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resistant medical balloon, that can be used to restore the natural anatomy of damaged

cortical bone.
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10 instance, a balloon of the present invention nmay be designed and
configured to replace a vertebral disk, or may serve as a distraction
instrume% g%r)(ﬁ;%% Iant for intervertebral fusion. The invygatiaR, ;
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bal | oon 20 Terlayersor aatisg B&CH4 mphﬁ@we&?ble(yy@diwm shape fRAlHRSFOBRHSEI HFent
uses an offset ball RS RhRAE l deBired Bx1BROGIRIe
embodi nent , 2PPHEAA %éf)ﬁ'%pe é)acuré)r%@{”ggérespond 5the int erlor val |
of the cor tdhasicteHetie or bﬂoyeﬁxmﬁ@#ﬁmuéamamwst% 1§ﬂ&%a h@hﬁf love lieper s
used to bette 03| ion t I SEANE LR céd tolhef aﬂaﬁaes
or in the I'¥f¢° ré’ﬁ’tons Qgtgeg%wgé @%aﬁleﬁgﬂ osl\ggess aacsa%fgtptug ﬁ
symetry. Ghe deﬂhmh Imsntonusasst & lpﬂlajcdal Thﬁyouw layer @é@ozﬁ@mqﬁ&wgn@ﬁa é‘FY]‘@? e
cat heter | o a a Sn 8N W edhifigeor di ng
to the s%é I?g(g %Feﬁlikfﬁjﬂﬁdrf blé @@ﬁg hbllf'ig (ﬁgkéﬁlr?%e%n Ie%Fegne enbod:%errent
t he plural |a¢gir@d bal | oons are depl oyed to restore the cortical bone. Then
one or nore ball ons i selectively Qﬁﬁé’c fWhibE hllowed ﬁj‘rl al
may be injected r?PBthteﬁ%mg%‘ngSﬂt ﬁ‘re‘%%&‘é’ﬁ&gggﬁ%sfaggé‘ % e a1 | oon. Once
the bone fIihb@lacaasmmﬁfdeplngmmwfgmﬁaéloomnphqi@@m wxﬂwulmr%emeégtrbﬁuraé he
remai ni ng bal | oon or l, | oons r R el e RapRved
filled. 15 T&pf 8’??6‘“8%2’33‘%8?’1 %% ﬁgc?@glegﬁﬁ%@ %Seg ld%lﬁﬁg e% 'oy2d bal | oon
is fill eQOV\&ﬁr?lcﬁl%ﬁtrf)l dvleeplaatmerh of drrballodmtp ehbrotatisnakeantrobpver hehall AgR
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35 constructed with a uniform bulge and blunt distal end to allow the deployment of the

-2



20 In yet another enbodinment, the cavity may be treated with a sealing
material prior to or after deploynent of the balloon. The use of a seal ant
may assi cing or preventing |eakage of filler Ef/udd/1iERm t he
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FIG 2. 30 Fl c{]reiNgse de%art' gllnra%l%ﬁto'f a{l%ong'cg\‘/ﬁﬂn%qge L4 tb aBgicidad iR one

axi § of anotlﬂté"F‘or an
) cavity of bony debris, fatty marrow, and blood products that may prevent adequate dispersal

of filler material or that may constrict the cavity. Each of the steps of applying a sealant,

irrigating and aspirating may be considered optional, and may be performed after inflation

35 of the balloon, or before, or not at all.



enbodi nent of the balloon catheter of FIG 1. FIG 5 shows a parti al
sectional view along the |ongitudinal axis of another enbodi nent of the
bal l oon catheter of FIG 1. FIG 6 shows a partial sectionglyydsMmigsong the
| ongi t udY2®RIK of anot her 35 enbodi ment of the ball oon cat%et er of FIG
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per spective view of anot er enmbodi_nent _ of Frg .bal l.oon 6 }%boé G 14
shows a pendpecthe devies will be inflatadn dihe dpfialehIFERYICHIS ’E‘W@te éﬂ% PG 1. 15

e 150w | Y QN @EsiaTh eestarans «iﬁthéhcmlbcﬂlbbnmn of
FG 1 F éowiggébhs% V\tg%ftg%ﬂﬁe)cf‘be Vo faMe BRI QEsi n
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bal | oon ¥ GHcEthelcorfidalbonerhashonr suffipleatly (astaRe Fhﬁt‘P?é G WéY %ﬁ‘ei@
FIG 18 shows -‘Wg A I%Féﬂep &b £l M el daded fbsmetregﬁmpmmudabbmpwd lgifthd:fl G

17. FIG 19" t | | -
20 FIG 20 tallows Aﬁgnfme@edh@basiﬁgn:ﬁgg?llﬂogﬁv%\!@ﬁgjﬁﬁﬁé a&‘é%O egﬁ ‘“’F‘%{ﬁ%? er

enbodi ment of the FIG 21 sh I d
sectional V{8 aé‘le8{l1 PJ&{S%@ ?gﬁﬁeaf{[ﬁ%dr%rtngﬂét?aggn%codl ment ofS ?EIZ ?gl ﬁ?O?(r:?eg

insert of FIG 18n aE-btﬁer @gbatimant, ﬁl@l@mt@hlgéﬁv@%@tab’é%‘?m\wsé% P BHYE {9547

23 shovel Sy PRAE) BEI { sbOimERGIES. FI G
23 shows %\rFXé‘?{’I 8‘5 ngzpcf) %Letrl et é.l?é:icﬁ rdd3Bure§d BSerSIQtlegghhﬁﬁ@ im

w al ong |1 ne - - anot her odi, nent
of the rei nhfs@bldeios esrhaind inkidGaidatep bope. ﬂh@w&%abkndem%lsaéaay lbec"rtéﬁt?B Y
view along |ine 19:-19 of ANOIMEIEARY PRk Upliditeheing) 86 BésighetitsBe t Of

FI G 18.
biologically resorbable while leaving filler material in place or may remain indefinitely.

The present invention may be further adapted for use as a distraction device and synthetic

20 allograft spacer for intervertebral fusion.

Brief Description of the Drawings
Preferred features of the present invention are disclosed in the accompanying

drawings, wherein similar reference characters denote similar elements throughout the
25 several views, and wherein:
FIG. 1 shows a perspective view of a medical balloon catheter system according to
the present invention.
FIG. 2 shows a perspective view of the balloon of FIG. 1
FIG. 3 shows a sectional view along line 3-3 of FIG. 2.
30 FIG. 4 shows a partial sectional view along the longitudinal axis of another

embodiment of the balloon catheter of FIG 1.
FIG. 5 shows a partial sectional view along the longitudinal axis of another

embodiment of the balloon catheter of FIG 1.
FIG. 6 shows a partial sectional view along the longitudinal axis of another

35 embodiment of the balloon catheter of FIG 1.
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30 FIG 25 shows a perspective view of an exenplary enbodi nent of a
reinforcing insert for the catheter of FIG 17. FIG 26 shows a parti al

sectional, view . aj.ong the |ongitudinal axis of another enbqdipapi 9k the
bal | oon &Q{Hg‘%’?{ﬁf FIG1. FIG 27 shows a sectional viewthrough |ine

27-27 of FI G 26F85. Fillowsadashvatiangeispebnpvie wngimdihal arigtofienctherbodi ment
of the balloon of FIG 1. -5 0 227 PCT/ US02/ 11828 FI G 29 shows a
per spect i vé"‘gP%‘W"BnghB%ﬂéoronésﬁgl\églrﬁéﬁ&?zf the balloon of FIG. 1. FIG 30
shows an i nt er mpgG a8 shoperagpesdl issczionaleevo hlongobdiongémbual iamsf andthethe bal | oon
of FIG 1. FIG, 31 s parti al iLonal view al ong the | ongitudinal
axis of thémPB‘ThI”}F“BOE@E@?ﬁq}’&‘:@h‘eﬁépfgﬁﬁ'of FIG 30. FIG 32 shows a schematic
" representation @iGIdsheatdRid seivatiniey angolic ohgitidihdlasis offndth@ 30. FI G
33 shows a per spectig@é&% of anot ?Emﬁn’oodi ment of the balloon of FIG 1.

FIG 34 shémbodinsafe n 2t o her enbodi nent of the bal | oon of

" FIG 1. 10 FI G 138, 5haissa seeiciREkn\Rmpendioubt wathet sipitudimbbakiinefthe billdone
balloon of FIG 1. FIG 36 shows a plan view of another enbodi nent of the
bal | oon cath&l@r%of FIG 1. FIG 37 shows a sectional view through |ine

37-37 of FIG 3GGDet gidwad faesa sédion@niel atong thy heitudinal Brisedianethérs 15 | n
t he description that follows, ane¥ r%ﬁé?nce to either orientation or
directi df iesmbodiresid e§thsbaliesn qajneieg e conveni ence of description and is

not intended in Ay Yowsh debitddal {io® dﬁﬁ%ﬁic@fart&&xeﬂb@mﬂtnal mieof theballoon
thereto. FIG 1 shows an apparatus 10 for use in reducing bone fractures

accordi ng todFlGellpet hod of the present invention. The apparatus 10

conprises an i nfgal | v iy AR ©0 BREE N RRlim ER o eeallshab f FIZ5 1
bal | oon 30, and F}ﬁﬁbﬁgﬁgﬁ?\sd 5_51%\2“" . mbddim i

shown in FIG 1, The ballqon 10 ﬁ_ﬁé}yfcv\n
at the distal erfdGol4 shrsvsoenenseetivestiay of zsqthirrqn&hédfreﬂaégF RN ofphe 1
| nstrumeis i1 1 Ugh! 85 SfbyldhnfdiGaritn e SIARbARPHNBIAiHRnOY thiBallodfllof FERA. Ot her
S e use

devi ce at may I'n conjunction wth the ball oon, Trlfse t%i)és,
however, may notFIGh Waykoviseanredepatipe sicat ofipmpthseembedimeatiolipe BiliaosrE G devi ces

that perform si rﬂltgvﬂi.( sk?cﬁ@t#ﬂﬂ@{ew &ftpgj;ag{é%&e&tm@umgti ons. 25 For exanpl e,

one of ordinary's e art would appreciate that the y-conngctor 20
may be repl aced HG. 48 whaves aplen siey effangeinéqrciagiinsgs for thegpibelst o Yal 1 oon 30
may be used to t ' LM RN Qbne BN to.-BIdAHIG ety |arge
enough to recei V@%?E%@@%ﬁj%gegﬂ%%%ﬁgxﬁ r_nﬁsti ngng;e_xa | es of hones_that are
sui t abl e2@andi dafi6s 20 shovenaedaigedbectional yiey RloRs Line Eg-lﬁhef apether embodimest hod
of the pres i nventi on } e vertebral bodies, the nmedullary canals
of |ong bon‘gtgf‘e fﬁ‘fgg&cé?%lgﬁ%g%ﬂ@?d@he tibial plateau. The balloon 30 can be
desi gned and adapiGed]tshowcanenioged sechanal iviaw alonpbine 1 3mkd ofAnethenpmberimert ent
cavity shape h Mitchim%sebrgomg‘elé n these and other suitably | arge bones.
Addi tional 1Y, "F HEVBE'TSOR Yy be desi gned and conf i ?ured to be degl oyed and
35 remai n in theFigbne shaws ayerflangedisecisnad ivirvdaloag line 1913 phanothesempeditngpte,
the ball 29N TRy rel?r?forcing insert of FIG 18.

