfe@ve is
e intende at ent

he “spaci n pr ost eS|s
25rcﬁlldle@6th512|9 inserted dnto dheadarsagedicamay umrdglzto tak®op additional
g < : - . )
¢ 8§I‘Ellm% %ﬁ?er;de Eg%%%gﬁ%?gﬁ tf?é(éléever gﬁcﬁfs?églélﬁge@jgdr tnbeBMb Mtural
prcasalrwttme:boneoﬂ'he roe sl thelehelldtln aljixsd pPsitiemby &e2lgRrpgGleeve. A

Sl R BT RS a0 gl B gl qrove
I mdLITrﬁnglsugmefm thet ivglanit.sU &. Patane 6,086, 15960 &nd ebfal. ndsaed
s T
smplaked hlertocﬁhél)@mm e rede&lionat pivisthti6 2éhlddendrt and includes a
Lo afor plvotally supportlng an opposing bone such that the jack raises the
opposing bone in flexion to the spacing of the intended prosthesis. U.S. Patent
6,106,529 to Techiera issued August 22, 2000 discloses an epicondylar axis
referencing drill guide for use in resection to prepare a bone end for prosthetic
joint replacement. U.S. Patent 6,296,646 to Williamson issued October 2, 2001
discloses a system that allows a practitioner to position the leg in the alignment

that is directed at the end of the implant procedure and to cut both the femur and
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i ssued Septenber 16, 2003 di scloses a tool for
intermedul l ary revision surgery along with tibial

w@eowposest s. [0014] U.S. Patent 5,578,037 to SedEsm0oy038158

al . issued Novenber 26, 1996 5 discloses a surgica
guide for fenoral resection. The gui de enables a
surgeon to resect a fenoral neck during a hip
arthropl asty procedure so that the fenoral prosthesis
can be inplanted to preserve of closely approximate
the anatomc center of rotation of the hip. [0015]

U. S. Patent No. 6,206,927 to Fell, et al., issued

M wafe 8150 1sd8B 0 n A8 H?,e%tz@ %gtgﬁrg 016200158 1o Lombandi et al

sussyedasdpyembémimoa@u@cl@eee RENFSMRRHRedIR
(ﬂUI ne resection. Thi sapr ost hesi se ﬁls%%‘ggﬁr{;@rgew

L RRIPLAANPARN St i cal in shape with one or nore
st[omqht edyes Patét G5 7, 047 16, SR RCeIg VL &RY) ﬁéx&n%%{q 26 1996

desl ned to substantially conformto the actu
QSER P BIgicHQuideqfar famejalrgsestiongéhe gutdemalalea/amrgeon to

t hesdon e gEhpidD ﬁe@@&?nng]ashl-ﬁz&@{oﬂl%tf 9 d&teljﬁtré sgf tp%:pﬁ‘]e femgral

i npl ant can be extre eren
i Progthpsikprise an@laaf@d\k@pcﬁsen@eqmvé@elyt anprodmatanthesanatomic

S‘é%hféHBFJi dnadft e and/or the underlying
subchond (ﬁl%' bonéhéan "the prosthesis. [0016]

| H0@&H5dosi t i YifalPakent dod 6:20662 7tth &ell setaal nissued Maedte2l7, t2001, and

b v
98 Fhend (! Gspag) LR DB SellBRMEES AT HlchSt p syicay
t iraplEntad|e’ knkewprosthesis tr&bm!eeﬁndt ré&quing b&m gseytion. ThlS prosthesis
5 a hem -art ast a
o Sresritea 8L subdlEREl BTpsSad Mast vl s S inbieratialg egaes.
t w@condmgay tidesei dewivet ed nairc&asi:‘grbactb edbstantidig cb%ﬂ‘n h@w® actual
‘% g)sf%mbed Two ﬁtltac nment desi 8ns ar
o SR oM puEY e TR ety ot (6 aderbing bone,
m§" hbs,rmtegl‘ailpa @f |thé<|mp&7an’tban be@sramendifiens Qﬁéfd ér‘ ﬁen‘éh@é‘é in
at,_exten n} one nmmating surface th
dih PHEsE 4R CFW&IW?ERG wgen ’fB%P?P%m Spﬁéﬁﬁr@un@ﬂwaﬁme %@V\@the

S untiemying\butchohdial Botid Mtthenosthedigce from which the
%QQJ% tends abuts the bone surface. See MKeever,

Pl dieaRPsBionat es devicesriagiase net atfached to beth the tibia
abh€ Ferag Héﬂ/eﬂiéeﬂ%g&fﬂeod%i %dm@ tﬂgtt"é’?sf @%@2 “n%@ag”

whi ch repl aces t " or a
maYtroplasty Pfatheé%\eeath@ﬁ@l @fr enecand JeeleSurgenydiB(1):76-87,

" BeddibaR aawdni-aNRra a4y QAR RSl LRI04 Q3R 4P as Bot rigidly

attached to the tibia. Devices that are attached to the bone have also been
described. Two attachment designs are commonly used. The McKeever design is
a cross-bar member, shaped like a “t” from a top perspective view, that extends
from the bone mating surface of the device such that the “t” portion penetrates the
bone surface while the surrounding surface from which the “t’ extends abuts the
bone surface. See McKeever, “Tibial Plateau Prosthesis,” Chapter 7, p. 86. An-
alternative attachment design is the Macintosh design, which replaces the “t”
shaped fin for a series of multiple flat serrations or teeth. See Potter, “Arthroplasty



10

15

20

25

of the Knee with Tibial Metallic Inplants of the
McKeever and Maci ntosh Design,” Surg. Cins. O North

WAR00440904) : 903-915 (1969). [0017] U.S. Pat entPCT/US2003/038158

4,502,161 to Wall issued March 5, 1985, describes a
prosthetic neniscus constructed frommaterials such as
silicone rubber or Teflon 5 with reinforcing
materials of stainless steel or nylon strands. U S.

Pat ent 4, 085,466 to CGoodfellow et al. issued March 25,
1978, describes a neniscal conponent made from

pl astic materials. Reconstruction of neniscal |esions

has al so been attenpted with o
cafrtbe Knke ndth- Tibial Metallicdmplants ¢f the Makeevarand Meelatashesign,

o PTG Rl 30 JT 060, 7 P e or

SoodvLe Puld. Ssﬁasbeat 852,16 At Y\&illdsaned 1d@6h Sp o83 4ipscribes a

352. i
p%@ﬁhgﬁ‘g%ﬁﬁ{?ﬁ}%ﬁ%&%}%ﬁ%%ﬁéﬁ@? %g sgsé %‘gc{mesl%bber or Teflon
Swhlh f@hiﬁbﬁcmd Al ials-ovetainless steet emylion straridsabl® devi ces

apeieohs B S caeelelonFal seleh UHEY poi 178 BRGvtoet 5.

Pﬁ\‘éhl&lﬁl édmrﬂjhléﬁﬂihadéﬁoﬁﬂ}ﬂéstjd&hﬂterleksnaemﬁyrucﬂmn offraeniscal
exanp ead to instability

5B G bR Y Eetony beshpy s thanggpdy fLlactide).

| pb&yiad, et %ﬁt@ibl idayaid Bloh%chﬁhlﬁbl Perfd?@iAte dhBidmaltdriase
renal Nns a nee or co OSItlonS for

i HehrisiRl ey aheqdtodssaer SRS YRlishe S thile AroRtSTORIL 1886 9. 347-

' @Bf%éédn@ﬁu&%vﬁ%rhét%l Ie§|’féh§ id 286 pbEBIBGRINEIGreSHDHEBIR
and the surroundi n%@cartl age. There is also a need 20

f oraterisds and HsgueissareldSe the accuracy of cuts nade to
ﬂ‘g:' %ﬁ?gt : g-rllé\%#\%rrﬁurﬁe'ﬂtly By %r@&éﬂésfdb’ ndtiviyE@rovide ideal

f or exanpl e an artificial JOInt
samgm:ﬁemt@nthma artiouEIEHTRCSSOTROthe TRRUItBPEIOBH CONGTVEA a9k

ﬁq | rg%ft a'?fa\d’nedor g:%'c%ﬁé%ﬁgggﬁﬁ%ﬁlg :Igga gcf’fn'%‘ﬁa'bﬂ@/ & the joint.
| & therkniekegoint, ﬁnstamltyi hypicadp thanifesty asfa Iatqr@iumﬁtawetyg)f the joint.
4970, L 0T b TSR 0 b
a vl wiesp rr‘@trrmiarandrmmpmsmohss thathfachiitate Itlee integratiordbeiyeen the
t t dt
AL SRR SR bR ST oo
URSHEH oI ittt nﬁ?dréawfdhéracbmey of fuets W20 4M&B&SSIh a joint in

P%Iép%%azt%% opggr%;?c%l implantation of, for example, an artificial joint.

SUMMARY OF THE INVENTION

[0020] The present invention provides novel devices and methods for
replacing a portion (e.g., diseased area and/or area slightly larger than the
diseased area) of a joint (e.g., cartilage and/or bone) with a non-pliable, non-liquid
(e.g., hard) implant material, where the implant_ achieves a near anatomic fit with
the surrounding structures and tissues. In cases where the devices and/or

methods include an element associated with the underlying articular bone, the
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i nvention al so provides that the bone-associ ated
el ement achieves a near anatomc alignnment with the

wa@aiwaloendr al bone. The invention al so provi desP¢DUS20031€38158

preparation of an inplantation site with a single cut,
or a fewrelatively small cuts. 5 [0021] In one
aspect, the invention includes a nethod for providing
articular replacenent material, the method conpri sing
the step of producing articular replacenent (e.g.,
cartilage replacenent material) of selected di nensions
(e.g., size, thickness and/or curvature). [0022] In
anot her aspect, the invention includes a nmethod of
nitenipndse arqwide&gbatrtbpapneﬁastmiatad elenent gebigwes a near
Cg%l‘rﬁ’% ﬁlﬂgn&rﬁ%t%tﬁﬁﬁe of &%dl‘ﬁ? Hé | fige Fr?@nt%dﬂ ﬂ?@ﬁ}oﬂ’/%s for
ness curva ure an or size

i meeprdpalrarump bhan inplentatien site with alsinglt owtnel afew eatively small
area surroundi ng the intended inplantation site; and

§ providing cartilage replacenent material that

n t A

Cgfﬁzqﬁn asggcgg Js[g? {h%rfﬁvrgn?on%ﬁslgdseger?eq'géfﬁoﬁtf&p?lﬁ@b%[]g dhicular
t epthoensant ofiatedis, thamheéthad) eoraprising thai stgp bherodncisg dditular

c R e o epREeTab Utk sf PakBk nSiaiie o.
| Bize! inknesack/ortursatusd)ep (a) conprises neasuring the
size of the intended inplantation site and nmeasuring

t pE022yr vat unanother aepeaty the irngatisuinchuded iamgethbe of making
ded i | antati,on site, I n other enbodi
( B HGRTep R AR EL A RS e R SR lpRas g ne
carrheﬁsag% @, rmmdesrsg ctivetur@bedydesizéyar thairadndea isiptadtation
suring the size t he i ntende eg;gl ant

RS RES HTRGSIDrS OF U Air, PUTO Tk be TP fdacipTantaton site; and

S %)rpwmdin@g:ahh@gé retpm@ﬁfént ateral fat 66hfeinh$to the nﬂid%ﬁfements
nmbodi nent S, I‘I ses reconstruct [ %ﬁ@g&he

swafsa@%#mﬁé%n eahy Irbma'm aﬂ@% eteRc@) gempHges M
| iR o EH% &rlii8ge SRroBR¥R the théﬁded)inﬁlé\ﬂaﬂ'@t Qfédéhd

descri bed herein, one or nore conponents

amea@urlm thespreaibrreefithergaidiaggisupreugding meemaea\dﬁﬂ ura@I@ntatnon
Flé gﬁggﬁﬁg ?@BB$E1§?| de) Fe%']a?@omﬂﬁ%s%éé@nﬁg tﬁl@ﬁzé lofltHedntended

si ons of the replacenent
rrameiahmtlon Siie ane massudng thefeyrvaiwiernj theeartilege satrpyiding the

RS FilicntarASH, ARG offtRathafl 5 I SffiEomeasuing

x4meawcme§@Oﬂmemqmagmmsmgsh@mmd lmplantatlon site,
measuring the size of the intended implantation site, and measuring the curvature
of the cartilage surrounding the intended implantation site. In other embodiments,
step (a) comprises reconstructing the shape of healthy cartilage surface at the
intended implantation site.

[0023] In any of the methods described herein, one or more components of
the articular replacement material (e.g., the cartilage replacement material) can be
non-pliable, non-liquid, solid or hard. The dimensions of the replacement material
can be selected following intraoperative measurements. Measurements can also
be made using imaging techniques such as ultrasound, MRI, CT scan, x-ray
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10 i magi ng obtained with x-ray dye and fl uoroscopic
i magi ng. A nmechanical probe (with or w thout inmaging

W@ 2pabid98t i es) can al so be used to sel ect di "EPST/USRN3/038158

for exanple an ultrasound probe, a | aser, an optica
probe and a deformable material or device. 5 [0024]

In any of the nmethods described herein, the

repl acenent material can be selected (for exanple,
froma pre-existing library ofgrepair systens), grown
fromcells and/or hardened fromvarious materi al s.

Thus, the material can be produced pre- or
post-operatively. Furthernore, in any of the methods

d ésaging ebitainesvathx-rayedyeem fluorescepicdmasig. #) Eechanical probe

ng\ﬁlﬂ?gr \&ﬁncgit 1m5@ﬂ§‘g%ﬁé’bmt@§} &maélh anyélé?&) ?é’ieét(blmePSIgrésr, for

usi n r asl on
akkampleran ultrdsmindarobs @ylaserbhaopteal prabecaits adefermable material

a nzymatic digestion. [0025] In any of the
n@?ﬁg\ﬂggdescrl bed herein, the articular replacenent

| - P _
64 | o HITRI Bl DLl L adhment mater
ccabibeaeleotes! (fdreaxaotple, dronba prepgistinlg limanyrdf aémairssystenas), grown

P 50 e P e Blened b VAoy 8 mABBRET offlerirRThh@ria can be

rr@tdidwedfpref-enwosi-mratlvetyar Ewrtl*mgmoren iramubf theimethdds described

BRI tienar Hatidl v Ao decaeRer (o B iy, Shihadtdfy or by

Nehdupie) e exdrisie usmigahechanicaPabihsibn, leedr abatidne radiofrequency

aspect, the inventign es. a met hod of 20
d@P@t'ﬁf‘n‘frH%atﬂﬂé’“&ﬂ”@%ﬁ%ZémBP alﬁeaﬁm cul ar surface, the

co r|S| the ste nt.raoperatiyve
b8aRl: o Py i i Gelios ceferioad TeESRatre Al serlapemgent
améf@ﬁél%@h%lnpﬁé@l@?nthatrtemafetnh:sqbaj Betals2 0Gui ametals, polymers,
onprise cartilage and ubc hondral bone.

,T@@H%prccgm@pgp@sm@rpﬂf) @f qugW@ufnq e(f@glﬁ ﬁbch as s-l’zgm cells, fetal

cqﬁﬁ@b}éﬁdnggacyté:@gnsl ncl ude, for exanple an ultrasound
probe, a | aser, an optical probe and/or a 25

dgp@geqebl e Mﬂh@'aspé&o%%]m\}éhtlan Hdlddesfaulhb’{BﬁJG oﬁian a
t e invention provides a nethod gro uci ng

arqart&:ageam g et dhe methed ek sompristigdne stape tlmla@p@@, cailage
E"%%é%g%%bréd&&brdﬁ% %Oe%/&‘l@eq%thods described herein.

58 11
[0027] In yet another aspect, the invention provides a method of

determining the curvature of an articular surface, the method comprising the step
of intraoperatively measuring the curvature of the articular surface using a
mechanical probe. The articular surface can comprise cartilage and/or
subchondral bone. The mechanical probe (with or without imaging capabilities)
can include, for example an ultrasound probe, a laser, an optical probe and/or a

deformable material.

[0028] In a still further aspect, the invention provides a method of producing
an articular replacement material comprising the step of providing an articular
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repl acenent material that conforns to the neasurenents
obt ai ned by any of the nethods of described herein.

WO 0®203998n a still further aspect, the inventiPeCI/US2003/038158

includes a partial or full articular prosthesis
conprising a first conponent conprising a cartil age
replacenent 5 material; and an optional second
conmponent conprising one or nore netals, wherein said
second conmponent can have a cyyvature simlar to
subchondral bone, wherein said prosthesis conprises
| ess than about 80% of the articular surface.
certain enbodi ments, the first and/or second conBonent
coeqjmmt@watﬁmi thaticabfosmerde the rapagusergentsobigined by any of the

é{ﬂ&f fadegﬁ&ld Rl L %ﬂy, a solid biological 10

al § ma

erfials that can be included in the

[gtfigaa”d’ 9%, &ﬁl‘?ﬂﬁher%%ng?&'”%tuﬁvédﬁph H‘r‘flfﬁm‘é%' /Bt or full articular

cal al's et a
cq»mmtms mpmSm a(ifst cBonpohentreomprisinge @e:rtllage replacement

ugﬁrﬁgpeﬁnér‘?d gr?ﬁ%tgo%a?g@&tng C%anoﬂgﬁ?&%a%r%fne(ﬁ@{eo&%n&%%ﬁ%

mechani'sns
ofwl'tamla skitls&eond comporerit cah hage at(ml'r\mtlamts«irdilarﬂussbchdmdral

rst conponent 15, exhibits. ni,.ca

(5B, VETREITHN pypRE et BRI RL SRR RGP Ehfbuar
waﬁacé ogq;zmt)alrﬁembdé(ﬂmehts thet firstidravorcacond a@apoﬁ'ére]comprlses a

first a or, second co nent. can esor .
L Rl Ab B Rrte a8 E A MR Py P8b aghateL el AShiE Biogical
ben@@?@; eQthek :mrt@?ws Wt ta ﬁ@inommd iih @30kt dnv/ergaicond
aspec an . articul ar ros esi s risin er na
S eSS I BRETS AR QR TRl iR B il AT ST
ardohfbistions tdrésre, Fuir@ore, ohe or Bbtiedtshsuentyf caitbelsmooth or
external surface achieve a near anatomc fit with the

adjosRENT PoTgNE EPRIPANYSIEY 2B AESIAS ¥ AReGheRlgEs 1@ achieve in-

pr%%we&% boEE%newﬁ%ﬁ th%sarﬁ m%rtsmrmﬁb&o@meﬁ@ P firSofhponent
s or netal alloys ?/geanofher aspect

arexhibits bignegchesisal wroeg@eém ao ﬁ‘;ﬁst'@ Se%i?n@sto@éﬁ' i9agyg or
r es‘i’ﬁ'e@?f%%? sﬁrrﬂfa? id éltlcwy‘@é'rﬁl'a eS&hd lesQ'éhH)of‘ggcond component can

replacenent materi urvature simlar
s Uner [ oredprivgiplecatida ineadditiam e firgt erpesened pg@@pm@wts dan be adapted

C%{;trééeq\%emﬁ%ﬁ&ws (b) at | east one non-biologic

erel'n said articular surface repair system

c ﬁaﬂpfogs es aeréHottﬁ&réngctt B& ﬁﬂ[]c?.da? #L&'ﬁhe%&g %cﬁﬁ;gresgrﬁq“ﬁrlé ektBmal

t han, "or greatet t e wel ght - _
sauiface |achated insheploadibgating BreacH ranariicuansoufiane whkerentibe

C%ﬁw Lagﬁs gpsa%cg) Qﬂe%%?géﬂ‘af %h@%%oﬁéaq:ﬁﬁﬁ)%lc fit with the adjacent,

underlying or opposing cartilage is provided. The prosthesis can comprise one or

more metals or metal alloys.

[0031] In yet another aspect, an articular repair system comprising (a)
cartilége replacement material, wherein said cartilage replacement material has a
curvature similar to surrounding, adjacent, underlying or opposing cartilage; and
(b) at least one non-biologic material, wherein said articular surface repair system
comprises a portion of the articular surface equal to, smaller than, or greater than,
the weight-bearing surface that is provided. In certain embodiments, the cartilage



10

15

20

25

12 repl acenment material is non-pliable (e.g., hard
hydr oxyapatite, etc.). In certain enbodinents, the

wGeyBnemexhi bi t s bi omechani cal (e.g., elasticiPgr/us2003/038158

resistance to axial |oading or shear forces) and/or
bi ochem cal properties simlar to articular

cartilage. The first and/or second conponent can be
bi oresorbable and, in 5 addition, the first or second
conponents can be adapted to {gceive injections.
[0032] In a still further aspect of the invention, an
articular surface repair systemconprising a first

conponent conprising a cartilage replacenent material,
whaplademesdimitérial i naopligbtee(e . hbarddivaexyapaiie,sited.| brcerigin

¢ BboRindifd, 36E Mstem BNERL B RAR L)) dikifty J8REBNES to

age; Secon
saxiahldadingoslesdr fbla;es)aandlwr\,tamhemsal mrdpartigsosimilar to articular

- 6381 B R B sy e8] o dhenh o B e By . n
agtitition,ane fisstibf senteomponantsicaglbe ddaptadato receidy ingctions.
tibia, etc.) is provided. In certain enbodinents, the

f '[00512] Conpdnerﬁtlllifm’chunraspéc'taiﬁtrm ieergion, amadicular surface repair

roxyapatite n.certai.n e | ment th .
e it ebiupendie Empifo 8B Gag BhpeMift materal
I @BiefdinBaigl first caXipdhehtdadi dimensuoﬁsheuaﬂlaf tnftha’sc)f aaijubent,
bi oche caI r pertles simlar to articu .
PP IED, Ure g OF SRRH e e HEH OGR!, wherein
bb@lﬂ%@bﬁ@@blﬂpom hab & c@Htbre®imildrhe stibeindedl bees, mereln said
conmponents can be adapted to recelve

ec
c @FttcHlian semr%ﬁﬁgstewmms@ﬁ 5P %rha%?ljﬂr%’s/ af’ i arflutar
C%Dn‘fé&é‘(eeg aaem gl YeRTORATONEYIS] tifd, €t®) lsRbviddd. A ReE@IN -

under | % posi ng or surrounding cartilage. 20 The
t ﬁrrmd arﬂw afst éampawntés egmpkm@ egr B3 EoxyApRiiaL etc.).

Y Eér‘t?% en{bggr?’ﬁénté Qhé‘sﬁéﬂn'exﬁw& RIm&FRARLNER .’elﬁstlmty,

par articul ar I os €SI s conpri sing (a a net al
orresistante tol axig); Iom eheanfassase engfor biachamical proaedigsisimilar

t I?c?a!‘ti%@@{ﬁ )9@9 Thalfré P/(ﬁ@egéﬁd EothGonet¥ EARA6E ioresorbable

rnal surtace designed to achieve a
nead, mraamdnncthemrstwrtsaccm@bcm@mt& casube adarientp receive

Fﬁ}g%ﬂc%iﬂgn gértaﬁrﬁ) 89\%’08%&% ttl'n% %?co%§o¢%§ ?Eg\é'c‘éj?\%‘ture and

he repait sSys eses
delackridsedurhlarém that ef gdjacetri’u,emdexdylegneﬂprgfmse}roua@ng cartilage.

C ris yerLe I f ed to
caTB g B IRIB) Al B FRITBlaBL AR e
c ent i 0 -
ﬁ@o@@stmfnoeﬂtgﬁ@@ﬁ Sl A g o
(a) a metal or metal alloy; and (b) an external surface located in the load bearing
area of an articular surface, wherein the external surface designed to achieve a
near anatomic fit with the adjacent surrounding, underlying or opposing cartilage

is provided.

[0034] Any of the repair systems or prostheses described herein (e.g., the
external surface) can comprise a polymeric material, for example attached to said
metal or metal alloy. Any of the repair systems can be entirely composed of

polymer. Further, any of the systems or prostheses described herein can be
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recei ve injections, for exanple, through an opening in
W b@4ex9er nal surface of said cartil age repl apenEs1003/038158

material (e.g., an opening in the external surface
termnates in a plurality of openings on the bone
surface). Bone cenent, polyners, Liquid Metal,

t herapeutics, and/or other bioactive substances can be
5 injected through the openinggs). In certain

enbodi nents, bone cenent is injected under pressure
in order to achieve perneation of portions of the
marrow space W th bone cenent. In addition,

t adapteptd feceiys ird@eions, for wmrégetbrcu@@caﬂ mlnmeﬁé@ axteral

PSUBRE B P BRD RoRER U atd: iy (16, BHRBBARG TR iheihnal

psurgacedemmihatearn ayptusaldy phopmmga mthbdme syo‘a@@id/&ﬂne cement,
b re '

e BR Bt VR herpBedits, fao/bSinBrBBLiE o RREes can be
simgm:ltetbﬁhroughrihe vpeniagisheln ariaovembodimentspbbse cement is injected

th t d
I L e L e
aWItIIj] wBge cei|ﬁ1eat ] l?!adﬂitiom[rmyemd Jnhé I’Efpanrrm!g’emslrml prdgthesekxdescribed
bot h. nornal cartilage and di sease | ; :
Beiea Proed, e et ohi e SRR bonp Lgelf. One or
Smo?@ﬁﬁcﬁdblng@kf@‘émﬁ%fgo pegs, Fﬁihs @&} care@eendithilough the bone
articular inplant to match the

ning t
ﬂ%fgép%m@fmi"’he reconstructed di seased cartil age
surface or to match an area slightl reat r than the
ale33leq cdpeny shbesippciigen s aspras desaihed HRige: Bioint
bgan bk K@aNEARIdeRNhip NeTRBRRY, albowe ahmgﬁrlstr&& uding a
20 surface det ecti on method using any techni ques known

| fod3sp art In%m@ther BB mathod d!l@féblgﬁingldntdrﬁ@lﬂammplaﬁtmd
known devi ces such as MR ul trasound, di

{ BABYeIog L6 Seanal ShaiBE BB R dolbt WSHRIG MR g includes

' B&&%rmbnc&% 8iafd dREReEY BEflage; r&eﬁﬁmlﬁgwn@éhsms of the
perfornmed b taining a surface that follows t

céﬁﬁ@%ﬁd eArti a@ sHEReRal0 qoniespoRgte. Normal @@ﬁ'haa@eartdaqlﬁsag@mg the
Ftﬁ:ﬁ'%? frhglaﬁf‘t? rh%}lﬁlh Hﬁ@dl%@h?ﬁ%ﬂ& BP{heﬁebéﬁs‘fruEféﬂtdlﬁgséﬂ dartilage

e conto e normal cartilage to the diseased
c avnfadeagyeto angithy an areR gightin greatgrithaethe diseasrd cartilage surface is

CBRRME e brhgger ERPO0IET UG drPintr B A FhaBY including a

Ining a nmdge o ar'til age by extracting
cauutfadea@ﬁettrm:\meﬂh\ed usimggpmy tedtmiquies kioweds 8t ayhre.9.| mgehanical,

a%Bﬁ&rl ﬁltr%%omcg %ﬁ%io%sde.\/f&ers gﬁclp.ég AR, bmﬁésound, digital
tomosynthesis and/or optical coherence tomography images. In certain
embodiments, reconstruction is performed by obtaining a surface that follows the
contour of the normal cartilage. The surface can be parametric and include
control points that extend the contour of the normal cartilage to the diseased
cartilage and/or a B-spline surface. In other embodiments, the reconstruction is
performed by obtaining a binary image of cartilage by extracting cartilage from the
image, wherein diseased cartilage appears as indentations in the binary image;

and performing, for example, a morphological closing operation (e.g., performed in



and performng, for exanple, a norphol ogical closing

operation (e.g., perfornmed in WO 2004/ 049981
weEanAOERe03/ 038158 14 two or three di mensi onsPUFUSP0OH038158

structuring elenent and/or a dilation operation

foll owed by an erosion operation) to determ ne the

shape of an inplant to fill the areas of diseased

cartilage. [0037] In yet another aspect, described

herein are systems for evaluajgng 5 the fit of an

articular repair systeminto a joint, the systens

conprising one or nore conputing means capabl e of

superinposi ng a three-dinmensional (e.g.,

t lweer tremdigienaians uepg@sﬂucwrmgrﬁememandvcwsdlIaicme operation

a t

?c}lltoﬁ/ rr{j %8 an erryéibhl 8&%‘%@?“)&% g‘et(‘l%ml)@és fhs gstl:‘llta?é of ?R ?hn;garét to fill the

(areys of diseased sartilagenal i1 nages reconstructed in

mul ti pl e planes) of a joint and an i mage of an 10

af0037il ar rieyet anchartaspett dastripedihecsin ee $ysteros farlevaluating

i 2 e e T AR DS 2 1GRU R S e By e or
antore cbmpuiirgpmieans ;za;rbafl-m ?muqneampomgra oo aﬂnmaslenal (e.g.,
ec

ste apabl e of articular
SJEeEmatT fordesatee o 4 Bt ftldl sfRfe gpo of e
rra\vtlcn@r rdpsair smﬁe}%r\m tiwo-dieepsiohaltoposzasdttiohdlémagael o cross-
b SRR ages praselurto ap P R BeR e d Teikart an Mage of an
S FtlcOlan deplr Syistdng td @éterrﬁlhé HRCHtof tﬁ&@rtlbmae&rpdlr@@t@ho Mede
rep resentati ons can gener at ed USI r}g Cﬁzfp ametri g
s GPMREENG BSRBS EAR Q?.C@Wa lect 825r9ing Wetmagesiddpe Ripapd the
Skithz’uFéWreﬂ C}été‘nﬁ’ fnt® é%ﬁfnhélﬂccﬁnr&ﬁbié%y*sténﬁ Q‘é@bﬁl@ of 88lecting an
rrpl ant are escrib , exarrp e a tool npri si n%e

oﬁ@tlcararmaér SSOHTBBBYNB e bes H FBERE OhERIEUTSATaTANEq
?ﬁé%e&ﬁi’iﬁ f&b%é‘t tb@akABRR %{&fcabgﬁle%f%lg‘h%lﬁfntgl%‘é&@&eﬁoor

oi nt enoral cond and/ or

plabgr@a@nt&et\aewhﬂs@ qrmmﬂr)repalhswm@md the: pWBelNdng articylae
t %Bhad?e%”pl"HestﬁFe«a'-a&HehﬁnoﬁéL[[%éiféssml%ﬂ&ﬁsoé (Phe géné}g e\ﬁ'ﬂ’s‘i@r

suitable mater can useabl e
sipatdrestris eurfadegreptasientadionbe conpri sed of a single
conponent or nultiple conponents. In certain
elf®@38] nent sin yehanetber aspect sufgidas taplsier arapayingf joint to receive

3%@3&%%3 dgre &és%ﬁ@éc%’ §rpé3&ﬂgnlé) b'?&%l cbﬁlp@glﬁg %g'gﬁﬂg%%grf?%es or
f umarhlgers ¢im11mpnbenaah leasppartialtyetotthe skaps oﬂ‘tbe adicatgolserfaces of

Olhd'R o it 3Be fgr[n%ﬁal %8?4&;”9 a%/gF ﬁt?bﬂ&léteéﬁ oPaknee joint). In certain
embodiments, the tool comprises Lucite silastic and/or other polymers or suitable
materials. The tool can be re-useable or single-use. The tool can be comprised of
a single component or multiple components. In certain embodiments, the tool
comprises an array of adjustable, closely spaced pins. In any embodiments
described herein, the surgical tool can be designed to further comprise an
aperture therein, for example one or more apertures having dimensions (e.g.,
diameter, depth, etc.) smaller or equal to one or more dimensions of the implant

and/or one or more apertures adapted to receive one or more injectables. Any of
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di aneter, depth, etc.) smaller or equal to one or nore
di mensi ons of the inplant and/or one or nore

wa@pmnoenoes adapted to receive one or nore inj eRCHDEME3/038158

Any of WD 2004/049981 PCT/ US2003/ 038158 15 the tools
descri bed herein can further include one or nore
curabl e (hardening) materials or conpositions, for
exanpl e that are injected through one or nore
apertures in the tool and whigh solidify to form an

i npression of the articular surface. 5 [0039] In
still another aspect, a nethod of evaluating the fit
of an articular repair s%sten1into ajoint is

débﬁ:’tolObedﬁSﬁ@b%d hreretm@rﬁétt @rdndude Pne Phgiosh ewahler(ardening)
h 1alte] ags bPE&hpcl t]ﬂﬁ% o?'é%mkafé%ﬁtsaré‘??@cted through one or more

I nensi onal répresentations o
arapettuneann thertacltandewhinkl solfdify e farm arcnntmesa1@paf the articular
sgah&g} or two- dimensional cross-sectional inmages
,_cross-sectional images reconstructed in 10

m:l:bt?é l e pl@ngfhng tfhe?a%f%lfc?tei m@‘f?ﬁ%ﬁgif ByvAi0&t Jlggfrhggl_t of an articular

es at leastoRe sease
Olpéainsyisteno indo arjoinbis elesonitpeisheséinpine nethad cemarising wbtaining

. i. i h .
T NN T A e—
t fa lemst damaj.’am’cuIaerurswﬁmﬁth&aﬂicﬂestepblrtsgsﬂshf) odéf@ct
BRSSO L e
| mgtslé @Iaﬂlegﬁ@‘@ﬁon‘ﬁ NWisereinttie joimdedudds dtheagt oheidefsttor

A S LR o S e e, TS0 10 ST

I epEiRRRYRIgnea %o ephiltRe geret oit §ieatednge a@@@&&latmg the
surface rep resentatign ese net

eVBRgRS #ooqﬁt%raﬂnwep%?'wiﬁrnr@aa%ﬁ WJtElFf t‘eﬁ%ﬂféﬁhe gefec’uheg by

| ReREShb @Qn%‘ﬂfy iRfagBY t&@é‘@Hﬁiﬁé tlﬁ@flﬁof’th@%i@m@? %Bair sUB®m into
i mages can be obtained, 20 for exa e, Uusi nqgwe C-arm

LTS vnth A oran R BRI aS o e meats BT the daband foasicuiar repair
a%g&@ﬁ{ ar@ﬁﬁ&@ﬁg wﬁﬁ%ctfdnbrﬁgn B&&8irAtd @s?erﬁeﬁhg%@é dimensional

clng an Into an articular surface having a
dée@r@serdatlmwﬁwgwatedtus@graepwametrmwfacg|rei@f eggdation. In

Sta%g o?fthés@?'\?étﬂg%éé I?lﬁefr%?é %tloltllstlher e é?fo?%%}y S0 VELA9

placenment y accurately placing
t hlesnaamraamd/bhbsocwu@tee(ﬂ g.oautghmatet e d harimagesear bealtained,

A O B ST
S%M’(ﬁes f olraneq aR¥theP S&8dct HsBrit ke hétin is a method of placing an

implant into an articular surface having a defect or diseased area, the method
comprising the step of imaging the joint using a C-arm system during placement of
the implant, thereby accurately placing the implant into a defect or diseased area.

[0041] Also disclosed is a customizable, or patient specific, implant
configured for placement between joint surfaces formed by inserting a hollow
device having an aperture and a lumen into a target joint, and injecting material

into the hollow device to form an implant.
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devi ce having an aperture and a lunen into a target
joint, and injecting material into the holl ow device

wa eoofiosay8Bn i npl ant. WO 2004/ 049981 PCT/ US2003POB8B3%983/038158

16 [0042] A custom zable, or patient specific, inplant
configured for placenent between joint surfaces is

al so di sclosed wherein the inplant is forned by

inserting a retaining device that engages at |east a
portion of one joint surface i a joint and injecting
material into an aperture of the retaining device to
forman 5 inplant. [0043] The invention is al so

directed to tools. A is disclosed that tool

c{0842] ses: A awstemizablengr patisut speaific tmplanigegiiadred fpraplagement
S X [ ' 4 wnd

PE ST o SUrRE io'o oRABEUT AR it Inbia e B o

t nskerting ajnemhlog eldvrchmatmgagasmdea&t al peatdan efzaneijaint gurface in a

S it PRI SR Py oSl aphfle LRIt G bbilod'R fofin 2

r ghplani. ng device to conformto the joint surface on
at | east one surface having a surface for engaging a
j (00#3] sur f dfres ineeritlondk alshalirectethtu tatsat & $s distlbsachibat tool

| Beny R Blow 6400 pRNed B ORING RISt fufalE; SbREK e

aksmmunivateteith tHeemdld; amd hodastanerduidsagdrrs irethe  oibek.

TR R A SR R B s
utidid Zdrﬁh@dtlﬂﬂ 8itd 0§§§ af I@ésintr@d)m lnﬂaiteble mllmﬂemné or & retaining
joint. BRl gR PTIONOF T I% AOO " ;
fldPlé'C%ftoF 9”‘?)5& RilCIRLPHTERCRONA '?@jagf'e SHE C@r'é‘?/\%kr}gga surface for

eéﬁ@b@lﬁ& aljfint d@aee! é’bloc@‘?rﬁét%&rr@ﬁﬁurﬁddtés With e mwvidt Bnd at least
col or dfawi ng(s) W Il be provided by the Patent and

TPQG@WWT%@"U%&‘OQ'%quest and payment of the
necessary fe ;10046 FIG 1 is a flowhart depicti gr
vdboi !t RGisthest of Hasing ae dnpiant AR Fise PoRHaRg, The

dl B&nf)%ssthé Bteps o?lﬂ*nﬁ%lﬁ@tﬁéf jofht 6EA§ %Q)—@ﬁrhts'yét@ﬁﬁ oBfaining
cartl 0SS, neasurin hé t hi ckness of the

adj %(@%&wecéléﬂ@li image withribe freardupysigmoand wilizingrthaimage for placing
tt@ﬁe ﬁqﬂlé,@[ t?ajgmface and/ or subchondral bone. Based
ormati on abest fitting inplant can be

selectedfromallbrar [ | ants or a
BRIEF O ESCRIPT N OF THE DRAWINGS

[0045] The file of this patent contains at least one drawing executed in
color. Copies of this patent with color drawing(s) will be provided by the Patent
and Trademark Office upon request and payment of the necessary fee.

[0046] Fic. 1 is a flowchart depicting various methods of the present
invention including, measuring the size of an area of diseased cartilage or
cartilage loss, measuring the thickness of the adjacent cartilage, and measuring
the curvature of the articular surface and/or subchondral bone. Based on this

information, a best-fitting implant can be selected from a library of implants or a
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WO 2004/ 049981 PCT/ US2003/ 038158 17 patient specific
custominplant can be generated. The inplantation site

w0 g0048u98equent | y prepared and the inpl ant ati oPCT/85S2003/038158

performed. [0047] FIG 2 is a color reproduction of a
t hr ee- di nensi onal thickness map of the articular
cartilage of the distal fenur. Three-di nensional

t hi ckness maps 5 can be generated, for exanple, from
ul trasound, CT or MRl data. Dgrk holes within the
substances of the cartilage indicate areas of full
thickness cartilage loss. [0048] FIG 3A shows an
exanpl e of a Placido disc of concentrically arranged
cpatidnt spedifid cughem irApiant &b lshogewreratedeXberpphlantation site is

RS B A Wb L1
| 00, G0 B gD S RO thndls map
defthesirtialarogritidge effthe distalfemuarThaee-odimensienal fradeess maps

contour on the reflected circles. |

oo B pREralset rsefles ol ufatngh o B Rl AR M

awithinrteg sLissthiycesWwitiescatinba draicat® afd285f fulRhidknés ss¢entilage loss.

an exanple of a 3D col or-coded topographi cal map of

afo04sj egul amty3< vhowd aswxbmpi of|DPBERoMILBf coAedhtrically
variou

illustrate, in - t t f .

- auaneSE e o18h0 T JRooah Y Raribs e HERefe FBGo disoon
t Bisglkaes of Batdurageeand a cartilage defect. FIG 7B

shows an i magi ng techni que or a nechanical, optical,

2fod4ager orFigl 4 oI adefibeloe eesukting franmg prdjectioni aflcorsantric

and detecting a sudden ch e in thickness indicatin

t RECIRRPHIGH ( p0g0 L3 on6h der e ooy 455 egpBieghe Mot of
WohGhtlonlR BUITAGE SoHtb @ B pOREtadiridshe articul ar

cartilage. FIG 7D shows an intended inplantation

Sif[(moqnd carisi b aB6wslah estmplel dba AEcoepieded topograpriotl map of
of an exenpl arqx_ singl e conponent articular surface
r @pAIreIlyBt eHvedsUEfacPE shows an 25 exenpl ary

mul ti-component articular surface repair, system Fl

700 ns oo’ ShVSA) CXPMEIEE! 2o GHBEodA opagTgphioat map of
sghfigeguiaBPairied¥yaif® FI G 7H shows an exenplary

mul t1 -conponent articular surface repair system WD

2(0e84 998 1F BET7 ARANREFLR3 HL&8ss-section, various stages of knee
resurfacing. FiG. 7A shows an example of normal thickness cartilage and a
cartilage defect. Fic. 7B shows an imaging technique or a mechanical, optical,
laser or ultrasound device measuring the thickness and detecting a sudden
change in thickness indicating the margins of a cartilage defect. Fic. 7¢c shows a
weight-bearing surface mapped onto the articular cartilage. FiG. 7D shows an
intended implantation site and cartilage defect. FiG. 7e depicts placement of an
exemplary single component articular surface repair system. FiG. 7F shows an
exemplary multi-component articular surface repair system. FiG. 7G shows an
exemplary single component articular surface repair system. FiG. 7H shows an

exemplary multi-component articular surface repair system.
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18 [0053] FIGS. 8A-E, illustrate, in cross-section,
exenpl ary knee imaging and resurfacing. FIG 8A shows

w@20va0#m98i ed vi ew of an area of di seased cartiP@QES2003/038158

FIG 8B shows a neasurenent of cartilage thickness

adj acent to the defect. FIG 8c depicts placenent of a
mul ti-conmponent mni-prosthesis for articular 5
resurfacing. FIG 8D is a schematic depicting

pl acenment of a single conponeqg mni-prosthesis
utilizing stenms or pegs. FIG 8E depicts placenent of

a single conponent mni-prosthesis utilizing stens

and an opening for injection of bone cenment. [0054]
FI0GS3] 9A- ¢, Fies$.|84eE riltstrate, in opsssedion: PxamplapnHgiee imaging and
FleaRaRh e de SohE i the ity o SR O Ao Rartiage.
aRtceBBehowr@ measurameninef qadiags thikness adjatendto the defect.

e
c esxdiyfheing AFIG. 89 B a deEintdtie delpatingplacenfentioka sighle component

CBIRPS e b B B R S PlhogFF o F ot
S ¥6inpBhent mih0faBthebis GBliziA® dtemhsaarel dn operthgforsinjection of bone

illustrating steps for formng a device in situ.
[60W67L FI GS. 11A-Gillustrate, in cross-section, the

use of an inflation,device to forman,imlant, Fl G
W0 S0 s AL NSRS o ploRs hRF T Aol BxEblgry krize
bedsp@bingtdeniceiaRtl nfdthdds emcVgred€pitts dormél thickaessasetilage in
within the bounds of the IJ,Ol nt, 20 F]JG ]]1 B

i he,aRtPERrANAGRIIALANG PRRIPIECT RRRIN 94 Teaioraliceadylp cqnd a large

betyestiddMel @aRtfiages i ha¢R8teBEPStibROT thaffemopdlicBndyle. Fic. 98
surfaces extend beyond a first and second edge of a

j geRicts paeemantof pisingle PMBANAK Sititelar sUHgterPaisystem. Fie. 3¢
b%l'ehi‘&%na h‘ﬁﬁt}’—\@@rﬂnﬁﬂé_?\tbﬁ‘cm&r SUdRGRPair sfdtém. 11 D

il'Tustrates a ti1-balloon solution using two

bghdsmgns Wheks. {dXes B P BRartsil @stifing S8IHs fbOfoRAME a device in
o??]eﬁgﬁthhi nthe joint. FIG 11E illgsﬁﬁastes an g

alsttér nati ve nulti- 25 balloon solution wherein a first

bal | oon is conprised within a second balloon. FIG 11F
i II0QBH]r at esFigRol Hef illusirate, agresosedignulnediseih ap dnflation device

f it13 f&rmbam inﬁﬂ t ERS 1 M;Aﬂlnlétrr‘ateé B&ildidRime baﬂlloléﬁ Gr¥efted between

bal ['loon and furthe nerein the "second balloon is
adyva dainitsuriaceh wherephe iftation PEErs witgin the (etinds ekthg jaint.

28‘1&?@%@@9}%}%@%% %ﬁ%@% Balbbh HsehRl beffeewo joint

surfaces where the inflatable surfaces extend beyond a first and second edge of a

joint. F1. 11c illustrates another single lumen balloon between two joint surfaces.
Fic. 11D illustrates a multi-balloon solution using two balloons where the balloons
are adjacent to each other within the joint. Fic. 11E illustrates an alternative multi-
balloon solution wherein a first balloon is comprised within a second bailoon.

Fic. 11F illustrates another multi-balloon solution where a first balloon lies within
the lumen of a second balloon and further wherein the second balloon is adjacent
a third balloon. FiG. 116 illustrates a 3 balloon configuration wherein a first balloon
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19 lies adjacent a second balloon and a third ball oon
fits wwthin the lunmen of one of the first or second

whadokoeesl [ 0057] FIGS. 12A-E illustrate a variBClHUs$003/038158

cross-sectional shapes achieved using balloons with
variabl e wall thicknesses or material conpositions. In
FIG 12A 5 the inflation device enables the inplant
to achieve a surface conformng to the irregularities
of the joint surface. In FIG1d2B the inflation device
enables the inplant to achieve a surface that sits
above the irregular joint surface; FIG 12c

illustrates a device forned where a central portion of
t h@ adjacard asiecondbelapntans a fhifdrialleen fitgydthin the lumen of one of

r e the proximal and distal ends
F{r(grtéeg %Pfgnﬁgé}nlo | ateral abutting surface to the

ugq ) 01 ©Ghes. 2% ARG o AR SRl SLRHbAA habdPsbhieved

a firs Ion device
i nsihg hiaioorseviticegriabie Walaﬂnmaeeerasmr maieﬁaliqgmmslti@ns In Fic. 12A

W LB QA R I g A Bl G o
I @eegjuldrities df fhiegoiahsuriacel h{tFlemZiaathleomﬂatlba\dengeamables the
T pfiaho B 0eaF o-Hecf e dut ol bRiTrAITIPIL YR Fio. 126
cliliostatee @tldlsvgml fokm@d/\wherfe i ?matlral pbhlarﬁm%mlcmtssﬁmm the
t Bifiiadrage by arbien WIS PR Bhd 0B RABE TPt fgedm a
14a‘teré| albuttiﬁg é@f&dtb@helmt@fefe%w Flai12bniustratescedévicd forrmad
o HanGR R nGa e AsoHfe s o Reaind pliglondices RRgr et

eésmid@éﬁbrﬁéumgbﬁoqﬁma%tm #id. Iml wmlesput;f mmuemes an
systemw th vary curvature and radji. FIG 15B

défewagvedeNice fw@Q%@wgmt legst udifereatinfialien deviges having an

S3é§fe?3?’¥\“\é SmASCRHe AONBOBKEWN Ak, 12d.ror s the shape
of the subchondral bone and a first conponent closely

681s t hepghaps- Q(n Chg%HbWH Wr%typéf &6& é’&t@ﬁélr\ﬁw@bﬂae

normal cartil age. A- B show exenpl a
arnflagon dewp@mhqusﬁl@w e %taésﬁn Gt Positign ﬁ?mﬁndlcuiar to the

fTQ,@,&yg}%anhﬁéﬁggrqq%l@ normal cartilage. The systens

are I nplante nto the underlying bone using one or

MF597€9S - MiBs29At) PR tRCISLISRORIAIRARR HeRice to form an implant
in situ.
[0060] Figs. 15A-B show single and multiple component devices. FiG. 15A
shows an exemplary single component articular surface repair system with
varying curvature and radii. FIG. 15B depicts a multi-component articular surface
repair system with a second component that mirrors the shape of the subchondral
bone and a first component closely matches the shape and curvature of the

surrounding normal cartilage.

[0061] Figs. 16A-B show exemplary articular repair systems having an outer
contour matching the surrounding normal cartilage. The systems are implanted

into the underlying bone using one or more pegs.
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20 [0062] FIG 17 shows a perspective view of an
exenplary articular repair device including a flat

wG@ohaemwst o control depth and prevent toggle; BEI/US2003/038158

exterior surface having the contour of nornmal
cartilage; flanges to prevent rotation and control
toggle; a groove to facilitate tissue in-growh. 5
[0063] FIGS. 18A-D depict, in cross-section, another
exanple of an inplant wth mjtiple anchoring pegs.

FI G 18B-D show various cross-secti onal

representations of the pegs: FIG 18B shows a peg
having a groove; FIG 18c shows a peg with

r [062] | y- extieuti siyavwmpenspaa;tivlaediqw aharhexenplerycrrticder riepair

milptiog PR B o B oo ye R S ot ¥y chterior

deprifaxde IwVIrcgvtaelmpathUV bemorofal eartilegenfdrgey to pyeEvant romtioh and
e L e IO

di of h .d E - .
e R R e R

amita mlﬁﬂlﬁanaﬁkﬁﬂﬁ e, Pverideadshovevarioak dries-seutibaalt

sho that h d t be

o BTt Hh ot et B 1pe | ot BEPuiiEha BoqvE Fip. 180
agRows Bied vathoagia vaJehtehbmg aifRe igdtine ) arohdr thecdevigedn the
axes. Fios. 21 B-Eillustrate the. ti bi

- HERSTHG DInF SAE Ei A8aPNONS & Peg 8t mw@nﬂsgf%ovsseue‘lﬁn%
plane al ong_wth ao‘%ut femur an

i (9984 1 at eFIENEPAR pr‘f'HIa”é)rYGr'@lagt"iif’é"’ Pt%?x‘?rﬂ@?[}’d'm%a”t with
t Hﬂjlﬁlﬂé@n&forhb%egggnﬁ QiEdict hdW &/ peds! dre ndRnsduveariigMnearly

exanpl e of a surgical tool having one surface
tl@rrﬁworawedew&dm a¥xis ghtherdqvicgt ar surface of the

joint. Also shown is an erture in the tool

L T00RSh: o1 | FIR. Hy s RolGL AR A TR NRYIES Fesf b Eending
alhRY s, DOb-2HrébleMel vilsi A9 | Hg%ht%ho#vﬂ?' A8 the shape of
having a press-fit design. 25 [0068] FIG 23 is a flow

c g pediegrthothe camigabus et hods of the invention used
to create a_nold for prepari patient's joint for

al@8f83s c opi iGs 4y lusirategs i@DW/: BQ‘Q@@? fibetey alepwih 48158
2%4&%@9@&1 ﬂo%nﬁérﬁicda%scr-lés 215-£ (I08Fat8 984 HISA withthe anatomic

exanpl e of a surgical
and mechanical axis used to create a cutting plane along with a cut femur and

tibia. Fic. 21F illustrates the proximal end of the femur including the head of the

femur.

[0067] Fic. 22 shows an example of a surgical tool having one surface
matching the geometry of an articular surface of the joint. Also shown is an
aperture in the tool capable of controlling drill depth and width of the hole and

allowing implantation of an insertion of implant having a press-fit design.

