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This application is a continuation-in-part of U S. Patent
application Segbokagyee 08/485,394, filed June 7, 19%cT/oNeéedesd S a
continuation-in-part of U S patent 10 _ 1 application Serial No.

08/ 188, 224, filed January 26, 1994 entitled, "lInproved Inflatable
Devi ce For Use In Surgical Protocol Relating To Fixation O Bonhe."
This invention relates to inprovenents in the surgi cal treatnent
of bone conditions of the human and 15 ot her ani mal bone systens and,
nore particularly;-to an i nfl atabl e balloon-Iike device for use in

treating such bone conditi ons. Ost eopor osi s,
avaseul ar necr osi Syipf 2 BR ' :

pr edi spose_t he bonemillg

fractures ®ach AR e 5 c
mllion are ) caused by osteoporosis,

robl ems that have. boen poort e SRRLACSCEsR O cobIRuBRUSE- BArE of |
gnd chroni c conpl i%c%‘t'i gﬁg.en{' dppliication Serfasf#?e g31/28§133%4f' rfd'ﬂ'fdotf#‘é‘fa
ort hopedi ¢ proced(,e3995, whichti® @ar cant imuat iondn-parbpefi B .gpatent
invol vinggpnfect egpplication Serial No. 08/188,224, filed January 26, 1994
entitled, "Improved Inflatable Device For Use In Surgical
Protocol Relating To Fixation Of Bone."
This invention relates to improvements in the
surgical treatment of bone conditions of the human and
15 other animal bone systems and, more particularly, to an
inflatable balloon-like device for use in treating such
bone conditions. '

Osteoporosis, avascular necrosis and bone
cancer are diseases of bone that predispose the bone to
20 fracture or collapse. There are 2 million fractures each
year in the United States, of which about 1.3 million are
caused by osteoporosis, while avascular necrosis and bone
cancers are more rare. These conditions cause bone
problems that have been poorly addressed, resulting in
25 deformities and chronic complications.

The outcome of many other orthopedic procedures
to treat bone, such as open surgeries involving infected
bone, poorly healing bone or bone fractured by severe
trauma, can also be improved. Currently, bone is

30 prepared to receive materials such as bone graft or bone
substitutes by removing diseased or injured bone using
standard tools, usually made of metal. Gaps between the

. patient’s remaining bone and the inserted materials delay
or prevent healing.
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bone, poorly healing bone or bone fractured by severe trauma, can

al so be inproved. Currently, bone is 30 prepared to receive materials
such as bone graft or bone substitutes by renoving di seased or

I njured bone using standard tools, usually rmade of netal. Gaps

bet ween t he wooner®at i ent' s remai ni ng bone and t he i nsert g erneémosal s
del ay or prevent healing. -2 - WO 96/ 39970
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Ther apeuti c substances |ike antibiotics and bone growth factors
have not been applied to bor‘*l in a vvay t ?aié 0£ zes and I ntai ns
their contact wrth the Therageutig  suhstanges), n o568 | bone

growth factors 5 bone gweith Hactdreghavamat beent apphizd dat bone :_emdi hast en
repair. They are ghy'’ it YopliniResaand hailRa@aEStRéir contact! Wilth Gdhedl OUNd
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pl astic pol yner aﬁ

nse LNt O areas €S i n the
bone). Del%vered apd othex M%cmnpmwnm@pméﬁcg@mm saavemy bl ood
or other bbpafls, otHdiearenBRéiattaly placad &@edfy GRiwde®s ékegf ades.

Al so, the amount f th ra eut |d§§§€bstance elivered

pol ymer can be |i etheRVA Bgngy or else atrr?efﬂé'\“‘é{:%edi
BACKGROUND OF THEthWQ’ﬂ\I or a degradable plastlig bbE/mdntand $nde@Gsi 888

and 5,108,404, anjnto areas MY afeﬁéc@ﬂd(ﬂmkhognaﬁﬁe%&fé)ose@eiﬁefélf

fixation of in thiGdhes Otndl ey GO dLLHORS 108, HMEA 300, 0t NS le

fluids, either immediately or as their carrier degrades.
Also, the amount of therapeutic substance delivered in a
gel or polymer can be limited by the space provided by

the defect.
15 .
BACKGROUND OF THE INVENTION
In U.S. Patents 4,969,888 and 5,108,404, an
apparatus and method are disclosed for the fixation of
fractures or other conditions of human and other animal
20 bone systems, both osteoporotic and non-ostecoporotic.

The apparatus and method are especially suitable for, but
not limited to, use in the fixation of vertebral body
compression fractures, Colles fractures and fractures of
the proximal humerus.

25 The method disclosed in these two patents
includes a series of steps in which a surgeon or health
care provider can perform to form a cavity in fractured
or pathological bone (including but not limited to
osteoporotic bone, osteoporotic fractured metaphyseal and

30 epiphyseal bone, osteoporotic vertebral bodies, fractured
osteoporotic vertebral bodies,  fractures of vertebral
bodies due to tumors especially round cell tumors,
avascular necrosis of the epiphyses of long bones,
especially avascular necrosis of the proximal femur,
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20 bone systens, both osteoporotic and non-osteoporotic. The
apparatus and nethod are especially suitable for, but not limted
to, use in the fixation of vertebral body conpression fractures,
Colles fractures and fractures of t he proxi-mal hunerus. 25

The net hod di scwo9ea9ton t hese two patents I ncl udes @PCIAISPEADHI|
steps in which a surgeon or health - 3 €are provider can performto
forma cavity in fractured - or pathol ogi cal bone (including but not
limted to ost eoporotic bone, osteoporotic fractured netaphyseal

o5t copor ot i ¢ vert SRS ARRIE A BrOFREl FREF PR defects ATLBINES due
to tunors especi al fyon @ndpcrdne condittions). avascul ar necrosis of the

epi physes of 1ong bones,  The metRS®SirtiHey BNEPEASR ar)8HASHSn0fn iR
proxi mal femur, . WO 96/ 399.70. e xs
PCT/ US96/ 09933 skin (usually one incision, but gggecond small dpcisdon o r

and proxi m@ hunerway e decrequiredify a suctionfegressndecrisad) _
conditions). followed by théhgla®émait bE' hhehidd PifGhidR 18CHDd4Ey i N
t he skin (u@gﬁ#ﬁg ne |gﬁ|§lon %rt a secqu.%pauh I ncision 5
may al so be requir¥ cBP5R BHFRUS dowm kR §nd into ther bopgor| by the
pl acement of a guide pin whithie methed sturther includes gimjiiling tbétbanessue
gowrl to atnd i Bt o ths ﬁ@rt%eattedbtot forn a cavityhér BASYG tef Wt REE b&&é,U_deSt ]
rilling e bone , 0 be tre Q Fo a | ty, O, _passa I n e
bone, 10 T8 “ang i dmaersiihe Ry LEFLATag, bR Tnen TRk ol B REE e
cavity or passage.cavitwnmpassaghe | Milatibreofiethecinflatable davies a
conpacting of the gansdd |P¢dupaRRiRGP AR cancellous bone and bone
marrow against the inner surface of the cortical wall of
the bone to further enlarge the cavity or passage. The
15 inflatable device is then deflated and then is completely
removed from the bone. A smaller inflatable device (a
starter balloon) can be used initially, if needed, to
initiate the compacting of the bone marrow and to
commence the formation of the cavity or passage in the
20 cancellous bone and marrow. After this has occurred, a
larger, inflatable device is inserted into the cavity or
passage to further compact the bone marrow in all
directions.

A flowable biocompatible filling material, such
25 as methylmethacrylate cement or a synthetic bone
substitute, is then directed into the cavity or passage
and allowed to set to a hardened condition to provide
structural support for the bone. Following this latter
step, the insertion instruments are removed from the body
30 and the incision in the skin is covered with a bandage.
While the apparatus and method of the above
- patents provide an adequate protocol for the fixation of
bone, it has been found that the compacting of the bone
marrow and/or the trabecular bone and/or cancellous bone
35 against the inner surface of the cortical wall of the
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marrow agai nst the inner surface of the cortical wall of t he bone

to further enlarge the cavity or passage. The 15 I nfl atabl e device is
then deflated and then is conpletely renoved fromthe bone. A

smal l er inflatable device (a starter balloon) can be used
initially, if woegssy t o initiate the conpacting ofpcriiReddss
marrow and to commence the fornatsi an of the cavity or passage in

t he 20 cancel | ous bone and marrow. After this has occurred, a

| arger, inflatable device is inserted into the cavity or passage

ne_marfow inagll ., . _, .
Al owabl e bi 0conBREFLFR HY (FERGSHTa? B8 Sighthigaptly improved with the
met hyl met hacr yl at useepfrmnidatabiendéci¢es kbat incorporateuladtiitivmalis then

directed into theesg¥héeridly Ba&EAHEs not hereteeél:@'de%‘&fibkg ahd ﬁ&'ba
hardened condition_to stryctural. support. for the bone.

ovid . | _
Following this | aPF@PeHY °°n%r°§?"éﬁ,“’ttr:fb REI9Z: tREIRY grEAres i Fushoved
fromthe Sody 30 patentand Ithbasnalse dreem fonadsthat itherapeuticwi th a

bandage. substances  c¥i b8 &OBIAARA FiVA ﬁ@#ﬁ#’gngf ahd€e above

patents provide an eguat rotocol for the fixati bone, it
has been found thgfegﬂ‘gs ﬁfﬁﬁggt?ﬁﬁvﬁfpﬁﬁ!‘tﬁoﬁﬁ an unexpecked Wi andffor t he
trabecul ar bone ahdgdreermadditbonablycfBmd that athe mppatrheusnamd surface of

the cortical wallmeinédi® of the above patlert®y 388 % adapted in ways not
PCT/ US96/,09933 . one to be

treat ed clg)n be si BRETHUANY FePRpIBSR F£uidmpreNs opetfl surgegigs ¥o; &} ¥t abl e
devi ces that incofpee e xemovei bone, as well aentp mdediiver therapestiwt
heretof ore descri bgBsdttbdiOGuring thesd MR gekies ONtA AeleBUniht thd¥d fre
inflatable devicegrigengg} improvements in the shape, construction and
size of inflatable devices for use with the foregoing
15 apparatus and method, as well as for new methods, and the
present invention satisfies such need.

to further corrparcT% the_b i rections,

Prior Techniques for the Manufacture of Balloons for
In-Patient Use

20 A review of the prior art relating to the
manufacture of balloons shows that a fair amount of
background information has been amassed in the formation
of guiding catheters which are introduced into
cardiovascular systems of patients through the brachial

25 or femoral arteries. However, there is a scarcity of
disclosures relating to inflatable devices used in bone,
and none for compacting bone marrow in vertebral bodies
and long bones.

In a dilatation catheter, the catheter is

30 advanced into a patient until a balloon is properly
positioned across a lesion to be treated. 'The balloon is
inflated with a radiopaque liquid at pressures above four
atmospheres to compress the plaque of the lesion to
thereby dilate the lumen of the artery. The balloon can

35 then be deflated, then removed from the artery so that
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5 patents. It has al so been found that therapeutic

subst ances can be delivered with the apparatus and nmet hods of the
above patents in an unexpected way. It has been additionally
found that the apparatus and met hods of the above patents can be

adapt ed i n waywgo9esosid previ ously described to inprovearaesesessyeri es
to fix, fuse or renpve bone, as setl as to deliver therapeutic
substances during these surgeries. A need has therefore arisen for
I nprovenents in the shape, construction and size of inflatable

devi ces for use W|ththef egoi pRar at t hod, as well
as for new met hodd g£°‘9 car be 5F5§85?3'E F‘oﬁggagf" f‘%g such need.
Prior Techni ques éme:tyne Manuf acture of Ball oons for | n-Pati ent
ﬁﬁu? gcture of ballo nsAsLovaf&F\%s%?ng ; ba&hﬁﬁtﬂéleai hQQgEOtéél%uque d
oun
i nformati on has bEREOHREs gs?:‘t'le I‘PS P"B’F‘”ﬁu?df#ég%aﬁ ‘heters
whi ch ar esi nt r odutteher metails of anmpdiastgscamhﬁt%ywmdurepatMt S
through the bracfuééagl of balfborlsHed i ﬁrkﬁéhe%ceﬁﬁ%‘éeﬁantﬂérfodrﬁia

scarcity of osures relating to I e es used in
bone, artP fnit PBFeEBﬂp%ﬁ%aﬂéna(m ﬂég 2 aégt'ihg bodi es
and | ong bones. 4,168,224, 4,516,673,n 4a 538, 6231 i ewP5tatREL erpdt he cat heter
is 30 advangeghd gsa.a patient until a bal I oon S pr operly

positioned across a lesion_to be treated. .The b | nfl ated
with a r&8i opaque |iquid aEXpFRELRE 0 &s?oﬁ?en 0 e g?ﬁ%sﬁﬁﬁ%s to
conpress the pl agslsapsd thaélbessmﬂms molds whicharegming very apcuragen of

the artery. The bgléRfinRB£3Bhe interitdN e rdeé ! tiarbort Rensbemoved from

the artery so thatcceptable balloons for angioplastic catheters. However,
this technique of extrusion forms parting lines in the

15 balloon product which parting lines are limiting in the
sense of providing a weak wall for the ballcon itself.

Patent 5,163,989 discloses a mold and technique

for molding dilatation catheters in which the balloon of
the catheter is free of parting lines. The technique

20 involves inflating a plastic member of tubular shape so
as to press it against the inner molding surface which is
heated. Inflatable devices are molded into the desired
size and shape, then cooled and deflated to remove it
from the mold. The patent states that, while the balloon

25 of the present invention is especially suitable for
forming prism-like balloons, it can also be used for
forming balloons of a wide variety of sizes and shapes.

A particular improvement in the catheter art

with respect to this patent, namely U.S. Patent |

30 4,706,670, is the use of a coaxial catheter with inner
and outer tubing formed and reinforced by continuous
helical filaments. Such filaments cross each other
causing the shaft of the balloon to become shorter in
length while the moving portion of the shank becomes

35 longer in length. By suitably balancing the lengths and
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the bl ood fl ow can be restored through the dil ated artery.