FIG. 23 shows an enlarged sectional view along line 19--19 of another embodiment

of the reinforcing insert of FIG 18.
FIG. 24 shows an enlarged sectional view along line 19--19 of another embodiment
of the reinforcing insert of FIG 18.
30 FIG. 25 shows a pefspective view of an exemplary embodiment of a reinforcing
insert for the catheter of FIG 17.
FIG. 26 shows a partial sectional view along the longitudinal axis of another
embodiment of the balloon catheter of FIG 1.
FIG. 27 shows a sectional view through line 27-27 of FIG 26
35 FIG. 28 shows a perspective view of another embodiment of the balloon of FIG. 1.
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-6 WO 02/08s227 PCT/ 1i S02/ 11828 inflated with natural or synthetic bone
filler material or other suitable inflation fluid once the balloon is

| ocat ed %5‘!& %ﬁe bone cavity. Once filled, the balloon gsr@gdihay®d to
remain w 7 e bone for a prescribed perlod or perhaps indefinitely. The
duration of tinmd hakhéwea patpeotive viewaifasothit dmbodimentdribe brblporepBKA lupon
specific conditions in the treated Sbon ve
sought by the tF In8fshgws %ptwgﬁﬁﬁe@erﬁpﬁ w%all ‘D%rflgﬁn%@ér%g{%@ﬁ ? ﬁfh'ﬁ t he
cavity forpdigssot hrp 12 day, for several days, vveeks months or, years, or

even may remain wWithin the bone nent | er detail
bel ow, the bal | 96n3hahous sparal SEEE NZ&‘CEN lé’%gr Ve a élag‘gggﬁgt?% vi ce

" out si desofcﬁsmgdgdlgboh@rﬁﬂ(gagl ty, such as between two adj acent vertebrae.
10 In addition, the outer rface of the.ba

coating or textE@3? shave 3psCHFf@atlfféqef’Wéwtﬁbo@oﬁﬁen%arté@?rn% St&%ﬁgﬁ Sgﬁl\é‘b%ﬁo&l

" surroundi nﬁf ? ohatter or to facilitate accept ance the balloon by the
patient. e selection of balloon mate , oat i..ngs | so may

hel p prevent reféstBEhows aﬁ’ﬁ’é%‘é‘l"%kﬁ‘i"‘b{f rB‘Bﬁ?}dm%ﬁtengtﬁ%ég%sur? g(lz(g 1(s)f t he

bal | oon 1i kew S?Gf?ﬁ Gw&%’ﬁ%ﬁéb&‘i’w@heﬁ@@ﬂzﬁ{dtﬂe@emwmmtbﬁt(hebaitdonrorfﬂﬁel of

t he ball oon. For i nstance, the inner_surface O(fi thF Qfﬁ Qﬁoonmﬁiléel

t ext uredOt o mcFE@cs?é shawe sipsrpesvaaEsY ¢ frolier PRBRARAAN 8PP RE et eri al

inside. In yet @gt; L BEY of hitEhddmbeainemys te wdsogritteraf FIGtlur e,
tear or otherw se a

rtheflller maer t i nside the
bal | oon has set Fliip HrsT@u‘delsé‘Pt@ﬁ@\ ey dhropgh "6%1%’-2578?%&:5 i fied. The ball oon
may then be renmoved fromthe bone while leaving 20 the filler material
i nside. This approach nay result in_a nore controll ed depl oynent of bone
filler mat Ectaled uhe,: ytionzof dlap Prefesred Embodune Fay all ow the bone filler

material,;to be YowR! Sfyorersehceed @itl@erbﬁleﬂlgtléxebr&ﬁ&edonmo t he
bone. ThIS may ethgar ng% }Illﬂlﬁk)eoneflc}?g where eakagne of .bone fil

mat eri al  outended pameayiyl fardhe ¢membl@5w@ ﬁﬁ%ﬁ“@@oﬁ%ﬁc“é’ﬁ tergfeqdl H’o’i‘ﬂg‘{hW?ngém%y
be other situation ration would al so be beneficial. 25
Al t er nat i vé§sco P%gﬁgglp%ggwlgn%&ugg%e&%ﬁed or ruptured _in a manner that woul d
permt the fill @IGnhskowsdn ap@alatlisd\@/ fomseﬂnrqdalmn@rbonp {HRetures 2pROTHBE ENEEd i nto
the cavity tance e HadRYlahienh dvesdetser+m ned
so that t héneftﬁ fgﬁe Pqu?%ﬁﬁ%% lgll?l g]:l% Qfatxishl‘%)l Mﬂr%gs?r ed dir efﬁh‘t ?nsfy
Mor eover20 tdagndcidri26r cathdtershaft 26palloen Al andibub ishaft 8 e ASSNPWRHIR B
partially t hat runt f 4 nrioP © ViERosi ty
of the fil ﬁ’é‘ho%f%}sl §Pw§&Pﬁ1’% dlstﬂzﬁ #ggfglftcgﬂl?te?%ufp% pn? he (ﬁpl renrrat erial
travel s. Thesthmidngoitlustraed nmEEIGhE atbasprgerntativa@f desripplsend athep ?Vé‘feéé‘?émay
inflation qu d into t.he cavjt a Moy G hieays Bk ulaai@mce
t he bal | oor*¢ l“rﬁé)c“é chf)@ﬁ“tlt%thegarlg)\%dg e%tﬁl?a neclslgﬁ?afsym to |¥1§ﬁ§ﬁae§11
rupture pr Qﬁ%ﬁﬁc fepladed1bgbifferanodevicds|teat peefam similarpdditonahsodifieht fotions.
pr edet er sea e.bal | PRy Te ) Andctgrizongat a
2’]"@)@’ 29n‘15g1ﬁr6§6% ﬁg]?gh %2# %ngﬁlrﬁl SIIP essu% giaﬂlhﬁ yZdr?ot her 2
errbodl rrent béﬂaglaS@ﬂfsBaMcgmanietgndfodwlryulmbiﬂedevml onged exposure to a certain
pressure, tenper rial thecignareci at e
any nunber of m&e%aifoaﬁég n?"ﬁle eB&Pe %)ﬁe%gigﬂdg‘ré%%tﬂarmﬁgervﬁf%aogﬁt dcpar {y i ng
from the spiafdetendtigh @Qemve)mebhlkboqmrws éan- hmuequcmpltfs(ﬂf bsn@%%‘rﬁ}'ee’sulté‘? °| east
a portion of thebIIoo | Rhf inbert®
rel eased i nt&d t‘ﬁ@s% E’é’i‘)?%/lﬁes(??rﬁ lgﬂsﬁ)% %(éfrﬂeg?(\tn% FM]F“CEHOB &Eherméh l Fj’u fur e
and, becgoeinkpuelesedryl bodtsy the nakletary camaly ¢fel0n$1b4>@t’sl e calcaneys i‘ﬁé’%llﬁ n yet

ont act e Bhigen Ths b lo ARGl M pp e i segamtban

" yet anot her o1tk ARO Hiffdram chty shapes, Whmhmaeﬂhwn@deb‘mth%‘éﬁ“"‘l‘étwrn%“@@y e

chanbers) nay be designed and configured to rel ease a conbination of fluids
that when nPRs: together react to forman inert filler material within the
“cavity. In anot hgigdpigeally,teaballodh ifagrbeniesigneskandgionfigured éxhs &Pleysf PBGn i ght

be designed to.rypture at d tforegneg)}ter%egggﬁgagqtﬂﬁg pBIei%M&Sth@'baﬁéoﬂhﬁ}fBé ent

times. 39 remain in the bone cav1
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Further, the balloon may be designed to be opened in any nunber of ways.
For 15 |nstance a surgeon nmay |yse the balloon once the desired conditions
of the b {é %zer material are reached. A balloon adapt %1]‘/950"2}{%2%”9 and
releasel P N fluid into direct contact with a cavit

desi gned aqfate®Rfiihgiaaesl dr@ylstbkmdbtmled'dkgr pm@d@t@ﬁ@ﬂlhle&w@@am%ﬂatWﬁéluéw m ght
run parall el t he | on al aX| f I dto
he cat het®BF bioors BTN roBf oS’ S SERE AEBami KBl e
whi ch 20 h@ghiheghbaeebesd prehdmtﬁbﬂ(pbhed mepmmpsmdqﬁmuelye Thealyeationef Hew thdans

m ght consist of a. sin |raI|n sgam [ | tip
of the balfh ééhll%ﬁ’deéﬁmsﬂﬂq’% Hlet]i’émf) ﬁ%elnd 09 Eé% EQQ%J@F@SE\P&FS%S%%% ling an
oor angg geell,on}em% ﬁr}ﬁﬁ%@iﬁfﬁm&ﬂeﬂﬁmgh&ylmeltxlteaﬂgi?OnFamqenmﬂa,dmsbaﬂiayn may
provided to lyse the ballo e i.0, 0

bal | oon naiemen ikt the e3valy fQ\i teﬁstﬁ 3 %rosr%%raf‘% ‘g?eef 8httﬂ %é’ai%%gﬁt hat

" structural .f4 éhé;',f I%Hfmfkertm@s the bE@ehgheptndirk leﬁpﬂamdllxd.gmatcudetpld bélewethei al | y
in a locallzed area. i nstance, a bal

conpri si ngbdlophlmﬁi/eafls%l%enﬂlﬂaﬁﬁé o $eRVE Rt W@?thg%%”%e OytH} gv %pgg{rql cl#)ﬁ%?w‘tg,

desi gned tgléhaaglﬁe{u%%ﬁ't\lv@a&ﬁbéhft%@db?@ el enents in a part| cular region. In
yet anot her exa on m