[0068] Fic. 23 is a flow chart depicting various methods of the invention
used to create a mold for preparing a patient’s joint for arthroscopic surgery.
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contai ning an aperture through which a surgical drill
or saw can fit. The aperture guides the drill or saw

W o0oamk®st he proper hole or cut in the underl| yP@yUkmng038158

Dotted |lines represent where the cut corresponding to
the aperture will be made in 5 bone. FIG 24B depicts,
in cross-section, an exanple of a surgical tool

contai ning apertures through which a surgical drill

or saw can fit and which guidgthe drill or sawto
make cuts or holes in the bone. Dotted |ines represent
where the cuts corresponding to the apertures will be

made in bone. [0070] FIGS. 25A-Qillustrate tibial
c{0a69%hg bl duks24andepiass,ds cuassesection; raaaxempieoia sugicatigol

PEARERIEH Byl VUG TOORT A R By 0SSl Sperr

i Qlides tred drilf @reaw touhakenthe lpropst hobnat awb irdthewsderlyiog bone.

te. f i Vi he f I ti ,
= DRAE i Rreen b9 ERE S HApbiNnG LR HeeRBls figthace in
C bbh%.{lﬂe%ﬁmdl@iaadn erisdsevtiat) ahmxf:aﬁrﬁ)lepofemalprgidlahmol containing

atella for rec in ortion of a knee i ant . ,
P BbStoRouGERAIN A SR 7 St caft 185 wHiFA GUige the aril or
bkagks nitikd ol Slshalssiel theboss. eBbedlirrds rpReehiowhere the cuts
recei ving, the fenoral %gortl on 8f_a knee i npl ant.

[ 60783PanRng todhe apertyres WHRGMAER IMBRNSm cut ti ng bl ocks

and ol ds used ¢l eat surface for a hip . inplapt.
S00WBY A | EDF iEseh BT Ea-Tae iy Qddﬁg'éf Be@lo reate
f aldupatd E,eﬁ!)%ﬁ@khl%? tPtheiahalIngie QRIsEEr le@eifimathé tibialportion of a
person skilled in the art to nmake and use the

i K0eRtMRIANt Vari ous nodifications to the enbodi ments
described wll be readily apparent to those skilled.in
tHOZt, a qeﬁh%ﬁA-aéwéV?% fs&ﬂhewtﬁv%éloaﬁ PGS e to Create
C%d?i%oé?cﬁ'ré@éivihgtﬁéﬂéﬁroréifﬁ%%rmraﬁne@ﬂﬁwp?aﬁnt

applicafions w thout departing fromthe spirit and

sgere1of t hasPpESemiustraieaitiéIRi casing BRickeafd Pyolddi@sed to
appended clains. Thus, th resent invention is not

S, € pl
i prenaethe patpia for repeiving @ §ortior of AkHER MERBBL shown, but
is to be accorded the w dest scope WO 2004/ 049881
pE897332003/ DgsddssH ilbstraisfemeral headickiing piodss aRe impldsused to

anfbdieatdifase Hrs6tNiRg tHaseRioRal pbftidn6t afrHeBNiplant.

necessary to achieve a conplete understanding of the
| nyerdyi on digChesBiustrBR acetabulum cutting blocks and molds used to

create a surface for a hip implant.

A\

DETAILED DESCRIPTION OF THE INVENTION

[0075] The following description is presented to enable any person skilled

in the art to make and use the invention. Various modifications to the
embodiments described will be readily apparent to those skilled in the art, and the
generic principles defined herein can be applied to other embodiments and
applications without departing from the spirit and scope of the present invention as
defined by the appended claims. Thus, the present invention is not intended to be
limited to the embodiments shown, but is to be accorded the widest scope
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speci fication and drawi ngs of all issued patents,
patent publications, and patent applications cited in

W koog/o#gopl | cati on are incorporated herein by redBUS008038158

5 [0076] As will be appreciated by those of skill in
the art, the practice of the present invention

enpl oys, unl ess otherw se indicated, conventiona

nmet hods of x- ray imagi ng and processing, x-ray
tonosynt hesi s, ultrasound incpudi ng A-scan, B- scan
and C-scan, conputed tonography (CT scan), magnetic
resonance imging (M), optical coherence

t onogr aphy, single photon emni ssion tonograp gy
( ePEGEyntavith the principles amdJeatorest disalegeddreyeipPED)theveklenh

T e

hepailfmatlo;ﬁ;aad deavgings of dldysusidrpatents epdienterubiicationsrandspatent

éaﬂﬁ 0?%% 15 i A0 RO AR pEb i ntet b Rience. o
lffrelner . A \&@33%%@5%%%"%@5@%%%6% shilimd et tﬁé‘%ﬂ" 5,0f the
edi‘eiselnt |hamt|oh?§gﬁplmuklggreg o’m‘;\:\/ﬁg lnqndidad goaventamdl methods of x-
o L BP0 TS PR B oS b L og gy soan. B-
et O oyt
A MRoprteel e e sBmeor R R BRI e eSHa tardoe Sk
CeSPRST} A podi®én 8&|§sm&bmlogﬁadh9 PE$ wmliﬁhtthé?‘sllhmbf tefad. Such
repairing artlcular cartil ge an tin

i FRCSpicHER Gre exPiaingdl A8y inheditgrayre @53 fee 5@ ?% %ﬁcaﬂ%ed Rerein.

MaLer b gl X-RAY @tr@cﬁ:\@D@@rmmﬁ'ﬂ'@ﬂ% P@édﬁl@él G@U@%d ttdigon, editors
t echni ques descri bed herein allow for

c e mnd aensen, 3089 clahni Wig)ed Sopsi reutwﬁh%rr Baﬁy £d: 4fractical
pgs\r %)Pc?éghaédl Ryt 49§@A\A&§1%QPIH@ ﬁu’?ollél%r“% r&’sf DfdgﬁSsns A

ckness and/ or curvature. shape
( Ehg3101a9|32°d0pr@aﬂm reliéerd-agh dP88 Smngarr\l@maﬂ, @}lbldﬁhef ta@d Dental

ARl @f flﬁ@[#s't%rﬁﬁfqﬁl%r)z RSP J‘gﬁ%é%gﬂég%?tqﬂé ER6&ebank 1997,
t IQxfendijrevarsity lanrasgupualishearseiel @lg@ Therfessentiglddysies of Medical
?’93{9'5%5. 2 a%ﬁﬂd TT%%SIE&QQ &t Jieterial can be shaped

on -an uch 'shapi ng can be based,

fi@ fﬂ,a?.lpl eThé)gregéﬁt%\Ve(?ﬂibﬁ %%E{P@Hs ﬁ&’Y:bQEPSIE%r;/s for

onre Ing CUrvature or -t hrckness
" mewaiwhd jotrds, thariydarly for repaiding grtiaDlaz @adilapec@ifor facilitating the

SRR SR R R A s g3 SR Ao
other things, the techniques described herein allow for the customization of
cartilage repair material to suit a particular subject, for example in terms of size,
cartilage thickness and/or curvature. When the shape (e.g., size, thickness and/or
curvature) of the articular cartilage surface is an exact or near anatomic fit with the
non-damaged cartilage or with the subject's original cartilage, the success of
repair is enhanced. The repair material can be shaped prior to implantation and
such shaping can be based, for example, on electronic images that provide
information regarding curvature or thickness of any "normal" cartilage surrounding
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current invention provides, anong other things, for
mnimally invasive nethods for partial joint

wo eplacesent . The nethods will require only m PCTEE2003/038158

in some instances, no |oss in bone stock.
Additionally, unlike with current techniques, the 5
nmet hods described herein will help to restore the
integrity of the articular surface by achieving an
exact or near anatom c match ggtween the inplant and
the surrounding or adjacent cartil age and/or
subchondral bone. [0078] Advantages of the present

i nvention can include, but are not limted to, (i)

c thet defectanidtr cofcundaiture of dépaboene uridarkying thedafect. nbhushithe

fe g{,l r%rﬁ%%vge%ﬁﬁg%ﬁdéﬁpcgersr arﬂ;?gé%ﬁ%r tﬁlﬂ &nﬁ%él&q vaswe rﬁethods for
neadiaf jomnt aeplamﬂnmmha)meﬂrmsla el tdtqelrelerhtyanmtmalbne in some
d int t ' (i
e e WA T
Wﬂt@ﬂi%dsl dedafi l?dré]tggerteh?mll mm:pab:raStmethanmtegﬂlyroé fIhe( a';]rﬁ¢ular surface
ovi di ng et ho of evaluatin ryature a

" B 2rPieH e dn SHPCLIgia SR aTe BT YU aEh FifgElaTg and the
bagesuriing bt AdiagEit @tame@eparrﬂmrrwba‘ioﬁdea:mmnques (v)
providing methods of repairing joints with only

umml or , Advangdyyee of tHesprasetdnvemtioh eas irndudepbet &t aoklimited

andxé TR of TR eRA Sy Sateioiadie ey Hag pomfort

t |l’l=§/e1jf?>$ 'tl@pﬁfé%t iHBwig thé @éﬂé‘ir ﬂr@@éﬂdre "(ﬁ} @rni'llﬁétlﬁd"bﬁb n&ed gor a
precisely fits the defect (e. of | ant ati on)

a§Hrgeqndd mﬂaﬁa!eythe SEiRL troke r%érr%@ @H@es@twe fin $¢jae
| %'nfbtodm;’@ntg Qﬁ?@]lmlnatlﬁgsﬁ%ﬁ%”& HsurfoNtSshife Mkl turing

[0081] The hods and conpositions descri bed herein
cérme ieplaptation procedwat (N dreddisg maieds of pveluging rewale of the

eﬁeﬂfem‘é@n%l ﬂ)é"éé% &rﬁo&e’oﬁégﬁé’?ﬁoérd%' dripased Bﬁ"lﬁrao@@fﬁig@ probing

trauma, and egener ation due
o\t@chme@r Vé\g@VIdlﬂm@ethﬂdémf remlrmgjgwgs WisihroRly nanifes! Or in some

R P g gt
Of 0 -ﬁ_;her est Tﬁ%&tﬂ@ﬂeﬂgﬁs d@Qc’: er ! rélﬁ\%lllﬁ\f} O the @E&gb%gg use of

t he ect al so
cqmm rgpein snapenial hadimarh @rexzﬂetly fitadlee defiectierai sitg affipplantation)

i S T S R e L
2320% I ze, F“W%&ws%sméﬁ%molp%&wﬁaa NE@PUr enent s

obt ai'ned "'using any suli I'e tec nique.
[0081] The methods and compositions described herein can be used to

treat defects resulting from disease of the cartilage (e.g., osteoarthritis), bone
damage, cartilage damage, trauma, and/or degeneration due to overuse or age.
The invention allows, among other things, a health practitioner to evaluate and
treat such defects. The size, volume and shape of the area of interest can include
only the region of cartilage that has the defect, but preferably will also include
contiguous parts of the cartilage surrounding the cartilage defect.
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For exanpl e, one-di nensional, two-dinensional, and/or
t hr ee-di nensi onal neasurenents can be obtai ned using

waiotaidoel nechani cal neans, | aser devices, 5 PCT/US2003/038158

el ectromagneti c or optical tracking systens, nolds,
materials applied to the articular surface that

harden and "nenorize the surface contour," and/or one
or nore imging techniques known in the art.
Measurenments can be obtained ggn- invasively and/or
intraoperatively (e.g., using a probe or other

surgical device). As w Il be appreciated by those of
skill in the art, the thickness of the repair device
100e82} var yAawilldreyagprecated diyribosteqfeskdl in gheuprbrsizeh eurvature

%R@g:lr:ﬂg%l{nggs engﬁ&nﬁ)egp F% P%?B aﬁ)rlegg.fsb@j%}%uit%’eet&%ique.

arFtor exdraple, sne-tiatansidnal d8d-disendidnat tanaliardhriee-dih&nsidnal

ically the s b ns b neasuring the, .
s enions® 5 b SR E R dpla B Ut Bt iafd ovices
|t fﬁfébttrbﬁlaghétlc%}emm@éltﬁcktrig%yetems Wszymdtéﬂgk lapplhrmiate e
e.thickness o acent cartj e 20. e these
BB RESE o haden aRA "merinike AT siftos soRaEy - Ara/pr one or
S%ér@%aglﬁg SR8 knd@n ifMHeadrh &Meaﬁlremehﬁacaﬁtﬁe\/@dtaﬁhéd non-
of subchondral bone can be neasured. [0084] Once th

siipvasiyely:ans/ydnteraprerlivelyd &g, L@'Q%Pr%'?ﬁ Qr AP SUrgical dswce ). As

Slif6é 8PpleCRiBAby tHéé@bYsﬁl?mOthe AR tHéﬁh%Rﬁeé%sadT th€repair device
gener at ed based on the patient 20 specific paraneters

o BB VABKR AN GNe R HepRBRING URAR hey pRIACT BiF GAIMaga:pdhe

U Qartl a”q%fa?ﬂd/b%ﬁehs beBRkeBled ahg%a}tféhfé? lochf#éh on an artlcular
i nmp tion site is prepared 40 and then the inplant
'§urfﬁs€t alled 42. One or nore of these steps can be
repeated as necessary _or desired as shown by the

od 0%Hal repeiiusisategdn fis, 12typicgly theprocass beginsdy first

an dg% r @ %}% W %%bw%%é Jam?g?c?'g‘%aét TQ%& iﬂgﬁos e

of Thekeafler the wyes can topthaneddgurmﬂysuaacwﬁuthpgmesssxﬁ |adme@t degiilage 20.
ety rthQQe gtje gﬁeééf&&%/do{hecc:ﬁg\ya%r#ro? tl(eear%c%llapgurface is

cartilage an

c an¢aduaerk 3@rAlteanativelyg thel aseatimeadf sdechdmndral bonefcar breany@sured.
WO 2004/ 049981 PCT/ US2003/ 038158 25 magnetic

r §008vince i @age tigp $ikdrD) the defget tsdthommpeigher@mimptent aamge

C%ec?ea;f?ne gﬂpoﬁgﬁ gagq %)?arnlt 559 R@?@Eﬁeraﬂm&%@%‘%hg rpatient

nogra
specific parameters obtalned in the measurements and evaluation 34. Prior to

installing the implant in the joint, the implantation site is prepared 40 and then the
implant is installed 42. One or more of these steps can be repeated as necessary
or desired as shown by the optional repeat steps 117, 21, 31, 33, 35, and 41.

[0085] A. IMAGING TECHNIQUES
[0086] L Thickness and Curvature
[0087] As will be appreciated by those of skill in the art, imaging techniques

suitable for measuring thickness and/or curvature (e.g., of cartilage and/or bone)

or size of areas of diseased cartilage or cartilage loss include the use of x-rays,
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ul trasound imagi ng techni ques, and optical inmaging
techni ques. (See, also, International Patent

wookioemsi on WO 02/ 22014 to Al exander, et al.,PCT/US2003/038158

publi shed 5 March 21, 2002; U.S. Patent No. 6,373, 250
to Tsoref et al., issued April 16, 2002; and

Vandeberg et al. (2002) Radiol ogy 222: 430-436).

Contrast or other enhancing agents can be enpl oyed
using any route of adm nistrajdon, e.g. intravenous,
intra- articular, etc. [0088] In certain enbodinents,

CT or MRl is used to assess tissue, bone, 10

cartilage and any defects therein, for exanple
caraghbt{xgesb&amqaﬁmagmga(ms cofmputidstormgrapharscanrige (CT calso

B L4 08, A A5 SR B8y
OUItH@ISOleChwgn@pﬂechmlqﬁeH raatl ioptica raging Im:rmrcmaso(See, also,

Ao Rala: PPk nE VB IEHE e Ao Rl A ypished

Chvanglies1 vidoRi U.S. axitehtaNo. G873, 2500 %r@m abes@lmtde@nsrede 2002;

tj %Igg gggﬁ&ﬁﬁagﬁ?%)H]aéls??%ﬂéfoéﬁe@nmgﬁegdl s%sgss ré?ercw)hancmg

B@@éﬁts Rah 'b%'d?h;ﬂ§ye’1‘ﬁ@slﬁ’g3§ dy foutd eMadminiSaans ebgiitravenous, intra-
Brown and Richard C Senel ka, Wley Li ss, Inc.

(fgg:g)a'r etfor a di scussion of MR i ncI udi ng

conventional T1 and T2-wei h ed c
gleRfi%nt r daserialp ebRdim ds Uﬁ%@We%%ng% fikive, bone,
t rc@ﬂ@g%r arfeCaHy dstbetd hdrdfh Gor b%ﬁbl%%artflé’@é leSidh8 oﬁﬁhﬁs of

i magi ng, contrast enhanced | rragl ng, rapid

a@lqa@aged Faflagi| xaRtRi TeHMRIIRSERESHOCD ) baneckicagliage
g@g@%ﬁn&?%ﬁd @Wbﬁb%&?h@eglctopﬁlo%héﬁ%‘él 8t @Bﬁ\echanlcal

driven equi um Fourier transform
( bEsmMyationrakyuhthe area @bd@mﬁng rIreciiglyeo hangeshuch |agdigsuring,

S%%rtﬂ g?(ﬁm %ékne%% C?Hrl?gr V&%%@%&%ﬁi chaﬂb’%@r Hﬁwﬁ?r‘%@lo‘ﬂxﬁ?@amlage

st ea ee
eq:anlbehiaten’ted/ﬁatlngnde 25 NDIESSf theaeusnethcrdSp rRefr gisceesions of the

t ,aggl_f\wmglp@n a | Hﬁrﬁ&% t?ﬁgf\/ﬁgﬁ%%% @ﬁ&l&ééﬁﬁ'd ABPlications,

ges obt al
deSrohd Edition, MaekAnBewn atd Righard G/)@&)ﬁélmof;llde)eklss dne. (1999).

| rﬁo(glarfg%jc%uggloﬁﬂl\&ﬁg-iri}ga @ﬁ@ﬁﬁ*&éngﬁgﬁlmr%ﬂgeffbv@%h% Saﬁln -echo
' ”ﬁ“ggﬁ"g gradisapsacaliéd et (GRE)imagne, Hiagnetlzatlon rtransfer contrast

£ RS ToaRe st siaeals Bk R36S) Gosbinshd el imading rapid

e@cﬁﬂ%ltn@ﬁ,relbkétlbﬂ éﬁHaﬂBeIﬂBﬁlt/ (RARB)tiARg0g, gredrenbecho acquisition in

oth]g Ispe%gy s’;;te (GRg\Sg? and Aquven equilibrium Fourier transform (DEFT)
imaging, to obtain information on cartilage, see Alexander, et al., WO 02/22014.
Other techniques include steady state free precision, flexible equilibrium MRI and
DESS. Thus, in preferred embodiments, the measurements produced are based
on three-dimensional images of the joint obtained as described in Alexander, et
al., WO 02/22014 or sets of two-dimensional images ultimately yielding 3D
information. Two-dimensional, and three-dimensional images, or maps, of the

cartilage alone or in combination with a movement pattern of the joint, e.g. flexion
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i mages can include informati on on novenent patterns,
contact points, contact =zone of two or nore opposing

wa@edaonouosr surfaces, and novenent of the cont aeCT/URIN3I1038158

or zone during joint notion. Two- and

t hree- di nensi onal inmages can include 5 information on
bi ochem cal conposition of the articular cartilage. In
addi tion, imaging techniques can be conpared over
tinme, for exanpl e to provide yg-to-date information
on the shape and type of repalir material needed.

[0089] As will be appreciated by those of skill in the
art, imaging techniques can be conbined, if desired.
Ferexderasipl, éran€latiomandfagiotafionr can baybtaingdr dereeplimeasional

RS & b Phs PRSPl B RVl et Sc oo ol gntact

caonbef twanty meid orpptolsmgmcaﬂarmjrfauéarand ondveasnt bbthe contact

visualize the carI | age. 0090 f the i,m

ot s e gl EPEFh Ttk e mehton sl poeS oan incluge
OO EhatioRl oh Kisfamighise ioh of fIWarﬁmﬂameﬁtlluge ﬂg aadltlon
hand- hel d ul trasound and/or 15 o t| cal

¢ WBSGPS o oS oP BT Rare OfRE 1216, vai graMefecto provicd L to-date
| lihfoRhatinesh theGRbPE ah@ Bfpedsf¢épanmaterial needed.

t hr ee-di nensi onal thickness map of the articular

syobseie on A Al H ap@bcibiiiLdy. thdseotiédilkinhied e, Weigihgftechnlques

t he cartllage i, ndi caqge areas of full cartlla

[ 389 PE Gambinigthifiastas. o §X¥RDPIRafE) IMBeY %50 [aty Sfoscopy can
| RAide fSrarﬂoﬁ’&n M%%% wmewweaﬁaﬂélaﬁ.gme&@lmu@rabarmge

bi onechani cal axes an extrem'ty associated with
j dnfatmatiou. Codyneimagingcames gerabined wthé&taa-rﬁrt'@ulaéﬁowa%o

oriRli%s '@Cﬁmg% ned with an VRI. Typically,

anatom c rks are identified on the inmaging

t gg@)%esul t &ny SLQ\e mbBi‘ﬁg’&“eW@&s Hbééﬂoeé%rélﬁ @&f also be used intra-
| andmer ks are” then utilized to directly or indirectly

deaperativaly (5er alRashelew). dxeaxampie y%ing a MROF-Nekchwigreoundrand/or
s | 0

L%{P%é%rbﬁe m%ggghggﬁféggﬂ sgn‘éEoeg ng? ﬁgératlbﬂ?eﬂb b ﬂﬁ.lstégt%s a
be:oaormeprguuctly@eqf|artgra°e|—qi|meos|onaléh|c§masgrnam of thfe@rtlcu ar surface on
e I
p)ﬁﬁgg‘ns?allfé;}néﬁtjgrha d%ﬂ@ﬁ&ﬁ%h% bénc%@n“a % emugéetg Eo of full cartilage
ddbss.m ne t he fem)ral and tibial anatom cal axes and
to WO 2004/ 049981 PCT/ USZOOB/ 038158 27 estl mat e t he

bi[00®thani cal axibs. 88 t hose of
skill in the art,
[0092] Imaging can be used to determine the anatomical and

biomechanical axes of an extremity associated with a joint. Suitable tests include,
for example, an x-ray, or an x-ray combined with an MRI. Typically, anatomical
landmarks are identified on the imaging test results (e.g., the x-ray film) and those
landmarks are then utilized to directly or indirectly determine the desired axes.
Thus, for example, if surgery is contemplated in a hip joint, knee joint, or ankle
joint, an x-ray can be obtained. This x-ray can be a weight-bearing film of the
extremity, for example, a full-length leg film taken while the patient is standing.

This film can be used to determine the femoral and tibial anatomical axes and to
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these processes for identifying, e.g., anatom cal and
bi onmechani cal axis of the joint can be applied to

wW@rGven4998i Nt s wi t hout departing fromthe scoperPOf/Us1963/038158

invention. 5 [0093] Anatom cal and bi omechani cal axes

can al so be determ ned using other inmaging

nodalities, including but not limted to, conputed
tonography and MRI. For exanple, a CT scan can be

obt ai ned' t hrough the hip joim, the knee joint, and

the ankle joint. Optionally, the scan can be

reformatted in the sagittal, coronal, or other

pl anes. The CT images can then be utilized to i E¥
Iestimede e iamerhatital Axes. Avdvi Ge@@P@Cﬂﬁt%bY Hose of skill in 1 the art

3tﬂ@§é3p?o%@§s£rfgr ?bﬂf’fglﬁ% ebcéhaﬁ%ﬁéal @hd b‘id?ﬁedﬁaﬁldapéﬂé of the

knee ] ol nt oilnt. Simlarl MRl scan
cieint ban beeaplirsdto crtlaﬁrJ@lntswﬁmubég@arﬂ%fror@%hﬁﬁp@e ftherl
Sf the thigh and pelvic region can be obtained

usi ng a body coil or a torso phased array coil. A high

r@ﬁgg}“ I on A?ﬁ%ﬁi?mgél aanrb(?orKQ@r%rﬁéé]! Qiesc@dﬁ 4180 Qé’ﬁéte'ﬁﬁﬁhed using

a dedi cated extremt scan of
cethéy inidging medaliies ainduding b&hROTélmltﬂdﬁP, wptﬁ@d tﬂmarﬁ@'w and

|
e
ojointtmisteemamouahdowmaﬂmathescmcarahejrefomﬁ@ﬁanrtmeﬁaglttal
axes t i mat i i s.inf { O
AeTPNgP e Eeheh: 63 lers G ieie fRzed ﬂ’dd“"”@‘”
C@mﬁibmidam&nba&rm to2ieterntires éntambbminaleagmlsbiomacme‘rmm axes of

t at.
DB R e OB ALGR By on v o
| foR@hi® Budoddy Fﬁﬂék‘arﬁﬁeaarﬂvlmeaan obthe MRbh snd pelvirsregimmean be

advant ages bec t

GaRBIReE TG 1 atiarakaa a0 mananaray Cp i dEreplipnpoan of
t Rk deeqoinfitdrens betamed Jsh'@ra?béidleéidd Bgtr@itytait YA scan of the
Mor eover, neasurenents can b%SrO%r or

pralifiizja regiem apd theaniiagintcan kg %S’ea”blua'ﬂgéebclqﬁé%o" ora

Mo Eﬁa&% £85) doil. FGResRicAlI8ndarks @ah 8k rdeﬂi’ﬂlﬂé@m & joint on
regl ohs usi ng conventional radi ogra

hy rinc
L ipsciseens g thesanadornicpLanst biomSSkAGH St Garhbe BEUBetedesing
2004/ 6490981 PCT/ US2003/ 038158 28 [0095] The
bi'onmechani cal axis can be defined as the axis going

c?@yﬁ A A’@Fggée Sl’ﬁ% tnerghtS%t%@gBrd@hn@%t%éhﬂﬁ@ébﬁdtﬁms has some
inherent advantages, in that it demonstrates normal as well as pathological
loading and load distribution. A cross-sectional imaging study such as a CT scan
or MRI scan has some advantages because it allows one to visualize and
demonstrate the anatomical landmarks in three, rather than two, dimensions,
thereby adding accuracy. Moreover, measurements can be performed in other
planes, such as the sagittal or oblique planes, that may not be easily accessible in
certain anatomical regions using conventional radiography. In principle, any

imaging test can be utilized for this purpose.
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joint. [0096] Conputed Tonography inmagi ng has been
shown to be highly 5 accurate for the determ nati on of

WO ba4/0€d98t | ve anat om cal and bi onechani cal axeRCT/U820051€38158

|l eg (Testi Debora, Zannoni Ci nzia, Cappello Angel o and

Vi ceconti Marco. "Border tracing algorithm
i npl emrentation for the fenoral geonetry
reconstruction.”™ Conp. Meth. and Prograns in Bioned.,

Feb. 14, 2000; Farrar M, Newsgn RJ, Mawhinney RR,

King R "Conputed tonography scan scout filmfor
nmeasurenent 10 of fenoral axis in knee arthroplasty.”

J. Arthroplasty. 1999 Dec; 14(8): 1030-1; KimJS, Park
TE0Ir k SBrhekbiomasharicahakig, calibe ddfined b diselaxisgningdfom the

nggﬁt%glof th%&amogqj]hsié? e'tﬁ%{g{ﬂe%ﬁadﬁ%)%ceg |-zal)nh @%E@gthe ankle
6@3rt609, Nov. 2000;; Akagi M Yanashita E, Nakagavva T,
Asano T, Nakamura T. "Rel ati onship between frontal

;wmseal i f%nnea:éamg Tb!ﬁn;;g;gryﬁmgg@has berntshewdits talhighly

enur . ! [N. t ho...an e e Re...Nol. 388 14h7-.
186°UrgEPr tGLaRiP A GAtian A the r’%?“c"?fﬂ”ég‘%“i“ﬁ? a%’\dﬁo'?{?ec anical axes
Tongrdeg TTeBwDebora, Z&hmdre Cinki4, Cappeto Rngéldandhiteagit dMarco.
ookepberirecing ofodihut Frotegblalgf 1t i Erasia asomeipapganstruction.
ermjnﬁ)@qnémgand FRrark8 th BRARAPIFES. 12@00029@@ér A1, Néddan RJ,
Lam Li , Shaked%e)are D, "Varus us al |

BT MR AR NG dh DRSO TBEAPTY 68" BFe G falngasurement
be@féﬁﬁkﬁﬁl aﬁ@ur(l&%%rth?&da%il/ ArﬂBl‘éQféZ}y Tbgo pae! ER8PH030-1;

the anatom cal structures of the proximal and distal

f dmrJSalPask SRoRark I kiR 49, \Véﬁ"ébK'm Bl “‘Megeyreqentof femoral neck
aﬂmmorsﬂ esugpét?ﬁ% mrmfg.ﬁ@h%thde« 1 ed. %a"@erEn?rand

us an e ang bet ween t he anatom ca

f &mvwfmng&(G) £93-60% N@No?ﬁéLOna‘Hia«gaM Xrmashita E, Nakagawa T,
N T L

t efepaneri axid inftleerdistal Eemev C/meﬂﬁib@ and Getated RE%NO 388, 147-
Y8 HT R ERBEApLE &' 0GP E B8R 2 icin
pr@isel‘r’r‘%kbr?lpqdﬁgiaﬁrstmdyrof toss peosnal dembie azneys methdolaf geometrical
eS80 sy Blre B R0s BB e G el b v 29
PCZOMHBI0 B3 8amALi i) ShakésteatT Dh‘&\ﬁarbsdla’algsuh alignrhentlod the
effér'n%'ra comlpgnén rlmotﬁfknteg%rt rop‘ias y. Tﬁe Ktnee 10 (2003) 237-241).

[0097] The angles of the anatomical structures of the proximal and distal
femur also show a certain variability level (i.e. standard deviation) comparable
with the varus or valgus angle or the angle between the anatomical femoral axis
and the biomechanical axis (Mahaisavariya B, Sitthiseripratip K, Tongdee T,
Bohez E, Sloten JV, Oris P. “Morphological study of the proximal femur: a new
method of geometrical assessment using 3 dimensional reverse engineering.”
Med. Eng. and Phys. 24 (2002) 617-622).. Thus, a preferred approach for
assessing the axes is based on CT scans of the hip, knee and ankle joint or femur
rather than only of the knee region.
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bone tissue with respect to surrounding anatom cal
tissue so the bone structures corresponding to the

wo esouio4®8d ti bia can be extracted very accur atBCHUS200$038158

sem autonated conputerized systenms (Mbhaisavariya B,
Sitthiseripratip K, Tongdee 5 T, Bohez E, Sloten JV,
Ois P. "Mirphol ogi cal study of the proximal fenur: a
new nethod of geonetrical assessnent using 3
di mensi onal reverse engineeri2zgg.” Med. Eng. and Phys.
24 (2002) 617-622; Testi Debora, Zannoni G nzia,
Cappel o Angelo and Viceconti Marco. "Border traci ng
orlthmerrpI enentation for the fenoral geonet

r[@eaaast r ucGiToras begsragiowee the effirieTbin el | fEﬂfErﬁéElOf the
e tisse Hffth rgg&(&t é&gﬁl%hn_é\rélﬂa?on%cg t@ué‘ §§ tREBSheSitAMUres

e accurate 1n t e estl on of bi onechani ca
acqreespNHhag satherfear and Bhiatcan @@rquaaﬁewew aqesiRfglevith semi

B%ngr?‘na@d co% Srrke‘%i\éys@rﬁ V\sl\)féhah%géﬁi}?éogﬂttﬁ%len&‘aklﬁk ¥bngdee

a ne geonetri ca
a‘ﬁs&dmzdi}tSlubnnlg’ g)rsuﬁréwbrmmgméewds@f thegiraigal frgnur: a new

B]pgnoq gﬁg&gtrﬂcgl_g%é%mgﬁt Lgsé'&sgb n@%] Bﬁ%?r%/-g?s%t %negmeenng

smvangz dme/mrsezacznmasemaz Téndi Retarapgdrownofingiae Cappello

Kﬁﬂgejgana eq\{:%ts M)qrr?%?gg 5&6% &éﬁonﬁ)‘?ﬁ h\g%— %r&eg Iﬁl’é T 'the
afdnetlr fooiethyrebhstitation. 1 CoB. iMeyi argl Resighards inBidimeal, Feb.

and _ Bi ol ogi cal engineering and conputing. 38(6):
6%-%&9?- Nov. 2000 Kim JS Park 20 TS, Park SB, Kim

T EDATIIC IR G T

g/g@gghg%%é%é gki@qmahlsemya@ rSlﬂﬂﬂsarmlatlrmn‘pmngdeg T Bohez E,

A Wels PoM@RPIRERel YK PG PIIBR) BB P Msghod of
“@M@tn@ﬂb a%@ﬁh@ﬁﬁ)&nﬁ:\ﬁ difier@ional re@@@%r@%e‘eﬁﬁ@@ﬂb%fng and
an scout | mfor _neasurenent of fe Xi S éB
kr‘?é’%s 24 @pmw 624 yT est DeRptan sHpiRa & '1‘3'@9'51 CT has
%éﬁ shaxpﬁ’?b Ba mdr® 28Qrate oA e@.ﬂfﬁ’n@%ﬁ%ﬂﬂ‘re f8m@raﬂi agicvemlion

coronal reconstructions of

u@eglet(KlmdﬁuBﬁwkyT%ﬁafm Kim éSbKtS'M% H‘d’f‘l‘l %'aMegﬁ‘l‘@me@tl gf
#r“)r%ijn & aﬁt@\?eré‘l% |r‘F§I5 Ieéﬁ '1I Q(D rrﬁﬁ@ﬁ&'n@hé@mﬂedlcal and

eren mays 0O autonmate process For
amﬂrogcdmmmeerlnggndpomeamg t3ﬁ@)h6Q§-6Q%é@VaRQO%rNF’eJS 'Park

33% ?’eri §BaR‘EWJ§ el’élm I\QDK%Q%/ Mégﬁﬁénggéfqé%gpﬁ/ngé’@éﬁt%verswn

in 3D. Part 1: 3D modeling method. Medical and Biological engineering and
computing. 38(6): 610-616, Nov. 2000). Farrar used simple CT 2-D scout views to
estimate the femoral axis (Farrar MJ, Newman RJ, Mawhinney RR, King R.
Computed tomography scan scout film for measurement of femoral axis in knee
arthroplasty. J. Arthroplasty. 1999 Dec; 14(8). 1030-1).

[0100] In one embodiment, 2-D sagittal and coronal reconstructions of CT
slice images are used to manually estimate the biomechanical axis. One skilled in
the art can easily recognize many different ways to automate this process. For
example, a CT scan covering at least the hip, knee and ankle region is acquired.
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This results in imge slices (axial) which can be
interpolated to generate the sagittal and coronal

WO 2@we49980101] Preprocessing (filtering) of theCHUSME3/038158

i mages can be used to inprove the contrast of the
bone regions so that they can be extracted accurately
using 5 sinple thresholding or a nore involved i nage
segnentation tool like LiveWre or active contour
nodel s. [0102] Identificatiomgf |andmarks of interest
like the centroid of the tibial shaft, the ankle
joint, the intercondylar notch and the centroid of the
fenoral head can be performed. The bi onechani cal axis
cHinis besultefin ineapesglices éaxialhehich cae beiintgroptatethto genekatedne

%{trtgl%ag'c?hﬂa \9|§{R/Er°' ds, I.e. the femoral head

ankle joint centroid. The

p@% on OfPr%ﬂ%cé&tlﬁ @ﬂg% %rfti{éoélﬁg nﬁé@e@@adﬂ?@fjséﬂb improve

tion o possi ations, err
dtrfemamiarastmfshe behaidigiaps\sarthat theyicaw be gutsacied ecerratgly using

G5 R BPR T Bl S B E e o
bactivecdvatoue alodgiees can be estinmated using a

wei ght -bearing x-ray of the extremty or portions of
t [e 0kt r emlﬁmtlﬂ'cfhrtmrmfaamﬁmms of intdrestriire it celrdradid etthe tibial

thi s, fashi n t hen be c ' i

B BRI 6 8 P kol Bl Rl neaa

aﬁéfrh Be Jp@rfﬁltmed,ahdrmrheclﬂamal axis camtie dgfimexhys therinetoennecting
S- ref renced.on t

|
e pronphand MaGGr S SRS retBarelfieslelirgl o tiial o
Caﬁklb?olﬁtttibﬁﬂﬁlde nrhéypoasnph bﬁmetumetdmadyiafrnach vEh bemed farr

ot her | ma npdal i tjes.

OBl AIE CHACORPIE SevioRR, IR BESEiHpaletl DFAng Naps and
obg@ugggfownttp an MRl or ultrasound scan. In one
enbodi nent, 1mage fusion of different inmaging

gjti es |pHRechenbdamhba MRipldiftagieateplseanitde conilgesy, For
IS contenp Iatedlnaknee oint, a full-lengt

h 25 .
w@wgrnplebManﬁomwﬁb@;ﬁ%blomﬁeh%% @X%%%Pﬁ ??1%?3‘}?%5@'”9 a
oWe‘?dH?%@arﬂé‘k§ay¢@ﬂh5%xtrér%ﬂ?b?ﬁ@fﬂbﬁgome@xﬁémﬁ?' Tﬁé'anatomlcal

scan, ptl onal y intra-articular contrast_of Mﬁz
kmé@rmaiiomdeﬁw@wuhhﬁgfaﬁhlgh cariwnRg eankine@withiadeher MR scan of

anak ArhGaRk cﬁll?t@r&fbﬁneel's'azﬁl Ribe, OF am!as d?ﬁlef?_aﬂﬂﬁhtaﬂ@/se%\ﬁ%

i ncl udi ng e heni sci cartil ge. This i nformati on,
V\@@ogmpbwg@gmepdm @ggmgtg/ begnass-referenced on the CT or MRI scan.

Axis measurements performed on radiography can be subsequently applied to the
CT or MRI scans or other imaging modalities. Similarly, the information obtained
from a CT scan can be compared with that obtained with an MRI or ultrasound
scan. In one embodiment, image fusion of different imaging modalities can be
performed. For example, if surgery is contemplated in a knee joint, a full-length
weight-bearing x-ray of the lower extremity can be obtained. This can be
supplemented by a spiral CT scan, optionally with intra-articular contrast of the
knee joint providing high resolution three-dimensional anatomical characterization

of the knee anatomy even including the menisci and cartilage. This information,
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along with the axis information provided by the
radi ograph can be utilized to select or derive

w0 bnagioes, such as inplants or surgical instrReEOSH3/038158

[0104] In certain enbodinments, it nmay be desirable to
characterize the shape and di nensi on of
intra-articular structures, including subchondral bone
or 5 the cartilage. This can be done using a CT scan,
preferably a spiral CT scan ofq1 one or nore joints. The
spiral CT scan can optionally be perfornmed using
intra- articular contrast. Alternatively, an MRl scan

can be performed. If CT is utilized, a full spiral
salang with the Puiwinfemeationcbreyifiedby theardisgrast eanasiutiiized to select

t Bf Q4ER hS! g?lég‘)%uﬁgas Wle{e}ﬁ§or Jt}fgi!cﬁﬁh%t}’u gntbul | spiral

scan provi di nensi ona ar acterization

1 db f
e
i sisapeanshdimeasionof indiet articdar sihvetiods, ingudigy ﬁhb@hosﬂdmh pone or

R AREE S e REBrB R0 7 S MY Rt ST o o
cané¢ ot mg)ee jomte.k hibs spical G T sdami daardp}lpnailysbeamm'énfmed usmg intra-

© Rflellaf BEniraRn” aliPan, AETMET oot Bfbrfy, g T ¥ utiizeq,

t blfal_kﬂﬁl% scdn, 2r arfewiselebedaglites; La:barbecxmtalnédagmomginnélg:hbonng

Ry S SRR PR PO MG b s

awoﬂtc%&@ﬂ&tdlnbbllﬂthéqsmt foir \Aﬁndﬁmeﬁapy hecentémplatedt. 1f implants, or
ied to the chgndr.al ,bone i

cartllaecan e a b
ST haTRtRRSS FiosaiRcp SRR g sy e
C@,ngﬂdﬁaral bOn& LRABEAESh B bEHREBE dfterthified BPdmithe resultant image

articular cartilage can be applied jn the 20 cen

bl A BEBRAEFINE TIORRES AU ISk Iaring StARCatH Garhlage loss can
dipEf c?%@rﬂéd Ybateais ALl of@lﬁ’é’bl‘tlﬁglaF Surf4t@. |FYr @kaiple, a standard

con he transition between these zones can be

gftradmss of gmreeh s articylaigarilageram be appiiedripdie subchondral
Sﬁo@ ﬂ{ eV ﬁ%ltéjr%? #9fd Githd FRIGRA and #itddal %Qr?orélrﬁo?nkﬂyl%s Shhthrly, a

car 'age 1oss in different regions of e joint can

optandaed ihjckngss ofe? nvredf the @mcalar@ﬁéﬂwmm aprdisd to thee

r

 SLELEAGR ARG JR P A O Bl o tbrttonayie.
pai standardikicknegs of Ovamud thbedrdcutar 9qrtllsge ean bg appliechingbe

R R RSB BB CR0h e, APIRST Gh0%n e

usa@bluéd tolfhe latéral eorslyten dEtedtrasitiokietwednthesbeones carubar

- s L Smad e R0 b Cninieg sRathB6 % derpusptimetec

P@Ehh@@lﬁ&kﬁé’&l{nﬁ cartllage loss in different regions of the joint can optionally
be derived from a reference database. The reference database can include
categories such as age, body mass index (“BMI”), severity of disease, pain,
severity of varus deformity, severity of valgus deformity, Kellgren-Lawrence score,
along with other parameters that are determined to be relative and useful. Use of
a standard thickness for the articular cartilage can facilitate the imaging protocols

required for pre-operative planning.
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32 [0105] Alternatively, however, the articul ar
cartilage can be fully characterized by performng a

W@ pionakoglT scan of the joint in the presence oPCT/N$2083/038158

articular contrast or by performng an MRl scan using
cartilage sensitive pulse sequences. 5 [0106] The

t echni ques descri bed herein can be used to obtain an
image of a joint that is stationary, either weight
bearing or not, or in notion ¥ conbinations thereof.
| magi ng studies that are obtained during joint notion
can be useful for assessing the | oad bearing surface.
This can be advantageous for designin sel ecting

i [@N0%ht s, QA@mﬁttVﬂYsst\@%\teifn@eﬁéﬁ' e H@ﬁ@an be Millyh
p?ﬁéira@treﬁééd bf gérf?ﬁlrﬁlﬂ%ﬁ %Flré%f Qéﬁrﬁoﬁﬂg {d‘n‘i’crm kHE) r%@énce of intra-

acenent m zing 1 nplant align

r eftigtilav gomteast far gy pedertning eadRI[sga0 PpIng. cartr{ﬁgmnwslw@e
Ngéﬁgﬁg MENTS [0108] Alternatively, or in addition to,
non-invasi ve i magi ng techni ques described above,

gméﬁ em9nt'fg’neolfecltuq@uese.I Je?scﬂ{)e@ﬂer%frfage ° Qéeé%stﬁﬁain an image of

age or an area of cart i
megsiot thatiststatioharya eitheragightirieaking o6 nath dr insrmetionvertapmpinations

SRS b5 S S AR B BTl ARP TS Ll o

maasaasegethe $oaddearing tsurfaesd Tihist can ba/a:d\xee\tagaouatfor designing or

< et M oo oy e ERbyPambalf iSbhiogffpess. or surgica

| rdoisene fatimplantipiasementealgs fopbptid&ingpintpldra gégrameiitasiative to
og ther articular structures, and to generate a
fﬁg'!di’% A% map of the surface include but are not

i dt Pl aci do di sks d laser _interferoneters,
LT dof B AP R Lot B8 end ™ £LL ST O

YRR g AternBtysh, oM eadldn to S -G Sl iieing, Fenflaues

i @I&Q@tbeb@boﬂe rAB88lremehdHf H3sik® olvarmmarsa oftdistased satide or an
6; 5,847,804 to ssu

June 4 9 . et al.

Do tmaridaod 698 maktiaNGg, & §aiage PigkhesAnd & Hitpture of
Newg or‘boné%%ﬁ)be duidin&d ln‘ﬁ'a@per%ﬁvélir Hur:‘nﬁg Qﬁtlﬁﬁ)s@opy or open
Pl aci do di s of concentricall %? arran%p%%(g:l rcl

a&hfotomme HERAPIALVE MeasHramerts carh du ek mvewe factual

prc@hfé%fwh‘ﬁbhe efioRe drefk 1of trRSarféular difac¥® 2004/ 049981
PCT/ US2003/ 038158

[0109] Devices suitable for obtaining intraoperative measurements of
cartilage or bone or other articular structures, and to generate a topographical
map of the surface include but are not limited to, Placido disks and laser
interferometers, and/or deformable materials or devices. (See, for example,

U.S. Patent Numbers 6,382,028 to Wooh et al., issued May 7, 2002; 6,057,927 to
Levesque et al., issued May 2, 2000; 5,523,843 to Yamane et al. issued June 4,
1996; 5,847,804 to Sarver et al. issued December 8, 1998; and 5,684,562 to
Fujieda, issued November 4, 1997).

[0110] Fic. 3aillustrates a Placido disk of concentrically arranged circles of
light. The concentric arrays of the Placido disk project well-defined circles of light
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33 of varying radii, generated either with | aser or
white light transported via optical fiber. The

wekagiodsosdi sk can be attached to the end of anPCT/US2003/038158

endoscopi c device (or to any probe, for exanple a

hand- hel d probe) so that the circles of |light are
projected onto the cartilage surface. FIG 3B
illustrates an exanple of a Placido disk 5 projected

onto the surface of a fixed cggvature. One or nore

I magi ng caneras can be used (e.g., attached to the
device) to capture the reflection of the circles.

Mat hemati cal analysis is used to determ ne the surface
cofrvaaying ediiTgenaraieditherewit laser orawhite light §rasinried vireoptical
Vflbselfla*'ﬁ&ﬁ%cf&% d?slé%é fc%ea t§ﬁ1 Lnd endoscopic device (or to
t opographical e car age surface.

Aattj priobeafior 9xaraplarm Hrammeld: afobep dethab the tieclasoof light are projected

e e e R R

| projdetedareta thmahnjmcbf a[fxéd thrvaluEe. @nslbommrainagihgcamenas can

5 A RS0 W P .
dﬁlﬁmﬁﬁaﬂ@hi a’rﬁaflytshelsejgéew d@t%rmmarth@tunﬁace curgatafeaCkhe curvature
reflected circles.

cont f[%n hOllZ%ﬁ a c?er‘n;eY hical
| Sk ePn FrAPBIRePe VisHalzed Blé’“ 't 28chHEQY OG0 rgraphica
OfnaPrbf tRNENHIREH sOrfa&Y | AdditidrallRddimatr@matizalsmelél of ees or
can be attached to the device |n [CldﬂaL lM%determ

Y

t ippograrhicehyar sapdeised o ABieEMKE, RJoppeLaRNY to

Shigidce drit@FfIS§OaBREY in Bfeogﬁa lafdlyged.r i nge pattern
anal ysi s "‘phase” map (wave front) V|sual i zation of the

CRWM? age ysfogwsldrfediorpiedlting font ih@:’jp géctlon of concentric
visualized on a 20 nonitor as a col or

t sipdes affignt flacidp disk) emeaghiemaralrongyier derponstrating the effect of
A@Q‘létfoﬂnﬁ‘le.b Tce &)n‘f@}r%rf@flé&@& cirdigel of the

t opographical map can be used to determ ne the i deal

Sgﬂfﬁfe t ORQEHiIaMNY 1dsr fn‘?éﬁe’#&ﬁeﬁa‘?léaﬁ Aldol dergitachid ‘?@ﬂ‘\% end of an
fecls in the area analyzed. This conputed, ide

sandessepicaieviver imaddiion aSmalksenser 6ar lqglatta@tﬁdotﬁ ﬂﬂ%éewce in
BRI S det@ﬂﬁm&% B&m%@@ Ef?cé 8f 5&5e &W@atﬁh‘! Ns"-‘iﬁgJFﬁaseCh]rhlft

curvatures acenent cartil age
Omderépimetry, pradudieg arftings watterreadaws peeﬁﬁgma@éwev\%front)

Obﬂﬁélfztaﬂsn'af St e st o€ a\Jhe'EEl ﬂttﬁca‘?f)e Klﬁﬁallzed on a

age surface c ure can enp oye
d eqomitol asya feolmmeodies, $@nqgeapiﬁcal heapi oftea cardlage Borface. Additionally,

exa

28 EREmaledi T B 68 Bodibprica ot B8 frod Rt the
ideal surface topography fo replace any cartilage or bone defects in the area
analyzed. This computed, ideal surface, or surfaces, can then be visualized
on the monitor, and can be used to select the curvature, or curvatures, of the

replacement cartilage.

