WD 2010/ 065426PCT/ US2009/ 065993 JO NT SUPPORT AND SUBCHONDRAL SUPPORT
SYSTEM Background of the Invention 1. Field of the Invention: [0001] The
present iwoentoemwel ates to the field of nedical devi cesy/mpehoneses
specifically to a joint support and subchondral support systemfor

provi ding structural and danpeni ng support in the treatnment of damaged
subchondral bone in the disease process of joints such as osteoarthritis,
chondral defects, and osteonecrosis, in humans or animals. 2. Description
of the Prior Art: [0002]Isolated articular cartilage defects and
generalized cartil age di sease, athroses and arthritis, respectively, in
human and ani mal joints have certain surgical treatnent options, which
attenpt to mimc or recreate normal anatony and joint nechanics and/or
relieve synptons of disconfort, instability, or pain. |solated disease
often progresses to generalized disease, or arthritis--the process is a
conti nuum Generalized arthritis may al so devel op wi t hout known prior

i sol ated disease. Arthritis may be present as a uni-, bi-, or
tri-conpartmental disease.

JOINT SUPPORT AND SUBCHONDRAL SUPPORT SYSTEM

Background of the Invention

1. Field of the Invention:

[0001] The present invention relates to the field of medical
devices, and more specifically to a joint support and subchondral
support system for providing structural and dampening support in
the treatment of damaged subchondral bone in the disease process
of joints such as osteocarthritis, chondral defects, and

osteonecrosis, in humans or animals.

2. Description of the Prior Art:

[0002] Isolated articular cartilage defects and generalized
cartilage disease, athroses and arthritis, respectively, in human
and animal joints have certain surgical treatment options, which
attempt to mimic or recreate normal anatomy and joint mechanics
and/or relieve symptoms of discomfort, instability, or pain.
Isolated disease often progresses to generalized disease, or
arthritis—-the process is a continuum. Generalized arthritis may
also develop without known prior isolated disease. Arthritis may

be present as a uni-, bi-, or tri-compartmental disease.

[0003] Unicompartmental arthritis is typically less amenable to

surgical options used for smaller isolated articular defects.

With advanced cartilage degeneration and joint space narrowing,

there is typically increased axial deformity and misalignment.

Surgical options include osteotomy or unicompartmental

replacement. Options for bi- or tri-compartmental arthritis are
_1_



[ 0003] Uni conpartnental arthritis is typically | ess anmenable to surgical
options used for smaller isolated articular defects. Wth advanced

carti|l agewdegevesesi on and j oi nt space narrow ng, therePCI/USg@oO63903y

i ncreased axial deformty and m salignnent. Surgical options include
osteotomy or uniconpartnental replacenent. Options for bi- or
tri-conpartnental arthritis are WD 2010/ 065426PCT/ US2009/ 065993 conbi ned
procedures or total knee replacenent. [0004] Cartil age di sease has been
previ ously addressed by various neans of replacing or substituting the

damaged cartilage. Mcrofracture or abrasionplasty is a formof irritating
exposEPBURE T & TEEAE S adéitdnt iy SR UGISRFEE but the resul tant
material is inferior to native cartilage. Gsteochondral transplant repl aces

pl ugs [@00di]seas eth aaritadaage s cadceamay g suhehndralddeeneddyh grafts
fromejther the patient or, hunman cadaver...Small di.screte | esions work well,
but Iéfragrelroqseér}eoa%lss, Q%lnproﬁpalraCci"lnsgeaosre,Suans lc}iljfr{?lﬁlsgeda&}esefénealgzierdz Fot~wel9™
addr es§et.o ICroridrse yte dbmslsamratlicort sharsy es tfe tthe fpatri reritd ts naretid cegel cel | s,
gr ows g em: And J&-d MIANSINeM On, 1N Rany ped . and covers, them wi th a

periosteal patch. Each of the aforenentioned techni ques work best for snall
cont aife®1i6si difs I i pSlrart defdcts (Gardilagife sitfdIcHBIdRd,, and
pri ”?{ﬂria}f@pﬂ@ft@'r_éﬁﬂ%@d_ sﬁﬁl&;ﬁjso@gﬁ d-i%‘ia%b_ ls;zm idcrwadti_rlt%ﬁ;@ t@@o%ﬁooﬁn\'géfﬂyinﬁ
pat el | of enor a oi.nt di sease, tibial side i sease. urt her
ot hot T T A G 8 1A i TG 3 il TS 01 A WFHTan
ost eota@davekhi s InellilevEss care tay €rd soaded weorfpardlnentqutt rlansfear rliaygy sta,ess to
a less .di art t,. ess of thi t hod i.nval voj di ng
non- u%l?ﬁaéﬁz%étﬁ%%% do r?pqﬁ]cfia]tﬁﬁgfr\ls(s\é, %ns ¥ eeq uafrreggl OB% gieol nrlggacijy ?%osens?s\/\eg% ‘ght
bear i figrcacitiodyye ampleirgint i thwelvwss brorftties ted- iegdl iz e agltilniagal dseldefii ts.
Only patdventiaM,t b dpstd ¥ nicampaddenialc idi sRase e BRAIdALES: them
Cst eoto al so conplicates latter joint replacenent. . ,
with a periosteal patch. Each of the aforementioned techniques
work best for small contained lesions, unipolar defects (i.e., one
side of joint), and primarily femoral condyle lesions. Less
optimal results occur with patellofemoral joint disease, and

tibial sided disease.

[0005] A further method of treating cartilage disease is to
realign the joint with an osteotomy. This relieves an overloaded
compartment, transferring stress to a less diseased compartment.
Success of this method involves avoiding non-union and other
complications, and requires prolonged non-weight bearing activity
and eight to twelve months to realize clinical benefits. Only
patients with mostly unicompartmental disease are candidates.

Osteotomy also complicates latter joint replacement.

[0006] Arthroscopy is used to treat other causes of pain from
arthritis, namely, loose bodies, loose or frayed cartilage,

meniscus tears, and synovitis. These are temporizing measures.

[0007] The end stage of cartilage disease is to perform total
joint reconstruction. This type of procedure presents a prolonged
recovery time and surgical risks. Because total joint prostheses
are fabricated of metal and plastic, revision surgery for worn-out
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[ 0006] Art hroscopy is used to treat other causes of pain fromarthritis,
nanmel y, | oose bodies, |oose or frayed cartilage, neniscus tears, and
synovi ti swOthasesese tenpori zi ng measures. [0007] The ena#cC3tisg@onbtsseartil age
disease is to performtotal joint reconstruction. This type of procedure
presents a prolonged recovery tinme and surgical risks. Because total joint
prostheses are fabricated of netal and plastic, revision surgery for

wor n-out WD 2010/ 065426PCT/ US2009/ 065993 conponents is fraught wi th much
hi gher conplications than primary surgery, and is inevitable if the patient
i ves much beyond ten years. [0008] Not rmuch is known about the cause and

pr ogr @W%t%r%%rﬁrtquﬁht\m%kbﬂ%ht thdhc?é)ﬂﬁ:l %@c?ﬁrﬂ%é@%ﬁ%%l

and bong et igidaphy i nwrie s beenr e yeitdatrad labed e dissease qarocess.
In partl cul ar, the subchondral bone plays an inportant role in the

i ni ti ati%m ‘and progression of arthritis. Arthritis is a disease of not just
the cartilage, but the underlying subchondral bone as well. Mst of the
clini dd1008sear dtptt ovugddt 6 9 skrfcorusérbuon tder tdduage areshareacatssa/arelfacenent

and rngrﬂﬂkfﬂ¥%.UHQEﬁthﬁﬁkﬁ¥H¥3dY§§§J§tic techniques such as MRI and

bone scintigraphy, more has been elucidated about the disease
process. In particular, the subchondral bone plays an important
role in the initiation and progression of arthritis. Arthritis is
a disease of not just the cartilage, but the underlying
subchondral bone as well. Most of the clinical research to date
is focused on cartilage regeneration/replacement and not on the

underlying bone health.

[0009] Traditionally, cartilage has been viewed to be
avascular, with diffusion of nutrients occurring from within the
joint. Studies have confirmed, however, that subchondral bone is
a source of vascular and nutritional support for cartilage. With
age, vascular and structural support from the subchondral bone
diminishes, allowing arthritic disease to progress. Namely, the
inability of the bone to adequately repair itself as increasing
damage occurs starts a cycle of further destruction, interfering

with cartilage vascular supply and structural support.



[0009] Traditionally, cartilage has been viewed to be avascular, with
diffusion of nutrients occurring fromw thin the joint. Studies have

confi r nedyvohowaser2s t hat subchondral bone is a source ofcraseadasssand
nutritional support for cartilage. Wth age, vascular and structural
support fromthe subchondral bone dim nishes, allowing arthritic disease to
progress. Nanely, the inability of the bone to adequately repair itself as
i ncreasi ng damage occurs starts a cycle of further destruction, interfering
with cartilage vascul ar supply and structural support. WO

2010/ 065426PCT/ US2009/ 065993 [ 0010] As cartil age wear occurs, the primary
funct i LY calts IGge-- I HrRATE FU oW i oM Bearifg SiHFacd and t o

t ransmidristliregsesd @ﬁdﬁﬁd@ﬁ@rﬂ@wmmﬁﬁm A dinyg nstrede Bone des nost
healthﬁy when resisti ! esswde tresses. The sheﬁjzr St.r e ssofs fBromthe

j oi nt Ard PHrt i ajﬁeyS con ert&? {485 P eSS iFH Sand e rtsibn Vit one 1s

ar chi tfretstmrheéadfthyhmhmr trid g ibvas eplmatre s gihee |syers deet weding hhezar ti | age

and under, Cft}%rf i Lﬁ%‘i‘f!tata!f”égga':f’{ aﬁ%g ct%l)x(f\%rrttel{ﬁ ] cto*?rﬁafést{]%r! Mg

frlctlon surfa cartil artl ower frictron than ice on

i ce), tSHedostesdde @rré?hﬁﬁqtylr@omfertt% G[adftlldr@@iq Ui Sl L2 Erne t\sb divoivdt al

bone lb%ﬂd?%rprt@@f@dmtlaij@%cﬁbﬁ@&%ylﬁg g st r&ﬁﬁ;la\ﬂﬁg t s rarehdd ke
Iattl(c‘bé/vvork of t ?@cular ne, stresses are transmtted to the outer
S Ol[ﬁjéﬂ

corti Varfd 1A 19 YV diTSs T CA 18 AT QT FIES VS M ttl e shock
absor piaml%e;zeonm Ttoavd rt Sfﬁhﬂarort hirckness and ineghanitcalr properddesre

[0011] Bo i scotaneer td ? sho u maqr ber htvmstu% f Jact arle btg)elen 4 hC% endpoi nt
of forCe attenuation, abecl M Crofractures have been shown to occur in

| ocat mmzsl}cmflrimﬁe %1@@@§b3@ﬂbﬂ)lll@ﬁ velynt cddes g -0i Mis iBrerardhoilntkehas a
physi ol 0gii¢envelops Q;f k}éfl‘%}l'a%”bo‘me” stt*Pesssee%V‘%Jr%O@cr%fnsfr&i%éoor’cd She

exceeded, the rate of ama%e exceeds the rate of repair. cartil age

di sea§é1t@rrogﬁcé%t51§ses St toheliiss irese bl @atfcild@é?sq patse tthelosis ess

it enceuit erisstlie &hodshed sdtRe o3t rRsseMa rihe Atittemire 0f tsubohendy alndone
to heal and renodel are seen as arthritis progresses--osteophyte formation,
subch nlsc@qgrporé)ipser * formation, and subchondral MR -enhanced
changes, and increased si gnal on bone scintigraphy. Joint deformty from

t hese [&Qiricjes f Wrdriveri § ridree aslesi njadients broggc talborp fherc e .w iGar tfideage: trofeostasi s

is co ﬁ%?%fﬁ%régnfgfge éﬁ?&H&éﬁmn@eUHQEbé%ﬂqdyﬂdl ﬂd%ygc ures have
[ 0012] Snic success of current cartil %e surgery is limte
been shown to occur in locations of

one stress in impulsively
loaded joints. Every joint has a physiologic envelope of
function—when this envelope of function is exceeded, the rate of
damage exceeds the rate of repair. As cartilage disease
progresses, subchondral bone is less able to dissipate the stress
it encounters, i.e., shear-type stresses. The attempts of
subchondral bone to heal and remodel are seen as arthritis
progresses—osteophyte formation, subchondral sclerosis, cyst
formation, and subchondral MRI-enhanced changes, and increased
signal on bone scintigraphy. Joint deformity from these changes
further increases joint reaction force. Cartilage homeostasis is

compromised—-structural, wvascular, neural, and nutritional.

[0012] Clinical success of current cartilage surgery is limited
as it generally only works for small, unipolar (one-sided joint)
lesions of the femoral condyle. No current treatment exists for

bone edema or osteonecrosis of the knee.
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as it generally only works for small, unipolar (one-sided joint) |esions of
the fenoral condyle. No current treatnent exists for bone edema or

ost eonecrweisioafes42he knee. WO 2010/ 065426PCT/ US2009/ 06 pe93/sp@9h@jobs woul d
be desirable to have a minimally invasive joint support and subchondr al
support systemthat specifically addresses the subchondral bone in
arthritic disease process and progression, and relieves the pain that
results from di seased subchondral bone and the spectrum of synptons that
result fromarthritis, including pain, stiffness, swelling, and disconfort.
It would be further desirable to have a joint support and subchondral,

supporkO%yA em tifat" PrisviRfesoss o5 1o Hete & fHEEMEntY dpe@EshivEallqt Tor
bone e;dm( 2raj"ldarm)rbﬁlkbﬂrwl 'rﬁﬂ%fl?rﬁtp@ﬁimrmt@d s;ﬂartatsrgmiﬂlr@mil%s;iwmses

exi st ed; tructur scaffol diing .t.o assist in _the reparative processes
of ai Sdiss ST Al Hoa e O Rhark SARorB g SRS 4 LT
subchaemdr ade lbeness (Ae gonpr éssity e,eddnsi |fgomantd sespesd alubchshnelra Isttragss

att enuat e t ;,%Eg)cc‘tg%g q_%@g]' ) r%at% 1 r : her
j oi nt légie. gérﬂllln% tg from suobf}-:% ndr al SCL%JE eno e]1t|( %grognuc as lotgtgg’o%\ﬁ%lteuéﬂ{gt

f or matdaoni, ()1 Hdgsisst arfee lild ntche aiehId e 8T 61t -pr evfentdudid &fe fiuprtther

dest r ultdafe aveHpidNG cRIitdd agf i tTeimt alubdiep rand 1aldPp g wsadmarity
and nutritional support_from subc %ndral baone; ((7)% %S,i;;],qﬁ cectjéjprt%he

heal i ﬁ}a&f BV M5 P IO t her Festr TSIt of° %ﬁ% iN%4ge by
provi dideghaarmratéguat ésiiraset wral daseindd@)o s arighamldas ignsasioss 1al trermat i ve

to total.ét%opt cqnstructign th Qes not. preg further

ex . sca %kﬁp d 0 assi r!%be e J U NET
conpl i cate ] Gi nt”'reconstructi on; (fsﬂ 219 eat fent For subchandral® bone
di seaggrdaedaes rdl eliigeamechiidries reaxd del ay lort dral ¢3)f whdvk girsogrioessi on;
(10) anHdmlan 4 oo addidd S dihadfodess mai mally-subieet 49 d;aesenipg or
wear, as It is integral to the trabecular framework it supports; (11) an
al t er PSS FldrY 55 SSitfed, JPate1U0 D AR 2 g v dh B A Cars W al