A di scussion of such catheter usage technique is found and clearly
disclosed in U S. Patent 5,163,989. 5 Q her details of angioplasty
cat het er pr ocewonesg7end details of balloons used ipecTAI$S9609933
procedures can be found in U S.- Katents 4, 323,071, 4, 332, 254,
4,439, 185, 4,168,224, 4,516,672, 4,538,622, 4,554,929, and

4,616, 652. 10 Extrusions have al so been made to form prism

sha ed ball oons u h [ r r at,

of !to he interior s%r ace i‘% OfME?’ & wé?'gé' of ché %aﬂ&%' %aBPé' 184 PSgﬁﬁmﬁ)r
angi opl asti c cat h&fefle :F-R-)]ﬁé\P@FSJ -changes #ﬂﬁllgngébmﬁrqé@ gradextouetfeet or ns
parting lines in eaehléther. Thakl 0the Picslition\BE Cthe dinerd ahaneﬁtéfe

limting in the . e _af idin k wal | r bal | oon

i !t;nel :‘ . ] tubing caﬁ?%%t gﬁﬁug@%gg g%e@e?eﬁgsl&epa% Eﬁa ORethrf que
for mol di iy di| at depdredaporitden in the drlqade veasebon of t he
catheter is free of parti ng)ﬂue&eals&'i@sﬁMWeQHElﬂé) to the HRKEYVESn of

inflating a plasti

agai nst '?he Pnner ﬁf?gl ng es(uyre %gggwgl ch&a&eﬁﬁ% the ]‘f?&‘ﬁt@&. °?n$?ﬁf'§‘5+%
devi ces are nol deénFPI‘tléet‘FﬂF dedilpwing: si ze and shape, then cool ed
and deflated to renove it U.s. Pateht om31m 430l deldtus Rt ehe Sird€sod hat,

while th al | oon 25 t i \ es ui tabl e
for 9P formoﬁg pr| s%ﬁ%tnk g%a?f‘%%% #% ?g#'a s%%&g’%§§88#%¥ dex
forning bal | oons dRta @i mRAWIdary: gavityi Anflasdngthredalloon bladder,

A particul ar |npreaamnng the theeefbhebLItiRy long bone untiithheQtPa§tha® this

patent, narely U ScoPaignt iy 5emoyéngqsb6ma hs: e U35,90.2cf021 @

catheter with inne A b %ed by
cont i nuous OPGHéPg c%ﬂr"I“BPaWEhF% thes Ry Famsc fxon thehlemdier
causi ng t¥ge. shaft bohet he ball oon to becone shorter in

U.S. Patent 5,102,413 discloses the way in
which an inflatable bladder is used to anchor a metal rod
for the fixation of a fractured long bone.

Other references which disclose the use of

20 balloons and cement for anchoring of a prosthesis include
U.S. Patents 5,147,366, 4,892,550, 4,697,584, 4,562,598,
and 4,399,814.

A Dutch patent, NL 901858, discloses a means

for fracture repair with a cement-impregnated bag which
25 is inflated into a preformed cavity and allowed to
harden.

It can be concluded from the foregoing review
of the prior art that there is little or no substantive
information on inflatable devices used to create cavities

30 in bone. It does not teach the shape of the balloon
which creates a cavity that best supports the bone when
appropriately filled. It does not teach how to prevent
balloons from being spherical when inflated, when this is
desired. Current medical balloons can compress bone but

35 are too small and generally have the wrong configuration
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| ength while the noving portion of the shank becones 35 | onger in

| ength. By suitably bal ancing the | engths and WD 96/ 39970
PCT/ US96/ 09933 - 6- t he angl e
of the weave of the balloon and novi ng portions of the filanents,
changes in | enyOR6BVHW be nmade to of fset each ot her .PCIMISg6/09933c
position of the inner and outer - flubi ng can be adjusted as needed
to keep the balloon in a 5 desired position in the blood vessel.

O her disclosures relating to the insertion of i nfl at abl e devi ces

for treating the ﬁélﬂé)@eﬂgraﬂ&fﬁ&éfstrong eniwl%dea&{g?ngﬁﬁohow ng:

U S. Patent 4,313,434 relfates to ng bone by
inserting a defl apReAYALE(CHVELY| Sowmation in eithex she Werbebzp) boddes,
i nflating the bal bnalory dddes, of the bodyseal ing the interior of the |ong

bone-until healing has 960N 88 b and
filling the open Ehﬁofg Whlgﬁgfﬁ 6%&?&%%95%2?4 h?ggfbs

| ong 15. bongheck alloon figrgcoppresging mancel °HPSJ?P%es t he
way in whit idoers not| prabvide birsftdmation usethdw thiighbaldoskt al rod

for the fixation pimafidd aat Y£8ds h&éf 1nfla%e? It alig doe €8¢
references whi ch di sc) pse t e use o f all oons and cemnen or
anchoring of a prB%? Jet BFEdE iver ap ephanged,supply 9366,
4,892,550, 4,697, tigerapkutdz, 8gént. and 4, 399, 814.
A Dutch patent, NL 901858, ydgschosést %&Einﬁsz 550 c}esézg.ﬁaefsr gt digs 1%06" r
MAth a cenent-lnpéggggte% bagnmﬁorlng a metal prosthe31s 1nsggg gfege or med
cavity and allo
bone. U.S. Patent No. 4,313,434 describes a deflatable
bladder to substitute for metal rods which are placed
inside the intramedullary cavity of fractured long bones
15 (thigh, leg and arm) to keep them together while they
heal.
Thus, the need continues for an improved
inflatable device and methods for use with fractured
and/or pathological bones.
20
SUMMARY OF THE INVENTION
The present invention is directed to a balloon-
like inflatable device or balloon for use in carrying out
‘the apparatus and method of the above-mentioned patents
25 4,969,888 and 5,108,404, and to new methods for using
these devices, and to new uses of the methods and
devices. Such inflatable devices, hereinafter sometimes
referred to as balloons, have shapes for compressing
cancellous bone and marrow (also known as medullary bone
30 or trabecular bone) against the inner cortex of bones
whether the bones are fractured or not.
, In particular, the present invention is
directed to a balloon for use in treating a bone
predisposed to fracture or to collapse. The balloon
- 35 comprises an inflatable, non-expandable balloon body for
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har den. It can be concluded fromthe foregoing review
of the prior art that there is |ittle or no substantive

i nformati on on inflatable devices used to create cavities 30 in bone.
It does not teach the shape of the ball oon whi ch creates a cavity
t hat best suppwissspite bone when appropriately fillmckusobnmses not
teach how to prevent bal | oons f+ @n-bei ng spherical when infl ated,
when this is desired. Current medical balloons can conpress bone
but 35 are too small and generally have the wrong c;)nfiggr ation

WD 96/ 39970 [ US96/ 0 .

-7- an nasregtglggrrl]eainé:ﬂ saﬁ'gt PeRE bng enoﬂaﬁ TR (Rﬁ?%gei%wned

adequat e cavity f&h?pei 8Rd|sizs WGP shbstantiaddy inbtated sufficientrtédong
bones of the bodycompress at least a pbrSioPaiferthe PO RBFkeaNud. bOfe 404

disclose a 5 (&Qg ggr-%; gg Qﬁl 1:19 cgn{)e&ﬁg‘gg eggé naqid:%ncel I gﬁg Ibgne

but does not provi (?e ormat I'on
' its shape hen i nfobg E’H iginalgpogigden ﬂ%tthe outer cortigale hmahodi to

deliver an enhancdtastppéd f collapsed.! hFHeBRAILbEn AIEHY} -islGFestrained

S oreher 1o, 4Rl (58 EHGae el 'dhape g s1iy 0 ek,

anchoring a netal prost
4,313, 434 describ &Ydé!*ﬂeﬁtfﬁ‘l dalloon body|ig)preverted finam applydngnet al

rods which are pl anbgtantial preisgardetsd hehd rﬂmﬁa‘edtli'fa’ﬁé/ dﬁ‘tihTeYoﬁf:er

%?f’;u; ﬁdld ong bo'&%i‘tlé?l bone (itfhbgt.ﬂd i)&ge airkc]j_u?irfglcf'%& § heg}l.:llﬁggé$ an

i mpr oved Substantial pressure is defined herein as pressure
sufficient to displace the cortical cone beyond its
normal configuration.

In addition to the shape of the inflatable
15 device itself, another aspect of importance is the
construction of the wall or walls of the balloon such
that proper inflation the balloon body is achieved to
provide for optimum compression of all the bone marrow.
The material of the balloon is also desirably chosen so
20 as to be able to fold the balloon so that it can be
inserted quickly and easily into a bone using a guide pin
and a canula, yet can also withstand high pressures when
inflated. The balloon can also include optional ridges
or indentations which are left in the cavity after the
25 balloon has been removed, to enhance the stability of the
filler. Also, the inflatable device can be made to have
an optional, built-in suction catheter. Thisg is used to
remove any fat or fluid extruded from the bone during
balloon inflation in the bone. also, the balloon body
30 can be protected from puncture by the cortical bone or
canula by being covered while inside the canula with an
optional protective sleeve of suitable material, such as
Kevlar or PET or other polymer or substance that can
protect the balloon. A main purpose of the inflatable
35 device, therefore, is the forming or enlarging of a
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i nfl at abl e devi ce and met hods for use with fractured and/ or

pat hol ogi cal bones. 20 SUMMARY OF THE | NVENTI ON
The present invention is directed to a balloon- like inflatable
device or balloon for use in carrying out t he apparatus and net hod
of the above- nwotosmesee patents 25 4,969, 888 and 5, 108, #0%wsesnde3s0 new
met hods for using t hese devi ces, gand to new uses of the nethods
and devi ces. Such inflatable devices, hereinafter sonetines
referred to as ball oons, have shapes for conpressing cancel | ous
bone and marrow (al sp knovvn as nedul l ary bone 30 or trabecul ar bone)
agai nst the i nner SREHEE 0D PaFEAGE in a bone, paperiallye iporeRt B fract ur ed
or not. Iimited to,l| wepaebrac'lullrmdleshe present invention is

directed to a ball oon for U$e ohd ié‘ﬁe’éttl Ngna p%tmn providd$£dsposed to
fracture or to colla an 1 nf at abl e,

r| se
" non- expandabl e baH‘B &?9118”' e :.nflatab:w) ?er use
PCT/ US96/ 39933  carrying out a surgical protocol of &avity formatiamdar ti on

i nto-sai d bone. Thend®tho ramaacera@teermeacy of the pPBEREBNGi Ze when
substantially inf at | east ortion

| a suf fi Ch§
of the inner canc'gf'ég‘gjs 28, s b pr:.oq 5° PSEF%“&O% ySPFEYHe "Mcel | ous
bone and to restowhiclky the Pr%ﬁ@briﬁld%igpeélMQ)rFQ)fimPheV@mm corti cal

bone, if . cliftéal eshtebmeo! |wbaimeobala{pwaxmdye | She q&?feﬁ ned
t r eat r r u
Lo Crea osa' p gﬂ%& I N8l i@?&?rﬁ]ﬂm apppéi’dé*l?é iSraer r to. y

|nflated al | oon I S prevente tial
pressure to the i|FaEtmaLYY fompFess (Ransaldous bone. They have additional
design elements to achieve specific clinical goals. |

Preferably, they are made of inelastic material and kept
in their defined configurations when inflated, by various

1s restraints, including (but not limited to) use of
inelastic materials in the balloon body, seams in the
balloon body created by bonding or fusing separate pieces
of material together, or by fusing or bonding together
opposing sides of the balloon body, woven material bonded

20 inside or ocutside the balloon body, strings or bands
placed at selected points in the balloon body, and
stacking balloons of similar or different sizes or shapes
on top of each other by gluing or by heat fusing them
together. Optional ridgés or indentations created by the

25 foregoing structures, or added on by bonding additional
material, increases stability of the filler. Optional
suction devices, preferably placed so that if at least
one hole is in the lowest point of the cavity being
formed, will allow the cavity to be cleaned before

30 filling.

In another aspect, the invention provides new
uses for these balloons, and new methods for their use.
N Balloons can be used to deliver therapeutic substances by
. coating the balloons with the therapeutic substance
. 35 before inserting the balloon into bone. When coated
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10 cortical bone if said bone is unfractured or uncoll apsed.

Substantial pressure is defined herein as pressure ~ sufficient to
di spl ace the cortical cone beyond its normal configuration.