[0113] One skilled in the art will readily recognize that other techniques for
optical measurements of the cartilage surface curvature can be employed without
departing from the scope of the invention. For example, a 2-dimentional or 3-
dimensional map, such as that shown in FiG. 5 and FiG. 6, can be generated.
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WO 2004/ 049981 PCT/ US2003/ 038158 34 [0114] Mechani cal
devices (e.g., probes) can al so be used for

WO paosaepPer at i ve nmeasurenents, for exanpl e, defpCTEkioe3/038158

materials such as gels, nolds, any hardening
materials (e.g., materials that remain defornable
until they are heated, cool ed, or otherw se
mani pul ated). See, e.g., W 02/34310 to 5 Dickson et
al ., published May 2, 2002. F& exanple, a defornmable
gel can be applied to a fenoral condyle. The side of
t he gel poi nting towards the condyle can yield a
n ve [ shion f.the surface contour of e
caiRpe® ThBISRRRAPA dBvickRTe. B breiesL AT BB henisetdt 1o
denMopanal\Aehae&wemeﬁtsafod ei@rﬂble ﬂé\'@rrﬁﬁﬂé Fhs@énaﬂs s@&f & els,
v ture of the artic surface in

d t.h
o el rariardb g wibteray (e alerals Bat egtan dfogBakle gt they

t cars éleateld, 6odlE® IoRRYher®ise. m@ﬂp@ékd?@e@r eHIWEre/5£PR) to
S)ﬁtem I n. anqt her a_hardeni ng material can

SN &t e B 2oz s Pt @aEnple, gydefarmahie gal can be
C aippye®tad feindrabéctdyR! Theale o-Flﬂ?e HaTeing goﬂﬁfdg I°d‘1é3‘Ec§ndyle can

can . .remain on the articular surface until

haleld @d\rorte Impiassient efdhe Syfacmeantour of damcantyie. Bbe negative
r QM@V@@oWdéﬁ‘tﬁé\?bé‘hEé&fﬂ @éteﬁr%é ﬂ'ﬁeeazeT E]ea glf:‘fté%t e &ébe(h bPa

har deni ng mat eri al poi nti ng

sulefest ang fhe Wréatw%ofrtbgaftlou@r Suﬁmes@sardradlﬁcmh@ a defect. This
anﬁfoﬁﬁétﬂin ééhfﬁé‘&s%d HReIReY E[’liiér%(ﬁy 'eg@ faZﬁr{ &F%rcsal\@fgﬁ? ﬁ” be

used determ ne the size o
a Saéﬁe&t'n anethenexanmple.za bardemﬁgmiraierlaircan cbel&ppllsdjtd acarticular

b”suﬂ‘gge aed%aacﬁéﬂforélcboﬂdgﬁfo?%ttrbla-l-glazeau ?égﬁ rr11‘Ljn%anqattetr}glncan

e used t
s iehaineorT bpairicutar stugiace Lintil Sandenargioat mmtred Pk hdﬂeenlng

h I t

D ahA1ea e T} BTGRP TEE o BB BRE. 168 T oF e

céﬂatctenmgenm’atmahmltIMQ tolverdiethe antidule suFLES 4 lél@l@ﬁégﬁ#ﬁe
noveabl e nechanlca

o imBteEBh digher At SifaeE . The TRUERE BT asiah tan then be used to

i nletErmite theatzie cﬁlaemfertt tariebth ﬁtesa@‘éctl dhditAe cORRAFE Bfthe
dlrech%én and. 25t &]nt to which it is pushed
( GHfeHasHyface R IR 3 getest ThisrpRrmptiorbsan then be used to

sgekeate trafrapy)teay. %ﬁtartlc?[hkﬁ SUprate PogfalbysiRpd. Yd §or‘?18kérn%%%hments
ng}ﬁh@m smso that the elenents are maintaine

"YRNIDG SYSEBIA REAINAECesE 1968 tog aethal articular surface
c@éﬁalﬂggfenand/or bone. The device can then be renoved
fromthe patient and

[0115] In certain embodiments, the deformable material comprises a
plurality of individually moveable mechanical elements. When pressed against
the surface of interest, each element can be pushed in the opposing direction and
the extent to which it is pushed (deformed) can correspond to the curvature of the
surface of interest. The device can include a brake mechanism so that the
elements are maintained in the position that conforms to the surface of the
cartilage and/or bone. The device can then be removed from the patient and
analyzed for curvature. Alternatively, each individual moveable element can



anal yzed for curvature. Alternatively, each individua
noveabl e el enment can WO 2004/ 049981 PCT/ US2003/ 038158
woeIN08081 38158 35 M SSI NG UPON TI ME OF PUBLI EATTUSN0IMDS8158
2004/ 049981 PCT/ US2003/ 038158 36 sudden changes iptT/US03/38158
curvature can be used to detect the boundaries of
di seased cartilage or cartilage defects. [0119] As
descri bed above, neasurenments can be nade while the
joint is stationary, eithed weight bearing or not, or
in nmtion. 5 [0120] Il. REPAIR MATERI ALS [0121] A wi de
variety of materials find use in the practice of the
present invention, including, but not limted to,
pl astics, nmetals, crystal free nmetals, ceramcs,
bi ol ogi cal materials (e.g., collagen or other
extracellular matrix materials), hydroxyapatite,
cells (e.g., stemcells, chondrocyte cells or the
like), or 10 conbi nations thereof. Based on the
information (e.g., nmeasurenents) obtained regarding
the defect and the articular surface and/or the
subchoSEINGUPON TIME OF PUBLIGATIONT med or
sel ecte Fur usi ng one or nore of these
t echni ques descrlbed herein, a cartilage repl acenent
or regenerating material having a curvature that wll
fit into a particular cartilage defect, will follow
the 15 contour and shape of the articular surface, and
will match the thickness of the surrounding
cartilage. The repair material can include any
conmbi nation of nmaterials, and typically include at
| east one non-pliable material, for exanple materials
that are not easily bent or changed. [0122] A. METAL
AND POLYMERI C REPAI R MATERI ALS 20 [0123] Currently,
joint repair systens often enploy netal and/or
pol yneric materials including, for exanple,
prost heses which are anchored into the wunderlying
bone (e.g., a femur in the case of a knee prosthesis).
See, e.g., US Patent No. 6,203,576 to Afriat, et
al . issued March 20, 2001 and 6, 322,588 to
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Qgl e, et al. issued Novenber 27, 2001, and references
cited therein. A wde 25 variety of netals are useful

WO poothe9pr acti ce of the present invention, andPCHOS1963/038158

sel ected based on any criteria. For exanple, materi al
sel ection can be based on resiliency to inpart a
desired degree of rigidity. Non-limting exanpl es of
suitable netals include silver, gold, platinum

pal | adium iridium copper, t3sn, |ead, WO 2004/ 049981
PCT/ US2003/ 038158 37 antinony, bisnmuth, zinc,
titanium cobalt, stainless steel, ni ckel [ ron

al | oys, cobalt al | oys, such as EI%p
cosislen CHRARGRA inrAUAgNE|CaR bediped dp de O&”ﬁ?r&ﬁ?eq’f diseased

%@gée gp{::gmagg} C\@)denum al l oy, and N| tinolTM a

titani al um num manganese, i ron,

?ﬂoum WSYQ%TSQL?JJ %v@eﬁn%b%reﬁ%té @& b fhadé Wﬁlé'tlﬁé joint is

aval | e from Li qui dMvetal Technol ogi es,
vwmmmagyum!h@t WBlg@bh?a”ﬂgtq{é\Ot Ofift BI0§OR-hat can sl owl y
form pol yvalent netal ions, for exanple to inhibit
cEX@0¥ i cat llon oREPHﬁI“&‘I‘TtEBU\L%bst rates in cont act with
a patient's bodily fluids or tissues

ciMBihat i ofswideetadiety. of noateuals &g p%ubthg)p,ﬁ@q;l@p,oé the present
pfﬁk/&'\?orn |r|cﬂﬁ%r§éd%u Nbttiieh tb'pﬂ?étﬁ%' 1ABtal st etdld,

esters renes,
podzrylamw bslagical ma@malqa(ﬂ gn@@lbgee og other gyirgealluiar B1agrix

pﬁ{a\@r% dsg )’dﬂ&g@y%ﬁ%l &Ik (e ls\l.’&r\ QBN %ﬁ@n%gytg%b(é’ bKE like), or

2hte, Casi(8 yur 8t hanes
dcq;rablhgtlorrﬂ thereafie Basaxkon theoe@rrae’mra&e@,, meg@mrﬁmtﬁ) lobtained

: I 5
admsenynd ¥ Gpo e aBloul BBfeca BB ne SUBAGTAT 0. -
Cﬁemahryﬁ@teaalacmﬂl bé fotroea sr $¢lectedf FutBerBusing ooelsabiase of these
?ﬁf}‘g&%&%g FCF g]s%ﬁﬁn% g%r%@g? -“?‘gﬁ%geqpec‘ﬁ‘{cqh ?@en%??ft rgtaterial
Pakyikg BYdupytiel thetowit fit iptd wanmmaabmragb deft piltfglow the

Bég r O)é%grﬁqo %%&Eﬁ%ﬁ? gﬁlpﬁllﬁé?urga%o ?5‘? gfﬁf m%%hgf% thﬁ‘&n%ég of the

D@bbf@udtﬁﬁé t&rtirged ThEeEpydidmaRiriaytargihgladé i lany aom@)nanon of
pol y( hydroxy géy and siml ar

P Priemis e typisg e aubRgonsmaschispE Ratel Ty &3 imple

ARPIER$ ﬁ{a@aré%téé?émérﬂ orichénggRp! yket one known as
pol yet her et her ketone (PEEKTM . This includes the

mgfrAal  PEEK 4MefaL ANDIFDLYMERIBIREMATR MATERIASEK
approved for nedical inplantation available from

Viigi23px of Ganemyhjdit refdiegistdMis bRémemplyahetakaridior polymeric

! %::}téﬁgs Z|intcludmg, for example, prostheses which are anchored into the
underlying bone (e.g., a femur in the case of a knee prosthesis). See, e.g., U.S.
Patent No. 6,203,576 to Afriat, et al. issued March 20, 2001 and 6,322,588 to
Ogle, et al. issued November 27, 2001, and references cited therein. A wide-
variety of metals are useful in the practice of the present invention, and can be
selected based on any criteria. For example, material selection can be based on
resiliency to impart a desired degree of rigidity. Non-limiting examples of suitable

metals include silver, gold, platinum, palladium, iridium, copper, tin, lead,
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www. mat web. com or see Boedeker www. boedeker.com.
O her sources of this 25 material include Gharda

wo omanexdsi n Panol i, |ndia (ww. ghardapol yrmer s. BOMS2003/038158

[0126] It should be noted that the material selected

can also be filled. For exanple, other grades of PEEK
are al so avail abl e and contenpl ated, such as 30%

gl ass-filled or 30% carbon filled, provided such.
materials are cleared for use37in inplantabl e devices

by the FDA, or other regulatory body. dass filled

PEEK WD 2004/ 049981 PCT/ US2003/ 038158 38 reduces the
expansion rate and increases the flexural nodul us of
Parimenry, disimush, zing, titenium.ozabalinstailesh stes!, uyigkel, [ivg allgys cobalt

BRSSP Rl | AR e 3] i DS Elc-
i soliattectmomunemadyidenumhalioy oansk léttlsblve sshickatditaniemdloy,
Cé@%ﬁrﬂﬁﬁ,i rln??il%f _K%}? ftérﬁg\ﬁh hR e HREMFAE, él?clh%s I?Igwdmetal@

ers wear resistance

c alloygi (agpilaaleaioorh iLiguid Mé¢tall Paghnagiss| Wwwiaelicaixpmetal. ecane)d other

oreiafe it sFns vl Fomenal SR Ruise T sr BB AR} o
f aélbmualonmf\immagmwbumn‘afe; in aoretadtlvath 4 patierd'adodily fluids or
dgfl ect ab e Vertﬁgfe&ﬁ, noi sture absorption, and

v
SR} 8‘?{868?“% resi stance, can be used

%&4&% g(ne|to @L&tgﬁﬂ%}fghﬁ? e }’gytﬂ%?? T E.P e \%thct)uq(?lmltaﬁ 3 ntpo‘ljyamldes
p@é yehblﬁht (@ofaetees, pofyst ) poly@drgRiesDvingr paiphersi (algs,

that can l yeth t PEK) , ,
8Py e BB o MG TR RENHIRBR R HRIPMRIERIY POIAY chiorice),
p%bW@ér‘b@h%B epdipirethaices oy dinBiHyKKloxanes @aiies@btstates,

yl et heret her ket one. Further ot her pol yke ones
D GOl A mperrsiesePPvsibeORHE: et GV e ) peia
R B%ﬁlfﬁ?ﬁ‘est Htr@@éﬂu%’éé%ﬁnl@ﬁédb@%&rﬁ BA4 nﬁﬂﬂrééechél%%ﬂ f Of

l'ant  can be nade to the fol Il owi ng document
a|a|oresorhml@r$yaﬂ1§tlc n@wﬁp& aarb@isqa] bespd pych pe et @ydroxyethyl

T%Eﬁ@wg&é%@%ftﬁ)&%f ?8@‘ i gx%éy\Pﬂpfﬁbmhblﬁ@?ogﬂln%IQ%QWN (2-

entitle atible
P@Wrrmvmropwmmthmrﬂamwm Iy dFexy %mdszopwe@ﬂmmmolactone)

PR E B BoudyeditSeid ROVEINE I e ARGy

Albutytiate} dindisimile, copowmeemdareafsobbe@ed Bi o- Conpati bl e
Pol ymeric Materials.
[0125] Other materials would also be appropriate, for example, the

U

polyketone known as polyetheretherketone (PEEK™). This includes the material
PEEK 450G, which is an unfilled PEEK approved for medical implantation
available from Victrex of Lancashire, Great Britain. (Victrex is located at
www.matweb.com or see Boedeker www.boedeker.com). Other sources of this

material include Gharda located in Panoli, India (www.ghardapolymers.com).

[0126] It should be noted that the material selected can also be filled. For
example, other grades of PEEK are also available and contemplated, such as
30% glass-filled or 30% carbon filled, provided such materials are cleared for use
in implantable devices by the FDA, or other regulatory body. Glass filled PEEK
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[0130] The polymers can be prepared by any of a
vari ety of approaches including conventional polyner

wpe@ens®sng net hods. Preferred approaches 25 iPCI/usmp3/038158

for exanple, injection nolding, which is suitable for

the production of polynmer conponents with significant
structural features, and rapid prototyping

approaches, such as reaction injection nolding and
stereo-lithography. The subsigate can be textured or
made porous by either physical abrasion or chem cal WO
2004/ 049981 PCT/ US2003/ 038158 39 alteration to
facilitate incorporation of the netal coating. Oher
pr@tuesstne expansios sategngdriogrepsasdhe daxyrabmoduts g5 PERK relative

LS hen RS SRR TR AL AI O ik poa o
]E)hymmed siae'r(gthmatlffaessc ar stapmtyp@atbcmsﬂlladlcPEiEK isuinoanl te enhance
r. car r
e S L g e
p Glaytraer filled iPEEK ofed waar mmé.iamet amxhloadicairyieg chpatbilityr .
For exanple, one or nore metal -containing substrates

cfon2ig c oa%sewul\het dppredigtedy sthensuitablecimitaniyebioeaynpatible

| f synioa

bR e a0 A o AT SR R e, e

0geod menidly nare élembtea lbad/of B&fbstlabld bawy sdrg ove moisture absorption,
is can

th ted. Th

D BP go50 Rt BRURS BBaR e HaRES SR p Reh bl Ege Sy Fom
I lﬂﬁéf sbpa o RS mbértmoncqfh@nma?t @mobwg@bcy mmpn%eﬁkw)@fse

Surtace co nents I N urn e SsSecure
v&PWSU@”??é%%QS‘ea(P%u%@ tude of structural co)r/es
TR B o B B i,

IO%bW@ﬁfe'rl%étor(éétl%rketBh@kéwhé?ﬁ‘E%th@bo@bﬁ@t&ﬁ&kétoﬁék&tone
as Silicone rubb | ene terephthal ate a

c&%Em,.%ﬁgqnﬁ@llé@feolm'eﬁwﬁth%ﬁ@ﬁg Whes ofner goy! Kefones

€.c8n be Uded-as Rl asmheﬁhé%ﬂé’é’ﬂcéo Hahn, issued
Sept enber 20, 1971. U. S . 3,808,606 to Tronzo

| 3o May Iiefei‘&n?:é t@'égpt"épﬁateﬁﬁﬂymé\l@ that, c%ﬂ?oeg.%'édtf@r the implant

Tronzo 20 issued Ccto
3 c3n beqnara to thaifallowingdRaumesis. |a"péwhmaa7e Tcormgraiegherein by

mefe%er'%%?“fﬁ&% &uﬁfé?@s:] iPeehe Péﬂ%bﬁ@éti%ﬁ%o&@/ozh%é@m dated

and r man sschrift 2,306 . There can
beanot® 20Q3andenti B|on@omgg’@le BQquﬁlg Matenals PCT Publication

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

[0130] The polymers can be prepared by any of a variety of approaches
including conventional polymer processing methods. Preferred approaches
include, for example, injection molding, which is suitable for the production of
polymer components with significant structural features, and rapid prototyping
approaches, such as reaction injection molding and stereo-lithography. The
substrate can be textured or made porous by either physical abrasion or chemical
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| ayers can have the sanme or different porosities. See,
e.g., US Pat. No. 3,938,198 to Kahn, et al., issued

wo-edn0aoy1 17, 1976. 25 [0133] The coati ng can PET/US2003/038158

applied by surrounding a core with powdered pol yner

and heating until cured to forma coating with an

internal network of interconnected pores. The

tortuosity of the pores (e.g., a neasure of length to

di aneter of the paths throughgdgd he pores) can be

i mportant in evaluating the probable success of such

a coating in use on a prosthetic device. See, also,

U S. WD 2004/ 049981 PCT/ US2003/ 038158 40 Pat. No.
AqiErai@e faglitutsrinterppradioe @f thel petabeoatiog 0OtherR proseserfsare also
C%@Srb?@atg ), R&s e%’rﬁgloﬁdmtegtuw %ohﬂiré@s@cfn r‘f\o[@ﬁ?‘\/)&}jﬁd/&‘}ﬁachmmg

cle as a whol ected to an
tmbmqaesu rTyptcaliy, trme)pdsmtehts qhoserefortits phiieical amsitmeghanical

SRR UGB R e e

r’&feqmahswﬁaoes.t ed herein, for exanple based on the nelt
i ndex of each. [0134] B. Bl OLOG CAL REPAIR MATERI AL
[ M133] Repailorerthareonaetal and@r polymec icanlbe mised ér corapipation

R S8 Bl B! B BBl BB 4@ oan e
ba@ﬁemtarpqumeramw o d:emb[mmgicms os haifeehtiaaly, sne baimbee
bR Sua SRRl B SO LS bl PR o
bagke mBﬂﬁscel | s can be then be grown in conjunction

with the base until the thickness (and/or curvature)
0f0132¢ car tTHeagetemnibr prosthies daheaecmrrbué ajgpaordeé ecdtethakhe

b hed. Condi t f
CROFP GURGR FoBROVRINT BRIL b4 Siacist PR IpIST T gang grptas

Vic¥anAesl and p‘blymle@fﬂ\e%@%ﬁlffbb@domf)@rﬁerﬁs(azm)h@turn rbdb&sured by
Patent Nos. 5,478 739 to Sljvka

28arl<1®95€a'5$ Bl e RelF SAras foed POGTRHS Teme.

Qfg@ goﬂous]c%%ﬂngﬁmglﬁaem ar@nd IPGitddansBtacePdmic, polymeric
i ssue nber 4, 2001, and 6, 365, 405 to Sal zmann et

aKe.gi, mcaﬂymeutrel elagiomers ysh-asi SHoena gukbesnpaaihylene
% %Slawgﬁc?ha&ﬁﬁblh%n%%er@bﬁ? bSmen'aﬁ@NsethéFél‘fff 8kd, e.g.,

bone r acenent materi al

hybi oRgtaPlat 8,685,123 10 biebsdpe sl Senfambei & 1976 U-Saipt. No.
O%@ éB%tt%rT‘rahzoslgéﬁ&PMﬁ}/ &oqg-/g{gm 0%. A1 d 8£4£975 to Tronzo

¢tement Or regener
|ssued 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
layers can have the same or different porosities. See, e.g., U.S. Pat. No.

3,938,198 to Kahn, et al., issued February 17, 1976.

[0133] The coating can be applied by surrounding a core with powdered
polymer and heating until cured to form a coating with an internal network of
interconnected pores. The tortuosity of the pores (e.g., a measure of length to
diameter of the paths through the pores) can be important in evaluating the
probable success of such a coating in use on a prosthetic device. See, also, U.S.
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material on it. [0136] Biological polynmers can be
naturally occurring or produced in vitro by

wo eoomesost i on and the |ike. Suitable biol ogi caPCT/US2003/038158

polymers include, without 25 limtation, collagen,

el astin, silk, keratin, gelatin, polyam no acids, cat
gut sutures, polysaccharides (e.g., cellulose and
starch) and m xtures thereof. Biological polynmers can
be bi oresorbable. WO 2004/ 049931 PCT/ US2003/ 038158 41
[0137] Biological materials used in the nethods
described herein can be autografts (fromthe sane
subj ect) allo%rafts (from anot her individual of the

slaateNoSﬁadﬁééﬁ aviorids issestbdnp2.s1980: dhe RAtaus«oating can be
?ri the%%ﬁé%ﬁygépélﬁ t'ﬂ@ i@ hs Batin sTxbjecte to an

I ons exander et a 1 shed
Wev,ated lgmmemrattwt bonds Be/@veiesta ihelsybststpl |S§Iﬁ%on of
ﬁ%ﬁ%ﬁ e arfdlyrﬂigr% and/ eo%de?bcgbtﬁgE%gh ggn'gei%rm& alﬂg/%ﬁr R of the
rfeakhings anmafeﬂeoges:ated hareip| for axampb haset loa the stelt index of
i ncludi ng re-absorption of the materials, inflammtion
?f?hor scarring of the tissues surrounding the inplant

R R L L T RS T
BA36E") R TutyPlo cERsBih und e BB BblogiArRpkAa

Téiehgpratdme arsn usradm’aborawhh ma—beo!oggomidn&taaalanFor exanobie, any

T e e

sse@@hémngmme@al sy eacHl es ietateartiageiedivean berepptiedtr be the

ssue sa e a he recipient sit be c

£ basar aT e amlsican Bdheg pb e & CoriinTon L RS RaFe. i e
pﬂm@es§(drwmmwafur@harmelcartnugé&rurmndfngcthé tanitage defect has
ti ssue penetratigon. Additiona i Sta

| BesThrasiBos < Copiiaas 105 SraNg B (e dor ahamitdsisss BB ¥ateHs

t b asdiRitesTin@URGRDEX GAD dRave vi\?fB afslg8saiibed, fdpExdragle, in U S.
distance fromits distal en 1 cm distanc

¢ Patant Nosch 4TR7 3 iISiKa atib ssygd Dacambss ZBetinh 5842477 to
aﬂ'augm%n &t Qﬁﬁ%ﬂ@é Dé%EFn'BePfl 1dg8s 6 28BLRBtH &/‘ibé}ﬂaﬁé&n etal,

harvesti ng can be external or can

i %Ud@sﬁh@mhﬂrl%@ﬁ)%bﬁnﬁ&ﬁ@ﬁmﬁwf@ $rlgpann gbal. ISéR%FhﬁPré' 2,2002.
aﬂoﬂrlﬁrﬂﬂ&ié& Pé Q?Qﬂtaﬁﬂl}b@{?&eg %lw@BSSﬁQS%\/@aﬁ@d a

pressure 1nto the cart
sbboé oemmelmem neaterial (€.be amydecmygpatge,rmbuotﬁﬁorbable material), or

any other material suitable for growing a cartilage replacement or regenerating

material on it.

[0136] Biological polymers can be naturally occurring or produced in vitro
by fermentation and the like. Suitable biological polymers include, without
limitation, collagen, elastin, silk, keratin, gelatin, polyamino acids, cat gut sutures,
polysaccharides (e.g., cellulose and starch) and mixtures thereof. Biological

polymers can be bioresorbable.
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the case of a joint such as a knee joint. The surgeon
can advance the probe until the external or internal

weoge/otwaches the cartil age surface. At that pRCTHUS20031€38158

edge 25 will prevent further tissue penetration

t hereby achi eving a constant and reproducible tissue
penetration. The distal end of the probe can include

one or nore blades, sawlike structures, or tissue
cutting nmechanism For exanplgq the distal end of the
probe can include an iris-Iike mechani smconsisting of
several small blades. The bl ade or bl ades can be

noved using a manual, notorized or WO 2004/ 049981
P{0r137$2003/ Biskpkal méaterieiseusediio dhe metivaaidescritesgin can be

¢ . T

Ui 5P BR I 5 B RE RS Aol i B8 same

wisbecibg) arefarateadgiarfits t(fhem doother apecies)hSeeecalsp) latdrnatiamal Patent

t i44-5-Sh d bl '

 PSleaR b RSBl A S BB ish 1, paoe ana o

idr9i7$27l886{t@ bye pabiahat i/-\m@usﬁ 199$frb Mecemmtbmbbd?hmrﬂs aielogous
onqr .site anot her enbo nt. of. e .

" RURRSTS AT refertadh an S ngEy 3 Radber e S alsical

C@Br‘dbﬁcéﬂbﬁ’@@(ﬁ tHeiebsit N6¢Idging Re-aBssrbiidn 6MtHle Phatéhds DRfEPEmation

The | aser t%ﬁl ce.or the radj of ﬁ%ﬁ B¥§'deV| ce can be

uSBd/ar sCRENg f&fg‘ﬁ%ﬂ%‘ﬂ{?l@d@ Eparate the
0
olGT8iboa niRneamboneRUe e tifian, SRae e e grest

ugigsud fﬁomteh@orﬁiﬁ@ﬂé aaa% Efépbh,fa f&%@mmb 'I1h6 o%lﬂ@lf 58 can be
enbodi nent, simlarly s probes o

419G HARSH & ANAIRGFAR Q5 7 2BPDTBE {heudrobfig Lded to achieve a

e@@’@'a‘ﬁatd&ﬁ@ rrPJtélpSeM%EH thé‘doﬁd?@isé@e%ﬁhﬁl@%n@%e Reipient site. The
sl ghtly snal that used in the donor thereby

aaﬁma/isw@emacallygh&gnﬁd t% é@hié‘é&]a shamigss o aeadFRANEe st Match
Uipaisert {h@%ﬂb@fgsu@%rﬁ fHeHb@BFen? ’sﬁée Th@?ﬁoﬂéc&ﬁ ¢he

used I n the reclpient n so be"s
t mamlmbewwrlcnl tThe obaiaicﬁnd af e brwects)tym@tly flagrp dn order to
a n P

QXCIﬁtb%Etﬁgué gﬁhet?é{rdp ﬂd&p i Igh d%ﬁl ?Inrbgrf&‘; clnfgfg%éHﬁ% l%’hlglcally
dcmdjowmmwier & acc[emtttB] tiseng. Thieoproge can haepan edgaata dafined

o o8 &9, BOEELL K0 AoBbALAgh Gk g en g e ecoe
myuaofleaseddo ackie2® apkefinsd ﬂe;sth oftissue pemitnatmm fmrtnabestmg The

:e(rﬁir g{qgg ue@%ﬁ%ﬂaﬁ@c&gmagl % ﬂ'éet r?ogl:;}w uoertlon & the proab%olF%r
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, saw-like structures, or tissue cutting mechanism. For example, the
distal end of the probe can include an iris-like mechanism consisting of several
small blades. The blade or blades can be moved using a manual, motorized or
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[0142] Any of the biological materials described
herein can be harvested wth use of a robotic device.

wab@40ed98t i ¢ devi ce can use i nformati on from aPCT/US2003/038158

el ectronic inmage for tissue harvesting. 25 [0143] In
certain enbodi nents, the cartil age repl acenent

material has a particular biochem cal conposition.

For instance, the biochen cal conposition of the
cartilage surrounding a defecfp can be assessed by

taking tissue sanples and chem cal analysis or by

i magi ng techni ques. For exanple, WO 02/22014 to WO

2004/ 049981 PCT/ US2003/ 038158 43 Al exander descri bes

t dlectrisal mécrgadot thereby duiting themighdhefissuet andudeparating the tissue

cartilage to itor. gl ] C f W I R
Sl 36 o BRR s SHERHAD 5 Sk AR W Branc
r g@aaeipht. My thedasei dlanddsishdped diadenmdehanisroutheumdiddial blades
a nma t. o _achi eve hi gcheni cal
24 Pa gt 3nge topcenee B T aRk SR OUR R 50 0 aemple from
I tHel dombatite)n site. The culture conditions used to
achi eve the desired biochem cal conpositions can

[cil3eyie, fan aﬁdmebélthbod afent bbthe dmaeaitibm,ad lasersdevice or a

B| ochem cal sition of the.ca r
oFadiQIERENERGY F6) r%ﬂrb?? integrated insi e{*@éﬁﬁﬁ &\ ‘gfjé & Brobe. The

I rafsle#l@é\ﬁ@ohhe ¢adbir&dUdnBy devibs eah balused fo andhmgnw fissue

times of <certain nutrients and growth factors. 10

[ 814 i senarateths,figgts saplefom e ABfeTNingigete AGE I\/[I)ELS

[0146] Using information thic nes and curyatur .
a3k 11 g eneammayueal hrRueBr, R pRbescappe sed i
t iR @dridr GHY & th%%&lbieﬂgqfn ansthef efbédithede fsﬁrﬁlldhg dnaped probes of
can be created. This physical nodel can

r élpgr&ly@hﬁf&&@ntmyémalaﬂlmﬁ%@@%cw bR UaRd-Hiok eismpi@etf]eo?rﬁk)e used in
oahé @?éht RS BEE lyté?ﬁall%F‘EHathétQ!s@H in Y dcﬁ?b@'ﬂ’fér@by écfhlevmg

ol nt, * physi cal nodel can enconpass ly
t Iaélghéfﬂi QﬂtW@ﬁ?n tr@ttlgsm spapieratltispeniignsplaniend the éﬁﬁﬂ*%ﬂt site. The

ltfs%d?ﬁgneit %lgmft‘&? %Ps &%Ilpﬁmsmr%aﬁthgt @ed in the donor

at'eau, the ent
t rtmaratby porescting forteny tiseds kst @lam the separ@tlorapemttmg of the tissue

Fg%%lp}egf}']orh?ﬁe Srgﬁérfé/ LSH fﬂe%ronbpﬁlaf‘égfa'l re joint. The

area of cartilage can be 20

g:fé'gﬁgi ned'AﬁypﬁloB)égﬁgtegaH%eﬁgnﬁ ar b%%gérﬁlké‘ﬂ%ébftﬂa?érblologlcal

D Eucli“di an nce as descri
02baia6fidants such as bacteria, viruses, yeasts, molds, mycoplasmas and

parasites. Sterilization can be performed using any suitable technique, for

example radiation, such as gamma radiation.

[0142] Any of the biological materials described herein can be harvested
with use of a robotic device. The robotic device can use information from an

electronic image for tissue harvesting.

[0143] In certain embodiments, the cartilage replacement material has a
particular biochemical composition. For instance, the biochemical composition of
the cartilage surrounding a defect can be assessed by taking tissue samples and
chemical analysis or by imaging techniques. For example, WO 02/22014 to
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[0147] In this way, the size of the defect to be
repaired can be determned. As wll be apparent,

weoom/04998t not all, defects will include | ess PCEHOSI008038158

entire cartilage. Thus, in one enbodi ment of the

i nvention, the thickness of the normal 25 or only
mldly diseased cartilage surrounding one or nore
cartilage defects is nmneasured. This thickness

measur ement can be obtained agza single point or,
preferably, at nmultiple points, for exanple 2 point,
4-6 points, 7-10 points, nore than 10 points or over
the length of the entire remaining cartil age.
Félaxaedendescring Dedse®t 9a8dlinken fUsaagByod attk8lar ¢artiagedo

: ornit'sis Ielgésgamﬁ%ﬁfga%c({on@wt S@ﬂg{tﬁb ?3@? e%h ng %Egﬁ;a[de%ﬁlacement
sel mgeaéraiihg inﬁateml can tmarcibe asdp @s sulhllred @f a nremnkeedd ablyieve a

di .
o BisBE Rl o Rt 4R BIRALS T btk shlp GRS the.
cfwﬂplbatatlEn eﬁasmrn@ dultuve denditionsausddds ashiepe thehdegireddigchemical
Furt her th t h@et hi ckness

rlah I bfo ed]gf the . _ ical
r&ﬂ%\pﬁﬁ' gneS#t NFIYHS "RhE* MR cYATVIRE GPReqRrafips: Ripshemich
s EbMPeSitieRBf e JARARIY RPldcen@asbitieganstang ATl t&e for

galr materjal. Alternatjvely, the curvature of the

BmBIed P& IS AEeE B CRUr Sqﬂnggntgq;@n{s REd eXRefU g fmes of

”%éﬁalhﬁﬂiﬁiﬁrkéénd?gﬁbwtlbfac&&@ to either select or shape
a cartilage replacenment material. For exanple, 10 the

ceoiagyr of ghe PHpdeDHEsadn bone can be used to

re-create a virtual cartilage surface: the nargins of

ajosa of Al se@m}"_q\@gmcbmg can be identified. The
subchondral bone shape in the di seased areas can be

ﬁqma] ed. Auyhgwmmatmmmqurckﬁ@ds érﬁl&ﬂxr@u@cﬁ&h@daﬂﬂhﬁge a
t he subchondr al Pone surface into

C PV el shodel P Bersinahes ehibe eritlas sariiads nd & e Hoskrivino bone

beaRr beWréAEE. TS PREIcaI MtRielSarBe @éaaéséhftattv%farnﬁﬂteefarea within
di seased cartilage. [0149] Turni ng now to FI GS.

vém i9ing osttégwn@@mm%thﬁ@@meﬂaw nGosPEFPle 4p éh%'mﬁmomt the
ﬁ}/SIZQ rhé)dlé{'%&ﬁ %h@&nﬁé‘ss%?ﬁ&”ﬁ"e%é’cﬁlamrl%hl tfé?h&r‘él"&‘&ﬁiyle both

anterior, central and posterior

pd¢mpfﬁh0@mdyée8f@wothaln0m§9|0é thezmegialiibial plateay, Hasplateral tibial
d

S8, WEphe BERIA 1 yhBe 00 ind BRrkETRAR, o crre
clraiejle drthe emtirk jaiRls Thedpeationraj atdiseased gressofafartiage can be
C%(e&érln cﬁ%&gﬁ\élems(?ng{ E%b 3&% Hat%%yg{%ﬁ%ry & gDLEﬁlcﬂglaE I?i?stance

as descrlbed in WO 02/22014.

[0147] In this way, the size of the defect to be repaired can be determined.
As will be apparent, some, but not all, defects will include less than the entire
cartilage. Thus, in one embodiment of the invention, the thickness of the normal
or only mildly diseased cartilage surrounding one or more cartilage defects is
measured. This thickness measurement can be obtained at a single point or,
preferably, at multiple points, for example 2 point, 4-6 points, 7-10 points, more

than 10 points or over the length of the entire remaining cartilage. Furthermore,
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mechani cal, optical, |aser or ultrasound techni ques
descri bed above. FIG 7c¢c shows the margins of a

waowioghisoRear i ng surface 715 mapped onto t he arpCTUBZN3/038158

cartilage 700. Cartilage defect 705 is located within

t he wei ght-bearing surface 25 715. [0150] FIG 7D

shows an intended inplantation site (stippled |ine)

720 and cartilage defect 705. In this depiction, the
inplantation site 720 is sligpyly larger than the

area of diseased cartilage 705. FIG 7E depicts

pl acenment of a single conponent articular surface
repair system 725. The external surface of the WO

Zﬁﬁdé e B o R HeB2 0B 3el381IESI, an Biparapriatd therapyr(e g articular

o By S BN S 3e el B! S b 25 2B SRBE LR ety

i sugowdinptdsopds pteserved! | gnment  bet vveen t he

surroundi ng normal cartilage 700 and the articul ar
3{01‘4;8¢e r epaiatha;embmirﬁ@ﬁs the GuB/AjurEloGtherdrtisiiavsirane can be
exenmpl a

S ERBiite oigh HRAEY ANGR pRlEbSl i Rarbt Fer B he tickness

cofperemainiitPcariiaga and tivatuvaturd bﬁalhe exticeietsuffacacarhbe

of the acent chondr bone 7 T first

o SRt b UG Raie: SPApe fesB0at maleial, Afietnabibly. fog gyryature
7 3BtHehab cR¥A R BI0so ke dam HehBeasuted and tha@soidrtmheasurement(s) can
cartilage 700. |n this enbodjnment, the s

C BRRA TR SRS Selagt PR BRS A ARIAGT MRSl el Farexgmple.

SHY EortburRFHeEldchBRANBSTe Edthbe U§ed§fo&@&ﬁéaté@ Viftigd) ctahwage
material form ng the first conponent 736, if desired

TRUSa6E: th%ma&sm effﬁﬂ @ﬁeé@ffiwgfas%ea@@ssﬁan@sm@ﬁﬁ Ui
haub&shridtal 'b%ﬁétshé’ﬁ’é fn' tﬁ@ d%feaE&Fare%\Q TR 'E)%ﬂ'heés‘ﬂjred A virtual

conmmuni cati on wt bone of J oint is harder
t lsantothear thestbe Qf@atpd rwmppylsg tmwmh@swr@ha@nef $Wiacetieto the

f:%Ei;tﬁégﬁé'L[rfé% U\K/ﬁ%r%&éour s didd étﬁtﬁﬂﬁmﬁ%‘ Séﬁ%urfacgc@ﬁﬁects the

1 'on's are possi
dmwgmsmthawmdnsgemcaﬁllag% the invention. [0152]

By providing a softer first conponent 736 and a firmner
sdetsa] conﬁ@’ﬁé@tn%@ Figael Aoktevragions istagies of keearasarfacing steps

ga'P% hﬁc’tﬁl F{%ﬁ 7h RitfstrifeS arnle‘%@HgY € o SR RRcknkSs 84l 9%@ in the

e bone cart bone- meni scus ar
t reanterior, (zahnttmtsand HM@JOthdlmftaefﬁﬂml@phéylefTﬂﬁszth a cartllage

OBl T oo R TR R Ay T g e

meliteotios oda saddén tlaapge in thickness indicating the margins of a cartllage
defect 710 that would be observed using the imaging techniques or the
mechanical, optical, laser or ultrasound techniques described above. Fic. 7¢
shows the margins of a weight-bearing surface 775 mapped onto the articular
cartilage 700. Cartilage defect 705 is located within the weight-bearing surface
715.

[0150] FiG. 7D shows an intended implantation site (stippled line) 720 and
cartilage defect 705. In this depiction, the implantation site 720 is slightly larger
than the area of diseased cartilage 705. FiG. 7E depicts placement of a single
component articular surface repair system 725. The external surface of the
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[0153] FIG 7G shows anot her single conponent
articular surface repair system 740 with a peri pheral

worenogiososu5 which is configured so that it is PCT/US2003/038158

substantial ly non-perpendi cular to the surroundi ng or

adj acent normal cartilage 700. FIG 7H shows a

mul ti-conponent articular surface repair system 750

with a 25 first conmponent 751 and a second conponent

752 simlar to that shown in G 7G with a

peri pheral margin 745 of the second conmponent 745
substantially non- perpendicular to the surrounding or

adj acent normal cartilage 700. WD 2004/ 049981

Patticuta? 8 03acx3@paB system| T s a\bwvatwrmthag seamlesp.extends from

8A- E theefl res kne

- et G R g 206 RistlunG R 0BT b8P APt BOBheer
viteswfouadingrre@mabtartiiage @98 dnd &g attiaglar 8@¥Face repair system 725.
denonstrating decreased cartil age thickness when

cfom®A] ed t dFichEr showsoamekengplagr malti-coatponkaigati&Nar suﬁaee repair

o8y e L% 1R IS SUPes £t SHESaPY SYBPCTHL FREDes astiyature

adﬁa‘t@ﬁ!@nd‘s frohhatief the tadffebnt dubChoritiraldepiect3s. The first component

P 338556 PotiCknesediantisueP CorRBIE HPR ki SXiaags 1o PRo

f isugburtme AoVl c8rifage 7oe iy thPemhBedinRhe $he é@ionafcotdmnent 732
adj acent_ normal cartila 800. The_t hi ckness can va

" ourbrdeERed frawi Bmatesa with aiose REBpekweltiardngssdoghis reater
Oghaﬂﬁothb %’at@hﬁtféﬂmlﬁQ fd M8t &#odlent 796, fif desire§ OTRRNERT

3 closely approximtes an extension of the nornal

c&@ﬂhem@%e@wt e $Qﬁ9ﬁdu0ﬁ@ppﬁ@nfd7e'#2e’avmgﬁfée%ﬁ§ Peionroé ther
t '&‘SmgGhéﬁt% cBif dnﬁd&tu tﬂfthé gggémeﬁ]ﬁﬂ%%“eﬂh%e'ﬁ%t

ection o SUI‘ ace e adj acent

s @bmp@n@mtazwb@meh s@an@mﬂomdhe kepically n@wwytasnﬁér carilage gnaterial.
|
: @h%ﬁsﬁg u Eloﬁé"kﬁ’& r@b %léﬂee \ﬁiﬂ‘g) Egi@{rﬁlni &qu%seépe of

atl&mhneamttqm depl cting pI acement of a single conponent
m ni -prosthesis 840 utilizing anchoring stenms 845. As
wi[0152%)e ap preprcyioﬁng dypofterdiset copfposient 736 and aérmaensecand

n 38}“%5}48& e%ll '%Zd’lé C?ﬁ lbg%oﬁgguc'r{%ﬁ 4B 'theﬂ‘?étréla I\%]ﬁiardness

s"can  be’ enp oyed e conponen
dwamztlea@busuoluhatMlthe bena-cdriélagalor bomd-aenisc82 raasthat it abuts

o P06 e bt Bals L EEPENRRGRR o8 bR oped of f sotergggeral

c @oliarpesfotma th@eummrag:&mﬁort tiethe mealbynreriscusonreatddge.
[0156] FI G 8E depicts placenent of a single conponent
m[0153}r ost hEsi G shows another single component articular surface repair

system 740 with a peripheral margin 745 which is configured so that it is
substantially non-perpendicular to the surrounding or adjacent normal cartilage
700. Fic. 7H shows a multi-component articular surface repair system 750 with a
first component 757 and a second component 752 similar to that shown in FiG. 7G
with a peripheral margin 745 of the second component 745 substantially non-
perpendicular to the surrounding or adjacent normal cartilage 700.
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840 utilizing anchoring stens 845 and an openi ng at
the external surface 850 for injection of bone cenent

W@2H4/04998t her suitable material. The injecti onPEEUS200HO38158

855 <can freely extravasate into the adjacent bone and
marrow space from several 25 openings at the

under surface of the mni-prosthesis 860 thereby
anchoring the mni-prosthesis. [0157] FIGS. 9A-c

depi ct an alternative knee reggrfacing device. FIG 9A
depicts a normal thickness cartilage in the anterior,
central and posterior portion of a fenoral condyle
900 and a |l arge area of diseased cartilage 905 toward
t 1je1 34D ZOOM@MWBUJQMﬁ%ﬁ@%lmsiﬁsremgiIﬁwempm knee

p%é@ﬁ@ aﬁél ré%%a%ﬁﬁyr%esgggdﬂll 8a 'é!eﬁ:ts |fFetdS\new of an area
pl'ac nt-of a Si e conponé cul ar® surface
r ep dlseasgdsctaem‘a@d 805 Agaonstratimg dem:}:ﬂaad aartdngesthtoknmhen

eneBre iR s e Ehdiel aitlegBibo, Tk Iakdlig 7 Bing defect
t lhev@b_éen tidtermiepéd) :Flcam:dylmotsatmgggemntrﬁee?ﬂ czjfldaﬂﬂ?gmthﬁzkness

t t age u e i ng.

¢ B a20-2SGT0 40 BRet B8 | hio 2 oot the PRRbrETFad it
S@bﬁ@@ﬁerﬁt&ﬁl&l prosmtBFBZﬁoﬂ@ﬂtlcwﬂQr Rendacing. arhet thickhess 820 of the
ad|+ acent nornml cartila

IS COTBRROMAE e X TgIRRRa! ST e pdieCayfiBngtiage

AGBOINThE thicknBsd 8an eérqudwreteemt Fe@ﬁorﬁ&ﬁﬁh@bméﬂfe%% Whé Busvature of
single cut (cut |ine shown as 92 The second

© SR DB B! iR Uharest 71 HPse appexiigates an
e)é&?erh@%ﬂ ot Wd AGha? %Qm%lemrr%hlﬁ@ Rg sk @dfeBOMRe %§|5/ature of the

first conponent has a curvature that extends

mltmét'm ehibe saeqnd eapaneot 829isByrogCliontof e surface 827
MR A5 dehlt SLOUARBTER b B9b BRA oA REQ2S RubAt 8RR Td AR same,

Is to ect repalr systemin situ,
s oo wubstantRIIGESimiEOAoRI orpagedifre $urraeundinglsobcheriisal bone
approach 15 would be to insert a holl ow device, such
as[0'h553al | ooig. BRisoa sefeniaticqiapiqtiog mlaceoBot Ofewn@l@nomoonent

mat gﬂn‘gﬁﬁ%ggfégﬁbeﬁlﬂg%l Pab rfg?.éasg%h?a MASHHT RS Op‘?écnated by those

e I njectl
maf skil a1 theiant luceietyf @condigarggioss, ipduging stenag ghostshand nubs can

LD Gl SRHRRER, W OSSR R B B gERg gurace
[ (B290¢ |dcateaneitremiieos ubehondral bmeo&‘ﬂﬁ bmgnh alterdativeaconatruction, the

| rfr?tghct)rl sour#facg\gzg) com%rms to the surface of the subchondral bone 831.

[0156] FiG. 8E depicts placement of a single component mini-prosthesis
840 utilizing anchoring stems 845 and an opening at the external surface 850 for
injection of bone cement 855 or other suitable material. The injection material 855
can freely extravasate into the adjacent bone and marrow space from several
openings at the undersurface of the mini-prosthesis 860 thereby anchoring the

mini-prosthesis.

[0157] Figs. 9A-c, depict an alternative knee resurfacing device. FIG. 9A
depicts a normal thickness cartilage in the anterior, central and posterior portion of
a femoral condyle 900 and a large area of diseased cartilage 905 toward the



10

15

20

25

substantially fixed shape that matches at |east one
articular surface or subchondral bone of the joint.

Wa\bdoe49986erti ng the insertion device 1000, naPEr/U81003/638158

injected into the joint through the insertion device
1010 where it then hardens in situ, formng an

i npl ant 1052. The injection material can optionally

bond to the 25 device while hardening. [0161]

Al ternatively, the inplant capybe renoved after

har deni ng 1020 for further processing 1030, such as
polishing, e.g. as described Section IV. WO

2004/ 049981 PCT/ US2003/ 038158 48 [0162] Were the

i mestanior pertioe vbthefemord! condier HienPBglepistssplacgment of arsingle

b ' : hat..
ool £kl riiBy Feddirsysiiih 996, Aftin e TbIEREbER e has
| roeshapepared fuithial single eut @2 aalillusizatedr Hovaves sisngll behe

PRCated BY vRBsI o sk i st 37 (hpel skrficarie pélpefiBEfiar to

s hé adjasent nb@aihezriilage 900 avithoatrddpattiegrfadm ﬁwécmpe of the
bst ant

ul ar _.surface that. s
c 6'%%3618% hﬁl? ’%-l‘éﬁ@%%ﬁ[?%{ epFLsysigm &Jn%rpeg%qﬂlq%éo the adjacent
andhoel dditlagd epe Bic. 9tkiepRtog humbcsehpbrame artr’éulaasdﬁmm@panr

mat eri al._| ncl udi,n ol yner. or tals can

S D20 Bl B SRS 1o s PR Bba o B s Rl out (cut
CalﬂelsﬁsJNH%@ 921&&%%&6@@ @onhb@ﬁerﬂ'.%o\f@slaWétU@%lmflarﬂa the

i njection device such as a needl e. nenbr ane

el
| Bdsed Sutare 950 iatent sihshosdanaens 928 ThAdkgEPonant 940

| XeRta Gpvattide thablek@inBarokeing adjdeent®rlaga@obe nmade of
a material that provides sufficient structural

rijpysejty topal | qg\g\n@gmamgeqjsmlpe I nj ected substance

vvlth the proper shape whil al l owi ng for placenent of
g@@issas an dAﬁétth aﬂ&\ﬁb@rﬁfb rtebalﬂhgﬂa de'?&t Blothmode? db%ﬁéépalr
Addi ti'onal ly, the inplant device can be conposed

plsypiem W'tHf as §W@Wpﬂﬁ§ﬂ1% -B.yiheshowmip Rig ope agp@@ch
Ofwcﬁﬁ@ Be @5 m%@ﬁ MSW’E@QT&%”E@CH a°s a EHﬂJdnefnté ﬂ%ﬂa?d@? joint 1000.

vol ume of rrp e di fferent SU corrponen S can
ény&ﬁvmmb@rofﬁgwmeﬁ:r gxample; higatises of Materiat wouldde

J %uﬁ&bl%oﬁﬁtéb\f%ﬁﬁ;]&%n ﬂ"r%é* i H4€inhA 8‘%&%%&&!@%@&%@% éﬁbeother

ol nt or su stantlal
ormaﬁenalsmuswi inrBactine Hsabaven cye ba sisethbithoutaiepearting from the

[ [ t. joint 1052. The subconponents can be
dir%géég eélg\/édr?ligpde the joint, or adjacent the joint,

ortﬁ%&]ar denim&ﬁeoémbgcﬂment it is contemplated that an insertion device has a
substantially fixed shape that matches at least one articular surface or
subchondral bone of the joint. After inserting the insertion device 7000, material is
injected into the joint through the insertion device 7010 where it then hardens in
situ, forming an implant 7052. The injection material can optionally bond to the

device while hardening.

[0161] Alternatively, the implant can be removed after hardening 1020 for
further processing 71030, such as polishing, e.g. as described Section IV.
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injectable material has occurred. [0165] Additionally,
the inplant can be fixed to the surface of the bone

W@baoa049981pl ant ati on 1060 For exampl e, fixati oPCT/US2003/038158

mechani sms can i ncl ude nechani cal 25 structures such

as fins, keels, teeth and pegs or non-nechanica

means, such as bone cenent, etc. Typically after the
device is inplanted and/or fixed within the joint,

the functionality of the inplggt is tested 1070 to
determ ne whether it enables the joint to engage in a
desired range of notion. As will be appreciated by
those of skill in the art, one or nore of these steps
cd0162] r epethed: thetimplant Sepeovablg afteohardenipg i 5104 dS&h be

SRR LR RS pmilint oR e Ba e 198 OGRS, W38 o

1@&]:era]]@¢ﬂlangéﬁ)h inkbape td f2Gilitede cerdOVEL. Affed podidessimg sthevimplant
in_FIlG 10%@ $3§2per approach would be to insert a
ré?ﬁlbr?lrﬁﬁ‘s ¥ 'nto the target joint 1002. Any

d I f
TIPS one e sbimaPs SeRe e Bbuis SRRER Eipre apjoular surtaces.
nﬂtrermalhl&anrmlva @@, inteomal exdagel fecmgma/ambslaasldfamtehaat
r|a di s uss d,in Section Irltl Ia . oe eu§}1ea%eof
6@{‘ Y ?F*?ﬁﬁ*ﬁ?&‘g R artigy E FHG f’ 5
[ Qﬂ@é’ﬂ;bdl’ﬁbnafaﬂf b@l@@héﬁ@i@hmgtmaténﬂ%ﬁl atpefjnidrat nddtals can
insertion device has a subst F'lntl al | i xed shape t hat

metb@'h e Injected Rypudihan apeningiindne smpld.alhe eprentg can include a

SyREMBRAEahatMBR's (ﬂ{seh% éf@nﬂh Jectﬂfri Gdvicd\SRhldsWnédtfle. The
retai ni ng device 1002 al injected into a

th‘Pfﬁwaé?ﬁék?lﬁsotPr?é’é'dUéf'%@fﬁh? mieqt@# maﬁ@rw@ l%medembﬁ@wty
t h@telrﬁ’étﬂgl fHerhaegah tUeQHS&b éfla F‘Hé?érta‘l*fr%t E%?de‘é*&ﬁﬁzléntt structural

t hen nS|n Sltu ormng
i rrjgect;wut@ﬁllwb@rde&wngc@fﬁh@memwwstmdﬂntrbtheméom\sha,ee while

CHF R 5 PR B ks g
L
afStubcomaom$ rvghera the vcnlumetor @tzﬁ dﬁ@acfppfsmersabcmp@ﬂm@

tﬁ%a% gr bRt D Gol re”?fqhec’ ﬁ‘%ﬁlgﬁ’tt Th% dlffér&'ﬁ lsb@&?h%n%nts can be

€ Oor genera I'n" shape
f aonhettad er pesawizied pmﬁrt brnnm@m hhlg,JomhﬁOmmemer optide the

C%d?/%r %Sja’&éﬁﬂhé ?Qntlb%gvithin or substantially within the body), or, in some

instances, can be assembled after insertion to the joint 7052. The subcomponents
can be disassembled inside the joint, or adjacent the joint, once hardening of the

injectable material has occurred.