(tibi ofeenorml )a thitatnd s J ¢atdar] yrgasiet o qaerd fdfoas BN @djpinct to
oI %600 A0 95,20 eulpall ot proceduns WL T oL dounti T for ¢ he
act i viags itdtamdehatn alHeowedh lafricerofj @imto reesurtfiaci ng drurep acemntyct(il3) a
cost %fff %ciztelr\'igzl%lﬁt & tiilva et cfp' Q[iar]%ltr %{:}lll%%e%rg .avﬁ tomﬂnﬁs%a{ss&li%%f{&f%# he
need for Tevision an suréca morbi dity, espe0|a]1y imcountries Wt ess
medi calutwd 2016/10 654 XERET/IS20 G 65998 aledmuresest 7 arrd (1hare <t rigattment
opti ondn VR &/ nar o BAIGI NG, heqifiiedl ldedi-gAUiE A thVases apd
arthritides.” Summary of the Invention [0014] The present invention provides
aj<ﬁrﬂa%ﬁhﬁﬁﬂ% byhroviding an adequate structural base; a
minimally invasive alternative to total joint reconstruction that
also does not preclude or further complicate joint reconstruction;
(9) a treatment for subchondral bone disease in its role in
arthritis and delay or halt further progression; (10) an implant
for arthritis that is minimally subject to loosening or wear, as
it is integral to the trabecular framework it supports; (11) an
alternative for tibial sided, patellofemoral, and bipolar disease
(tibial-femoral) that is relatively easy to perform, as an adjunct
to arthroscopy, and as an outpatient procedure with minimal
downtime for the patient; (12) a treatment for arthritis that
allows higher lever of activity than that allowed after joint
resurfacing or replacement; (13) a cost effective alternative to
joint replacement with less issues about the need for revision and

surgical morbidity, especially in countries with less medical
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subchondral support system or device for the treatnent of danmaged
subchondral bone in arthritic disease process and progression. The present
i nvent i orwootesss26bed herein for the human knee j oi nt, Powtuskéve/oa®es ce nay
apply to other joints and species. In a first aspect, the present invention
i ncludes a contoured, porous plate having a variable shaped inner surface,
outer surface, and peripheral surface of variable thickness extending

bet ween the inner surface and the outer surface, suitable for insertion

wi thin the subchondral bone. The inner surface, outer surface and

peri pheral surface each have a concave portion and a convex portion. The
geoneti3F VI ate iamrer (1l fPace STMBY: ST ale,  Tare feriiiset AIESifEce may
vary dgpsndiinglay tike exdcie analtoised egat iantheivigidg.eated (i.e., proxinal
tibia versus fenoral trochlea) and the specific geonetry of the |esion
being treated. One to nmultiple guide pin holes or slots are located within
the device to aid insertionsSuhergupfietbénisyeateonnserted into the
anatonic site initially with the device inserted over the pin(s) via the

hol es H10tS; Re HXCRSS RIS MY FfAkanay Qi e Jgmpued afd er device

IS |nserte wi thin the subchondral bone. [0015] The porosity of the

cont ol EEPINgt@ i SUHRHIth S STy @ ofAFHGR asdutt 50 icatdmsit ¢ fasbma#ol mm

The d%@m&tdmr oy 16f dhe Gantouriet fHath cans Herl ProRarf@its.on .
scaf f |i ke pores, or fibrous matr.i x teri.al .. The contoure | at e

i nclu ejse &Ml ERvANE lﬁﬂfla?céiecﬁcrﬁ)llki SHeérebr Havity i TEDf rom
about Jm0.m, crmn-s tthe alsouitce3 mam adpe yeant awred platre  wrtdherpdamicdsudesira a

P o oris 6 A e 6 S0 ) Eeh Sener Caro0e Debgas ot et %O
cont owrled.e poriony @l ateg liad leorhispaced nre f isudiagsh wittte mtsurdaste ,opand
cont oy ,0f, Hefl%lc%fdﬁ%%tdﬂﬂﬁgfasﬁ%@l@%ﬁd RS Qstxtté?ﬁj ;r%e%efﬂmfée@f)%é ocation

to be treated or it may be of reverse neut r al ex polarity. The
cont od’rretﬂ?rplsétréét%y Pt |t|)%eer‘5tuéd3q P et qc@astsqwkt]&dftqroﬁélsﬁrttw within

subchangy aiukbﬂﬁﬁlc&%la ymdUl arrhey immrablec idssr toutAlr |Rastadavarepnt our ed,
por ous Ia eséﬂa eapI aced .anterior andﬁposterlor t o _each other W thin the

subchadrdr® ortoUr etV pét U 14t & Has %4 Vés<t $édtiBhal area of
from abmjilob mithe aroute thQ0 ccmtheThenrger ipheraale s urdtace has scayardrabl e

thi ckiess fledhom ahouts Gl W90 RhUL LM, The esplalopremof the plate

may b of "a thi nner di nension rev rse taper to i1ncrease thickness

peri pHecatiiypn [GOIH THede# olir-&dt, - pForcousnad] dtid®iiandiaudes dtenaast one

activerochlea) and the specific geometry of the lesion being treated.

One to multiple guide pin holes or slots are located within the
device to aid insertion. The guide pin(s) are inserted into the
anatomic site initially with the device inserted over the pin(s)
via the holes or slots; the excess pin(s) may break away or be

removed after device 1s inserted within the subchondral bone.

[0015] The porosity of the contoured plate is within a range of
from about 50 microns to about 20 mm. The degree of porosity of
the contoured plate can be microporous, scaffold-like pores, or
fibrous matrix material. The contoured plate includes a plurality
of surface dimpling thereon having a radius of from about 50
microns to about 3 mm. The contoured plate further includes a
plurality of undersurface pimples thereon having a radius of from

about 50 microns to about 3 mm.



or passive danpening elenent. The materials which conprise the joint

support and subchondral support system are danpeni ng, thereby enhancing the
t r abecul awolkrorvaies42abi | ity to withstand shock and shear ®CTAS2009/D63993 0i nt
support and subchondral support systemis fabricated of a bioconpatible
material, such as netals, netal alloys, carbon fibers, foam netals,

ceram cs, ceram c conposites, elastonmer conposites, el astoner-carbon fiber
conposites, chanbered or fluid-filled nmaterials, netal matrices, injectable
gels, injectable conposites with fluid and solid matrices, bone or

bone- conposite or all ogEr afts, cryst aI or hydroxyapatite materi al s pI astics
(i.e. [08B8Y) poiimeE Biabs 1Bl % RIGHHS0si %t 9Tl RIredrds prita)t U

conbi natdrons: Qfeatsh;e akove nmter icd S;he A0 &Qﬂéycﬁﬁﬁ%%@ﬂdﬂ&ﬁﬁ%{m%ﬁ% at
[0018] l.n anot hef{ e t lof t.he rese t|nv nt on Qi_nt Sup C’chﬁr stem
for proWi dibig Yot O rrpenl g SUport 6 &anﬁ‘@é/d suby ore(Yr al°Yone
adj acerﬁuttﬂala Cthdy)H}EIjlen%t pcn'kamd:as anhed cmgaioerrqd atletlrawiang 1:&3 pm,ﬁr%ﬂtletw of
tapered, stirut 0 AN 1yhiyg

verti cg7| Sdct:)lnifelaeslutrea@mﬁ)ﬁl%%rt %Assg?l@tfotgleel %obrt abchgth%r aSS T e stf?ut

el enerﬂt@QW%délSa@rﬁi ur &t theasrt mﬂ%rt%ﬁqﬁfs Hosraved Fdr@t@rﬁ lﬁmyerb@portl on

of theplate anda @ Wl iddstfridf erd dadt e f arined o | owRh peftdion
of the plate, wherein the plurality of inferior struts may b configured to
be outLDr pl AHE WA THE D! HAHGES TR Supe 6 SF sgec[tdm The & éﬁ%at ed
pl at e fmyn havrdunser red sepasatel yod ram .t hahy wealidheefl stunfacel enents

Wi t hi Qfaztrh%bslubcchonqg al bo 1S a r%%qlucl |nsert a-E) thng al |t &pf strut

el ement’s 'has a porosi Teast’one o mcropores scaff ol d-1ike pores,
and f idsmgus Inetnsax Qfattéra mlatﬁw@laexi dgrgatfed plratreemylipenslceasablyh & t ached
to theRlardl idipdl f Lle.elemenls it Smatilne rounded joint el ements at
each intersection of the strut elenents and plate. | 020] The plurality of
strut eI enent s has a geonetry of at |east one of si nu30| dal, parallel,

radi al 0% eyl arfPec GREPUITELt GRS P U Spe7i dsles exdgordl Opc?cé)t%dé’r?al
Cross dzatmh;s]gfe &H@aﬁhpﬁrﬁ&ﬁ; el lemenits. The plavalidlys efhilde sperisy ward

i nferi.or. truts have a W‘%ﬁh of , from about 0.1 mmto a%%mp 10 m"nand a

L

thereby enhancing the trabecular bone’s ability to withstand shock

and shear stress. The joint support and subchondral support
system is fabricated of a biocompatible material, such as metals,
metal alloys, carbon fibers, foam metals, ceramics, ceramic
composites, elastomer composites, elastomer-carbon fiber
composites, chambered or fluid-filled materials, metal matrices,
injectable gels, injectable composites with fluid and solid
matrices, bone or bone-composite or allografts, crystal or
hydroxyapatite materials, plastics (i.e., PEEK), polymers,
biocabsorbable composites (i.e., TCP/PLLA), or combinations of the

above materials.



[0021] The plurality of superior struts has a prinmary bearing el ement
configured to be contoured such that the primary bearing elenent is

gener al | ywohelmmsr6as t he correspondi ng subchondral bonechaisegots®as ed. The
primary bearing element may include a flared bearing surface that is
substantially w der than each of the plurality of superior struts. The
flared bearing surface has a wwdth of fromabout 1.1 to about 4X a w dth of
each of the plurality of superior struts. The plurality of superior struts
WO 2010/ 065426PCT/ US2009/ 065993 nmay i nclude at | east one secondary bearing

el ement that connects the plurality of superior struts to each other. At
| east AP &Heconddr pvdaShgESfett FAS RHHRNT I FEm Aot 1P8% o about

5|X th%d@ipﬁiﬁ’t @‘ystﬁfteen s&mer;i@vilsﬁrmj .st%®Wﬁdﬁram@mﬁm'm{%ml d "G

el enent s _have surface nmateria operties, ich all.ow an ultra-Ilow

coef fi C%H@r%edgfs rclhccinldor%?l m]ag?gpcte(?tn%% iaplbéxg'uijc?empﬁ rimncloj1ue S 'slots are
| ocat ed omdatiad the taeVicoe rtop aaipd vinmeslerttyl arf. tHrempd de mpith (sheramed nsfer t ed
into -apat.om j injtiall j j ce. i ver the pin(s)

Vi a th%erh%lrbgse ggre%s o%@; aﬂée tglxlccgisn\g sfogl]r?t seen%:ey\a %?nea Svgerv\%té%gg be renoved

af t er afeViigenad jigis idfed NESHIIPTt Hel tubcliordralnpshe L [00E3] THé e |sorigHt ed
pl at e cAarthd W alddudRf SthutrLlieneis Aae @lr |Least One @etd W) oh Rasgdve

danpeni ng el enent. The el ongated plate and plurality of strut elenents are
fabri ¢ated Of Oﬁﬁihc?c S B¢ fatt Wrzﬂeh&fyt %‘gij?e“t%egtd%ltsgetfofr&ﬁ 9h the
prior senodimentrtil@024] lthea flrdheraspeat twfe tdiefriessnto nverddion, a

JOlntstruts may be configured to be out of plane with the plurality of

superior struts.

[0019] The elongated plate may be inserted separately from the
plurality of strut elements within the subchondral bone as a
modular insert. The plurality of strut elements has a porosity of
at least one of micropores, scaffold-like pores, and fibrous
matrix material. The elongated plate may be releasably attached
to the plurality of strut elements with smoothly rounded joint

elements at each intersection of the strut elements and plate.

[0020] The plurality of strut elements has a geometry of at
least one of sinusoidal, parallel, radial, circular, curved,
rectangular, trapezoidal, hexagonal, ocatagonal, cross-hatching,
and cross-elements. The plurality of the superior and inferior
struts have a width of from about 0.1 mm to about 10 mm and a

height of from about 0.5 mm to about 35 mm.

[0021] The plurality of superior struts has a primary bearing
element configured to be contoured such that the primary bearing
element is generally the same as the corresponding subchondral
bone being treated. The primary bearing element may include a
flared bearing surface that is substantially wider than each of
the plurality of superior struts. The flared bearing surface has
a width of from about 1.1 to about 4X a width of each of the

plurality of superior struts. The plurality of superior struts
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support and subchondral support system for providing structural and
danpeni ng support to danmaged subchondral bone adjacent to a body joint,
i ncl udes wopbiuwmb4i26y of vertical struts of variabl e geomerrys2ammeions ckness
having a first end and a second end, suitable for nodular insertion within
t he subchondral bone. The plurality of vertical struts further include a
bearing surface contoured to fit the subchondral bone being treated,
wherein the bearing surface includes a primary bearing flare. [0025] The
device may have a porosity conprised of mcropores, scaffold-1ike pores, or
fibrous matrix material. The plurality of separate vertical struts may have
var i ol Ye r'ess-Ectd o2 Sthapes SSrHES 1t Msifgdiare (&S géid i3989Ct Snoot h
]Elherrrwlﬁd ; Qflﬂjﬁa&ﬂ&ty;rc&pei@idi,ilcfﬂ afrte_ﬁdltfﬂj afmmbcshaneﬁhﬁ.ov?slt 1}@@&1 e?ae/vith |
ar ed- di anpn and .rect angul ar.. At | east .one of the rality of .vertica
strut $FIYS aré}né)efr{&nsgecegn Qhd 1% tapered the By raibﬁlégljJLJC &OSI to abolt
2010/ G65426PET/AYB2 000 /065 3B esurdrace ruic] uddse @ rsiecondamd Fegrdmig iy ar e
ext endj : ' e. .Sec [ flare i
eact e o @O ont A i Sl el Foozey e s hrari Ty 2
verti ¢t strhas caed fissiertte @i F @idthiem -a parallel or radial orientation
within the subchondral bone. The plurality of vertical struts have at |east

one actgozeor pass 4 cdanpening glienenti b & Sabniga edofl Rated

bi oconpati bl e rratderl.al of the sane tty.pe as set forth in gr}eaprlor

enbodi il the device to aid 1nsertion. e gulide pin(s re 1inserted
into the anatomic site initially with the device inserted over the
pin(s) via the holes or slots; the excess pin(s) may break away or

be removed after device 1s inserted within the subchondral bone.

[0023] The elongated plate and plurality of strut elements have
at least one active or passive dampening element. The elongated
plate and plurality of strut elements are fabricated of a
biocompatible material of the same type as set forth in the prior

embodiment.

[0024] In a further aspect of the present invention, a joint
support and subchondral support system for providing structural
and dampening support to damaged subchondral bone adjacent to a
body joint, includes a plurality of vertical struts of variable
geometry and thickness having a first end and a second end,
suitable for modular insertion within the subchondral bone. The
plurality of vertical struts further include a bearing surface
contoured to fit the subchondral bone being treated, wherein the

bearing surface includes a primary bearing flare.

[0025] The device may have a porosity comprised of micropores,
scaffold-1like pores, or fibrous matrix material. The plurality of
separate vertical struts may have various cross-sectional shapes
such as triangular (both polarities), smooth thermometer-1like,
trapezoid, flared diamond-shaped, oval, tapered with flared-
diamond, and rectangular. At least one of the plurality of

vertical struts first end and second end is tapered. The bearing
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[0027] I n still another aspect of the present invention, a joint support and
subchondral support system for providing structural and danpeni ng support

t o damagewo=xotmatessrdr al bone adj acent to a body joi nt i neCudsgo/opsesary
bearing strut elenment of variable geonetry and thickness having a

| ongi tudi nal body and an inner edge and an outer edge, suitable for
insertion within the subchondral bone. The |ongitudinal body has a porosity
to all ow vascularity, bridging bone, and other biological elenents to pass
t hrough. The inner edge is scalloped to penetrate the subchondral bone

during insertion. The outer edge has at |east two gcroov,es formed therein an
i nner Stifsce B EHES ShiTAdidrdY Body- 1 %h G175&r et it der Gy "heétsl i dabl y
di sposed tipugh falcd .easthd we @reRMes hada tihey dutere edgeton dre igerf a
surfache aof the Ion%itu inacl bocplyd.anqL ext ended past the inner edge during

i nser 1991 ¥ e "StHU° E1tenétY Wi t he subchondral bone. The basic shape
of the primary bearing strut elenent is a circle. The primary bearing strut
el enrent0PAdy be Tenfdlguredd tho dife vjeoitnew: It ¢ teadts ctdveringentssl figr migfher

geomety if; ,$haps sUch 28 A MdHRE CONGANH L Hd i cdpidied Hdfk! eSithe

hexagon, octagon, and ot her non-I1near, non-euclidean shapes, such as a

hexagdh UhiaH tehmsot Weeddes L [S0028]5Sivgi%e 0r 1AARE fine geddts i $tiafes’ Sy be
confi gié_ﬁ@der%mcjow@demﬁd dr eaeh ﬂzatdlah rcgitﬁad/gfﬂ @%Md@a{)ﬁbﬂ@méﬂjﬁiﬁme
geonetric shapes may penetrate t subchondral bone t e treated. e

Dl ur aldft y T SRt e i urdt 15 B9 91 P getHeT o

2010/ 065426PCT/ US2009/ 065993 i nclude at | east three connecting struts to
form d 0] pl e Ioorsdentlr iaqaditren] exdpeathicch tdec peigecite iofvgrdiined teoget her
pri mary. -bear] | eBent S 4.5 1C t ' .ci:rcl e by the
conne@tczllggtasét%%tr %ﬁléle pri mr%dbrzdalr %%%gﬁtgé%#eﬁgs@%%%ﬁulp d to be

j oi neds et Herl ianch FERmEt T SR tedch dedrged divlmdtoardiofl faaeyd about 1

mm t 0 AboHer &Y andRINeightd deptihRfs fr gmiakaut ckamidp Ahat &3 &Mnt

[0029] A bearing surface cover r%)[/ e att%crl]e,d to the periphery . of therl out er

cdge O tHid A i B iohg St ot st A0 "Corkt i e oW ot £1d

ent er iang itrhe it reeBfaTeNid St @uder tdhiyevasaliltaib lehanelisserrtexagenalsin the

PUDS! 655, PSS! 11T 04 16 SO TG BERILID SULLAGR PN JTB Do

bi ol ogias/syrthietyi,c bremyiarge bone, and other biological elements to pass
through. The inner edge is scalloped to penetrate the subchondral
bone during insertion. The outer edge has at least two grooves
formed therein an inner surface of the longitudinal body. An
inserter holder may be slidably disposed through at least two
grooves at the outer edge on the inner surface of the longitudinal
body and extended past the inner edge during insertion of the
strut element within the subchondral bone. The basic shape of the
primary bearing strut element is a circle. The primary bearing
strut elements may be configured to be joined to each other in the
form of a geometric shape such as a multiple concentric circle,
joined circles, hexagon, octagon, and other non-linear, non-

euclidean shapes, such as a hexagon with smooth edges.