, a region of the
mat er i allOt hat V\bm@ltﬂ%ﬂa thﬂ%ertsgrface&féﬁqa@é OOR Bt etﬁea eléovylrﬁp (?a%g‘ ot t&ltﬁure
chem cal r Foa% ¥0§Qeé%ﬁleq{ior@fﬂlt@ i @0ih &fe sruﬁ@uﬁﬂmgmonemattem toveeilgata t he
mat eri al t" sacri

I clal neutra weak d or ba e n_ anot, her
exanpl e, t Iae;:eptamﬂ ﬂlﬁcbﬂmor’r‘@gﬁhéﬁatffﬁ“@h? %i?ﬁrlwlplé‘@fga AN TR .88‘11%%5 aflé
regi ons. %urgsazﬁg(? H g'h@ip gﬁ@@npfé é&% 6 PIFR b BEorEb B the Golly. CTRainher surfate pitthes
t hat mght orm a

erforation in the ball oon nbr an I
randon y dibstieantikesdss maybé eargdassoaied o mpgoveth epev%ew g ?aﬂ% For
PCT/ L1SG2/ 1. Shn Yy b RRtBE] fodftréad adhesior hutwbartae
cavity, q% éQ/S%ﬁ'CC’ %l&gp%#ggggp@ t;loniy fill eur mat eri al . y To facilitate
removal of blarlm)nr\wil aunce&iemwr@d)msfdeom t he bone cavity, the balloon may be
br event the hal Ebd PO L B B o Cavl L el s,
In one ' Sothidpwide wper aftariiee ﬁ&¢r|rm@mah1@mted>wéﬁleéhe pHloogihas sht uaﬁasuﬁé*ﬁ'ieg
configuratio HRAM ¥l tBeBYROWhilcoRu¥in
bone cavity Q?‘gaﬁreﬁl%gwgf Floon éa%ﬂgo{egleg?%éﬁeﬁmt ured IXI SO ollo Iig
r esor baktte tb@ﬁllaﬁﬁaeﬂﬂynéjée dBsi mda@n‘da)tf@ﬁ# I ’@lﬁ’é’@r%@@gpg?% @i’ ent
i nvention. roi nst agngé@alrt@ggﬁtha@ke
pol ymer s 1C$F}%f ﬁ%?&j?’r% 8%2 B%Jy a@g@&ggggﬁé ggndl tions i nt1
subst ances pﬁyﬁmﬂy paéﬁrmembdsfa:rerﬁeuig ra]nalsebumbé@ﬁ alel yThiompybe prracyarly bengfigiaf y
occurring i od The sy le R§avRtd @,ﬁ\b ar be
expel l ed fr% r‘? ﬁég"fﬁ%ﬂfb\?f“éﬁﬁet ggﬁggc%%g?:ﬁ%yag%&%fﬁﬁglnwebnexanyg% e, eg
desi gned tcalmesgmmerdmeybmammu@tﬁora where @mmnﬁﬁuwowhi Heo P brostc th| n
a prepargd cavi t | nsi d r httwauld it
r adi o- opggue f|| kgm %‘fe %q%aﬁlfgghnggé%g%&g&@gfédp Jr;lﬁlc1 %tzlaat%?gl\r,]m or after the
filler matehk ﬁneMateﬁartblaalb{vyhsem)mom ﬂeldbalbba)@nasﬁéyntbéh@cnaé’éhg Qfapstance, the
separated, or det rom t heribapRelsAgat he
bal | oon r esHEBES {é’ gﬁface%ﬁ{eed%&ﬁa?m ﬂogf?gll&ﬁ,&l ter nat |e\§el ?/,
the filler gegired dﬁiéctimy Mlﬁe@mn\/the filer rbgfcemlm‘l@gbfthﬁld adthinthe pallepngniibHe or

sinply remain.ipn the b 0 n aterial
appr eci at e %@@&Wt &y F%Wprﬁ‘f/ Nhéhﬁg)eln thte o&lsparél afF}%i?wé?rrpl ete
resorpti Q0. 1ifas tHer&léﬂﬂf(ewh&hslﬁﬁ fldr invasényal tremis babI e ball oon may be
configured to pr Lo i nert friusinéd fhen
conprising a pl u? ]%;;1 OBfa QIR & ‘165{23%‘2%% Hl%tdl{ ‘?elea% n?ﬂéﬁggr? irrxﬁly have a
resorbabl e B@J‘i@fiﬁﬁ‘?ﬂ&@ opetRsiied fashibna Roi msmyc@,ahct lyaliqwercathgter guighybgprovided

rei nforcing ¢conponent, 1n.anot O [P6ne

sel ecti vel y"Badp @dexatﬁgﬁeﬁug%(ugg?%oggss %ﬂfg%rgﬁﬂseg@ﬁngﬁ?s IJIQZS These
" bio-inert segpBdlifentlipgétietapmined deanss inulbe balb)lonmgh%lfaﬂmmedl aply and BPRrS At ng

i nt erfac§ at weakene portions of the cortical bone. The segnents may al so
be desig 2d to cooperate and beneficially dissipate post operative stresses
generated at the interface between the restored cortical bone and filler
material. The precise nature of the stress reduction nay be adapted to a
particul ar anatomy. 30 An inplanted bal-l’loon may al so be desi gned such that
it can be resorbed only after certain conditions are net. For instance, a
bal | oon designed to provide containnment in a particular region of unhealthy
or danmaged cortical bone nay eventually be resorbed foll owi ng one or nore
triggering conditions. In one exanple, the return of normal ' physiol ogical
condl t| ons woul d tr| gger the br eak dovvn of the ball oon |rrpl ant The 35

. o, . o e



VWO 02108227 . PCT/US02/11828 osnotic pressure conditions between the
bal | oon and surroundlng bone or cancellous , materials. |In another exanple,
a control\,*,.(ﬁ cal or radiological exposure vvoul dtri glgtef,ugdaglggeak down
of the balloon. For instance, a chemcally tri Eres t|on rﬁay

i ncl ude, Scewminmessute i paathefembedAgHL; 1Be SFAMST RigRgcd,

speci al |y designed, ¢ r%ﬁ}g WEkdiseradrd, or ihgerhal | oon vi a oral i ngest| pn or

i nt ravenouS ) 6ct 1 on. ectrical charge or current, gos g 1

frequency soundOne:)skleed mythe AR yoR|dapPEEIaie Al Rynpstiof dYé’rySEﬂ g %‘F‘E f °°“

resorption of the hal &) OIS feths greRe@\m@atien For

i npl ant ed o ZTRNS) th%t\J}r]ﬂ@ghg ?Zt?g non 1 sltructcggzcl) rgrp |es Ig °

" instancé, cmlm;:ﬂ)d et leostrpquonide @fdh@ balipog it be sl ‘ffidd‘“rt dRelt h may

have parti Cx%iar S t;ﬂ{gﬁgl,e OERET ] F-f&otf&%x%ﬁl@ib@baﬂoérﬁﬁlﬁyahit&elaﬁdi beRmeTRy
A o)

br eak down” canc bone remains in contﬁé with the aI | oon
" for about Bamlm@rksoorﬁdsxetebnmakhmwﬂamn fluid medivgoin F\‘”"@}?%%éheaﬁ

medi cament pl a { dondctiag %Sch@xﬂldamr@itﬁ@ﬁt R&d Ghe

Al so, the Lﬁ" E‘ﬁ%ﬂ’ Era eg(?cl) gcéeglgg%etcne d'into the 1 S balloo e@ptr it sel f
to provi des@fdck oBthedlatiose mmatam@nerfembowmw,émrmu?% R ing
medi cament ddj L £692bablnatiodbf ﬂﬁld@that when
particul Q éé{*%b{%gﬁ 3’3‘? d&% gg%lﬁienrdbcg)ﬂg %gﬁ%ﬁel?mn tary _enlefl ts include,

wi t hout i E’ﬂni@iﬂogdstheraaﬁdtlnafdmranahereﬁ’ﬂelcmstetlh]a\t/lﬂp)mé%‘?ﬁmi)’n#lé%ftoiﬂ%fﬁ and agents
t hat pronot scl erve rs P HALHRA t thrB at'Si€terdnbe
bal | oon 30°¢/ n&ﬁ?@ftdéfgerlﬁﬁta ca °E§’%ete%‘:‘§3’?'tb§@‘!{®a‘¥‘?%‘as bee%&prgé%r ed to allow
the bal | OOIiiréd@teEtﬂuﬁB@ﬁ&mr&ematﬁtfésremmmwd cortical bone. Preferably, the

{reated may be ShEARcieRAOAT Re PelRintE s BECRARS 3 %E‘E‘“Béy}f"’é??ﬁe‘“&afﬂeoon

C eari ng 5t hgstdnceat Repdoaghayiysetie bailmmnpthesdeemabgor@ilt!qmro Féhitione fifeor
rel ocating the, cancel |l oys Q tr i de
the bone, dratenal arefsaqhge 9‘%’?\?‘0% tr#thpe grrlcg ee‘ﬁ g%t?nm{ ﬁ&l& gdolé dis8

Al ter nat i velhactGARe £ bhatslansgy Emdbsrmled and nmflgmee(tﬂo@ahédom piedefemeBerer | or

some ot her device. Additionall /or
aspi rat ed. SPHBY. eTléﬂﬁ%msﬁﬁéhtdE’bg?rébggﬂ%ﬁ)nlﬁ demz}siu ?/og :?kgenl%eﬂ{ogﬁ’?%cﬁg%@ﬂ one

marrow w t Qb&r&h@ th@%tﬁ&ext%ﬂ theproeiad tipchf thenba?.rfbopatesqmlnlirmra baaagaepiebwhigd bi g

as the fully dep an ou be .as re

pr ef er abty, h%abﬁwnﬁﬁeféxlé‘ééaf E;er{lh%duélf?teme pg?é{i‘%&q?éﬁeﬁﬁg%lgﬁ’lﬂgéxg% oon by
abgut 2mm Hﬁlé} I llyggﬁg dedR€oAgiRhtirR! e ithe dﬂsmﬁlstmaﬁﬁer’oall@breard wglrtgwéthﬁaw ty of
substantially a oRe narro within t nmay prove
especi al | y nresimgl tip of theé@lle?ri,ﬁ@*@fﬂﬁ@%&%@a&ﬁﬁP‘Feng%‘%‘%g@asﬁ’% ﬁg%?%g&bal | oon as a
prost ot ¢ devi Gsys oAl el shyvidabio lysdibe baodD B/copisolsd