[0165] Additionally, the implant can be fixed to the surface of the bone after
implantation 7060 For example, fixation mechanisms can include mechanical
structures such as fins, keels, teeth and pegs or non-mechanical means, such as
bone cement, efc. Typically after the device is implanted and/or fixed within the
joint, the functionality of the implant is tested 7070 to determine whether it enables
the joint to engage in a desired range of motion. As will be appreciated by those of
skill in the art, one or more of these steps can be repeated without departing from
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[0170] Additionally, the inplant device can be
conposed of a plurality of subconponents, where the

WO odoue998r si ze of each of the subconmponents iBCT/US2003/038158

smal l er than the volune of the inplant. The different
subconponents can be connected or assenbled prior to
insertion into the joint 1050 (whether outside the 25
body or adjacent the joint but within or substantially
wi thin the body), or, in songygginstances, can be
assenbl ed after insertion to t%e joint 1052. The
subconponents can be di sassenbl ed i nside the joint,

or adjacent the joint, once hardening of the

i thecsdoplel of tmmingentidn, bashow by thedoptiBalPepaaitstee81001, 1011,

cAbe b 0T 0P M R 9TL Do e T
TR recha it ¥aer T BhEel oiffon g oRE Wltg3 2"

t esthimirgndeviegistoothe tangehjeinih 4002 sAnynksvite, capable aisaiccéying, for

 RARBPIes PRt BhT RS LB e pLtapRESA RS MR e for
t rRaimpid, @blynicts bes biter MaTdlidlodidaissedimsesteetih@bové, can be
olnt_ to en a desj red range of

bl the | i
ToRES ithat Cfﬁdart"lslefr%ﬂ?% oD < s, nVeRoD: of SKill i n
t t, .of t.hi t be . ted.
Wl donk e AmheaRenting alyiaet ik 5 0 ERESY bvigg hes a
i fgghlﬂéta?%adl Fe@BhagO BHat hisRb a8 leRiesoddiculaPddfaceld2 1,

1051, 1053, 1061 and 1071. 10 [0172 rior . .
t @uB@I’pqr@,r@hb@@etqq@%tnﬁoﬁt% 'Wgﬁ%ﬁéa'n@evdﬁ?eh&v material is
Bt RS a KlloRRPES HrRed HRfvd:d tHBirélaffhd dé\icd &% the joint
surface of the bone at an angle either er pendi cul ar

. perp

t Guifree Bpeghsen paerdurer 1&%& whgre drihemRElensfbrty, ifrentg #y
”%gfdnﬁhosé! ﬁ%‘gﬁﬁ@éﬁdﬁ B dHtiaalfledriio thé Gevice while
material enmbeds W thin the holes and form pegs upon
hdregdariimgy. 15 [0173] In one contenpl ated enbodi nent,

at least a portion of the inplantation device remains

i 04681y af t Alteativrbnithgingrlantitanihe reetaves after lkarraning (7A20 for

Hather HEORID: 1038 suCHPAAEIRNING o, o4S AEsiBB lRofigH e d

t
froma bro-resorbable material ;' | IS instance, the

c jiner f ' i ' i j i
» gg‘ci) 5 WHEré‘g-,eltl%lém @ﬂ{o@'éblf%{héfré? higenirdn BRy, |’ct can be

ed, typically sone tinme a ~hardeni'ng of the
i njreferabde tavpaver thalimplaot peforanpd shdhajtitbip soltapsitie foldable or

| TR BRI tchBRg S fEsHRRB & fadlitate FemiVAET Rrdr B0 &ARRS, the implant

can be reinstalled 71040.

[0170] Additionally, the implant device can be composed of a plurality of
subcomponents, where the volume or size of each of the subcomponents is
smaller than the volume of the implant. The different subcomponents can be
connected or assembled prior to insertion into the joint 7050 (whether outside the
body or adjacent the joint but within or substantially within the body), or, in some
instances, can be assembled after insertion to the joint 1052. The subcomponents
can be disassembled inside the joint, or adjacent the joint, once hardening of the

injectable material has occurred.



10

15

20

25

is fixed, an imaging test or intraoperative
nmeasurenent can be used to either shape or select the

whe®i/0§998t i ng device for a particul ar patient,PE¢DUS2003/038158

exanpl e, using the imging techni ques and

i ntraoperative nmeasurenent techni ques described in
SECTIONS | A-B, above. 25 [0175] In other enbodi nents,
portions of the device can be rigid, or substantially
rigid, while other portions ofgthe device are
deformabl e or malleable. Alternatively, a portion of
the device can be relatively nore rigid than anot her
portion, wthout any requirenment that any section be
rif@fd] def oAaditivreaallpr thiinpidovcaovignBxedRCThe)Sada® ¢f38d bene after

I S Mo :

- Sy EBHAE8Y 1Banr B ehatber REbR el Bhimsba AR Bechanical

ofstmbterers sycd assflmlsskmhs ite¢thyandipgigs or non-nedchtnicel means; such as

ChfBman Bl 1B AN AL F e s iBlac T IRLS: pisdl i ne
mydihie el fenctibebtiyrof theeimplant eteataovEd 70 tumile&erﬂm‘fam{vhfgé?t enables
then ta

PR lo™84S At M e feB s Shencii e dl e B8P aihpLfiose of
owmwtmﬁ ldh@|oﬁlfnhofe®fftk@setst®sldm| tfyve@éat@a withoat degarting from

been i ect
e Peape qrihe VNG A sholih Su e apione] fepeatiepe 10041 7843,
canp2he108f, q0aRblos1, 1693 Gb6Yy anetbey. enbodi ments, the
|nplantat|on devi ce can be expandabl e or 10

cqbiaAgsi bl ePrldﬁQb p@xfarmlhg th@n@m@hbmtm Fid. uroa §N§Br @8re holes
a Nitinol TM nes nserted into the j

| 196 @PETYRS €aR b@cdé'l,l?d mt%thef %J[rfagg Shihedong %@tnl?élg@r eiffier an
arﬂe%é?ﬁ?&w O Bone SIfee 'oF§étd£ ah%gleo'UHon |E1H€§tmg material

i npl'antation device can then gan ed
i rapdareath e retginingdevdes, |th\%méﬁélahem edpwitbindhe boles ang form

gupbfA haffhfigve the injection of hardening
mﬁgg ugf) guch a?s pol yet hyl ene or other liquid 15

o;lﬁ’g-ﬁﬂl ng ”ﬁ]td?}{e éHn?é?ﬁﬁl@féd‘H?ﬁbodTrh@ntr QFI%EE%b&ﬂB@BF tre"n

| ant at | evi ce can bi o-resor ba
anmplantailan devies reinainstimeity afterdreedening efthglinjection material. In this

it s%@ﬁ% 'tP(@iné/ larit3fon HéWé@ﬁér%é fE’FmQ&Yr‘oﬁ‘WBWreQSrb%SMS@naI In

seguent 10 nj ec mat er I al
subip anstam@ bheet cmntamen fgrrulsg the inmpdardatipodevierycarlee rasarbed,

‘yrs%HPe;/ ﬁﬂe %ﬂ@llc Sl%é)éf th rlnjémeﬂgﬁeg& to the

evi‘ce via an

iaqg%ﬁgon or Tﬁgfhagoeceﬂ th@RAhERal O obyTpL 84k B R0k 4hLthe shape

novi ng
is fixed, an imaging test or mtraoperatlve measurement can be used to either

shape or select the best fitting device for a particular patient, for example, using
the imaging techniques and intraoperative measurement techniques described in
SECTIONS lA-B, above.

[0175] In other embodiments, portions of the device can be rigid, or
substantially rigid, while other portions of the device are deformable or malleable.
Alternatively, a portion of the device can be relatively more rigid than another
portion, without any requirement that any section be rigid, deformable or
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catheter or arthroscopy portal. [0177] In another
enmbodi nent, a ball oon such as that shown in FIGS. 11A-

w@200809998e used as the inplantation device. D PEBUS03/038158

bal | oon shapes and sizes can be nade avail able. A
detail ed description of all possible shapes and sizes
for the 25 balloons is not included to avoid obscuring
the invention, but would be apparent to those of

skill in the art. Were a balkgon is used, it can be
inserted into a joint and inflated. The size, height,
shape and position of the ball oon can be eval uated
arthroscopically or via an open incision or using, for
eXagligable, aut thaksfctigns wayy in haldaess eelatiyete anafher geftign. In this

b B U St s o B R Bl e ety FRAG ol section
caanibe gederiineck dori exaople rusing amismagingiget dmc@tgasizet is possible
385y B89E  Bflne 7o HRA BN AR R bt o pe
ca:mftm;?ﬂgg\rﬂeﬁlcerqaedm@dtakettm shape cldgmmr @eore articular surface in
ot 3 8R0S e P Ber Pl FRBYB0 8o R 80 anc
_?rwhnm:uda ehateriah oi@ardating in :tlhDﬁESMIfotB@ érrb¢dhmhhe, t’tgelten_tl(rje device
o?/éoalggqaﬂé%/f %%ntlapeectlon the material is in a ui

The material expands the ball oon
as. 1 . n t. the L] t aki
ot o bESbE MG B el RS e B Hgebe or
s hnapditle R ée. exhiln‘ble mﬁpbh%tructafé slmhl & a Nitrrubm"Uﬁ@ﬁ'l can be
such hat@\lqt1 Ee def ect . 79! The b
cdn® ?J‘?"Pﬁ @‘@? @GP PCU \{é‘f‘f ity CH Ee e oran

hayrfieeddagy FBHEI Dhke ftde @8 j@lnipﬂ{e\’ﬁ’ﬁﬂarﬂé%ned@fber@rﬁhén be
The materiial is initially in fluid or sem -flu

stepandecthd rﬁdﬁ’@lﬁ”&ﬁtm@)@ﬁﬁﬁ&scaﬂ IRS145iS 3 RSPl &HGN ?ﬁé bag, to
S h@@&vé’fhe lh}é%tl@@“ k?é?&er"ﬁhb \’natt@fi‘afP s%féﬁ%"s%ﬁye%ﬁlé’né Jﬂeother |IC|UId

shape of the articular surface('s) and other articu
stlﬂ@JdelUQ @@etalm@paf@tlwe Th@ireg¢epsanls peflien of Sheﬁmp&éﬁatlon device

| NSindS i § B?ﬁé@béﬂ@%nﬂ%rwﬁ behy w?tH??éa {Hc'téq ﬂn&t&@l"ﬁ(‘t@rﬁéﬁ@ely, the

shape e articu cavity an
surrfpéame(tp)w devigeraather res10vEH @umﬂqueohmdalﬁcmwbew@atenal Where a

5o 04 SR B I ] con BB Brcurenty

Coonsabseqyent to thexampbal, oftthaemmhniamlqmdﬂma Eelthertvizaae ihcision or

ke RO S AT LR B ke

catheter or arthroscopy portal.

[0177] In another embodiment, a balloon such as that shown in FiGs. 11A-
E, can be used as the implantation device. Different balloon shapes and sizes can
be made available. A detailed description of all possible shapes and sizes for the
balloons is not included to avoid obscuring the invention, but would be apparent to
those of skill in the art. Where a balloon is used, it can be inserted into a joint and
inflated. The size, height, shape and position of the balloon can be evaluated
arthroscopically or via an open incision or using, for example, an imaging test
relative to the articular surface and the other articular strictures. Range of motion
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20 1102, 1104 of a joint 1110. In this figure, the
joint surfaces are illustrated with associ ated

w@20otiokmge 1106, 1108. The proximal end 1112 oPCT/082003/038158

balloon is configured to communi cate with a device

t hat enables the balloon to be inflated, e.g. by

filling the balloon 1100 with a substance. Substances

i nclude, but are not I|imted to, air, polyners,

crystal free netals, or any other suitable material,

such as 25 those discussed in Section Il above. The
bal | oon 1100 of FIG 11A is configured such that the

di stal end of the balloon 1114 does not extend beyond
ditestilg candbeoperfarmed;imprster tol @msurevadequatd sizei sfhape anddpasition of

.”‘tﬁejd8 édhﬁngﬂf#e f[lﬂ’an@%'ogﬁ&%nto the area of the

eret ered the joint). WD
T b N T .
d| s $eli-hardaning Materdd!, errreatedsl thalnhardSts v adﬂeammﬁuﬁable
13 8 5B 3, AR O B Sy o an

e XTypitsllprupondnjebiiom e mr'aiaeidl som affluiEkeraendsididestatenShematerial

RIS LaIShE B 438 e YhER Zesiits T e HelBan takinguon the

C(Htfaipglufeda artlcdﬂar $urtsice! foeedaraplelasesmdwihid #F1;f1hand other
balrh ci ]t exte tﬁﬁ@/? r]% td%(i il stal 1120 of the
AHEV AT ﬁ%skﬁ PhfshE % of the balloon 1140

t dth
b&%iaéﬁ?ecfﬁﬁﬁa%sw PG FoufiifieSieq WA S hergeRigh or
Deﬂiaﬂ‘uérﬂ?g P’Lﬁerﬁw Gutﬂ?§§alpb§/n‘vmtahd &ven ‘ﬁﬂﬂ?l‘sl Tlﬂe fnatenal Bdnitially in
sco 0 e inventign i ona
i o s mu T S T He AR e RDFS 116 baon NLEFe!She shape of
'bnth@ bfah'@orb@h”t&@‘s@steﬂﬂdaﬂkfﬁfétshbﬁefohmebeﬂ'héuﬂ%m@e(sb‘ Qnd other

| oon can be cut or slit. The balloon can
puﬂ'@da'b%i&@tl#r?%rﬁ W'Hﬁ%‘é'ﬂéﬂb%ﬁl@ﬂﬂbha@ﬁa “?%‘i‘ﬁﬁ@cpa”oo”
from esubbt%hf‘éllvy tEl(uﬁ% a{@mabetdmw%c@ap@émtaﬁa aPlicuRd

arthro por tal 83] More than one ball oon can
besw@@a(saé strwtu@tSr Eheeaallqﬁnmacglsqqeac@po@ ofachia-resorbable

D'Mg?énbr efbahﬁéd ﬁéﬂtﬂasﬁ%@ql% p@dogﬁérlte@ia.soc%aurebe

con |gure suc t ns are 1 nserted

@2 - Si d%o"g?pa?lhg"‘f%r QXarﬁ%l@othe%dnﬂer’ﬁéﬁus%Qd in |5=|GS 11a-c,

rted in artnents as shown
11@6 19 fiusirates apinghebaloont180trseried retwegnstwo joint surfaces

SRR RTOR Ao 700 IS TROE i gk B et win

11@ssoplateﬂ cartilepe H806,0th08eT lae pxihalendatid2ef the balloon is
configured to communicate with a device that enables the balloon to be inflated,
e.g. by filling the balloon 71700 with a substance. Substances include, but are not
limited to, air, polymers, crystal free metals, or any other suitable material, such as

" those discussed in Section Il above. The balloon 1100 of FiG. 11A is configured
such that the distal end of the balloon 17174 does not extend beyond distal end of
the joint 7120 (where the distal end of the joint is defined relative to the area of the

joint where the balloon entered the joint).



10

15

20

25

20 conbi nations thereof. [0184] Each ball oon can have
the same or different wall thickness or can be

weovposesl of the same or different materials. PSI/EHS2003/038158

result of differences in material, a person of skil
inthe art will appreciate that the anpbunt of pressure
requi red to expand each of the balloons can vary

either uniformy or in a non 25 uniform fashion. These
pressures would be known to aggerson of skill in the

art and are not discussed at length herein to avoid
obscuring the invention. [0185] For exanple, in one
scenario the superior and inferior surface of a

fi[0$81] i nneFichallB dunrirateaaniaitemativé balldonf 1530 wirerein the distal

PERECATR AR En B0 AREERE Ere i 308 11 of HRBACBR 0

i rgxéartdeheybhe ther distalif ‘&a:amhn)redlmahsmﬂz ehdhef therjeint. Ghistdxtension

o e d ottt BF Bexol 80 ehLAN o) LsfiGtettidlpen sizes.
berigetrt illistratewa dalldanud B0 wharéiadkes balivonbe 4048 towiguest such

2 haf ol A3 el ool 2aB YGRS Prfifatihe Midrzo o e

eqﬁaﬂwmmecmmubﬁl elﬁcﬁfw’m ofithébapson 140 dbe@rnd@@kt@ﬂa Ibegond the
the caontact zone he articular surface. [0186] A

s PO ook 0% Wﬂ'ek?q Wﬁ%{ﬁtegéﬂyl tBeRe ekl thy 8t laer

t hRmUBfidhs 9% BossiHi@WRRoutMebatting ropd ﬂ‘%%ébﬁe betratihvéntibA.
the first balloon. The inner, Iowinflation pressure

bgbhegn c anAQGltl&Ha'r’rE/eﬁ' shé‘rpﬁﬁ@cru’fﬁérﬁ@bcﬁ) CEL %ﬁlpép&ﬂm bd M8erted
sane ball oon 10 al so have different wa

[
prigigdhe Pé&oqnnorcﬁdﬁcéf‘bwth? @Q"Qﬂfba'?ﬂ‘ therhalleen cayphe cet ¢f slig The
r 'tgillgoﬁ‘@éﬁ tH’é!ntkib ﬂ'lll% paBk |fr6Fn‘ tﬁ@ hBFcfé?r%Hrn?&eilél atnaﬁ"emoved from the

per | l ess rigi i ntermedi ate or
| doint, rm atab&hthmt@@saﬁ@ﬁetﬁhom mal&f@’@ﬁ@?py JaOtE8 7]
Alternatively, a first balloon, having a |low inflation

pr[@§§-'ﬂr e reMare {an ane hallger sarbe ared an illustraiedin Hiss. i #0-c.
Effa B%FQW bhIbESs Gééif ﬂ% baFil%Bﬁs e£n g@%oﬁﬁuﬁ‘é& LGH tRht the

ace. , as mte ressure

crh?éip@@is aﬁesn@%”tqdrﬁéde b)ﬂﬁ@ﬁ asfSHOM@ byaﬂ&ooﬂ 16%! Isettn, ynserted in
f%(ﬁﬁipédﬂnaﬂg a8 rsBSWﬁ %XEW‘SH CHY 5% m%‘l’é fﬂ%%neld? mhdts Dalloons
nanner I's

tance bet we he two art
suarre @@esmpaﬁeldemﬂthmthedumed ofiadother mlmonuas slnqwmhy: ¢16071162

e S@Hﬁd“‘?‘??f’”ﬁ% MR, TG ' £13b-ddHofita R RnSlip ! dWtiior

ant
combinations thereof

" [0184] Each balloon can have the same or different wall thickness or can
be composed of the same or different materials. As a result of differences in
material, a person of skill in the art will appreciate that the amount of pressure
required to expand each of the balloons can vary either uniformly or in a non-
uniform fashion. These pressures would be known to a person of skill in the art

and are not discussed at length herein to avoid obscuring the invention.

[0185] For example, in one scenario the superior and inferior surface of a

first, inner balloon, can have a low inflation pressure relative to a second balloon.
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20 [0188] A second balloon can be provided at an area
where there is relatively nore weight bearing. This

whalokoerscan be configured to require a hi gherPCT/US2003/038158

inflation pressure relative to the first ball oon.

[0189] Differences in wall thickness, pressure

tol erances and expandability of balloons can al so be
used to influence the resulting shape of the injected

25 material. [0190] The resulgsgs of using inflation

devi ces, or balloons, with differing wall thicknesses

or pressure tolerances is shown in FIGS. 12A—F As

shown in FIG 12A the balloon 1200 has an up

stysa@s the mateial isiniestpdr theuresseee srepledingidg tbﬁ iumemf the
2999&094@ gﬁéctﬁ%n%%%%éﬁ%oréiﬂﬁ:ﬂr%ﬁﬁﬁ'@é 1§ ﬂﬂs Aahfler, the

a distal "end . The relative pressure tol erance

dlstam@e betwyeasdhe éwo aﬁfcu'@r sufmaces\gapdeicantrolled pagha migmum
t Hﬁtén%"%ﬁ\'\ %%rofb?&ﬁedlgﬂ&nhg %Jf#@e#@lﬂﬁﬁneg% \&f ﬁ%cr%iéi%ﬁ jmp plant.

he upper strface al 1 oon
aThiglemhogdihent danzte useffl imareas ivathin ¢ kardering the icpgtact zone of

aﬁélrdglﬂ.% éOI nt surface while the |l ower surface 5
1%28‘?@

as are atlvely conf orm ng shape relative to its

E éB%ﬁpondWQeéo‘?lP tet8r pgﬁ era tpa}l%éih f%ﬁ 8@rﬁggllcg‘éﬁ"fhtaprequlres a

2B, the i ntflation i cé use
r bighei indatjoncprassura relplivestoune firsh belteome éhe irater,ilew inflation

Sﬁ';e%%%réenféggh g%ra%?ﬁ%},eé%w Slﬁl{g ace%&ggfbﬂg HLRQ $bme balloon

r ehrablsu dlaye tifferent aatifproparids mrckfferehia‘egmesto@tr@dnﬁhloorﬁ e.g. a

G RERR Lo oty § F65nerel 4523 ok ot pwt

airerreaiie b2 RV ihfiatiomgprasduoes inrthe akhten pressure at  its
proxi mal 1214 and distal 1216 ends, with a higher

i [U1Ia|ar]i on pﬂﬂtemaiivelyah fiest badorahaving @i low infatiBn pﬂ’éseure relative
result of is confiquration is that en t

| 4 spodtiaaliodn Pty Beh e Grea hraBing B hotie: fee st
aa@fc@l%t eﬂrfﬁéJfAﬁraﬁn (& r8ateribiEs giioted, tAa ptd&u@cré@t@d I‘radlde the

;eﬁ%gﬁ hgg " I?Hg%gﬂ t{réwss%ﬁ geg ﬁ);qgeg%dggr%grngul ace in this

CAfanhgr, 964 distimibe bBATedntAe G060 bFtRLIat 80ifAcEshRm @ controlled and a
rel atlvely flat confi (tguratl on relative to th

cBHiniBwFbARIaRge can ke odiainedt@rsuriag asigent tfapkr@&ﬁ ofythe resultant

cophihgured to achieve the result shown in FIG 12A
[0193] "As will be appreciated by those of skill in the

agd+8sfny Of A 5B&HRA balloon can be provided at an area where there is
relatively more weight bearing. This balloon can be configured to require a higher
inflation pressure relative to the first balloon.

[0189] Differences in wall thickness, pressure tolerances and expandability
of balloons can also be used to influence the resulting shape of the injected

material.

[0190] The results of using inflation devices, or balloons, with differing wall
thicknesses or pressure tolerances is shown in FiGs. 12A-F. As shown in Fic. 12A
the balloon 1200 has an upper surface 71210 and a lower surface 1272 along with
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20 bal l oons can be configured to have varying
properties resulting in portions of the wall being

WO e®s/0499gi d t han ot her portions, within the saP@I/US2003/038158

ball oon, e.g. arigid wall wth high inflation

pressures in the periphery and a less rigid wall with
intermediate or lowinflation pressures in the

center. Where there is nore than one thickness to the
ball oon, it could, for exanplss have |ess stiffness
anteriorly; greater stiffness 25 centrally, and | ess
stiffness posteriorly. The wall thickness variability

will enable the device to acco dat e shape

{@pixima endcidas a s akeas 42061 her 853§V%P@§EW€ tolergnce of the

dl?éﬂ'oﬁﬁ of rrﬁlg’uéhlhéwc& wéwrs%\n& drothiehewer SLpmdt a212 ma‘name upper
ol nt be nportant where there

| $er@@§| D1 A8 oSt i URAer USaa GfiBe balntn T200lse roidtively
Lﬁ%ﬂﬁcﬁ{ l%‘?att Y& }f% cbrfrestdbﬁdﬁ\‘é']&hﬁéur@éét\wrﬁle théld‘?fer surface

ness t an the anteriof "and WO 2004/ 04998
Pmmmmlmmnf@mlmgmm refative & ntﬁae@re&pﬁ@dlaewetesurface
woul d be configured to conformnore closely to the
sie4P8] of t Heming nowdeFicad@s, thadnfiation glexisg used 1220 has

| Felaqﬁlgly ontsfa%f Rre@&re%l%ﬁa‘?fogttﬁﬁ idl RYARRI g/ wmfdﬁsre&ﬂtstlﬁ%oth

evi ce seat
J thentppe[‘ @wwe 12910 andithe Jowartsarfeoe d@dahaving eglatively fiat

SB%” Qura?:ﬁ?w]é ?%I%Weotéee%gh é%rf t[éé Eﬁﬁe%ﬁﬁdinﬁﬁ&HﬁéMCQQ% ardless of

fes' 'stich as
atHeljoins surfgcecmatgpen arthrotorry [ 0195] V\here nore than
one balloon is used, the different balloons can have
dio1ioe] ent Fhaptec ilmsiratéve ball@inat230having & wwciafiatios pressure at

adj usted o el ec r [ A [ . Qi At

°fb 4RR 2 B8 o s TR B Frckglata conrl

beddierpn218. Theeasiit affthis venfigurbibmmis toztrwhenstbe balloon is inflated,

confi gur ffe ent and/ or_ v g

t Fec| élg?igng ,glg?al @Qgﬁmﬂ@ @riaegrggfqrg ?%E%Q dh%@h )} than the

fﬁé‘ﬁtka? ﬁégﬂdn ¥WHéTnﬂathh resdur®of mementrahaglonsaltmxgh iighfef than
an e anterjor erior s i,ons

& Bitpraxens AOS RISt e B8 RestRyes T L5 Sont (hich has 2

Cedhfivilly Wé}rctohﬁ@hlrbﬁorpifelaﬂﬁ/@% e édrré‘sbﬁﬁdiﬁg {dvatrsutfhees, as shown,

anteri or posterior section. 15 [Ok%] FIGS. 12D-E

i for gaw P%P@nf&ﬂﬁ?q{ ALY VSriSe iR3Hishows B &g aaﬁs As shown
FIG 12D the f t ball 1244
IsEQtﬂ?ﬂ bal |%Wl"§%¥§6¢'?@ﬂrﬁﬁﬁosq ?uffﬁki't'r‘ifﬁ? 'i«ﬁ'&’ﬁi%ﬁ‘?

| Bafidiris c%'f'f%?éjédm@hredttb %at/é]flﬁlglir@r propértias foslitihg l@EOIﬁIIbﬁS of the

external second i's confi ureq
i mfalldeingnleps @glgljh@w pqhng[ perifiaps aythip the e balloon, e.g. a rigid wall

with high inflation pressures in the periphery and a less rigid wall with intermediate
or low inflation pressures in the center. Where there is more than one thickness to
the balloon, it could, for example, have less stiffness anteriorly; greater stiffness
centrally, and less stiffness posteriorly. The wall thickness variability will enable
the device to accommodate shape formation. Central thickness will help prevent
the device from fully conforming to the irregular surface of the joint, which may be
important where there are irregularities to the joint surface, such as bone spurs.
Alternatively, if the central portion is of less stiffness than the anterior and
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one surface of the device to conform or substantially
conform to the 20 corresponding joint surface. FIG

wQa2m4ake81 i | | ustrates a two bal | oon confi gur at PONUSHEYBS158

with a first balloon 1254 and a second ball oon 1252.

In this enbodinment, the inflation pressure of the

device is configured such that the surface does not
substantially conformto the correspondi ng joi nt

surface. [0197] FIGS. 13A-J(1s3) illustrate a variety

of cross-sections possible for the 25 enbodinents

shown in FIGb.11-12. These enbodi nents illustrate

possi bl e profiles achieved with a single balloon

( mo%rionS@thnS)fhe devida aroulshbé oanfigaindsbigi confarm mhbeer dosely to the

0] Nl S, 4 oon., | .
anpBg en fRlppt sl eomosf iR ok Borerine dgyice
i rcoaformkfte trenjpint sblage) she more thietdeviteaseatscwitiun ffed joondn WO
2004/ 049981 PCT/ US2003/ 038158 57 (FIGS. 13(1-3)); a

t r[0194l | oonOpéibrally, thkeesuegaonccanadi¢al dmserove surfaee irregularities,

pdi10s1B8 b 78 Bayrs: 5E sa BEuckind plascdlof s8Fim QRS B0 s
t vanthpeddopp i0s opere adiljiokyaynt each ot her whil e one bal | oon
has anot her balloon wthin its lumen (FIGS. 13E(2-3),

F([laleS]G( 2) ) Wreeré enore Itfedn cmeﬂoatlﬁbn lqousdddet‘rm differeht balloons can
00 acent. eacly ot her, and e ch
VB SAPPE SR SR ShaeCaLSHs 537 b0 P Rpd e sBtected for a
bﬁjl‘l'érﬂmleﬂt Eniﬁ{ijnﬁcmrﬁdd&mho @tzbeindVShEble ialtffér@m r:ﬁlth?e lsdiloons,
t he ree oons havi ng anot a t

FReh o Eiecslopas 6o afp becsondoyied 40 heik FgTereanalap varying wall
V\‘Tﬁfcﬁnéd@k@eF&fé%aﬂm o aResH b e c@dﬂ@ﬁ@@wltﬁmntral portion

the three ball oons have Qalloo

thﬂii iB Iqqs@uffdh%htk@pqr@nq@@@ Ppsteriagsegtions ybilg g second balloon

a%’uﬁfbé‘&&ﬁhd@ﬁed §08Rt He &fitrhl pdrﬂoﬁ Beof@"réateroétﬁﬁéss than the
conbi nations and profiles are achievable using the

t AEPIHGNAGTOSIAET Beciiont | on WI thout departing fromthe
scope of the invention. possi bl e conbi nati ons

hal®d9%bt be&ies: 1RRElustrate mnﬂewyépn% gsing Yo falppnsufs sown in
t hﬁel DSl 5 ba{uQ&ﬁa}m a.tsawmlh %rse%msélmum t8%&Hhean

can be inserted into the | oon or the devi ce.

Thieflgtiopisevicent 249. i thisi emlepdﬂ@ﬁnhﬁ@slufaﬂﬁgswf?@ed@ﬁﬁéé the external
m
enmioéggﬁ&ngﬁltlé&w ’13%42 ng‘ prf@ré&‘%tﬁ‘aﬁ'uﬁﬂ%)non gﬁésme?théﬂgnéﬂl&eét least

can be init I nj ect
wi erte surfasetof thet device totdeaforing ot sylistaitialy nmforrﬁrartdélm ng.

orEFrishaho 91 Spbboe, i ALENERNIEES B8 LS i aton
1250 with a first balloon 1254 and a second balloon 7252. In this embodiment, the
inflation pressure of the device is configured such that the surface does not
substantially conform to the corresponding joint surface.

[0197] Figs. 13A-J(1-3) illustrate a variety of cross-sections possible for the
embodiments shown in Figs.11-12. These embodiments illustrate possible profiles
achieved with a single balloon (Figs. 13A(1-3)); a dual balloon embodiment
wherein one balloon fits within a second balloon in approximately a central
position (FiG. 13B(1-3)) or in an off-centered position within a second balloon
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a given inflation pressure. In this manner, a
sufficient mninmuminplant thickness 20 can be

wWer®u0eds1t Probes to neasure the thickness of tPeT/Us2008¢38158

or the balloon include, but are not limted to

ul trasound, including A-, B- or Cscan. [0199] Turning
now to FIGS. 14A-J which illustrate the cartil age
repair systemdescribed in FIG 10B utilizing the
retai ning device. FIG 14A angyD illustrate a
cartilage defect 1501 on an articular surface 1500 in
the sagittal plane S and the 25 coronal plane C. The
surgeon debrides the defect thereby optionall

c (Eigsi h@(&rﬁbaﬁrlfb@ilmmsetiwherp@wo(Q]allwonse‘tt a\rlﬂarrr@flrst balloon
He%%‘lcg%%) T8 BlaliGshstfte BStuQ@%&ﬁéxt’r@%&% ?tggf{fd&fi 1B H(1-

Vlt deni g Rurer can
a@))aPEMmbmlobEQZre adjatent eaeh ather wiilelené balldBwitas another balloon

AR PRI 56250 % {8 bRk vipre two

Croplid@is dre%ljacehaéachkuidért arohedchyonedsasva balloba within its lumen

o OPler Tl ordre RN i dcenf wad ofE it U ast ang ot he

a thrieg Wiatlooras AW amtherhmIdetmmﬁtgmmstlemeal(ﬂt;e; ﬁnczezz) or a five

t hereafter 0 strat e

L RIS S in HaSB Shvee PalepisAre posiignd adjgpant cagh @Ehe.sﬁnd two of
CuketHrée béncsi:rnslriave %@llddmtwntrheut§mmeatp(emf1 3nm) h\@rwu B850
defi nes snal tee hol es, or anchorin

15pregiated Ry ms)ssrpé ﬁls'i“ in ke %§£nqr.0ﬁ@b'r@§93% ami Brafifes are

ardchré%aé uSIHgftRE eede'?nﬁ@s o%eslh@mc:hmnﬁb@t dé&e@ﬁr?g frémdhe scope
drill” holes can be drilled parall

5) .t
r e_qféhq laﬁerﬂt@noﬁlé PasibirEoMbifipdipas have éotaheénﬂlbﬁffai‘itﬁ’dﬁ order to

oid PRNAVSHELAr to the surface of the
h@d(}r IFPﬁg{)one 1552. Alternatively, the 10 drill

hc[bm can bg, Q{dtﬁér%@dnﬁgntaﬁ%cﬁ)é &arl 154 ﬁ\%ér@é@fﬁ'td)thtecballoon or

each ot her and a angl e I'S not perpendi cul ar
t Hle davied o mpb@ 68 be 515@2&&15)‘ OT measuringt teg demice tiickness (6‘ g.

1%3‘1’1&1 #hd nfaxinfd) In BR HRIPSHRS! @t&% if¥%nsh eoéﬂf)oﬁ‘ Eélll be iifttially

one or nDre pegs can creat
sunmﬁateé With a fest matesial that Isetxmnqilyeﬂowhademng( che msnde the balloon

: HrE@% ég\{l@ec' the h}f\%&?i@gg t‘ﬁgtd'evﬁe\@?'tﬂeebéjll é&ﬁ%@%ssui%d e.g. for

es a scenari o an
i Id gisem mfle’soraprfeesmrepbghiscmameroa s\mfﬁmentsmnrmpreagmpmnéthmkness

PR e gl faeh PO Bt teh BEAss B Tl vied B B B4oon

f omafmdb dort aieatotmhﬂtebm altdsesnd) diclddimgAg B>\or iQaskan, but
rat her has channel
[0199] Turning now to Figs. 14A-J which illustrate the cartilage repair

system described in Fig. 108 utilizing the retaining device. FiG. 14A and D illustrate
a cartilage defect 1507 on an articular surface 7500 in the sagittal plane S and the
coronal plane C. The surgeon debrides the defect thereby optionally creating
smooth margins 7502.

[0200] A retaining device 1570 is applied to the defect 1501 to define a
cavity 1520. A hardening material can be injected into an aperture 1512 in the
retaining device 1570. Suitable materials include, but not limited to, a polymer or a
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protrusions 1572 into the bone that, when filled, form
the turning channel for a screw, thus resulting in

wo b@4Hid98ed aperture formng a screw that enabP@sUS1003/038158

20 anchored device to be renoved by turning in a

cl ockwi se or counter-clockw se direction. [0202] As
shown in FIG 14H, a ridge 1546, typically
circunferential, can be used. The circunferentia

ridge can help achieve a tighjg seal between the
det ai ni ng device and the cartilage in order to avoid
spillage of the injected material 25 in the joint
cavity. Alternatively, the periphery of the nold can

i m$tabfeeaameta°l tAddlfnmnahy assiihbe apartesidted by thaserpdisigy in the art,

PR A8 crf B LRI BpWaR AR R QP eteyst o,
r edrdeming onateriad injedied theneaftire pl aced on the surface of

a bone. WD 2004/ 049981 PCT/ US2003/ 038158 59 [0204] As
sm@m in FwﬁullmtedtlhdFlcasmAGnthngsuafeoﬁe otthedpme Hy0ican de

5o, Y B L %P5 58, L B8 B0t S e
d@mhlﬁ:tﬁetm hotzsi bif amcheting enenfieers, i 562ttt haln emamr the resultlng

DS the PR R LIS 12 As Rop i B TBlAT AT 65 g notes
a%ﬁ??gﬂllddpd?bl@l |ri1|4alatlo'rﬁh6 one ahoer, attiepa gme iasd morarthan two,
f%ﬁc@ewgﬂdlpw t e tracdl 6 SPR&@O&%@? BBRR s8R Aflematiysly. the

I aﬁlph&@@c&raué Umué&&% éng@mmonmg td badtadthyr af at a angle
i npl ace of the nmenbrane

pEsY isdisd PerRendisalar o tfﬁe%L@ﬁ'@?qo{ﬁ?@)%ﬂ%ﬁ%@%rﬁged in Fie. 156(3-

'TE} s\l be bppReciated B B8 @f skt the@@bh¥ or ﬁm@pégman be
teeth 1590 can be grow ded that 10 communi ca

t pieatashorsthesuigoa opthedane Felxagin'e bigndfaE) él'uaté?f@éta two peg
188u ﬁ.ﬁwhbn@z;é@nmst gga@mg% gs%gcéﬂé@io%\dl K6, M) e

aced over e def ect illustrated in
Fulcmtraiessezfg)urmﬁgesqenanp wh@reamm Dees a@la panaiigbrelatignshipavhile

RS EE,1]BS e FREFIS ol O e soplr by can e
désmpded that thejpers deas rotdermegayinden Hut tatber kasi glanng

%\Prof 3}'% otnts h§92 Efﬂ? i) 3&1 otgl‘laﬁ '\Aﬂ%ﬂﬁ@gg gglrré ;t/ﬂseafglfnmré% ﬁh%rénel for a
desriegn Gwsfresultlmgalndhe rflheml amrgjne fdyerdng agcrewrthatenaples the

anchored device to be removed by turning in a clockwise or counter-clockwise

direction.

[0202] As shown in Fic. 14H, a ridge 1546, typically circumferential, can be
used. The circumferential ridge can help achieve a tight seal between the
detaining device and the cartilage in order to avoid spillage of the injected material
in the joint cavity. Alternatively, the periphery of the mold can include a soft,
compressible material that helps achieve a tight seal between the mold and the

surrounding cartilage.

[0203] Fic. 141 illustrates the retaining mold with a handle placed on the

surface of a bone.
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the entire articular surface of a conpartnent.
Ret ai ni ng devi ces can be used on opposing articular

w@ohaewsl e.g. on a fenoral condyle and a ti bP@l/US2003/038158

pl ateau, thereby recreating a snmooth gliding surface

on both articular surfaces. 20 [0207] The retaining

devi ce can be designed to allow for |ight exposure

including W Iight. For exanple, the retaining device

can be nade using a transparé9t plastic. The

ret ai ni ng device can also be made to allow for passage
ul trasound waves. [0208] C. CUSTOM ZED CONTAI NERS

Ziq%&flﬂi]r oS BBV 44015 rtainig deNice B cpB e one or

S Hﬁ@ﬂefhaqrﬂldsm7 dtREh&X R IMhetHanaR! ¢dh fbaﬁtaf@ﬂwé@u?éeon
needed for articul ar subject or to create a stock

ofMABITING et raBing drewcgwmaltmwfafe te jnfacted mpkerigl pardens.

a”ﬂwesé]c%?ﬁ,lré’ﬁlsfﬁ@ftﬁ@mét@l déAct AR eBRShBRRchsUsid ¢ iR8ude a
t hi ckness and WO 2004/ 049981 PCT/ U 20 3/ 038158 60

cureab@ne 1 ﬂﬁoﬁﬁﬁ*ﬂ%ﬁlmﬁjﬁaﬂﬂea he configuiatignoassistaincreating a
t htﬁ;h@ 86d1ik@es n@@&l@%ﬁg ctidh %tﬁdpﬁﬂt L¥ed 1R e'c Ghle?ﬁa erial

cont al ner can ow any
rrebf%?@rléii@éhﬁ §aVlt’y0152c9>d&fqm@V Aditianallydor nnplmce I®éthe membrane

cajif3 398p 4B 2LhLA ?2& H?cSv&&’eoO@E 5 Caﬁ{e erp%ll’llajree% 2 It  the material

cont al nerrcan be age rep acefre
or1§78ge ingecied. rigldBiomaliys rnahoringdeetxtigdl aan be provided that

LA e Bl B BB S B SRR
c aartchbange taetiy €590 laelp kgepthe devidesstaivie mthemytisradadvec the defect.

al so consi st of a suspension of stemcells or fetal or
i NieRO%Ir e or Asultusiratedan Fid. dge(4) @hdrs tmm"abneam&qadﬂﬂzyﬁﬂ’ can’

O BNghe %??&d@aﬁ@@éﬁ&ﬁ&?@mﬂ& 08B ent i ati on
10
CW0208, (o SrRERABHinY digst £51 b Bbhed gt an area equal
al ‘rJto.cmln/st@’bI%Itth rg;?aétrdlletglaamm alt'eagjf@mekaasd dartilzlge. Amhan|ve¢\] the
o elinind GefiRe Bt el dRidTED 1o e st eeioh hrariogsugace or

C ofp @stiftel articul &t surfabblotia c@ﬁiﬂ)ahmeﬂﬁ IRt&ihiBg devicas canye used on
sui tabl e techni que, for exanple é:longater devi ces and

alRRPeSINE FRticUiar s Urfages, G % onasTenasalqongyls dod ghilkizt Atgteau, thereby
andcrelafifg QWW?I@W@% dsisdth baktup dataag, (CAV) .

Because the resulting material generally follows the
cookory of fThe rétamirgedeVicel &3 be designed to allow for light exposure

including UV light. For example, the retaining device can be made using a
transparent plastic. The retaining device can also be made to allow for passage of
ultrasound waves.

[0208] C.  CusTomiZED CONTAINERS

[0209] In another embodiment of the invention, a container or well can be
formed to the selected specifications, for example to match the material needed
for a particular subject or to create a stock of repair materials in a variety of sizes.
The size and shape of the container can be designed using the thickness and
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container it will better fit the defect itself and
facilitate integration. [0211] D. DESI GNS ENCOVWPASSI NG

wOorloToPloEr COVPONENT REPAI R NMATERI ALS 20 [ 0212pCTV82003/038158

articular repair systemor inplants described herein
can include one or nore conponents. [0213] FIGS.
15A-B shows single and nul tiple conponent devi ces.
FIG 15A illustrates an exanple of a single conmponent
articular surface repair systg@m 1400 w th varying
curvature and radii that fits within the subchondral
bone 1420 such 25 that the interior surface 1402 of

the system 1400 does naot form an ex%ens 3{ Lfrei
survaive ipformations ablaineddroan Msdpigt andBom ihe catiage felect. More
ﬁfé%;ﬁ I C}’ %ﬂ@l‘n&ldéﬁirﬁﬁédrﬁamém §rapef @b Fsliewcaryected

concave 4 portions. Such devices can t?
pmedsyramests; fpr@xa@p@r@ﬁ obtairsg ainorrt@ﬁcf@rtéagﬁ defel(§) of a particular

PR GH8 PalBrieh Bat B Eild Aiile caltrdRpIERRRE o regenerating
nmiateriat; donpaastple, motiagan-cantaining avateriapaplastisy shieresabakien

o e SRR bt tshld Sodrghy TP Earfibdé rodier i
breptackABit araterial Eam alsooonﬁleirm‘ra suspeBsion phstam ¢alis oF feial or

f 1406

S o it o a8 e e My SRS Seveldifiolenhatife
'gb@rtll%\gt@mﬁ?be:mpmntamylmm"ttmddwebpmmand/onﬁtﬂ‘naﬁttlatlamﬁan be

enpnstra var rvat ur.e. convex
aRanansRE a‘(‘()@" "E&r%iCSﬂgmL{ﬁgve ngtg?p%sagﬁgr@&v{h tIOFEcur vat ure
ol oA DA g o
S&hirl]ﬂt?érz] ﬁwtaftefﬂr?(le aaéa |trhtets daaear ed Frmls fomaxmmmf atthlcgmssbelasmnyed
SucC a ar,ne
o RIS biccherie corRag et e Raldécadiverdhnbratty PERY L0

okh@dble 1@i‘:ﬂh'(qt,lé it byamplB&ompeltexideoreiand beatonestion] &.g. computer
parts can be any suitable rrech@glsml cI udi n

D A tigiod dBsAdCHED AR 05 PRTREIRCSoT e Hesite o Rng, CAM).

s ua add ﬂh@%ﬁfltlrfgeméternaﬁyé{e@é‘@ oS riel doatoun obthednside of the
cont our form ngw n extensi on _of the surroundi ng

nGentRineE éirW”i‘ beltps fpbte defael itsglf a§9§%¢@ﬁ%teé'?t@9raﬂﬁ7‘ ant ed
into the underlying bone 300 usi one
190211175, The pé%@lerﬁ EﬁcomﬁAsglypg\agLTtPéﬁ%%@nPONENP ﬁ%PAIR
PQiLERigQat ed and can have flanges 125
[0212] The articular repair system or implants described herein can include

one or more components.

[0213] Figs. 15A-B shows single and multiple component devices. FiG. 15A
illustrates an example of a single component articular surface repair system 1400
with varying curvature and radii that fits within the subchondral bone 1420 such
that the interior surface 7402 of the system 7400 does not form an extension of
the surface of the subchondral bone 7422. The articular surface repair system is
chosen to include convex 1402 and concave 7404 portions. Such devices can be

preferable in a lateral femoral condyle or small joints such as the elbow joint.
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as shown in FIG 15B. [0215] FIG 17 shows an
exenplary articular repair device 500 including a

wo ba/oga9sf ace 510 to control depth and preventPCDUS1083/038158

an exterior surface 515 20 having the contour of

normal cartilage; flanges 517 to prevent rotation and
control toggle; a groove 520 to facilitate tissue
in-growh. [0216] FIGS. 18A-D depict, in

cross-section, another exanplg of an inplant 640 with
mul ti pl e anchoring pegs, stens, or screws 645. FIG

18B-D show various cross-sectional representations of
vari ous possi bl e enbodi nents of the pegs, or 25

aRchdbB tgpstseamultFt@nparaBit shiisukar auface repsir Bysiemgyith a second

LA A SRR T 0508 Bk o2

hef {heaubblosndralootevi4@0 and  firet comoizorient M0Dwitle an énterior surface

F 12 FE i i anbisoatate Hundeabi i b Sogginaing

[ @8dnal cahtiBge 1415 Bhdsptaid compornb ¢4t smdthiedfrstoomponent 1405
S P b Sresrd vl o B SLSEL 8 £ Bons
n@éﬁéﬁ@n{d”ﬁ tH(\jé agoatuye gﬂ ﬂg ”aBcrInarg) bbhe 7420 ghd/bdtheaahormal
axis O e evi ce. ant

6 Enrtiqten 415,85 WiERe AbvPRataai hoss CL kNS Afloner

6@§m Bhéfts caR Bekoricd! $ueR tHétQHé {Jafts b@lnté@élg%rnmwnh each
Iustratlnga vari et sui e alternative

swﬂmsor qa@?ﬂpr@%ﬁm%%abea%@%wamt hgk, &ddfignally, the
' rr‘?l'ah@%hﬂ%’étvv@éﬁtﬂ@ﬁar@ & I@éjm‘ 8ny s@tableAdbbkanish including

a nmetal alloy,” crystal free netals,
aaldhe$lmﬁ andrechanital mgansonbi nat i ons t hereof . In
certain enbodi nents, the surface of the repair system
1402Hi ng t FiesuHireBisHPWErtissias repair Bistene A0W haying gprasiter

e%ﬂ%’u?ﬁﬁ% %rnﬁﬁbﬁaﬁ@it@ﬁ&@ 8f thd S&réRfHd nchral Séﬂllfagﬁ'zﬁg The

t he under one can ?orous or porous-coat ed
arsysteats aie mapllanteldhetcstbe uad@r Y19 bone $QhuSIRg g)e PEMOre pegs 150,

f gcign Q‘hteg:eegg,’”ﬂﬁé | ofishek oé]a‘?} be Por@ﬁ? i.g5ed amtclgn PaGe ‘ﬁén%es 125

nor e’ gr oov examnpl e acilitate e | n-growt
ofastdhewndnFreoudei ng ti ssue. The external surface of

the device can have a step-like 15 design, which can
be[OﬂtE/]ant agBioud7 sbowahn exemglany artisulanrepeil deyvicedd9drcluding a

Ogglt ?{?@ ey510f 1{0%@9@& oce?fh & BreRBnAEGHE; & eABRoLURES15

. having the contour of normal cartilage; flanges 517 to prevent rotation and control
toggle; a groove 520 to facilitate tissue in-growth.

[0216] Figs. 18A-D depict, in cross-section, another example of an implant
640 with multiple anchoring pegs, stems, or screws 645. F1G. 18B-D show various
cross-sectional representations of various possible embodiments of the pegs, or
anchoring stems. FiG. 188 shows a peg 645 having a notch 646 or groove
around its circumference; FiG. 18c shows a peg 645 with radially-extending arms
647 that help anchor the device in the underlying bone; and Fic. 18D shows a
peg 645 with multiple grooves or flanges 648.
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(e.g., to prevent the repair systemfromrotating, to
control toggle and/or prevent settling into the

woreoono¥wosavi ty). The flanges can be part of a PORUSHN3/038158

or a cylindrical design. A portion or all of the
repair systemfacing the underlying bone 20 can al so
be flat which can help to control depth of the inplant
and to prevent toggle. [0220] Non-limting exanpl es
of multipl e-conponent systensgynclude conbinations of
nmetal, plastic, netal alloys, crystal free netals, and
one or nore biological materials. One or nore
conmponents of the articular surface repair 25 system
cfR17¢ conpused WEB aepich bogivernead eiavadt greexgmplanyiimplaat 650
SGA f m
it o ftaEn e s RS e BT Ry BRod e PeP
bhecessarigbinearipalnedlalarg the torgitudinacadis of the dalicegr af t
autograft or conbinations thereof) and/or a

n{ﬁ@'lla] ol ogi loal 20vadepictalan(imptant 6§ Wtk Bindoetfy avirg radially

>8NSR saes Mon AP bl VRSB ol fpeos lystatng

I gpaéty of goitabie alkernativel shdpesne or nore areas of a

single mterial or a conbination of materials, for

efeadle, t hexamples of ene- smmpmt spgiams inclyds, éot ar@moh éméed to,
a first and a secan Th flrst &

ngql SZ'ICI §po[¥ggqr,g%g}?gql a aﬂ?&é: s?eH rce@rpég %gﬁg)lo‘?oglc hiaterial

CloF \tamurrﬂtlsmsmhbﬁafof t i ¢driziin fonbbdilme(h&r tthd agtace df tfsstepair system

I st while t cond c rrpon i S t cal es

e Bercefiag Gogs cef RERAIoot, ItrhdRsaRsimpas. biritace of
| e fipalris9stent RA8ingithe indsHyRR ISdHe G‘aﬁﬂbé"w@us or porous-coated. In
bi onechani cal properties simlar to_articul

canpthengapedt, b gHifaee Bhibe ferain systane frong the Uplerkying bone is

elqasighed Wh%@ dr%%ré?%’tﬁ/%sti%r é%éﬂble't@@éﬂlllﬂ&e%e Migevth of the
f or cés. first and the second conponent

can
c@hgpgmdla@ tlw,@ diferexternel sHstage of e q?é’!C@I cag haypa stepriike
OrdeéﬁnWhi%h‘&% %rb%l%ﬁtagfeoﬁmr§M%1r%rﬁl&l‘ﬁe9ﬁaméd“§tr§%§nd

rtirro can e CO 10l ogic materi al
i| ptionakty flabges eait alscp ke edded at eger, m@fe rosifions Bndhe gpeice

23 X 'té‘ rev'eﬂf h‘édrbgéi{ H@m ¥ td L &R écﬁtrol toggﬁe and/or prevent

oxyapat | rom-um a
csktiling ioto thelearrovecavityal lrbqﬁanqe{szc_@] beGpart @fra mm@el ora

tﬁcghr?di@a <?s'ié§}1e R BH%H'o?r I%?'{I'{eﬁ‘réé?irr g;gﬁ%tfw gﬁéﬁﬁ%g’g &Iﬁﬁglgl’ng bone

s eanrats oplos tlatofvijlcrcean belp o coreisxd dbpibl of the implant and to prevent
toggle.