[0028] Single or multiple geometric shapes may be configured to
be joined to each other in various patterns such that the
geometric shapes may penetrate the subchondral bone to be treated.

The plurality of strut elements configured to be joined together
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[ 0030] The primary bearing strut el enent inner edge and outer edge is
tapered fromthe outer edge to the inner edge. The bearing surface includes
a pri mar ywbearoosgi2bl are and a secondary fl are ext endi ngPo@lusenmiesops i mary
bearing strut elenment. The secondary flare can be in the formof either a
vertical double tapered wing strut or obliquely extending arm [0031] The
primary bearing strut elenent has at | east one active or passive danpening
el enent attached thereto and is fabricated of a bioconpatible material of
the sane type as set forth in the prior enbodi ments. [0032]1n yet another
aspect. of the present invention, a joint support and subchaondral support
syst erh o I G\ &%&%tqﬁfﬁ%%n%%ﬁ% S port™ to

subchangiandaonre ddjdeentn twhiatbedyl jSnzccliermiﬂj@esi@oprumtshe&eqrﬁim@@ r ut
el enent of. vari abl eegleorret ry and t hi c ne sE[haw ng a | o |tud| nal &‘R’ and

an i nisr edge And A SRt edge. Ofﬁleeci A BEE has Porodit
al | owocascdtama ystrhrtisdgi ﬁ@lebmmaand katahreimdisol rogi @auenelrmmmcmﬂmbpas%

through, Ehfﬁhe‘f}t T tu?r%g[ls 13 daj %%ettvﬂcgrs%% f&o efa%rﬂr%%\}é‘%r &3 dNNEY

surface of ont oure
2010/G@g@g@ﬁ@mﬁuég@@gﬁ@ﬁg@g@t cm and a helght/depth of from about 1

mm to about 3 cm.

[0029] A bearing surface cover may be attached to the periphery
of the outer edge of the primary bearing strut element to contain
marrow contents entering the treatment site via the vascular
channels or exogenous substances injected through the cover. The
bearing surface cover may be fabricated of either a thin netted or

woven material or a biologic/synthetic membrane.

[0030] The primary bearing strut element inner edge and outer
edge i1s tapered from the outer edge to the inner edge. The
bearing surface includes a primary bearing flare and a secondary
flare extending below the primary bearing strut element. The
secondary flare can be in the form of either a vertical double

tapered wing strut or obliquely extending arm.

[0031] The primary bearing strut element has at least one
active or passive dampening element attached thereto and is
fabricated of a biocompatible material of the same type as set

forth in the prior embodiments.

[0032] In yet another aspect of the present invention, a joint
support and subchondral support system for providing structural
and dampening support to damaged subchondral bone adjacent to a
body joint includes a primary bearing strut element of variable
geometry and thickness having a longitudinal body and an inner
edge and an outer edge. The longitudinal body has porosity to
allow vascularity, bridging bone, and other biological elements to
pass through. The outer edge has at least two grooves formed

therein an inner surface of the longitudinal body and contoured to
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fit the subchondral bone at the treatnent site. A contoured, porous plate
havi ng a vari abl e shaped i nner surface, outer surface, and peri pheral
surface oWovarowmmbize t hi ckness extendi ng between the i nnecTdasedaoessand t he
outer surface, suitable for insertion within the subchondral bone. The

i nner surface, outer surface, and peripheral surface, each have a concave
portion and a convex portion. The inner edge of the primary bearing strut
elenent is in direct conmunication with the contoured porous plate within

t he subchondral bone being treated. [0033] These and ot her features and
advant ages of this invention will becone further apparent fromthe detail ed
descrifpth dntCarrdt e COIiFay iR S ifdures tHae ¥ oW Y5 t He F9gurE$and

descr Igflirlcﬁﬂs{c ity &iaﬁd}r@giacl?iaﬁfitdlﬂe\/aiﬁi@dﬁjhfieﬁtdgr esﬁ;ﬁfadeld)e oditsad osu(rje, h| i ke
nurmeral s referring to .l ike features throughau ot h .t he drawi ngs and the
descr HBLIGIS " IO 26L07 G54 28PCHUSI 508/ 065593 B ¢ USEr pti'on 61 ‘the

Dr awi figstween the ElMBerl ur faqeersspedthiey @uticew sofr farsgnizodittagnte dfora | oi nt
suppor; E&g%- ral.,su System or di t.q .t i i on.
F|GS.J%%V Jiﬁfﬁgﬁﬁgfgt¥ﬁéggg%%6us 5§g;%%§Loft%%%5§F¥£?éﬁft gﬂ%oﬁ$%%$%d,

por ous PG ofanch@ & irentS Wit aMeG, eRch have Fr|qegcay/m IR grien and a

per spectdns: \Weaws Hf. t he damen ngigl eentnofp tike 4oidta suppeytrand

subchondral support system according to the present inventjon.
élement Jg)ln df&ect communlcé{lon w1tﬁ)t e contoured porous plate

within the subchondral bone being treated.

[0033] These and other features and advantages of this
invention will become further apparent from the detailed
description and accompanying figures that follow. In the figures
and description, numerals indicate the various features of the
disclosure, like numerals referring to 1like features throughout

both the drawings and the description.
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FIGS. 4A-4E illustrate the placenent of the device of FIG 1 in subchondral

bone of the tibial plateau. FIG 5A illustrates the placenent of the
devi ce ofwBl2@o/mb542a subchondral bone of the fenoral conagirasasd/osivesti bi al
pl ateau as a nonobl oc insert. FIG 5B is a top plan view of the

pl acement of the device of FIG 1 in subchondral bone of the tibial plateau
as both a nodul ar insert and a nonobl oc insert. FIG 5Cis a front
perspective view of the placenent of the device of FIG 1 in subchondral
bone of the fenoral trochlea. FIG 5D is a front perspective view of

t he placenent of the device of FIG 1 in subchondral bone of the patella.
FIG 6 is a perspectivenicewmfsanqdien ewatiderawdfndde joint support and
subchondral support system according to the present 1nvention. Fl GS.
7A-7D il lustrate the placement of the device of FIG 6 in subchondral bone
of a knee joint MO 2010/ 065426PCT/.US2009/ 0659

'l is d perspective’ Vviegw oOT an eﬁ%%diment of a joint

support and subchondral support system according to the present

invention.

FIGS. 2A-2C illustrate the various degrees of porosity of the

contoured, porous plate of the embodiment of FIG. 1.

FIGS. 3A-3B are perspective views of the dampening element of
the joint support and subchondral support system according to the

present invention.

FIGS. 4A-4FE illustrate the placement of the device of FIG. 1

in subchondral bone of the tibial plateau.

FIG. 5A illustrates the placement of the device of FIG. 1 in
subchondral bone of the femoral condyle and the tibial plateau as

a monobloc insert.

FIG. 5B is a top plan view of the placement of the device of
FIG. 1 in subchondral bone of the tibial plateau as both a modular

insert and a monobloc insert.

FIG. 5C is a front perspective view of the placement of the

device of FIG. 1 in subchondral bone of the femoral trochlea.

FIG. 5D is a front perspective view of the placement of the

device of FIG. 1 in subchondral bone of the patella.

FIG. 6 is a perspective view of another embodiment of the
joint support and subchondral support system according to the

present invention.

FIGS. 7A-7D illustrate the placement of the device of FIG. 6

in subchondral bone of a knee joint.
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FIG 8 illustrates the placenment of the elongated plate separately fromthe
plurality of strut elenents within the subchondral bone of the knee joint
as a noduwenroimse+2s. FIG 9 is an enlarged perspectrivseoogioesndf the
el ongated plate releasably attached to the plurality of strut el enents of
FIG 6. FIGS. 10A-10C illustrate the various degrees of porosity of
the plurality of strut elenents of the enbodi nent of FIG 6. FI GS.
11A-11H illustrate a top view of several variable orientations or
geonetries of the plurality of strut elenents of the enbodi ment of FIG 6.
FIG 12A il ustrates an enl aragrjﬁperspectl ve VI ew of the plurality of

superior stfrli-s rgemsnte of the elgnggtep@less

ill ustge@ia&ataiﬂyotﬁcﬁrorﬁnegwlaiﬁams;yofoﬂ he flareadnkeard ng slinf age: of the
enbodi 12E is a ner s ti ve VI Lw of the

secon n?}fthx) ari-Lg eq Smeht GF° t]Weeeergboldltn@rﬁ Cgfué " FIG 13Ais a
perspective view of the danpening el enent as a | ong cyI i nder housed in the
periphery 6fIG-h& deviage coflaflgB@d @erspectivi Gici8B 1 she pergyweotdds e vitew of

the dampening | SRRy idipgdyal, sphenes, emedded idhd g RET iERer ¥ Of

t he device of

FIGS. 10A-10C illustrate the various degrees of porosity of
the plurality of strut elements of the embodiment of FIG. 6.

FIGS. 11A-11H illustrate a top view of several variable
orientations or geometries of the plurality of strut elements of
the embodiment of FIG. 6.

FIG. 12A illustrates an enlarged perspective view of the

plurality of superior struts of the embodiment of FIG. 6.

FIGS. 12B-12D illustrate various configurations of the flared

bearing surface of the embodiment of FIG. 6.

FIG. 12E is a perspective view of the secondary bearing
element of the embodiment of FIG. 6.

FIG. 13A is a perspective view of the dampening element as a

long cylinder housed in the periphery of the device of FIG. 6.

FIG. 13B is a perspective view of the dampening element as
individual spheres embedded in the periphery of the device of FIG.
6.

FIG. 14A is a perspective view of a further embodiment of the
joint support and subchondral support system according to the

present invention.

FIG. 14B illustrates the wvarious configurations of the

primary bearing flare of the device of FIG. 14A.
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FIG 14A is a perspective view of a further enbodi ment of the joint support
and subchondral support system according to the present invention.

FI G 14B wol2osvmad2es t he vari ous configurations of the pcirrmsegoooews ng
flare of the device of FIG 14A. WD 2010/ 065426PCT/ US2009/ 065993

FIG 15 illustrates the placenent of the device of FIG 14A in subchondral
bone of a knee joint in a parallel orientation. FI GS. 16A-16C
illustrate the various degrees of porosity of the device of FIG 14A
FIGS. 17A-17G illustrate an enl arged perspective view of each of the
di fferent cross-sectional shapes of the device of FIG 14A. FI.G 18

i |1 ustrates tGre 1o ddeisitradre s A uRbacE™ M FIE. A 487 St Gorddial dhe of

a kneer @udcHohd& dladicaale wat sUseay aldielt am enteaid0n.el orientRltGonl9 is an
enl arged perspective vi ew of the porous bearing surface of the enbodi nment

of FIG 14%1\@5”1 %%chécatlﬁqus rt}f'lef lv%rrelsous degrees of porosity of
the device of FIG. 14A.

FIGS. 17A-17G illustrate an enlarged perspective view of each

of the different cross-sectional shapes of the device of FIG. 14A.

FIG. 18 illustrates the placement of the device of FIG. 14A
in subchondral bone of a knee joint in a radial versus parallel

orientation.

FIG. 19 is an enlarged perspective view of the porous,
bearing surface of the embodiment of FIG. 14A with associated

secondary flares.

FIG. 20A is a cut-away view of another embodiment of the
joint support and subchondral support system according to the

present invention.

FIG. 20B is a perspective view of the embodiment of FIG. 20A

illustrated as a complete circle.

FIGS. 21A-21C illustrate the various degrees of porosity of
the device of FIG. 20.

FIGS. 22A-22B illustrate the outer edge of the device of FIG.

20 having concave and convex curvatures.

FIG. 22C illustrates the concentric taper of the primary

bearing strut element of the embodiment of FIG. 20.

FIG. 23 illustrates the placement of the device of FIG. 20 in
subchondral bone of a knee joint by monobloc via antegrade

insertion.
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FIG 20A is a cut-away view of another enbodi nent of the joint support and

subchondral support system according to the present invention. FI G
20B i s a wenspawsizée vi ew of the enbodi nent of FI G 20APCriussamwas®ds as a
complete circle. FIGS. 21A-21C illustrate the various degrees of
porosity of the device of FIG 20. FIGS. 22A-22B illustrate the
outer edge of the device of FIG 20 having concave and convex curvatures.
FIG 22C illustrates the concentric taper of the primary bearing strut

el ement of the enbodi ment of FIG 20. FIG 23 illustrates the

pl acenent of the device of FIG 20 in subchondral baone of a knee joint by
nonobl oc vitd Gant egfade’ S nserits [dif tawd 0 1511065 68 B IS 200 g e ssed b of

FI GS. p24A-242 iidd ust ratee ddhe aearof rgd.eval.s of the depth of penetration of
t he device of FIG 20. FIG 25A is an enlarged perspective view of

an inserti older .used inconjunction w.th the enbadinent of FlG 20

pnsert! el 1 op

duri ng I nser G?on o} ]tsnémdeevnl caer% Iﬁeﬁsﬁ%:tslﬁfbecﬁfolr? rzﬁ b(’;l(glnel.nsertlOrl
holder used in conjunction with the embodiment of FIG. 20 during

insertion of the device within the subchondral bone.

FIG. 25B illustrates the placement of the insertion holder
spikes within each of the grooves of the embodiment of FIG. 20

during insertion of the device within the subchondral bone.

FIG. 26 illustrates a perspective view of the bearing surface

cover 1in accordance with the embodiment of FIG. 20.

FIGS. 27A-27F illustrate the various geometric shapes that
can be formed by the primary bearing strut elements of the
embodiment of FIG. 20.

FIG. 28 illustrates the placement of the device of FIG. 18 in
subchondral bone of a knee joint with multiple devices joined to
each other to form various patterns.

FIG. 29A is a cut-away view of the embodiment of FIG. 20 with
a primary bearing flare.

FIG. 29B is a perspective view of the embodiment of FIG. 20
with a secondary flare.

FIG. 30 is a perspective view of a further embodiment of
the joint support and subchondral system according to the present
invention.

FIG. 31 illustrates the placement of the device of FIG. 30 in
subchondral bone of a knee joint.

FIG. 32 is a perspective view of the placement of the joint
support and subchondral support system of each of the embodiments
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FIG 25B illustrates the placenent of the insertion holder spikes within
each of the grooves of the enbodinent of FIG 20 during insertion of the

devi ce wiwbi2nioidses2zsubchondr al bone. FIG 26 il | usCratsea9mcs993
perspective view of the bearing surface cover in accordance with the

enbodi mrent of FIG 20. FIGS. 27A-27F illustrate the various
geonetric shapes that can be forned by the prinmary bearing strut el enents
of the enbodi nent of FIG 20. FIG 28 illustrates the placenent of
the device of FIG 18 in subchondral bone of a knee joint with nmultiple
devices joined to each other to formvarious patterns. FIG 29Ais a

cut - avay SHRSR B tHe Rafsodifrentkieie BIGR20 with a primary bearing flare.
FIG 29B is a perspective view of the enbodinent of FIG 20 with a
secondary flare. FIG 30 is a perspective view of a further enbodi nent of
the joint support and subchondral system according to the present

i nventi on. FIG 31 illustrates the placenent of the device of FIG
30 in subchondral bone of a knee joint.
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FIG 32 is a perspective view of the placenent of the joint support and
subchondral support system of each of the enbodinents in subchondral bone
of a kneewpantwees42617- WO 2010/ 065426PCT/ US2009/ 065993 pDetts2600065993
Description of the Preferred Enbodi nents [0034] The joint support and
subchondral support system or

Detailed Description of the Preferred Embodiments

[0034] The joint support and subchondral support system or
device 10 of the present invention is generally illustrated in
FIG. 1. It is contemplated by the present invention that the
joint support and subchondral support system is not a substitute
for partial or total joint replacement, but may delay the need for
joint replacement in active individuals with moderate
osteoarthritis and/or arthroses. By sustaining subchondral bone
homeostases, further joint deformity and disease progression may
be delayed and/or avoided. The joint support and subchondral
support system in accordance with the present invention enhances
and reinforces the cartilage-bone complex in the presence of
diseased cartilage or a cartilage defect. It treats the bony side
of the equation by mechanical absorption of shear and compressive

stresses that threaten cartilage-bone homeostasis.