PCT/ US02/ 11828 eari ng substantially all [l r ar ea
S0 may priodos Banipgicenp pelensomthadnari e i LS i ldat el t
prevent E'gct‘ﬁgtt th;::&l: ued eGP hﬁ'&'&@&ﬂ% ing lRonidition wonld eacur pfefaeadly of a Mﬁh@}éd
cortical bone or exanp i

, qon far. restoring a.vert
further conged.sEordngansst mballo@nlnﬁﬁ t&lﬁve\ﬂﬁ?‘&"ﬁe\ﬁ)ﬁ‘? c 3 R 'ﬁ?glnrc g@?&ﬁr rerg[y 5

vertebrae f Qo ofithAIBURE bRRInasiehl bd ddstmeRentack ngisile i antingelpmenté inahe
bone narrow romt

e region of the vertebrae t est or de
better surfpatcdaregion breysapphenaxamg 6F%°’E}8ﬁ@e§)ﬁ OThe 1‘(%% ‘i’b?‘c&[]fms%ﬁ%‘f'a
ski lled i Lheal baVRUhId fiPaad bk MeRfes abtor. PorGhitmiceaihelsbersfort saction may
preventi ng e release of marrow qr bone. f rira eélalmt.1 1)}}%‘1&%%
syst em 0B0t heas pxidationcertaduction reagHoRY, ﬁ‘ﬁ}“et l"?ear'r%?ﬁ Ry B AR 1 the
pone. mar T OWigle I?EEx&g?bésr °8 BRG] thh beriMenet ropiyn néghicontlice —Y

or inadverten

systemc e cause enbol i zation
"materials r Qb@décedegloﬂ& H@IW%EGF@?T%%HEW cqgﬁnv&?g%fgpa%%rgpgg&%ifg%ﬁ%ﬁ
the bone ma DoRGh&fbraat of @y Haragbmdy disteibeted imk cord
from uncont ?gﬁﬁwt@%ﬁ%é@%ﬁ‘?gﬁﬁa ng depl oynent }(;f the balloon or a
" subsequent dwapradsseadn of the 15 vertebrae and inplant mass. Further, the
cavity be treated with a sealant to help prevent or reduce Ieakage of
filler material fromthe cavity or to help prevent bone materials or body
fluids fromleaching into the cavity. Generally, sealants conprising fibrin
or other suitable natural or synthetic ;onstltuents may be used for this
pur pose.. The seal ant may be applied at any suitable tinme 20 or way, such as
by spray application, irrigation, flushing, topical application. For
exanpl e, the sealant may be spray coated inside the cavity prior to or
after depl oynent of the balloon. In addition, the sealant nay be applied to
the balloon exterior as a coating so that the sealant would be delivered to
the cavity as the balloon is depl oyed.



I n anot her exanple, the sealant may be placed inside the treated area
first, and then 25 an infl atable device may be used to push t he seal ant

out var d to e cavity walls. The infl atable device Shed or
moved axi'Q {/&‘ %'izhlor der to apply the seal ant rm‘y(i oﬁ s A

fully pressuri zEhe mptura@btih)ogrra@wém e fﬁffé’é’%fmfbﬁ‘e\kﬁp‘? %a"t"ﬁeleg‘@ﬁgg%t‘m?é‘
bei ng appl ie ' r ARFat bBse eiptirdé baksnaidm Rybone
vari ed accg‘?pg?yﬁéq’tof}e he ta{eylag T&%Qgieatcf)l\r/ery and ?hep rocegurne unsled or
exanpl e, i tavity, fhedhiosreday batretthéwstéépwﬁl cpafing ﬁ@mltaﬁs grsupsianges aiigay g de
t he caV|ty and he bal | el hai spvdvity wadk! B omdS
previ ously teflees | avenégbehbayﬁmyﬁggxestuglb@? Mﬁ fisl%egﬁtaE gfgwrdlvn% t he usoc-f of a
- seal ant smaymbedipenf, aidedloah heght apeh at the distdl ende THgICP raipn HgyY Ylow ther ot
at all. Thereafter, the balloon 3 RESPR: fRVGrt Y,
where it i &aliqen 81b86“?5§7 iy Wﬂ’%lveg ey hg%%% S%Ieiyrc:aﬁf&émr&g)al opaqtj’gggol Utrl on)
~ under precy—._gﬂu@aessure control . Preferabl y, the -11 WO 02/ 08, 227

PCT/ USU2/ 11828 0 BRieREd h&@td eto
be restored, by gifi Ht?%f?lb’ﬁeﬁoév?bgéeggtIQGh{&%%hxdégrr%héggndtc? g& epl o fliﬂ:g)ﬂa
bal | oon pr ﬁ&g’lﬁgs&hﬁwaﬁﬂiﬁﬁg eftbr Guatdrice.zd deptmed batt@napmmr@hl@fﬁsewabh&@ Witices
fractures and restores th [ E@hfubW ng
fracturé ré’Hﬁ’é‘thedF?“S WG%EVPE%%O nglc &P f’éﬂﬁ e%ﬁby glfei)lsgggsh’gﬂ {:}hge}glrﬁ ﬁ? Ihatl on S
pressure f LadbidiesisnRaioaip4 sbtelamﬁmm]ploycumhgub&telb@dm hssetsubstancesyany
col | apsed by applying negative S i on
syringe. Th@“&lﬂé?¥l&P3§‘§?§9{ @%? fi %}f e) a{c)i@\%cgw}ty me%éﬁﬂg% ?
addi ti onal b%}tférf‘@éaslgrﬁﬂ tGFRE oD heranﬁkembreéawanet&bﬂ tmdfyovouilfew plapedgwitlia abal | oon.

After the b ff tl | at | f
the' cavi Ly preneed assitn gipeicdhv Eyeohug b T AP Ly i AR ARAARIGTIRUER, | Lo

the cavi{y @lnsQidtBY aper ﬁaﬁaﬁéti?@ir Qﬁex\/thé filler raetatialritas pIhBﬂE a@ﬁi),ttbﬁ balloan s bise

filled wwth bone filler materi al one,fille I b ur al
or synthet i diseapgrgeds sapRTatRs tleé?‘ihﬁfl tgﬁﬁatg?tﬁr{ réu Fﬁl axg{tfétﬁg%e{]@&ﬁg e?ﬁgglt% As

previously tgﬁaﬁﬁ tébgsﬂys n‘%@%n@fmziyh@[ﬂ@ceqﬁé ﬁnaahamnetpwmmwelyp&xeffdtenmteatﬁt er
(0]

inflation | oon, ll As(1 ‘?ﬁ b d more fully
bel ow, the maybaeprorrtehby Blé’ll‘?t%‘ﬁl B‘H“’(W "ttﬂé’OB%tPt ‘88’#? LIAHE Eéj ling of the
cavity with boneyf gﬁé Al dRdnah &t WHBM resliNapbrdiatd 0 degaydd ilpor mey bal | oon

may not be defl ate rior to conpleting e.sur |caI e ,
may renmal® designdé fqrhnrmﬁinec@féme{efe?%m&ntf'h epé&&y%?ot%ablte%gﬁcﬁe hod

of the Presgn é@éfrﬁ[g?'réc)iﬂ nﬁ&&t&% bt@ueﬁe@btaag s&u@t&w bya canfigartiehlcomgrisoge,
r educi ng f r REY OF 65 ed cortical bgne with 1?047 baetlo
restoring tpleraligy Qﬁwlchanfatt@nfoéﬁx%mfée& Q%’Hm@%ﬁéve %\Fﬁﬁo eIPYHE 1 est or ed

20 structurg ng%p thEarRO G oWptdantd ekt sttgctmt &ﬁh%kcmé’b@npcﬂﬁehatIatahethdleanamlmy
al so be ada nto serve asg rost heti g devj ctg out Si.

exanple is bﬂb;tontderegbed ﬂodi@rﬁel’?ﬁ V%)éfeﬁ%ré&blﬁguﬁw F”Plafsﬂ?s ‘tt%d? }srkegl nqpe

bet ween t2‘§DTF}195| ﬂ{ertvﬁgﬂtn eR3G ht-la?gwtl'éﬁnﬁiuralrbdntﬂiﬂuﬁétﬁbdn& ﬂ:mfm«:mguntetfmesat
manner may a S SR aceneht t he nucl eus of llge treate

al t er nat i velwgakempd perttwedfﬂﬁrcoftlﬂal b02‘5 b pegmanitpay plse ke dp ?@ég e%lc%f)l%’ef(a%
Port ft dt t tivben th

o | atal o 8 FaiHERIE iRt SRYoRAEE RS %ﬂ“b?f‘fm"‘v'gﬁa?bm & Qi he
condi ti on ofestdred camaaldxﬂndasd(ﬁﬁﬁdntth*éaldgbﬁ BEEC1SE DA AL PR STEFL g@@ dl% £ Wil

be repl aced SHRRO nfl atabl e device. The treated di sk may be
entirely rerarg é%‘% ratrﬁ%sl%}ant“ta’%b}

ance, ‘when the infl devi ce serv
conpl et e 3i sk r eplmicepteried balfoonyeayi 4ol b&t“&ﬁ‘ﬁé“ﬁ%\?ﬁéﬁ“é@% eresoRed e 3 af?er
ls upport or &ERL%%&&HS@HS lGHS FQIr m?tﬁrlih%r a 99[6thié31gﬁed i@@rbﬁdabcﬁdaldmsﬂxt 'F?] #hen
ess nateri e