[0220] Non-limiting examples of multiple-component systems include
combinations of metal, plastic, metal alloys, crystal free metals, and one or more
biological materials. One or more components of the articular surface repair
system can be composed of a biologic material (e.g. a tissue scaffold with cells
such as cartilage cells or stem cells alone or seeded within a substrate such as a
bioresorable material or a tissue scaffold, allograft, autograft or combinations
thereof) and/or a non-biological material (e.g., polyethylene or a chromium alloy

such as chromium cobalt).
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for exanple to allow the interface between the
articular surface repair systemand the patient's

woronmioosarti |l age, over time, to be filled in PT/S2003/038158

hyaline or fibrocartilage. Simlarly, one or nore
regions (e.g., the outer margin of the first portion

of the articular surface repair system and/or the

second portion) can be 20 porous. The degree of

porosity can change throughougzthe porous region,
linearly or non-linearly, for where the degree of
porosity will typically decrease towards the center

of the articular surface repair system The pores can
b§022431 gnedTHusy therrepgir eystemafandaeiude aockloresareas of a single

b0« B BROBE B0 5 BB Py o

S Byétemecanemm/iera firgsareha aecbridneondonent. r'ﬁlumtnhshgomponent is typically
ChaTE PG, ISR ST By el 5o

i’i:tlﬁgﬁehledt WIIQIGI the sleabmd;mnrg;ts%m;lm& typlthllylmlgrfeldﬁto thgzxg atcurvature

U Bl Subshaaial Sastk 16 £o0Ger dre Hi<L cimaod ve

B ot Rt PSbp EXEES Hﬁa&@% Q&&&l@ﬁearﬁl@gb%%hmbrm abttlﬁtmfed to

enbodi nents, one or portions the articu

S G EIa P e SHATRe daAXBLOBIBY SheAT fpicgs: Fegfst and the

de&e&mrﬁp@{en& B&n EbmERstQf tdTBifaRinRiictdls BRFhetdl @noybbar(ﬁﬁé‘ or
| ater. Hard em@? can occur, for exanple, wthi

s SRYAFOMPOPSRIE AN e FUSieNaf§ 01 HReSqsond Gartions Pab e \ﬁe@ﬁpsed ofa
prbﬁflﬁ ieRate JY!I'ir{EIdcﬂmq bﬁ?ﬁg’trﬁ%lfeﬁ t§90ﬁé Wtaeﬁor(—éﬁblo@cﬁ%tenal

erio here ween nore pref 'er abl y between

né it mot limitasiitody d(axyapatife, ttalﬁtélera gfgomium alloy, chromlum
tI}ngp?g %gp% tdl gﬁg@ One or nore conponents of the

articular sur ace repair systemcan be adapted to

ﬁﬁ?%?!e | ] BRLIPRRre Fliorf @RS SrtichRP s G r’éﬁhir §g§t‘fer"?\c(§ g., the
articular ‘surfface repalr system can
oroutasmeargiesfithgy§rst hertien and/ph éweownnd gortoan cambe dicsesaseable,
t I

qorr %&%ﬁg Eosglfo%\)é\@\retlﬁtjgﬁewget(l‘%gg rt]ﬁegar‘ﬁtE%IQ{ E@a&%ﬁ‘%?@?yaem and
délp:e hatidnt’s neraaidaetiiagd rovagtime hte kerfillied in with iyalireces

nPRrr T CRURYY A8 TR BG . YR b 2oty SHRE st

c qiocﬂawnfapaerttcelanawéaoeaiesalc aystérlneamdltm then secmhdiqutition) can be

it pp[ogu e I'}eatfeq; t)%%ggl f ] ngeltﬁr%Sél%oeu trt1ehr(33c§r(ca>tu|sq Fe)glgn )Ilnearly
or non-linearly, for where the degree of porosity will typically decrease towards the
center of the articular surface repair system. The pores can be designed for in-
growth of cartilage cells, cartilage matrix, and connective tissue thereby achieving
a smooth interface between the articular surface repair system and the
surrounding cartilage.

[0223] The repair system (e.g., the second component in multiple
component systems) can be attached to the patient’s bone with use of a cement-
like material such as methylmethacrylate, injectable hydroxy- or calcium-apatite
materials and the like.
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15 bonding the articular surface repair systemwth
the marrow space. Simlarly, screws or pins, or other

wW@ewho1998y nechani sms. can be inserted into thBCT/US2003/038158

openi ngs and advanced to the underlyi ng subchondra
bone and the bone marrow or epiphysis to achi eve
fixation of the articular surface repair systemto the
bone. Portions or all conponents of the screw or pin
can be bioresorbable, for ex l e, 20 the distal
portion of a screw that protrudes into the marrow
space can be bioresorbable. During the initial period
after the surgery, the screw can provide the prinmary

f[0224]i on ofn ¢er@irmembodihantss oné ac mare paitions wsthemmcular surface
ousS .CO

Sub t hof . b i
JPRA7 SV Phee B Aliger geRrimabl 4t Be iR S FPbRiggen and
r@pﬁﬁm@y?@mmaem@eamwmr aor &xenpple) mt@mu 18e8bhd | Ed%ﬂours
of e, articul sSur st em agai ns e
e 58 PhTiod fer S ESTIa P s APl lith 1o 40080 S8 amyaEs (or
khyainedpsstl therddetndir)| 1Bble SrefdPasIE bbividanUsSec®hd ainBi10

or screw or other attachment nmechani sm The attachnent
rfE'@H?ﬁl ShABaHMB PeHPHHSERRAIUBEY. The screw or pin or
égghrrent mechani sm can be inserted and advanced

lds t h@NGA IMQUF SPMPARERIE & eATlicuIaNaUriage reRah ystem can
MW%&’W@Q h@?&%é Oﬁgﬂé&mrﬁé tRO BxfeRhdlisLASE: of the articular

cover ed port 1 on bone or froma
riofaGe PR systam agn baye araopmore preningstherejp 2Phg openings can

'b’ét é?ﬁécﬁfberegﬁ‘éléé‘@@r%\nfshﬁlbﬁ{ \ hfé’dlé‘é oﬁ?thé@&&néé%ﬂﬁh&h §¥ﬁ' b&Mserted

d t he surround I nNg norrra carti e can
aﬁmgil advanegd &(taﬁﬁleélreﬁ denth.dfar exanaple dheugh the @ftlogtaar surface
[ ad.i d
%@Pél? éérgnﬁﬁb etPS{c? g{g‘r?]rowgpglég ‘Fﬁrjr{e lggs §HQ§QQH%?WI!RQ$Q§rylate and
tl@!@@ﬂ&bhdwdmwe pncalgibo- awtm@mmrwlm&ren iernte@iucdd frroegh

3He9 ?émﬁ??oﬂagﬁgﬁfgﬁs\éﬂﬁé L*gg% rﬁ‘%ﬂ{e m@éﬁO{V%@%ce thereby
drandingl the astmufaaserfamam'palrsystewﬂnﬁhetmerrsw ispace dSinglarly,
til . 0228], The interface bet. t he .
TR S, R 2 ernd B i G e REOTR T gpenings
ramdma:lvanaasd td tag emaendvumg sthendahboree any thiedsbnei rhéirréw or
har.mac ut| ctive agen for exa
RATPRGITS AR ve FRAANA 268 pHiBuB SiiAsec@bair Al de fosbone.
Fortidres dﬁl@lacdmmhfsmfltlﬁé chbh'&)rlm’f @ bé biorédoRsibI&ITeY &tample,
qR % The surface ar %1
e distal portion of a screw that protrudes into the marrow space can be
bioresorbable. During the initial period after the surgery, the screw can provide the
primary fixation of the articular surface repair system. Subsequently, ingrowth of
bone into a porous coated area along the undersurface of the articular cartilage
repair system can take over as the primary stabilizer of the articular surface repair
system against the bone.

[0226] The articular surface repair system can be anchored to the patient's
bone with use of a pin or screw or other attachment mechanism. The attachment
mechanism can be bioresorbable. The screw or pin or attachment mechanism

can be inserted and advanced towards the articular surface repair system from a
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the interface can be irregular, for exanple, to
i ncrease exposure of the interface to 15

w@b@noeoeut i cal or bioactive agents. [0229] E.PCT/US2003/038158

PRE- EXI STI NG REPAI R SYSTEMS [ 0230] As descri bed
herein, repair systens, including surgica
instrunents, guides and nolds, of various sizes,
curvatures and thi cknesses can be obtained. These
repair systens, including sisgi cal instrunents, guides
and nol ds, can be 20 catal ogued and stored to create a
library of systens fromwhich an appropriate system
for an individual patient can then be selected. In
rhedrtilage doverad geftiantaf thor borenordrar eulcarweighttkessingisyirface of
$ssessed in a particular subject and a pre-existing
system including surgical instruments, guides

BB oA R P A o

é@rdiindingapinabgariiage 25n beat antagiepfor ek@@PlE] orlented at an angle

M NI - PROST | S 32 . _not abov h
SHARa e BB Lo e aineRiing aBohd Py Bonk o o FEbE S PIcER4n
B b¥teAmPRE i Olewadf théaghihis hbmin, sndfi@certaih cases anpioe,

an area WO 2004/ 04998 PCT/ g§2003

drares 3baleE 52D Neyg ad wtagRS i ﬁgiaréatj’ 833 Sistush ploge e

S tRE Dethder MERicYSIstfEce rdpae systehtanhdthessurfoanding normal
repal r system can be designed to replace only the area

edrtilageseased or lost cartilage or it can extend beyond
the area of diseased or |ost .ca

Ll
B228ht o nJm@dptega}:%%Wee@gm ia{tlg[j r syr%gcgerppgng ﬁystem and5che

| P8IdIBBhS chE Bhapesrekianith 4 Pramalooutical
%/(05{?{ &mg?cérﬁ%gsjhﬁle thergbetvve © b

ar bipgetiveragent, ffarcexample a majaral ghaxéqmﬂe{tﬁ%&eﬁgewp?la@sgfatfon
ﬁ%@ r?@ uﬁsﬁbé}g'nﬁc feREAal csﬁﬁb@é' éhd/&tb?)n)a ThealLFaedhdea of

ess O%to 70% (or any valu
thesinteiatesan pe Irm@aléafpfcéﬁéa@meyto inetpgse I@éﬁo%@) qf thgduiegfgce to

Bl ] %&?A&zfo%ﬁ%’ E%Je;ﬁ‘;’e%}?;g;&% Cher chet een).
??%Amre pref g )\df gé%sp ﬁ@;@ 20% of the

ul ar Surface. e prosthesis can include

élo!p' © Ré?@é@lﬁ%ﬁheféﬂﬁ BN B sterils, IRATMAYG BUIgidd Mstrufents,
P nto t (&G

nted i bone g., a nmetallic device
@utdas laed roaids, of veripumsizes, cheytures Q%ﬁwnﬁés%so%kbq pRiained.

LS tertir § BRI AAP s HYRE! ¥ HentE Sgli8 and molds, can be
catalogued and stored to create a library of systems from which an appropriate
system for an individual patient can then be selected. In other words, a defect, or
an articular surface, is assessed in a particular subject and a pre-existing repair
system, including surgical instruments, guides and molds, having a suitable shape
and size is selected from the library for further manipulation (e.g., shaping) and

implantation.
[0231] F. MiNI-PROSTHESIS
[0232] As noted above, the methods and compositions described herein

can be used to replace only a portion of the articular surface, for example, an area
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Addi ti onal conmponents, for exanple internediate
pl ates, neniscal repair systens 15 and the |ike can

wW@bk@ae/0si ncl uded. It is contenpl ated that eacPCT/US2003/038158

conponent replaces |less than all of the corresponding
articular surface. However, each conponent need not
replace the sanme portion of the articular surface. In
other words, the prosthesis can have a bone-inpl ant ed
conponent that replaces |essggthan 30% of the bone and
a cartilage conponent that replaces 60% of the 20
cartilage. The prosthesis can include any conbi nation,
provi ded each conponent replaces |less than the entire
Afdiseaped cartilagass lost oadigeTiretha rarticidrsurface. f MEeMéSwtéms

StMétaﬁfEhFé"f‘Quhgcé‘ gF@}(ﬂ&émf c?e{neé:et g%ﬁr@g Rt%hr%tﬁla{:%gmy the area of

achi eve a near a
slisgasad oF gt cartikge e éran extar b@gﬂd tHeyriea af diseasdtor lost

i /. .
B Y 2o 87 AE PR ) SR SHAS eppsimens
dhe prasiiesinebkaces Wisk [thdrealsduit go%zltovam/h (ériedy Vel tRERBeben)
3 hAGH P22 s PR d e gl sShes s st fomora
mngw? %teamre@r@mytlesmthéﬁrabwtr@a%:co I7@<|%S(or amam@ f

ea n or artl cul ar surtace or
AeRPwRRR. it REr rebll ks B shisiti0tky i Shbden oy vl
am@aeta/e\é& m@é/p%@m IBET HdR2M3¢ Q@%Jté%ow@r%% GhRiet ©

P 5 ont act area between two otp posing articular
dlpPactueey ﬁvﬁ@ mQke PlRTeTabl legy hﬁarabautwwtha artigigar surface.
\(xg norfa r%a At | east one or

?%%lt e, gros i%‘.stsu GRdnelude Bw'tkpéﬁﬂqmweinﬁﬁ foriexample a
rEepehentehat is irfPlaftetign®Ithe b6RE (’é’bea%@c?m@ d@w&%)bééf’ached to a

0236] I n other enbodi nents, an ar

CRMPPNaRfhalis shrRd ieFoVvebibe defess af the dariage evesying the bone.
W@dﬂi@halﬁﬁﬁﬁ;ﬁd’iﬁnﬁr i e@@ﬁi) Wh?(—:*r P@'ﬁé ;% EfésoEebE'éal repair systems

ght bearing area, eC|

Atke Wrenepn EH§0 Qﬁm dblﬁtCDh@gmlaied atm &aolf ccmpbmérﬂge
I . I rf ai. r
£§’@?"ee%q@?$o§‘%9ﬁ"f”ﬁ%§§%r@ePgnﬂﬁ%%“ Bl sBfa B et
ﬁ@mpne@yﬁed Mot gaplans tbe§ag1eermrtm“r ofsbé adicathr Borfac&pl lacther

surface

st 8 bt ooy R O A5 B e Bedoss

% ofithe honerardi 4 f:ammge@ampohaglethhmplacébeo% of the

| aF n be signhed to. eplace an
AL o 0 D VAR G e o
replaces less than the entire articular surface
[0234] The articular surface repair system can be formed or selected so
that it will achieve a near anatomic fit or match with the surrounding or adjacent
cartilage. Typically, the articular surface repair system is formed and/or selected
so that its outer margin located at the external surface will be aligned with the
surrounding or adjacent cartilage.

[0235] Thus, the articular repair system can be designed to replace the
weight-bearing portion (or more or less than the weight bearing portion) of an
articular surface, for example in a femoral condyle. The weight-bearing surface
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[0239] In certain aspects, the defect to be repaired
is located only on one articular surface, typically

wao b@4/e81 di seased surface. For exanple, in a Par/iswn3/038158

15 with severe cartilage loss in the nedial fenora
condyl e but | ess severe disease in the tibia, the
articular surface repair systemcan only be applied to
the nedial fenoral condyle. Preferably, in any

nmet hods descri bed herein, thgy articular surface

repair systemis designed to achi eve an exact or a

near anatomc fit with the adjacent normal cartil age.

20 [0240] In other enbodi nents, nore than one

%afersd@ ther caniact acea belwena twe epposirgiaricwar ayréanes dugng activities

t
R A el W RN Tk
pMnm ban be e@pl@creddhsﬂreamneb & g.i bagdepprat gen ylleagl@d pogdibia.

wi thin the weight-bearing surface(s). (0241] The
[Q?@Bhnt addbmerteh‘é)odmnﬁrﬁﬁtans&lfﬁé oéd\se@%eds@amlpg%@r @leage loss

S50 e LFPAPRCH P DO pASASERG g v

ofeat Iapseolfmaﬂy]theopprtiemcmteiotngdhe disepegrbcartlage o ataa of cartilage

B85t Rt STl S e sl R L0 o
0787, % e o B a3 LAl ph o R bonc

6Bseisttad td Faptadersubstantialyrall dftike articulan banfacey efga@econdyle.
repair systemcan be inserted arthroscopically. The
§0238t ul ar ls@anbtee embegimant SpsexamPeannipatienta vdinrtitfiuse

a0, e, ey ial Bal B el e, S G bl G prea
shgHtignary60thahalse wargy\t-bgamgsmfanees and radii within

the sane 5 plane, e.g. anteroposterior or nediolateral
Q(l23991per oi Infeerthinraspects bthe gleéegb kaabe sspaired i3/\iobdm'ed only on one

pl I hi
I SR A P TEEABH b TEbL S o' i
anatserte c@rﬁllggm*s lrbmb\noﬁ@dlaltfbmorambadyle amdesileever? disease in
oWs_not or

|.ant t d I
U Vi 6 2sIGSuTaeS oY SEred cas Sy e abpitd e Miiay
fthoaPBsrRiYRe. PRYctdran§, Wahvlnﬁetaodg skeribednélein, @hxnumular
shape 10 or vice versa 150 0242 In anot h

£HEoRR TAPAI SyHEMHIP designad 1R % T eXRat P ay PeREARaiamicH with

wgﬂgbé]gnghﬁgncawﬂgggto anchor the device, for
exanpl e, as described in US

[0240] In other embodiments, more than one articular surface can be
repaired. The area(s) of repair will be typically limited to areas of diseased
cartilage or cartilage loss or areas slightly greater than the area of diseased
cartilage or cartilage loss within the weight-bearing surface(s).

[0241] The implant and/or the implant site can be sculpted to achieve a
near anatomic alignment between the implant and the implant site. In another
embodiment of the invention, an electronic image is used to measure the
thickness, curvature, or shape of the articular cartilage or the subchondral bone,
and/or the size of a defect, and an articular surface repair system is selected
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Patent No. 6,224,632 to Pappas et al issued May 1,
2001. The stem or peg, can have different shapes

WO pkadhosy coni cal, rectangul ar, fin anong ot heeBUSZNE038158

mating 15 bone cavity is typically simlarly shaped as
the corresponding stem [0243] As shown in FIG 16,

di scussed above, the articular surface repair system
100 can be affixed to the subchondral bone 300, with
one or nore stenms, or pegs, 8§50 extendi ng through the
subchondral plate into the marrow space. In certain

i nstances, this design can reduce the likelihood that
the inplant will settle 20 deeper into the joint over
tusing this intesmiatien. pbine pdinylapsurface reppr sygtemganmstingeited
%&?Mﬂ [y PG rtid i sﬂr@@@rﬁ%r Ea?nc&ﬁg Wea efn gftnr)édlus

e sui )l e to perfor ction anchori ng

tMeredgplcaIé/ howeper, aaabowrrmFlexﬁmw@cusw phaye, therarfieular
Jé'fg'&g rﬁ ng& ﬂ%s Hée?%r?l A lﬂ/étyms%a radiPfRhin ‘Pﬁe same

rnclru or openings t
awbmy éogzrwtempgstemﬂnr nhedicldigiral ioo superoinfarios os oblmetmanes or

orous pg Eanég r!fn %%Q} Ehéél% |gr8grl?§ce% QIPE gmcan be

ne us one
Cﬁ”@e‘d to éﬁhlé@@laheanamatann&fwllgnn@ndbam@en ¢Iammaﬂsmi ane the

affi xed. ta_th ste e ring.device

RS St e A SO8 Als p& R RS af HOelNR aRgeR B S8Mlexity
ebredvridhdly, vut disé e cmdea/re ptidrisomitHi aprédwgnihaniyr cbsvekshape
subchondr al g8(())ne and away fromthe peg. The anchoring

deWie&Versd 1880-advant ageous for providi ng WO

2004/ 049981 PCT/ US2003/.038 iate fi

GORE. | AT S BAIREEL AL AT SR 08 SRRy Rlent Ras an

:&R?iohn%%fetn@ 'Usefj% 'aﬁ&drhl@e GeNIEd) FONCH@IMPIO R desBrilked in US
extured or rou

g her eby increasi ng
SGARALEOLEPAbBH2 hBagPES ShAl BeusoHa . 2061 iR P95 Peg, can
S m%*rreﬁ{ SR8 inclih G EOREI Vikangliae, finstabsg/6thake TRE mating

e articular repair systemcan be porous coated 5
t heneegyitylis trrically similgry sapedmasdhs ¢oEesRrPneig %tg'ﬂi‘por t
the in-growth of bone b treating the subchon .
BIRA%h: U s shom -8, Aiscusbe abave SRR SuTprpal
aksfem 5\'@)‘3/ c%'h HérﬁﬁliecpﬂoQE@ 5EHohara bbSe 306 cMANeHebr heRestems,

occurs. I'n anot her enbodi nent, the articul ar
sQF pegse 15@ gatwdwéh@wgbm gbchandrabplate inte thagnarrow space. In

g&?énlw Yishehde ntﬁlsocfesﬁfﬂea Wg&ﬂ%"fh‘ésh'kg%okbﬁ'?ﬁat%é‘ﬁﬁﬁlanﬁﬁiﬂ Bettle

cenent I's typlca roman acrylic polyneric
meeepearanto ty mmaﬂvewme g résfing poctionsraf thesimptaniaogisgt e

LY GRMBANEBRS TRe Uk BVPESs, CoNBRE Bhy 8RshesditaBld d perform
the function of anchoring the device to the bone. For example, the pegs can be
cylindrical or conical. Optionally, the stems, or pegs, can further include notches
or openings to allow bone in-growth. In addition, the stems can be porous coated
for bone in-growth. The anchoring stems or pegs can be affixed to the bone using
bone cement. An additional anchoring device can also be affixed to the stem or
peg. The anchoring device can have an umbrella shape (e.g., radially expanding
elements) with the wider portion pointing towards the subchondral bone and away
from the peg. The anchoring device can be advantageous for providing
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conponent, which are subsequently m xed together. The
dry conponent generally includes an acrylic polyner,

WG ewh/oaspol ynet hyl met hacryl ate (PMMA). The drBRCT/US2003/038158

conmponent can al so contain a polynerization initiator

such as benzoyl peroxi de, 15 which initiates the
free-radical polynerization process that occurs when

the bone cenment is formed. The |iquid conponent, on

the other hand, generally conggins a |iquid nononer

such as nethyl nethacrylate (MMA). The liquid

component can also contain an accel erator such as an
amne (e.g., N, Ndinethyl-p-toluidine). A stabilizer,

s linedistenaition of therieplanhnThe soddreuriatmenf theatticslar repanrdsystem

ﬁd&?ﬁ Y8 Egb&orgipal F%ﬁ%\ﬁgﬁ b? rtg)[{ﬁleg Lo? 58%%’;5%{}%5(%#@3%?%@
\Amrﬁactrse:rfacg betvgsoribeartictlae refrajr systgpo aad]thécmguchendral bone.
glg@%ﬁéﬁ\%ﬂ@ "the Wﬁ&%rshﬁa#%oef thé gHﬂcﬁla(nFeg}%g'fsrylsgrq B?Qrg%’ parous coated
r el ailou\hng inkgrgwih, :'ﬁhd sungedmmmrpplcbrtl the nt—g)roﬁmli 6 bone by

e
o BRHE s SRR orasBebe P Rlashel bt B el 2 p@er sirace area

v asd/osuttil bm‘edtrigefrcrm Yasubchordrabbehe ¢dzulkd ke consi st ency
(low viscosity) into a dough-like consistency (high

v[02dd}i ty) In uhbuheraembwmfetmt tthe Brrticalay BBITAdebain sytBf can be
Cuf i 3 do;? gj%the cenment to hargen and affix a
oPiRREdS s i ned5 B4BF MATLHSIRg RonR fapeat. dfone

t bEmeémie Bpicarly rmieslwvan laBryfit ﬁolyﬁ@rlcm&ﬁal TREEl, the bone
cenent, 755 or. a uid attachment material such
T L BRSPS £oEO0BR S A 4 RS <08 HPDE arsta lluid
C@érﬁp@ﬁéwdﬁlﬂéﬁ@@édﬂs@q@&ﬁlybﬁixé@t@éﬂ%ﬁ* e S’rytdb%ﬁéﬁpdénerally

cavity through one or noré openings 750 1n

pWS%'P'ﬁ%%@C RESYMSETHCA@S Ralymeeibyimedaondaied PEHMA). The dry
e&‘&ﬁﬁ@hé‘n’t edh anBQ:oﬁfa‘M § lb'ofﬁy?ne?l'iéﬁ@l’ﬁ‘ﬁltfafbrtsiﬂ@h 4 ‘E‘éﬁfw 5e"?‘8>ﬁde

gquost hesi s I nj ect
cWhichdnidates &e fige- rﬁo@p%apwgﬂzatm preeess that @qcursnwhm the bone

a{:}%rﬁ&ntﬁ%ﬁ?h@gﬁgﬁ% Ir%hn% r@%mgoﬁéﬁg%%nn{h%%’fﬁé lLJl’\d g?ﬁg}glly contains a
smtﬂ@xﬁl@npm@asucf( as giethy ﬁ@tmmlatee(NMA)t Abe dgsitl @ompoagnt can
SRS LRy L0 oL BTSN Dl e RDFpiygne). A
dstfabléz@rnsqurms)bqummna: can ialsgdehaddedite dime knqunqbosraﬂorﬁemt to

c OISR BBt o FE o8 R e
component is mixed with the dry component, the dry component begins to
dissolve or swell in the liquid monomer. The amine accelerator reacts with the
initiator to form free radicals that begin to link monomer units to form polymer
chains. In the next two to four minutes, the polymerization process proceeds
changing the viscosity of the mixture from a syrup-iike consistency (low viscosity)
into a dough-like consistency (high viscosity). Ultimately, further polymerization
and curing occur, causing the cement to harden and affix a prosthesis to a bone.

[0245] In certain aspects of the invention, as shown in Fig. 7E, above,
bone cement 755 or another liquid attachment material such as injectable
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3,855,638 to Pilliar issued Decenber 24, 2974,
di scl oses a surgical prosthetic device, which can be

W@ e®d/0e®sn bone prosthesis, conprising a conmpoBRCT/ES2003/038158

structure consisting of a solid netallic nmateri al
substrate and a porous coating of the sane solid
netallic material adhered to and extendi ng over at

| east a portion 15 of the surface of the substrate.
The porous coating consists g6 a plurality of snal

di screte particles of netallic material bonded
together at their points of contact wth each other

to define a plurality of connected intersti tP
icalciumehysioexyiapatite can dednjested o g%maﬁr@woqavtt}ﬁ roug one or more

n% 1n§£ 50 lmﬂeﬁi}g%gs@ el‘kf@sétdp'ehir'\bg% the progthesiean Ext@ﬁd from

yers, € such t he aver age |nterstJ ?
e ertisiize siagedo theu@dqrhwﬁa@oofébeetost“@@lsrﬁﬁﬁr 6¥fsr injection, the

Add'g{ngg ’&gé :b?é olddf. VQor nP?‘W'%r diiRbhi Mk PRetaPdlloh@r bioresorbable

uni om’t he substrate-coafing
ipiiger face to the surface of the coating. In another

enbodi ment, the articular surface repair system can
qo246li n onin motlrmramb@tmnte PNE OFEOER FRMBORGHHS OfthR apticular

oqj.ﬁ'%gg 6%'\6% h dtgé %bﬁggee £ rsgftgl'ht fhSt lﬁg)%mﬂﬁ? theris g

sriacor ogl C treat hat can be
ugriériing bdnhe@r Bbnel marmw) gan Dagopwlsyorenoreusneaaied. 41 wariety of

f

C%gerpﬁgéorf%ﬁg R%(geel);%ﬁn iﬁa&%éﬁeeﬁ%r%s%ﬁﬁ@s%rﬂagmﬂg FiQffon of a
rrﬂbt\?ﬁﬂ%%r?&tﬁéf@?ylbbne tssigsin-grewi. Tbméomﬁwmie ,iU.8gRat. No.

ro S atin
5 35,3 Lo ke bnshe Cetepme e RSP R a S progphetic
L&@/l(ﬁ! Whgdﬂbtl?dn l‘ié;uéeilﬁﬁs 4 BpAe prosthestse m:mﬂnsmgea composite

i or esor babl e. For ir er
=P CIUP PRSI SOI0IDBE N eI s (283 569 A sy coaipo o

r ﬁgraéggrbesé/o?h%@ﬂlc P téri RS h&leditd and Ie&féhdlr@ycﬁkr atleadtea portion

r efstbe lsedace @fgthe Asfl@:;tgazg eTlr{;rEoc{oH%p?qqnggcté)%sfspscorf%aauraﬁ% of small

98u‘§¥\‘e'ﬂe Eér‘tlmé% ] Hé@iau%’ Msteﬁanborfd%altbgétﬁéreatlthelgp@mtsrof@bntact
car age ce t

I's and matrix formation. rE é}q Zhey t
t Wish eacth other & definerriitalinel cBBeRtPB MieTRETR PRres & coating.
a’rhé Ebalg s?aﬁng ;5é9rf?é}é§ wHigH 841 B&BiskButed in a plurality of

re-nmanu ure range of S|zes curvat ures
armbnbmyetsn eas be sum trerf ﬂmaweéaqa integtitial pore dize s gt m&eefha“

B DAEES MOEREID R ety ol g dumignialy
unlform from the substrate-coating interface to the surface of the coatmg In
another embodiment, the articular surface repair system can contain one or more
polymeric materials that can be loaded with and release therapeutic agents
including drugs or other pharmacological treatments that can be used for drug
delivery. The polymeric materials can, for example, be placed inside areas of
porous coating. The polymeric materials can be used to release therapeutic drugs,
e.g. bone or cartilage growth stimulating drugs. This embodiment can be
combined with other embodiments, wherein portions of the articular surface repair

system can be bioresorbable. For example, the first layer of an articular surface
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10 [0250] In certain instances shaping of the repair
material will be required before or after formation

W@ 200g/0499gr omt h to desired thickness), for exanptBUSIve3/@38158

the thickness of the required cartilage material is
not uniform(e.g., where different sections of the
cartilage replacenent or regenerating material require
different thicknesses). 15 [0251] The repl acenment

mat eri al can be shaped by anyisuitabl e techni que
including, but not Iimted to, mechani cal abrasion,

| aser abrasion or ablation, radiofrequency treatnent,

cryoabl ation, variations in exposure ti n ,
sepaiesystemias RoBoNA of it st @yereG?iWﬁe@O[ﬁSOM ﬂ*sftﬁétf g5t Layer
I bypowihngdinfilating d
SR AU S, o b O Rt g g

Zecmtatel\lﬂfgmwﬂimfmaﬁllﬁimls e epatpg formaden. | f enzyrrat iC
digestion is used, certain sections of the igl‘tl gg
r[eg4Ecenentn any ofdhe mathadsry cempesitians daseriped d0e ggicular

rgu%% r&‘&aﬁres}c %‘f m bR bE 'B? ?fangfacﬁfi‘éd QRnevBRgE of él@é‘sg RUnasures

nmeans I evl ng rent thicknesses and
mjm/lbtcknesseef Aktereath, theagréiculaps ufasegapaipsystem can be custom-

iR e BEERBaB . Mat'er al “can be shaped
3nge|y apg/ or HBPKE%h Ily, for exanple using a

into Whl a pre- sel ected thickness and/or

ure has nput and then progranmm ng the
d@\?lnge usi nr)'\g thgﬁ?ﬂpﬁt information to achieve the

d@%ééfd S h?ﬂ? ertdPirepitel ‘éﬂ&&ﬁ? BﬁF{eu%Qpﬁ{a%’r%lﬁﬂlhbJ required

In ad Ttion to, or Ins , ng t
Claasfbrd argaster écpmatuom g, igedwth todesiegd thickpessyfPapxappig yvhere
bone r
iR R e L Bt S VRO
osateions of thelantiage raplayeatelnbnr rehenerating esierial reauieidifferent
5@&15[54% . SIZING (0255] The articular repair system
med or sel ected so that it wll achieve a

B o e Pack b Syt SRat teoiaue
OindRIdirlg, atieot I|'r|ih1edsd51a‘pecl'ca‘n|dahabnaeipa; lasgyalirasion ahablg’@on
B?@Sd?o @%rbehgg rg nt{neﬁlcsryo%fbla%n e a?%& Eﬁ)@fn eip%@&% t(rr?e 8nd

concentration of nutrients, enzymes or growth factors and any other means

suitable for influencing or changing cartilage thickness. See, e.g., WO 00/15153

to Mansmann published March 23, 2000; If enzymatic digestion is used, certain

sections of the cartilage replacement or regenerating material can be exposed to
higher doses of the enzyme or can be exposed longer as a means of achieving
different thicknesses and curvatures of the cartilage replacement or regenerating

material in different sections of said material.

[0252] The material can be shaped manually and/or automatically, 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.



10

15

20

25

10 tonosynt hesis, optical coherence tonography or the
like). If the articular repair systemis intended to

w0 ephaecmsan area of diseased cartilage or | ostPCT/US2003/038158

cartilage, the near anatomc fit can be achieved
using a nmethod that provides a virtual reconstruction
of the shape of healthy cartilage in an electronic

i mge. [0256] In one enbodi nent of the invention, a
near normal cartilage surface7215 at the position of
the cartil age defect can be reconstructed by

i nterpol ating the healthy cartilage surface across

rtllae fect or. f dise ed artil aqge. .
LpesgL ihipeo" Ipgteal Al ShaRng Jheicartiagg replt Haterial, the
h%&btolﬂim}clanttatlbmgsﬁgbborﬁ@m%‘aceoén)acmragﬁﬁ—‘ﬁéwﬁal&‘rélthﬁﬁ‘ﬁ‘r@ etc.) can

I|ne sur f % for which the contro

it o s v anuce bR Whénnichiadd GsSa dhenhatos ieggation of the
feb,b@w:hatd?mcontour of the healthy 20 cartil age and
bridges the cartil age defect or area of diseased
cgozs4lage. Bhe SigRbi nuity properties of the

paranetric surface will provide a snooth integration

off0288)Thparticuldraépdir $yess chh Be Gaiidd GORICHIPLSES thal it MiiPachieve
of di seased cgrtlla e wth the contour of the

s & PR RARIGNIR E6PR TR Eétwhth%@wfoqmnq;awdjecferﬂﬁ@rﬂlage or

PIUBBRSrdr &l bﬁ)%éfo@%mé?ﬁ’ﬁﬁd bitar sk, Phe ShSpLar thilr %S&Fr sygfem can
defect or area of diseased cartilage can _be use

dePehaFeAON the 28AkEIE 0bAN SlaCtToBr IMAge hapdRHICT, w@gltal
artér'n@é‘}rﬁlﬁeé@ Q)?héal%l’)ﬁér%ﬂbé fbrﬂ@g}rﬁ hy 3 ﬁ@ hR@)e B P AH rr}?palr

cartilage. I n anot her odi ne a near
céwﬁﬁenh@@tgnd%@ereatace 1] ar@@gi dlseasedfcarﬁma:arrlpsu @gfdage the

R T S

useenpsiroelitiodidge shapd ofdwpalthy oartiagierig an lefecirohicrisiagst ep,

the cartilage can be extracted fromthe electronic

i 18286lusi nglnmneLeinbodiment efithe investioraadiear noaodlmadtiage surface
S I

S AT A et fon oPRURL (BB RuchhRG e

r dwaltihy caytilage auﬁacmagrosmmariﬂng@defscﬁ or drba obdiseased cartilage.

a4 LRl 33 MR B 35T T ey e

Zwamaranarmsuﬁaw(aa@m Bysplied sliface}| femlvlaldh thig carittol 'pmgts are
osin er a s t fi ne
20 e O e A RESacB Julodis HR Gl e neaith
ormertwégy an&ebmgelsah@ Uantlla@é defect bor breal dT@lisedbed tartiree T‘h@

| IcggtlnLHg/l p&gp#le%ﬁfe tBE p)éﬁalr@e%fgc %hﬁ%&mct&ag g semlo%%emtegratlon of

the part that bridges the cartilage defect or area of diseased cartilage with the
contour of the surrounding healthy cartilage. The part of the parametric surface
over the area of the cartilage defect or area of diseased cartilage can be used to
determine the shape or part of the shape of the articular repair system to match
with the surrounding cartilage.

[0257] In another embodiment, a near normal cartilage surface at the

position of the cartilage defect or area of diseased cartilage can be reconstructed
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10 An erosion operator sets the current pixel in the
output image to |l if the whole structuring el enent

wo 2@g/04998i de a region in the source inmage. ThePdT/UE1003/038158

of the cartilage defect or area of diseased cartil age
creates a new surface over the area of the cartil age
defect or area of diseased cartilage that can be used
to determ ne the shape or part of the shape of the
articular repair systemto mdBch with the 15

surroundi ng cartil age or subchondral bone. [0258] As
descri bed above, the articular repair system

ool fidae BBEeSIR I il BN pa gk 3an st
fedacigd|fiopr t;heyelm’trmim ialzgeaisofy mysmaémrmf-ama'nateuand/or
t hat
S AR 3B 0 VR P B8 e s e
Svire;, neidi-hgsent segmyardativn), cesdltihginea amdfwma@éb@w&% githe
can 0. or der.

R agel 5y BLTAERBAS e Sah b8 1 it 2 BRnalocioRbeipsing
cﬂperaibo tpecfbrrhéa lrgZ-Dl m?rLF{-Brwn‘rﬂlﬂapSprayﬁé@Wl s‘glefctbd s!tﬁchtugmg

or_adj acen a r subchondral bone
ST P URind Rt s i ined ae Asliayen tlowed by an
mﬁmmr/a dil plicrOsFaTRIOR Betl he! 6GFerit pdlel BY Ak Jetput ?rH@ge to.1 if at
rticul ar Pﬁl r system over the anatom c 25 posit
i??e“.’ ane Pixg piit SétfPéﬁr B EBEENL9Y BEFE SSOIORR 816 SoUrCe lmage
@eraresioh @Ebbét@’\/s’iété Rl &wreﬂf‘ﬁ&afm "t@é’uté&ft nf%‘lé;leftb §%f A5 whole

ned a skilled progranner
éﬁ tHeRg @I?mfd\t Hehinsiderqeregianiia d1'Qa$0'~§9¢ fraage. r%ﬂnhng of the
THRARYB dH8c I 6}5}11,,\? i
usi nﬁj@one ot r&%ﬁgﬂﬁ%ﬁ%%g%\ég{adﬁlﬁeéggr t a%:] er%z}r? dd fthe area
%B@Rﬁﬁ@?% defestoraiga of ﬁ@eamaaadiiﬂﬁ@e tat cam be elsedttaadetermme

o SRett PR A4 él@aiv%gc%]tng g’ifch@? %%rosiétje%iﬁo r?wé' h o e

3-D electronic inma
ﬁaﬁgmdm%éﬂilbgaw@n’mwdmmm aut omat ed segnent atl on
techniques. A 3-D representation of the cartil age

r subtheerfriaed lsbave, dheladichler repairtsysieon, snalutitgisersical

ek t | er at ed
i i R e
geleciedftonaadibrary osdathham ofaysmmfalanous sizes, @arvatures and
tric surfac
HaEioh Bl Bl VLA PRCE TSB! Rifen wity thg
ejammunobmg or@uiaamarg szrtnl%germd(dr@ﬂb&%dmaighgcﬁwééé s@stems can
n i tion

g)r eser‘%‘%éve Q? "g%dse 18rorde] Orc?fl' ﬂdfvé‘gb@?éﬁféﬁfjﬁ ﬁb‘?ﬂﬂ@ﬁ@rﬁﬂngp' the fit
bomatch of the articular repair system with the surrounding or adjacent cartilage
or subchondral bone or menisci and other tissues preoperatively, a software
program can be used that projects the articular repair system over the anatomic
position where it will be implanted. Suitable software is commercially available
and/or readily modified or designed by a skilled programmer.

[0259] In yet another embodiment, the articular surface repair system can
be projected over the implantation site using one or more 3-D images. The
cartilage and/or subchondral bone and other anatomic structures are extracted



10

15

20

25

and ot her anatom c structures and the articular repair
system can be nerged into 10 a comon coordi nate

W@ ymbemosiThe articul ar repair system incl udi nBCT/US2003/038158

surgical tools and instrunments, nolds, in situ repair
systens, etc. can then be placed at the desired
inplantation site. The representations of the

cartil age, subchondral bone, nenisci and ot her
anatom c structures and the amticular repair system
are rendered into a 3-D imge, for exanple
application programm ng i nterfaces (APIs) 15 OpenG.(r)
(standard |i bra of advanceqwé phics functions
9B PP PgHorSage Fuch 28 MELPT G4 Y3a MaRU g

déutﬁﬁbfedfﬁd/m%d\@egﬁ@n%bﬁ $ecH°nQiue§X AP DerepfaseMation of
www. nvi di a. com f or vi deo cards

Vil Cattilagssandian qt&chgrns#rablgonegﬁrtsi&m?rsana&?mwwswew yalkas
Sl fr&&ﬁf @ysftém ﬁéﬁ‘er%ﬂkﬁi @kénﬁﬁ@)usﬂ{gbﬂob@géﬁ%fBuURBs

(nultinedia API rosoft W ndows ased
sywiaser oﬁwnam@tnf: sHrRcEeRIRReRtalipbs PE a ggngriptipR of waryus

| BBAMERISPRCE FRL SRt BT Baf retrr&%gea .D. et al., Computer

On€, menisci or ot her ] ects
aBeapics: Rrindiples and Repetioe in @é\ﬁémnw‘mleﬁ@ ﬁ@’u@m gl|98§
e.g. by rotating or noving theminteractively or non-
i [26Phct i valhg 3-Diiepreaentations ofthe eartilegglandiafsubphynsiial bone

Theq 56k &ﬁ%tSm?ca&E%?urQE%hg ﬂ%darﬁeulﬁpﬁgﬁﬁ@g stBhi ééi'ﬂﬁ@ﬁ*nerged into

repalr s sar
i asbmmmncm,rdlnaﬁe(m/stenn Fle artmelparapaswsfews mCéuding surgigal tools

h fi . i
L PERbmshtsy, B 1S Gpal Bedfinb @3PadHinYs placed at the
edesidddmptantaioncsite. Diie tepesdentdiions véthedmsiiagd eubalandeal bone,
F esEleE e b endlSrlninG 2Es AL arfGlpdendy Sthtie
i ré‘rfdewmnEoSa 3iintksge, for example amggtécsymbgmnsn;gngo?tgdacbs (APls)
o] e | or
kR el e Bk iof BIVATES S PP Tith TOBIRES e DPER By
t e&NheY asailablteasOpat ot e deiadrs fHIORE-haBEd Vidkatcardsheor example

articular repair systens in three di nensjaons rela
t HOF?M'W—%E&@W NV Ificgqrar p%meadlﬁ?%?—%ami% 3hfdbs

| Begeeiets! anasQ ar‘c Bfethtalstysi@ﬂ{ Y&Hevars & Urix Woﬂ@ta’ﬂonéﬁ@ﬂD#ectX@
systenlan Iantatlon site. The vis

i ﬂ"gpl@meri@n‘\%la‘ﬁr M@:rgsquwmowwgt AISYSI9BS paV@H%*aﬁﬂ‘r@m
ﬁncfr@@ﬁécﬁﬁ) UfHd 3- Dﬂrrfa@b'c‘éﬁ%treﬁéferéu tsh!S‘\?')ﬁg tﬁ@@é‘rtllage

achleved rocedure can per f or med manual ¥
t Rebchpadeal pne, cmemsm OF atheb@nef@me@ectﬁs@%&h@eﬁmw HePIr

Oy d8fntfronk QaryBaMR)&s, old) By $OENREEMB@Ag R Giteractively or non-

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

[0261] The software can be designed so that the articular repair system,
including surgical tools and instruments, molds, in situ repair systems, etc. with
the best fit relative to the cartilage and/or subchondral bone is automatically
selected, for example using some of the techniques described above.
Alternatively, the operator can select an articular repair system, including surgical
tools and instruments, molds, in situ repair systems, etc. and project it or drag it
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a first trial inplant that the operator can test. The
operator can evaluate the fit. The software can be

waele®isgeosl and used to highlight areas of poor BCT/US20831038158

10 between the inplant and the surrounding cartil age
or subchondral bone or nenisci or other tissues.
Based on this information, the software or the
operator can then select another inplant and test its
alignnment. One of skill in tlwg art will readily be
able to select, nodify and/or create suitable conmputer
prograns for the purposes described herein. 15 [0262]

I n anot her enbodi nent, the inplantation site_can be
vondo e implantationysiteciringsuiinbleogls #4_teeitiqusisal The. qperator can

' %ggﬁnd %‘(Ffectﬁé Ithlcau?ar]sl_ﬁFdnes?ysf@‘mszmtﬂm%reQﬁﬁen§8ﬁ§ MR to the

ges w I mages can be gener at ed
vummantabam sitg andesstnspastorm aays\@t inspretiondefghe i between the

( rﬁgﬁlgp eﬁ%ﬁ'sﬁstem ér{c}aﬁgqﬂgl’angﬂoﬂ%ﬁéc%e ‘?/%ﬂﬁﬁﬁ tion can be

ds an known to ose of
skorhbutenaﬁdrsie@r The Proeedorearan keuiepeated piativa sgtﬁ@q’wry fit has

| udi )

%?pu #r@% Sur@vsqa}g?é&% ?ar‘?Bg gﬁﬁﬁmﬁghgﬂyw s ogblgétor or it
Oﬁérob@ pemputerassistet! ir bv(aele cﬂ-bplért |ngg?mpléhthe$dﬁware can select
CrQss- econst r Lo
SR B o RS A PR o BB
dﬁfh? ﬁémlére(déng)e, dedijredsriduseli¢s ightight aséascef goor akgresant
is the sane or ne

th the in-npl .
A R X T
USEGtheMiddueB! Bapbdbs i€ aiforitatidh Stk ayfdare or the operator can then
si mul t aneously, for exagl e using a s

disglspfa%nothmémeh@@? andiest imalignments Ong Sl‘hr‘fbﬂ*@r?rpwﬂ,l reaqy be

%etg sle!%cf’“?b/odﬁ?%'nﬂ%@' cRIgtE Blitdbledforhpute eglogtdni@fop theg@poses
rea he operator can rotate the inaged tissue

vdew@emere;ndou ng this. The articular repair system
i ncluding surgical tools and instrunents,

si8262h0 200n200thes embesimessabe mpigRteHon sl P%'bg? visualized using

SHn %?Fnor@%fb GRBdMal girs I%é’g)é%d TyRicaR eSseties lof 21D cross-
utitlizing fS?erent dlsg|I1 é pl anes, itta
¢

csectintal Dragesivil be uses.c e §-Driragrsrgniircisnesated v HEhmeging
| pRge §ucrp§§T§?SMh"f‘td|@&l EJ?*ﬁos%\fﬁéslsagﬁres?W RP BRI cHtence
meni SCi ot her ternati ve

t horeegraphy nsing nethatissacaipolsamona tgﬁmefqﬁ:skdl firethe art. The

S A B B B R PELLAIS, R o

I e@pair sysyEhE retc.i carl thadnrmg ss:pegnnpaﬂseot @b ona g more of these 2-D

| r?r%grgsne.ﬂ% 2- dmro -Sect%ngl lHéges can be reconstructed in cher planes,
e.g. from sagittal to coronal, etc. Isotropic data sets (e.g., data sets where the
slice thickness is the same or nearly the same as the in-plane resolution) or near
isotropic data sets can also be used. Multiple planes can be displayed
simultaneously, for example using a split screen display. The operator can also
scroll through the 2-D images in any desired orientation in real time or near real
time; the operator can rotate the imaged tissue volume while doing this. The

articular repair system, including surgical tools and instruments, molds, in situ
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repair systems, etc. can be nmerged into a conmon
coordi nate system The articular repair system can

w0 ben/opespl aced at the desired inplantation siPE&r/UI1ve3/038158

series of 2-D cross-sections of the anatomc
structures, the inplantation site and 10 the articul ar
repair system can be displayed interactively (e.g. the
operator can scroll through a series of slices) or
non-interactively (e.g. as arygani mati on that noves

t hrough the series of slices), inreal-tinme or

non-real -tine. [0263] The software can be designed so

that the articular repair system includin
t IGBR SYFEMSneicr GAR ReSisHAeddn cragssiertion ¢ 'éing Cﬁﬁf@g Sp'ay

eﬁl neé""etgﬂ saé’r@taF QSrdﬁ%ﬁér dxid, tryﬁﬂcéliy Mﬁtchmgtth@se?é‘ff thé |2619ﬁ3mages

/or ondral bone 1s autonatically selected, for

e&qnpmsératmg the earblage, subehongrak hpne; BeRICLRISNISEHE bed
aRI‘Pé’rﬁaﬁlvéN taetﬁfé%tdl%%hé’lonél'b‘?sﬁ%ﬁééﬂ B4 u§EH¥oP Bleesitic@Br repair

ticu repalr system ding surgical tools and
i systerand@he $- D mtﬁotrgnlcumage and theepil orsir@tr@ﬁﬁse@ﬁaéon ghire

p%r?%ﬁlg régtalrggl?l%é‘ﬁg}dg)l}sdén glcght%f)fs;&’\lg%gr;c@}nﬁ%égﬁs Srhéles in situ

o;wla&tsgstelcm;tn etch e:tan rbevree@ad |mtotaft10enmhre ceerdinats %temf ane

system el ative

* R Hgh bl cysBrl G 0 o B R s Boslsh S PRGN SHe., The

r msrofSZyltcmsaa’e;&tlmﬁs oftthe anatbonic stredturest the daplamtation snte and
erator can performa

ShereerE et menaa Tone e ie e osgator can

aﬁérbﬂ tHraugrr gpatiés sr%@t:es)woraxbd mtbmutmmy épads amasintation that
e procedure can be_repeated a sati factor fit
SBoxbe Tesah ti@rﬁea%af SlicRe). @@Eﬁ@ﬁ@f@gﬂr A relyy
rmnua by t erator; it ca

er-as arg-gan gg(gﬁf)lpgéd o) &Vﬁﬁﬁ %gplgar rgﬁaw system,

SHcﬁ@ﬁngasdrglbéﬁtoolbfalnahnsltmﬁﬁe’ﬁfé rhdlas, ih Biy mm%i‘r&hjgiremsaetc with
eval uate the fi

et it islative 4 et capge ané/)ghﬁ@f@o“@mw s autqmatically

aggietfag, oY ekAHPRIUthg &t éri rha@eofahe tidhRg0Bs B@dcribed@bove.
nmeni sci or other tissues can al so be desi gned

2 ddarmatosy thecrpiaty e/ seinst 81 artichlas FePalsRy tenbaélgudlaa surgical
li‘cfo?’s L %Hﬁh’eﬁﬁ molt, ﬁ%lh["@?ﬁr QYstéms, él@eéﬁ& 9F01§@!8: or Acf:lrag it

ect anot her IITp| ant and test its al |gnrrent

Contehe i PRORGIYSitdSPRYEs PN g Fespeaetgsihd D inages “Th

P LA e LR IR0 B S S0 7 s o e

pimplaetatios sivs edd scroﬂ Hypugha sross-sectional 2 D display of the articular
repair system and of the anatomic structures. The operator can perform a visual
and/or computer-assisted inspection of the fit between the articular repair system
and the implantation site. The procedure can be repeated until a satisfactory fit
has been achieved. The procedure can be entirely manual by the operator; it can,
however, also be computer-assisted. For example, the software can select a first
trial implant that the operator can test (e.g., evaluate the fit). Software that
highlights areas of poor alignment between the implant and the surrounding

cartilage or subchondral bone or menisci or other tissues can also be designed
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the prototype froma plurality of two-dinensional
| ayers. Conputer software sections the

WO epresest ati ons of the object into a plurali tpCDUS2003/038158

di stinct two- dinensional |ayers and then a

t hree-di nensi onal printer fabricates a | ayer of
material for each |ayer sectioned by the software.
Toget her the various fabricated 10 layers formthe
desired prototype. More inforppti on about rapid
prototyping techniques is available in US Patent
Publ i cati on No 2002/ 0079601A1 to Russell et al.
publ i shed June 27, 2002. An advantage to using rapid
peod oE9phi Bgsedon this infarmagiaashe softwareuardhe pperiatas cRBsalect
{ ARbCARl Al SeNalaRaRghighy use toxi e of potent

corrpound saf corrpounds can be safely

r 420r at in mﬁﬁbﬁ‘%ﬁ@gw envel ope, which

er exposure A powder piston and

b ié?‘:g bed aﬁgpl@ %Yﬂﬁgls ﬁf@&ﬂﬁﬂdué‘?&lfélg@%tlﬁﬁlé thn‘é@:—)&;%g%ional

pl ast'i c, can
olob}@ohfn@n atarhputer modeliad therokiegtofvsipetiel printerds upedin fabricate

f

S AA FBy RIGENERI R BB RO R scPare
c satliansrthe Temespmtattonla@émembjeﬂemto ceporsiityof ailsmnctdwr)

I

o Sith el Ky RRVGED AR RenBgh AR i TaUREES 4 kot
I mbaderidi éortnachda;kmcskeair@edmy the sofwarel Togethpretht edriovs tabrlcated
t he Di fluid d t b d, at h
| e e HestsLAERRPS AETe AT BtioRaRERbARY Fhiciy,
OEQCIH“&JL@QW’ G‘éalIbbreﬁHIUS)PateFrDPukﬂlcbtlldSriPNteQOPQIS@E?GM?mod?usseII et

S proce se xa at en ubl.i ca

G- oeI0S BTt 0020 AcARBecE te Lo raa BTG S that
S%Iﬁb@l@@ e &&a ofZed83forh @éﬂﬁﬁ:]atuaﬂn &aohﬁiquds ﬂfa@h@é YXid @ odéht
use the two dj nensi onal mages obt ai ned as ggscrl bed

als8UWOHRISSERIBI o RNESe GUNRRUNGF (PR Eesalal rofqeated in an excipient

UapyvdbpEnehien AddueBsMefker eQpotaeh of the layers of the
prototypi ng machine. In this scenario, each two WO

246446149981 %@deasgi@wamma bed&rél prvitido PalvdbMA6iades any

sl'ice mould correspond t di mensi onal prototype
sImafgrial metaérmwnc\/sw th@@?@“thﬁ'@éd%lirﬁ%ﬁﬁowﬁf OrslPFHH@ddY'th a

t hau.eefrﬁ&bo%nsbs:uéﬁcﬁﬁ rélfesaier Rercedfififs spRAdEPGNS a s@mce of

hen broken down int di nrensi onal slices for the

r &hadl. Tpedhigknass tfpar Iaz%rsg contrrdled dydhe sgaputer.uiienyint head
t h&EadiJERES! iR rtRASH o t MWderFPa &th aﬂbma&.gg' desired

sl'ices 'used for the rapid prototyping nachine can
altibatghe 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 three-dimensional location of the device formation. For a further
discussion of this process see, for example, US Patent Publication No
2003/017365A1 to Monkhouse et al. published September 18, 2003.