[0035] A number of advantages of the joint support and
subchondral support system in accordance with the present
invention are evident as follows: (1) the basic structure and
mechanics of the system are applicable to many parts of the
joint, as any area with cartilage disease has an adjoining
subchondral component; (2) minimal modifications in manufacturing
are necessary to apply this system to multiple areas, namely, the
contour of the porous, plate closest to the joint; (3) the device
may be inserted with minimal soft tissue dissection and minimal to
no violation of the joint capsule if done in retrograde or side-
slot insertion methods; (4) antegrade devices also may be inserted
with a minimal arthrotomy; for diffuse lesions with long anterior-
posterior dimensions, two devices may be placed anterior and
posterior to each other through the same small arthrotomy; (5) the
system is inherently stable, as it occupies little space within
the bone and is a joint scaffolding, not a replacement; and (6)
the materials that comprise the system are dampening, thereby

enhancing the trabecular bone’s ability to withstand shock and
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device 10 of the present invention is generally illustrated in FIG 1. It
is contenplated by the present invention that the joint support and
subchondrab 28108426 system i s not a substitute for part ipalr/useowos3b3 j oi nt
repl acenent, but may delay the need for joint replacenent in active

i ndi vidual s with noderate osteoarthritis and/or arthroses. By sustaining
subchondral bone honeostases, further joint deformty and di sease
progressi on may be del ayed and/ or avoi ded. The joint support and
subchondral support systemin accordance with the present invention
enhances and reinforces the cartil age-bone conplex in the presence of

di seaséedartiliSsge or a cartilage defect. It treats the bony side of the
equation by nechani cal absorption of shear and conpressive stresses that

threat[@o3&rtil a[g@- berie:thoreestasiand [L35] A duiberugfo radwanttages of t he
joint support. and subchaondral support system.in accordance w th the present
i nvent oclln1 éi;e Vi Uttoureogolq Lpsp att%slzsasalvcl Str utytaurrlea%and @ham cs of
t he systrem ave faysl ildablattar mr;fqmtlé,ofartdw@q@pher@s samyf aareed nictth
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[0038] The contoured, porous plate 12 has a porosity 24 to
allow vascularity and other biologic elements from the host to

pass through the contoured, porous plate 12. The porosity 24 of
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[ 0038] The contoured, porous plate 12 has a porosity 24 to allow vascularity
and other biologic elenents fromthe host to pass through the contoured,
por ous plwabeolAesdthe porosity 24 of WO 2010/ 065426 PCT/ UB200SL@858833 t he
contoured, porous plate 12 is within a range of from about 50 m crons to
about 20 mMm As shown in FIGS. 2A-2C, the porosity 24 of the contoured,
porous plate 12 may be conprised of mcropores 26, scaffold-Iike pores 28,
or fibrous matrix material 30. [0039] Referring further to FIG 1, the
contoured, porous plate 12 includes a plurality of surface dinpling 34,
whi ch increases the surface area for stress absorption and converts as mnuch
shear & &8 TP EShp RS Ure Ford s e tiddd g anpe @%tﬁq%é‘%gepﬁoat e
of th@mjdlld"ﬂs 22 hﬁfmﬁj md adm.f eatsjrseﬁawnTh_m surdace dioml idg ?pbﬂmltq/ roadi us
Eacﬁl QEO ns to ab The cont our ed V%o Ioatoe 12 may
furthe ¢l Jde' up]ﬁ alpci vy of & rﬂfersurfngé/e 5 e 36 éréase the
sur f acde ;arszan el law ltibhkee gontesureéd, qporfods plate thd ¥ megprrasd tfi@e | oad. The
under surface pinples 36 have a radi us of from about 50 m'crons to about 3
m [ e dixmnsiang; ohu e Sysf Gmar dewiee M asnearal L A the
size of the lesion being treated. Typically, two or nore deV| ces 1
depl oyed wqu?csatq o Forl idis fCifseSUd% lé‘ﬁ&ld‘r?e 3&9vﬂ6@qkbrln§r¥§lqs@rs

| esi onse Big ARid icala ddensdi@nd aamgseﬁfp‘trl@ﬂ abeutcchvwando aboeuichl dhgan and
t he hori zontal di nension ranges fro about mnm t o _about 100 mm The

cont ot EE® Horo i & 148 1} -stercetsisdnaﬂs area G % Sabout 1 mMmRto
about HdE@drite Tfe tﬂ@’lj@]ﬂf’aD?Slh’afsacse.HﬂJﬂa(ﬁ ﬂehae;mﬁ ourIédg sorfous pl ate 12
h - . I

agfi Sedy%{éﬁq?géﬁe gagsnrr%Zﬁﬁla%wfe aj‘{}%g% a?jsojua ache to tﬁcéjcc@(%)rﬁ%%urigﬁ pgpgus

pl at e The c,@rttaxmﬁ,n@oeqoemmlat@clﬂ &S va fpireti@éd detalivsled ey irder adgrivertfs

acti V%r{w&%e eneraed s deah ioh elfGiddL dherehyrMissiRat g ANd he
danpenlnq t he shock. passi ve danpeni ng el ement 38 nay be nade of silicone

or ot Ke -ram%@’lﬁéteerll%lto BRI 41§ vt p VL REHi TG
el eneiind8 w3 derdwirecer perdted dmMtfardd alewas 3d Imsirroatsectd ddUuES.3 3. 3B.

[0040] The dimensions of the system or device 10 generally
depend on the size of the lesion being treated. Typically, two or
more devices 10 will be deployed per location for diffuse disease
and one device for smaller lesions. The vertical dimension ranges
from about 1 mm to about 100 mm and the horizontal dimension
ranges from about 1 mm to about 100 mm. The contoured, porous
plate 12 has a cross-sectional area of from about 1 mm’ to about
100 cm’. The peripheral surface 18 of the contoured, porous plate
12 has a variable thickness of from about 0.1 mm to about 5 cm.

At least one active or passive dampening element 38 is attached to
the contoured, porous plate 12. A dampening element, such as a
piezoelectric device, converts active mechanical energy to heat or
electric, thereby dissipating and dampening the shock. A passive
dampening element 38 may be made of silicone or other shock-
absorbing material. Either active or passive dampening element 38
may be incorporated into plate as illustrated in FIGS. 3A-3B.

FIG. 3A illustrates the dampening element 38 as a long cylinder
housed in the periphery of the device 10. FIG. 3B illustrates the

dampening element 38 as individual spheres embedded in the
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FIG 3Aillustrates the danpening elenent 38 as a |l ong cylinder housed in
the periphery of the device 10. FIG 3B illustrates the danpeni ng el enent
38 as i ndwoi2dualesepher es enbedded in the WO 2010/ 06542@PTIISRH2063H/H65993
peri phery of device 10. The danpening el enment 38 nay al so be inherent
within the material properties of the device, and not a separate conponent,
i.e., silicone-inpregnated porous netal matrix. [0041] Referring to FIG 4,
at | east one to nultiple guide pin holes or slots 40 are |located within
device 10 to aid insertion within the subchondral bone 20. The gui de pin(s)
42 are inserted into the anatomic site initially (FIG_ 4A) with device 10

i nser 8 GREYE 1E GRAE DI s) e areeUBd SAFEE it (B diSR &° 44 i s

i nser tietheavert thie g dpinH(tHridd 1 Gfgatie an fenineyy epanid)g and rsltota 45
for device 10 (CFI G 4(%. The bone cutter .or dil ator, 44 i S smaltl rin

di mensiSH-1Han GEHEE™o, ‘tiereby 198 NS FFEEET RPHIariDR T The devi ce
10 i s maiserkt.ed over the guide pin(s) 42 via the holes or slots 40 (FIG
4D). The excess gui de pin(s) 42 nay break away or be renoved after device

10 is oyt ed widdin the spheho chr,alatbqree%s?@-on@gcog%ﬁecigm 4%, MRy e, used

n
initially as device 10 is allowed snmall anmounts of swveling to noreé

exact IBP % Gthes 10t Gt 16 5@ tutb dhodmaldasep| 1dt & 2@ 1 Pllac&ERHCTof t he
]glui de waithi42 dr a@dﬁ&&i&d%@lomgf@ xef e%etZdim))é ks ragoonpl !acsiﬂ,ﬁcir@ér&jetgler :
uor oscopi.c gui dance, . .qui .dance,. co er vi gati on gui ce, or direc
QUi darided o AE Co Fet CHe giide Bion 42 My e SO Surdd 5
away favem tiree econtdzuned (pordaus( Gt elB)2 upgorbdrs ertt tary /afi tdte e\ ces 10
within t o r.al iy 42]-T rati f .t i or
the 't o DAL e MRS bt B ALTIS PARLA O Sl stiEs Wd
subcheridrtal4 defcactd 20 dfar drid Wikt -n 4die | dilet 22e Thits s doldidved hyt 4a dsone

cutt ersn%fll@é:ﬂ atorg 4 10 o Qﬁ%{rﬁ,&&ﬁc@ﬁ%, Ttﬁﬁerde%\ﬁ) %a.l%iin% ta!‘%és‘lsﬂfritted
over the guide pin 42 and positioned flush with the subchondral bone 20
with &% OTFhe Thfs é17ViiGF df¥ thfe ERLEEA P ﬁé}q ﬁ?elrdﬁ Fortt (tse?néeznt"ila?] to

the jamt wsurdace (fldes 46) . (H1@043]H.G 1B3A idddists atiesid ke rplacementayof the
jOIntki%BRPE%ay or be removed after device 10 is inserted within the

subchondral bone 20. One guide pin 42 may be used initially as

device 10 is allowed small amounts of swiveling to more exactly
fit the contours of the subchondral baseplate 20. Placement of the
guide pin 42 into the subchondral defect 20 may be accomplished by
either fluoroscopic guidance, CT guidance, computer navigation
guidance, or direct guidance. In one embodiment, the guide pin 42
may be configured to break away from the contoured, porous plate

12 upon insertion of the device 10 within the subchondral bone 20.

[0042] The operation of the device 10 for the femur involves
placing a guide pin 42 into the center of the subchondral defect
20 from within the joint 22. This is followed by a bone cutter or
dilator 44 to prepare the bone. The device 10 is then inserted
over the guide pin 42 and positioned flush with the subchondral
bone 20 with a tamp. The insertion of the device 10 is peripheral

or tangential to the joint surface (FIG. 4E).

[0043] FIG. 5A illustrates the placement of the joint support

and subchondral support system or device 10 in subchondral bone 20
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and subchondral support system or device 10 in subchondral bone 20 WO

2010/ 065426PCT/ US2009/ 065993 of the fenoral condyle and the tibial plateau
as a nonowbaoivBsizasert. FIG 5B is a top plan view of trhe/ysb@aves®ns of the
device 10 in subchondral bone 20 of the tibial plateau as both a nodul ar 46
and a nonobl oc 48 insert. As shown in FIG 5B, the contoured, porous plate
12 may be inserted in at least two different |ocations of the subchondral
bone 20 as a nodul ar 46 or nonobloc 48 insert. FIG 5Cis a front
perspective view of the placenent of the device 10 in subchondral bone 20
of the fenoral trochlea. FIG 5D is a front perspective view of the

pl acerfdntth6t T Idevic@ R0 G mrsubdortdal hehe 5 ofe S e TRAIA%E 190044] The
j oi n}o ismmoff i .t mg;.fsmn@@r a:Joplsqp@@r tvgmtﬁn&@b?fldd@a@ftefmﬁtﬂer\@ﬁﬂwb
may abri cat omvirtually i,acaonpati-bl e material , includin ut
not | |elr9| t'éd Stung%r%io{ﬁasr? i ealaijoaqug;%‘,e ctaiL‘r;Oolg%;L FlEerE Y Foam et & é‘}Odglelra nics,
cer am4® conpasintesmb lelastionerssocanpodid egovel ast ahet.- ¢ar,bame idyertoured,
conposy er flui.d-fi nater i | < - i , injectable
gol o AR A0 s oarmbat Ge i T ICL d T QoI ] Ghe Bong or

bone- d&fFdsiae oif dicograraipnderiis taincor hydr ex yrsatliate 4fatcet imgrebsicast i cs
(i.e. 2PEERsrol YRy s ,5diieaksanball @ somoesiites Wiewe.of TER RhalAomert
conposi t es/ conbi nati_ons, of materials for

he above materials. The preferre
the syst meLO'NAGE ittherent” Efl%“tqrca P& &sdrbi Wertﬁoéﬁe[am%]ln
anot hert@ensadiinent fasrshea dgeddliGe 6ridvhe f ald Euppordn and saHac hindread
support, system or devi.ce 50 incl an_el ated plate 52 having a
pl uralllot yl)ﬁofS bacgleorneogcas]t r%uotneeljg)mec#???4 poafece\c/ig%'abl e geonetry and thickness
oriented in a vertical configuration for insertion into the subchondral
bone 2A®04Mde st rlite elcaments3IcEA 14 th alngt es vl gl ancia It s ugfo ostipenvisrens trlutasf 56

f or med 1n an pper; RRHH i 38.0hd heate S22 angh & ifldialid wRf i nferior
struts 60 fornmed on a | ower. paortion 62 of the plate 52. The plurality of

i nf er PO YRS HE MRy e Lonfilguréd %o 52 fodtC fofl 1gHdré iith ié idirural ity
of supertaar Slitrditss 2 rptherfa s, bef o MO/ 062426RGETH 4 )S2Q09/065993

composites, elastomer composites, elastomer-carbon fiber
composites, chambered or fluid-filled materials, metal matrices,
injectable gels, injectable composites with fluid and sold
matrices, bone or bone-composite or allografts, crystal or
hydroxyapatite materials, plastics (i.e., PEEK), polymers,
biocabsorbable composites (i.e., TCP/PLLA), or
composites/combinations of the above materials. The preferred
materials for the system 10 have inherent elastic or shock

absorbing properties.

[0045] In another embodiment as shown in FIG. 6, the joint
support and subchondral support system or device 50 includes an
elongated plate 52 having a plurality of tapered strut elements 54
of variable geometry and thickness oriented in a vertical
configuration for insertion into the subchondral bone 20. The
strut elements 54 include a plurality of superior struts 56 formed
on an upper portion 58 of the plate 52 and a plurality of inferior
struts 60 formed on a lower portion 62 of the plate 52. The
plurality of inferior struts 60 may be configured to be out of

plane with the plurality of superior struts 56. There may be
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single to nmultiple superior or inferior struts depending on the size of

pat hologic |l esion being treated. [0046]FIG 7A illustrates the placenent of
t he j oi ntweupmars42and subchondral support system 50 in ®ubaisesdnedsosbone 20
of the fenoral condyle and tibial plateau and patella in accordance with
the present invention. [0047]1t is contenplated by the present invention
that the elongated plate 52 may be inserted separately fromthe plurality
of strut elenments 54 within the subchondral bone 20 as a nodul ar insert 64
shown in FIG 8. [0048] The el ongated plate 52 serves as a secondary bearing
el ement, and di ssi pates stresses centripetally and absorbs stress

i nhereﬁiﬂ%}e %W%ﬂﬁ{%&%%@%?% itdietesy aid Ut €154 ddf“&péjr“t i€ may
vary tg -enald @asdidEssyitd arsnissiben reutsvratedlhe el ongated plate 52 prevents
subsi dence of the structural support system 50. The di mension of the

el ong | ate i s de nt_.Qn the si;ze of lesi bei.ng treated. .The
verti iqeochcﬁc]nensi%'r zr%gelg rgcm a outthf r‘?matcoema n(;:utOfi(%le Ogl Sﬁléjport
hor i zemtcalsuiaremsien reanges tf rsom tayo tt0 J;rmﬁquammallwrmmwmef glhgngat ed

pl at e £2 Nas acofr{c%sl% st 't%}ﬁ'alar 3o r0Mm 3w 1L MPLQ. @, LOQ; ;GYR.
[ 0049] I n one enbodi nent of the el ongated plate 52 is
the present 1nventlon

[0047] It is contemplated by the present invention that the
elongated plate 52 may be inserted separately from the plurality
of strut elements 54 within the subchondral bone 20 as a modular

insert 64 shown in FIG. 8.

[0048] The elongated plate 52 serves as a secondary bearing
element and dissipates stresses centripetally and absorbs stress
inherently. The elongated plate 52 thickness and material
properties may vary to enable stress transmission outward. The
elongated plate 52 prevents subsidence of the structural support
system 50. The dimension of the elongated plate 52 is dependant
on the size of lesion being treated. The vertical dimension
ranges from about 1 mm to about 100 mm and the horizontal
dimension ranges from about 1 mm to about 100 mm. The elongated
plate 52 has a cross-sectional area of from about 1 mm’ to about
100 cm’.

[0049] In one embodiment of FIG. 9, the elongated plate 52 is
shown releasably attached to the plurality of strut elements 54
with smoothly rounded joint elements 66 at each intersection of
the strut elements 54 and the elongated plate 52. The plurality
of superior 56 and inferior 60 struts have a width of from about
0.1 mm to about 10 mm and a height of from about 0.5 mm to about
35 mm.