In addition to the shape of the inflatable 15 device itself, another
aspect of i nmpowDasawW7¢s t he construction of the wal Pcrusssmbdas of

t he ball oon such t hat proper i-nfibati on the ball oon body is
achieved to provi de for optinmum conpression of all the bone

mar r ow. The material of the balloon is also desirably chosen 50 20

b ble t | |, ' . lnserted
33i f:% yeaﬁd Sas?lgé{if:%tagﬂg on%ﬂgishl%% %Q%?%ée' E)t?’n% l%%erapeut’a%(fugsﬁﬁﬂﬁ?ﬁ, yet
can al so wi t hst artFhiRFeSHess {pFR heheancellous bangs white. thete bbael d8n can

al so i nclude opt ilbeixig rdapeessed by theoballwinnt atthaBsaliéwd deserbgft in the

cavity after the , n e_the

st abi I>/i ty of the ﬁfi_bunts c"‘51??*”%'Ce)‘(rﬁ.sle sng‘t?hnse%%gaB{:’gbge@eﬁgg’eEga be made
to have 3 diresilivo k) the #ite of therxamn isaenhmrerer What ie used to
renove any fat ormfintiained oweedcimeom The Wliodhs’ caf also be usbal | oon
inflation in the holgg MligOmaliy HRE200 HOUpesD surFer%gérEob ﬁrg{rgéee C%xgd
from puncture by fhe cortical Egne or . .__canura by bel cover
while inside the ’d'&?‘ﬁﬂvzfd&t/\ﬁsp' Regntor orthopediq jigpiangs i loone \gradt e chanef

sui tabl e nat eri al substiitukes, acrylic keménts orbdriel fdlletderbanel yrowtRr

hf 1 atabl s 55 | actors chefbOhOipebte Miga abIBIS R MCGCRE: 1%,
I nfl atable 35 drugdse.V' - t herefqQre, .i %One ] ] g g

WD 96/ 39970 agents :Lns:i.desthe _ﬂm 3to
9 cavitzealr thesboge itsedfboneto expoe abl 3 regedmstirnef drug
for a structure nearby, such as an osteosarcoma.
In yet another aspect of the invention, the
15 balloons can be used to temporarily provide structural
' support for a fractured or diseased bone. In this
embodiment, the fractured or diseased bone can be treated
by inflating the balloon at the treatment site and
leaving it in place until the surrounding cortical bone
20 heals. 1In other words, the balloon will take the place:
of the biocompatible filling material used in previous
methods to support the fractured or diseased bone. The
invention will include a mechanism for sealing the
inflated balloon outside of the bone cavity, but within
25 the patient. The sealing mechanism can include a metal
or plastic clip, a check valve activated by unscrewing
the inflation tube, a plug for sealing the inner passage
of the balloon or the like. Similar to previous
embodiments, the balloon will be delivered into the bone
30 and inflated to compress the inner cancellous bone and
create a cavity therein. The inflated balloon will then
be sealed, e.g., by inserting a plug within the inflation
opening, the inflation tube will be removed from the
patient, and the percutaneous incision will be closed.
35 The fluid pressure within the balloon provides sufficient
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limted to, vertebral bodies. In one aspect, the

I nvention provides an I nproved bal |l oon-1i ke inflatable device for
use in 5 carrying out a surgical protocol of cavity formation in
bones to enhance the efficiency of the protocol, to mnimze the
time prior to perds@sem® ng the surgery for whi ch the procrwsssn9ess
designed and to inprove the cli-nhgal outcone. These bal |l oons
approxi mate the inner 10 shape of the bone they are inside of in
order to maxi mal |y conpress cancel | ous bone They have additi onal

design el enents to achieye Sﬁ’g‘?m fic cli ni %o Preferably,
they are made of FYRROXE: FRTneehone LRq2 g‘iﬂ the bone t® heddir dBEI ned
configurati ons wheillioohl eardoe bhefitadinotbe one cavitpysim ik sinfilaeeddi ng
(but not limted ddhrigaeaion for an amBEhE IS Q:.ﬁiat ﬁééé’ééaff' £oie ﬁ@l | oon
body- seanms in thet %g oontbod S_e goﬁﬁ iiﬂ’?
separate pieces ©Outer corgicgi hane o g '5?#&9 o? b? %p&r tig

t oget her 5 - herdpoypnglly dikousf 1t Baybte |3 menbbdyandmeaferabiyi al bonded
2|0 ‘d tl ns: det Ottt %'t-dewéé]ﬁ] bagﬂnﬂﬁﬂiboﬁébe&t bfnﬁﬁeoin@ﬂﬂﬁn, Ehe

pl aced at sel ec |n s.in al | oo st acki ng

bal | oons of siml e%ﬁ’ SPRarP 1 RY Y d"'ﬂgzgg g?a%ngﬁélg unctions:; ‘on gp of each
ot her by gl ui ng oreahiondng theibppestied?) eliminatipgeeheat I@astonal ridges
or indentations Crehicdtighiiiséesetd inner chféeldouBIbshé}ICt (d)es, or added on

by bondi addi tignal, I a f the filler.
Opt i onal 19 suc Fgﬁnﬁ%l%ﬂg%ﬁig g?i%lqﬁ ?Sﬁeaﬁgg%# )éh’%P at least
one hole is in tHRAdFIERRL eakgivgy frpp EB%l‘T‘%F‘PEGFﬁQd inner cancgligws will -
al l ow the cavity banebherhdERrabe didoeirpora8éd into thel buter cortical bone

I'n anot her aspectyg tjiiey EQY?NW @r)o‘ébgfﬁg "E&Van lntef?ai'sga'sstf

bal | oons, and new net h(ég use. oons can be used to
- del i ver ther apeutF¥ ALt BAR ?ﬁjl coating the balloons with the
t her apeuflS¢c subst ance 35 Afifear gheneertiicad bbnebbas deralied, othene.

Wien coat ed surgeon can access the balloon through the same or
another percutaneous incision to deflate the balloon by
removing the clip, plug or, in the case of a check valve,
by screwing the inflation tube back into the balloon. In

20 many cases, the cortical bone will have become
sufficiently strengthened through healing with additional
calcium from the compressed cancellous. 1In these cases,
the balloon will be removed from the bone cavity. The
balloon may include a coating, such as Gelfoam or an

25 antibiotic, on its outer surface to stop bleeding,
prevent infection, minimize bone growth into the balloon
and/or to facilitate separation of the balloon from the
bone when the ballcon is deflated. If, however, the
surgeon determines that the cortical bone is still too

30 weak (e.g., through a bone density scan or other
measurement), appropriate supporting material, such as
acrylic cements, bone substitutes, bone fillers or bone

. growth factors, can be inserted into the bone cavity
before removal of the balloon.
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- 10 - bal l oons are inflated in bone, the therapeutic substances
are pressed into the cancel |l ous bone while that: bone is bei ng
conpressed by the balloon. This allows desired anounts of the

t her apeuti c su¥® 9649870t 0 be delivered 5 directly to theCIus96/aso33
therapy in a manner that is mai rt a_kned over tine. The ball oons can
al so be used during mnimally invasive or open surgeries to provide
an i nproved space for. orthopedic inplants, bone graft, bone

substitutes, acrylic cementgpe hneo ki ggrﬁ%%eg&gﬂ%ﬁe%ggat?ﬁég;%g tsS

chenot her apeuti ¢ aﬁfnt s, antibiotLcs or o
i nsi de the bone catPHAMPFPERNERFS ferein can he applied ammberesdnithe to
serve as a reservoikeletogr where there i§ocamcelilounst and/crearpecallsh as an

ost eosar cona. and/or medull bBp¥et anot her aspect of the invention,
the 15 bal | oons can be_used to tenporarily provide structural

support foP a fractured or DPThEDE BBRLOUS PMbodiments of the pyEse®fit, the
fractured or di sedseentdos ave the £otlioeing: by inflating the balloon

at the treatment site and 4.  a achSRMGE0(dZ tofuB) ARl bh136n with
surroundi ng cortic Qne 2 eal n ot F‘er wor ds, the ar1'Gon” wi | |

al b g 1 heal s.
take the place 20 OPLAPRgf Puilt-ip apchion cathprer i semgve fal and
previ ous rabberd preductpestrudad duxistalbadloon dxpaasddnbone. The
nventionagi || i ncl ude a eghaniasBal9bof SlkG bBRerical outbd Eﬁéﬁé bal | oon
t he ' T
k

out side of the bo Lt ut_ wi,thin 25 atient. e sealing
mechani sm can i nc%‘(fé%gmﬁé?aﬁ% a ring-shgped halloop %ﬁ“‘eé’tcﬁBE %Y ve

activated by unscre@Mify formatiom.he inflation tube, a plug for sealing the
embodi ont o the halaanoth i Do e S eth ot oL N pan o) eRaged BF
?nf Fa!t rergnt 0 conprg"?sdf?%gr%%%?' casﬁgiell %g%s aér%’eggﬁ e constructed 4B 4 cavi ty
therein. The infl &XF16aLREST G PEYRERL layers stagkedsmefiopeo. eadly
inserting a plug withexn tfkis rdubatiiment can also be a square or a

rectangle instead of a kidney bean. '

4. A spherically shaped balloon approximating
the size of the head of the femur (i.e. the proximal

20 femoral epiphysis). Such a balloon can also be a
hemisphere.

5. A balloon in the shape of a humpbacked
banana or a modified pyramid shape approximating the
configuration of the distal end of the radius (i.e. the

25 distal radial epiphysis and metaphysis).

6. A balloon in the shape of a cylindrical
ellipse to approximate the configuration of either the
medial half or the lateral half of the proximal tibial
epiphysis. Such a balloon can also be constructed to

30 approximate the configuration of both halves of the
proximal tibial epiphysis. |

7. A balloon in the shape of sphere on a base
to approximate the shape of the proximal humeral

epiphysis and metaphysis with a plug to compress
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opening, the inflation tube will be renoved fromthe patient, and

t he percutaneous incision will be closed. 35 The fluid pressure within
t he bal | oon provi des sufficient _ SUBSTI TUTE SHEET
(RULE 26) WD 96/ 39970 . : _

PCT/ US96/ 0993 3v0 96/39970 - 11 - PCT/US960893PPOr t
for the bone to all ow the bone to heal - 13he bal | oon can be | eft
in the bone cavity in the inflated configuration for an anmount of
time necessary for the outer cortical bone to conpl ﬁtel ydor at

| east partiall ) heal ,- ysual |y about 1,day to 3 nmonths an

pref er gbl y Y. cancgliops %’%‘%@Eg q\(ﬁ ‘?’rﬁé”g%ﬁec?e%]fnﬁ]éq PF€nt i BRED t he
bal | oon is provi dinmigrhedinentt dasurléanie ipmylipder. real i gning the

bones; (2) elininating or gf | @abhlloon in theCEHEbd bfis gaaad

Eggeéo
cancel | ous bone; st.r engt hepi he o ¢ cortical bone by
provi di ng aﬁ’%&%? ?%ené:lhecé'flgﬁ'gﬁ 7 o% ﬁngB%%ﬁéias‘gdrﬁ Fneancgal | ous
bone whi ch i s i nd@eFeF akxerhanter, halbewing coprocedutm it prevent hips it

heal §; and (4) adraeguge. an internal cast while the cortical bone

. tical bone has_heal ed, the
25?1}26n1(5:an access the baI%'oonﬁA%rggéﬁégﬁhng%ilgnéﬁﬁe of a cylgn er to
approximate the size and shape of the inside of the
proximal humerus or of the distal radius.

10 10. A balloon device with an optional
suctional device. and

11. Protective sheaths to act as puncture
guard members optionally covering each balloon inside its
catheter.

15 The present invention, therefore, provides
improved, inflatable devices for creating or enlarging a
cavity or passage in a bone wherein the devices are
inserted into the bone. The configuration of each device
is defined by the surrounding cortical bone and adjacent

20 internal structures, and is designed to occupy about 70-
90% of the volume of the inside of the bone, although
balloons that are as small as about 40% and as large as
about 99% are workable for fractures. In certain cases,
usually avascular necrosis, the balloon size may be as

25 small as 10% of the cancellous bone volume of the area of
bone being treated, due to the localized nature of the
fracture or collapse. The fully expanded size and shape
of the balloon is limited by additional material in
selected portions of the balloon body whose extra

30 thickness creates a restraint as well as by either
internal or external restraints formed in the device
including, but not limited to, mesh work, a winding or

- spooling of material laminated to portions of the balloon
bedy, continuous or non-continuous strings across the
. 35 inside held in place at specific locations by glue inside
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anot her percutaneous incision to deflate the balloon by renovi ng

the clip, plug or, in the case of a check val ve, by screwing the
inflation tube back into the balloon. In 20 many cases, the cortical
bone wi Il have becone . sufficiently strengthened through healing

wi t h addi ti onagg 9g39970 cal cium from the conpressed cancel porresosh93s hese
cases, the balloon will be renpged-fromthe bone cavity. The

bal | oon may include a coating, such as Cel foamor an 25 anti biotic,
on its outer surface to stop bl eeding, prevent infection, mnimze

bone growm h into the balloon, and/,or_to.facilitate separatipn of
t he bal | oon fromcfrhg’y @‘Lreagm%owéa%gﬁo? }(la tt?aI?_"PSo u#gl‘g%fﬁna SFMpsIn
however, the the bailegaoprodieiaieatadsbY handing &¥ptPiefesGfebpdysti | |
too 30 . V\’ealﬁ:c(g@-t_ﬁef bﬂrw%r;ﬁi%ne?ﬁ@éﬁilgt )éiaeﬁnoeraq&cmy throughl_
measur enent), appr.opriatg suppoftin erial su acrylic
cenents, bone sulsy ﬁfes,eagbnéq&’ﬁzﬁg?‘ B?rtb’tﬂ?@ of bgfloorm, S Pact or s,
can be inSerted irestrainefoby wsing \inelastic magerdndsrimhhe of the

bal | oon. constrMELE6399F Ghe balloon body, or may be additionally
PCT/ US96/ 09933 ;

. . - 12 -, _
The net hods of tl‘?@s&SB%ﬁ?ﬂéﬁ?i%‘fﬁg:d dﬁ&f’ﬁﬁ?%d’anc'fhe mater:.a]t I%f itﬁ‘ﬁr ovenents
herei n can be ap@alddoangshprefenakhlyca non-elastgiemateniahersyichhase s

cancel | ous and/ orpdiyab8giibAé tetraphthadleé O(PET]UKe?LYr DENBLhe?

Anong th Dyarl ous nbgdarreg&sco_{ l:; tign rlesenet ials Lnve tIO% are.t he

fol | owi nS. patented medical bRI1gogMIRSHG! % or G5) %‘ha%e"c? 81 F3ER wi th

an optional builtoff semdcelantiamateniaie, r asf giligene or elastieher

products extrudedndbériall Bath oy wtex)Siélappropriate restraints are
incorporated. The restraints can be made of a flexible,
inelastic high tensile strength material including, but

15 not limited, to those described in U.S. Patent 4,706,670.

The thickness of the balloon wall is typically in the
range of 2/1000ths to 25/1000ths of an inch, or other
thicknesses that can withstand pressures of up to 250-400

s @]

psi.

20 One important goal of percutaneous vertebral
body augmentation of the present invention is to provide
a balloon which can create a cavity inside the vertebral
body whose configuration is optimal for supporting the
bone. Another important goal is to move the top of the

25 vertebral body back into place to retain height where
possible, however, both of these objectives must be
achieved without changing the outer diameter of the sides
of the vertebral body, either by fracturing the cortical
wall of the vertebral body or by moving already fractured

30 bone. This feature could push vertebral bone toward the
spinal cord, a condition which is not to be desired.