[0267] The rapid prototyping can use the two dimensional images obtained,
as described above in Section |, to determine each of the two-dimensional shapes
for each of the layers of the prototyping machine. In this scenario, each two
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t he same plane as the two-di nensional inmages taken or
along a different plane altogether. [0268] Rapid

wEe@io¥9pi ng can be conbi ned or used in conj uneCT/OUH2003/038158

with casting techniques. For exanple, a shell or
container wth inner dinensions 10 corresponding to an
articular repair systemincluding surgical

i nstrunments, nolds, alignnment guides or surgical

gui des, can be made using rapigd prototyping. Plastic

or wax-like materials are typically used for this

pur pose. The inside of the container can subsequently
be coated, for exanple with a ceram c, for subsequent
cddmanﬁ@naUmagg sliee wopldgosresponskiosivg dimspsionak aotoiipersliide.
gﬁl‘? tﬂ%tr{rg%g%er{g?oﬁ’faﬂs f%td?ttﬁ(é’ﬂé‘fgc ﬁhﬁ@dé&éﬁﬁiné@ras
pro u0|n I'CU repal r systens | ncluding surgical

t dedcsipedrabaeg, aaditgembroken dpwadnto dwie dijuenséanaéslices F@ﬁh@ rapid
prat

PRERR. BhcrRr TR SERpREH (8o Tnd Bk AEheIATl mogel s that
ofpertabidigensionalafites usad fontheaepid rpaoﬁoty@mgsaacmmm bﬁ along

P oy o0nasgre e Riopn] eebRIAEE o MO Bt plane

gagoddther. devel opnent, etc), the cartilage repl acenent
or regenerating material can then be inplanted into
t [0268] ea ofRdpgie predtgping chnmbkaotinesiorased lire cpiufiaionsdth

it dinodponutidties. EBPSRate S S0t P e Jimgpsions
r @W%nﬁrr@ﬁbtah%r@@m rﬁpélesysaém lmlm@sm@hﬂamne’emmems molds,
tation

dd
o Al velesl suraioAlGUCER Hhan Hamape LSpg fanit Pefgtyping. Plastic
oﬁéxﬂiﬁ@ nia@eﬁm%dyp.@éuwsedlfﬁﬁm&?wposd TR3,insiPaf the
253 to Torrie et al I ssue rch 19, 200?
6cgl2f@m¢653@ éumq&ﬁmkb%wdﬁd fPEXARPISNIE RyERanIE, T80 1

V\%lﬁé&ﬁ/ A8 BRIcESS bafsonbRzet éhsté T Babemuraled.
I catlon 01/ 19254 to Cunm ngs et al. published

{vﬁﬁf@] 22, RO\ prétBigpid daf b‘éﬁis‘é@tfﬁdpr@él{lélhd; aﬁi%uﬁef@ﬁir%ystems

| antation site cCan be prepared with a |n9
mclt@bmgagwgtcﬁbtoalﬁs Melfisa lignmerd giides oFUtghigFs &4 SF%st

S tbfcgmtygfﬁ i e édeSmeé at BinSarkAsQuriry) Relif, ﬁl”e@méﬂ\%ly, it may be

onent prost heses can be utilized
performed in the operating room after an intraoperative measurement has been

performed.
[0270] 1. IMPLANTATION
[0271] Following one or more manipulations (e.g., shaping, growth,

development, etc), the cartilage replacement or regenerating material can then be
implanted into the area of the defect. Implantation can be performed with the
cartilage replacement or regenerating material still attached to the base material
or removed from the base material. Any suitable methods and devices can be
used for implantation, for example, devices as described in U.S. Patent Nos.
6,375,658 to Hangody et al. issued April 23, 2002; 6,358,253 to Torrie et al.
issued March 19, 2002; 6,328,765 to Hardwick et al. issued December 11, 2001;
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[0273] A. THE JO NT REPLACEMENT PROCEDURE [0274] i.
Knee Joint [0275] Perform ng a total knee arthroplasty

WO 200a/0¢98p! i cated procedure. In replacing theP&nes2003/038158

with an artificial knee, it is inportant to get the
anatom cal and 10 nechani cal axes of the | ower
extremty aligned correctly to ensure opti nal

functioning of the inplanted knee. [0276] As shown in
FIG 21 A the center of thefgp 1902 (located at the
head 1930 of the fenmur 1932), the center of the knee
1904 (|l ocated at the notch where the intercondular
tubercle 1934 of the tibia 1936 neet the fenur)

aand lnteroatioreb Publicatipn MR 069264 to GuBINPg Pt pmbllﬁbed March

1§%1 Whi ch defines the mechanical axis of the |ower
rTemty. The anatomi c axis 1920 aligns 5-70 offset O

OQ%:{ he mf'rF gg‘l%fjéa_lcﬁgc esdéfgctE hRe ?rﬂ{)IQH%'tlo@ l5it& HéN"Bé ‘Erepared

rec i on ong axi S 0
cwltln arsingle wttatrwasether@dmmrwtfa@( ey emmmm@sw@wem in FIG 8.In

T dedt B P SR RO RE D
\gtdtztgrbro?- pé}?esrglrz%ﬁqane Pﬂl\/?@&bfrane tHroughout t he

f ,bPN- ext ensi on ar fyeder to acconplish this,
Lﬁf“'grmral heag 193%"6%2 rrechanl cal axis of the

ﬁdﬁ%ldtterleaa o flr’gaef’g?élgﬁégtartﬁ |észE CéUﬁﬁi%chfedgj?BG%ure In
r Enmqmg/\hhemnaet\l\h@ amea:mmuam@eaut isrignpptiant to get the anatomical and
f
¢ PG EhEE B B, R LRy gt iRl A8 SRSire dpfifnal
efunctordyd af thexmplamedcknees per pendi cul ar to the

MAP- pl ane. WD 2004/ 049981 PCT/ US2003/ 038158 80 [0278]
A[0276] et y oAs shoageindlie.c2is, twencantertad kenhigt7992dlecated at the head

I
oy RENR gL Pha2 g ponist §F e ViRe 0B ondtedat Hithotch where
bﬂquamdcca&lutm?mhelrdedgab@\?ma trb|58£6936 meet thalfemgr)\ﬂndranakle 1906
er
Wi Araresiley e shair el 1T SR E KAt g icehpdepr the
t hﬂve’ﬂé&fr@ﬂﬂt? TiRxarsatbBiced i1 920 aligas Borraffsgt @ frarh dhe keeleanical
arthrog.@ sty is one solution for correcting a

dPXis i e vahaus, OT%W@H|W§°%PQ otal knee joint, such as

the PFC Signa RP Kne
[0277] he long axis of the tibia 1936 is collinear with the mechanical axis

of the lower extremity 7970. From a three-dimensional perspective, the lower
extremity of the body ideally functions within a single plane known as the median
anterior-posterior plane (MAP-plane) throughout the flexion-extension arc. In order
to accomplish this, the femoral head 1930, the mechanical axis of the femur, the
patellar groove, the intercondylar notch, the patellar articular crest, the tibia and
the ankle remain within the MAP-plane during the flexion-extension movement.
During movement, the tibia rotates as the knee flexes and extends in the
epicondylar axis which is perpendicular to the MAP-plane.
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System by Johnson & Johnson, requires that a series of
resections be made to the surfaces form ng the knee

WO eooa49981 order to facilitate installation of P¢EUS2003/038158

artificial 10 knee. The resections should be nade to
enable the installed artificial knee to achieve

fl exi on-extensi on novenent within the MAP-plane and to
optim ze the patient's anatom cal and nechani cal axis
of the lower extremty. [02808p0 First, the tibia 1930
is resected to create a flat surface to accept the
tibial conponent of the inpl ant I n nost cases, the

tibial surface is resected 15 qundi cular_to_ the .
I EQ?Q? 31aX| s df vanady of 'B’ia@elﬁc@ﬂ‘l@arb@? gn abpagfeindiyjfual jeint, e.g.,

t éflnt ?.J)%Ui?? o znde?r%tI’ﬁ;S ]o‘ﬂﬂft'ﬂ%?ﬂl%bﬁ T?r\%gé‘%éée sllclels can

pnet e normal slope of the tib

bbe aippd 88 daserthedyabokie deSestionlialang with ﬁrelr@age °ftth@ full leg to
sgg+ ?rlth% e can be 0 where the device to be

[ oes not require a sloped tibial cut. The

QE‘.’?@%?B I otk afl RESBREH T 1)@ bR A e ntomic

e an etween t ction |1ne
angistihaltered f%erﬁ:rmnmtatal knie aptheapiasty BI6E@ splytiosdor correcting a

Fﬁ%éggéﬁ%g%h%pl?u@@g %talq{negﬁw SulPad iR Ii‘ﬁ@%‘lgr{wg RPlknee

ate an a 1 0r view o
r Systeti bchuﬁnsan & dxrmisom requlrgs thet ararias & ra$eqtlonp be mde to

a,tibi one .

i S FRERE R et ol DS e ol B e e
f koes.eThé l‘éseﬁﬁ@fsashwm b@Mmadeits edsHle texinetatled aifitiatladeyto

t hrou t he bone and the res ge 1958 .S

nar R netipur X egs PR e PGk B MARG 58 Hheltf gptimize the
C Pafdritls datdtBicaMaidyiBehdnicaakibef tieubivecexttenmty. f or med

by the joint depending on the anount of damage to the

j 90280] FI Grirst 1tBe itiblaurg304d$ esseateddo wedatd adlat wiréacei to acbept the

e corres t e surface 2004/ 049981
by Sontespending Lo 4 e T FSaro st SUAFT Birepested
t fpﬁr RRGldr e tHe laﬁg 4RB%f tHél tbia hliBe icbtanal plahesbua is/gpidally
knee wherein the I ne corresponding to the surface ﬁ%ehha

t Istopedidnt° RENRTIarlY indie spaitial pane te m%t%tméyéwl Yare P

1 t o
L0 B SISl e SRS REToplg o

i swhemda trrwdeamdeeﬂo Hedntplenteddeest maimeduiresa sISpQ@BQaI t2BH

ChEGReBE o84 0B AR E= D 5 PeBgRA Sl 10, SUFAE R
between the resection line and the surface plane of the plateau 7960 varies

depending on the amount of damage to the knee.

[0281] Figs. 21B-D illustrate an anterior view of a resection of an
anatomically normal tibial component, a tibial component in a varus knee, and a
tibial component in a valgus knee, respectively. In each figure, the mechanical
axis 1910 extends vertically through the bone and the resection line 1958 is
perpendicular to the mechanical axis 1970 in the coronal plane, varying from the
surface line formed by the joint depending on the amount of damage to the joint.
Fic. 218 illustrates a normal knee wherein the line corresponding to the surface of



10

15

20

25

[0283] The plateau of the fenmur 1970 is resected to
provide flat surfaces that communicate with the

WO niogi0sw81 of the fenoral prosthesis. The cuts P@EHES1003/038158

the 10 fenur are based on the overall height of the
gap to be created between the tibia and the fenur.
Typically, a 20 mmgap is desirable to provide the

i npl anted prosthesis adequate roomto achieve full
range of notion. The bone is gqesected at a 5-7 angle
val gus to the nmechanical axis of the fenur. Resected
surface 1972 forrrs a flat plane with an angul ar

relati onship g)etjem ning surfaces 1974, 1976. 15 The
aﬂhgucmnmssoos opElakienne FRsSstaT o258 T 15, 267 AlUsiAlFs a varus

ﬁ%antgrg'[n(}g% ﬁé con"f‘éﬁ%gwg% R $Hacd®s ok 106@is not parallel

int [0285] As illustrated in
F1|oCE1e pasectione line 1 256 KIG. g‘eéonhstry asfa vaiguqolfr@ei wigreindha fine

It $%{gq%§§ﬁ@h8 ‘icbg'%asqw%gg Qf N6 nf‘ 6‘0 i %ﬁ gaﬁah& tl:)L gze;r%gﬁcétlon line

gr eater trochanter
t he5&r oxi mal fenoral diaphysi s. The rel ative positions
of the trochanters 1984, 1986, the fenoral head
cmeel 190 Drmeche kibiaf surtacalhas heen pressed, dhe sugepBiUnS &

f the neck-shaft angle. The
ngraqaﬂp%g]enf%moga Cfg(mgand anatoni ¢ axis 1920 are al so

Ass f
N el by R SeuE T el o g'gﬁz'%wﬁ;aces
t breat pom&tdm&sltswmzme/mtdmot bithe democl pmtrwSIS [Fbeseqs made to the
I

B SRR SRR ol T Riehal AU 8ea e o o
T

e i npl an
| DTS SSH B SSFI8 00K PACTIE AHeRES SLPGieh: e pate iy rgsected
t I&?a '3'—719’ driRidWalglid® the Mdchbnicalends 4R férfur Reesdted surface 1972

. along the line 1990. Once the neck is r

. eC
t Mm&mwmlm@w@amang@aw eatienshirda ARG $'48%, 1976
ﬁ‘g%e%glesﬁ'eg" ?%tWee ceg\"1'9|7ﬁ-5‘797§ Oamdcﬁénwgﬁ\raaabs ht

or’a ex| Ie reame e dept reamng is
diactatling t6 tieydédign eftbeiimplantiesi gn of the | npl ant. Once
t he canal has been reaned, the proxinmal reaner is
piezsdied by seriial r&ipdaint with the rasp directed
down into the canal. )
[0285] As illustrated in Fig. 21F,the external geometry of the proximal femur

includes the head 7980, the neck 7982, the lesser trochanter 1984, the greater
trochanter 7986 and the proximal femoral diaphysis. The relative positions of the
trochanters 71984, 1986, the femoral head center 1902 and the femoral shaft 7988
are correlated with the inclination of the neck-shaft angle. The mechanical axis
1910 and anatomic axis 7920 are also shown. Assessment of these relationships
can change the reaming direction to achieve neutral alignment of the prosthesis

with the femoral canal.

[0286] Using anteroposterior and lateral radiographs, measurements are
made of the proximal and distal geometry to determine the size and optimal

design of the implant.
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[0288] B. SURG CAL TOOLS [0289] Further, surgical
assi stance can be provided by using a device 10

wapphioedst o t he outer surface of the arti cul arPCT/US2003/038158

cartilage or the bone, including the subchondral

bone, in order to match the alignnent of the articular
repair system and the recipient site or the joint.
The device can be round, circular, oval, ellipsoid,
curved or irregular in shape.goThe shape can be
selected or adjusted to match or enclose an area of
di seased cartilage or an area slightly larger than the
15 area of diseased cartilage or substantially |arger
t [0287] he diTypmaliy aftar obtaining surgieal apcess wdhe @rm&r%atgg femoral
t enddd: i.cul f [ ar

S F/CIS87 1€ it ol aRHg B o od D P ho RER Thpicd. the

r epldateyeanaldd reamm. Reamingcarmbe epcdmplished tfocexammple, with a

surf.ace i s contenpl ate ! L Gal i .
SR hp SRR S 2P Phe B glor S, G

t pp |t|?s) spoe‘rc];ﬁrc dexsigmuf ¢heuisiptantg®hee theodata| has laesn reamex, the

nmet al . e _or. nore ectr.gni c .i mages,, Qr , .
RGP AR Rresaced bherie tesph g et g an iscixd doyp nto the
Oobhmesit coordi nates that define the articular and/or

bone surface and shape. These objects' coordinates

cmda& uti IBzed SurcisLT@ioLshape the device, e.g. using
CAL/ CAM t echni que, to be adapted to a patient's

are289yl ar anathemsungical 28sistdanee can ibegirgvidedby esing @ device
typically pre-nmade device that has a good fit w .
pappmtoghgpvﬁe&awz?ceaﬁlféi‘% Prg}'.cuf?ﬁ 83'3‘89P3Dé%%%§°%ea%°”§’”?9 the
sub@fRdrd HoR8aRdrddrad maittH thermiyaien of the aficulal capmiradfystem
the articular or bone surfac

L ( » and shape, e.g. simlar
t @nd the FRCHIEHt RGBS 1oMh e TR GP WS EamDY FydErodiar bval
ARASHIHCSurvSd Bt BreBlIBF BY sHEPLE The@hAEE 280 HL Q4R or adjusted to
PCTPUSZOOB/ 038158 83 accommodat e surgi cal lr@t ument S
gﬁaéggr an the

suRAicaer emglegesan prearRt diseaged eartiege ok afiarea sl
ang o ea{s%a%}tilg%e%rcseljb%bé’ntiéljﬂﬁfqefr it thE ldlscbsed bagR@e. The
tha? Wi F tl [y

resul an anatom'ca desirabl e cut
plase@caniencampassdhe eptirgariguar SUFaee anibsweightdhieaEpg shrface.
f cgl{cﬁ%%ﬁ‘gg apd }yﬁicﬁh??r‘%’ﬁ@r%d \Qﬁeﬁfé dehfdpk 8f a ALY or an entire
systemor for Cl ating placenment of the articular
r epticuiarspsfaesris ddnteroplated. t he devi ce can be designed so
that the depth of the drill, reaner or other surgical
i [0290Inent benhanical devices caribe eised forsHedier! ApSis@aAMR-9-»

gosu‘?gnlgal tools), for example using gels, molds, plastics or metal. One or more
electronic images or intraoperative measurements can be obtained providing
object coordinates that define the articular and/or bone surface and shape. These
objects’ coordinates can be utilized to either shape the device, e.g. using a
CAD/CAM technique, to be adapted to a patient’s articular anatomy or,
alternatively, to select a typically pre-made device that has a good fit with a
patient’s articular anatomy. The device can have a surface and shape that will
match all or portions of the articular or bone surface and shape, e.g. similar to a

“mirror image.” The device can include apertures, slots and/or holes to
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deeper into the tissue than defined by the device, and
the size of the hole in the block can be designed to

wez®entdosl |y match the size of the inplant. | nPOY/D8100D088158

10 about other joints or axis and alignnment
information of a joint or extremty can be included
when sel ecting the position of these slots or holes.
Alternatively, the openings in the device can be nade
| arger than needed to accommgdate these instrunments.
The device can al so be configured to conformto the
articular shape. The apertures, or openings, provided
can be w de enough to allow for varying the 15
pm:somnmdact& surgigabinstruments suelyae drills, fieameisepyreties, d-wires,

2@!{@%?5\)@5 drills, curettes and other surgical

‘An instrunent guide, typically conprised

?@gé‘ye\r/e' Arliehk, QltIHﬁR/\fﬁr b&bnofANI\GN réXRitaR Bh AGtonfically

I Ce S orient I nstrunent
gwesdableeduapiame drol hdh@ otrIgeeewdlm&nmeoh@ller&atmndﬁySlmseﬂh@\t

L e e

i r@@bi‘r systemn. Waretsver,|the tbvise wambedesignedpoithaiithe depth of the drill,

FUR S N TN T v
bisupre o tatissak Itrgamm“fmearw ihel deviceuand thersizeeofghe ihaledn the

knee joint  fl t

FEATIC e

tséﬁ]lgcﬂlﬁggté%?dinfé:dr |ab<i§ganﬁf2aéighm?ht |u1t’mmtaﬂomoﬂa jdi‘rﬁejrbx’tréremy tan be
rument gui de Wi

GBS 1S Selogt i G RaBHon 3 Aasee R SE Rt Atsaneiiiefe Me

”ﬁg&) l‘?ggs Iﬂltﬁ‘éﬁé\ﬂce g8 bé fnatiel |hrgepthdpendedtd @cdacc&ﬁhmodale these

t position and orientati

Linstiuments. G0 devianaan ABoHAONIGRR taGPUBTS i BaarigLey shave.
behe Qpéﬂnﬁ‘ﬂeé est dgewth h&ro%%@d @hn b&%d@éﬁmdrﬁo dIIBwEsPaFEeg the

spacers rews and other nechanical or
epesition @raangﬁaphfdaéssum’q@%mﬁtwn”mé engt reaSroRINYSp9Ditss gurettes

gﬁi gﬁ%?ggfr[g%ﬁg ﬂn@ﬁum@ﬁts[ a4 %tnﬁﬁle?ﬂ‘ "gEIi%@ntyWIIF%hbr‘i%éd(bf a

uence jJ ol n axit as wel 0|nt I gnnent .
Tmlatmea/nhard nogefiat Qamthﬁo roexﬂppﬂ@d ton efdeéb@%ﬂﬁ%wwe helps orient

eﬁ'{eelﬁﬁtg&?rﬂ?%t?cgﬁééc}eléme tQ {he {flhieﬂglonblnér%rté}ﬁ# offE joint.

on angl es. I'S purpose, for

e e | SARCRLSe iRl 8ol ﬁ%a{ung%Eé’ hé) Bljudfnfertd baGREA the

einc nore nol
s aligrenentaaniceranddop éstruineat guide.dnubis enarmer, |aa\>@ntlynad>r

t FkAESse g 3 LB g e BpIE BRGRIEH Moo SRHment and
joint laxity or biomechanical alignment and joint function, e.g. in a knee joint
flexion gap and extension gap. By oversizing the openings in the alignment guide,
the surgeon can utilize the instruments and insert them in the instrument guide
without damaging the alignment guide. Thus, in particular if the alignment guide is
made of plastic, debris will not be introduced into the joint. The position and
orientation between the alignment guide and the instrument guide can be also be
optimized with the use of, for example, interposed spacers, wedges, screws and

other mechanical or electrical methods known in the art.
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thi ckness. For exanple, spacers can be applied in a
knee joint in the presence of one or nore nolds and

w0 b@40s®gi on gap can be eval uated with the kneRCT/052003/038158

in flexion. The knee joint can then be extended and
the extension gap can be 10 evaluated. Utimately, the
surgeon will select an optiml conbination of spacers
for a given joint and nold. A surgical cut guide can
be applied to the nold with &%e spacers optionally

i nterposed between the nold and the cut guide. In this
manner, the exact position of the surgical cuts can be

- Bizolf " S0 A SiraSERmEP cisBh 1 hlleri® I8P R a5k 4R
gﬁlﬁr’gi‘rnldla?agﬁltsfsdah batﬁptlmlzed?@rHhﬁrmﬁﬁembnandfextelmelon abduction, or

- 8o einal R st G Ro Bl B OIE e ot s PUsapesy or example,
| BiSeiet£6an bé thtlodaced maﬂéreoéttdched of that b iatcoatleeditiobne or

that can touch the nold. Hi nge-like

L BBre Ebise T SHTOsR AN ueRbs FiE Y EEGRIE ik e ightness of
u thﬂsrngl%a@éﬂs%t%ﬁeraﬂf‘hckﬁé@@%r@ér rﬁére&lp@@éﬁsl WitH the same
devi ce usef ul fine-tuning the position of the cut

thlql@esaoFer@@mn}% qpacmé:aﬁmeo%lop@ﬁ% i kpeggint g gregence of
S Uﬁ@ Spﬁo@ho%%ﬁoethfe FekiBh |g‘é8r<‘:§ﬁ Ue‘%!v%tua'téﬁ%ﬁb/t@%ﬁé@' jbint in

ol nt hi s “can p i mzed
dflem@m ehbe kn@s(mﬁ can @Qﬂ(‘?%ﬁ&tﬁ@@ﬁd arﬂfahf@tqwsmgap can be

%Qédﬁéfean’un* rﬂél% a/nf’He ﬁf?ng?c?r?(\;vm Bt éﬁbgﬁmg%mﬁﬁﬁm d‘_f%bacers

spacers be | ntroduced
t Faxta given mrtt aoHenbldr Atshigicalcet guide 6an Aeappliechtoghe matd with

2 t
o e el i Lt e fiach ¥ BRFOTHE KEt dice, In tis
spanees the exadipbsiéor of thersucdkical setsorandreeinfiuenpedeand can be

th t hi gk . . .
o BRI Rt e ke B SR RmL e T RBTRane e BBk Bt G Riighize
O_roth‘éD mﬁemlfdmmmdzmg ¢hd pestiarnofglag sergicabeutey E_buaxanble,
¢ FRRAPle Pt B e RSG5 e of 4 e Tto the
Uﬁlﬁﬂt/ &?ﬁ?{%nﬁ%ﬂt‘dﬁﬂ@@& fhaB¢aBioudh tieemoldat }eldge Ilke mechanisms

ti mte e.s sel ect

coimprrlcebl. chugte Sl smecggigiarE ot A ATREPY. 20y
S Whdthaaicaratelatick? dedbe beefpRY fifslttining the puslitidn\wif tHe cut guide
the spacers optionally interposed between the nold and

t Fidlaby toghe gelds pan b ¥Sedranner, the exact p03|t| on of

the surgical cuts can be infl enced S
292l | o SuHBPE B il IUPBCR I F3inas e a Pint o

| Righert T tAn hEBPENIZER for different flexion and extension, abduction, or
adduction, internal and external rotation angles. For this purpose, for example,
spacers can be introduced that are attached or that are in contact with one or
more molds. The surgeon can intraoperatively evaluate the laxity or tightness of a
joint using spacers with different thickness or one or more spacers with the same
thickness. For example, spacers can be applied in a knee joint in the presence of
one or more molds and the flexion gap can be evaluated with the knee joint in
flexion. The knee joint can then be extended and the extension gap can be
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ot her neans for optimzing the position of the
surgi cal cuts. For exanple, expandable or

WO 2008/0€1981 | ke devi ces can be utilized that canP®BUS2003/038158

inserted into the joint or that can be attached or

that can touch the nold. Hi nge-like nmechanisns are
applicable. Simlarly, jack-like nmechanisns are

useful. In principal, any 10 nechanical or electrica

devi ce useful for fine-tuningsthe position of the cut
guide relative to the nolds can be used. [0295] The

nol ds and any rel ated instrunentati on such as spacers

or ratchets can be conbined with a tensioneter to
pe\camiaied aUtietately, thatstegsonvell select ansepiigaaheambistation of spacers

J f%{ A givel j?lﬂé%?@lﬂ%ﬁ{% %u@?ﬂéll A& rﬂl—']féedé S Eﬁpl{]‘d% e mold with

nt and tightness
tihe spaters aptionally mtnmoseé bptyHendbe mald aad tlTQJMlQMtW dﬂ ¢his

t
gr\%gﬁﬁgrf gﬁa (%Jaﬁ p%sgtboﬁ of; tﬁg g{:Sch%PE&gtcaH rb'é%ﬁﬁffeﬂﬁecﬁ‘?%d BSh be
sgd)asted ko behlé\heam na&nal&asuﬁlaﬁmnemdowueﬁehsmm wj;bwcngnlze
Bost tt 96
oPaeMiean 1% Chitiz s i Hosman ot 1 sufgieg) s, FygPafe,
Oékpégmdanr@gﬁhrm?néﬁ{keltdwcwicd? e utltbzdtd thascarf be meelrm ithto the
can e nade O net.a a e | e
Cioing o % A R aaced-or e g Uo e dlE HitG M ishArems
hQr;éealp?iﬂcé’cﬂéPSﬂﬂﬂer }é@@fﬁl@é m@ch@tﬂﬁﬂn@ @ré’ ayefalelropma:umVanyA
netal 1| nser m

amb@mgﬂ or ,egeémqal @@w%edweflﬂysfprp fé'net ngggpe Qpﬂfl?%p} the Sut guide

étg,gsto(fﬁ@migﬁjs%@,fbg uded. avoid the accumul ati on of
p astic or other debris in the 25 joint when the saw

Oﬁoﬂtgger SUI"HJ;‘ rﬁ@l’ds 'aﬂatawfﬂaafeﬂ lﬁﬁMJn%ﬁta‘dldh Q,Qﬁta%@pa‘oeﬁsfbr

The nol ds, may not on g] useﬂr
afaichats gan pﬁ @og\pf@ddgth q @mmn@ﬁj@r toagqgw%%p eﬁar in goperatlve
pg S G TRht t@ﬂtﬂe%lﬁfefHeotBnQBm%térr%ﬁ dk Utifedd 6TBARS: odtlEuze the

I-on, can be utilized for guiding t
plaaatemallgmmrﬁ and tightaess ef thedgintand tedmpeivermost-Opgative

CHBBRSart st Dol MR A8t g
f irdcropatatipelybloe axampla usingd seriser b th\leomeagmqnufaxct%d oy

-Cﬂ%ﬁcgna§§[@e§?sttgn tl\ﬁfsw@l&ﬁsteﬁ?u' ar wall with an opening

arge enou t0 accommodat e t he

B TR B SSBEA N pper

mivh ofmet Iambstlmmntsgfthes meld orepartiens efrise modd carnbe madsaqf metal
Metal inserts may be applied to plastic components. For example, a plastic mold
may have an opening to accept a reaming device or a saw. A metal insert may be
used to provide a hard wall to accept the reamer or saw. Using this or similar
designs can be useful to avoid the accumulation of plastic or other debris in the

joint when the saw or other surgical instruments may get in contact with the mold.

[0297] The molds may not only be used for assisting the surgical technique
and guiding the placement and direction of surgical instruments. In addition, the

. molds can be utilized for guiding the placement of the implant or implant
components. For example, in the hip joint, tilting of the acetabular component is a
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5 of the inplant or that can be applied to the
i npl ant. For exanple, the inplant can have snall

wOoreeBes®sor extensions applied to the twel ve oPCI/081003/038158

and six o' clock positions. See, for exanple, FIG
29A-D, discussed below. By aligning these nenbers

Wi th notches or receptacles in the nold, the surgeon
can ensure that the inplant is inserted wthout
tilting or rotation. These ngjgches or receptacles can
10 al so be helpful to hold the inplant in place while
bone cenent is hardening in cenented designs. [0298]

One or nore nolds can be used duri n the surger For
efxeqysing probfem with tetaphip arthisptaséanA 5eo d gaR ba|a|p9h%ci;§@| thed

3%ett£lﬁp£j Wil \Wﬂ a?in %EEﬁiRg Bothe CefRS lléfg? %HE &T’co‘%c%ﬁrﬁctb%te the

natony pri resecti on enoral head
Tarmtamarmmmnt that tmfsumeomwpehehdg ta plagec bhervid eamhave

géégl%g % %g Ifa tJH“fﬁ S‘P\BEQ'OPQm'aﬁ’ e?t‘éﬁén%hg’ﬂ%‘{i chi?be part

R
soitthe tvmalaht orrtbaimarrgoeaapbhpu mmmnmlam Fheexampe Hbeiimplant can

| d th b f
650 D SR JRGUER MG Ty B
cpdsitidrs. 8eeffot examplguFidi ﬁ@p—bh@sclnssedﬂoiemw dy ailgnmgrt’eese
can be

prior to ace t hesij

Cisiitrs wiip 85065 s FoenoieR I Firamoloh e stSor Bihyg Ry, hat the
bengiastes freerte @i W’théut tmfrigodr rbtatlaﬂilyTﬁe&egmaalhes or receptacles can

i ntervention. al so. possi

né'ﬁ@@etf}%qu tahodiBe hiaat inaqe Wil SorerReett s Bt E g in

RehBbMesRhter the surgeon has already perforned
?ect ed surgical procedures, such as cutting,

ﬁﬂ%]‘ga drphé binBoresfnblds chR®eiled dedng m@ugéryf (For eh@mple, in
of the bone or the [[ oi nt resul t| &m t hese

2816dwac%mwde§an o pitly pRPISS P dhe, PeHBRIT at glpgely
gf)ﬁ‘o‘kf'f\l\ t%ﬁ&@@ﬁﬁoﬁﬁ‘ﬁrfb@t&ﬁ@ﬂééé&@n o@ﬂwealfefrﬁnyalﬁead The
a tab cl osely spaced pins pluralit

i nmld/p@lchemmw@m tosepramogate %ﬁ@ﬁé?rﬁes'f'GSc}% %>r The
”B[qsmﬁb gsgéés% tgﬁgﬁgvé’én bgﬁ%@ﬂpﬁéééd Y§rgicaFéLR Y6radiPBéguent

al ned providing object” coordi nates that
deéamlegtahd PGB b the IBastEST3. USZ6081D3RIdsean then be applied to

#&L(%al?émg%ft%?%besﬁ'ﬁfc%g&ﬁ ha& @eéﬂ?rpaede TeS&cond gwld can

coordi nates” ca ere or transferre _
[ MEmsbhdafcdegwcbmg thieatireetiempf aeraamﬁnaurlloytooplacement of the prosthesis.

B T S L R o A gl foroints
prior to any surgical intervention. However, it is also p035|ble to make molds that
are designed to fit to a bone or portions of a joint after the surgeon has already
performed selected surgical procedures, such as cutting, reaming, drilling, etc.
The mold can account for the shape of the bone or the joint resulting from these

procedures.

[0299] In certain embodiments, the surgical assistance device comprises
an array of adjustable, closely spaced pins (e.g., plurality of individually moveable
mechanical elements). One or more electronic images or intraoperative
measurements can be obtained providing object coordinates that define the
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portions of the articular and/or bone surface and
shape by noving one or nore of 5 the elenents, e.g.

W@ w98t 0 an "i mage. " The devi ce can i ncl udePGT/U8X03/038158

and holes to accommopdate surgical instrunents such as
drills, curettes, k-wires, screws and saws. The
position of these slots and hol es can be adjusted by
novi ng one or nore of the nechanical el enents.

Typically, a position will begxchosen that will result
in an anatom cally desirable cut plane, reamng
direction, or drill hole or 10 instrunent orientation

for subsequent pl acenent of an _articular repair system
oarticeler and{or boneasurfagetand shepe cibese ovieetn’ eaordinateacan be

r Sﬁgh{d &Wﬁa{n‘gf@rréd%ﬁrtﬂ?tdb@@e E\‘Bpé‘ian%l@ ?ﬁanda9¥ Bt SieBforitdli§, and
ahd al | gnmen emty can
bthei infofrodiiah cavhies usas tootréatg atswfapeghd isbap@that wilkmatch all or

o DR b S PRSI 5 ore

t the gJemsartsy g. gosindlar tordn ‘ttmbge " Sitnef devicecfantiheufi@slots. and holes to

Al h t 5 in.th |

C e sTodRteisPug G R Estis sbhee dhrb s B8, ki 8835 Bna

ﬁbéwwm pdmloaun?fahesgrsms ahﬂ&egetsioof? b;efadjtulsp)é@by miAhg one or
avil n I ess | es . n ano er .

o Posm B SRS Bnicah e SEan D Tveika dposop Ra! B Faosgn thatywi

caés:unt:naaﬁ ahﬁtoﬂﬂ@eﬂ@ dé%iﬂ@éleggﬁmaﬁ? eg@kmsglagmtmrw deif hgle or

cartil | age frame can I NCl U (0] S a ul

f tnstrgmegt eréﬁnt?tm fpuﬁ%ﬁegueﬁfrpéa g%’h a @UQ{{%{P%@&SF%" or

ORS fR&ilitBirRy %aa%aérﬁmﬂ of B BMicOlP Fepaitadysteas 1afAhaMrcabout other
reference points. Alternatively, the position of the

f iQints OF AN @@d@l@@@en@gfogméwuofreeloatt o0 extr%m%%an b included
MHen sBRRERGTHe ARt KifescWhdtd @r ABles MRYI Ng test or

|ntraoperat ve neasurenent, for exanple one or nore

f EWO?SCOD' Eici PRERSWHEN Hkélﬁgle'o‘ﬁbr@%@él%él\ﬂﬂb)hav@@ebn@rsurface
e el ectronic | mages or intraoperatiyv

né89 maseling $he grRANRINNGS mrsam@ilarn%&iaaﬁ of He Je@tn flse shgpn is an
tb%ggmxr%' ﬂ%qur'rié)fb'oij 10 ARIRE St &?%Fﬁh@@hﬁ*%sbtﬂ%d%ﬁthﬁﬁ the hole

articu and one surface and shape hese
o@pd@l@wnncomptanteéloesvrmrtb@ of dmplantdRrbhaving A Hressrid gesign.
into the device, for exanple manually or
el[@32H oni calnlanothenembodisnents @ frawmei aan hesapried ta the hape or the

208 Brnaie Bt oo S Ja1ER o arye. The Ylme can

i irstudenteoiders ey guideis for, smglpalsnstrwnervtﬁl The &raptecsaerbe aftached to

el st bl i SHIBLERHH L PR RAbhe sl o01 o
Alternatively, the position of the frame can be cross-registered relative to one, or
more, anatomic landmarks, using an imaging test or intraoperative measurement,
for example one or more fluoroscopic images acquired intraoperatively. One or
more electronic images or intraoperative measurements including using
mechanical devices can be obtained providing object coordinates that define the
articular and/or bone surface and shape. These objects’ coordinates can be
entered or transferred into the device, for example manually or electronically, and

the information can be used to move one or more of the holders or guides for
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subsequent placenment of an articular repair system
I nformati on about other joints or axis and alignnment

w0 pdososmsi on of a joint or extremty can be i neCT/USWH03/038158

when 5 selecting the position of these slots or hol es.
[0302] Furthernore, re-useable tools (e.g., nolds) can
be al so be created and enployed. Non-limting
exanpl es of re-useable materials include putties and
ot her defornmable materials (€88., an array of
adj ust abl e cl osely spaced pins that can be configured
to match the topography of a joint surface). In other
10 enbodi nment s

TS Eal e TEe R R e N A e A ey il restit s

h@:rgi@anm a\ﬁt@ﬁically désiablef At plaparor gl ﬁb%&ir@@ltabnq’@n be
t n& bal | oon that all ows for _ placene
e H? pi%e g%“ geicular paTRySigm- cﬁ@‘OrrB?tqu\ attﬂh‘i et@erlomts
Oér @J.sagmmnmént roehatRHI@ aGsiht éroadtr%mltw@nlb@ ih@0dePlhen
ot her deformabl e materi al can be shaped

|?ﬁ‘?CéB‘SéF%PPVB‘P@/OiTaeﬁ%ﬁlptﬁr%ho@sat | east 15 one
articular surface. Other surfaces can be shaped in

o321 t o b&UFARENGTE| Teghseapley il de. Qulr&?'d¥)d3az§‘r{%ﬁ I be greated

bér%@l‘ﬁbl%%& aNoAARftingIS&INIES Sffeusehble RARARBMG@e puttles and
axes can found using an intraoperative i magi ng

st
o@thgu%fpmbl@ Wt%”ai*‘ofﬁﬁmﬁ? arrgy efiadiystablei dogeli md pis that
h
oedh o B RfeloRbcR e HcpBaaRhy BPa i tracty IeRer |
2@ﬂp@dlmentmthaqrgow@rf@@f 19e Brade alsingriaiioonse e hatleenseean
fBé’tmnﬁ baRESH Bitn tarlli‘élrde(h'l@t rgate?lél %E%a Yai dida 8@‘5{ 84n be

uter prograns coor |na
distomiorajed hethe @aflmthabaltamrfooplatem ep’mfra surgidal cut gulde

{?%ﬂﬁtgggpwﬁgg%rﬁl e%uen %lgé%rﬂ&ttogé he(l?: gﬁ c%?gﬂo?% ﬁigg%taﬁgo& S
acther d&fernyahﬂa erateriie can bg rshape’djwtraop@'aﬁv/?yg tcycortfd)rm to at least
t n
S8 ifbiat BAcs Bblar YeiaGeGante aes e pec 1 o8 pfAleor
[ ﬁéﬁéﬂwdnbmabmtdnmmglcﬁbtmeaedmducamxeseabé enatohiclomsioimechanical
t he tool ned sQt instr

. d t
Dfas S BEndnd BBt samagihd e sUtHRE fools commony

| ugad for tHiEpGHbbse inCEPNGleed? oty sdpRIpAIstiest 0 the tissue
than the instrunent allows, and the size of the hole

O[038BE' t ur én tHesk fémbddﬂﬁérhtﬁethé necid) cHE bd esdgeedirédly from the
esse tially match 2004/ 0493?%% PCT/ US2003/ 3815 89
tlﬁ’én HORI BFrIEHECh AFrRAYVelyr RS froman imagg b e igint, f

gexRhsle, WiRPbNELsH Mot Bdraplitat preframs to determine object coordinates
defining the surface contour of the joint and transferring (e.g., dialing-in) these co-
ordinates to the tool. Subsequently, the tool can be aligned accurately over the
joint and, accordingly, the surgical instrument guide or the implant will be more
accurately placed in or over the articular surface.

[0304] In both single-use and re-useable embodiments, the tool can be
designed so that the instrument controls the depth and/or direction of the drill, i.e.,
the drill cannot go any deeper into the tissue than the instrument allows, and the
size of the hole or aperture in the instrument can be designed to essentially match
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including, but not limted to, the articular repair
i npl ants descri bed herein and for reamng the marrow

w0 poothesnse of a total arthroplasty. [0305] TPEeEBES2003/038158

surgical tools (devices) can al so be used to renpbve an
area 5 of diseased cartilage and underlying bone or

an area slightly larger than the diseased cartilage

and underlying bone. In addition, the device can be

used on a "donor," e.g., a gadaveric specinmen, to

obtain inplantable repair material. The device is
typically positioned in the sane general anatom c area

in which the tissue was renoved in the recipient. The .
Stha;mzecn‘f theninpdanti Jdeiteoltoasreuised fergengral gspgthesjs inplantation,

blgg |g§ lﬁlﬁ é‘l%E @%lltg& ) 4% SRAMLE “ﬁ@ﬁf‘ﬁ RREADEPRerBRL 1Y for

nor 'i'ssue sanp e reciplent
sichminglthiesnarcan irbtheaake @f/edbtbyartmmwi%ts'yi ng the
position of the device in which the articular surface
| 0305 dondhesesggical tookddedces) capatsoeamiisashio rgmove an area

SRR R R LT Pa s T o o sidhy 1108 tngp the
d@‘seé&daﬁlﬁtllb@ and dederiyiractonee dn @ddition rtbel dbwge@ao petused on a
th f di d
L et e
S@&ﬁé@i&dy;ﬂb?@mltmhe@m:mtetyanmt gmralfanbtmm a?réa:slnrv?mm the
can take into si dera
s eiovRe i BRuEaP IR de SeRg ke SRS thedlnsehdl
C%Et@téz@ddo@ Bite ’p'hﬁndi'@éa e8armRss oh aeamaanests r?ﬁtdwgoat\neen the
onor e. averic .speci nen e donor
t el dissuh SwaPlgng: tH dEGIPIERt 3 %f@gﬁa'ﬁ '%?’?btfea%‘g"%“red Ry RFifying
Otﬂé%o C}io?lsdﬁhé §ERYA PAysier treeartidligr slefélcé ¢ tharddnbere. @ea
to the recipient in the area of the di l?@ﬁlﬁdnner

caacﬂaweag sbegitnenh dagaseAguesscleer 88RMLRY COURY
bgﬁﬁaéée\nhé}?aﬁﬁfée\fs%é'\&érhlaaée of a blade or saw or

er tirssue cutting deviCe whereby the size and shape
Z td@? diSSeh EORoRicRl AdchiRed 8 frmeadbasédon the size of
r age W

closely resenb mbi e the size and sha P?
t e d@a@;f disegsebcariigge @vd hased pa shapcwuaivig efithp galti age or the

b{ﬁ@gﬂﬁn&é@o&gﬁdfaﬁﬁbrﬁ%ﬁm c@hhrﬁatl&%f k?dfﬁ”ﬁ”h@ mdidihg can take into

eve use of screws or_ pins
( eopsidenatiomburigisal repnovabotfariexample, Ehebmégﬁp%u@yrrwmg at a joint

Ol 08hed | y d tcRlof 9.

oS08 bLADe=0E h0E) L0 PRl B BReL o8,

Atcbaa\imlerupecmerk) end linedgtortissuecart bé abfiainedrwiticeseoef a blade or

al ter nat,[ \}Jr%] é\ﬁg h
saw of 0 hefs IS te remo device. The device can then be applied to the
recipient in the area of the diseased cartilage and the diseased cartilage and
underlying bone can be removed with use of a blade or saw or other tissue cutting
device whereby the size and shape of the removed tissue containing the diseased
cartilage will closely resemble the size and shape of the donor tissue. The donor
tissue can then be attached to the recipient site. For example, said attachment
can be achieved with use of screws or pins (e.g., metallic, non-metallic or

bioresorable) or other fixation means including but not limited to a tissue adhesive.
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marrow space. [0307] The inplant site can be prepared
Wi th use of a robotic device. The robotic device can

W@ @498t mat i on from an el ectronic i mage for PCEPS20031¢B8158

the 5 recipient site. [0308] Identification and
preparation of the inplant site and insertion of the

i npl ant can be supported by asurgical navigation

system In such a system the position or orientation

of a surgical instrument wthggespect to the patient's
anatony can be tracked in real-time in one or nore 2D

or 3D images. These 2D 10 or 3D i mages can be

calculated frominmges that were acquired

pHHEBFERERticRBIbE, thr%@gﬁh%ﬁammgérsudm piagltasnatively, thiaygh the
bare@wsdgagecal navigation systenms that find axes or
anatom cal structures, for exanple with use of joint
Ng3oen. canRl lﬁfblar*%lté‘%&ﬁj be EPér'?aPébS\'NFth 08 8P4 r tfotic device. The
ofientation of the surgica trunent as we as the
niAketic Aevigaicag Uae ﬂrﬁwwﬁlon@mnu R elestiprjc darge fasprepasing the

g am ng guides, drill 15 guides, saw gui des,
eﬁ%ﬂﬁﬁgﬁﬂ%edetern1ned frommarkers attached to these
dRs08es - Th&éﬁlfﬁﬁf&%rﬁi ﬁl%g?ll%‘ﬁoh B?ﬁ%qg] Ea?ht Sitd ShEHs8ftion of the
using, for exa acou

elr@ré@mthmg:@ewp@oge@ nbwagurg[c@sowgat@emysfanm aln suchangystem, the

d t: 0, f
PpEfdurp: dertfuohf of TRuEd iy nferf At 185! (PR Faybte
sgBatemy cahdedragked ¢y stabtime20 ovenr afof@2D drigiyimegesf Thbse 2D
r | t. | anes. , The .
L3190 i Bad arPhe cRESEIHAN o dBts th Fer® 86sd i¥Rgeratiey
sh@qjeasomw 13 imagésarNcsrurrrﬂagedaaseaﬂslmgicbathamg?ﬂo?mﬁys@ﬁs that
ect W th, 0 It to e
find B8 4 a2 R Ct @l oS anis i 8837 it gspc i also
abs osed.fredbasitiossarsiesricneniah of mumgcalqmabnéntta\é wdllds the
exa e for identification an(fl Fl_an of the . )
L Eug e A1 nk R, BUrelia! S rGEn, syiamcangawes, ol
| gaiges|Gateguides, @w‘@an@@dmtrﬁmad iR mbfk@ré Sttadhed to these
di.ogr hIC contrast. 0310% In still other
eﬁ% ﬁ%maﬁleée rpqrkeis fag kedpcaiay by @deieaten i frrpanple aptical,
| BEdustlSal DR @IcRErofRigRetiPdighaidl s that harden to forma
nmol d of the articul ar surface. WO 2004/ 049981

- POB0OH2003/|@sfitiadtiorPdndpréba&itiva b @lemeanF&tteeéhdiln‘éertnBﬁtof the

harden in situ have been described above
implant can also be supported with use of a C-arm system. The C-arm system

can afford imaging of the joint in one or, preferably, multiple planes. The
multiplanar imaging capability can aid in defining the shape of an articular surface.
This information can be used to selected an implant with a good fit to the articular
surface. Currently available C-arm systems also afford cross-sectional imaging
capability, for example for identification and preparation of the implant site and
insertion of the implant. C-arm imaging can be combined with administration of
radiographic contrast.