need be renoved, prior ?geeg@% obed

< constructi orpaﬁtmdlashegnm oﬁumelth)mﬂ@m&@@%% ?en?r'é&?y\‘i& FEichg “to its

i nt ended us RS, Bt h elfEdie & lenttfelreaxlm ofprmekement .
For |nstanc§ thlgr?f’?gtrﬁbbolw rlc? w’zé?cfnﬁ?ié’ﬁged to fﬁm?l%/ % ace la tr at ed di sk
"may have a tlmys:ksta:rgtdaht:cbrmiui:mris5’»1Cr\rtifh’f)’ns’aif’Feth@lf’rf’F’}t‘Stt}l@""E(9(51t ?Rj@ BRBRAR ‘{Feat r(rient s
that closgly Ilcat Surel 3H, a6l Géﬁsifpatenttal an
PCT/ L?Sozﬁl t§ cgnglt vur a;f&ﬂg?@g& Feé%ﬁ%%ﬁrur esal ncl ude%{:oatl ngs or
textures on the outer surface of the. inflatable device that help anchor it
or bond it to the vertebral endplates that interface with the artificial
di sk. The bal | oon nmenbrane al so may be cobnfigured to replicate the
t oughness, nechani cal behavi or, and anatony of the annulus of a natural
disk. The filler 5 material |ikewi se nay be tailored to resenble the
mechani cal behavior of a natural disk. In another exanple, if the
inflatable device is intended to treat only the nucl eus of the di sk, the
baIIoon -y be de5|gned W|th a th|n waII rrenbrane that conforms to the :

o b1 S b1 . a




10 depl oyed. Alternatively, the balloon nenbrane may be desi gned and
configured to allow the balloon to be |ysed and renoved fromthe patient
during surgery.. e advantage of this design would be th oon may
functi on“é‘gozo{a%d@qinvery devi ce t hat @I I Oﬁg intero er(iti Ee rFefa/ch%z%?r%nt of the
vol ume of bdmeotici fressprerpanditipns betwesbla LaCqTHARS SUHEEARS BARS OTCA™ELANT i on,
this desig a li,Qws for interoperative adjustment of the volume, so that
filler 15 nmaterial can be added or_renoved accoy. ing to the atiznt'sth
anatony bef ore [remotire sxanulpl asariaticd eromural ge SR8 %Ite&(P%%"% oplddngger the

i nfl at abl egpegl\"d&%n%? fHalib&l PRUAARE, darelitdBdrifgdred resbptiodtlaginclude,

enbodi nents Or uses al so may e utilized when desi gni ?)g a. bal | oon as an
©artificisal wdihekt lithitatomea phystrdamisascriped Bredicapment Fj SRECIBEgesi gAY on i s

inflated with a ' i i 8l irtavERsE o ectione Araéledtadal shage bg and
al i gnnment gFll‘feﬁeedrt\%ceur"?Eé%@gg& gl IP’%%SI%R& ity Jee al Shérg

ating, solution Oéﬁmat erial rr&y be ﬁ:ured

© or react ed chwertonposure isligh renianay dowd, AeXoRyEBRLalanRe Byedde frsesppiolpsica

Preferably, such a I may conprise an inplant possessing nmaterial and
mechani cal rﬁ?ﬁ%’é’ﬁ#@%%ﬂ?@h approxi mate a natural and heal ta%\égi,sr. For
i nstance, the b&ecsabeblerhylldvas deyialpoadovide an gaRjanted hrlfeos wilhbroglieig! Bithct ur e
and rupture damage, and the .fillear i EBYtained demindsid-ragtibabl
confi gur1 dsf%gﬁﬁageﬁoggmﬁf'i g%llé%t%eﬁ assomga%r?b?llﬁﬁlsd I imke properti ers. e
General | y, shédth eiay iateparatuliralingal eefitse Fonexamplr, B&F8RIA akgPnapLbreals any
sui tabl e supst ance,, incl udi ' LG~ adaldéh BRI EX,
hydrogel s, QW& v&ieadied rcsa.ncélg)rﬁé%%ﬁgﬁlsgﬂggﬁ?gaﬁﬁgnﬂgy be parti al| y1 filled
With a hydneges. Thebreilglosapsibhebaoon bwyithémexross yeedispmarisleed Withp theand
under goi ng .reversi bl e swelling, A hydr L £ 14 I iABYp&tafa i3 thave
a porous orbf‘g%?‘bitﬂc\t}‘g??s ﬂbw&%’galﬁ%ti}y r‘lﬂg(r?itth%r{e}?e l‘ragrgg[%\/\dﬁ% al ojwél fluid to
move in BNthQuén Ahtrhhiesetfab brideastine raeasp fustion farrdelixgsinedbe medicament. | e
material may al so be designed.and conf i [ structure
conpri si ng THEUEAM! Y or g{ﬁ&g‘ﬁﬂf’%ﬁ PH%%F‘@@’%H%%H%?@@%?E%@%% %\?ent i on
al so may bepagamtsedt digr sutecoamplanditay bantfite mciudst withantinirdonrentibgatenal. f or
i nterbody fusion, such as _far the |u r,.0 ryical i : X
i nstance, aetfeqtsithataprveniyadician Brfde?g?gggﬁaetéj ééllpgié r?i{/desﬁﬁf %%ﬁ%’aog Q%réﬂ%g]edg@f or
posteri or |Ilég&ﬁf-ati-oill_3 WO 02/ 08S227 PCT/ US02/11828 i nterbody fusion (PLIF).

A | am notony, for exa .be rf.0 (0] |
operati of0site cHHsE tg?%élogg}?ééﬁlr’g%gegem{%m{&csag?fgﬁ%??%g eg%ﬂea??r;é%?g?ﬁcﬁgyer s
of adj acent ¢ ahliddrABINRRUT @ AER IR Enagay cortieal tivaer Brafsreblyt Be expoleustisserii ng

bone in preparation for, receiving a,pair of PLI I of the
present i nvamthasg W“S‘Wﬂéﬁh%@rﬁgﬁ%ﬁl'@ﬁ afcr?ttSIB? IEIIS g@s 93’85@‘38&%#&9‘? mﬁ at ed
to distract e ik ahvaRe _@?depTé{ﬁn%thﬂbﬁMdrﬁd?liemﬁﬂ%h? omatod regien way boon may
ensure optinmim di stracti on the vertebrae an t B U ant
hei ght and pesamplishedibypithel S%H%‘B%Hb?ei%cgp% lc&%e(l}gg%%é/deaaﬁg%é radi oop%g%g
bal | oon baf I@ggdnerihsfidékhgbaﬁapasmrﬁatme@ wakroningithgmatvenlsdiae tebonei s ful |y
distracted. I't the balloon is to serve as abdl LI %iIhOQr'EﬁI‘ ro'ﬂglﬁ‘ﬁ{:oth%rbone
or synt het i &ligmatyelsqanactlons Berg aRAMATEXAERY PGS 2SEnE 4t BF L or t11T1er

mat eri al may.fien be inplanted into contralateral disc space. Once the

i npl ant and other materials are in the desi.red, positi h may be
defl ated and r endvéiionalimthafRongicaytsmay Be Hrgatgd g‘é@%rn%fgﬂmnﬁ{l'aﬁlie?ég%ﬂl?’&gesarre

hei ght ey BgyilaRSR okt Be¥udfidibialto &R boh niaewoiithiodine iegiondo berastored
spacer for intervertebral body fusion, ,the balloon 3 -1 [ W t h
a filler 3Rapericalar,arggion as Bigtds theofily Qﬁplgiﬁﬂ ‘IF@‘IPP% ‘s’%crw'f%‘%? %%ptﬁ- “?:rgrﬁI g{ﬁ ﬁl}aﬁge\f i vo.
Once the i W?E@régﬁkﬁeﬁfégﬂ%%ﬂy& exteBrof théullyaleblvyed balloohbylahewi@ramd

renoved from Space. In another example, the | A is

" left intact tadum wosldbgraspisaied MGHS MPAENET ¢ ?‘E’Ig thg °?‘8I%a‘fr}%l‘§é‘¥‘%aﬁ9lf’u§8ﬁ? sk
space as a_§6a1dPhdroPliRfILb BoATf QR mayprope exicolatty ysafalsior fering shehdoroon
i nplant al so nmay be resorbed by physi gl ogical fondah{gn;eégd nd expel |l ed
from t he patandincogporatingibe brliach 23APe SEUE FHEEAHEN HBRE tg'r owt h. For

t echni queg i nvol ving nul tiple depl oynents of balloons or filler materi al

di fferent radi ographic signatures nmay be used for each deploynent to
enhance the quality of fluroscopic imgery and to assist the surgeon in
interpreting spacial relationships mItbia_the operation site. The use of

di fferent radi ographic signatures nmay bé used, for exanple, with 25

i nfl at abl e devi ces when they are used as instrunents (such as a hone
restoration tool or as a distraction device), when they are used to deliver
bone filler material, or when they are used as inplants. Additionally, the
use of different radiographic signatures may be utilized for nmultiple

depl oynent of filler material. For instance, a technique involving the

Y . - o " B - T T Y e r



PCT/ US02/ 11828 nonitoring and depl oynent of the second inplant. In
particular, this would prevent a deployed inplant on a first side from

bl ocking the fluoroscopic inmage of a second inplant. Thi J%ya? g may

al so be %1’%@6@9\/\/?1% di ffering radiographic si natgr es %Jre u%e ?ign atrﬁ%
situation i nvol @ieagngmibstaptialmbbangrresray Toprihe dgated areh HsOTAYPIAYEF BSHEnt
of balloons or 5 filler. mater] S 968 GlvBRdinabaysled Bipldaden-oopast ty of
each i npl amp?‘?'fﬁﬁy%besﬂ}%\r*ftg?gcbf@éﬁigﬁlpérat?r? di fferent (f(lf)%centrat.i ons of a
r adi 0- opagmerrRioat bhirexd dfdamagerecdriical Gpnerak @ rexamPplgh A ARGy Pnicaoring

bal I oon. For_ example fidll.er | P sTAR Gy HivPwall fhRieitthe restored
concentr at Y%ngggg%maﬁm%}helrch;?ég%@%gﬁuseg.pﬁ& m Il_arl y, different

* radi 0- opaqugidiRleatt ail exthadet pgriod sf imguRemaking substentisdly 34 daphqne marrow from
characteristics may, be ed. . Fl G R Yea subatd QRmcttet@terd the
construct i B re@%&P?B’édeﬂ%@%“’. %%?%%‘é%ﬁ%ﬁ%%?‘oxi mately 200 psi. Preferably,
" the bal | 0ofsfRed Sonered the @plantsi ngl e |1 ayer of pol yurethane material .