The present invention satisfies these goals

through the désign of inflatable devices to be described.
Inflating such a device compresses the calcium-containing
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10 2. A balloon with a spherical outer shape

surrounded by a ring-shaped ball oon segnent for body cavity
formati on. 3. A balloon which is kidney bean shaped in
configuration. Such a balloon can be constructed in a 15 single

| ayer, or sevewaos3ggmer s st acked on top of each ot hect/uSdsios93s
enbodi nent can al so be a square or a - 15 - rectangle instead of a kidney
bean. 4. A spherically shaped bal |l oon approxi mating

the size of the head of the fenur (i.e. the proximl 20 f enor al

epi physis). Such _a_pall oo an al so be_a . m spher.e.
5. A balloon in-t HBfEhﬁﬁﬁc f‘?i‘%g’ﬁﬁﬁaﬂ% a thin Shﬁgﬁaﬁgg'br ineg Ghei ed
pyrani d shape appivgidetdfigthehdard corticmhfbhape sreshing a Hangescavitwd of

the radius (i.e. the 25  at tHeSeahe! Efhedl Y PAYIbEiART ¢BiARRYEES) -

6. A balloon in ttze ahsge ‘?f %@'%yl bndl‘l cal . gl Ll‘?sté‘.to prOﬁgmate
the configuration ‘BF%ePt??? ¢ » bone progepitor, epllg) YHAIDEBFAPOREI f of
the proxin®l tibi kPne are presgead)iopsi and Scemeved Ryl yonsing durisghghe

const rulct te_clb_t oI 30p,r0ﬁedu£@pr Optied oyt P@cﬁé&ﬁéﬂlﬁh%tAngfléfoécﬁﬂé ?%b!a% ek t]be
proxi mal tibial epiphysis. : oon | e_shape o
sphere on a base Bn ﬁ%racfg%ggg%gﬁﬁ?% W'sﬁ’é‘ﬁe°8?l?‘ﬁ:gﬁbl%?fpﬁaﬁ%huneraI
epi physi s and net aphyokimately #piteg90h ebhedaner volume. TheD 96/ 39970
PCT/ US96/ 09933  balloons of the present invention 4%e inelastic, socancellous

glogg Ibgt glégﬁ ghg h ihgllf;‘eﬂfﬁﬁfg %Lm casrlljcor}lly recreatgnft?enbOdl ment can

predetermined shape and size. However, conventional
balloons become spherical when inflated. Spherical
shapes will not allow the hardened bone cement to support
the spine adequately, because they make single points of

15 contact on each vertebral body surface (the equivalent of
a circle inside a sguare, or a sphere inside a cylinder).
The balloons of the present invention recreate the flat
surfaces of the vertebral body by including restraints
that keep the balloon in the desired shape. This

20 maximizes the contacts between the vertebral body
surfaces and the bone cement, which strengthens the
spine. In addition, the volume of bone cement that f£ills
these cavities creates a thick mantle of cement (4 mm or
greater), which is required for appropriate compressive

25 strength. BAnother useful feature, although not required,
are ridges in the balloons which leave their imprint in
the lining of compressed cancellous bone. The resulting
bone cement "fingers" provide enhanced stability.

The balloons which optimally compress

30 cancellous bone in vertebral bodies are the balloons
listed as balloon types 1, 2 and 3 above. These balloons
are configured to approximate the shape of the vertebral
body. Since the balloon is chosen to occupy 70 to 90% of
the inner volume, it will not exert undue pressure on the

35 sides of the vertebral body, thus the vertebral body will
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8. A balloon in the shape of a boonerang to approxi mate the

I nside of the fenoral head, neck and 5 | esser trochanter, allow ng a
procedure to prevent hip fracture. 9. A

bal l oon in the shape of a cylinder to approxi mate the size and
shape of the | wOsmo®rd t he proxi mal humerus or of thernddesiosnss

radi us. 10 10. A ball oenidevice with an optional

suctional device. and 11. Protective sheaths to act as
punct ure guard nmenbers optionally covering each balloon inside its
catheter. 15 Pk ESE, | hwenti o herefore, provides

i nproved, infl aft atﬁoé: gge?ggsb%r%dcrgggtgéﬁ%bf %rﬁ%?&i‘%‘é“é’e"o or cavity or

passage in a bone Wf¥ReLRYedk. (EpWeESr gr@ince the baljeen thag itineohehghbone.
The con}c i gur at i 03 off anaghfegstived vertebral lsbd@f,i Aedciy rﬁd%d%%br g&ﬁgl ngd
cortical bone an l.ac [ Structute and.i.s desy;gned to
occupy about 70- iR EggQ%&?@stﬁé {ﬂ/% k0 ditd RELOHART, PO LIRE Y

al though 5 mgbesons indivigral sbalhegns sangbsustaedandndsstacke as
about I99% are Wor kahtaih@hg f418€ 0 €Re Mnl:)&&ﬁ@idsze@ﬁes,l, 2 and 3 H%i;lab%y )
avascul ar necrosi g, the.balloon_si as . mal I_.as . 10% of the
cancel | ous bone voO lftr?g %$ %#I%)ealazlg%§¥n§¥ze ts Pzﬁgﬁgeb%’f?%elrr é'F&Fé‘&,%lgﬁ'éyto
the localized nat @é/er eemtrol. fracture or collapse. The fully
eXpan_deld size and shape A primagd Qbﬂlbﬁﬂpﬁtu:tlﬁnébﬁﬁ tﬁ%ﬁm%haadﬁhhéﬁaﬂgo
mat eri a _ NOLLI oqn, bo ose.extra

t hi cknes sil(s:]r eat es aggpgg gg%’%? :%s I;:\E/:'vefQ’P&fliés)é béy Q%v?%gr 1831<Pe Pﬁf’é‘?‘ﬂﬁ or
external restrai ntdmegugevhose Ceafigyrakion is optimal|feyt myppPortingt the
limted to, mesh wioleimal iniebzig.0r Another impzR@ahtngo# IEEe halp! am nat ed

SUrings across ( hgeaatol ene mumerat BOAN wi ekl Haedlod He RibariE S 1

strings across the n place a
gl ue inside when they are separated by a fracture. Both of these
15 goals must be achieved by exerting pressure primarily on

the cancellous bone, and not the cortical bone. Undue
pressure against the cortical bone could conceivably
cause a worsening of a shoulder fracture by causing
cortical bone fractures.

20 The present invention satisfies these goals
through the design of the inflatable devices to be
described. Inflating such a device compresses the
cancellous bone against the cortical walls of the
epiphysis and metaphysis of the proximal humerus thereby

25 creating a cavity. In some cases, depending on the
fracture location, the balloon or inflatable device may
be used to extend the cavity into the proximal part of
the humeral diaphysis.

Due to the design of the "sphere on a stand"

30 balloon (described as number 7 above), the cavity made by
this balloon recreates or approximates the shape of the
inside cortical wall of the proximal humerus. The
approximate volume of the cavity made by the "spheriéal
on a stand balloon" is 70 to 90% that of the proximal

35 humeral epiphysis and metaphysis, primarily, but not
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- 14 - or by threadlng them through to the outside and seams in

t he bal | oon body created by bonding two pieces of body t oget her or
by bondi ng opposi ng sides of a body through glue or heat. Spherica
portions of bawbosswreay be 5 restrained by using i nepcEradsoéososs
materials in the construction ofi1z he ball oon body, or may be
additional ly restrai ned as just described. The material of the
ball oon is preferably a non- elastic material, such as pol yet hyl ene

tetraphthalate (PEI). Keular tented nedi cal bal |l oon
materials. It caf %ﬁsss(? B.&yngatglus:we °]f0 BPrEeﬁgf the Qiaphygis:i aThe such as
silicone or el ast$fhape approximatesithe sahabeaefltahemunie‘raapheaati

restraints are " n il t
base 1#‘%&@%@&% c%régﬁ £ SRy %F | nc? 3{ ng, but

fl exi-bl e

, t.ens trength materi
15 not |im t%id“g c?%{ 838 gﬁsgﬁ tiie‘(f‘ilai 'Sgplﬁéﬂ%t"xh PYO¥igad
The t hi ck®ess of @#@%ﬂ%on%ﬂlplm tofpibone| wilh prevent the flowng® of

2/ 1000t hs to 25/ lﬂ%dt&mfe RALEALA ﬂ{tootthefshaft of, tHeh'hﬁK\@‘E§§es that can
wi t hst and pressurg

25 One
i nport ant "goal of* n&‘gjﬁs 8@?’(%% gutcome. Th%cﬁﬂ)‘eé'&gﬁéﬁt algPeof t he
present inventi onuﬁl%}i MW| dcbase. Alteznbtively, whecbadioonreai ded

cavity inside thesN@édi‘hﬂ&E a fat cylitiﬁi&’: vwhoeR &%‘férﬁ”a%t (331 i:%)%@.t' mal
for supp rtlngt vethetop

ort ant iS 10
of the 2 ver ébrz?lra%‘og %a%é"ﬁ%i?ﬁ?a he t‘EF'?}{'-ﬁ naﬁ'gl Ghe <fthex
possi bl e, howeverenddiifidnst héeefw@m e8stheplug. The cyl:l.adénr e:aeﬁ

wi t hout cﬂangibngfﬂ&b W ForfedNBd efhLd lt‘lﬂéedi'éﬂﬁer of the eﬁfi illi'el:ﬂégrtlebgald
or by moving af r itate 38 bIEER il epg atamerd®los Ine g Wi ey
vertebral bone toﬁmﬁlmé as the plughi nal cord, a condition which is not to
be desiras. A prififify HRRCBE HOVAN A IstheSridREe goal S
through the desi gng%erft%ft gka?l € ev:.l'ecaq:S toch?iéjye Si"\hrsll edthe distal
radius whose configuration is optimal for supporting the
distal radius. Another important goal is to help fine
tune fracture realignment after the fracture has been
20 partially realigned by finger traps. Both of these goals
must be achieved by exerting pressure primarily on the
cancellous bone and not on the cortical bone. Excessive
pressure against the cortical bone could conceivably
cause cortical bone fractures, thus worsening the
25 condition.
The present inventiop satisfies these goals
through the design of inflatable devices either already
described or to be described.
The design of the "humpbacked banana", or
30 modified pyramid design (as described as number 5 above) ,
approximates the shape of the distal radius and
therefore, the cavity made by this balloon approximates
the shape of the distal radius as well. The approximate
volume of the cavity to be made by this humpbacked banana
- 35 shaped balloon is 70 to 90% that of the distal radial
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Inflating such a device conpresses the cal ci um cont ai ni ng

SUBSTI TUTE SHEET (RULE 26) WD 96/ 39970

PCT/ US96/ 09933 : - 15 - sof t
cancel | ous bone into a thin shell that |ines the i nside of the hard
cortical bonewoegisvreg a | arge cavity. At PCTros®49933t | e,

t he bi ol ogi cal conponents (red Wleoed cells, bone progenitor cells)
within the soft 5 bone are pressed out and renoved by rinsing during
t he procedure. The body recreates the shape of the inside of

an unfractured vegéﬁﬁgyglsbgga m%gﬁgﬁgggbnggi%af#%yx%fat t not approximately

70 to 90% of the | ons 0 the present_
i nvention are i nePeRRSRRYidy eyclusive gfi, #PRS P3G of Fhe &Rl Fading

recreate the diaphysdget eInflatdnghapehaaddevice ddapeesses ahw/ent i onal
bal| oons becore SBiete"ighe U R0 cnSPUBH £l wa1ze of YgPes W11 ot

all ow t he hardene Qne cenent equatel y,
because t Bey nmakeeRiBMYISds,apd t‘Set'cﬁPhl@ls of E%m%?eﬁtaénre%w\ﬂé%mﬂem tHody
surface (the equiordsud aplcavity. Irmasomeckasessidipendifigase.tlig a sphere

'tEZ' ]Eileaf‘ cylindergracture locdfforf2th@OBEs05ul Eal¥CBE 1P HHAR recreate
device may be used to extend the cavity into the distal
part of the radial diaphysis.

10 . A primary goal of percutaneous femoral head (or
humeral head) augmentation is to create a cavity inside
the femoral head (or humeral head) whose configuration is
optimal for supporting the femoral head. Another
important goal is to help compress avascular {(or aseptic)

15 _ necrotic bone or support avascular necrotic bone in the
femoral head. This goal may include the realignment of
avascular bone back into the position it previously
occupied in the femoral head in order to improve the
spherical shape of the femoral head. These goals must be

20 achieved by exerting pressure primarily on the cancellous
bone inside the femoral head.

The present invention satisfied these goals
through the design of inflatable devices either already
described or to be described.