[0050] The plurality of superior struts 56 serves to accept the
load from the adjoining joint 22. The level of penetration of the

superior struts 56 within the subchondral bone 20 includes as
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shown rel easably attached to the plurality of strut elenments 54 with

snoot hly rounded joint elenents 66 at each intersection of the strut

el enent s 0 2arhes426 el ongated plate 52. The plurality ofPCIusermnssds and
inferior 60 struts have a wwdth of fromabout 0.1 mmto about 10 nmand a
hei ght of fromabout 0.5 mmto about 35 mm [0050] The plurality of superior
struts 56 serves to accept the load fromthe adjoining joint 22. The | evel
of penetration of the superior struts 56 within the subchondral bone 20

i ncludes as WD 2010/ 065426PCT/ US2009/ 065993 fol | ows: the superior struts
56 may_ stop short or cone up to the cartil age base plate, nmay penetrate the

carti If&yd Pase gibgt SR Y¥8siTEUt? tfe Meohvett Barti9dge &8 W Gray-one
fl ush daardinesgratdaee: hgardid)g neaf tddrage s frage.cathe 1plde alddey pafadenfsrd or
struts GOC{eLnf rce t he strqgturaljjnte riﬁy of the e%gggg}gg H@te 52 and
enabl 6€ TS rithetHl 1 Sris Mdsi ol s<isati o §F % §ids toTuhder Ipcyleng and
sur rourddiing sStaaucitng esa (il lenge ong agre .soflthe islsua)l.i Jy0QF1[iAsf eshawn i n

FI GS. 1045, 4QC, ¢ & he. ipl a,ald 4 %1 0f ééfwtua}aqmp%ggé]ewoégetﬁea%rﬂo%ta%of 0 have

a porosity conprised of mcropores 68, scaffold-1ike pores 70, or fibrous
mat r i ® egtceriZalarR e ke §sorcsl i rsft alhd peinarl S rofd istsima tel et s i s
W thi 7 A deang® Qfnddamiakpuin H&uR NS dp At g i [D05ZcHe M ural ity

of strut_elenents 54 may have a variable
soft tissue)
[0051] As shown in FIGS.10A-10C, the plurality of strut
elements 54 may be fabricated to have a porosity comprised of
micropores 68, scaffold-like pores 70, or fibrous matrix material
72. The porosity of the plurality of strut elements is within a

range of from about 50 microns to about 20 mm.

[0052] The plurality of strut elements 54 may have a variable
orientation or geometry such as sinusoidal 74 (FIG. 11A), parallel
76 (FIG. 11B), radial 78 (FIG. 11C), circular 80 (FIG. 11D),
curved (FIG. 11E), geometric—rectangular 82, trapezoidal 84,
hexagonal 86, octagonal 88 (FIG. 11F), cross-hatching or cross-
elements 90 (FIG. 11G), or single columns 91 (FIG. 11H).

[0053] FIG. 12A illustrates an enlarged perspective view of the
plurality of superior struts 56 of the joint support and
subchondral support system 50 of FIG. 6. The plurality of
superior struts 56 have a primary bearing element 92 configured to
be contoured such that the primary bearing element 92 is generally
the same as the corresponding subchondral bone 20 being treated.
The primary bearing element 92 has an ultra-low coefficient of
friction surface that is polished or fabricated of a biocompatible
material. The primary bearing element 92 includes a flared
bearing surface 94 that is substantially wider than each of the
plurality of superior struts 56. The flared bearing surface 94 may
be configured to assume a variety of shapes such as circular (FIG.
12B), flat (FIG. 12C), mushroom-like (FIG. 12D), and the like.
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orientation or geonetry such as sinusoidal 74(FIG 11A), parallel 76 (FIG
11B), radial 78 (FIG 11C), circular 80 (FIG 11D), curved (FIG 11E),
geonet ri cwoeotwamwgizbar 82, trapezoi dal 84, hexagonal 86, pottisganabssss (FI G
11F), cross-hatching or cross-elenents 90 (FIG 113G, or single colums 91
(FIG 11H). [O0053]FIG 12A illustrates an enl arged perspective view of the
plurality of superior struts 56 of the joint support and subchondral
support system 50 of FIG 6. The plurality of superior struts 56 have a
primary bearing el ement 92 configured to be contoured such that the primary
bearing element 92 is generally the sane as the correspondi ng subchondr al
bone il &G SRR PRy et ing élemétt IFPthadPst i tlr &9 ow
goeffia&icﬁm |4o<f d rvdiQiﬂerrbeﬁJafcaﬂQJﬂ haiebipSlLﬁ(ﬁliiS:{yedn@rs%péﬂiﬂiidilatsﬁﬁbﬁfs ]§5|6. g
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wi dt h \gfgeac)y afnd heddurad idowaf ssuperior struts 56. The plurality of
superior struts 56 may include at | east one secondary bearing el enent 96

(FI G t hat connects .th lurality of superior. struts 56 .to each other.
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20 (FiBe 2B 1RrcA Jreast) oned o Judd ifle @Hide i HoLeohis 128 are

| ocated within device 50 to aid insertion within the subchondral bone 20.
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upon igiserd)i arofmadhe rded cah0 oM tde nrenhereslibchendradv ikene 20.s
[0055]i|?1esfeerrtrelcpgﬂift"lllritnhecrhet %u@c%onéra}lh%o%erfot.l O%l%fcetmheentd%vf Qc%e guide

pin 102 into the subchondral defect 20 may be accomplished by

either fluoroscopic guidance, CT guidance, computer navigation
guidance, or direct guidance. In one embodiment, the guide pin
102 may be configured to break away from the elongated plate 52

upon insertion of the device 50 within the subchondral bone 20.

[0055] Referring further to FIG. 7, the operation of the device
50 for the femur involves placing a guide pin 102 into the center
of the subchondral defect 20 from within the Jjoint 22. This is
followed by a bone cutter/dilator 100 to prepare the bone. The
device 50 is then inserted over the guide pin 102 and positioned

flush with the subchondral bone 20 with a tamp. The insertion of
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50 for the fenmur involves placing a guide pin 102 into the center of the
subchondral defect 20 fromw thin the joint 22. This is followed by a bone
cutt er/ diwetoro/ab826t o prepare the bone. The device 50 i #Ccrhmspomns®ps ed over
t he guide pin 102 and positioned flush with the subchondral bone 20 with a
tanp. The insertion of WD 2010/ 065426PCT/ US2009/ 065993 t he device 50 is
peri pheral or tangential to the joint surface (FIG 7). [0056] At | east one
active or passive danpening elenment 104 is attached to the el ongated plate
52 and plurality of strut elenments 54 (FIG 13). An active danpening

el ement, such as a piezoelectric device, converts active nechani cal energy
to hedt?orde €& Nk 1 & MSEB) diddsiPatidny artd dafsediify khé svdads c 13A
i |l usterates the danpening el ement 104 as a long cylinder housed in the

peri phery of the device 50. FIG 13B illustrates the danpening el enent 104

as | ndiggeyal sphenes, emedded 1in & he. peripher v gl the, devige 504 f) passi ve
danpeni ng €l enment” nay e Tradé ot si 19°cone “or ot her Shock-absor i ng

mat er isdltadEiechere ddts e aorggiassinie tdarpe sty relvarrentt L 04 ey iie elements

i ncor por atzed; i A9 pl ate B3 a% idddstdialed idhdHiGS.o k3A-L3B,  The danpeni ng
el ement. may al so be inherent within the material properties of the device
50, amdSfoteleSepar &% Eohpateiter s ectisiq iResHer ifrle fRREY por A\Fs tméttal
mat ri %1054, Thedigit osi;a@%qiattiaf@g a?d-d:bf chends rﬁﬂnlglsltmaaorsthﬁd@_ .t emmbﬁfzapt he
present. i nvention e fabricated fromvirtually any hi.oc tible .

P or Fl LR THAH A BT 19 T oo, L e & SAUTArC ot STGyr Htson Lo

fi ber shef Qm”nﬂmteady.s,ofceﬂmﬁdmz_,ic@erm C IKehpdsit e‘il@t&gmrtk@orrpo_si tes,

el ast GarRon. i her conpasi tigs; ol ersga%e%sf lell’rib%_o{delci E‘i‘?} mierials,
metal matrices, injectable gels, 1njectable conposites wth fluid and sold
mat ri e ithery orf Bdre-deomsssitle o dldsggvaf tdampgmyigicale lememyid meny dsat i t e

mat er ingl & JH ass_Ltlii(‘c_%r{é & 1ot|?1|%|—:r|<)sho%?<|—3éﬁfﬁ§o'3ﬁbim ahsbapl £ GOMRS t8% (e €.
TCP/ PLLA), or. conbi nations/conposites of the above materials. The preferred
mat er i ?afsogrl"t%éiaé‘?ﬁr@rﬂ%@lf?&%lti MY SR SSasticC IO sHEck i 52

properdd as.1J5%8]da ia frardher: 33ied memh sl sl idn FldmentdAayt A Joi nt
be inherent within the material properties of the device 50, and
not a separate component, i.e., silicone-impregnated porous metal

matrix.

[0057] The joint support and subchondral support system 50 of
the present invention may be fabricated from virtually any
biocompatible material, including, but not limited to, metals,
metal alloys, carbon fibers, foam metals, ceramics, ceramic
composites, elastomer composites, elastomer-carbon fiber
composites, chambered or fluid-filled materials, metal matrices,
injectable gels, injectable composites with fluid and sold
matrices, bone or bone-composite or allografts, crystal or
hydroxyapatite materials, plastics (i.e., PEEK), polymers,
biocabsorbable composites (i.e., TCP/PLLA), or
combinations/composites of the above materials. The preferred
materials for the system 50 have inherent elastic or shock

absorbing properties.

[0058] In a further embodiment as shown in FIG. 14A, the joint
support and subchondral support system 106 includes a plurality of
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support and subchondral support system 106 includes a plurality of WD
2010/ 065426PCT/ US2009/ 065993 separate vertical struts 108 of variable
geonet ry woaotoesdeness having a first end 110 and a seceqd/usaahHdD93
suitable for nodular insertion 114 within the subchondral bone 20. At |east
one of the plurality of vertical struts first end 110 and second end 112 is
tapered to assist in progressively dissipating stress. The plurality of
vertical struts 108 further include a porous, bearing surface 116 contoured
to fit the subchondral bone 20 being treated. The porous, bearing surface
116 is configured to include a primary bearing flare 118 of various

conf i AERtI9d1Ys V(eliﬂtécaﬂill?)?ruﬁ?e 1&% (e Wa&é&kilr?g %%@d@rﬁr dvigrtkaiess
subsi dencerpfa tthe 4oigid sugperrid andesidiehenidy all 2suppordarsiysten MGlular
[ 0059].FI G_.15 il lustrates the joint su rt_and subchgndral support stem
06 T RSO B 3o OF IR aHaY Gotid and t st fra 6tk T
accor ganos Mittyh dtherqurtesent stver ifarst GO60]1AY showsdarriel @3d 164 16C, t he
devi c 6. VE, - Qrosi.t r fodm o 18, seaffold-1ike
pores%f%%iGg?%??%?§ﬁ%tﬁa€}?§(%ﬁgﬁgﬁafﬁ'253‘?%%%%%%3%?%& of the éivice 106
i's wi FhiuT e ahges ofc firigmlatiouta B0 1% rions- ey absUtu 0 amRo (V061 F=GS.g
17A- 176G dddustinad e gt el ged mer sPectd W nURWOf bone 20 being

treated. The porous, bearing surface 116 is configured to include

a primary bearing flare 118 of various configurations (FIG. 14B).

The primary bearing flare 118 prevents subsidence of the joint

support and subchondral support system 106.

[0059] FIG. 15 illustrates the joint support and subchondral
support system 106 in subchondral bone 20 of the femoral condyle

and tibial plateau in accordance with the present invention.

[0060] As shown in FIGS. 16A-16C, the device 106 may have a
porosity comprised of micropores 118, scaffold-like pores 120, or
fibrous matrix material 122. The porosity of the device 106 is

within a range of from about 50 microns to about 20 mm.

[0061] FIGS. 17A-17G illustrate an enlarged perspective view of
the different cross-sectional shapes of the strut device 108, such
as a triangular (both polarities) (FIG. 17A), smooth thermometer-

like (FIG. 17B), trapezoid (FIG. 17C), flared diamond-shaped (FIG.
17D), oval (FIG. 17E), complex (tapered with flared-diamond) (FIG.
17F), and rectangular (FIG. 17G).

[0062] The plurality of vertical struts 108 can be inserted in
either a parallel orientation 140 (FIGS. 15 and 18) or a radial
orientation 142 (FIG. 18) within the subchondral bone 20. Radial
orientation may enable centripetal load dissipation within the
subchondral bone. The top-down geometry of the struts may be
curved 108A, straight 108B, or sinusoidal 108C as shown in FIG.
18.
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the different cross-sectional shapes of the strut device 108, such as a
triangular (both polarities) (FIG 17A), snooth thernoneter-like (FIG

17B), trapezoiwhet£2bG 17C), flared di anond- shaped (FI G PLTD)S200006399% FI G
17E), conmplex (tapered with flared-dianond) (FIG 17F), and rectangul ar
(FIG 17Q. [0062] The plurality of vertical struts 108 can be inserted in
either a parallel orientation 140 (FIGS. 15 and 18) or a radial orientation
142 (FIG 18) within the subchondral bone 20. Radial orientation rmay enabl e
centripetal |oad dissipation wthin the subchondral bone. The top-down
georre(ti[‘soy of the struts may be curved 108A, straight 108B, or sinusoi dal
108C e grbpsiimaps 291 6/'665426 PEHISZ00/0659 5T (2006 The
enbodrpmrtipeﬁj‘tﬁeembﬁq idfl usta ales ) erariged s@ﬂrfsepﬁ:tlll\& nevewopfa t he

or ous bea in surface 16 hayv ond r| n flare 144 extendin
Dol oo SR AR e T S R R A e A R et o
t he | dddb horﬂhzeorﬂﬂidrw,araﬁ dmagmlh@ \fératnechMI ehgxtrrl@futtehae tleurlalad y of
verti C‘nao'r SIS 1408 1 al ng] Sc%%o%af%’lc%%aété;% dH & fg t"n?eﬁ C%{}att]%;ﬁ 4de form of

ei t her ori zontal strut 14 e 148 can be

asyrmet@rﬁtclqari sHapes n Qehi cha Sesamideery thﬁ/@aﬁrldsl tjﬂe-mieorlr‘ﬂt‘l qe0064] 1 i s

Contefﬂﬂeat&fhbbft @t@feers%mhdﬂ\/z%}iﬂa&n vhh*ﬁgt §ﬂl%tp|llﬂr@-|dﬂ Bde[Tpl\éerMEﬁCfi' sid uts
108 are i eGalnt ed w h| n the subchaondr bone 2% Vi a side slof insertion as

shown yp can asymmetric 1in s ape in it 1s wider towards
the joint.
[0064] It is contemplated by the present invention that the

plurality of vertical struts 108 are implanted within the

subchondral bone 20 via side slot insertion as shown in FIG.15.

[0065] Referring further to FIG. 19, at least one active or
passive dampening element 150 is attached to the plurality of
vertical struts 108. The dampening element may be within the main
strut body 150A or housed within the secondary bearing flare 150B.
A dampening element, such as a piezoelectric device, converts
active mechanical energy to heat or electric, thereby dissipating
and dampening the shock. The dampening element 150 may also be
inherent in the material properties of the device 106, i.e.,

silicone-injected porous metal matrix.

[0066] The joint support and subchondral support system 106 of
the present invention may be fabricated from virtually any
biocompatible material, including, but not limited to, metals,
metal alloys, carbon fibers, foam metals, ceramics, ceramic
composites, elastomer composites, elastomer-carbon fiber
composites, chambered or fluid-filled materials, metal matrices,
injectable gels, injectable composites with fluid and sold
matrices, bone or bone-composite or allografts, crystal or
hydroxyapatite materials, plastics (i.e., PEEK), polymers,
biocabsorbable composites (i.e., TCP/PLLA), or

combinations/composites of the above materials. The preferred
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[ 0065] Referring further to FIG 19, at |east one active or passive
danpeni ng el enent 150 is attached to the plurality of vertical struts 108.
The danpewoOngiloaéssrzent may be within the main strut bodyPC5AAs2aw/0690%ed
within the secondary bearing flare 150B. A danpening el enent, such as a

pi ezoel ectric device, converts active nechanical energy to heat or

el ectric, thereby dissipating and danpeni ng the shock. The danpeni ng

el enent 150 nay al so be inherent in the material properties of the device
106, i.e., silicone-injected porous netal matrix. [0066] The joint support
and subchondral support systen1106 of the present invention may be

f abri CREF Forlomiat (508 157 SR bl dripat |151h§rr?é)tteﬁ]é15tj1cnéﬂ%cﬁhr?§k but not

li mtetbhdoxrbinet alrsparetials .al | oys, carbon fibers, foamnmetals, ceranmcs,
ceram c conposites, elastonmer conposites, el astoner-carbon fi ber

corrposliotoes's, charEberSeCdlﬂr flfl{lr }%lr:c :e?n%c? ternltalO Erﬁﬁal Or’r‘atrlces itnj ectabl e

gel s, injectabl e conposi tes Wi ui sol i ces,
bone compositt ernct saldadgralitas, semyestral &yrstlwrdrlcb@atgmhqd@m emlatlasry pI astics
€. p2EEN) &%Wl%me@!toai@ofotfawaeﬂ%wget&%t(ﬂy &g R/ A)s

conbl nat i ons/corrp05|tes of the above materi preferred WO

2010/ G65426PET/IS2ZECYID6599 P atet driidaland g tlﬁ@%fys@cd@rﬁ 156 Pai\fe aniertént
el ast i 19mCck ahsorhi r@rprﬁi%%rﬁﬂleﬁm 10064 lthestdudcrdddrdihesorenzadi ment

of FI , the 0| nt sup sub ndral, su rt system 150 incl udes a
ot i bl Ty ST SRR S AP by B TS s i ng
al ongJStZJdJenal chadylel% aﬂduﬂtnamw sedge clB6 aarxdy am GUICEr MQ@an&s a

suita f i ion W n S al _ho i nmetric
Shape 0F 0t q pAT O d AR 1 e S e iRg e, MR g
i |1 usttated Sdsmerdut aweyr 999 GO 20Acarmd tas @desnpl ¥t € citreglersch FITGe 208B.