Mul tiple balloon | ayers, and coati . b AlbSn SHCr Beventiicaaee
may al so be use@.ne %&eé%bﬁ‘ﬁIaEt,W?“a&ePe%?\‘i%pé%é}%rﬂg@%@ﬁ%%lboﬁt er é?l ivconegql ayer
or 15 coat dighsBBY magousebohe fiflagirhatemdl do theseseularsysem aidheinab6#ako or to
achi eve another clinical. obj.ecti.ve. L | eliad Rdioards toul d
recogni 28 FREEXAMIG-IPHAYNE ﬁ#ﬁl?sgarrﬁtlgﬁ%?lmhybz}lrﬁg ,Hag‘%é“’ g%‘té‘p ﬁ%gs,t ang1 conbi nat i ons
t her elof , ngng)@aymc@ q}emewﬂgmlef_of hﬁdfe&“;e;xt arehiyis I teintiy d@maggfuﬁélh}’c%}bo 1gatiqro
exanpl e, by i ncreasing abj | i 0 i dOreb it th
puncture aﬁﬂfqrélﬁﬂiflmjmqiﬁ P tP)}l}é/Y"ﬁ%ulgf %éﬁeg'mﬁrﬁgpﬁﬁﬁngé%’ rgf th@t bgl | oon
40 may ran%ﬁ}ﬁﬁ%&%@pﬂé@f@dﬁ@é @k porhtaltforldBmagingthe spimpbesrd o yrcpatroljed

single wall thickness, however, r i.ng from L ecd: t 3.5
nmls also Ml%émﬁﬁfé%%@ﬁplpwe‘b‘égﬁ%?ﬁqg “866??@%@?%%??%&4‘%?@@%55 of
optionaly4 %ﬁé}%aé’éﬁn&f?ﬁﬁlglﬁgﬁasgr eferably may range from approxi mately about 0
mls to about mls. Additionally, radi.Q-opague, i.ndi Ci be
applied to the d&uriderdie yiy Ray bﬁreﬁq@w&q%&%ﬂﬁ@ @g& é}reg%rftgg?egﬁpée)%a ced

vi sual rrear}fq CF MatBST 8of RO chley o270 Helgpeevenf bomefrhattiids onbatlydblidsfperna leashing
conposite balloon conprising at .| east .two terials_t. § a
rei nf or ci ngntodhporidty: Ganerally, SéaIBBtéﬁﬂ%?smgfﬁ?'ﬂé’r(?g}%g}#%ﬁ?ﬂ@ﬁ%ﬁggﬁtggﬁcy

for i ng_COMROARAL{TRy BE uSAYEoP id Altpselratersealhntinecbd applico arrnyguielBeimoon.

Exanpl es of "such matefials are_ described nore ful]y. Herein,.Th i ci ng
conponen20 nayw3ays sndhche badpksy 2BPIREAR lFégaélP?’ediﬁPWgt M{Cﬁga éllc?tbo-(glh %SE/ g%%@lé’ng

up tensile gl (55, B0k TRl ABRA Bidetnd BRilyguindes or dfer deplaymantpbtoriallof. he
rernto c

bal | oon. Th rcin nponent nmay be si gned. and confi
di stri but e hhddisiohothe sealanteraybeapalied %tﬂge Eﬁf%etg‘fﬁfeé‘f’f 8% 2 ﬁ%ﬁ‘“ﬁgé" E@g f‘%’%&%‘a‘é‘nd
confi gured {0 f8LM. 8 SPREAHE LATE &Wc S0 epigy@ddbal | oon” structure. The
rei nforcing conponent nay facilitate bet ﬁ)er sh(g e. ﬁ@t{oitecgﬁéah&%aggﬁ% on
and provide for I anothenexarggedbesralany ey PRPHGe 8}%% Tl e 5227
PCT/US025318284L1) ey | BEBb4 1 ush @hd¥eatai agwarhbensrthmppignvalisaytbe a
brai ded frat 1% exPen I ng over selected are?ls.ofﬁlt&he balll on, .l n anat Hfér
enbodi ment , inflambler deivihednarshe tofatadesy raied S i OKISF FOsHI™Y% Sealane A | hs
entirety. | not her [ e edrdesy nduallyHressutited whikitheseaaiant ise
boundary fogﬂfbﬁan&a rrrbogﬁgg@@@%sﬁgp{)%loon%nve??el y, in another >
enbodi ment béiag bpplieded matrix is | ocated on the outside of the boundary
form ng conponen QLiSES'SSt lo#l%?ﬁ%'o ERic® BEHRRBASM TR be tdiied ht@irdiag tafibtype i s
| ocated within t B boundary tor Rg conponent,. . For exggpl &‘5 a b%é‘?g@ifit
forni ng GOnpbadivercamithe prasgdure HeadhFon examp]ptit {SRIpEHE 13, Seplat rrg‘x I X
wi thin the menbrane. LG nh R (R i agidho appliylietothacoig walls.r A% nay be
i nfluenced Wq?%e ‘ﬁ%%ﬁ‘gf"aﬁ%’{ %‘ﬂ tg%gfﬂ}om ich i {)p}ys onstructﬁadm x&&)ﬁy by
" the shape apekvibusnddsoribedf eachef Kieas optinral sigpsFesarding ¢ PSSP b &t s
Addi ti onal | %@réﬁec{&ﬁgﬁrﬁfﬁ%ﬂ%{ feaNgsM oPbefohts oPhéti ell. matri x may be

g

determ ned ness of the weave. For exanple, a nore de rn
"for the braided niferdaftenyitlprhallopndf icngpriedirip the Wéﬁ%ﬁﬁﬁ%‘(ﬁy’ nggrg IEIPZ%% hl%}fy,
than a | ense fa Baishil 1 81dBr prikis©pregivié esmrol. Pafarahlpgheray
have dif?%féﬂ?ﬂzﬁﬁgggéﬁvgﬁgggéb%hkgéggﬁbchara%terigtics. The 15 angl e of
the intersecting braided nenbers may al so be varied to optim ze the
physi cal properties of the balloon. The ?raided matri x may therefore be
custom zed to provide a certain combi natiton of physi cal or chem ca
properties. These properties may include tensile and conpressive strength,
puncture resistance, chem cal inertness, shape control, elasticity,
flexability, collapsability, and ability to maintain high | evels of
performance over 20 the long term The braided materials nmay be conprised
of any suitable material including nitinol, polyethylene, polyurethane,

. .



30 nenbrane and braided matrix may designed to o [

_ perate at an internal
pressure of about 300 psi. As previously described, the size and e
confi gur%tgl on gf the inflation device nmay vary accor di ng g gticul ar
bone to 53 ed. FIG 3 illustrates neral constr C(?rI on o?ﬁ bal | oon
of the p_rebelmonﬁl@\Aemﬁatﬁd dirpR@dy #%@%F@scoﬂté‘?gg?‘lfetﬂ qeﬁe?ﬁ?rédgb a]“rfgputboél dggice

(the outer {isffrgg,ﬁﬁ qlft.) Hgﬁ%,lealbm&uh Brefies e daRRigéd berticaltvene witaaet er of

t he wor Ki n WO
(the | engt Iamdigulrén@nbhdtlr@fbn)is fraczur(es Aed m’éﬁovifﬁrfgez ?%%é%ﬁz’éfhet%{ag ?%éﬁ‘r’f‘%ﬁ?e

(the tapered an t
bal | oon' s di sta %‘gg‘lg f%‘r?;’tg"{gglsédg&gbrf t%é@?i@?&se@#ggegﬁ Mepsing o nfEmghe of the

![ (ﬁng :c t udi ngkesautt ﬁo&ﬁhefappdtatubaf’lle%%bly The bellopngpasks Uét?‘ﬁrr @@%ﬂgg’yﬁ}’h&g for
e Teatur en%g &Pﬁ)?%e’saﬁg 10 g]o R BO5EhY hd QE'Udiii%B IsGrti gk, I Thefsubtionsyriige tnh?}be ey

, apply to ne anat'om es. Val ueS presented in. r
represent gemeioaldeyicpitedltor edaditiens FingcapicanyIvdhe deyicr syifaple fo fo Vg?%glg the

-?—L\EﬁgnaegR:@g A an%&fAsZEl %\?_g%% E?%ﬂf@%%w @cﬂfa@éﬁ[ﬁe PP66n Rla§beréRshedrfidm tiea.
10Tar get Pr efaity @d@ﬂlﬁlﬁﬂiohhﬂa\(@Boabebeﬁwagaw@/@‘ azselra.ted Optionally, ﬂw)cay(l%e&sg may be

(deg. )Veg(; gggfg NS sl B aé@%%n%éﬁbégﬁéa%%%ommwﬁ&ﬂap The bone

21.5-3

%i g- g gg ﬁi&g%ﬂﬁﬂ§bga§mfﬂ@5 RadhaiicRong éi?lmg material or any other suitable bone
. 5-3. 2245- 656

11. 0- 3. 55- meggﬁ%grfglogﬂgg ﬁ%}a@?@%gmgnal steps may be performed after

21. 5- 3. 08- 138t RERIROR o Torb ——

- 554015 60Als1 dggg‘ge r?xgr% tl H)? %88&%%%%1%@% fhedehatorofthd Baldfdn and the

15 filling of the cavity with bone filler material may be varied. In addition, the balloon may
not be deflated prior to completing the surgical procedure. Instead, it may remain inside the
bone cavity for an extended period. Thus, the method of the present invention relates to
creating a cavity in cancellous bone, reducing fractures in damaged cortical bone with a
medical balloon, restoring the natural anatomy of the damaged bone, and filling the restored

20 structure of the bone with filling material.

The inflatable device may also be adapted to serve as a prosthetic device outside of a
bone. One example is that the balloon may be used as an artificial disk located between two
adjacent vertebrae. The use of an inflatable device in this manner may allow for
replacement of the nucleus of the treated disk, or alternatively may be used for full

25 replacement of the treated disk. Portions of the treated disk may be removed prior to
deploying the inflatable device. The amount of disk material removed may depend upon the
condition of the treated disk and the degree to which the treated disk will be replaced or
supported by the inflatable device. The treated disk may be entirely removed, for instance,
when the inflatable device serves as a complete disk replacement. If the inflatable device

30 will serve to support or replace the nucleus or other portion of the treated disk, then less
material, if any, may need to be removed prior to deployment.