[0310] In still other embodiments, the surgical devices described herein can
include one or more materials that harden to form a mold of the articular surface,
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i ncluding polyners that can be triggered to undergo a
phase change, for exanple polyners that are |iquid or

W@ eosu/ki9gui d and harden to solids or gels uponPERpIXO3/E38158

to air, application of ultraviolet light, visible

i ght, exposure to blood, water or other 5 ionic
changes. (See, also, U S. Patent No. 6,443,988 to Felt
et al. issued Septenber 3, 2002 and docunents cited
therein). Non-limting exanplgs of suitable curable
and hardening materials include pol yurethane materials
(e.g., US. Patent Nos. 6,443,988 to Felt et a

5, 288 797 to Khalil issued February 22,

4Aowge~aaeetwf @aémaﬁ thet harden da gighane geen deﬁgvlse%%pve

imRind oy el (B8 e tﬁﬁ/ﬁg?ﬁ%aé&&% Rsd ghaiy dor example
dgglume[ﬂ ﬂr@t pr@;l@u@l paignitliguidandd@arden sqbgﬁgy gels upon exposure

SRR P By SRR, b SBERL yaror oe

timmachamessr(m aiso, Uﬁcé’aéentd‘lo 64139398 toddlt et al. lssued

o ORBR A" e e e fbe @fifeif% W’m@"ﬁ%ﬁeﬁ

etsumeible c@abe)antthaPiering maRaatmistiude polyBreti@re/materials (e.g.,

105 B8N 8 2in A &) 26 bl 787 81 KB el Pebruary 22,

2499/2)4 0%1,6’2&63269ahaex®taa11 desugdnrids, 1978Emdak 584880 to Chapin et

ousf ol 10T St Pyjet SCURRD) BignaBliFS i) 1 sparigos

su@&rmg.muusi peital- I%(:tfde adid cHamS)nm}d%pralicSpmmdrg % disclosed,
dent al %I i cations tonucm ,

RhaamP ) DA 5. T 45 FudrootmalennasR redoss
Eaey&lb@aerﬁ\/@ak@fet%ol yg@s) @7/1 ﬁﬁﬁﬁ)l@fﬁﬁtlﬁf%w%@ﬂg V\m@ et al.
sman i ssued

68,
iZOOﬂ@gsé?fonnﬁqpabﬂ/@éwﬁ%ﬁefﬁaéch %@éﬂ?% 88 At M%,rler etal. 12000)
Slﬁléétl%'F@&bhé’trJdt os@eb@ 108 63%&912059 ﬁﬁlmn@e&dm@@.atsqe g,

e joint and het e under cure in si

urﬁlﬂ@ﬁintmﬁﬁél 69%@| [Rermajolegie eﬁy{ 95%1’ 84(:1(%6% 7-3R25); @él?lafb’é"g beads
ugg% d E‘ﬁtlﬁﬂs%%@eg clsétet Q1. RS0 9d9%;n%gﬁ’c@l ®latémils Research

e Ccura haterial's ‘can’be u
c@ﬁ{ﬂtﬁ@téﬁ&)ncrwahfr@e Betajs euth avidnuidaetale® candieramaterialssed in
U |ll n
- ep Bl AR IFot< BeR, 69, B auerit ARBnids BERPABORALER B
t 267 Q58abl' @ommﬁaaEnalck)pedta djé’olym@reﬁnlwetmwb!i@inedtb\g" and U.S.

apertur r
SRR BB RS AP AP, L8 Rl patte
S umagedsl lthdtdosuféicidntlyaftoveabds fmgteymltm tblbefdlarlmer‘éﬁ)to the joint and
2004/ 049981 PCT/ L{SZOOS/ 03 % Qh

here undergo complete cure in sitd un er physiologically acceptable conditions

can be used. The material can also be biodegradable.

[0311] The curable materials can be used in conjunction with a surgical tool
as described herein. For example, the surgical tool can include one or more
apertures therein adapted to receive injections and the curable materials can be
injected through the apertures. Prior to solidifying in situ the materials will

conform to the articular surface facing the surgical tool and, accordingly, will form
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a mrror inmage inpression of the surface upon
har deni ng, thereby recreating a nornmal or near nornal

wa@edaodowsr surface. In addition, curable materPel/ESTH03/038158

surgical tools can also be used in conjunction wth

any of the imaging tests and analysis described

herein, for exanple by nolding these materials or

surgical tools based 5 on an image of a joint. [0312]

FIG 23 is a flowchart illusgzating the steps

involved in designing a nold for use in preparing a

joint surface. Typically, the first step is to neasure

the size of the area of the diseased cartilage or

c arpirmeaeagedayressim ofdhe suifane uponchasgeningdhergpy recigating a

| ﬁ§ﬁn£]%’§ n@gleﬁbrﬁﬁ\@ﬁHichQr s&ﬁé‘ceuslﬁradeﬁen r@,ﬁ‘ébié EndtBfals or surglcal
I ckness of 0 adj acent cartil age 2 prior

rrmf’uﬁamg'S@ he U@@d Va@QJ”ﬂléﬁCélfJn Wil amytaf ¢he | lmagm fesiseand analysus

aﬁgé&fbeﬁ%&éiﬂ%ﬂ@%ﬁﬁﬁé bg?ﬁ@dlaé%se%ét% Q@tdﬁ cal s based

user can skip the step suring t ess

t lob aadjnageof ageint i | age 2102. Once an under st and| ng

and determ nation of the nature of the cartilage
dé9dA i s deeeHisrreliow eharhdlustzatingltie stopn imelvegliedesigning a

; Libr _ 1 y e

AP BRIk olind B SURZ Ty AP EN SRR Frpasure tre

i sjzearfithe aren of theedissaseldanartilagsparr cattilaget wsardd 00, Once the size of

i apl at i ' ) f t, e

d e BB % 2 BEEh SR el el md AERC KR iR b the

2 h8jbce@MRBtjla@d 3520, Diiddto hed8dBingAhe aunvetuye of theectvulaysesface

c SRARF e b drEl detf o ARBREL Ry iPE UER s Tpe step of

jkmeﬁsurn@d; mhigkhésfsaoffthé :adja@er(rjt&blrtlla’iﬁ b3 17.8 mmﬁ@hhdrh@rstandmg
ne n ew. se te ices . thro the a

§ G delEinson s eirtie o Hircrarileat RBreak BIata iy ERper & mold

| $af @@ts@mt@tfe&n@fubtéw of Ry 3132 or A prent Q@cufwméldafaa be

defined, the a e of th& subchondral bone c

dGengiaied 2174 Fysthesgvents he mplantation iteds hea pégrﬁrﬁﬂgaéo and

| 4RplantatibRis ﬁ@fo?m%@lfﬂ’luét %ﬁ?b‘?%e‘é@%&rﬁs%n HE@\@SQ&LH% the
can be used to derive this

dephenal rrpeat siers %025215?(5’@6@361‘219%21354 é’ﬁ{ﬂ on [0314]

Turning now to tools for specific joint applications
whP¥lar e i AvariRfQf tqcbmlqgg% RaR ke Ué%&‘ﬁﬁrw@fth? rearfeqf tha mold.

a$ of Exa\’ﬁg leda k16 Sel@PRUCT QicR tﬁ?rbud;l@tHét ip fdintt BBng ARG full spiral
WO 2004/ 049981 PCT/ US2003/ 038158
CT through the knee joint and a few selected sllces through the ankle joint can be
used to help define the axes if surgery is contemplated of the knee joint. Once the
axes are defined, the shape of the subchondral bone can be derived, followed by
applying standardized cartilage loss. Other more sophisticated scanning
procedures can be used to derive this information without departing from the

scope of the invention.

[0314] Turning now to tools for specific joint applications which are intended
to teach the concept of the design as it would then apply to other joints in the
body:



10

15

20

25

[0315] I. Knee Joint [0316] Wen a total knee
arthroplasty is contenpl ated, the patient can undergo

wa@eoooey8ng test, as discussed in nore detail BODUS003/038158

that will denonstrate the articular anatony of a knee
joint, e.g. width of the fenoral condyles, the tibial
5 plateau etc. Additionally, other joints can be
included in the imaging test thereby vyielding
information on fenoral and tigzal axes, deformties
such as varus and val gus and other articul ar

al ignnent. The inmaging test can be an x-ray i nage,
preferably in standing, |oad-bearing position, a CT
sf@5r an MR dcan Kneedointi nations thereof. The
articular surface and shape as well as alignnment 10

i [9W6tat i onVpen erteaklnasi arthrowi@stvrrﬁagcprﬁgﬂp@ﬁd thenpafient can

ggﬁg%rwtaﬁgﬁ@glrngqgstség 9?38 seddr éj?é aeih QS\\/é GRat v&ﬂ’demonstrate

cal "assistance device ron1a
othe aititdler amtomyoil 8 kseajaitt, prgewmmef mlaafpmgradmdnwlaaeme tibial

e 95 FOVERy ' Jheh Q0% el PP Re AT IrBARE R G ety
oyietdinginfarmatibn saergaiatlasd tbiabiaxds| défolmeities sucfuasiearus and
' [ , h 5
| NABLE Bef 2110 &y IO e gy 286 iR R B HERR oGy amace.
appaferBlytin stdrdid, Idaidsdeapihg peaitiornaiCS wear granMBi sicha or
e
r ﬂff@rrn%tm JRAERted @ith &Hbenmd@mgete@t caratid iderite.shape the surgical
surgeon canh then i In duce a reangh or, saw throgﬁhwgg}
g@ﬁ%é@“ﬁ%&e}ﬂ%ﬁaﬁ@ JS&rwa'faé?'S & dRyrafeatd
c léﬁfréré\&t deb%e@ dithiprégafadeyhabes end Sizas, Qﬂt:d:aﬁrb@tém@r@ahrhtw the
defi ned planes, a nore reproducible placenent of

i PRl asgisianeRdades andaan l?ﬁ|U§e‘éB’nd@ﬂnﬁlth%f’@f‘?"%@ﬁﬁfﬂon and

' '?)rxbﬁﬂéﬁ@r’{ Sfjszﬂ@g&l@@@ 6?‘8#”Vﬁolé§§%lﬁlae§3§6r ré&?ﬁlhg‘dé\nﬁgs or other
bi onmechani cal Stresses appli to the i nplant and

S SHFHAh NStgMsDise Irfttﬁopeta’qléelwaﬂméﬁfg@al aRsisBRge dRdce s applied to
élglé ?E)Iél nﬁlgteﬁﬁf IS SRS JUSRFPHe Bfnotdl ‘gohéﬂ% @?B}A rdaﬁbhmgi its surface

€ surgl cal assistance device ca

r adibdbe efisutan stgaceosr kyuatigiching 1B anatamig mefﬁfesmﬁév@m on the
Yonb @t %rtlggey*f'hé: QU@%BE %Emr?én lhﬁg&c%ré AR 35 L tﬂ—ljaHﬁh the
he dse of “0ohe or assi stance devi
cgmideelqmdrmkmrpcbhmjoirﬂrf@ﬂ“the thsntjatlmmrB,y Clﬂtu'ag.lthatoartllage and bone

S e e
ofcas lblega'ohadvedn‘sl’us vam nltignatel g desubitin éopreved pbsioM!Datlve results by

2004/ 0499§ [ US2003/ 03815515
optimizin lome anical stresses appll

ed ?o the implant and surrounding bone for
the patient’'s anatomy and by minimizing axis malalignment of the implant. In
addition, the surgical assistance device can greatly reduce the number of surgical
instruments needed for total or unicompartmental knee arthroplasty. Thus, the use
of one or more surgical assistance devices can help make joint arthroplasty more
accurate, improve postoperative results, improve long-term implant survival,

reduce cost by reducing the number of surgical instruments used. Moreover, the
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use of one or nore surgical assistance device can help
| ower the technical difficulty of the procedure and

W@ a0v4hed9p1 decr ease operating room ("OR') ti mesPCT/US2003/038158

[0317] Thus, surgical tools described herein can al so
be designed and used to control drill alignnent,
depth and wi dth, for exanple when preparing a site to
5 receive an inplant. For exanple, the tools described
herein, which typically confggmto the joint surface,
can provide for inproved drill alignnment and nore
accurate placenent of any inplant. An anatom cally
correct tool can be constructed by a nunber of

n*esm oﬂ@ea@rdmmw@icmistﬂhcawvmﬁn inglp, loyeethertaghnjcal a

Fﬁ@it&'%ﬂﬁ%@l@é L{rﬁhnﬁﬂéﬁhé@#&' Fesd% lé{ﬁ]bj{gom (‘O R") times..
b &qlnl i ke ghaPs BichPbolksYelBli @J\%re{n%%sglsﬂgfj ﬁé:g%d and used

in cross-sectl on, an exa e of
f tor contr@I diiihalignenarit lepth and wistre fhraexanrgolewh@p peepaingfasite to

620. . 60 J \ .
e AR AR R R85yt s
gubm‘esm tdnihe Jdlnt swrfame smprlomdafdkrelmﬁnm/q@kd)“w@ighmleat amd more

t th d 610 15 |
Eeadrfts' Plioattior ¥hARhaIRS Abneiinisely SorEed f & ke
Cubnsmlct&ismom dum@et of rhémodﬁpmi tam be widde dfeanyeaterial, preferably

18 aBRERR etk sURE ZoRetEeL g Sl A Pithe BRp and Hpicaly

p%r@@l@@kmw@sh@wpﬁdrwaiolcamrtures are provided to
enable additional cuts to the bone surface. The

a[IEWBng es G’QE Mha@é;ﬂcte Uh Srdx8Gsection, lam e3@nsle bbg enold 600 for use

he sultin shape of .t he fe [r
+ RB tis el SusBoE evind eBr g SJTackad0o e A BABBAEInS an
i apémrb szsxmo@@hlwmo?tsa sm@m dnll ﬁs@w 2arHit. mehﬁengrsa@uudes the
shapes can be achieved, if desired ci‘/?élchangl

sAEkor sAW Eninake 8¢ PraRgr A'e eE R th un m,sé%nsg@& as illustrated

Siehes h?f‘élBSDM\&)éH Khelep3Ramistiate Whérethe af cor@éﬁﬂﬁéﬁﬁg td e
interior shape of the fenoral conponent of e i npl ant

r égentyresvibhbemagerindoaft shape of the prepared f enur
surface. [0320] Turning now to FI G a variety of

i 039 r at | JHS- 24EdeRighi 3Eeld é%wtagleafw &g an tf&iemwag’*s can
blhacl ?ébﬂﬂté@i‘(rgmst}ﬁ%trfe?%péal@ a%l@ﬁioh!al'éb%‘r‘ﬁj?ése&etd'r‘&lééobfoaénable

cutt| 2300 i n conjunction wt
t Iﬁddltlh%@l cHist tolfee Rone swdacsd The ﬁpmrg@@ﬂﬁ@mgblslcuts 506 to the

PCHAR2HARL P3RdP Fhe 9§sultlng shape of the femur corresponds to the shape

of the interior surface of the femoral implant, typically as shown in FiG. 21E.
Additional shapes can be achieved, if desired, by changing the size, orientation
and placement of the apertures. Such changes would be desired where, for
example, the interior shape of the femoral component of the implant requires a
different shape of the prepared femur surface.

[0320] Turning now to FIG. 25, a variety of illustrations are provided
showing a tibial cutting block and mold system. FiG. 25A illustrates the tibial
cutting block 2300 in conjunction with a tibia 2302 that has not been resected. In
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this depiction, the cutting block 2300 consists of at
| east two pieces. The first piece is a patient

W@ p®ai0§d981 i nteri or piece 2310 or nold that is PEFUMIER038158

on its inferior surface 2312 to mate, or
substantially mate, with the existing geography of

the patient's tibia 2302. The superior surface 2314
and side surfaces 2316 of the 5 first piece 2310 are
configured to mate within theggnterior of an exterior
pi ece 2320. The reusable exterior piece 2320 fits over
the interior piece 2310. The system can be confi gured

to hold the nold onto the bone. [0321] The reusahl e
efftieAeRjetiqn, dreecutting blosl 320Q Wn%ﬁﬁ Pfa%fée@%i\ﬂo Risgeganl he first

' gfe%(e' g%Héﬁt%g@cﬁg’ﬁ'ﬁeﬁd?%ﬁecﬁaém oMnidid 1R i dé&g?ne@i' 1%

reus exterior pi ece 2320 includes
cmferm@ug‘apej @312omate; or sstantiatinmads vgighe iexisting geography of

p%%ét[?n?@tnblgezsfo? @% s@dérrl CEriscd 28 RE5d d@@@s@?’e@é@ 2348 of the

erern a |tyo cuttlng gul can
prflmhpda@a 2360mr@vcbmf@ur&cbtosnafgewthlmth@anﬁeéwofcﬂn xdderiari ons

t ;0058 {1 (F]QL{Sleerﬁ%ér%g 8FEE§ 230h lﬁ? O\feﬁhe |bfe(510{ piece 2310

necessary, addi rs can

béihaesssrtehhean‘ be stnfigatedetothodubiiniei rpold exifo tbue hmbded, pi ece
2310 and the second 15 reusabl e exterior piece, or
c®321)g bl othe rez8aile exERiRP picTh bay arsugblier swfiage @332 anthan

i L .j.or i i, i t {

L B urBht 252 fiel bl it B Aegbigie 230, "R repgabis exterior

b @iees28 20tinghadast duttivg duides maato assmhtlm:wr@é@ﬁ)nrsmmformmg the

that it hi e) t hat i th

e PR EBREE  oB BDE Ll s

e&bﬁ beQProRies & rS}BQige ¢lgms&rgeé’fﬁ)gfvanétt§d)f -Culﬂatl@rfs @rghooée frbm in
ria cus above in . Section

s e A R, T rogR R PO e Soakars bt B PR i ft

t etvdédn mlﬂlrst@@nérﬂcaoat@xbb adr rhblded, plEE23 @ aricSthe @kcond

l[imted to the two PI ece confl%‘%ratl on descri bed

hdpésable efgrionRiecsa Bl eutting Blockr2340ece 2320 and t he

patient specific interior ece 2310 c
pil@3&2lt hat TRe ¥aHanis NafLES @ﬁbe g}g%réqrfgl%c a}aﬁgt@ges Ob?aln%g?he most

MefRHiaEd St Fe8pitOfleew] oﬂ&%ééé@bﬁh@ﬁalﬁtuél@ﬁﬁée i$|d§§lt|@hs the
product) or is reusable based on a library

s fxtarion Piesp 12320 spiel that E@ﬁf‘ SFhiENY as%&%@&lsc@/@%than tq the

r 658 ARRa} 55<.$< T Bie iRRABPPict: 2BA 0Btk aERior §|eéssmo@an be
defects. [0323] The interior piece 2310 is typically

nobress @@ of Bay of thieanatatals gissyssateaboygiie Resiinall, B@ny other

e M AR 5B st o

invention is not limited to the two piece configuration described herein. The
reusable exterior piece 2320 and the patient specific interior piece 2370 can be a
single piece that is either patient specific (where manufacturing costs of materials
support such a product) or is reusable based on a library of substantially defect
conforming shapes developed in response to known or common tibial surface

sizes and defects.

[0323] The interior piece 2310 is typically molded to the tibia including the
subchondral bone and/or the cartilage. The surgeon will typically remove any
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96 residual neniscal tissue prior to applying the
nmol d. Optionally, the interior surface 2312 of the

woredod/ogmsl i ncl ude shape i nformation of porti onBCDUSZNNS/038158

of the menisci. [0324] Turning now to FIG 25B-13, a
variety of views of the renovable exterior piece
2320. The top surface 2322 of the exterior piece can
be relatively 5 flat. The | ower surface 2324 which
abuts the interior piece confgens to the shape of the
upper surface of the interior piece. In this
illustration the upper surface of the interior piece

is flat, therefore the |lower surface 2324 of the
r SEYARAaneniscal figrue RigF fuarplying fleswold. Qptipeally theiinterignsurface

O30y tﬂ@hbf&igca%%él@@@she{ﬂ@aﬁ)}méﬁ&%ﬂ%r%r%t c?r a?leb”f‘%é |5nen130|

provided that extends along the side of at |east

gbéz AN of THRirYASK | tooruepwézs 2 38fkty Ehﬁe@wo@ﬁue%ﬁ#o%aue

rOVI des one or nore sl OtS or
t tﬁxéﬁﬁ@ﬁ pigise A328. Eranopisaface 232 ef ﬁhﬁ%h”@ﬂ mese &an ibevelatively

: Egt.grl‘ie qu\%?'sﬁﬁgcdé)ﬁﬁmhkh Bibats G frft%‘(rffﬁ i C%?H‘d? ér!) )Slhae > shape

ot, or qui can be confi gur
blof e dppes satfa@e ofthe inferigranietiec in this itlustration tee uppdrsarface of

a>ﬂ1§ lnt or h?ﬁaff ?] her&idf th@tloﬁ?r] ééﬁﬁcé I}gh? oﬁthe reusable exterior

per pen |cular € nec ani ca
slsopface is dlso fldido panyiide ah opliraalenatingtfaket he nor nal
slope of the tibia. [0326] Optionally, a central bore
246825]an beAguiss plate 2326tis pfayidedﬂbaﬂ;ﬂxeendsam the side of at least

iy ) .
ciroR of B8 TarREpRop 2a2p, 1 BF olefE 23505y B fe P frore
25iotsior plides 32 thréwgh whieh iacraw lpjade ean bs reerted ¢o aghiewsethe cut
s S Rof stifee” Aol B Slohaf5 Sick: San P Gproured so
S Uhatrthe sawWwiddecauts 3fl4 lime ferpbadivnlaf trthe mebhaamafaa@@w so that it
2316 along with the irregular inferior surface 2

THS ?Ff%ll‘rieo‘ihats'érﬂeﬂ%’é‘dl‘%'ﬂaé o {li& eehaniq ?é‘@u*?‘ﬁrhasﬁﬁ‘f’ aE'@pe In
ofthé B lttblmléh@t%%atcﬁltr% néfal slobE % tidl a2 Superi or

Vi ew§? he interior, patient, specific piece of the

b§2§310 OptibNg! b Yot ibog 28308 Eélbl%v%%thatho@example

illustrates an inferior view of the interior
pa@tniaém5 as@idpreamiiele ftedie haeoor Uhetsﬁ@n of the tikizlcemnegent of

t hRe kh&&@MhIAkt Sur face which includes convex and
concave portions to the surface, as necessary to

ac[bggge opt el 25@-]4'|IPLQtr§4etthe‘i|’ﬁ§n§rUb£tf§ﬁ sﬂémﬁd“%lécbtéﬁo from a

FI'G SH illustrates cross-sectional views
i Magetyof p}?&?tﬁeéh‘tess Elf,v‘c i2PE shewys @ sige ey of th@g%qe showmg the

P%f%@@&ér@ﬁ%ﬁﬁgce 2314 and the uniform side surfaces 2376 along with the
irregular inferior surface 2316. The inferior surface mates with the irregular
surface of the tibia 2302. FiG. 25F illustrates a superior view of the interior, patient,
specific piece of the mold 2370. Optionally having an aperture 2330. FiG. 256
illustrates an inferior view of the interior patient specific mold piece 2370 further
illustrating the irregular surface which includes convex and concave portions to
the surface, as necessary to achieve optimal mating with the surface of the tibia.
FiG. 25H illustrates cross-sectional views of the interior patient specific mold
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97 piece 2310. As can be seen in the cross-sections,
the surface of the interior surface changes along its

WO ervghinos] 0328] As is evident fromthe views sPOIMISI003/038158

FIG 25B and D, the length of the guide plate 2326
can be such that it extends along all or part of the
tibial 5 plateau, e.g. where the guide plate 2326 is
asynmetrically positioned as shown in FIG 25B or
symmetrical as in FIG 23D. Ifpytotal knee arthropl asty
is contenplated, the length of the guide plate 2326
typically extends along all of the tibial plateau. If
uni coLrépart mental arthroplasty is contenplated, the

| BIRFErPII0. Anean P seepinihe argssieastipys, dse suitrce:af dhryintatior
| t that th 1 10
S0 %aﬁg}éga?d?-f?jg%%ﬁ@ﬁ a e surgeon Wi

operate on rly,”1f total knee arthroplasty is

C | ate t f t.erd or
A, A L B, 196 o r

plﬂ’c'ﬁ wde plate @3216 cam ¢ gteh thatit extepds alongsillar papiofds tinial

AP35 TSP BRka2420 S5SNI i dd s ghown
aIRm@&slrce symmgttticab s irhEiG. 23D Hitotakkreetdrtiroplagly sucanpdemplated,

e 1eNBAA46c Slie clatE 3326 ol ldénlsl Slatf 2 s Wit plitea. 1
e rmbmg;mmrfmeinfag aethroxtiastly rsfcohteemlzigdlr i{l;tegmiﬁﬁ BﬂtohtellrgJJ éc,ld;ﬂate
¢ R rse Aok et afife £ofpapiedh Py Herukd
?I@gsran@ ohn%hhlggggﬂmtél Iggée ag?mglr?fs%/ i8 gght&gﬂﬂlﬁw (retrgﬁ length of the
T inEtomson g3 BivefineSniienl BhreukE BRidare it can
wmmrt&ﬂ@n@aﬁbdtﬁmmal @;nn@g‘ Ift dicompdrinngntail mkcég’rl%&g is contemplated,
relative to nmol 2310. As _shown in FI

sdh¢ leagky Ofah%mwddﬁgeﬂor Piege iPigady eé@ﬂﬂ%@@ngé@%ngm@‘ the
PIcBiipeRthent fat &€l &igedil AMJpRRa(S BACR b8 optUriahf oRldeldoial

be appreciated by those of skill in
aﬁpmeone or nnre pegs or protrusions can be 25 used

WI t hout departing fromthe scope of the invention. For
U0 es of Tuininaaw i Fign2siy %alﬁﬁgt'wb%@ﬁnblﬁ&ﬁﬁ'qw of the

F'a?ertalfél%@e REMH SEb&AImERE tf‘?@%érﬁ]re fetRgeE ‘i‘éierla'i Bl%tﬂ@l@i%s to

are configured to fit wthin, for exanpl e
c@AcoRmModate U a reaRer @bk o eieata @fbﬁ@@n“aﬁjjfl}b@ rb@ﬂ@ that

asacbéﬂ)tg%tsrt%%vln@fah 23K or within a recess 2344

t hat ‘confornms 1 n-sha e to the peg 2340 as shown in
F'[@:’;3(ﬁ5|—- ABiGY b5, BRI m depict alternative embodiments of the invention

designed to control the movement and rotation of the cutting block 2320 relative to
the mold 2370. As shown in FiG. 25J a series of protrusions, illustrated as pegs
2340, are provided that extend from the superior surface of the mold. As will be
appreciated by those of skill in the art, one or more pegs or protrusions can be
used without departing from the scope of the invention. For purposes of
illustration, two pegs have been shown in FiG. 25J. Depending on the control
desired, the pegs 2340 are configured to fit within, for example, a curved slot 2342
that enables rotational adjustment as illustrated in FiG. 23K or within a recess
2344 that conforms in shape to the peg 2340 as shown in FiG. 25L. As will be
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WD 2004/ 049981 PCT/ US2003/ 038158 98 appreci ated by
those of skill in the art, the recess 2344 can be

WG ewemd49981 snugly enconpass the peg or can be BCHES2003/038158

| arger than the peg to allow limted | ateral and
rotational novenment. [0331] As illustrated in FIG 25m
the surface of the nold 2310 can be 5 configured such
that the upper surface forns a convex dome 2350 that
fits within a concave wel| 2882 provided on the
interior surface of the cutting block 2320. This
configuration enables greater rotational movenment

about the nechanical axis while limting |atera

meperesiatedbby thoga of skill inthe [0i3 B rece$fe? 34hassdhareined tossigly
C%Hf:ﬁ‘)rggéﬁ ’chﬁgz'%gco?%ﬁ b@%.iéa%gEP h%mhgé«@% toé? (%vlﬂfgrﬁﬁed lateral and

resul departing fr e scop
i motefienabmovEO®BB] As will be appreci ated by those of

skill in the art, nore_than tvvouf%ieces can be used,
wiik33] appr ops illdsteated i BienM e suitace s thenmoldo2370 can be

XBHRfed bl th?ﬁ{ﬂe%%bﬁag?%@%&e‘f‘érrﬁé‘é %Bh\?egrérﬁng& lego:’é]%te fi®Within

bet pl eces I'gured to
piaemacarewelh 2382 dravidedon the biteriorAdidace ohthkl opttingHeock 2320.

e ri ok Rni co n aJhe

BB BaBsfER ehat BBt ool R RERIERER o Mipgnanical axis

gwihile limdtprer |ateral sn@&2&ent Af tremslatiom. r esecti on using the

cutting guide aperture 2328 is nmade, the exterior

pi[@332] 2320 Otner bmbodmrmr@a@dorﬁgsueaimnd aoyldéet wseddo achieve
does ot haﬁe t he gui de

DS 5338 vt eRee e Teihe ar et SHBR ritBton s, hut

h 2330 Wh | b
RESATG; 2P S dite el B of T et gty
ofp|ddee chh Ibealsed owbmeipiprdﬁnatdﬂeo kmprlse‘rmlea;ystem.ﬂw erdmple, the
e _desi ns coul % f eature the s

h .
SRR SPRETD TSt e 77161 B8 PEks pigot P capfigured to form a

[ Ggd puEb@whaE INiddet whtthatisia. A@duﬁémaewnmtele\keermpie@e 2320 can be
the cuttin ck. 2320 that provi des addi

& B0 EDTPBBSS 6T B STRRIENt £t M ol SaTriRe T Blfing guide

2%pkHOREEI28, Afidane b@seragon:u&mgiwe élﬁtlﬁgh@un@é apaftaei 2328% made,
the tibial plateau. These additi onal structures can

bdg AXipHY F?'%Wr?%?o ?%%E%’&P@Qlad@sa SependayLXRDRRIqeR 2320° can

Elck%'%uﬁég c'\)lggéhog%efﬁﬁot%% #l QLigd pratd P58 2wtV LARMHPLHIIS 1
apertures 2328, but has the aperture 2330 which facilitates boring into the tibial

surface an aperture to receive a stem of the tibial component of the knee implant.
Any of these designs could also feature the surface configurations shown in
Figs. 25J4-m, if desired.

[0334] Fic. 25N illustrates an alternative design of the cutting block 2320
that provides additional structures 2360 to protect, for example, the cruciate
ligaments, from being cut during the preparation of the tibial plateau. These
additional structures can be in the form of indented guides 2360, as shown in
FiG. 25N or other suitable structures.
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99 [0335] FIG 250 illustrates a cross-section of a
system havi ng anchoring pegs 2362 on the surface of

W@ b@4fosmoer i or pi ece 2310 that anchor the interPOr/URi0ETE38158

2310 into the cartilage or neniscal area. [0336] FIGS.
25P AND Qillustrate a device 2300 configured to cover
half of a 5 tibial plateau such that it is

uni conpartmrmental . [0337] Turning nowto FIG 26, a
fenoral nold systemis depictegd that facilitates
preparing the surface of the fenmur such that the
finally inplanted fenoral inplant will achieve

opti mal mechani cal and anatom cal axis alignnent. )

[ 4833 FI G FigeA59 |Iusisates assoastrectienaf a sysfemfiavingaanchoring

f Irﬁ)regg 2865 bh¥Re gﬁ'r?&:ecgf tl’i@fﬁté’%r?g ¢ ;@'12 gﬁérecﬂg-ir?téﬁbr piece

depiction, the top surfa 241
pr%‘ﬂpmid the @artl@gplqjmm&o;l @Paapert ures. I nthis
i nstance the apertures consist of a air of

r d833flgul ar Figpe?IranesQ lustiate @ gryige 2300pnfigwred e covardalf of a
2 | 18 d |
r iehc;!:J I tﬁﬁ“&’g&??ﬁﬁ@ ugg)gg{pt#hg% gaﬁde zzrf Zceoggzz of
t
' rs %n‘%v%olﬂeaﬁéoa RafRra rﬁ&ﬁts%jtgl‘f'l gidgglrctetdhtgﬁt

ert re 24 of the 'apertures Is
t Hecnlgaentmwarmgttbe surface ofdbe femurtswh ftleatiine woallyhaplantad

t I?gmgya‘?pﬁpl%nt%lé %?f\lg(/é el)tﬁ?ﬁﬂg&l{a% cal ?ﬁ& bﬂgltﬁmlcatl g%s rg%rqnent

IS manu

Bﬁ‘%é] | T héA ﬂl%tr{&%s PRSI RDb Wit h&g?’ﬁm%’&# {ﬂ’ﬂzhftﬁof the

surface’ preparation process.
s hepld placead tierean lndhiedepistion, the tapt sunigoe af tr@rmpldsﬂh‘ﬁam

| ERBASL 1R 5 Aty o8 aBeirBRs fini b RelhE bpk A0 ofllt of o

f Ihmm d:ilréctarygulair a:wmhr&srzm:tea paiof eglidre apeeprase2A 18] @demtyal bore
t t t
a2 F1tand e FrodereRidar SieTihe 2l Tha it ifece 222 0fthe

gffgargizdrﬁl‘g@ 2a|i1rm¢ hes s¢érﬂe|2jg]ﬂaﬁd”p©rm;‘é/2«:]ﬂ4 ;Etach [oP§&Hpertures is

i]lustrates. a si iew . of the first.p

D48t (o the Bvenl yseio AIate Dhe G e Sa P el 5135 3o the

l |rhé1t§hé|6thé lﬂ@ktbBﬂloﬁRﬁtHéJmaldaé%nu%turbb ADhT @b@ﬂ'mat@rﬁl such as
he exterior surface 2411 has a uniform surface which

sol'ﬁtlat it wifl nat dednaduertenily eyt dugRg HRoRY SHFacePreRaratign process.
i Ui&ﬁﬂdh%ll;? Whé 36EpeRAckR HRAsdjadted 4. ggk&&éng@wrrfsﬁaseé Riable

conforns, or substantially conforms, Wit he surface

oftrapegoifiahin give\e reaay fb@g@@! toote qubtangt @'989[ 98e afgsp without

increasing flexibility in another area. As will be appreciated by those of skill in the
art, other shapes for the apertures, or orifices, can be changed without departing
from the scope of the invention.

[0339] FiG. 268 illustrates a side view of the first portion 2470 from the
perspective of the side surface 2422 illustrating the aperture 2424. As illustrated,
the exterior surface 2411 has a uniform surface which is flat, or relatively flat
configuration while the interior surface 2413 has an irregular surface that

conforms, or substantially conforms, with the surface of the femur.
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[0340] FIG 26¢ illustrates another side view of the
first, patient specific nolded, portion 2410, nore

w@aootioeaeBarly illustrating the irregul ar surf aPer/Bg183/038158

of the interior. FIG 26D illustrates the first
portion 2410 froma top view. The center bore
aperture 2418 is optionally provided to facilitate
positioning the first piece and 5 to prevent central
rotation. [0341] FIG 26D illygtrates a top view of
the first portion 2410. The bottom of the
illustration corresponds to an anterior |ocation

relative to the knee joint. From the top view, each
ofl03403 aperkigrabe llit§tratasmtrmr§weasevmeétheifb@tdpamépemfsc

Wrﬁél?@oe goﬂ%r gaéﬁg%g%({r’ng@??f llleétﬁ?lﬁ the ‘rfétqgﬁx‘b‘? sAfthce BBF3 of

aper S can
ddipainterion Fic o260 ihlesteact@qo'ehecfi‘rsttmdlqw%rﬁfrma P10 8iéB} The center

piels e 342s  Gunghalh whlBeB ot Baliibing s fisfpipoe and
arol preverceentral etateoni or, portion 2440 placed over the
first portion 2410 is illustrated. The second,

e>[033¢1]or pRIGt RémillAdtdties & day viewsof thesfinst pmiom 2410 The bottom of
(.2442- 2450

TR MR o G a0 arieielonelih rPele it Fose loipt From
Elelg@&%i\f w, El_éhaoh(dﬂ ittt/ gpdriveed Sﬂﬂﬂstrgli‘wp?hdedgrlu;ejd a?ds@d Asiwill be
. Se rooves B can napl e e e €SS
- onresitec g ivse d SRL T ihertt, B par s Ssa e shanssrafganty
Olwithbt dépentifiy) fomake 8cote Ginigd Bvellidrer angles are al so
possi bl e without departing fromthe scope of the

| Ie84M]i on. 42@:@. fHow® Bbﬁngae fehmrgzaobmthla net:portum:mo of
groove e secon ort
08 Feljng Riock placed adhs feTiyaNG S SEOo gy BRerigToRapn 126460 placed

2@vet {Hebfﬁétfp'&ﬁﬁ\ 2410 ﬂluv,trsté/dofrhbfs%cém @subnoewdrpmo
cutting block portion 2440. Fromth

sifeRiteesAraiegal redaraylar gspevasdedds- 34§Q95€§tsfat3'w@te 'Fé?ﬁyf‘g a saw
gﬁ%cdrelﬁbget%ﬁ?h fo MARE h%rc&é HSCéﬁSSW t@fachié% %ﬂacfé‘ﬂ%r shape

ion 2440 show ng t | ocation and
r dilustratesl larlfg$ e%EoTh@mrpemSawgmrmblaﬁh@cm;@. tomgcess at a 90°

o Bb508 Ba s3re S heae bt S ol BRI A 4 e, otner

| emglesaire aorgossbleolitiidut departingl froaxthersicope opibetimvamtion.
2440. The orientation of the grooves 2444, 2446 is at

arfoa4g]l e t has shewnoy tlﬁredwmiliosk,athe gmooves (244252450 ef the

o EBLP oA A 208 Moo SR Shske1se 101
[0344] FiG. 26F illustrates a side view of the second, exterior, cutting block
portion 2440. From the side view a single aperture 2450 is provided to access the
femur cut. FIG. 266G is another side view of the second, exterior, portion 2440
showing the location and relative angles of the rectangular grooves. As evidenced
from this view, the orientation of the grooves 2442, 2448 and 2450 is
perpendicular to at least one surface of the second, exterior, portion 2440. The
orientation of the grooves 2444, 2446 is at an angle that is not perpendicular to at
least one surface of the second, exterior portion 2440. These grooves (2444,
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2446) facilitate making the angled chanfer cuts to the
femur. FIG 26H is a top view of the second, exterior

w@erotiogs2440. As will be appreciated by thoseP@f/USk03/038158

in the art, the location and orientation of the
grooves w Il change dependi ng upon the design of the
fenoral inplant and the shape required of the fenur to

5 comunicate with the inplant. [0345] FI G 26i

illTustrates a spacer 2401 forqgpe between the first
portion 2410 and the second portion 2440. The spacer
2401 rai ses the second portion relative to the first

portion, thus raising the area at which the cut
t 846y Facghtaig\vr@eklrmm angledechamfen cut$ toethe dembie FicirZBaide a top

Ofw%\b of fh%"%qérconés‘se%ﬁérwr ggﬁﬁﬁ@%@c 'A%tvﬁﬁII bQ %gé%%ﬁaet‘e&g%ﬂ{ose f skl

an one’ sSp
wiin mfuart dbetocation ahd orrentatien stibe @r@ﬁves véll cimargietdepending upon

e Beaf 3B SR MRl AR 1 eHsB ol el o
aommmmuieate \withahe ireglanpl e, pins 2460 shown in FI G

261. [0346] Simlar to the designs di scussed above
vvi [0&45]es pecFia.261 Fugirates a sphbera240dr fontuse/betdesn gmsfmsaportion

ntr nt._and tatio t .
ATl e SREA o 280 TR Hraf 24t 2158 Bhe ol pppion
| rreléltl(Ee t603ﬁ1é fiestportices ém,gs, ralﬁi‘r@tthelar&nd@t%wmbh ﬂﬁtdumitmduﬁgroove
4 are..pr ed .t hat, extend fro e super,
P R4 Pe ThB T Rihe BhurecS hubE WSt s ouM bF GBI R dhy those
t edfesitiapttecart, Indrachan biad epddee c?hlﬁé eﬁfplé’&lébd/ﬁﬂ#ofut departlng from
reci ate ose 0

Ki
e S e SRR LS i

Us@ﬁtldﬁat GiuteslePeidnnes ﬁJOQVBahrb% $T6AREd &f adddfhmodate, for
| nventl on. Forqffur poses of illustration, two pegs have

b SRR RINS 2468 showrgh FiG. B$dendi ng on the control

desired, then[? gs 2460 are configured to fit wthin,
f JP346ly a1 SIMIRT & fedesignstd 'Q%‘éﬁeﬂéﬁ%weé%'tﬁ BEREFIIAZIC. 25,

addu@ﬁ%dmefde&bﬁs kan bk @sé@?o éérﬁnto? thel %b\?’éﬁérﬁta‘ﬁ@ rbfét.Eh @f the

25K or within a recess confornms Iin s

TG Do 405 elaive Raheanoid 41R. 45 Shows n Iiag26. a seres of

d st t " . :
e&ﬁfru@@r‘i’s Yﬁggg?tggsagt%‘eg bzgwbﬂ&(;rg gr ﬂﬁ'# Eii(tgﬂd ﬁ%ﬂ tﬁ@‘superlor

t rﬁ@rﬁa@@ @é@ezm@g Elaesed@g@cwdotww@maglqe telesonpog o fahmtate the

pq%e?g é‘ﬁ ﬁ’gcrag szsgﬂ/ 4 lA@ ﬁ’%}fagaﬂgféc %%deﬁ)zﬁ}oggﬁ%gklﬁ’m the art, one or

200dre(pEl8 1 pmsmm/mmwtmmeparﬁng from the scope of the
invention. For purposes of illustration, two pegs have been shown in FiG. 26J.
Depending on the control desired, the pegs 2460 are configured to fit within, for
example, a curved slot that enables rotational adjustment similar to the slots
illustrated in FiG. 25k or within a recess that conforms in shape to the peg, similar
to that shown in FiG. 25L and described with respect to the tibial cutting system.
As will be appreciated by those of skill in the art, the recess 2462 can be sized to
snugly encompass the peg or can be sized larger than the peg to allow limited

lateral and rotational movement.
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[0347] As illustrated in FIG 26K the surface of the
nmol d 2410 can be configured such that the upper

wa ofiacwst orns a convex dome 2464 that fits w PEI/IS2083/038158

concave well 2466 provided on the interior surface of
the cutting block 2440. This configuration enabl es
greater rotational novenent about the nechanical axis
5 while limting lateral novenent or translation.
[0348] In installing an inplapp, first the tibia
surface is cut using a tibial block, such as those
shown in FIG 26. The patient specific nold is placed
on the fenur. The knee is then placed in extension

a[ﬂ$4<3bacer Asdiyrated orFias26kies suraer ahe matd @479 63N ber
rﬁpu?éoesdbﬁetgat th .uE@&L%JrF‘a@% Erfs d cdhiexi iy ZMthHPﬁ ts within
functii achi eved 1 n

onis 1 _ | xtensi on and fl exion.
Theosgaveaersl| 2466 prvided oarﬂ@e mérﬁo(ls aHIfgcensf the cutting block 2440.

' ?ﬁls%'gﬁp%&g%&{s%ﬁabl& é%rﬂ{l gr%vgﬁlacegﬁf 3l he mechanical axis

i ncreasi I n extension
andlilé Ilrmtnngrhatev!alt'rmvemen’eoret'ansdaﬁobe used to assist in
this determ nation or can be incorporated into the
nf03d8pr spdoénstaliing an uheplantofinst theitidéal sufadenialcut using adibial

T 082S AT 5 2 T PRI B gtk on

i feneunt The kné‘eusttbm pladed irgerdensian ankkspdasrs Zémere as those

h d U.S. P T o
| B3RS 38 it = s gty oftids bt et gunction s
2§&h|é\$agllntkioﬂ+n e)dbﬁmﬁ)n and flakidh (Trer spaekersy oeshimst bee typically of an
interior surface n, inc

ld 2410 c
SR et 26, TRAD Gk RRGTe fekeadhiengs o6 e leg s

ShriEY 'wZ@xtéﬁ@oﬁthdiﬂébﬂ@lh.%tentslb@nét@fddn' iRgesed¥bGseikst in thls
subchondral bone 20 2467. EJ%SSO @g ning now to FILG

2 detesmipngfioR pf CRJt b fncqEarater S\APAEETS 18 QEARM Ry Pepvide
pl f)%b%s&llﬂg thB@eBigROf teHatbnatbe &% khewh ifiHeQrt afdha® not

illustrates the patellar cutting block 2700 in
c B1ugegtheseinip avoid opsewingdhe inysniiemSuiakleisgione diflude, for

f%ﬁ&ﬁagﬁedtho%e %Qbrﬁqe@%'@é' Phtent 51636 Bbd 'tcf“ﬁoéi& B§t|§ed2m9 20, 1997.

can consist o y one piece or 25 a plurality of

PiesRy. i Aenlsesed Thﬁesnﬂm (saytthPREWRLAB26M (RAéHE View), the
specific and desi to rrate or substantially mate,

winteriarseriage 2¢7hgf t%@d@@laaﬁo 68N inclidefnalipeths2468 g iexiensions
2?}% c%ﬁ'ﬁﬁlﬂ stﬁ@ @Sm&E %g@fn@ t‘ﬁ@tca?ﬂége ﬁ%@&%ﬁbhérﬁ’tﬁal bone

bl oc ave onl’y one or nultiple
oﬁ&ﬁ?ngs. The openlngs can be Iarger than the saw in
order to allow for sone rotation or other fine

ad@380] nent sTurping. nov7ia A® 20 Guyanigbodiliustaiiorspagroddadss
showing a patellar cutting block and mold system. Figs. 27A-c illustrates the

patellar cutting block 2700 in conjunction with a patella 2702 that has not been
resected. In this depiction, the cutting block 2700 can consist of only one piece or
a plurality of pieces, if desired. The inner surface 2703 is patient specific and
designed to mate, or substantially mate, with the existing geography of the
patient’s patella 2702. Small openings are present 2707 to accept the saw. The
mold or block can have only one or multiple openings. The openings can be larger
than the saw in order to allow for some rotation or other fine adjustments. FIG. 27A
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103 is aviewin the sagittal plane S. The quadriceps
tendon 2704 and patellar tendon 2705 are shown.

WO OB30}9981 G 27B is a view in the axial plane PCT/Ukm®03/038158

cartilage 2706 is shown. The nold can be nolded to
the cartilage or the subchondral bone or conbinations
5 thereof. FIG 27c is a frontal view F of the nold
denonstrating the opening for the saw 2707. The
dashed line indicates the relHggi ve position of the
patel la 2702. [0352] FIGS. 27D (sagittal view) and E
(axial view) illustrate a patellar cutting block 2708
in conjunction with a patella 2702 that has not been
r ssbdiewdn thensagifal plagept. diieswadtierPsdapéemerds ardkpatet tendon
cgy§5§k§ vt 1east two pieces. The first piece is 10
a patient specific interior piece 2710 or nold that is

dﬁﬁsstqged Okt 57 |QfaQ/év9Ln tﬁHra&%@Blangﬁ\la' hb%aﬁﬂé% 2?66 is shown.

ntially exl sting geogra
pahe ond san pamw@l tobe cammemélneswmhogdwaf b@ree Qrzqambmatlons

frédfd %ic "%7@:% gsfro% GIheW‘ F bfefrh Iatdemo‘ﬁg?atl rﬁf Eﬁmg for the

con red e |n erior

psewemque d'amnedrllea@ainaée%thee*elaﬁve pbgitien ofthe pﬁtetllg 2702.
over the interior piece 2710 and holds it onto the 15
pmaeazl a. THecs.QTodbagittaviay)iand Efexiekvigwkilasirate eaatelier cutting

{ocggl?ggrrfcorﬁf}fcttlomtﬂsa ﬁ%tél‘bﬁ%@ethgf A ndtl bee%f\ tr%%%c@ed. In this

erior 'udes
g dep” eton, 27O Tytting bask |2§08 torsists ofjatdaastriwp eidoes nT myfirshpiece is

[.] f £ .
Cgrpeagg r%P(S?\l(J/‘{ '82 8{!%@;0@?%&# ﬂ’b&léﬁhaﬂ &5 H&%&@%d:?% ?éjlng%isor surface
| Q732 tomatd, @r suﬂmmt@llfl rrlm‘re |vmtmlhb|e|xgtlng1 gep%raphy af thegﬂatient’s

t [S a4 Vi . .
+ Raes 2703 Yie. Bt e BREFOR 88 sHitn it 247 4R st pce
m7dedre mmgare%mbon@tedwthtr’rmesmecbmbfrsmte@éﬁoe piaceeg720r The
!é‘%e}g%@ eeeﬂéfh'l(tg:dl%% :?7'2@%@3 O\ﬁr%t}%{r{tg 35%0&%1%6(:0810@5 ifonto the

ha¥fsllaITIROMRS aBIé 2Xtetiof pRsE BAS iaf nmeﬂc?ﬁélrféeé i2gne @hdtcmates with
mate with surgical instruments such_as. a pate

clifysbrises 27TH@  phae Eusable@xiaror piese 474A | Srqumyg guides

S Q‘?@?dto%'ésﬁf ﬁ%&%ﬁ@eo%ﬂﬁ%eﬁﬁﬁmh@% Pate B SUABES BB Af;ﬂlﬁrallty of
exanpl e ratchet-17 ke opening 2732 in th

gcatipgguidessanrieprevided fa léﬁ%idér’ﬁhQ gorgeph atwaéefé/&fmtlons to
r %H a8 ﬁoqﬁ%hﬁkl@rtg? g‘éfe?a?% #04¢ rPéEEEéé?{/‘SaoQﬁtloﬂaféﬂa%Ers can be

por 1 oNn e grasper can at an
olprovides! thatfitetwaen thel fiisti na@enbcqnﬁgur@dc@rﬁaobl@m pieee 8770 and

t g F@z{bﬂdereuﬂblégi%ﬁgr éé@%r?%ﬂ?klock%ﬁdﬂer to

f aci te rnsertion yp ca e portion of the
965K’ thafhe second reusable exterior piece, or cutting block, 2720, can have

grooves 2722 and extensions 2725 designed to mate with surgical instruments
such as a patellar clamp 2726. The patellar clamp 2726 can have ring shaped
graspers 2728 and locking mechanisms, for example ratchet-like 2730. The
opening 2732 in the grasper fits onto the extension 2725 of the second reusable
exterior piece 2720. Portions of a first portion of the handle of the grasper can be
at an oblique angle 2734 relative to the second portion of the handle, or curved
(not shown), in order to facilitate insertion. Typically the portion of the grasper that
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WO 2004/ 049981 PCT/ US2003/ 038158 104 will be facing
towards the intra-articular side will have an oblique

w@eoogis99ed shaped thereby allow ng a slightl yPGnab10e3/038158

i ncision. [0354] The variable nature of the interior

pi ece facilitates obtaining the nost accurate cut

despite the | evel of disease of the joint because it
positions the 5 exterior piece 2720 in the desired

pl ane. Either the interior pigge 2710 or the exterior

pi ece 2720 can be forned out of any of the materials

di scussed above in Section Il, or any other suitable
material. Additionally, a person of skill in the art

winlill be fasingctowaedst tha intteharticuleeside wl haverast obliowistos guved shaped

ttﬁ?er&?é&?almvﬁ a%ﬂgﬁtw E%ﬁl&escrlbed herein. The

reusabl e exterio and the patient specific

L:f?{geﬁor 10T &Fab?eﬁ]'gurcea(ﬁ tlk?gm?erﬁirﬁ'%cg f?élﬁ’tﬁféstd?)@él?lha the most

patie speci fi ¢ (wher ng cos
maceuratd sutsilepptﬁ thedensh obdipeastudftthe mntib@cam@pwtlm%d

L feact. '
Bghe HEGEgEl P B AL SR RO B R 0 or e
t iclatesior piecé 2720 saz bs famiddeit e€ sy of 108 53dteTdle disctgsadabove in
Piselon figor 4y ' ki Fete plbucaHu B bEishA of skl in the ar
ca\nn ab;ﬂgelate[ D3bHE ifvention b sotdatited o ﬂﬁﬂm;rplewconﬂguratlon

RS HANELER, e [RGB R R SR 730 S it specitc rtrior
NWERI 27910 cPares Singl @d@maus eithémpatient S{mdiﬂdXthé h

the cutting block and nold to acef}lfevg%jﬁ cuttin g
s (PIREREURRHCISES 9frr@9t@ﬁﬁlsrs@ﬁe%ﬁu it} o pisiyaable based on
Wbelfb‘?arﬁlhﬁ sGHétbhﬁBle @le%lﬁc&%rnﬂngghéﬁés%@/%ﬁﬁ)e@fm rés‘bbnse to

exanpl é mm and each spacer has a thickness of
nT{NOWA orﬁp@mm fikialtshEfagp siges and defests. t wo of t he

spacers woul d be renpved when appl vyi t he cu %
TBERELL o ac e PeerrmsadTI A HPIFRUL motest P noBatala holuding

ORthé EBbel bl Bohé SdBRneARRIAYS. ensi on. Sim | ar results

can be achieved with ratchet or jack |ike designs

35?5 osed bFﬂn‘f"ﬁﬁ@dét@ﬁmﬁEhcﬂw %ﬂd.lﬁd@%t&#ﬂlng?w e an%'imt of  space

357" ii. Hp Joint [0358] Turning now
vafrened@s& tobalanesithedtiefiihdetsknipra angdiag amaopr@tﬁ Wrﬁeer of spacers

géA’%nSLYs%HG?ﬁ"éo ﬁct%%’cﬁ‘tgé 'Eﬁttl'ﬂp BIdR JF'P JﬁBl@ Q@HY@ve Fﬁ'e%uttlng

I ustrate f enur
blssicflaces sndtn Pegentyemoral of doqpmyoh b@n%l Wherei th@; C\éﬂtlaﬁ gIOCk has a

thickness of, for example, 10 mm, and each spacer has a thickness of 5 mm, in
preparing the knee for cuts, two of the spacers would be removed when applying
the cutting block to achieve the cutting planes identified as optimal during flexion
and extension. Similar results can be achieved with ratchet or jack like designs
interposed between the mold and the cut guide.