At | e@%ngqfl%d&fnélh%o@#rlfﬁlﬂ t), 0fy %ﬁdﬂbtm &?rﬂ%ﬂi &d nhercedge clné and, out er
edge 158 1s tapered ongl t udi_nal y 154 has a porosity 155 to allow

vasculPHIAIE 1D AGG G Borre R %dﬂ&lr?é?rlool%@&ﬁ%tsel%ﬂ%g TR -t hrid\fgh.
The p@j’cﬁl&jsil)’cylaSBDfoﬂ rt&eorprrmrambeﬁamgagstsmﬂuteleel@rentla%z angesd rfamnb0

m cro shown in FLGS. 21A- t 155 may b
conpr i se&ucfrorﬂscrt(?p e s c AFF TN Ke! pEﬁng %%%qfco Eﬁ/? BT dtet i al
respeataweéley. cc{n@ﬁ@&]eﬁ@fomtlerrogdzgesw&ceﬂffﬂdi@—ﬁmmfgpﬂmr iag sstiritr celement

matrix material, respectively.

[0068] The outer edge 158 of the primary bearing strut element
152 is contoured to fit the subchondral bone 20 at the treatment
site. As shown in FIGS. 22A-22B, the outer edge 158 may be
concave (FIG. 22A) such as the tibial plateau, convex (FIG. 22B)
such as the femoral condyle, or complex (not shown) with both
concave and convex curvatures, such as the femoral trochlea. The
inner edge 156 includes scalloping for penetration of the
subchondral bone 20 during insertion of the system 150. The outer
edge 158 has at least two grooves 151 (FIG. 20) formed therein an
inner surface 153 of the longitudinal body 154. In addition to the
thickness taper that exists between the outer edge 158 and inner
edge 156, a concentric taper 147 of the entire circle is present
from the outer edge 158 to the inner edge 156 (FIG. 22C). This
allows for subjacent placement in a convex surface 149 as well as
further preventing subsidence. The degree of this taper 147 may

range from 3-10 degrees.
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152 is contoured to fit the subchondral bone 20 at the treatnent site. As
shown in FIGS. 22A-22B, the outer edge 158 may be concave (FIG 22A) such
as the tiwpabiopleat2eau, convex (FIG 22B) such as the femroraiS2aondishe, or
conpl ex (not shown) with both concave and convex curvatures, such as the
fenmoral trochlea. The inner edge 156 includes scalloping for penetration of
t he subchondral bone 20 during insertion of the system 150. The outer edge
158 has at | east two grooves 151 (FIG 20) forned therein an inner surface
153 of the |ongitudinal body 154. In addition to the thickness taper that
exi sts between the outer edge 158 and inner edge 156, a concentric taper
147 of A4 Jent i e &i ridl & lildiSired&it From e iterfedde 158 o P IGtner
edge b6l (Fh2¥@al Higpadd ewssder 1ubjiacete pluaceiserirdIn o meXx
surfact% 149 as \gell as further . r.eventlia{}% subsi dence., The degree.of this
&7 “ange ' fr

t aper ey 1 Yorfi 310 dégrded 30101 OBBAZEPERHU /065993
[ 0069]Re@er23 dirvarstircat.es Tre dalrade mentpeofe tee jjaoi mtf SuEpaidvigred 150 may

subch I rt t i r f. ral
condyﬁ%qéﬁéj ?i gl alngpﬁ)éltsetgﬁg ijeggadcﬂgé%#glr??e i ﬁ%qtrﬁje t%;gégteeﬁl? a%];lvsteernét%l ol(r%l.rmThe

dept h FIfCerdtfratdiCorr s tthetdevi @136 g/l arariheddseindi mf oma he exact
pat holQ@y-HReidig 1t reatediasseen Jdan)Fl G5 2AA1246 1suah dhatsddcnmyae bel ow

the | evel of the subchaondral plateau (FI 24A), at the level of the
SUb G A5 i G G FABEC e R THE GHch GHAr bl e Fiidsh
w th tde natdive cardtdillage (EI1G. 240).. [0070] FIG 25A is an enl arged
perspective view of an insertion holder 155 used in conjunction with the

enbodi of FlI 2 uri i rti f j,aint s r n dral
Suopor T e m Ao e TRG i T e S H “Bone o ARa R

hol deh o8B thds S Yseokiymalcorgrarid i stidlh g B3P odamsing alfi (RLCof Xpi kes 161
at theydiisial; end 133 e qrnfigued i ddd diy atudeasiaAWo Greewes or

vascul ar channel s 151 at the outer edge 158 on the inner surface 153 of the

| ongi tVATFH BodPVis# tlo lefddtinvdiie ROl iddyitad el 56 -dditishg s ton
i nser tHanriasd tiI, Hare =syhehandiall Jonred Idi dtslceiemiat ed Ryl dha ipresent

[ ti t hat [ i hol d 55 be..used i 150.
[ 00711258 | 1T uSt Tt E e i acement: or e JLieer ticon Mol der ST 161
wi t hi tweachr afvashe greees aar aast lar Idamielthel shitafr tduryee ritsadiareritheof
FIG 2 i ' ' f | : it hi h 0.

- 20, dyr 's”ugffa%%erlt%o%d@ thtehqul?/ftt L pq Wl n 44 %é%‘%’%&@éfﬁ%@&

During 1nsertion of the device ural ity of spi

i nser thihen deotider 1diGstalriend 1159 larse Pustie d IddwWiwe e iy ie ngeoy &9 16t

vasculmar i@%?ﬁﬂe?nph%lteaﬁ%éﬁft%eorﬁfe%fe%ﬁ viredrended diast dhe simpear: jedge 156.
The plurality of spikes 161 fromihe inserter holder 155 exit at the

scal | FedSnrler e Pr56S5Td Bae J5USHEd ‘ddeper into the subchondral bone

20. The device 150 and insertion holder 155 is then tanped into the
subchdro7dl] bone' 20 &t® tiHd udtsertdsonHwoldercebEmt o i hére rieraeved omot

shoun o . B S SBLASS 491 oXLaed botond LA I, R
151 of the embodiment of FIG. 20 during insertion of the device
150 within the subchondral bone 20. During insertion of the
device 150, the plurality of spikes 161 at the insertion holder
distal end 159 are pushed downward in the grooves or wvascular
channels 151 and are preferably extended past the inner edge 156.
The plurality of spikes 161 from the inserter holder 155 exit at
the scalloped inner edge 156 and are pushed deeper into the
subchondral bone 20. The device 150 and insertion holder 155 is
then tamped into the subchondral bone 20 and the insertion holder
155 is then removed (not shown). The plurality of spikes 1ol

extended beyond the inner edge 156 create channels in the
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subchondral bone 20 whereby bl ood/ marrow may access the outer edge 158 of
the primary bearing strut elenent 152 via the grooves or vascul ar channel s
151. G oowve=xoh#bs4mmy al so be in the formof hol es w thi RCThES2@0i068203
bearing strut elenent 152. [0072] As shown in FIG 26, it is further

contenpl ated by the present invention that a bearing surface cover 163 may
be attached to the periphery of the outer edge 158 that serves to contain
marrow contents entering via the vascul ar channel s or exogenous substances,
injected through the cover (i.e., cultured chondrocytes). This cover 163 is
made of either a thin netted or woven material or biologic/synthetic

menbr & CHOTFSASL Eowr? iHRISES. P2PRYTE N 1k NFabfétFa e hsp@Ue? G9%he
pri marys oear itﬂtgal ?giﬂitﬂtaéej ejwﬂ) i&glaaarg;aﬂ etl%ln@rﬁj( rmﬂée \(Zi%lc)@h&hbég)qom td'rpel e
concentric circle (FI 7B), j.0i ne id.cles (FI 7C), .hexagon (FE
37Dy - O GO AR I8y o "SE: o e dtLs hoi bl o Rhédes
as a lexagowivitin sieotdedicedgés(Ring ARt cllengort end. beari ng strut
el enents 152 configured to be joined together include at |east three
conneciggyp St r utss 164,10 sfomma my tipl 6 Lancentdy ¢ Giveld (- Gn 2 7R in
whi ch each circle 166 of joined together primary bearing strut el'enents 152
i s cofiEaedd tie VAl tddjradéintt @& RA% 1166 By fare coifrectlithg Tt diss atgached

[0P7_4]t:d Hrse fwﬁ;werﬁpMErﬂ%JGegtcﬁ&&%éd@% ]E;rs%&midaﬂ m&nb tdon d fdtaint%iimglhe OL
mul t1 pl e geonetrli c shapes may conrli re 0 be jolned to each other
' v DA o1 68 LT gy ESiY com T GRE orE (B 38 such

t hat tdhéd geornets,i drsapes] 62 amyh péretacates t he ssybchdrdrald bone 20 and
enabl i i\fferent. sj ridl. | esi at, t t t t. sit The
geoneti et e Sl e e i WA s nn i TR e
conpartavett masdriedl viad blioleglatoatihed 1d ateedmlansat el | ar facet, nedi al
tibial platea, etc. The geonetric shapes 162 may be inserted within the
subchqyad] boney201ejtrhern pirgeneals-or monokd %Ceo\ﬁ{eaeﬁrtt %@fagxte igIseyation
(i.e., fromthe joint surface). WO 2010/ 065426PCT/ US2009/ 06 9936[007@ The
di menditn oMt e 55010 % & Sf<Eube ([qn be a circle (FIG. 27A),

multiple concentric circle (FIG. 27B), joined circles (FIG. 27C),

such

hexagon (FIG. 27D), or octagon (FIG. 27E) or other non-linear,
non-euclidean shapes, such as a hexagon with smoothed edges (FIG.
27F). The primary bearing strut elements 152 configured to be
joined together include at least three connecting struts 164 to
form a multiple concentric circle (FIG. 27B) in which each circle
166 of joined together primary bearing strut elements 152 is

connected to an adjacent circle 166 by the connecting struts 164.

[0074] It is further contemplated by the present invention that
single or multiple geometric shapes 162 may be configured to be
joined to each other in various patterns 168 (i.e., a honey-comb
configuration) (FIG. 28) such that the geometric shapes 162 may
penetrate the subchondral bone 20 and enable use with different
size cartilage lesions at the treatment site. The geometric
shapes 162 may mirror the entire joint compartment if the entire
compartment is involved, i.e., trochlea, lateral patellar facet,
medial tibial platea, etc. The geometric shapes 162 may be
inserted within the subchondral bone 20 either piecemeal or

monobloc via antegrade insertion (i.e., from the joint surface).
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support system 150 generally depend on the size of the |esion being
treated. In particular, the primary bearing strut elenents 152 configured
to be joiweadotoagetzher in a geonetric shape 162 each haveca/usceemws®p3 of from
about 1 mmto about 5 cmand a height/depth of fromabout 1 mmto about 3
cm [0076]FIG 29A illustrates a cut-away view of the primary bearing strut
el ement 152 with a primary bearing flare 170. In a further enbodi nent shown
in FIG 29B, the prinmary bearing strut el enent 152 includes a secondary
bearing flare 172 extendi ng below the strut el enent 152. The secondary

bear i nlﬁ]i{]' are 172 can be in the formof either a vertical double tapered

wi ng si¥A51174 dhostimgnes itk ten ditivy J&im B 78 PPRids & sk SOFaIY Ficdr es 172
3 erve sm;p‘dxlrﬂ hafs Heas i8135to( s;l@bﬁse '%ﬂ;@pdd&@ﬁ?]cﬁt dﬂk%asdihme)faﬁiﬁe\/afyi qeassi ve
anpeni ng el enent 17 El . is.attached to,the .prinar earing ,strut
el onent® 152, e Shmpeil 11 ST art ey e 1 NHdrert= Lo he i ier 4Foc>

pr operltiZes agff itcheredeviac éel 50, i riede . togsiihegonear ianjosstmgioricusshegteal 1 afataach A
danpenjng. el &Rt SUC 85 & %{b%&e!le%( ore) %govdug:e% ANVEd  active
mechani cal energy to heat or electric, thereby dissipating and danpeni ng

t he sHECiEh/CERBITIRE jioidt ampporlt Mhd S @hshtndr &M -support syst em 150 of

the present invention may be fabricated fromvirtually any bioconpatible
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TCP/ PLULA) s torutc ortsimsatti drbs) -corfiissitssprofavhé cayove ridtcers dl' s CPhe Isr efrer r ed

VO 2019/ D65426RGT/US2009/065993 Jmt efdialis filpd:hes systemilBQ have Jnher ent

el asti ¢ or shock absorbi ng properties.
obliquely extending arm 176. These secondary flares 172 serve to

further resist subsidence.

[0077] At least one active or passive dampening element 178
(FIG. 29B) 1is attached to the primary bearing strut element 152.
The dampening element may be inherent to the material properties
of the device 150, i.e., silicone-inject porous metal matrix. A
dampening element, such as a piezoelectric device, converts active
mechanical energy to heat or electric, thereby dissipating and

dampening the shock.

[0078] The joint support and subchondral support system 150 of
the present invention may be fabricated from virtually any
biocompatible material, including, but not limited to, metals,
metal alloys, carbon fibers, foam metals, ceramics, ceramic
composites, elastomer composites, elastomer-carbon fiber
composites, chambered or fluid-filled materials, metal matrices,
injectable gels, injectable composites with fluid and sold
matrices, bone or bone-composite or allografts, crystal or
hydroxyapatite materials, plastics (i.e., PEEK), polymers,
biocabsorbable composites (i.e., TCP/PLLA), or

combinations/composites of the above materials. The preferred
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[0079] Referring nowto FIG 30 in a further enbodi ment of the present

i nvention, the joint support and subchondral support system 180 includes a
pri mary bearbrgesizsut el enent 182 of vari abl e geonetry aou/uskéooks®ss havi ng
a longitudinal body 184 and an inner edge 186 and an outer edge 188. The

| ongi tudi nal body 184 has a porosity to allow vascul arity, bridging bone,
and ot her biological elenents to pass through. The outer edge 188 has at

| east two grooves 189 formed therein an inner surface 190 of the

| ongi tudi nal body 184 and contoured to fit the subchondral bone 20 at the

treatnment site. The system 180 further includes a contoured, porous plate
192 haAY 2@ Warfi bl e IFape ™ imét "Sis ac@ersit sitat ‘Surfacdords, and

per i pheralrisiud ace k98 iefs vari abl e thi ckness ext endi ng between the inner
surface 194 and outer surface 196, suitable for insertion within the

subch bon ._The inner_s C 94, outer .surface 196, .an
peri pheral ]surfg{cetzafOe 198 '6acly é:voe%;lfc’?e?poéc]ﬂ ve élorr{:chaevre eﬁno%rotc%]iénr?, nthZP%, tﬂ%A,
198A amsentesipertrivercorivex Jpomt evrkeAB, Ag6Burt8BIdrie Suprerrtedge 186
of the nridyarys deafd et rity Sl eBnt L82 o dit i I8Ch, LM cation wi th
the contoured, porous plate 192 wthin the subchondral bone being treated.

The cOOREEE FFSrBEUS Ylodie HIZ B IHE GG S upperit iehdasluibhdred and
suppordn systeamskBR: mays i wde cufuraldd v of. swd ace divmlies12¢2and s4

d f i npl 204 i ly d i.bed ab . [0080]FI G 31
o T o R B o o e R e T R il Sigoar t
syst emjlﬁfbgﬂtatmelsanmrmdmalpdwm:mmjh.t ha‘kfeemnrtmr (mmiyllé garchg idd al
plateau jn acgordance wiit tf{bemﬁerae?c%%tréi’}l"%’}% 10 Os%%ﬂ 4o 35900%’1} enpl at ed
a ﬁ u 5hon ral

by the present invention t the joint support and s support
syst erhor80- tvelirigel ekt tlddt winchiaenttive ragh divorfdrtal tHso rrelczh casgerldidsgne &G he

i nser tiion W0 2010/,065426RCT/ US2009/,065993 dechniguss pievieusly di scussed
above. [0082] At | east one active or passive danpening element 206 is
contoured, porous plate 192 having a variable shaped inner surface

194, outer surface 196, and peripheral surface 198 of variable
thickness extending between the inner surface 194 and outer
surface 196, suitable for insertion within the subchondral bone
20. The inner surface 194, outer surface 196, and peripheral
surface 198 each have a respective concave portion 194A, 196A,
198A and a respective convex portion 194B, 196B, 198B. The inner
edge 186 of the primary bearing strut element 182 is in direct
communication with the contoured, porous plate 192 within the
subchondral bone being treated. The contoured, porous plate 192
of the joint support and subchondral support system 180 may
include a plurality of surface dimples 202 and undersurface

pimples 204 as previously described above.

[0080] FIG. 31 illustrates the placement of the joint support
and subchondral support system 180 in the subchondral bone 20 of
the femoral condyle and tibial plateau in accordance with the

present invention.