The construction and shape of the inflatable device may vary according to its
intended use as either a full disk replacement or a nuclear replacement. For instance, an
inflatable device intended to fully replace a treated disk may have a thicker balloon

35 membrane or have coatings or other treatments that closely replicate the anatomic structure
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Addi t1onal it ngtd%(rrcg'tl?dmélﬁrang?orw mmaneroehabd:rsebramg@platmthaammfac@vw«mhm to
about 26 nm nore preferab W%ul d be bet Weenf.1 %%Htto R apd about 20
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instrument and an implant for interbody fusion,
35 For instance, a inflatable device of the present invention may be used for posterior lumbar
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rather than one or nore uniformtapered lengths. Simlarly, the balloon may
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| O anatony. Values presented in range 1 represent generally preferred
di mensi ons and characteristics. Values presented in range 2, by conparison,

represeng, wferred criteria. TABLE 2 PREFERRED EMB@ NN P8R 15
OFFSET BAL

TH Cl RCULAR .
geonet r y Pmefnétoriag Bad denleyren Ei%losg 1? ?régl?%vmg 8y‘-‘|¥gnt a

ig ggig iggp%ggd %@Qﬂ%nzﬁﬁr@% 35&%’1@&51‘1@@&%{'08%@ Uﬁmnxje second 1mp1ant

nge 28-1415 25%2 22%,‘%{ eusti\ 9e tre 32 a
3. 330- SRATGEadentEza Map 8o b IR FRb AP B BE L RIAGAP TGS FRABEeE AT FoLia HRange
212-3020- %ﬂagléﬁq}wg’lv( mﬁ@hﬁfe%e{&l%%eﬂ@'éiﬁﬁ%s EdrZndisipiiakploytnents iofibdlkdvine o, t he

foll ow ng exenpl ary e odinents are primarily 30 directed toward vertebral
bodi es. 5 | rfiltenenaterizdeiasrsperibegBo¥eot al | ength L10 is about 20 mm the working

length L11 is a@? tdl}fo qmy&ﬂ”gaclh%bm%@b@iv&t@r@anwaomfmgmefeteaper ed
abo and

distal end is t he outer di apre circul.ar bul ge

* is about Gconmntrlanoamﬁ&f@dloeqmé%ﬁ maferial wHInghe ft %ﬁﬁ?fnﬁtﬁ’éwl W%%ﬂ a8 Hshsi ons

except th t the g Qﬁ s S0 ﬁyﬁn %Mff&mtweﬂcean@tﬁdiﬁrofeml nent ,
t he ball oo a“&l arre BgleamE ¥ as A B g_ 20 / Q8s

27
PCT/ US02/ 14838 Iﬁh)G:)e mdaﬁmiazly, gffeé%ﬁda%mopawdwaﬁalé A3 %@%‘E%“ésch@?‘& of a
bal | oon,14 whi ¢ch y an offset balloon 145 having a
non- uni 11% ﬁ?%??cc?mccrh%%&:g t?r,%-;gillﬁeelgh@é center of the gal l. oon I45 %6
uni formy taperFig Zeddmvsjaaﬁedlﬂh‘ié)aﬂmra‘io ofthgeansirugtion desprabedabpyeileled 1

divided into a. tag’eﬁ}éf@a;%{lsiv?elfﬁ 0, th€ SRJR 40'RkddR FroRe8 binBR lay@Pef pr oxi mal

t apered entPProxgi as’’hon uni form cross-section which may be
defi ned bypolgiireibaat maernigt. Mul@lfabﬂlloenmfssé@ﬂ FRANAES Of fber maferialy YeheR L14

oS SR APPSR LR IS i s on
confi gunat geingymhypbgeded bo fe@llaataum;tlon\mf |th@§alkgog§1@mr &yaghieve dpghenc ‘r“é“ﬁ‘]l esent
Pange 2. ofbEbRsa e TEh A AL ARG Kok Ay it sty
and coatings, and combmatlons thereof, may be used to improve the serviceability of the
balloon 40, for example, by increasing the ability of the inflated vessel to resist puncture
and tearing. Preferably, the single wall thickness of the balloon 40 may range from
20 approximately about 1.5 mils to about 2.5 mils. A single wall thickness, however, ranging
from about 0.5 mil to about 3.5 mils also may be preferred for particular applications. The
thickness of optional layers or coatings preferably may range from approximately about 0
mils to about 4 mils. Additionally, radio-opaque indicia (not shown) may be applied to the
" exterior surface of the balloon 40 to provide an enhanced visual means for assessing the
25 degree of inflation and collapse.

A composite balloon comprising at least two materials that may serve as a
reinforcing component and as a boundary forming component. The boundary forming
component may be any suitable material used for forming a balloon. Examples of such
materials are described more fully herein. The reinforcing component may provide added

30 tensile strength to the bailoon by picking up tensile stress normally applied to the boundary
forming component of the balloon. The reinforcing component may be designed and
configured to distribute these forces evenly about its structure, or may be designed and
configured to form a space frame for the deployed balloon structure. The reinforcing

component may facilitate better shape control for the balloon and provide for a thinner

35 boundary forming component.

-15-



PREFERRED EMBODI MENTS FOR OFFSET BALLOONS W TH NON Cl RCULAR CROSS- SECTI ON
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Radi usRa %&Z?%;)Z%S S

- 400-55- 255 2520Ra
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ermbodi ment ,; Rendi@d & thb BHGHdArbAning campaber?0f thy ballnen wepkyengly, ehgothar14 i s
about 15 mm and the hori zont al i stance,L15

end is
* about 35 membpdimgethe praideddnatyiy & lopaedpg tqfl%]tsé(ﬁl%s{kﬁ E)ﬁlli)r?{era prhﬁlgth L17 of
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alternatlve reinforcing structure to the rods depicted in FIGS. 17-24. The
rei nf or ci nbe Aee¥ed- of FIG 25 may be tubular in construction and -24

FIG. 4 depicts a balloon embodiment style with an uniform bulge 90 having an
axially uniform diameter D3 with a blunt distal end 95. In one embodiment, the total length
L3 is about 20 mm, the working length L4 is about 15 mm, and the outer diameter D3 is
15 about 12 mm. In another embodiment, the total length L3 is about 20 mm, the working
length L4 is about 15 mm, and the outer diameter D3 is about 8 mm. In yet another
embodiment, the total length L3 is about 15 mm, the working length L4 is about 10 mm,
and the outer diameter D3 is about 8 mm.
FIG. 5 depicts a balloon embodiment style with a central bulge 100 having a
20 constant outer diameter D4 in a central portion of the balloon 70, while having uniformly
tapered ends 105. In one embodiment, a balloon with a central bulge has a total length L5
of about 20 mm, a working length L6 of about 8 mum, a horizontal length L7 of the tapered
distal end of about 5 mm, and an overall outer diameter D4 of about 12 mm. In another
embodiment, the total length L5 is about 20 mm, the working length L4 is about 8 mm, the
25 horizontal length L7 of the tapered distal end is about 5 mm, and the overall outer diameter
D4 of the balloon is about 8§ mm. In another embodiment, the total length L5 is about 15
mm, the working length L4 is about 8 mm, the horizontal length L7 of the tapered distal end
is about 5 mm, and the overall outer diameter D4 of the balloon is about 8 mm. One skilled
in the art would appreciate that the tapered end of this balloon style may have other
30 configurations. For instance, the balloon may have a series of uniform tapered lengths,
rather than a single uniform tapered end. Also, the balloon may have a curved tapered end,
rather than one or more uniform tapered lengths.
Similarly, the balloon may have a combination of uniform and curved lengths
comprising the tapered end of the balloon. The tapered end also may be unsymmetrical

35 about the central axis of the balloon. A balloon comprising a braided matrix and membrane
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%LO brai d. @efefieé dlmérlsactnalahécbla;w@l@tm EP@PW@SGWFEWP% NREVeA ¥ ai d
orns a, redet er m ned d5, 4. The inflatable device of claim 1,

wher ei n Y HEPFESFUUE RES Q—geﬁf corrprl ses an essentially inelastic material. S.
The inflatable device of claim1, whelTABLERe first conponent conprises an
essentially sem -elastic matg ﬁERR%Q) EvBBISINIBATStEb e device of claim1,
wherein the first conponent corrprl ses an essentially elastic material. 7.
The inflatabl e devOBRSBT BAIZIGONS WHIH dION CARCEE AT ERQNMpeREMOtonpri ses 25

an essenti @:Qba&eba&%w =

Target Preferred L13 L14 L15 L16 L17
N Beomey e (mm) (mm) (mm) (mm) (mm)
Vertebral Body | Range 1 10-35 8-25 0-5 5-30 5-30
Range 2 15-25 12-22 1-3 6-20 6-20
Distal Radius Range 1 1045 6-40 0-5 5-25 5-25
20 Range 2 15-25 12-22 1-3 8-14 8-14
Calcaneus Range 1 5-35 3-33 0-5 5-25 5-25
Range 2 12-28 8-24 1-3 8-12 8-12
Tibial Plateau Range 1 15-60 11-50 0-5 5-40 5-40
Range 2 20-40 16-36 13 1230 1230

25

As described in Table 3, the following exemplary embodiment is primarily direqted
toward vertebral bodies. In one embodiment, the total length L13 is about 20 mm, the
working length L14 is about 15 mm, and the horizontal distance 115 of the tapered distal
end is about 3 mm. Further, the vertical height L16 and the lateral width L17 of the balloon

30 145 are 14 mm and 14 mm, respectively.

Referring to FIGS. 9 and 12, these general balloon embodiments and the preferred
dimensions presented in Tables 2 and 3 may be combined to create complex balloons,
which are inflatable structures comprised of a plurality of balloons. For instance, FIG. 13
depicts an embodiment of a complex balloon 160, and a catheter 165 adapted to deploy two

35 inflatable structures 130 and 145, In this exemplary embodiment, the balloons 130 and 145
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exteri or TPERIRS a‘lsmfsﬁlémfs}l%%etgg ¢ m@%%ﬁ@lo%%ﬁ{a%b@%%g?gg& lﬁ(%%%? g? claim

1, wherein ]géchﬂethacf brat it pdepusess One hpkedaiplthe art wosidpparecittheiaeicdur ed to

receive a tiller ter 39
balloons such as those deplcted i FIGS. 15 and 16 can be made for an anatomically correct

15 fit, as previously described, without requiring an angled catheter shaft. One skilled in the
art would further appreciate the potential reduction in cost an angled balloon construction
might posses over a similarly shaped angled catheter balloon.

FIGS. 17-25 depict exemplary embodiments of a catheter construction of the present
invention. The basic components of the catheter are shown in FIGS. 17-19. Additional,

20 illustrative embodiments of structural reinforcing elements are presented in FIGS 20-25. In
general the catheter may be constructed with a plurality of openings through which a
balloon or plurality of balloons may be deployed. For example, the catheter may have two
openings through which a single balloon may be deployed. As the balloon is inflated, the
reinforcing members of the catheter that define the openings cause the balloon to expand

25 outwardly away from the catheter. Alternatively, a plurality of balloons may be deployed
through the windows either at approximately the same time or in a staged succession. The
balloons also may have differing shapes, surface characteristics, or pressures to suit a
particular clinical application. The following discussion illustrates non-limiting examples
of the present invention using a catheter with windows through which a balloon or balloons

30 are deployed.