25 The design of the spherical osseous balloon
{described as balloon type 4 above) approximates the
shape of the femoral head and therefore creates a cavity
which approximates the shape of the femoral head as well.
(It should be noted that the spherical shape of this

30 inflatable device also approximates the shape of the
humeral head and would, in fact, be appropriate for
cavity formation in this osseocus location as well.)
Inflating such a device compresses the cancellous bone of
the femoral head against its inner cortical walls in

35 order to create a cavity. In some cases, depending upon
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surfaces of the vertebral body by including restraints t hat keep

the balloon in the desired shape. This 20 maxi m zes the contacts

bet ween the vertebral body surfaces and the bone cenent, which
strengthens the ' spine. In addition, the volunme of bone cenent that
fills woes®sgavities creates a thick mantle of cenmerCTAISY6NIRIDI
greater), which is required for appropr+at® conpressive 25 strength. -
Anot her useful feature, although not required, are ridges in the
bal | oons which | eave their inprint in the lining of conpr essed

cancel | ous bone. The resulti

t "f
enhanced st abi | i t fhe extent of ‘tne avasc%mgtgﬁe}g%ﬂi \ﬁn: B%ié'ﬁﬁ ﬁﬁo?[agSer
conpress 30 cavity | insideohbe | feneralethead will &e ficamede ban| SGFI%

Lgﬁ;?dufzdbﬁlloonc£¥835 ilf E%eaaﬁeg é%?%ﬁhséﬂraienééiééiﬁﬁis small, aare
o2 6 R R W Wi . b
w |l not exert undavlpyemsl}r a0ohot k8¥ 3Bt the tgitgés"@m“ﬁn@fv@hﬁeﬁpaprebdy,

thus the vertebra dy I4 £ tHe $em
PCTT US96/ 09933 heRQdY ¥¥ ldarger areas o ¢ 399ffhead are 1nvoégﬁiaxpand

beyond its nornal WaFhethe ayasgplar jpecrosis, then ?aﬁrl‘ﬂegd)banﬁowever si nce
t he bal |l oon has t be htiljhzed which might greate gcmggbcp.a,ngq:%mlty@dy, it
can nove the tap, approaching¥ oChohga*caflm%luhachf tthd (Fenriadi hebd.

position._. Any 5 f |nd I n QE!E d, and
st acks 10 contalnlngqﬁﬁyg' %ixﬁ%?lo?g %%é?g¥f %ﬁ%ﬁ% can be
m xed in shape astape of zthe &opr l}eﬂ-ﬁeOQr’&ﬁ &empraki band (humeral) headnq/ or
control. and provided’ aPke8BEY £8P dorfadtingUtaiesiioys Gonelinhaner al

area of avascular necrosis or small fracture without
disturbing the rest of the head. This makes it easier to
15 do a future total joint replacement if required.
Percutaneous hip augmentation is designed to
prevent hip fracture by compacting weak cancellous bone
in the femur where hip'fractures occur and replacing it
with appropriate supporting material. A primary goal of
20 percutaneous hip augmentation is to create a cavity
inside the femoral head, femoral neck and lesser
trochanter which will compress diseased cancellous bone
and allow it to be replaced with appropriate supporting
material, preventing hip fracture. The cavity created by
25 the procedure usually extends from the femoral head, past
the lesser trochanter by a defined amount, but generally
not further. The cavity should not expand into the
greater trochanter, where hip fractures do not affect the
patient, because this may prevent the balloon from
30 expanding into the lesser trochanter, where hip fractures
do affect the patient. The balloon should compact the
cancellous bone as fully as possible without pushing the
jnner cortical bone, which could cause (instead of
prevent) a fracture.
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10 augnentation is to create a cavity inside the proxinal

humer us whose configuration is optimal for supporting the pr oxi mal
hunerus. Another inportant goal is to help " realign the huneral
head with the shaft of the hunerus when they are separated by a
fracture. Botlwobesdemse 15 goal s nust be achi eved by epemussrngsss
pressure primarily on t he cancel2lboss bone, and not the cortical
bone. Undue pressure against the cortical bone could conceivably
cause a worsening of a shoulder fracture by causing cortical bone

fractures. 20 Le | | , I Sfies these,goals
t hrough the design of the Fﬁ?l%&%ﬁ?‘g gg&&%{ég&fonéégg'}ﬁ% &esed%oca%sbg&
Inflating such a RESMiGdngoppftatabie fevices to be glessribed anshahighi nst the
ﬁort i cal \r/]val lE ofhdWe special feaaiﬂﬁalaysmcmdiﬂli@tmﬁsbxaéémdﬁtﬁd &I?j_hb”a'
unmer us t hereby creating.a. _cav n._sQne._¢ ependi ng on
t he f ratz:%-’autrhee tlegdag; ?o‘%” et§§I *’%%}lo%rl’ a}p%ﬁogfégﬁéf evi ce may
be used t§ extend the cavi ByPrimaryt geajr ofi pewcylanecys proximal tibdaduner al
ggaphysi Sl augmentation iU tceehge..deéaﬁtpfinbhae{'amgﬁgmgma stand"
al 1 oon C .7 _above).. the Y e by
this ball oon recr‘ée%%es%r%ggp@%% smf‘hggs t‘b:"e“&"gT f%%eéﬁﬁiao@::.ng I nsi de
cortical wall of e¥dexn shenmedindnorudatenal tibial plapeausi ndnetherune of
tﬂe Ca¥i ty made wmdmpbealcﬁ to help reflidn warbaiﬁﬁé)_rﬁa!g&ei@stpl 90%
that o € proxi g L RNY. { S| rrnarily,
but not EB @ti%ga&(ip},gb%]’?r%ctsgeg, Eéxsti%?ﬂaﬁyaabgse Featlures
PCT/ US96/ 09933 with fragments depressed below (or]inferior to) thedacessarily
excl usive of, panisul leRadieRhYyHoth bfethese cbjectives must be
achieved by exerting pressure on primarily the cancellous
bone and not the cortical bone. Pressure on the cortical
15 bone could conceivably cause worsening of the tibial

plateau fracture.

The present invention satisfies these goals -
through the design of the inflatable devices to be
described. Inflating such a device compresses the

20 cancellous bone against the cortical walls of the medial
or lateral tibial plateau in order to create a cavity.

Due to the design of the "elliptical cylinder”
balloon (described as balloon type 6 above) the cavity
made by this balloon recreates or approximates the shape

25 of the cortical walls of either the medial or laterxal
tibial plateaus. The approximate wvolume of the cavity to
be made by the appropriate elliptical cylindrical balloon
is 50 to 90% of the proximal epiphyseal bone of either
the medial half or the lateral half of the tibial.

30 Due to the nature of the injury, disease or
other treatments, it may be preferable to treat a bone
with the devices of this invention during an open
surgical procedure. In addition, a goal of the
percutaneous or open surgery may be to replace the
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shape approxi mates the shape of the hunmeral head. The "base" is

designed to conpress the trabecul ar bone into a "plug" of bone in
the distal netaphysis or proximal 5 di aphysis. This plug of bone
will prevent the flow of injectable material into the shaft of the
huner us, wo 96/398% Ovi ng the clinical outcome. The spher @cgaidednossy be
used without a base. Alternatively, the ball-oon can be shaped | i ke
a fat cylinder, with one end at the top of 10 t he huneral head
attached to the catheter and the other end filling the function of
t he plug. The cyl|nder can formed so that_ the dianeter of
t he gnd in the - é"'sease%%f"ﬁéu?%d@oéﬁté'n’-t?h‘aﬁt?’f‘?é‘%ﬁ dsurbragfbens end
whi ch f ubickdeames cas celrtajil Wdrugbd which do not flowA prinary goal of
percut aneous distal radius 0, C ity
I nsi de the distal TPgd?ﬁ?ssentgsqgg%%E? bh Eatt'?sofnl%lssi:gé%gr% éz‘?%
supporting the through &F’?tﬁ}'s'f‘?ﬂﬁ Gad Rﬁ&?‘ﬁgg ? ’tsdr}P"QBHmFs to help
fine 5 t untedaridied belowl i gnment after the fracture has been 20
partially realigned by fingehek! ffectsB8iENeAl bhESENDIAvines st be
??ous one and

achi eved by exertin essure primarli |
not on the corti cl?;ﬁgcﬂ'%né‘PPEfEB s?% the >‘/‘-°9-1°Wb¥‘35%'€ﬂ%1%§&m§{1 t he corti cal
bone coul d conceipmiinesses, refereme betihgchhdbosetHe aricompanyiddgs

worsening the 25 grawindsdFdit hﬁn llustration of the nvg;‘lg‘ esent invention
satisfies these goals rough t e desi gn o:f it Tatabl e devices
ei t her allroeady descri bed or to be descri bed.

The design of the "hunpbacke®RIERaDESCRIRTION OF THENDRAWINGS pyram d design
(as described as nunber 5 @q§vei is a perspeagmgwi%;%% Ehﬁ pe of the
e

di stal radius andmb i eéle1 qre t he cav al | oon
appr oxi mat es embocIMEnts RapEn o ?aﬂ’r“?ﬁen&s %?Ft Yhe the
appr oxi mat e enbommbsﬁngmm B?Aape Of aemlmdked: Hosglmutpbacked

banana 3%s sAsabigal 1 oon is 70 to 90% that of the distal radial

Fig. 2 is a vertical section through the
balloon of Fig. 1 showing the way in which the doughnut
portions of the balloon of Fig. 1, fit into a cavity of a
vertebral body:;

20 Fig. 3 is a schematlc view of another
embodiment of the balloon of the present invention
showing three stacked balloons and string-like restraints
for limiting the expansion of the balloon in directions
of inflation;

25 Fig. 4 is a top plan view of a spherical
balloon having a cylindrical ring surrounding the
balloon;

Fig. 5 is a vertical section through the
spherical balloon and ring of Fig. 4;

30 Fig. 6 shows an oblong-shaped balloon with a
catheter extending into the central portion of the
balloon;

Fig. 6A is a perspective view of the way in
which a catheter is arranged relative to the inner tubes

a5 for inflating the balloon of Fig. 6;
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- 18 - epi physi s and netaphysis prinmarily of, but not
necessarily exclusive of, some part of the distal radial

di aphysis. Inflating such a device conpresses the cancel | ous bone
agai nst the cosgosepbogal | s of the 5 epi physi s and net aptryesess t he
distal radius in order to creat-e22 €avity. In sone cases,
dependi ng on the fracture location, the osseous ball oon or

i nflatabl e devi ce may be used to extend the cavity into the dista

part of the radial diaphysigs._1Q, . . i of
percut aneous feroral head (%&g‘(% . a sﬁﬁ%ﬁ?hfuﬁga _&aﬁiﬁééégﬁgton is to
create a cavity irigijgetion tube far cpEwPing dwragheoinflaion afe&dP whose
configuration i s palloon amPizreéidvallObESyEPeid icatisblchbl cakgaisitpadromnot her
| nportant goal |sJ§§=geiiocogaéfﬁgxavascular (or aseptic) 15 necrotic
bone or support a cOParoR 4 bone in the fenoral head. This
goal may i8clude the reali gfient8 ds a verticalpggctipnr thwouglhacbailieent he

1oositi0nt iht Previ Giftle¥ it has beedf @eBlAfed Nad @sf €801 béiaRf inketdgr tO
| mprove e

.. Spherical .shap f the fenoral head. ese goal s nust
be 20 achi e\/‘é&%glﬁ%x‘é?%?%ragr Eggﬁ'rgPﬁ ilﬁ'ﬁw‘l’ on the cancel | ous
bone inside the fenoral hedigs. 9 and 9A are side ghevptiormk Miewsnefon
satisfied these gqainwla showiz;ztﬁb’vplt&b phetsrsivensdbetvaf dalqalira denmbses

ei t her al rgady described .or b cribed. 25
The desig 8of t he egﬁ?gfifc s eeag'u:%gbggfogﬁ%ﬁ%’ (described as bal |l oon

type 4 above) approxi nates Fi@. 9B is a verkinaloperhionckiyaigthé@ad and

therefore creates vier@abirhy bone into Whieh #bicdeeBbhote!ies Yerpe of the
fenoral head as mﬁh#ﬁl a: (I't should be noted that the spherical shape
of this 30 iAratabl e devi ce al so approxi mates the shape of the
hurreral head and woul d, in Fig¢ 1bdsappPepepeatdveoriew of anotheyity

formationisn this eadediment osAttl x23108h| off the present invention formed
in the shape of a kidney bean;

Fig. 11 is a perspective view of the vertebral
bone showing the kidney shaped balloon of Fig. 10
inserted in the bone and expanded;

20 Fig. 12 is a top view of a kidney shaped
balloon formed of several compartments by a heating
element or branding tool;

- FPig. 13 is a cross-sectional view taken along
line 13-13 of Fig. 12 but with two kidney shaped balloons

25 that have been stacked.

Fig. 14 is a view similar to Fig. 11 but
showing the stacked kidney shaped balloon of Fig. 13 in
the wvertebral bone;

Fig. 15 is a top view of a kidney balloon

30 showing outer tufts holding inner strings in place
interconnecting the top and bottom walls of the balloon;

Fig. 16 is a cross sectional view taken along
lines 16-16 of Fig. 15;

Fig. 17A is a dorsal view of a humpback banana

35 balloon in a right distal radius;
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Inflati ng such a device conpresses the cancel | ous bone of t he

fenoral head against its inner cortical walls in 35 order to create a
cavity. In sone cases, dependi ng upon

SUBSTI TUTE SHEET (RULE 26) WD 96/ 39970

PCT/ US96/ 0993 3wo 96139970 - 19 -  PCT/US xt ent
of the avascular necrosis, a snaller or_lagger cavity 1 nside the
femoral head will be forned. In sone cases, 'if the area of

avascul ar necrosis is small, a smal | balloon will be utilized which
m ght create a 5 cavity onlg 10 to 15%of the total volume of the

f enor al - head. |f HigSger7Br 852 Irosgeseehbendl haimy @feFigyollked

with the avascul atakerraiorgy ltinen13aBla7BeE Fagl oovaywoul d E_e 50
utilized which mght creat g hgy y . iapptoachi n
qi'n%e.n‘ﬂﬁ f.gﬁéeg%he%g\%& balloon with %Thgse 1n%h

to 90% of the volune of the nor a

heni spherical bal PES¥i%p timernscvieyed from the Srepe Gnteniordpofiathie of
the fenora8 (and hefiermtgximeddhumerus; and provides a neans for

. Y . . s or
ara | fragture wi thout - 13- 288 de o oyl 2 R W RRRa Rt %l
it easier to the front (anterior) of the left proximal humerus.

FPig. 19A is the front (anterior) view of the
proximal tibia with the elliptical cylinder balloon

i0 introduced beneath the medial tibial plateau;

Fig. 19B is a three quarter view of the balloon
of Pig. 19a;

Fig. 19C is a side elevational view of the
balloon of Fig. 19A;

15 Fig. 19D is a top plan view of the balloon of
Fig. 19A;

Fig. 20 is a spherically shaped balloon for

treating avascular necrosis of the head of the femur (or
) humerus) as seen from the front (anterior) of the left
20 hip; '

Fig. 20A is a side view of a hemispherically.
shaped balloon for treating avascular necrosis of the
head of the femur (or humerus);

Fig. 21 is a balloon for preventing hip

25 fracture as seen from the front (anterior) of the left
hip; and

Figs. 22A-C are schematic illustrations of a
representative method and system for delivering a
therapeutic substance to a bone according to the present

30 invention.
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15 do a future total joint replacenent if required.