[0081] It is contemplated by the present invention that the
joint support and subchondral support system 180 may be inserted

within the subchondral bone 20 according to the insertion
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attached to the joint support and subchondral support system 180. A
danpeni ng el enent, such as a piezoelectric device, converts active

mechani cavoensvigy4260 heat or el ectric, thereby dissipatiPog/usaaodesypeni ng

t he shock. [0083]As with the previous enbodi nents, the joint support and
subchondral support system 180 of the present invention nay be fabricated
fromvirtually any bi oconpatible material, including, but not limted to,
netals, metal alloys, carbon fibers, foamnetals, ceramcs, ceramc
conposites, elastonmer conposites, elastoner-carbon fiber conposites,
chanbered or fluid-filled materials, metal matrices, injectable gels,

i nj ect W?%ﬁﬂﬁﬁxﬂ%ﬁ¥$QM%4YfQHEQP%%ﬁﬁ:ﬂQQYQmatrlces bone or bone-conposite
or allografts, crystal or hydroxyapatite materials, plastics (i.e., PEEK),
pol ymeo083i oabgar hakl« conpesities (dr @na,ss'ﬁ(ﬁl%/ I?idm@e,niﬁfg element 206 is

conbln t'O]S/gQ%P9§1tes of t he ab ve | %k reﬁg&y%g teﬁg%s;for

the sy /s ave |Hheren§qﬁ asti ¢ or sorbl prop |es
[0084MHdangDudqlﬁﬁ@mwés ﬁheﬂpEaC@mmﬂezﬁehdﬂquﬂrﬁewmQﬁanonﬂﬁrts

subchondriale siRPONt SYistem 20:hH36,5,150,c 180 LOf t@%cr%kﬁ/f dif&ipating

af orenent i oned enbodlnentsjéﬂgcussed above i n subchondral "bone 26)of a knee
j oi nt ¥ P Preseriths MEti-on contenpl ates that each of the enbodi nents
of the joint support and subchondral support system 10, 50, 106, 150, 180
rmyqummirlqummHme@mﬁmmgamwm%MMHQO&g@MwM@ﬁﬁwumwnﬂ

Toi nt * FOOKSTTL SHBTE Gesar] Dol ‘B biint &S &7 ‘GagH o Ch Gbak it s ey
be varfisgd iias tdes i fgmm f\unUIuaery cper aiummmnfbmmaitlmammmqlai@ngand
gb?%?%%@ﬂ%%ﬁa H%’%ﬁgﬂ%%gl 36?%6821t 31%§§%ij5§§§?¥§£ e |nvent|onV$%
accor@gﬁ@éqmtqgramlcs, ceramic composites, elastomer comp081tes,
elastomer-carbon fiber composites, chambered or fluid-filled
materials, metal matrices, injectable gels, injectable composites
with fluid and sold matrices, bone or bone-composite or
allografts, crystal or hydroxyapatite materials, plastics (i.e.,
PEEK), polymers, biocabsorbable composites (i.e., TCP/PLLA), or
combinations/composites of the above materials. The preferred
materials for the system 180 have inherent elastic or shock

absorbing properties.

[0084] FIG. 32 illustrates the placement of the joint support
and subchondral support system 10, 50, 106, 150, 180 of each of
the aforementioned embodiments discussed above in subchondral bone
20 of a knee joint 22. The present invention contemplates that
each of the embodiments of the joint support and subchondral
support system 10, 50, 106, 150, 180 may be used in combination
with one another to provide enhanced structural and dampening

support to damaged subchondral bone 20 adjacent to a body joint.

[0085] The above-described elements for each of the embodiments
may be varied in design, function, operation, configuration,
materials, and dimensions, and are not limited to the descriptions

provided herein.
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the requirenents of the patent statutes, those skilled in the art wll
under stand how t o make changes and nodifications in the present invention
to nmeet tweinimpesfi c requirenents or conditions. SuchPcharsges/ 0esvds

nodi fications may be nmade wi thout departing fromthe scope and spirit of
the invention as set forth in the following clains. WO

2010/ 065426PCT/ US2009/ 065993 WHAT IS CLAIMED IS: 1. A joint support and
subchondral support system for providing structural and danpeni ng support

t o damaged subchondral bone adjacent to a body joint, conprising: a
contoured, porous plate having a variabl e shaped |jnner surface, outer .

surf ad®@O8&d perigphercal NSlr f3R3F BfOSAr LBl el * WP EkHess 1@t dRAP hg? Bt waeht 1t he
i nBeL t&iﬁfjiaék%;jaﬁ‘éinérﬂﬁs Oblfﬁth_éupfaa@ﬁ,t ]fdﬂattahﬂees,f Oﬂfhd@?eékil)ne(wi thi ﬁlﬁlbheilrt
subchondr.a ne; the jnner .surface, outer .surface.and. peripher
surfageﬂelacﬁnﬁg\ﬂsﬁﬁng cBRtave” pdition “ARE9E ScoRvEx Iﬁ%gffﬁﬁ?gl ns lv\r/he?%“len
at | eastessmes guiideepimnohol ecor sket i stheatat edpaictifiic t heegontenerds parmus
pl at e id inserti an he. t % at. le o]

cor resctogln |t%gdr%tsji de %rérkll ngtl%%&tgg‘émsjugi %lﬁ%}%b%}l% %5. .Q%eﬁjgglenﬁﬂst&%%rt
and sﬁ%ﬂﬂr@dﬁfﬂ{% Sippokhe s§seBm 6hdcIskilmit, Atheke? nlithenpbpbsify seft tiaerth
cont ourred Hl atg licyiMd i igd.ange of from about 50 microns to about 20 nm
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3. The joint support and subchondral support system of claim2, wherein the
contoured, porous plate includes at |east one of mcropores, scaffold-Iike
pores, amsof2otwimssématri x material. 4. The joint suppoPCTASdo©bEbONdr al
support systemof claim 1, wherein the contoured, porous plate includes a
plurality of surface dinpling thereon having a radius of from about 50
mcrons to about 3 nm 5. The joint support and subchondral support system
of claim1l, wherein the contoured, porous plate includes a plurality of
under surface pinples thereon having a radius of fromabout 50 microns to
about 3 mm WD 2010/ 065426PCT/ US2009/ 065993 6. The joint support and
subchommlrs upaMesg:em of claim 1, wherein the contoured, porous plate
may be configured to fit flush with at | east one contour of the
correspondi ng subchondral bone at a specific body joint |ocation. 7. The

] Oi nt Isuppd¥ tj cand saulimfwtdraaid supEdrdn dsyeslt empgfordd aymtkm wier ginotileing

cont oy aﬁt%b Qr-0us, f L&, d}%{;%[}ﬁtbdcd '?ia%aed %ass%gbté’k*%]r!a%%af' % of the

subchon one as a ul“ar obl oc 1ns e joint support and
subch@?ﬂjlraélefstuﬁ@orat bsgﬁgf[@mmt,cl@mﬁmsmr ein the inner surface, outer

surface and, RefiRhelRl, YHlAGe Bach have [y geanBliah1 MG ararigs accor di ng

to the exact anatomic |ocation bei ng treated and specific geonetry of
| esi oF Weiard t rEted. 51192 Cre G161 MESEa! i I8 disc iondiedi: auSpor t syst em
of cl aimcknesieredigeratideasitwens gilidde rpigr rmyrm@c@m‘d gieed it br eak away

fromthe Lontoure or spate uponl ertl on the at.e W|th|nthe
e i htia

subchandr aal Yone e jléllsn lL?ppor nd SL?bCSnOﬁ: supporr% ‘syst em of

claim 1, whéreiimrtche sconteou,edutpor cus Pl erthy e igihesslsectrifonal carada of
ffO”’QQRHHuf-Jﬂégﬁ%é§§ﬂgof¥¥%ﬁﬂg%d a convex portion;

wherein at least one guide pin hole or slot is located within
the contoured, porous plate to aid insertion and placement of the
plate over at least one corresponding guide pin within the

subchondral bone.

2. The joint support and subchondral support system of claim 1,
wherein the porosity of the contoured plate is within a range of

from about 50 microns to about 20 mm.

3. The joint support and subchondral support system of claim 2,
wherein the contoured, porous plate includes at least one of

micropores, scaffold-like pores, and fibrous matrix material.

4, The joint support and subchondral support system of claim 1,
wherein the contoured, porous plate includes a plurality of
surface dimpling thereon having a radius of from about 50 microns

to about 3 mm.

5. The joint support and subchondral support system of claim 1,
wherein the contoured, porous plate includes a plurality of
undersurface pimples thereon having a radius of from about 50

microns to about 3 mm.
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11. The joint support and subchondral support systemof claim1l, wherein
the contoured, porous plate has a vertical dinmension of fromabout 1 mmto
about 100wormswdseehori zontal di nension of from about 1pPomuseosoeisys 100 nm
12. The joint support and subchondral support systemof claim1l, wherein

t he peripheral surface has a variable thickness of fromabout 0.1 mmto
about 5 cm WO 2010/ 065426PCT/ US2009/ 065993 13. The joint support and
subchondral support systemof claiml1l, wherein the insertion of the
contoured, porous plate is peripheral or tangential to a body joint
surface. 14. The joint support and subchondral support systemof claim1,
\é\her eiq therlkﬁaomtdmftectup%sz{jr&u%rm Qi@d]%ﬁdcai_?hﬂ eagipcane Acddare dﬁ(;l cFlQaEiSri Vg |
anpeni.ng el ement attached, thereto. : e joint support. and sybchondra
P hOP O It SHEE AP E T EHe o i B S o i e S FIEH
fabri catted adf lads ooonpatdrnio matferdhed  ced resctpeth dimgm sules Fgmalga Ic desies tathg
of netal et S, r f.i bers, foam netals, ceramcs, ceramc
COprOSait s?é%l?stb?#%?&r?pccgslﬁ%&l%'astorrer-car bon fi ber conposites,
chanbered or fluid-filled materials, metal matrices, injectable gels,

i nj ectabl e gRNPRSIdes WddHf i andreeld smatdiges.c kane o Jyone-conposi te
or allografts, crystal or hydroxyapatite materials, plastics, palyners,

bi oab3BYHa e CEnPoRI HBE S Dr RGPS it Al st i101RE e He' oveast

mat er itals.1ockdiohd @imtcisuppoydh ant Subchendrala suppdrdr systemdidioc

provi dll ng structur al and danpeni ng support to damaged subchondral bone

adj acent°t'o ‘a body joint, conprising: an el ongated plate having a
plurality of tapered strut elenents of variable geonetry and thickness

ori ented i ert | ]?%Qﬂf td i-ns | i ral
bone; £ rmtaeh\é%;l%{rttcjtaéu I engn%g{cgoén%%oﬁdgf% %Irbtdrpggl}lt!t yrg%ftt%ﬁﬁe%}]i%gl%qsrﬁ?rldt S

f or medr & Sl dpiserl PGt oW Ifche@Picat i e pingt &Saiyphsird InferifecSstrut s
formedom advewer Rofiddtary ofyrtike platies wheridi ddhe Pliald:day tofa dafetiior
struts may be %oer}fnlggured to be out of plane with the pll ural i tg/eionfg superi or

struts©°C tion treated and specific geometry of lesion
treated.
9. The joint support and subchondral support system of claim 1,

wherein at least one guide pin may be configured to break away
from the contoured, porous plate upon insertion of the plate

within the subchondral bone.

10. The joint support and subchondral support system of claim 1,
wherein the contoured, porous plate has a cross-sectional area of

from about 1 mm® to about 100 cm?.

11. The joint support and subchondral support system of claim 1,
wherein the contoured, porous plate has a vertical dimension of
from about 1 mm to about 100 mm and a horizontal dimension of from

about 1 mm to about 100 mm.
12. The joint support and subchondral support system of claim 1,

wherein the peripheral surface has a variable thickness of from

about 0.1 mm to about 5 cm.
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17. The joint support and subchondral support system of claim 16, wherein
the el ongated plate nay be inserted separately fromthe plurality of strut
el ement s wot2hiones42eé subchondral bone as a WO 2010/ 06542 @PT/SLIB206B35965993
nodul ar insert. 18. The joint support and subchondral support system of
claim16, wherein the plurality of strut elenments has a porosity of at

| east one of mcropores, scaffold-like pores, and fibrous matrix material .
19. The joint support and subchondral support system of claim 16, wherein
the el ongated plate may be rel easably attached to the plurality of strut
el ements with snoothly rounded joint elenents at each intersection of the
strut 16) enemes sandhtt %p@ﬂdlﬂgairﬁﬂ smmﬂﬁmdr%ﬁl st dral niy suppet ca_LQﬂm 1,

subchondr al. ort s ten1of a|n11 ein the pIurallt Sstrut

ol oo R Habs PR R0 & for B O g aOHRRy RO ot 1B BTE
Si nusmrdaja,nqmrtaldlelt,o raadhca:ly; jmmﬂulwnfacw ved, rectangul ar, trapezoidal,
hexagonal , octagonal, cross-hatching, and cross-elenents. 21. The joint
support and subchondr al support system of claim 16, wherein the plurality
of t hd4supédificor] cdnd- isvieador astd st el Wi Sgttp ooft. frstheabalft 0.1 Mhmht o

about 1 anAnth A DSy Qf, ITOMADIGE QR 3 48M0 13ho 3R M8t 120 The

j oint support and subchondral su pport system of claim 16, wherein the
pIurqu%F%ﬂesﬂﬁﬂHQQﬁm%ﬁﬁﬁW§”ﬁa§§¥ﬁﬁh ry'SF&ddng el enent configured to be
contoured such that the prlnary bearing el ement is generally the sanme as
the c dlqg_ﬁybchondral pne, bei n reated Jﬁ? Stem' support
and su chon ral’ suppoﬁ% syéienlof k1a|n1 ﬁhé?o tﬁy prlﬁﬁr§: earlﬁg

el emrenthdmclrudés: & drl tarued de ard migr ss wrlfadce itchaftatirs csuifsst artt iaal | y w der than

each Q%Lkﬁ%@%ﬂﬁﬂﬁétﬁéﬁgrfgﬂxgéfgbnglgf%m the group consisting of

metals, metal alloys, carbon fibers, foam metals, ceramics,
ceramic composites, elastomer composites, elastomer-carbon fiber
composites, chambered or fluid-filled materials, metal matrices,
injectable gels, injectable composites with fluid and sold
matrices, bone or bone-composite or allografts, crystal or
hydroxyapatite materials, plastics, polymers, bioabsorbable

composites, or composites/combinations of the above materials.

16. A joint support and subchondral support system for providing
structural and dampening support to damaged subchondral bone
adjacent to a body joint, comprising:

an elongated plate having a plurality of tapered strut
elements of variable geometry and thickness oriented in a vertical
configuration for insertion into the subchondral bone;

the strut elements comprising a plurality of superior struts
formed on an upper portion of the plate and a plurality of
inferior struts formed on a lower portion of the plate, wherein
the plurality of inferior struts may be configured to be out of

plane with the plurality of superior struts.

17. The joint support and subchondral support system of claim 1o,
wherein the elongated plate may be inserted separately from the

plurality of strut elements within the subchondral bone as a
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WO 2010/ 065426PCT/ US2009/ 065993 24. The joint support and subchondr al
support systemof claim 23, wherein the flared bearing surface has a width
of from avoubiolnei42z60 about 4X a wi dth of each of the pl ecaltistgooobsossiperi or
struts. 25. The joint support and subchondral support system of claim 16,
wherein the plurality of superior struts may include at |east one secondary
bearing el ement that connects the plurality of superior struts to each
other. 26. The joint support and subchondral support system of claim 25,
wherein the at | east one secondary bearing el enent has a width of from
about 0.5 to about 5X a wdth of the superior strut. 27. The joint support
and subchondr alnssupport system of claim 16, wherein at | east one guide hole
or slot is located within the elongated plate to aid insertion and
pl acement of the plate and plurality of strut elenents over at |east one
corr edpondiTig guiite muppwirtthiamd hleiksulrettoredr aludpone. sy28.enThef jadiantm sSifppor t
and S% aéhes'tfﬂﬁqa}lisc%t efmsocfrucé aélrgngeqrtsvwi‘l%rse!an tot}eosellt?q%qft ea& Fﬂe"]"atsec and
plurality of strut el'ement's have at |east one active or passive danpening
el emerfneatafadhed atverest 0. scadg o Iphd ks momafppemtd dhidsuiscivridiial support
syst em@afeGlai m 16, wherein the elongated plate and plurality of strut
el ements are fabricated of a bioconpatible nmaterial selected fromthe group
consisting of netals, metal alloys, carbon fibers, foamnetals, ceramcs,
cer ami® .comesiitest ehasiareraredmesiHesiral asigrercanhoent idrerclcompad,t es,
chanbered ar quid-fiIIq%ﬁgaterials, netal .natri '
f

I es, .i.njectahl e gels,
i nj ectwahiﬁree lcnont‘p?oesietleosrl Hltﬁtc? A sb(ﬁ d en%aetarslac?esy, aﬁ:é:r?le(:%oeroe%@net%ceorrposi te
or al lrdgrafltisy crfy sttadutore lyaimoey apdth tenaretheni alsyndsldastdics, gacinarerss,
bi oabsgr bablie ;comnosities,, ore coppasitas/conbinatl ions 9fe the RV
meterial s WO 20107 065426PCT/ US2009/ 065993 . ©
plate.