FIG. 17 depicts the distal end 175 of the catheter 165 of FIG. 13 in an elevation
view. The catheter 165 has an outer diameter D7, a proximal tip length L20, and two
circumferentially opposed balloon deployment openings 170. Lengths L18 and L19 of the
balloon deployment openings 170, preferably, are the same length. The openings 170,

35 however, may be of different length and size to accommodate a particular balloon. The
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31. The e ereint woven braid forns det
30 shape. l&ngtﬁh@%ﬁbbu&r dimapisimnrof 1@, 1ndmCtUIﬂbe0dc1c9|§pxs.r§l,ap¢g t9 ﬁ@pre S rm ned

?g? : g![ 2& 2 I‘%g r%g*}e g%qfuggd R B i AL 5o RattRfer s2ipd§Bb %ﬁ%ﬂtbemeeh% balloon
deployment windows 170. Although, the interior width 123 of the U-rod 185 is related to
the geometry of the catheter interior, width L23 is also operably configured to cooperate

15 with the deployed balloon or balloons.

In addition, length L25 and length 1.26 of the U-rod 185 preferably extend beyond
the distal edge 200 of the balloon deployment opening 170 to provide a suitable anchoring
length 1.27 for the U-rod 185 within the catheter 165. U-rod segment lengths L.25 and L26
need not be equal. The rounded tip 205 of the U-rod 185 may be fully recessed or may

20 partially extend from the proximal end 175 of the catheter 165. In one embodiment, the tip
205 of the U-rod 185 is secured to the catheter 165 by a soldered, brazed or welded
connection. A glued fastener or other attachment means may also be used. For instance, a
snap together fastening method may be used. Depending on the number of balloon
deployment openings 170 and the material of catheter 165 construction, the number of

25 reinforcing rods 185 will vary. Also, the means for joining a plurality of reinforcing rods
185 together and connecting the reinforcing rods 185 to the catheter 165 may vary from the
embodiments shown.

FIG. 19 is a sectional view through line 19-19 of FIG. 18 and shows individual
reinforcing rods 195 with an exemplary cross section. In this illustrative embodiment,

30 reinforcing rod 206 is circular in cross-section. As one skilled in the art would appreciate,

. the geometry of the reinforcing rod may be selected to provide a beneficial combination of
clearance and strength. For instance, FIGS. 20-25 depict individual reinforcing rods 195
with other illustrative geometric cross sections. The reinforcing rod of FIG. 20 shows an
embodiment with kidney bean shaped cross-section. FIG. 21 shows a reinforcing rod with

35 oval shaped cross-section. FIGS. 22 and 23 show reinforcing rod embodiments with
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-

Reinforcing elements, alternatively, may be individual rails which are connected to
and oriented around the catheter perimeter by a plurality of spacer rings which are mounted
on an internal lumen. The reinforcing elements may further be wire elements that are post

tensioned at the distal tip of the catheter. For this reason, the relative sizing of the balloon

30

deployment window, the catheter strips and the reinforcing elements may be reconfigured to

accommodate a particular anatomical, mechanical, therapeutic, or clinical need.
For example, FIG 25 shows an alternative reinforcing structure to the rods deplcted

35
in FIGS. 17-24. The reinforcing member of FIG. 25 may be tubular in construction and
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FIGS. 26 and 27 show a balloon catheter with three balloons and three deployment
windows. The complex balloon 210 comprises three offset circular balloons 215 stemming

15 from a central catheter 220 and enclosed by an optional outer layer 225. In one embodiment,
the individual balloons 215 are comprised of single layers. In another embodlment the
individual balloons may be formed from a plurality of layers and materials. Alternatively,
in another embodiment, the complex balloon may comprise a single balloon with three
chambers enclosed by an optional outer layer 225. One skilled in the art would readily

20 appreciate that the thickness of each of these layers may be different, and that complex
balloons may achieve large effective outer diameters, with thinner balloon walls. Thus, a
complex balloon may provide surprising benefits and high levels of clinical performance
including: increased resistance to puncture and tearing, novel positioning abilities, enhanced
deployment, improved retractability, and ease of removal.

25 FIGS. 28 and 29, depict axial balloon embodiments 230 and 235 having uniform
diameter and at least one integral hinge 240, which separates the working length of the
balloon into a plurality of segments. Adjacent balloon segments are free to move about the
common hinge. FIG. 30, by contrast, represents an offset balloon 250 with two large
chambers 255 connected in serial. Inone embodiment, a catheter tip 260 is inserted into the

30 balloon 250 to a point 265 about equidistant from the balloon chambers 255. Referring to
FIG. 31, the second chamber 270 of the balloon 250 is then folded over the tip 260 and
doubled back along the length of the catheter 275. Further, the folded over portion 270 of
the balloon 255 may be secured to the non-folded portion 280 and tied to the catheter 275
near the proximal end of the balloon. In another embodiment, the doubled chambered

35 balloon is constructed of two layers. In yet another embodiment, an inner balloon is folded
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15 - As shown further in FIG. 32, the proximal tip 260 of the catheter 290 provides a
fluid conmection between the first 280 and second 270 balloon chambers 255. When the
balloon 250 is deflated, the direction of fluid transport is reversed. In one embodiment, the
blockage 295 in the catheter 290 is removed to allow fluid flow throughout the length of the
catheter 290. In another embodiment, a pressure activated valve, opens to permit free fluid

20 flow through the catheter, when the pressure in the second chamber 270 of the balloon 250
becomes larger than a predetermined pressure in the first balloon chamber 280. In yet
another embodiment, the catheter blockage 295 may be selectively controlled by the

* surgeon and formed from a shape memory metal, that would provide by-pass flow in one
state, and direct catheter flow in a second state.

25 One skilled in the art would readily appreciate that more apertures may be used as
appropriate to effect the desired rate of fluid transfer, and that a folded multi-chamber
balloon may be simple to assemble and test during manufacturing. Thus, creating complex
balloons from a folded multi-chamber balleon 250 embodiments may also provide cost
savings.

30 Similarly, FIGS. 33-35 depict additional exemplary balloon embodiments 310, 315,
and 320. FIG. 33, for example, depicts an axially offset balloon 325 with a uniform
diameter D10 and curved shape. In one embodiment, the curved balioon 325 having
longitudinal axis 330 may intimately contact the walls of the prepared bone cavity.
Alignment of balloon-applied forces with the bone damage facilitates a shape appropriate

35 restoration of the bone anatomy. In another embodiment, the curve is provided by a curved
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F 109 () ; mid %9%46 bt fhe balloon 335. In yet another embodiment, shown in FIG. 35 the balloon
320 has three chambers 350, two hinges 355, and a curved central sectign 365. In another
embodiment of the balloon of FIG. 35, the structure of the balloon 320 alléws for the
con&oﬂedinﬂaﬁonanddeﬂaﬁonoftheindhddualchmnben;365,370,and375.
10 FIG. 36 depicts a sectional view through the longitudinal axis of the spine, and
shows a multi-chambered and hinged balloon 385 within a vertebral bone 390. In this
embodiment the complex balloon has the advantage of allowing selected chambers (e.g.,
chamber 395) to be deflated first before the other sections (e.g. chambers 400 and 405).
Thus, cavity 410 could then be partially filled with bone cement without deflating or
15 removing the outer balloon chambers 400 and 405 and the restored anatomy of the bone 390
could be fully or nearly fully maintained during the transition from bone fracture reduction
mmmmmmLmmwmamwmmmmam@mmmwmm@mmmmmww
as the balloon sections are deflated. In yet another series of embodiments, the multiple
balloon chambers of FIGS. 35-37 may be formed from shared septum membranes, rather,
20 than narrowed passageways or hinges.

FIG. 37 which is taken along line 37-37 of FIG. 36, depicts a central catheter 420
with offset circular balloons 425 and 430. As the top 430 and bottom 425 balloon are
deflated, bone cement 430 is filled against the outer wall 435 of the cavity 410 in the
restored vertebrae 390. In this fashion, a controlled volume exchange between the inflated

25 structure 430 and 425 and the bone filling material 430 is accomplished. Thus, multiple-.
chambered balloons offer the potential for surprising advantages, such as controlled volume
exchange between the restorative balloon and the bone filling material. Similarly, one
skilled in the art would also readily appreciate that multi-chamber balloons may also be
used for sequential filling of restored bone cavities. For example, the inflated structure in a

30 stronger part of the bone may be deflated while balloons supporting weaker portions of the
bone remain deployed. The region of the bone where the balloon is deflated may then be
filled with bone filler material and allowed to harden or gel. Then, neighboring or other
balloons may be selectively deflated and the regions filled in a similar manner. In this
mannér, controlled deflation of a multi-chambered balloon provides temporary support to
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7. The inflatable device of claim 1, wherein the second component comprises

25 an essentially inelastic material.
8. The inflatable device of claim 1, further comprising a2 medicament.

9. The inflatable device of claim 8, wherein the medicament is disposed on an

30 exterior surface of the balloon wall.

10.  The inflatable device of claim 8, wherein the medicament is disposed on an

interior surface of the balloon wall.
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28.  The inflatable device of claim 24, wherein the at least one seam defines a

region of the balloon wall.

20 29. A method for treating bone comprising:
creating a cavity in the treated area of the bone;
deploying an inflatable device inside the bone, said inflatable device having
first and second components, wherein the first component is a barrier that forms a balloon

wall and the second component comprises a thread for reinforcing the wall, and wherein the

25 second component is molded onto the first component.
30.  The method of claim 29, wherein the second component is a woven braid.

31.  The method of claim 30, wherein the woven braid forms a predetermined

30 shape.

32, The method of claim 29, further comprising the step of applying a sealant to
the treated area prior to deployment of the inflatable device.
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10 35. The method of claim 34, wherein the step of using the inflatable device to '

spread the sealant comprises rotating the inflatable device.
36. The method of claim 34, wherein the step of using the inflatable device to
spread the sealant comprises moving the device along an axis in which the device is

15 deployed into the treated area.

37.  The method of claim 34, further comprising the step of gradually inflating

the inflatable device while spreading the sealant onto the treated area.

20

25

30

35

-32-