Per cut aneous hi p augnentation is designed to prevent hip fracture
by conpacting weak cancel |l ous bone in the femur where hip
fractures occur and replacing it wi th appropriate supporting
material . A prigigéesegieal of 20 per cut aneous hi p augnenPeI/US»G/09933 t O
Create a cavity I nside the fenerak khead, fenoral neck and | esser
trochanter which will conpress diseased cancel | ous bone and al | ow
it to be replaced with appropriate supporting mat eri al , preveﬁting

hip fracture. The cavi e w%wk%ﬁ?&xtends
fromthe fenoral- head,bé'ﬁéi&% %%S%I%?ﬁgnl%psser FB%C anter by a defined
anount, but generatty not further The cavity shoul d not expand
into the IR WORE P60 ONEiEHR2 sperdi p fractures do not affect the

atien

Phe Lesser trochanter, wierh HHP tﬁaﬁpﬁié'egg ot 28 3%%13?%&‘1%0?‘2% ent

The bal | oos shoul cl:ha)mmeent h:gnventmn ischreadlwnwdenpted by the nmpmeral

ggﬁggbl( ien\émt égguéf P R0 1hgfud?/s a ball}pBﬁeltSo&ﬁri[l' talikgng, pady GE coul d

PCT/ US96/ 09933 hollow, 1nPZ[ tﬁ)rfg %onr %&pgngablezgarts 12 ané/\Q49(y£39970

The present inventflexidde setepsiahemucioapsPBY or Kevlarpr obR¥fishd 3 @at abl e

?ﬁg:fesl;geggn?egﬁI%kHﬁ*eﬁBdsﬂﬁﬁiﬁhrfube 16 bhyfeldtieenl £6£adtdwing ifatisudi ng
b ig other debris ak}gt %158 9ﬁ+§ r]:%lbteh?: b &L%nsfer to '

appropriat€ly. 5 percu aneous” pr oxi nal
ti bial augmerangtieoAisposal le&ﬂ'Cé-Oa ca%ﬁ%ﬁtleﬁs LchRafcoRp S more

tibia whose confi guddicH) hbSedDid Bhatl PuctiipROhidy B@¢ applied to the open
end of tube 16 from a suction source (not shown).
The parts 12 and 14 are connected together by

15 an adhesive which can be of any suitable type. Parts 12
and 14 are doughnut-shaped as shown in Fig. 1 and have
tubes 18 and 20 which communicate with and extend away
f;om the parts 12 and 14, respectively, to a source of
inflating liquid under pressure (not shown). The liquid

20 can be any sterile biocompatible solution. The liquid
inflates the balloon 10, particularly parts 12 and 14
thereof after the balloon has been inserted in a
collapsed condition (Fig. 8) into a bone to be treated,
such as a vertebral bone 22 in Fig. 2. The above-

25 mentioned patents 4,969,888 and 5,108,404 disclose the
use of a guide pin and canula for inserting the balloon
into bone to be treated when the balloon is deflated and
has been inserted into a tube and driven by the catheter
into the cortical bone where the balloon is inflated.

30 Fig. 8 shows a deflated balloon 10 being
inserted through a canula 26 into bone. The balloon in
canula 26 is deflated and is forced through the canula by
exerting manual force on the catheter 21 which extends
into a passage 28 extending into the interior of the

35 bone. The catheter is slightly flexible but is
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either the nmedial or lateral tibial plateaus. Another | mpor t ant

goal is to help realign the fracture fragnents 10 of tibial plateau
fractures, particularly those features with fragments depressed

bel ow (or inferior to) their usual | ocation. Both of these

obj ecti ves mxwo 9889970 achi eved by exerting pressure oneqrusysssdsy t he
cancel | ous bone and not the costzxal bone. Pressure on the cortical
15 bone coul d concei vably cause worsening of the tibial

pl ateau fracture. The present invention satisfies these

goal s t hr h, t desi of the inflatable devices_to be .

descri bed. | nf |-a?‘i‘§€9§’(ﬁf& Eé?g‘get?:cﬁ?groé"s§&§a‘%’ﬁgi% to be ggﬁgﬁﬁl HE®bone
agai nst the cortthalinkatiompofi bhe rhatieawhere the balldam dsarhenbi al pl at eau
.'.”l ?_rdte_r tlo Crleahgf:@eﬁéﬁ“thydiregt:}rllg £luid intpbtﬁy@ éag w}hBQedS?tﬂthf L he )
el liptical cylinder oon (describe a n type 6 above

the cavity ends Axfe Wﬁlﬁfisg%a’ﬁ?(ﬁg? S Bﬁfgga@ aé)ﬁ{pﬂ'gxi mat es t he

shape 255 of the cortilgauseal ballgoreilithds indtiatlividedilatadcand,

tibial plateaus.affér NS BondBte NO|tiMBLY ikl €AY¥iBY1lddn has beenbe nMude

by the appropriate elliptical cylindrical,-ballo cmq s 15,50 to 90% of
the proxi mal epiBﬁ%%’é?é)b%%é‘eSFXK?%‘? alloon "’gphed%%ﬁ'hg}‘? or the
| ateral half of daflated Halixgn is forced into thgebore time angelilapsedt he

i njbur y, disease Qd_sn%itihon thz%ggrc?ﬁ@% 1t SThet béRy 1 ghopheliabl e to treat
2ur cg)ingallopr oceduﬁé' I%‘ :ang?e%/:l%ﬁ',io?gn gliosa:grc#e%t\éﬁgt bggfgygﬁﬂ’g&?’gﬁﬁgﬁggﬁg or
open surgery nmaySdehtthatpita@dleNe minimum pressuye e/ lFogrerted on the
PCT/ US96/ 09933 bone marrow and/or cancellous bone Zf there is no
fracture or collapse of the bone. Such pressure will
compress the bone marrow and/or cancellous bone against
15 the inner wall of the cortical bone, thereby compacting.
the bone marrow of the bone to be treated and to further
enlarge the cavity in which the bone marrow is to be
replaced by a biocompatible, flowable bone material.
The balloon is then inflated to compact the
20 bone marrow and/or cancellous bone in the cavity and,
after compaction of the bone marrow and/or cancellous:
bone, the balloon is deflated and removed from the
cavity. While inflation of the balloon and compaction
occurs, fats and other debris are sucked out of the space
25 between and around parts 12 and 14 by applying a suction
force to catheter tube 16. Following this, and following
the compaction of the bone marrow, the balloon is
deflated and pulled cut of the cavity by applying a
manual pulling force to the catheter tube 21.
30 ‘The second embodiment of the inflatable device
of the present invention is broadly denoted by the
numeral 60 and is shown in Figs. 4 and 5. Balloon 60
includes a central spherical part 62 which is hollow and
which receives an inflating liquid under pressure through
35 a tube 64. The spherical part is provided with a
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di seased or injured bone with materials (such as bone fillers or
certain drugs) which do not flow. The present invention
satisfies these goals through the systens and methods of this

i nvention 5 descri bed bel ow. Q her objects of the
present i nvent iveossohio becone apparent as the fol | owp&fussen9as
specification progresses, referenee being had to the acconpanying
drawings for an illustration of the invention. 10 _ _

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a

perspective view Cgpt%rg.héftouter rﬁ‘,‘r(fg o] grre anggﬁgb IIoon%% t’§t6acked

resent invention bel
Soughnut 15 ‘whighnip ysurrounded '“bs"-antial i §y 2 ring shapedcpartecti on

t hrough t he 68 havingntube Begmehtshowi fg tllihﬂwayonrbf\ffpacx*t e dpughnut

' br al
Pody: 20 . ¢ ai2Behadidbee 69 inekBhapoi bhbketis e ge. 2717

enbodi ment 3of t he %’éﬂtﬁeﬁnt‘b‘?et?%%séﬁt@%ﬁtiﬂvhd and debrighdwomgther ee
stacked bal | oons aethestavrigy |bding Edirhaliby the balloochOgo )i Miting the

expansi on of t.he balloon i r?fg‘;.esg}t?hoggn be made fnggn{’ gl:ll On\ﬂlﬁ ve 71

Fi 4|satopplanV|ew .
cylgl ndrical ring &% BahiPoRy ﬁ‘hé‘nd for all halleens disclosed herein AFig.

5is a vertical sdsliloontslessgh hdFig. 9) is mbpnaeaéb&ald&ﬁﬁeanﬂnra\rng of
Fig. 4; 399 _ outer tube ik a@nﬁs'&%b@%&k&f %?glﬁ Daped.hal 219.” WI%" a

cat heter extendin ntQ the centr portron
Fig. 6Ais a persgg’@f‘i detlated dntone Gaytigpl bone. Tbml'i:]kﬁ%fecaﬂ-hbﬂv i s

arranged rel ati ve resil hent nhimigensh@ib3shich beafrOhghihstttimng inkerbas | spon of
Fig. 6; the entrance opening 71c of the vertebral bone 22
{Fig. 9A) to prevent tearing of the balloon. Upon
15 removal of the balloon sleeve, liquid under pressure will
be directed into tube 64 which will inflate parts 62 and
68 so as to compact the bone marrow within the cortical
bone. Following this, balloon 60 is deflated and removed
from the bone cavity.
20 Figs. 6 and 6A show several views of a modified
doughnut shape balloon 80 of the type shown in Figs. 1
and 2, except the doughnut shapes of balloon 80 are not
stitched onto one another. In Fig. 6, ballocon 80 has a
pear-shaped outer convex surface 82 which is made up of a
25 first hollow part 84 and a second hollow part 85. A tube
88 is provided for directing liquid into the two parts
along branches 90 and 92 to inflate the parts after the
parts have been inserted into the medullary cavity of a
bone. A catheter tube 16 is inserted into the space 96

30 between two parts of the balloon 80. An adhesive bonds
the two parts 84 and 85 together at the interface
thereof.

Fig. 6A shows the way in which the catheter
tube 16 is inserted into the space or opening 96 between
35 the two parts of the balloon 80.
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- 22 - Fig. 7 is a suction tube and a contrast
injection tube for carrying out the inflation of the bal | oon and
removal of debris caused by expansion from the balloon itself; 5
Fig. 8 is a vemossabsreecti on through a balloon af t ePCT/US%IA293Been
deflated and as it is being inserted - 27 - into the vertebral body of a
human; Figs. 9 and 9A are side elevational views of a
canul a showi ng how the protective sleeve or guard nenber 10 expands
when | eavi ng the canul a; . | . 9B.i s a_veriigal I on
t hrough a . vertebr alf"l%'on"e slhr?f"g m%hdﬂag’faggégg' h%%l e#}éiscﬂﬂﬁ g%ﬁ
drilled:; inflating ligyid igtpsthe hallnon 89e ¢pBuinieqtncontrass

egbodi rr]v;nt Ef OIt he Magklkreal Dhtd RthePbaleobn i 8V &8 it:QL’i&tf ®-#BPs can be takent he f
shape-of a ki dney hean: . . ¥ | € 1. VLEW O
The vertebral ) o te Baticon with the intidting hatt:SaP %%eﬁree%ﬁté.gg; 45
inserted i B the béssezmdnexphsgerepexoplacement of the bajlioony Tybg &6p vi ew

ﬁf a kidney shapeds also showafl!irw@igl.06eit Weiiry eitzhchedpi tstuiet s by a
c(ragtsls?gect I onal v%&v%;gg&%%%ddwghgogh?ﬁ nsei%yfglofuﬁﬁ?eld? %u \?\A![?’l :
two ki dney shaped 88al | oons 25 t hat have been stacked.
Fig. 14 is a view sim |l ar tgtfiy.anbthe#t embodiment ®E0ovhagihventsionc ied
ki dney Shi‘BEd bal ls%%@rnog.n':i?gg. ]33 vhﬁch is simi]g}:e t\beﬁ‘&t?rill e@%'that it
is round and not a doughnut and includes an inflatable
device 109 having three balloon units 110, 112 and 114
which are inflatable and which have string-like '
restraints 117 which limit the expansion of the balloon
15 . units in a direction transverse to the longitudinal axes
of the balloon units. The restraints are made of the
same or similar material as that of the balloon so that
they have some resilience but substantially no expansion
capability. :
20 A tube system 115 is provided to direct liquid
under pressure into balloon units 110, 112 and 114 so
that liquid can be used to inflate the balloon units when
placed inside the bone in a deflated state. Following
the proper inflation and compaction of the bone marrow,
25 the balloon can be removed by deflating it and pulling it
outwardly of the bone being treated. The restraints keep
the opposed sides 77 and 79 substantially flat and
parallel with each other. '
In Fig. 10, another embodiment of the
30 inflatable balloon is shown. The device is a kidney
shaped balloon body 130 having a pair of opposed kidney
shaped side walls 132 which are adapted to be collapsed
and to cooperate with a continuous end wall 134 so that
the balloon 130 can be forced into a bone 136 shown in
35 Fig. 11. A tube 138 is used to direct inflating liquid
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Fig. 15 is a top view of a kidney balloon 30 showi ng outer tufts

hol ding i nner strings in place I nterconnecting the top and bottom
wal I s of the balloon; Fig. 16 is a cross sectional view
taken al ong lines 16-16 of Fig. 15; ' Fig. 17Ais
a dorsal vi ewmgaagbunpback banana 35 bal | oon in a ri porUsHcdBE

radi us; WO 96/ 39970 - 28 -

PCT/ US96/ 09933 - 23 -

Figs. 17B is a cross sectional view of Fig. 17A t aken al ong line
17B-17B of Fig. 1 S rical IIoon wth
a base in a fito 5 PRALOTR RS &é‘f\}Pgﬁeﬁh? ﬁ%ﬁ#ﬂ?ﬂ %"gn‘f "tsfnt t8) of
the 5 | ef tagguwe tite Himenaions and location shown vexteln®d body
cylindrical ball opss irewad.f 19M pevice 13bh@ifI cwmﬁeaasem@raarmeltmsl ef t
proxi mal hunerus 0 anterior) view

of the FWE i BeBe L%t Efﬁggg'rﬁﬁl%%tlagﬁﬁﬂﬁ $h%al 1 oon 10
i ntroduce8 beneat¢andsllopdi bbnei biThe plegtraints for this action areFidge 19B

is athree quarteﬁowwsqhetaﬁd@id Qﬁ'lls of the BHllEbﬁ 19A; :
Fig. 19Cis a side elevatl%g Lloon of F|g 19A; 15

Fig. 19D is a top plan vie Jtdhf\g%sl Soﬁa“t')}o‘m 140 wﬁ il?g" 139175

Fig. 20 is a spheridnay w@h&éeﬂmdﬁﬂo@ntﬂbﬁ ‘142 for dlree’ainmgﬁravascul ar
necrosis of the hggehffarhileeal o the tube fBFTANEIAtHEg Qe fromthe

front (agberlor) Of fggil e&&e lloon 1s thtlally a single chamber
bladder but the bladder can be branded along curved lines
or strips 141 to form attachment lines 144 which take the
shape of side-by-side compartments 146 which are kidney
shaped as shown in Fig. 13. A similar pattern of strips

15 as in 140 but in straight lines would be applied to a
balloon that is sguare or rectangular. The branding
causes a welding of the two sides of the bladder to occur
since the material is standard medical balloon material,
which is similar to plastic and can be formed by heat.