[0357] ii. Hip Joint

[0358] Turning now to FiG. 28, a variety of views showing sample mold and
cutting block systems for use in the hip joint are shown. FiG. 28A illustrates femur
2510 with a mold and cutting block system 2520 placed to provide a cutting plane
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fenoral neck 2512 to facilitate renoval of the head

wQai4/0e998t he fenmur and creation of a surface PSIW6S5003/038158

the hip ball prosthesis. [0359] FIG 28B illustrates a
top view of the cutting bl ock system 2520. The

cutting bl ock system 2520 includes an interior,

patient specific, nolded section 5 2524 and an

exterior cutting block surfacgs2522. The interior,
patient specific, nolded section 2524 can include a
canal 2526 to facilitate placing the interior section
2524 over the neck of the femur. As will be

aA930 ecense dhe fenporekredli25dRito fadlitate reymovaltof thenkead 204 of the

Offe#hUP erl a%nému ls)]le %g?r‘fé’c d%ﬁ%nf LG Hy 85‘” ér%@tf{eég' dity of

e |n erio

36§593ur ed flee?&?flthfratPé”attbﬁ‘glng @Qﬁe Siih B%c@@i%e%ozdz?) The

snhu aroun nte lor s
Ad:dttm-dwl@cIk aylstemﬂﬁzlémcwdas B intpriery paltient spédifi, amolded section

L T A e

c unmldergsdentmllemMn riredl e aveamai 215?6@: facm]:catggla:tmgetﬁeirggior
522 e o o
Ercsh2ad pyes e AR oD et As WIBBE aBiveBilartiolBobd i skl n
orth@artl thefwititheof fttesearadl V\ﬁile\lzky dépending tparpthdigidigalf the material
ST 30 AP B A e 252

f ag cenfRyliRdEto fmrsauglyllaMr@ tha ilérfor 226flon. Le@@ﬁ@haﬁlt@ct@&can be
illustrates, a second cutti ngané)ll oqthtrsgst em

c @Fo¥iRed, sinalado Hinse denernagd 14 fié eguutiag block

f %Vystfeﬁﬁ"!hé’[gzoﬁfrbI&ho&éﬁﬁer\‘t%’ffﬂfeaéxté\ﬁ#%uttfhg%lmz&&%ﬁﬁé’to interior
using the cutting bl ock shown in FIG 28A FIG

a QP seetiaf) 2%¢2% AS wilbbe apprerigtast Rycthoss siwkil in the @ﬂ M&ere the
ASnatibi s&ﬁoﬁ@@b& Ehéérﬁﬁiaé?&és tan ‘6? Sal‘?fof fHe feordl "het:l?' 18h&Eltting

the cutting bl ock shown in 28c-D, can one or

mireckystess cambe canfigiied ugh f@t ibgigs in r@m@@épf thederngmphead
C%c@%&@quHa%LHe%ﬂ rﬁé’d’é‘bsf '?&Ie%ahp?é‘%%\ﬁ&ng%%an'a P50¥9

for the post of the | ant to bé at a

b8éojve tOFth98§ Hruéﬁ&t%s%fsecf)ﬁa“eﬂmng\bto%k@ étb?‘hei%o A8t can be

sﬂovvn in FIG 28F e aperture 2 can e configure
t PlEBdVeY thﬁaem&rﬁeranrgﬂoeor@wd@a guislerfopeaming pleimthe gemeral head

d i i .
Sopinn M s AL SEB Mg ) 2004 g e o
sywigve of m@wtmrblom@smiguﬁm.mczasm ¢ eppreciateshhy thase of skill
9TiRESs RS RANE LI ARblh APFlc! 286! BSH b B BF FIFBYISRES. As
ri . surgica
shown in FiG. 28k, the aperture 2552 can be configured such that it enables the
reaming for the post of the implant to be at a 90° angle relative to the surface of

femur. Alternatively, as shown in FiG. 28F, the aperture 2552 can be configured to

provide an angle other than 90° for reaming, if desired.

[0361] Figs. 29A (sagittal view) and 298 (frontal view, down onto mold)
illustrates a mold system 2955 for the acetabulum 2957. The mold can have
grooves 2959 that stabilize it against the acetabular rim 2960. Surgical
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e.g. reaners, can be passed through an opening in the

woreiod/02986. The side wall of the openi ng 2962PCHNS2003/038158

guide the direction of the reamer or other surgica
instruments. Metal sleeves 2964 can be inserted into

the side wall 2962 thereby protecting the side wall

of the nold from damage. The netal sleeves 2964 5 can
have |ips 2966 or overhangi ngigglges that secure the

sl eeve against the nold and hel p avoid novenent of

the sl eeve against the articul ar surface. [0362] FIG

29c is a frontal view of the same nold system shown in
Filgairumenda &g deauers, &agbedaesedinoygisamersningidhe aold 2956.

t hﬁw&sné’é‘q/aﬂr%f 91(—3‘76 ﬁﬁg%fdaﬂg&nde thBQIirgERMY 6 tﬁé‘?eé?ﬁer or other

used for accurat Itironin [facenment o
1Gurgisalingtments. wmtebs}@qevesw%@rao@eenwtedbetoube‘p*lﬂe Wailr2962

actﬁﬁr%a@%%r&!e@t "Eﬁé‘%lo‘%fwélpgft @ﬁ%‘ic?‘ﬁ%klalrrfag%p?ﬂgﬁetal Sleeves 2964

rota Ffonal error. oneone S
widain havechpg 2966 ot bearhamgieg tges tbatesegzutmﬂe sheevieragainsathe mold

O A8 8 BB BBt BB e o
OISR i T

t 2Onedngd 2A8. & grgové1297 hphsabéerphduzenat tite 6 End 1@(2I elock posdtions.
2977 b t t of th n ign _or

P i8R B SR BT ooy BB PosionindraniiBisheens AESLBRAEr
pohstmdwﬁtéﬂﬂ%rrgegp@?rf@ gbovdeartbe uséiul far acanmpe rmf dement of the
036 I strates a 0SsS-section, of . .

L e Goubornwithe fistocd) Sas So5eahs FRUSS e deigy
S&@Mg‘:ﬂzeﬂ%&ﬁmbﬁ@thbﬂ&inb g?@@ié SHinteFre @iﬂetc@nfb@stleUtn@b@ier to not
20 the neck of é e fenmur. [0364]

= HalgnahRERICIUY TorAgtal tpd@mg. Cff tlaeawwtof\s seen

t IR ertthb WQIaﬁ?fm cashvEaitte éb@eﬁglor‘id”'%ﬁkmﬁtchﬁ]@rtﬁé‘@ﬁ)oves
usj ng@t he gcgl et argelu- shaped cartil age defect

| JBeeEY JHising:ibe dgplag é‘P‘?rB%F hBe exignsigns 2841 Fare bg gigrmanent
| Soal &qs&n@msmtcr@@d STIHEy £ nséleét%ﬁa@é Wéﬁ@?ﬁét?ﬁﬂn 29%#9 and

The cartil defect is Vvisualized

L Uenereob rl?a‘f%%@()fﬂ‘@ @@t%qwarr&@mp@ﬂemme f enor al
condyle is _placed over the cartilage defect. The
ce[ﬁ?g%il por Fi%ﬁng”Uﬂﬁ@eE@&r@% $ACHER OF 8 sy stemswheredhe interior

haf graué 296 B ﬂh@"h%ldgdl SE&HoR 29211 hak WetR$IBB of grobvas fMacilitate

corresponding to
grasping the neck of the femur

[0364] B. SMALL, FOCAL CARTILAGE DEFECT

[0365] After identification of the cartilage defect and marking of the skin
surface using the proprietary U-shaped cartilage defect locator device as
described herein, a 3 cm incision is placed and the tissue retractors are inserted.
The cartilage defect is visualized.

[0366] A first Lucite block matching the 3D surface of the femoral condyle is
placed over the cartilage defect. The central portion of the Lucite block contains a
drill hole with an inner diameter of, for example, 1.5 cm, corresponding to the
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base plate of the inplant. A standard surgical drill

wowaoh/o9ri |1 gui de for depth control is inseP€BUS2003/038158

t hrough the Lucite block, and the recipient site is
prepared for the base conponent of the inplant. The
drill and the Lucite block are then renoved. 5 [0367]
A second Lucite block of identical outer dinensions is
then placed over the inplantqggecipient site. The
second Lucite block has a rounded, cylindrica
extensi on matching the size of the first drill hole
(and nmatching the shape of the base conponent of the

i riaragtey of hiettase pita nttherimplant. minstaralardesurgicahdrilhwith a drill

5,0 o 9T 90y D bl
pliapeaparatsiod thet basefoqnmonént ofithéohglant OB®3JrillTrel the d.avite block

Lugj k ontains a drill hole extending fromthe
%étrtrﬁeéfj gﬁjr gce of the block to the cyI i ndri cal

P37y cine A BRI UoiE AR i shlon e TE8RSIpRR s shen plgced
f iaves thedeglant tedipiéntaite. Jhewsecorfd Lingte b“Iqsxik&rHs a mupded, cyllndrlcal

oupehsf ey e ek B el el e Sipe of the

h ?jaeei’ﬂ:nmpbhe?trcég:m@inwmtﬁ :c\mm a ?lam@t@mi’f ?ﬂn ngallér’ftﬂan the first drill
stapl i1 zer, STrut wW our n ang ste esltgn

o 2o B2 i ol gt tas b arnsunbeay o os!
plexgdrisonT® @RickH inside themirsttrilmlechi ng the 3-D shape of

the final inplant with a diameter of the base

cqows];ent o’rh@sé'cdmdu@&é lbId&R{&ﬁhﬂaﬁ{shaJGrn{ e %thhui’rhglf;om the

| an ndrical rather an tapered stru
rF?'fé’ngR? Pﬁ%s bipckretla cindrienl exiapsions J hedaeridiameter of
dltﬁé abcdelrdrilldidldiatdhes thd)dlarietit Afe distal P&HoR bﬁ%q’m haped
inside the cartilage defect. The plastic nodel/tri a?

bamer sigut el o Vepleing.or AT Griifiine-dowith Bemmi dipmaier, with a
Sl&riﬁl@@l%le%ﬁ &l‘eﬁtﬁ %oﬁ’ér'élﬁ@h'ﬁ@ﬁ&gln@@fﬁe' ée@gﬁd h-%ggear@utﬁg P&dbient site is

forms final J ust nent s.
i rﬁﬁ%ﬁfﬁd fo tiae plabtizenstrug With cfedr flmgmdjetepw@smc i Tieetidl and the

S|L%,tegggkapé1{hghlr%o{,éd1 o]‘ the inplant is marked with

red color and labeled "A. " The posterior finis
Mghkes] 9r een pY%sttlb n?odeﬁ’ﬁf’a'l mpﬁanﬁﬁé’ml}\vﬁ& tﬂﬁﬁ’ 'Dﬁ%rg:d:pte;bf tﬁeogl?(al

col or "coded ow W t

i dmplgahwith a@éam@eé of thadasenspempnent gf Daksminclebathaerthatsof the
final implant and a cylindrical rather than tapered strut stabilizer with a diameter of
0.1 mm less than the distal portion of the final implant is then placed inside the
cartilage defect. The plastic model/trial implant is used to confirm alignment of the
implant surface with the surrounding cartilage. The surgeon then performs final
adjustments.

[0370] The implant is subsequently placed inside the recipient site. The
anterior fin of the implant is marked with red color and labeled “A.” The posterior
fin is marked green with a label “P” and the medial fin is color coded yellow with a
label “M.” The Lucite block is then placed over the implant. A plastic hammer is
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advance the inplant slowy into the recipient site. A

wEe@sm498t is achieved with hel p of the taperedI/asmo3/038158

four fin design of the strut, as well as the slightly
greater dianeter (0.1 mm) of the base conponent
relative to the drill hole. The Lucite block is
renoved. The tissue retractors are then renoved.
Standard 5 surgical technique;dgs used to close the 3
cmincision. The sanme procedure described above for
the nmedial fenoral condyle can also be applied to the
|ateral fenoral condyle, the nmedial tibial plateau,

t hitilizeat toraglvandesthalimplaat eawlyantd thé eeqizieet dite. A presedt iat e

< oRfekrE g PRl b b A KPS BEN EE Y apumy oo the

| \elighlyTgsedteBdiaineferd0. 1dam) rof trecbdsercempoaeat relatise to the drill hole.
c rising ope or nore.-of the nethods st ens or
cOBaRle BiodR G BrBeG TResrie roTReS: sreDPRrem A ( tandard
panrgld:ahtédhdmu@n@ugéd mﬁl&@me%ﬁnﬁiéi@‘l\(\ﬁ Tigs same procedure

! %tr S%I bgynsgggrtghw I?%Eglgj)gclgwnc#ygqgce & ggirz]a:pélied to the lateral
eIf@zﬁbraweon?dwémm@medmnﬁbuarplaiééa the |ét@fapu5|arp|a@ém?and the patella.
ca abl e of anal %qa processi ng the el ectroni

giegha %\ﬁ@PB‘Fa ? dRYFR can Py |a€B'PV% BY §°mewng it with bone
| ragh@m ffagsifgy articul ar repair system The kits can
include other materials, for exanple, instructions,
rqegents, cunt aiKies s and/ or i magi ng aids (e.g.
films, holders, digitizers, etc.). [0373] T he

fquan ng eAI@amlegénb%%érémlaﬁéiﬁmb ES Py b bt‘/more of the
illustrate the 20 present _invention. Additionall

+ HRRIBOdS, SHEIEES SpVITiCOmPOFPes fevsTibR baTakeninpasticuldma kit can
| Ryd 6“13[ é‘ﬂﬂo@r & ’cI‘ié"‘ollHﬁzﬁﬁ;t ufsﬁubﬁdﬁst n'feh’ﬁ)d‘éfep@otamlng electronic

ther eof nP 1 I gn and construction
a "t“ﬁ@%% 5M$’¢ﬁ§\$§fdﬁfﬁéﬂu iefrs foE @V%l\datrr@;ﬂecﬂrogﬁs'wpm?r more

i
SRR R0 by SrhAE pcien MAISBSR, s ancior
caneidr aywe sTrgicakiaals fos implantiepreadiculah @p@arswsﬂeag eThekits can
S FSIRS napae o raseRid e endle B8 "E SR i
détnaging ragts. (e'mefllmszleoldxerst digitiaensj etal)ar repair systemis

det erm ned based on the above neasurenments. (Figs.
170378]T | n paafdlpwingeaxantpias are included to more fully illustrate the

present invention. Additionally, these examples provide preferred embodiments of
the invention and are not meant to limit the scope thereof.

[0374] Example 1: Design and construction of a three-dimensional
articular repair system

[0375] Areas of cartilage are imaged as described herein to detect areas of
cartilage loss and/or diseased cartilage. The margins and shape of the cartilage
and subchondral bone adjacent to the diseased areas are determined. The
thickness of the cartilage is determined. The size of the articular repair system is
determined based on the above measurements. (Figs. 12-14). In particular, the
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ei ther selected (based on best fit) froma catal ogue

wo@Rooeni®si ng, pre-nmade inplants with a range PET/US2003/038158

di fferent sizes and curvatures or custom designed

usi ng CAD/ CAM technol ogy. The library of existing

shapes is typically on the order of about 30 sizes. 5
[0376] The inplant is a chrom um cobalt inplant (see

al so Figures 12-14 and 17-19)pg The articul ar surface

Is polished and the external dinensions slightly

greater than the area of diseased cartilage. The shape
is adapted to achieve perfect or near perfect joint
caepRiusysyenntis eithar rsglestwlr(bas'secf on hestifig)rfram asataloguedofregisting,

AU OO EREIAN L P Y custom
s|designdd USg GAD/OAM ézphaslogngThg librareof @dsingshageaiseppically

cart d--based base conponent for depth
% tb%l%%eezioiragglét %'Zeasem gn of base conponent a

aﬁég‘{*ﬁgfﬁm L0838 B HRORE o AprlaBlsgH oG 214

dehelct7s19)milherdrtiatatsurfazals ;mii,shedi and ﬂwma’nabdmfeadlons slightly
st abi | 4

FIG, 12A); [ | '
{ sliretet fiahited et iR paifts. Jhgiohabs saderied Eictieve
almoffepmmr peﬁéa]gblﬁfdcﬁgr&@@tlllzm@ dha?péjmfdrﬂfatl?@ pf stﬁﬁ&ln@mg
eno ur f aci n vex external surface). and
¢ Rarisos et prdeeiing oseddie besk, &bt Siant hekyss bl fmpiant
%ﬁnﬂmcﬁud’e aMIanteala o td Wfél‘égh@,% a ghﬁt@ﬁﬁ@é)tocédjédént cartilage; a
Az)z ed Sur gi cal Techni gue 20 he articul ar

SRA RS caMPAnRELior B8PSR °'a?tpﬁ‘?sc§sftf @gpign of base
rrsdoaemea p-BP&lsd@é'tlﬁﬁ oflB&se AhpdirRabidr %qfagwlo? Hoﬂe%ﬂd rigid

cm incision utilized Tn_uni conpart nent

k riéabilization; @pﬁ%wwewﬁéorda@@edm@s Irﬁplﬁ@trﬁ@@lhmomﬁiﬂ@ porous
r %b@aa(h@nm %hge swdmz%%!rut vam QHE ﬁﬁ?ﬁh hRg 'sﬁ:ﬁl d%&gn for

he surgeon can apply tourniq
ofsmailefq@at defactst @se @@ltqus @pateHéFm aaa) fandva d@lgm@ﬂhne@e to

25 Rkl s.nﬁ A@&%Weﬁter §1§Pg§€egla%dnfbﬁa? deest%gegﬂgg@%%%

in sterile technrque I'S use
t wxternallsuriaceym ports at the anteronedi al and the
anterol ateral aspect of the joint using classical

arl@®fdscopi Examplen2:gMinimaHy Invasive, dathupecopically dssisded
Visehrbnz%l H‘@Eﬁﬁiﬁhepo”' The arthroscopic instrunments are

[0378] The articular repair systems are inserted using arthroscopic
assistance. The device does not require the 15 to 30 cm incision utilized in
unicompartmental and total knee arthroplasties. The procedure is performed
under regional anesthesia, typically epidural anesthesia. The surgeon can apply a
tourniquet on the upper thigh of the patient to restrict the blood flow to the knee
during the procedure. The leg is prepped and draped in sterile technique. A
stylette is used to create two small 2 mm ports at the anteromedial and the
anterolateral aspect of the joint using classical arthroscopic technique. The
arthroscope is inserted via the lateral port. The arthroscopic instruments are
inserted via the medial port. The cartilage defect is visualized using the
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inserted via the nedial port. The cartilage defect is
vi sual i zed using the WD 2004/ 049981 PCT/ US2003/ 038158

wal@4a8998r oscope. A cartil age defect |ocator dewi/US200%038158

pl aced inside the diseased cartilage. The probe has a
U-shape, with the first armtouching the center of the
area of diseased cartilage inside the joint and the
second armof the Uremaining outside the joint. The
second arm of the U indicatesqidie position of the
cartilage 5 relative to the skin. The surgeon marks

the position of the cartilage defect on the skin. A3
cmincision is created over the defect. Tissue

r étrinsescope. Aveariilagedefedt lacator dm/écejiefmanediinside theadisezsedd

[ [

sRaitad THERTHTRE R bNRLbE, i HE R S OB ganter of the
defrea of diseaﬂeamadtnag@msldbéhe: mnntldndglae dedaect artFofghe 113r)sma|n|ng

PR LD b1 O AL RSP carie

i melativetb thedkin. s‘ltheasuygﬁorpmhrklssmmdﬁtimoﬁlﬁé cbhﬂage defect on the

articular surface emvin rea. sli

sl A EEm 888 raFPR BEne Hhoisdie Brlractes B Pberted and
bltiee Hefeebistviduatizéd drill holes with a 7.2 mm
diameter. A 7.1 mmdrill with drill guide <controlling
g r[e\l'nlmﬁt Ih oA ﬁgnSmUéntnﬁmgé tbﬁfck mtcmr&g t}ﬁaecli[b €Rapd é\f thé @djacent

ri ol e e r i ndrica S 0

I adE B e Keilegs derRe iPRcRY S DRGALIAGS etardR: 19). For
angrgepdéree@uUeRLLCite grmkﬂmuo[e@%&aﬂeré% stastihSertion of a saw. The
nodel /trial inplant of the mni-repair system matching

t IF8W 18 [Aserted iand A iEright Gyt ipmeadengsirasi the ariquia sufaes tremoving
T% dreh @hghtl’fy"ﬁér@@F tHah th@ Uisbé%ﬁ éé?tllagé’nﬁ'hé %ﬁt@%ﬂ'ﬁbq_umte block

pl acenent of the actual | ant i ndi cat ed

s\ FgEe Wréld\qh%ﬁ(\éltfsﬁm @.m diameternent 4 ram Ctrﬁlvﬂthpﬂﬂ"rﬂwde
t %ohﬁ‘@ﬁlﬁ’q the dEptTBE fdue Qetr?t‘dnggfns%ﬁeéﬁ}% A8 d @%g%? EHrches for

es or adj ust the cut pl ane.
i e avlindrisalipesn of ﬂ@emt Ale ¢reated. ﬁé@sﬂrw@ndttheu Gucitet jock are

t%bgén%{é”t' hgh&seq Anterior and posterior positions of

are color-coded specifically the

LB PRSI by o g

colutgr dimensionsel the Iireprae’ris 'then inSented. aTrhq/grlat inplardds atilized to

Ry affetahCealRnaoryls SRuMaRRNE MY 30 swgepp can
ofmgl%eesmaﬁﬂradjustmentaakm pointto dmpronklthe etatady;, e!'d-'Slightlegpansion
L%? 'tﬁeednjm l*?oq}s(s btsadjustment of the cut plane.

[0381] The implant is then inserted with the pegs pointing into the drill

holes. Anterior and posterior positions of the implant are color-coded; specifically
the anterior peg is marked with a red color and a small letter “A”, while the
posterior peg has a green color and a small letter “P”.  Similarly, the medial aspect
of the implant is color-coded yellow and marked with a small letter “M” and the
lateral aspect of the implant is marked with a small letter “L”. The Lucite block is
then placed on the external surface of the implant and a plastic hammer is used to
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then placed on the external surface of the inplant and
a plastic hammer is used to WO 2004/ 049981

wWEOASRE03/ 038158 111 gently advance the pegBCT/OSIW03/038158

the drill holes. The pegs are designed to achieve a
press fit. [0382] The same technique can be applied in
the tibia. The inplant has a concave articul ar
surface matching the 3D shape of the tibial plateau
| mediate 5 stabilization of, tpe devi ce can be
achi eved by conmbining it with bone cenent if desired.
[ 0383] The foregoi ng description of enbodi nents of the
present invention has been provided for the purposes
ofgeintly advaraei the pagslintetherdrilitiolss. THe pedysrare debighed dteachieve a
ﬁxhaustlve or tolimt the invention to the
m&ﬁﬁsé fornB dlsclosed 10 Many nodifications and

Y, i ons bea arent to th ractitioner .

VRO The salf EERRLENph el felnia, S imalegt has a

desncammlt:Mam:mcetr@atblaag trexPiD ahapé bethepibian piaﬁ&a@ﬁ Ifimediate
nti t hereb

I.nVv d.its practical,  applicati .
& a4 00 of e il s SehiUaE b oM g ity Big cetnent i
|meemé<u_on and the various enbodinents and w th
various nodifications that are suited to the

pqoss:qul ar vsefaregdingabsdripdon bieﬂnﬁo&ﬁme‘nf&@ﬂ’tﬁ'@ rdseat invention
?Pgoﬁe of, éﬁl nventl on be defijned by the tol|ow ng

cIhas e é’(ﬁ%‘{'%%ﬂi fhe pyfepssstof "lrbt@mwmm'ptlon Itis not

PGHE DR3P DSERBtiveldrdo IIMiARe Inveltidh e plecide fRMB A closed.

of desi gni n% an articular inplant co r| sing the st elp
ofMarynadificsipna endvagations %nﬁeﬁware\m rPra¢idionerakdied in the

| R, Uﬂ@erﬁbocﬁlﬁ@ﬁfs WER PbseRNdBESGBES i JH 8fer i kst elg(plahn the

di seased cartil age; 5 reconstructi ng nensi ons O
dirsiagipies of dhe lnwa@t@rsand@c@acf@etawl@gmdhereby RDabtialy others

cagdiel ;ﬂﬂﬂ"ve dé?‘f‘fé) Lﬂﬁ%@é‘h#‘ﬁletlﬁ\?en%ﬁ G V%ngjlsgarMdeﬂn%nts and

mat ch nensi ons the reconstruc ease
carith vasiges suadifications thahargreséted tetheqrartiduar useeodtesrpiated. Itis
CattbhiaPhat el £0Be of the invention be defined by the following claims

equivalents thereof.
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10 2. The nmethod of claim1l, wherein the inage is
sel ected fromthe group consisting of MR, CT,

walkimaswend, digital tonosynthesis, optical coPer/Eame3/038158

t onography and conbi nati ons thereof. 15 3. The net hod
of claim1l, wherein the reconstruction conprises
obtaining a paranetric surface that follows the
contour of the normal cartilage, the paranetric
surface conprising control pojyys that extend the
contour of the normal <cartilage to the di seased
cartilage. 20 4. The nethod of claim3, wherein the
parametric surface conprises a 13- spline surface. 5.
TRALREL QI RE: ¢l @i m 1, wherein the reconstruction
mg‘%l&a" ning a binary image of cartilage by
extracting cartilage fromthe i nage, 25 wherein
di seasédd Acmethoday @lealsp@gra@ auticulardeptant i pomprlsmg theesteps of
bi nary % [
oper atlgn to g@pﬂr 9 Re @L@Qﬁeg%g’?ﬁ%ﬂﬁ%é?ﬁn%ﬁj ?%t %%Hq%e of
t mormakeastilege ahédiﬁgeded:mrtlragage WO 2004/ 049981

\l;-\’hC-el'/r ?ﬁ%ﬁéﬁ%&g @% ofEF% g[&%ég%gcéé)@la%%%uﬁécé to correspond

pdomomwartnage/\mndr thr ee-di nensi ons using a
structyri.ng el enment h d of .claim5b erein
the ol HANBG TR e BE mRltd S FiatTo e efngns cebes
direadristacedldiseasdd byrtityeasuofaceor aB ardh ggated hdrthe diseased
eval l]latl nlgfthe fit of an.-articular repair systeminto
aﬁag 4%&- system conpri sing, one or nore conputing
nmeans capabl e of superi nposing a three 10 di mensi onal
or a t l_Trgl nen 8 cross-sectional imge of a joint

o] gﬁclg

and an Sé”%t i 1 chereinythp dnpge iptalaptecrom the group
d%ﬂélﬁluﬁ?oftNﬂRl fGT WBfasollBd aigiteF trabsyhBRAIs! optic 8Sher@nce

The systemof claim8, wherein the corrputlng neans i s
céﬁ@@g@pb‘i’ a”ﬁépﬁlbﬁ'@t't’%theﬁ%ﬂjes of the joint and the
articular repair systeminto conmon 15 coordinate

system 10. The systemof claim8, wherein the

conput ﬁnJ hawagibod of @Igmﬂ;] wheyein the reconstruction comprises obtaining

a parametric surface that follows the contour of the normal cartilage, the
parametric surface comprising control points that extend the contour of the normal
cartilage to the diseased cartilage.

4. The method of claim 3, wherein the parametric surface comprises a B-
spline surface.

5. The method of claim 1, wherein the reconstruction comprises

obtaining a binary image of cartilage by extracting cartilage from the image,
wherein diseased cartilage appears as indentations in the binary image; and

performing a morphological closing operation to determine the shape of an
implant to fill the areas of diseased cartilage.
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rotating or noving the inmages with respect to each
other. 20 11. The systemof claim@8, wherein the

w0 poges99ar e t hree-di mensional. 12. The syst enP©f/U81083/088158

11, wherein the inmages conprise three- dinensional
representations of at |east one articular structure
and of the articular repair system 25 13. The system
of claim 11, wherein the three-di nmensional
representations are generategqdising a paranetric
surface representati on. WO 2004/ 049981

PCT/ US2003/ 038158 114 14. The system of claim8,
wherein the i nmages conpri se one or nore

cr oss- 8edhpdmrihod ofxlrimagesheres. thad neorplysid givalafosmgogaration is
14 8hBEE A D -sect.ional images are 5

r i)gonst %dlj'gt e tbﬁﬁ%ﬁglcﬁ%%ﬁéo% gﬂ%@? sirggtuairﬁ% S8t m of
claim8, wherein the conputing neans is capabl e of

L TR Sl B B g aon
c eapwrisesya idativn fokovesplaphe erdsiqghl i ght i ng areas of poor

al i gnnent between the articular repair system and the
surrounding articular surfaces. 18. A surgical tool

for préparsysgmafdrevaluatiy hed bl an aRiclEP FdinsysRen RPh joint
risi .one or nore surfaces or nenbers that ’

15 co n

cOnt B T&O?ﬁgs'gﬂape of the articular surfaces of the

j 0i nt . oridor b comElitedméaR! capbbe! W §ifrebhe

jgi nt is knfe a,n%. ih_ﬁem art?a?ulgraggiﬁ%ﬁg%%?rﬂgés a

f ST EIONEL AT FEC-8IMensiong] alosgrastional inmwed a jaintand an image of

Suh@irtiRlar resdir §fstdrh 3 BatbBninbhgs 8i & tﬁ%‘ Srtﬁcﬁ@‘r I %EFPS&IE%]%?

Lucite or silastic. 21. The surgical too
18, wherein the tool is re-useable. 25 22. The

2 ﬁr glr ?%' Tl?)e?@ﬂlst% d |c%iirﬂ18,23vhe?’gi}‘?fh%i anliptlﬁinb %Qéan%qggépi)aso?es of
merging the images of the joint and the articular repair system into common

coordinate system.

10. The system of claim 8, wherein the computing means is capable of
rotating or moving the images with respect to each other.

11. The system of claim 8, wherein the images are three-dimensional.

12. The system of claim 11, wherein the images comprise three-

dimensional representations of at least one articular structure and of the articular
repair system.

13. The system of claim 11, wherein the three-dimensional representations
are generated using a parametric surface representation.
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adj ustabl e, closely spaced pins. WO 2004/ 049981
PCT/ US2003/ 038158 115 23. The surgical tool of claim

wago4huosher conprising an aperture therein, ®REUS003/038158

t he di nensions of the aperture are snmaller or equal to
the dimensions of the inplant. 5 24. The surgical

tool of claim 18, further conprising one or nore
apertures adapted to receive one or nore injectables.
25. The surgical tool of claiiqy24, further conprising
one or nore curable conpositions. 10 26. The surgi cal
tool of claim25, wherein the curable conpositions are

i njected through the apertures. 27. A method of

eval uat4-nthe systemof eipima 8, whereiuihaimagpaFemeRaa @ phnere
acr"o%-%%ctionlaﬁz-@ﬁnéaze%h‘)d conpri sing obtaining one or

nore three-dinmensional or two-dinmensional cross-
sectional images of a joint, wherein the joint

i ncl .Ud%cf e ééfs?é% o‘?ﬂl%irﬁq]:le\%er%[n g'ﬁﬁ%?@s@.—%rcﬁanal iIPa%es are
obt ai niTig one& or nore represéntati ons or | nmages o ne
orequnsieucted ircmbitiple @dnasepai r systens designed to

repair the defect or diseased area; and evaluating the

i mages to determine the articular repair systemthat

best f18.sThd bystelafof claim 38whéiein thetdoatbutihg cheinsi ¢apable of
wherein the eval uating conpri.se ) erinposi ng the

i EGEWS A gdiPARisharSyate nﬁav(y?g ﬁﬁé’eﬁfﬁﬁcul ar repair

systeminto the joint. 29. The nethod of claim 27,

wherein the i nages .of .the joint. . and the articular

o 1L, D VTS Gl rhete T Lo s Bisazeds Sapable
Sﬁtﬁ_ﬁnﬂ%htianrgé)Qéf W%ﬁ%mﬁ@ﬁ/ HdBRESBHR G ar répir Sfsterhlid the
nmet ho

of claim 27 erein the images are
t BHERURAiRg: ARICWARUrfaces.

18. A surgical tool for preparing a joint to receive an implant, the tool
comprising one or more surfaces or members that conform to the shape of the
articular surfaces of the joint.

19. The surgical tool of claim 18, wherein the joint is a knee and the
articular surface comprises a femoral condyle or a tibial plateau.

20. The surgical tool of claim 18, wherein the tool comprises Lucite or
silastic.

21. The surgical tool of claim 18, wherein the tool is re-useable.

22. The surgical tool of claim 21, wherein the tool comprises an array of
adjustable, closely spaced pins.
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31. The nethod of claim 30, wherein the inmges
conprise three 5 di nensional representations of at

wo eagn408E articul ar structure and of the artiPClk/ES82003/038158

repair system 32. The nethod of claim 31, wherein the

t hree-di nensi onal representations are generated using

a paranetric surface representation. 10 33. The

net hod of claim 27, wherein the i nages conprise one or
nore cross-sectional 2-D imges. 34. The net hod of

claim 33, wherein the 2-D cross-sectional inmges are

15 reconstructed in nmultiple planes. 35. The nethod of
claim 27, wherein the evaluation is perfornmed by )
conputds: . The sgwicaripe! abelABy 1S fuheficomprising sy aReHturderein,
YRR UMENRGHS Gl Apiure RO YRlaleh & fual IR Bl bions of
j benmplagt.obt ai ned using a C-armsystem 25 38. The

met hod of claim 37, wherein the image of the joint is
obt ai ned using radi ographic contrast. WO 2004/ 049981
PCT/ USZD0B1e0884i68! toaliof ciim 18, fusthiep dooprigingend gr sere apertures
[ far - a of diseased
c%%pﬁgihoer%g?'bé%ﬂé:sgg& oé?lgné%??@é%r eater than the

di seased cartilage into an articular surface having a

Cen A% THRSTRR e G SRR CoF AN P S s ey

ptarapositdnsof the inplant, 5 identifying bionechani cal
or anatom cal axes thereby accurately placing the
inplant into a defect or diseased area. 40. A

cust onpg, abhesurgiRbpbl SfoMimRs, athefan thd aseblebripetitiorsnare
joint surfaces fornmed by inserting a hollow device
hENGGRF BFPUdhePe GPEMYRE: a | unen into a target joint,

and injecting material into the hollow device to form

an i nplant.. ) ) . . . o
27. A method of evaluating the fit of an articular repair system into a joint,

the method comprising

obtaining one or more three-dimensional or two-dimensional cross-
sectional images of a joint, wherein the joint includes at least one defect or
diseased area;

obtaining one or more representations or images of one or more articular
repair systems designed to repair the defect or diseased area; and

evaluating the images to determine the articular repair system that best fits
the defect.

28. The method of claim 27, wherein the evaluating comprises
superimposing the images to determine the fit of the articular repair system into

the joint.

29. The method of claim 27, wherein the images of the joint and the
articular repair system are merged into common coordinate system.
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10 41. A custom zable inplant configured for placenent
between joint surfaces forned by inserting a

WO eqoaiososy devi ce that engages at | east a portPONUST003/038158

one joint surface in a joint and injecting materi al
into an aperture of the retaining device to form an
inplant. 42. The inplant of clains 40 and 41 wherein
the inplant is renoved 15 fromthe joint after the
material is injected. 43. Theiénplant of clainms 40 and
41 wherein the inmplant is processed after the

material is injected. 44. The inplant of claim42
wherein the inplant is installed between the joint
surfaces. 20 45. The inplants of claim40 and 41
wher eidy thHe | ] r irPHE $he§ed AR thRieMimefiSional.
The i nBQr aﬁn%smg?bg{bgicﬁsﬁngg’ \gﬁ%elﬁ“*&herg?n the inplant

is formed inside the joint. 47. The inplants of claim
40 and,.4 i - Bl [ is AT he

j oi nt %Mﬁfﬁlﬁﬁé@ﬁpﬁ%gﬁt‘@@gf \ﬁ@ rg?rfﬁh%d%gggéﬂﬁcslrh%kgrté%# t he
f dimemionhlrepraseatations of atdeast @ng mrtigulay strugiupsaag oifbe auticular
PCT/ t@ﬁg{g%{ 038158 118 49. The inplant of claim40
wWhePR second hol | ow devi ce having an aperture and
a lumen is inserted into the first holl ow device. 50.
The i t of ,.clai.m.40 |k . devi ce
havi nggyaﬁfh%@gmogroé%m 3\21{’1%%%}] ﬁ‘sestiﬁ'%%gﬁ '{ngggllbﬁ o the

j RipAésentdtivne ate foeerhiedatsinyod panantbine swfack répresdihtation.

i nplant of clainms 49 and 50 wherein a third holl ow
device is inserted into the joint wherein the third

hol | ovg 3l evhe& metanafitiimtaTs whietdin tie ina@ss comprse@bdné bemore
first hollow device and second hol | ow device. 52. The
i Rigsasectnat 24 kad¥Swher ei n the hol | ow devi ce has a
umen of variable thickness. 10 53. The inplant of
cl ai m 40 wherein the hol ]l ow device has a | um?.n of.

34. The method of claim 33, wherein the 2-D cross-sectional images are

reconstructed in multiple planes.

35. The method of claim 27, wherein the evaluation is performed by

computer.

36. The method of claim 27, wherein the evaluation is performed by

manual visual inspection.

37. The method of claim 27, wherein the image of the joint is obtained

using a C-arm system.

38. The method of claim 37, wherein the image of the joint is obtained

using radiographic contrast.
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vari able stiffness. 54. The inplant of clains 40 and
41 wherein the device conforns to at | east one joint

wWaftae®sl 55. The inplant of clains 40 and 41 REEUSI003/038158

the device abuts at |least 15 one joint surface. 56.

The inplant of clainms 40 and 41 wherein the device
surrounds a defect within a joint. 57. The inplant of
claims 40 and 41 wherein the device extends beyond at

| east one perineter of the jojmt. 20 58. The inpl ant

of claim 41l wherein the retaining device has an
aperture. 59. The inplant of claim4l wherein the
retaining device engages a joint surface along its

per i me8@r Adnethpe figlaging @wwlatnhfﬂr &gatneent ofen argreof diseased

| Rk Ha ncér@égl %IX\M?Q& fﬁaﬁ?ﬁe Hl@éé@cfosé‘c{)rﬁlﬁgé éité Fﬁtartlcular

| €ast “one sca surface an
b sndace/ivaaDa defegsd e diseedsrea 3ne selingl cangrisig therstep of

'Wé@ﬂ@ﬁp]omt% JC%W H%n{@?nrigtodl eas to?ﬁweel lant,

|nJec i on one o
midendityirlg biemechdnical pe ahatomical azgs therehyratcatataly pacingdRe

o i : q wh . he ini :

Iﬂfe"eﬁﬁ%%”édg%gféﬁ Frstieifne oroup consisting of i

ool ol e Bt BRE SRl R e b e

S lsuffa@as foemegbyp p&eﬂMgta)hqdlowdei/e:emavmg ardapearilre @apd @i lagen into

ﬁé&ta@%_iic*iwq‘éérﬁ‘%%&c B8 PR e BT e oeuP iRt AP opiant-

Lae oML, KSR WS ARADERES PR By Piom

e@gﬁed:enagfoﬁne@ bmnstedhfgea:mtalmag llevick tHdt @hgag&n‘rameaxataqmrtlon of
|088|)(omt sur}%ce in a Jomt andI |(r:'1]ae§: ngo%gtegld m?o g géérstjure of ﬂ‘ne re?alnlng
device to form an implant.

42.  The implant of claims 40 and 41 wherein the implant is removed
from the joint after the material is injected.

43.  The implant of claims 40 and 41 wherein the implant is processed

after the material is injected.

44.  The implant of claim 42 wherein the implant is installed between the
joint surfaces.

45,  The implants of claim 40 and 41 wherein the implant is formed
outside the joint.

46. The implants of claims 40 and 41 wherein the implant is formed
inside the joint.

47.  The implants of claim 40 and 41 wherein the implant is fixed within
the joint.

48.  The implants of claim 40 and 41 wherein the fit of the implant is

tested in sifu.
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66. The tool of claim65 wherein the nold and the
bl ock are integrally 15 forned. 67. The tool of claim

wG20mlerdei n the nold is formed to conformto tPET/UR®N3038158

surface on at | east one surface. 68. The tool of claim
65 wherein the nold has at | east one aperture

positi oned bel ow the at | east one guide aperture in
the bl ock. 20 69. The tool of claim65 wherein the
nol d and the block have a plurglity of apertures
therein. 70. The tool of claim®69 wherein a first
aperture of a plurality of apertures is configured at

an angle to a second aperture of a plurality of )
apert #®s. Thelimpiand of eleim 40 whetgsimaegcokheliow dedcerbadng an

h | - L d - t hat

C8hefle A3 LR SRR R R B

bet/ %03/%%&@1% 120aift 40 %rémg's 8bn¢ hatdh dice having an
erein'the stabilizer 1s selecte romthe group

cepsitgeiang solumsinrs inseged prde the jainti adiabent e firshboliayotieite.

claim 65 wherein a surface of the nold that o
comun$tat eBheimptand of alaires 49 end bAavhisreiola thisd bolidw delvieslis

R T L e T
Thae bbthle fot MIIaWMeW&e\ﬂwqrseicnnd hellwudévaee of t he bl ock

that engages the nold is at |east one of convex or
concav®?. 75Thelihplardol claim 4D avherals tiwhieolowndevice ksas & huren of

of I at engages the block is at |east one of
c&ﬁ@%@eﬁé@gﬁgave. 10 76. The tool of claim 73 wherein

t he sugrfac ; . : c

o apest o el S8 Her ARy AR K o
andrigidg stiffressed on a surface of the nold. 77. The

tool of claim76 wherein the aperture forns a groove

provi dbfg Tho iatplantalf cleweA@ and 415vheBein The deded cariforms to at

g:Jeas:{sngS%L0|n QL he nmold is selected froma library

55.  The implant of claims 40 and 41 wherein the device abuts at least

one joint surface.

56. The implant of claims 40 and 41 wherein the device surrounds a
defect within a joint.

57. The implant of claims 40 and 41 wherein the device extends beyond
at least one perimeter of the joint.

58. The implant of claim 41 wherein the retaining device has an

aperture.

59.  The implant of claim 41 wherein the retaining device engages a joint

surface along its perimeter and forms a cavity thereunder.

60. The implant of claim 41 wherein the joint surface is at least one of
meniscal surface and subchondral bone.
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79. The tool of claim®65 wherein the nold is patient
specific. 80. The tool of claim65 wherein at | east

wor®40§998he nol d and bl ock has a ream ng aperPar/EsS2028038158

81. The tool of claim®65 further conprising spacers.
80. The tool of claim®65 wherein block engages the
nmold in a snap fit. 82. The tool of claim65
configured to be used in at |east one of hip, knee,
ankl e, shoul der, el bow and wq{®t. 83. The tool of
claim65 configured to be used in a joint in the body.
25 84. A nethod of placing an inplant into a joint,
the net hod conprisin the steps of imaging the joint

usi ng @1.C- afha isyriandiof clei 41 whegein the joid sydace israepanes prior to
Zgﬁe%tgﬁ &dsl 65@‘%??%1%%&#@&%&%2%%%@? gré@tﬂbh, éﬁbeak%rﬁgion.

C-armsystem an Zi ng r placi ng

i mpl angsi nt t iRt | % o
furt hetrsz'congr}%@dr%h{bﬁgasﬁtﬁ Sega-%ﬁ d ggt ai n?'ﬁgthgln?épdgk)tﬁhqte”al 'S
r selectedrfram the griosp Consistingyast eolyntergdetal gases, dnorargetaldtee
I ?ﬁescélspa”i ally in situ conprising: a nold forned in
situ using at |east one of an inflatable hollow

devi ceggr %ﬁ@#@dl%t%‘i oflfnid 46 fah8 A5 AL hE gom‘%ulr@b{k
surface on at ast one 'surface having a surface for

e pomired taaprogidata eylindiriesd ppenibhd.ock t hat conmuni cat es
with the nold; and 10 at | east one guide aperture in
the bl 6ék. B infhanttobolairos 63 Mdiereid hanhectinghnmateriafisl Idcated

P59 B o B B R L 5 el e

claim wh ' ml d and the bl ock have a
pl ur al |§$y %?C?dgljgf)@gﬁggg'rtur es therein. 15 89. The t ool

f claim88 i f. . f i f
o, 5.2 50 Mo s Lk, BRSADMI Sl aed L1 ©

guide apertures 1s u 0 & second

aperture Ofaﬁl Ewﬁgbm@{iﬁ%ﬁ‘gmtﬁ@%%% 90. The

tool of claim t "I'east one
stabilizer QNeastone guide aperture in the block.

66. The tool of claim 65 wherein the mold and the block are integrally
formed.

67.  The tool of claim 65 wherein the mold is formed to conform to the
joint surface on at least one surface.

68.  The tool of claim 65 wherein the mold has at least one aperture
positioned below the at least one guide aperture in the block.

69.  The tool of claim 65 wherein the mold and the block have a plurality
of apertures therein.

70.  The tool of claim 69 wherein a first aperture of a plurality of
apertures is configured at an angle to a second aperture of a plurality of apertures.

71.  The tool of claim 69 wherein the mold has at least one stabilizer on
the surface that engages the joint surface.



10

15

20

25

the surface that engages the joint surface. 20 91. The
tool of claim79 wherein the stabilizer is selected

WO p@a0¥4981 group consi sting of pin, peg, post,PEntswobo3s1ss

92. The tool of claim86 wherein a surface of the nold
that conmunicates with a surface of the block is
configured to prevent at |east one novenent selected
fromthe group consisting of axial, lateral and
rotational. 25 93. The tool ofpgcl aim 92 wherein the
surface of the block that engages the nold is at

| east one of convex or concave. WO 2004/ 049981

PCT/ US2003/ 038158 122 94. The tool of claim 92

wher ei A2t heThﬂJﬁOpb@fé:laim Emwhmlrdthalséabil@ﬁg isgRtectedhisom the group

t nvex or concave. 95. The
togﬁéﬁ 4 ?&n $%§ ereln e surface of at Ieas; one
of thegol dThéa'?)gl & @5 659\% r?&’@ur‘f fftF?é a{o?cgﬁq'a\” ng
at Ieas one 0 pin, o ate on a
s gpmamicates Wish mun‘ac@ef thmb@d(o@comﬂgucﬂohhomreﬁenme leastone

t IPr?O\% Rt Qggcte%f&ar{ g\g?dr&?ﬁ’ S?IPSF &mg?f ngal ﬁa&ér%'[i hl‘?@%t?taonal

nmovenent .

PZ:‘;\IS Snzﬁ : pgﬁ\% ﬁ%l Of9$ m;';r;tgwb? rlﬁ% s%lfg %e%ke(h& dllgages

a ream ng
apler oldeis adBasiTore ofomminvex oct@icav€9 furt her conpri sing
spacers. 100. The tool of claim86 wherein block
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and block has an aperture for receiving at least one of a pin, post and peg located

on-a surface of the mold.

77.  The tool of claim 76 wherein the aperture forms a groove providing
rotational movement.

78.  The tool of claim 66 wherein the mold is selected from a library of
molds.

79.  The tool of claim 65 wherein the mold is patient specific.

80. The tool of claim 65 wherein at least one of the mold and block has
a reaming aperture.

81.  The tool of claim 65 further comprising spacers.
80. The tool of claim 65 wherein block engages the mold in a snap fit.

82.  The tool of claim 65 configured to be used in at least one of hip,
knee, ankle, shoulder, elbow and wrist.

83.  The tool of claim 65 configured to be used in a joint in the body.

84. A method of placing an implant into a joint, the method comprising

the steps of imaging the joint using a C-arm system, obtaining a cross-sectional
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image with the C-arm system, and utilizing the image for placing the implant into a
joint.

85.  The method of claim 84 further comprising the step of obtaining a
partial rotation with the C-arm system.

86.  Atool formed at least partially in situ comprising:

a mold formed in situ using at least one of an inflatable hollow
device or a retaining device to conform to the joint surface on at least one

' surface having a surface for engaging a joint surface;
a block that communicates with the mold; and
at least one guide aperture in the block.

87.  The tool of claim 86 wherein the mold has at least one aperture
positioned below the at least one guide aperture in the block.

88.  The tool of claim 86 wherein the mold and the block have a plurality
of guide apertures therein.

89.  The tool of claim 88 wherein a first aperture of a plurality of guide
apertures is configured at an angle to a second aperture of a plurality of guide
apertures.

90. The tool of claim 88 wherein the mold has at least one stabilizer on
the surface that engages the joint surface.

91. The tool of claim 79 wherein the stabilizer is selected from the
group consisting of pin, peg, post, and nub.

92. The tool of claim 86 wherein a surface of the mold that
communicates with a surface of the block is configured to prevent at least one
movement selected from the group consisting of axial, lateral and rotational.

93. The tool of claim 92 wherein the surface of the block that engages
the mold is at least one of convex or concave.
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94. The tool of claim 92 wherein the surface of the mold that engages
the block is at least one of convex or concave.

95. The tool of claim 92 wherein the surface of at least one of the mold
and block has an aperture for receiving at least one of a pin, post and peg located
5 on a surface of the mold.

96. The tool of claim 95 wherein the aperture forms a groove providing
rotational movement.

97. The fool of claim 86 wherein the mold patient specific.

98. The tool of claim 86 wherein at [east one of the mold and block has
10 a reaming aperture.

99. The tool of claim 99 further comprising spacers.
100. The tool of claim 86 wherein block engages the mold in a snap fit.

101. The tool of claim 86 configured to be used in at least one of hip,
knee, ankle, shoulder, elbow and wrist.

15 102. The tool of claim 86 configured to be used in a joint in the body.