20. The joint support and subchondral support system of claim 16,
wherein the plurality of strut elements may have a variable
orientation or geometry of at least one of sinusocidal, parallel,
radial, circular, curved, rectangular, trapezoidal, hexagonal,

octagonal, cross-hatching, and cross-elements.

21. The joint support and subchondral support system of claim 16,
wherein the plurality of the superior and inferior struts have a
width of from about 0.1 mm to about 10 mm and a height of from

about 0.5 mm to about 35 mm.

22. The joint support and subchondral support system of claim 16,
wherein the plurality of superior struts has a primary bearing
element configured to be contoured such that the primary bearing
element is generally the same as the corresponding subchondral

bone being treated.

23. The joint support and subchondral support system of claim 22,
wherein the primary bearing element includes a flared bearing
surface that is substantially wider than each of the plurality of

superior struts.
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30. A joint support and subchondral support system for providing structural
and danpeni ng support to damaged subchondral bone adjacent to a body joint,
conpri si My0 2010/06542a plurality of vertical struts of varipablus2geos®bsy and

t hi ckness having a first end and a second end, suitable for nodul ar
insertion within the subchondral bone; the plurality of vertical
struts further conprising a porous, bearing surface that is contoured to
fit the subchondral bone being treated, wherein the porous, bearing surface
includes a primary bearing flare. 31. The joint support and subchondral
support system of claim 30, wherein the vertical struts may have a porosity
conprised of mcropores, scaffold-Iike pores, or fibrous matrix material .

32. The joint suppart and subchpndral su rt system of claim3Q, wherein
the vert) oAbt IRY rftiaie S rteheBtroha e o S et e 2t a

t ri angltes retieroieretlercesh dpe r itrapezdiadie fHaar ed wdicsond: shaype,abevel |1 .tlaper ed
with flar i d-shape. ect e. o | 0l r
subch(#ﬁdra%%ugeu%%ﬁ @yst eﬁ]%%%cclrhaﬁjn%agcg%e leu%gallnl-@é9 C1fga§s1 eosﬁtligﬁgfst?ﬂ{e%'
plurality of vertical struts first end and second end is tapered to assi st

in prog essinely iSRRI Ng Sid esHMIRi it he hondraly banes15i34.16The
joint support and subchondral support system of clai m 30, wherein the

por ou &AM iG-S BHFHEEE e IUd €8RS TSétortaryF s ng Fikie exti&idimg el ow
t he beayddiglasyr fraceinB=1chtdny ainit suppeydt aanthes Wichendra! suppgrdrisyst em
of clain1§%f wherein the secondary bearing flare is at | east one of a

hori zontal " iy St ut® A 'di npl .~ WO 20107 065426PCT/ US2009/ 065993
26. The joint support and subchondral support system of claim 25,
wherein the at least one secondary bearing element has a width of

from about 0.5 to about 5X a width of the superior strut.

27. The joint support and subchondral support system of claim 16,
wherein at least one guide hole or slot is located within the
elongated plate to aid insertion and placement of the plate and
plurality of strut elements over at least one corresponding guide

pin within the subchondral bone.

28. The joint support and subchondral support system of claim 16,
wherein the elongated plate and plurality of strut elements have

at least one active or passive dampening element attached thereto.

29. The joint support and subchondral support system of claim 16,
wherein the elongated plate and plurality of strut elements are
fabricated of a biocompatible material selected from the group
consisting of metals, metal alloys, carbon fibers, foam metals,
ceramics, ceramic composites, elastomer composites, elastomer-
carbon fiber composites, chambered or fluid-filled materials,
metal matrices, injectable gels, injectable composites with fluid
and sold matrices, bone or bone-composite or allografts, crystal
or hydroxyapatite materials, plastics, polymers, bioabsorbable

composites, or composites/combinations of the above materials.
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36. The joint support and subchondral support system of claim 30, wherein

the plurality of vertical struts are inserted in at |east one of a parallel
and radi avoanioamwsesi on Wit hin the subchondral bone. 37PCThis2900i06399%uppor t
and subchondral support system of claim30, wherein at | east one active or
passi ve danpening elenment is attached to the plurality of vertical struts.

38. A joint support and subchondral support system for providing structural
and danpeni ng support to danmaged subchondral bone adjacent to a body joint,

conpri si ng: a primary bearing strut el enent of variable geonetry and
t hi ckness having a | ongitudi nal body and an inner edge and an outer edge,
suitable for insertion within the subchondral bone; t he | ongi tudi nal

body ving a porosity to allow vascul arity, bridging bone, and ot.her

b of opi al Serihat & 15 Gids EhARETe L Al e St kv S Seai%pi ng
t o perstmatteirtdie esubczomdmalndenedurt Ny ideserddorsuanidndral ddree out er
edge | t | east. t ar.qaves. f - therein an inner surface of the
Iongi?h fﬁ%?ﬂbggyéhﬁﬁxﬁgﬁ%%ﬁﬁéd§¥%ﬁ%|t t e subchondral bone at the
treatment sidUr@9.tyThe jVinitl BUp oy tand is vechondicaldssusiant 8yst em of

cl ai m38,cwhereinamnd nsertert heldendmy Lesld dakly diispesed ddw ough the

at least two grooves at the outer edge on the inner surface of the

| ongi FAAHAT BERP P extdiddd s tS AL &RG€/during insertion of the
strut el emaie Witdval ithe ubehondraal daone.s AdthBre Jodigti sSiupper tocands,
subchaondral su t system.of claim39, wherein.the inserter -holder has a
pl ural |et"jyrl(51fg SSBU!O e"jsceattshzf1 di'st éioner?dl%ehdattorr%lefbenchs isdléhﬁi%fn&&sa&o%é)&le\m thin

t he atodiegstt tepd agh,ooves catn tiie utErusdgeaon richesunfizere surdflackeofa t he
long'%ﬂqh@%yl%gaking flare.

31. The joint support and subchondral support system of claim 30,
wherein the vertical struts may have a porosity comprised of

micropores, scaffold-like pores, or fibrous matrix material.

32. The joint support and subchondral support system of claim 30,
wherein the vertical struts may have a cross-sectional shape of at
least one of a triangle, thermometer-shape, trapezoid, flared
diamond-shape, oval, tapered with flared diamond-shape, and

rectangle.

33. The joint support and subchondral support system of claim 30,
wherein at least one of the plurality of vertical struts first end
and second end is tapered to assist in progressively dissipating

stress within the subchondral bone.

34. The joint support and subchondral support system of claim 30,
wherein the porous, bearing surface includes a secondary bearing

flare extending below the bearing surface.

35. The joint support and subchondral support system of claim 34,
wherein the secondary bearing flare is at least one of a

horizontal wing strut and dimple.
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WO 2010/ 065426PCT/ US2009/ 065993 41. The joint support and subchondr al
support system of claim40, wherein the plurality of spikes extend past the
i nner edgeoanwates26hannel s in the subchondral bone wher eby/usb@om6s993 mar r ow
may access the outer edge through the grooves or vascul ar channels. 42.
The joint support and subchondral support system of claim38, wherein the
geonetric shape of the primary bearing strut elenent is a circle. 43. The
joint support and subchondral support system of claim 38, wherein single or
mul ti pl e geonetric shapes of the primary bearing strut elenents nay be
configured to be joined to each other in various patterns such that the
geonetric shapes may penetrate the subchondral bone to be treated 44. The

j oi nt t d bchondr al f cl 4 th
L gl &b il 36 GO SR Re W gur 6 e 16178l ogueHa 20
i ncl udéncate ilreaste t;ﬁmeﬂlctmyn@o‘.t megctstcrajt s ttru tfsoramea imddritpde mraad:eriterasﬁ:

circlejn whiy CE> ‘% S ra(t'taerr%l iy ot‘]{]'e@cra)ltl%%awﬁ%ﬁ} rt‘ht & %@{&E‘qhe i nt

connected To a acent. Ci e connecting strut

supportorgnd subchondral support system of claim 38, mhereln the primry
bearing strut el enent has a di aneter of fromabout 1 mmto about 5 cmand a
hei ght/ dept h of from about mmto about 3 cm 46. The 10|nt support_and
subchohdr all “upportt ssyjétpé?rﬁtofaftﬁ AHBP Yt SUPRHerS S dGE atd Oit'dt Edge
of t ha;twﬁermf Ve theaydgtg stg lﬁctﬁJv%miﬁt des diaperethperdhg Hienjaithti ssupport and
subcho ﬁgort sgﬁtentof cI %léMYﬂél the | ongi t udi nal body

i ncl ud'aes a 55 ety Bear ngﬁtjtta}’r ruts

38. A joint support and subchondral support system for providing
structural and dampening support to damaged subchondral bone
adjacent to a body joint, comprising:

a primary bearing strut element of variable geometry and
thickness having a longitudinal body and an inner edge and an
outer edge, suitable for insertion within the subchondral bone;

the longitudinal body having a porosity to allow vascularity,
bridging bone, and other biological elements to pass through;

the inner edge having scalloping to penetrate the subchondral
bone during insertion; and

the outer edge having at least two grooves formed therein an
inner surface of the longitudinal body and contoured to fit the

subchondral bone at the treatment site.

39. The joint support and subchondral support system of claim 38,
wherein an inserter holder may be slidably disposed through the at
least two grooves at the outer edge on the inner surface of the
longitudinal body and extended past the inner edge during

insertion of the strut element within the subchondral bone.

40. The joint support and subchondral support system of claim 39,
wherein the inserter holder has a plurality of spikes at a distal
end that may be slidably disposed within the at least two grooves

at the outer edge on the inner surface of the longitudinal body.
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WO 2010/ 065426PCT/ US2009/ 065993 48. The joint support and subchondr al
support system of claim 38, wherein the | ongitudinal body includes a
secondar ywbl2aromeesesendi ng bel ow t he | ongi tudi nal body. P¢®/USTIE/OpIONE
support and subchondral support system of claim 38, wherein the secondary
flare is at | east one of a vertical, double-tapered wing strut and
obliquely extending arm 50. The joint support and subchondral support
system of claim 38, wherein the porosity of the |ongitudinal body may be
conprised of mcropores, scaffold-like pores, or a fibrous matrix material.
51. The joint support and subchondral support system of claim 38, wherein

the prdinar yfkféeagrdlmga sgdpgiorai enentsubieldides 1a Leipeent rdyedapert faienmat e,
52. The rt and subchondr al

t d
SUppOr AP BriTBY A iTh 30, HnGRai 7 % el P D adia g e RSBl R rmy
have ahgeorsdts yin rtHehesfarrmrafrad. mdrtd pihes regmc éntaddc ai medresowW @isned
| , t t
S upor ot Ao o dee U] BB, SRR ey Hrapl .01 1

surface cover nay be attached to a periphery of the outer edge to contain

Marrow content s; enierd g dhr Qa!%ﬁﬁ Wrﬁra&h@dﬁ@o%tor REUS- 1sUbstayces
i njected through the cover. joi nt support and subchondral support

syst eSS & 3 ke Stk}?é’eoéjér NG SFsde Q&A% Fabri GBI rom a
thin, inetd ed rarlanoven materi al or biol ogi c/synthetic nmenbrane.

43. The joint support and subchondral support system of claim 38,
wherein single or multiple geometric shapes of the primary bearing
strut elements may be configured to be joined to each other in
various patterns such that the geometric shapes may penetrate the

subchondral bone to be treated.

44, The joint support and subchondral support system of claim 43,
wherein the single or multiple geometric shapes configured to be
joined together include at least three connecting struts to form a
multiple concentric circle in which each circle of the primary
bearing strut element is connected to an adjacent circle by the

connecting struts.

45. The joint support and subchondral support system of claim 38,
wherein the primary bearing strut element has a diameter of from
about 1 mm to about 5 cm and a height/depth of from about 1 mm to

about 3 cm.
46. The joint support and subchondral support system of claim 38,
wherein inner edge and outer edge of the primary bearing strut

element is tapered.

47. The joint support and subchondral support system of claim 38,

wherein the longitudinal body includes a primary bearing flare.
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55. The joint support and subchondral support system of claim 38, wherein
at | east one active or passive danpening elenent is attached to the primary
beari ng swoubioalesrzent . WO 2010/ 065426 PCT/ US2009/ 065993 PCHAIS2000863993 Nt
support and subchondral support system of claim 38, wherein the prinmary
bearing strut elenent is fabricated of a bioconpatible material sel ected
fromthe group consisting of netals, netal alloys, carbon fibers, foam
netal s, ceram cs, ceram c conposites, elastoner conposites,

el ast oner-carbon fiber conposites, chanbered or fluid-filled materials,
metal matrices, injectable gels, injectable conposites with fluid and sold
matri ces, bonre jofi RoneEMosine balderaafl tspratstals teim Rydraxyiapatd t e

materials, .plastics, | yper s, . bi pahsor.babl e conposi tes r .
Compodi 18 ot thatiSHE B e S4B e Tt Br I SO Ik dilvares dge i
subchdredread  tSuppentgisystiemlf drodyr.ovi di ng structural and danpeni ng support
t o danaged subchondral bone adjacent to a body joint, conprising: a
prinaz%hbearing strut elenent of variable geonetry and thickness having a
| ongi t4fti nalhebadyt nein b L A 1in e Ce dige e e lo iuse cadgesystem of pdaim 38,

| ongi tudinal, hody hadng A Boras Lk ta aldLew wascward s rdrddgi ngeone,
and ot her biological elenents to pass through; t he outer edge having
at | edSPYWRS GO e 0T fé¢ 1rerEiUT ian S5\ 4@ of the | ongi t udi nal
body and contoured to fit the subchondral bone at the treatnment site;

a cont5cbure or ous. pSI at%rhtfavainn a,V roina}]glael sql%pedrg nner esmurf ce, .cI)nut398r
sur f ace,’ an&1 péJr| 6heréjlppsur &e¢ of rali ai%e thitdknes S8t %éhdi ngc etweer t he

i nner vdurrfedce tdrd pdre sautyero fs urtfeadenasidivdcabied frardyi mser tdeorcamptrthiged ek
SUbCh%ﬂQﬁﬁkxgﬁﬂg;scaffold—like pores, or a fibrous matrix material.

51. The joint support and subchondral support system of claim 38,
wherein the primary bearing strut element includes a concentric

taper from the outer edge to the inner edge.

52. The joint support and subchondral support system of claim 38,
wherein the primary bearing strut element may have a geometry in
the form of a multiple concentric circle, joined circles, hexagon,

octagon, or other non-euclidean shapes.

53. The joint support and subchondral support system of claim 38,
wherein a bearing surface cover may be attached to a periphery of
the outer edge to contain marrow contents entering through
vascular channels or exogenous substances injected through the

cover.

54. The joint support and subchondral support system of claim 53,
wherein the bearing surface cover is fabricated from a thin,

netted or woven material or biologic/synthetic membrane.

55. The joint support and subchondral support system of claim 38,
wherein at least one active or passive dampening element is

attached to the primary bearing strut element.
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the inner surface, outer surface and peripheral surface each having a
concave portion and a convex portion; wherein the inner edge of the
primary bearbrgesizsut el enent is in direct comruni cati oRCEUSRoMessedNt our ed
porous plate within the subchondral bone being treated. 58. The joint
support and subchondral support system of claimb57, wherein the primry
bearing strut elenent has at |east one active WO

2010/ 065426PCT/ US2009/ 065993 or passi ve danpeni ng el enent attached thereto.
59. The joint support and subchondral support system of claim57, wherein

t he contoured, porous plate has at |east one active or passive danpening

el energe at tlaghed ittherefort and subchondral support system of claim 38,

wherein the primary bearing strut element is fabricated of a
biocompatible material selected from the group consisting of
metals, metal alloys, carbon fibers, foam metals, ceramics,
ceramic composites, elastomer composites, elastomer-carbon fiber
composites, chambered or fluid-filled materials, metal matrices,
injectable gels, injectable composites with fluid and sold
matrices, bone or bone-composite or allografts, crystal or
hydroxyapatite materials, plastics, polymers, bioabsorbable

composites, or composites/combinations of the above materials.

57. A joint support and subchondral support system for providing
structural and dampening support to damaged subchondral bone
adjacent to a body joint, comprising:

a primary bearing strut element of variable geometry and
thickness having a longitudinal body and an inner edge and an
outer edge;

the longitudinal body having a porosity to allow vascularity,
bridging bone, and other biological elements to pass through;

the outer edge having at least two grooves formed therein an
inner surface of the longitudinal body and contoured to fit the
subchondral bone at the treatment site;

a contoured, porous plate having a variable shaped inner
surface, outer surface, and peripheral surface of variable
thickness extending between the inner surface and the outer
surface, suitable for insertion within the subchondral bone;

the inner surface, outer surface and peripheral surface each
having a concave portion and a convex portion;

wherein the inner edge of the primary bearing strut element
is in direct communication with the contoured porous plate within

the subchondral bone being treated.

58. The joint support and subchondral support system of claim 57,

wherein the primary bearing strut element has at least one active
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or passive dampening element attached thereto.
59. The joint support and subchondral support system of claim 57,

wherein the contoured, porous plate has at least one active or

passive dampening element attached thereto.
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