20 Fig. 14 is a perspective view of a vertebral
body 147 containing the balloon of Fig. 12, showing a
double stacked balloon 140 when it is inserted in
vertebral bone 147.

Fig. 15 is a view similar to Fig. 10 except

25 that tuftes 155, which are string-like restraints, extend
between and are connected to the side walls 152 of
inflatable device 150 and limit the expansion of the side
walls with respect to each other, thus rendering the side
walls generally parallel with each other. Tube 88 is

30 used to f£ill the kidney shaped balloon with an inflating
liquid in the manner described above.

The dimensions for the vertebral body balloon
will vary across a broad range. The heights (H, Fig. 11)
of the vertebral bedy balloon for both lumbar and

35 thoracic vertebral bodies typically range from 0.5 cm to
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Fig. 20Ais a side view of a hem spherically. shaped bal | oon for

treating avascul ar necrosis of the head of the femur (or hunerus);
Fig. 21 is a balloon for preventing hip 25 fracture as seen fromthe
front (anterior) of the left hi p; and Fi gs.
22A- C are schewolokgoord | ustrati ons of a repr esent at i per/oSdEAHmad3s and
systemfor delivering a t her apeuzs c- substance to a bone according
to the present 30 i nventi on. WO 96/ 39970

PCT/ US96/ 09933 - 24 - )
DETAI LED DESCRI PT, OF THE PREFERRED ENMBCDI VENT \ ALL FOR
VERTEBRAL BODI ES s & e “Eer1% §9 ROSEFEIAF it HE -t H&I?bXFFESﬁrT#i g.
1) of 5 t hebpdy shatlaan, dinensions Haadiophdduvbard and theracier al

10 and includes aybptélordn e edlriiayd NErch PR’ cif to 3.5 cm. NPhbOMige
flexible materi al,

SUch a6 PET or  Kebpatiaafivh P1y” ) Veredh:al, pofy, dinenaigieotorune. 16
t her ebet wden for thovaeie feertebgal bodiemwidilheandebfram 9y Ssemt ton3i &t o
LUbe 16 for transg@l tfhe side to ﬁidé”“&ftéﬁfﬁgoﬁéh !é%?gﬂdyﬁgscgbgffgg 32
the open | lumeer,veifereas peeiee e o QbR KBy 0 Cm-
The parts 12 and 2n optinaivertedrabgeadicbalyovs is stackedastithi twowbich
can be of any suixgpt eméititrs ofathiéqizl height where each member can be
10 separately inflated through independent tube systems.
The total height of the stack when fully inflated should
be within the height ranges specified above. Such a
design allows the fractured vertebral bedy to be returned
to its original height in steps, which can be easier on

15 the surrounding tissue, and it also allows the same
balloon to be used in a wider range of vertebral body
sizes.

The eventual selection of the appropriate

balloon for, for instance, a given vertebral body is

20 based upon several factors. The anterior-posterior (A-P)
balioon dimension for a given vertebral body is selected
from the CT scan or plain film x-ray views of the
vertebral body. The A-P dimension is measured from the
internal cortical wall of the anterior cortex to the

25 internal cortical wall of the posterior cortex of the
vertebral body. In general, the appropriate A-P balloon
dimension is 5 to 7 millimeters less than this

measurement.
The appropriate side to side balloon dimensions
30 for a given vertebral body is selected from the CT scan

or from a plain film x-ray view of the vertebral body to

be treated. The side to side distance is measured f£rom

the internal cortical walls of the side of the vertebral

bone. In general, the appropriate side to side balloon
35 dimension is 5 to 7 millimeters less than this
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and 14 are doughnut-shaped as shown in Fig. 1 and have tubes 18

and 20 whi ch comrunicate with and extend away fromthe parts 12
and 14, respectively, to a source of inflating Iiquid under
pressure (not shown). The liquid 20 can be any sterile bioconpatible
sol ution. The wo susosto ~inflates the balloon 10, par t perbsslodpapar t s
12 and 14 t hereof after the ballx®mn has been inserted in a

col I apsed condition (Fig. 8) into a bone to be treated, such as a
vertebral bone 22 in Fig. 2. The above- 25 menti oned patents

4,969, 888 and 5,1 Hene! heae:, s f a guid i nd, canul a
for inserting thegég#}%%n kﬁF?:hE ?%?Jbtlk?gngft gigeﬂt"f’% éf&rﬁﬁgﬁaﬁ]{ ﬂ%°%l | oon
is deflated and = ®eRds toibs mich wider tham Eids botsife fimenpionrthsn t he
cat heter theip A+P dimensdah.bane ﬂlﬁ&aeibhegb@éﬁmg bbﬁiéé‘)‘ Ltﬁi@d- 3|0
Fig. 8 shows a de e | . a_bnserted through a canula
269i nto bone. Theg%g%lgc(’)lr?:‘||'<ir1@c')Qﬂml}gs{)&k (rfhg‘r?‘ultzlileﬂ% %sbaéﬁ'feﬁsé‘anﬁnﬁrgs forced
through the canul #B9st equal. eyerting nanual force on the catheter 21

whi ch ext ends i Nt orie PRIGAEAIRRr@ioRBdbRdthd tgbddopriateri or of the
gL5JB ST TUTEOgaEETT?&E%% Eﬂody'S bi&.iggrg lﬁ/qﬁgag)é}i.glgé%)g}te{bsral body is
PCT/ US96/ 09933 chosen by the CT scan or x-ray viewsg.of the vertebral
bodies above and below the vertebral body to be treated.
10 The height of the vertebral bodies above and below the
vertebral body to be treated are measured and averaged.
This average is used to determine the appropriate height
dimension of the chosen vertebral body balloon.

is BALLOONS FOR TIONG BONES
Long bones which can be treated with the use of
balloons of the present invention include distal radius
(larger arm bone at the wrist), proximal tibial plateau
{leg bone just below the knee), proximal humerus (upper
20 end of the arm at the shoulder), and proximal femoral
head (leg bone in. the hip).

Distal Radius Balloon
For the distal radius, a balloon 160 is shown
25 in the distal radius 152 and the balloon has a shape
which approximates a pyramid but more closely can be
considered the shape of a humpbacked banana in that it
substantially fills the interior of the space of the
distal radius to force cancellous bone 154 lightly
30 against the inner surface 156 of cortical bone 158. Note
that the spherical radius balloon discussed above may
also be appropriately sized for the distal radius 152.
The balloon 160 has a lower, conical portion
159 which extends downwardly into the hollow space of the
35 distal radius 152, and this conical portion 159 increases
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sufficiently rigid to allow the balloon to be forced into t he

I nterior of the bone where the balloon is then i nfl ated by
directing fluid into tube 88 whose outl et ends are coupled to
respective parts 12 and 14. 5 In use, balloon 10 is
initially def lvad oghosrd, after the bone to be fill edporivssd dves

bal | oon has been prepared to recaive the balloon with drilling, the
defl ated balloon is forced into the bone in a coll apsed condi tion

t hrough canula 26. The bone is shown in 10 Fig. 2. The balloon i}

oriented preferably in the bope uch that it allows_pinjmum
pressure to be -ex’e‘%/t%rc?s@nsfﬁﬁmn as a %&%Eaﬂaﬁ%cﬁ]aﬁ’&pﬁoﬁaﬁﬁﬁﬁ%us bone i f
there is no appxoamiied: ¢ The cxdam secbfionhef Bhecballiobnpre€dsime wil |

conpress the bonegkid Q¥ aNdéRfr£LAMCRIdtass RPNG. aG)NahdlBhis loddteiddiner
wal | . of the cortigal bon one narrow of

there conpacti ng. t he
the bone to be tr’e%t?ﬁ?raﬁaet‘ﬁl‘;?ﬁb‘%/ﬁe‘?c ien' of the, baldeopne Egﬁi‘f@p‘?’ﬁ whi ch’
t he bone Barrow iend ®fhd&he balloon, asirmted by théimwerpit L52¢, converges
bone' material. to the catheter 88 Wtk Bhe@Ping Sa RRAilNGHhabeehd O Cconpact
the 20 bone TRy OW %nd/or c%II us bone |n§the %ﬁwt a
after conpaction RATYIRR 58RI ARG TRE ARG NER I Fre the cancelioms (e
bal | oon is defl atkoheampaissbvele finmn murface of theacioryicahbi bene nf |'Ele on

of the balloon a“éh&:%ﬂb@%h@”balloon 160048UHStefRine P RAGOLRBE XA d Iyl €
sucked ogh of the s
g

ace 25 between and _aro ar 12 and 14. b
appl yi ng~d sucti o'hupts efomedeYc%t’{H‘%ﬁéfggnF%&%#& EIESPFOW%??W *and
fol l owi n are hoptdompd cand rpxgviidee addhbionak abrengbhbbhb| tem i s

defl ated and pul | g¢h Qidn FoalNeeE A\t dBe ABR! ¥eqfirdd to achieV@Ntigd pul ling
force to the catheter tube d, enbodi pent of

1. 30 . The iecog .
the inflatable de9f%ired configuration. ,The-halioRndd BlaredpintadPdenot ed
by the ntadesralou®0 ofinthe sdsdtain radiksgin thensame. mBahéooms Gthat

. includes,g centraje SPRaldSL abobd wi? 2digelec! ohPhd QMr2RBral bone, WHich .
receives an inflating liqu upgder ressurfethhrguscth l35 i 8 ﬁlbe 64. The
spherical part is provided*@ftfimeneions ot the distal radius balloon
vary as follows:

The proximal end of the balloon (i.e. the part
nearest the elbow) is cylindrical in shape and will vary.
20 from 0.5 x 0.5 cm to 1.8 x 1.8 cm.
The length of the distal radius balloon will
vary from 1.0 em to 12.0 cm.
The widest medial to lateral dimension of the
distal radius balloon, which occurs at or near the distal
25 radio-ulnar joint, will measure from 1.0 cm to 2.5 cm.
The distal anterior-posterior dimension of the
distal radius balloon will vary from 0.5 to 3.0 cm.

Proximal Humerus Fracture Balloon
30 ' The selection of the appropriate balloon size

to treat a given fracture of the distal radius will
depend on the radiological size of the distal radius and
the location of the fracture.
In the case of the proximal humerus 169, a
35 balloon 166 shown in Fig. 18 is spherical and has a base
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- 26 - spherical outer surface 66 and has an outer periphery
whi ch is surrounded substantially by a ring shaped part 68 havi ng
tube segnents 70 for inflation of part 68. A pai r of passages 69

I nt erconnect pawioeBPo7gnd 68. A 5 suction tube segnentpciAzssé/eonss
liquid and debris fromthe bone-cagity being formed by the balloon

60. Provi sion can be made for a ball oon sl eeve 71
for balloon 60 and for all ball oons disclosed herein. A bal | oon

sleeve 71 (Fig. 9) is .displaceably nmounted in an 10 outer tube 7la and
can be used to ins&e@sigRe piF|cRIPashs the cancefloys berel&P i 8 a cortical
bone. The sl eeve 7pxvacimal humerusr asPli eAtmésngaos eédbedded lorbdamiaghedst

tf;_e int9 2“ ?r of a‘tnd/or wﬁaﬂg{ ﬁ@frebépﬁéﬂsd‘&g]ﬁ%r?f atﬂecwqrvtze%alhnégnteh&
bal ['oon &1 ceve, || FHGaRaere o2 fealhp pen PR hay ooy ad T3 Foplortyc
64 which wi$l infl &he pattomeof e base 172a gw $deyshape fintdet innerbone
marr ow \évi t hijn the Q;gfxttii@ah. wall at t%lﬁoﬂﬁarf%ﬁ Q:\_Htenﬁhhbi:.& Milgeoon 60 is
Figs. 6 and 6A ShodSbFeiars PEnE s sdatbios L perbnsth to the hatioohape
bal | oon 80 of the tbgdy,sbutnthe dénfigutation can bendcBiewsd dghixough doughnut
shapes of balloon §@13i8gN8E the balloof!bbéy'ed @30 i8NS0 ¥U®he ' N Fig. 6,
bal l oon 80_has a e r-sh%P g uter convex surface 82 ich is nmade
up of a 2519 fl"raé"t"etlr&f’ﬁﬁ\%’?fh‘?t "g §ﬁda§ %é%’ﬂ’nd'nhg#?oﬁ?%‘tt regioR phe
88 is provided for stinroundigg| thpibalicon 16€ asuehownt in Fig. 18. alfbeg
branches 90 and 92 dgadiiebhabénd Nerapakt sedht BrelGride at the [BsleS 1havaneen
nserted into the MEAYMAVaERN ' theupper ena A1° s IR 164 Rad®
a feed tube 177 into which liquid under pressure is
15 forced into the balloon to inflate it to lightly compact
the cancellous bone in the proximal humerus. The balloon
is inserted into and taken out of the proximal humerus in
the same manner as that described above with respect to
the vertebral bone.
20 The dimensions of the proximal humerus fracture
balloon vary as follows:
The spherical end of the balloon will wvary from
1.0 x 1.0 cm to 3.0 x 3.0 cm.
The neck of the proximal humeral fracture
25 balloon will vary from 0.8 x 0.8 cm to 3.0 x 3.0 cm.
The width of the base portion or distal portion
of the proximal numeral fracture balloon will vary from
0.5 x 0.5 cm to 2.5 x 2.5 cm. '
The length of the balloon will vary from 4.0 cm
30 to 14.0 cm.
The selection of the appropriate balloon to
treat a given proximal humeral fracture depends on the
radiologic size of the proximal humerus and the location
of the fracture.
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30 between two parts of the balloon 80. An adhesive bonds

the two parts 84 and 85 together at the interface t her eof .

Fig. 6A shows the way in which the catheter tube 16 is inserted
into the space or opening 96 between 35 the two parts of the balloon
80. WO 96/39970 SUBSTI TUTE SHEET ( RULE 26) PCT/US96/09933 WO
96/ 39970 - 33 - PCT/ US96/ 09933

- 27 - Fig. 7 shows tube 88 of which, after directing
inflating liquid into the balloon 80, can inject contrast mat €ri al

into the balloon 80 so that x-ra n be take of the baIIoon W th
the inflating material the %l??ﬁy?f’aaﬁé’% aéapkt%etf(ﬂrmuﬁS tRethe Fropeimal
pl acenent of the lomleruen169Tibetliss cylindricak baldowh@?h shown gin Figi.t

being attached i mgOMeLike the feld MR THANGE 1*1 1he,oupeingi el |
surface of tube odi ment of

the invention-is Pajloon ggﬁoaﬂslﬁpIﬁﬁfla§lﬂﬂ|§ﬁ??5?%5 FaFn?Srég%? 1 except
that it 5 i Blquidntheneinot 227 ehgwsuthargitiencifudetypicahfstaudider

device 109 havi nggtfa@eehal TRONcyirdderl 8n Hehre A &nki¥brm circumference

or it can be wider at one end than at the other. The
wider end would be attached to the inflating tube 226 to
compact the cancellous bone 168 of the humeral head 168a.

10 Appropriate restraints to maintain the shape include
multiple inelastic bands (228 is one of them) spaced
around the circumference at regular intervals. PFor a
cylinder with 2 uniform width, the restraining bands will
usually have the same diameter. For a cylinder with one

15 end wider than the other, each band would successively
have a wider diameter,

The length of the balloon is usually the same
as that of the sphere on the base, preferably ranging
from 4-14 cm, with the width usually ranging from 0.5 cm

20 to 2.5 cm. The surgeon uses plain film X-ray of the
humerus to be treated. The required length is defined by
measuring the distance from the inner humeral head at the
site of insertion to about 3 cm below the site of
fracture. The diameter is at least 0.5 cm smaller than

25 the inner diameter of the cortex of the humeral shaft (at
its narrowest point along the balloon’s length).

Proximal Tibial Plateau Fracture Balloon
. The tibial fracture is shown in Fig. 192 in
30 which a balloon 180 is placed in one side 182 of a tibia
183. The balloon, when inflated, compacts the cancellous
bone in the layer 184 surrounding the balloon 180. A
croes section of the balloon is shown in Fig. 19C wherein
the balloon has a pair of opposed sides 185 and 187 which
35 are interconnected by restraints 188 which can be in the
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whi ch are inflatable and which have string-Iike restraints 117

which Iimt the expansion of the balloon 15 units in a direction
transverse to the | ongitudinal axes of the balloon units. The
restraints are nmade of the same or simlar material as that of the
bal | oon so thajygoeemeere they have some resilience but subst agtriushénseso
expansi on capability. 20 - 34 - A tube system 115 is
provided to direct liquid under pressure into balloon units 110,
112 and 114 so that liquid can be used to inflate the balloon uUnits

when pl aced_insipde the bone_in g .deflated state. Fol i Ng

the proper inflat{f8A™af %‘iﬁﬁfg@t Pﬁnfiﬁx% g6 eﬁﬁr?gﬁnyzgu%{:gb\'\i? he bal | oon
can be renoved bycesstmuctipn.t Fhed padd ipuypose of the remfradnts yimfta he
bone being treat eﬁtrklhﬁh% epidedl 185 ¥EFN87 substant{L1NPRATRT1S] dpSer 7 and

79 substantially f a rallel. with each ‘ot her.
In Fig. 10, anot h@?%n%&b??réﬂd gpnt-gém%cal.. AnFrbe A% 15 FPERIER ELhown.
The devicesis a ktHeepalloon 180 sbagixkdiallicmidbioyo 12843 loati of theair of

oo Papsed (Y balloons AR B EALS reitzings “irﬂmﬁtf“’i%gi-ﬁ ¢ hat
t he bal |l oon 130 céﬁgbﬂn‘%o}ﬁ%ﬁﬁ]aﬁnﬁtﬁfi}ﬁ? f‘i‘@ ?Hﬂﬁﬁgfr?% W%Le balloogn 5
tube 138 is used s dnsecxted rifntat ang tdken dut of the tibia/\(nothe asande

PCT/ US96/ 09933  mapner as that described above witBSrespect to the iNto the
balloon to inflate the bal]loon an

di mensi ont® and | o¥&EFBRT c}?m'evergé%?g‘*sg%olc?é’g#“% a subStaf%t%'%im{’mF?%{Jg‘l]fr |
Device 130 will corpEigsration forcthekalloon; whepeas, iFia.hdPR shows a
fracture or col | apgBefhntifliy elliptical version of the balloon.

The dimensions of the proximal tibial plateau
fracture balloon vary as follows:

15 The thickness or height of the balloon will
vary from 0.5 cm to 5.0 cm.

The anterior/posterior (front to back)
dimension will vary from 1.0 cm to 6.0 cm.

The side to side (medial to lateral) dimension .

20 will vary from 1.0 cm to 6.0 cm.

The selection of the appropriate balloon to
treat a given tibial plateau fracture will depend on the
radiological size of the proximal tibial and the location
of the fracture.

25
Femoral Head Balloon _

In the case of the femoral head, a balloon 200
is shown as having been inserted inside the cortical bone
202 of the femoral head which is thin at the outer end

30 204 of the femur and which can increase in thickness at
the lower end 206 of the femur. The cortical bone
surrounds the cancellous bone 207 and this bone is
compacted by the inflation of balloon 200. The tube for
directing liquid for inflation purposes into the balloon

35 is denoted by the numeral 209. It extends along the
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5 cancel l ous bone. 'The. restraints for this action are due

to the side and end walls of the ball oon. Fig. 12 shows
a ball oon 140 which is al so ki dney shaped and has a tube 142 for
directing an inflatable liquid into the tube for inflating the 10

bal  oon. The ®aldsadRei s initially a single chanber pdarosYees93H Ut
t he bl adder can be branded al ong curved-l3ses or strips 141 to

formattachnment |ines 144 which take the “ shape of side-by-side
conpartnents 146 which are kidney shaped as shown in Fig. 13. 'A

pe o 2 o0, Eemordd bk oo taSRiradieb dnESrhe Sl bk B 8" ¢
e applied to a- al 0 :

brandi ng isagenerallyebphegical tire donfigiudatsimi. t IRidhl 208eshowsoccur
since the materialpLg %@ﬁﬁ.@?ﬁﬁdaéﬁ%té@'ﬂf%ﬂe”ﬁﬁtﬁéfﬁ 200a, can pghich is

simlar to plastic and ca or ne 14 is

a perspective vi efeBispheRicad,pg) we 1ds SP%'{?G&?aln?a%cﬁﬂ%ﬁﬁ‘gFt"ﬁe ggl‘l oon
of Fig. 1% show Mheaballoon 200dbabinsextesk dartibabhd drakiet) omte@fi thes

inserted in femo¥€itﬁgaaahnbEHS déde manner as that descrifbed wibhi s a

viewsimlar to F

exce t.hat tufg | G
string-1ike restr&PAPECt &R é"l%& vertebral t}ﬁ%eni‘éﬁd&%ﬂ"ee%ﬁﬁﬁeﬁthet he
side walls 152 of is maintairedf iat this ewample byObonding mvenliappdrgansi on of

the side gwusnww theSBEEtoh &Akdtidigh gieaw@odwraiersmqnt ha side
wal I's generally parallel wth each ot her. Tube 8 used to fill

t he ki dné';p shaped Fige 1 88  with an inflati ng liquid in the manner
descri bed above. The dimensibms dbirdihei demoral head \haliobnavapydy
bal | oon Wel FoYBbwWsACr 0ss a broad range. The heights (H Fig. 11)

of (e verfebral poy DarT ogp (9Bphh LAl ARed? neaa naliRAMLL
SUBSTI TUTE SHEET (RulyEfgéh 1.0 cm to up to 4.5 cm. The appropriate size
15 .of the femoral head balloon to be chosen depends on the
radiological or CT scan size of the head of the femur and
the location and size of the avascular necrotic bone.
The dimensions of the hemispherical balloon are the same
as the those of the spherical balloon, except that
20 approximately one half is provided.

Prevention of Hip Fracture
Fig. 21 illustrates a "boomerang" balloon 210

adapted for preventing hip fracture. When inflated, the

25 "boomerang" balloon 210 is a cylinder which gradually
bends in the middle, like a boomerang, and extends from
about 0.5 cm from the end of the femoral head 211 through
the femoral neck 212 and down into the proximal femoral
diaphysis 213 about 5-7 cm past the lesser trochanter

30 214. Balloon 210 preferably maintains its shape by rings
of inelastic material (215 is one of them) held closer
together on one side by attachment to a shorter inelastic
band 216 running the length of the side of balloon and
further apart by attachment to a longer inelastic band

35 217 bonded on the opposite side.
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- 29 - 3.5 cm The anterior to posterior (A Fig. 11) vertebral
body bal | oon di mensions for both |unbar and thoracic vert ebral
bodi es range from0.5 cmto 3.5 cm The side to side (L, Fig. 11)
vertebral bodywdogowmpons for 5 thoraci c vertebral bodpEazusssidsss ange
from0.5 cmto 3.5 cm The side pge side vertebral body dinensions
for | unbar vertebral bodies will range from0.5 cmto 5.0 cm

An optinmal vertebral body balloon is stacked with two or nore’
menbers of unequal hei ght re ea menber ately

h can,be. 10 separ
I nfl ated t hrough i ndepende Fh AR\ BFARE . tO :.nr]flagio%ebap&oap %g‘logﬁf of the
stack when ful |y ificlidgdebacholghewn in dottesd ldinesi att28hagaimstathes

tSIoegifiefl abO\ée- Sill'ffllaéict:n tube 219¢Si gﬂiaf!ﬁaﬁftsidfustiéﬁ,ctw@sta\%%babg@b body
0 be returne ] 0 jts,origina i ., i N sieps i.ch can be

easi er on 15 1§ ﬁé‘sguf?ioltﬁ?diuﬁggf'asgﬁg& %f’d’“isf' g#‘%o"’?ﬁ]\t%ﬁ?nt %é‘g?arre

bal | oon t 05 be usedviith dceseatbashgents hat dinesk whely the balloonzds.

The eventual sel eGliea@eef. t M IRRER! tBECballoon on Ped | DO ftdlon tabe
I nstance, a given .v%rt based ugon several. factors.

ggr . bo% s 20
The anteri or-post e s ﬁ-a{?’)p' e Surgpan Wik A REN :FO(FFJF "&d&rven
vertebral body is zadiiegraphic guidancer bm e1eateT ascavity 2RQuithati Hm x-r ay

;/ihews of the t usulall?rl_e@rnlﬁ{ vﬁﬁéYSFI?ﬁiﬁg Féttdi:meniaeézfa'xs fta&mueczi5from
i n'? ernal ¥%rt : gafrﬁrf]ﬁ%tlegcgégi ﬁ%%%%ogﬁggﬁnggj,%&%%O%ﬁrggéaf)izea% Eggr‘t ebr al
body. In general, Infdagppnopk ibaldoanP2pa| it the greatexitmochanteirics to 7
milineters | ess th@diohhb32 instead of down the femoral diaphysis 213 is

not desirable and is prevented by the shape of the

balloon, by its placement and correct orientation (the

15 deflated balloon facing the lesser trochanter). After
the balloon 210 has been inflated within the cavity 220
(Bee the dotted lines in Fig. 21), the predetermined size
and shape of the balloon biases the proximal portion of
the balloon downward into the lesser trochanter.

20 Optionally, a second cavity can be drilled down into the
diaphysis, starting from the same entry point or from the
other side.

Patients with bone density in the hip below a
threshold value are at increased risk of hip fracture,

25 and lower densities create greater risk. Patient
selection is done through a bone density scan. The
balloon length is chosen by the surgeon to extend about
0.5 cm from the end of the femoral head, through the
femoral neck and into the proximal femoral diaphysis,

30 usually about 4-8 cm below the lesser trochanter. The
balloon diameter is chosen by measuring the inner
cortical diameter of the femoral neck (the most narrow
area) and subtracting 0.5 cm. The preferred dimensions
of the "boomerang balloon® are a total length of 10-20 cm

35 and a diameter of about 1.0-2.5 cm. {A "humpback
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measur enent . The appropriate side to side balloon

di mensi ons 30 for a given vertebral body is selected fromthe CT scan
or froma plain filmx-ray view of the vertebral body to be
treated. The side to side distance is neasured from t he internal
cortical wall swefosp#se si de of the vertebral bone. |pcrjesyen®dBs3 t he
appropriate side to side balloon 35 - @7nension is 5 to 7 milineters

| ess than this WD 96/ 39970

PCT/ US96/ 09933 - 30 -

measur enent by th% %gght"ﬂglﬂéoﬁ 1th gp%%ox\?/ﬁ‘r%teebrlengg% X‘Fﬁeﬂ' 9.be tends to

be nmuch wi der than Si
di mensi on. I n thoragetalydnt Bb?afrmr@sprﬁmtlon: as lohgeaecthg de

di mensi on and t heinhufpBagkMewsdtl Yokl nob exceed/tiesal26Wal - femoral neck

The hei ght di mensigl “‘? ggg}.ge) appropriate vertebral body ball oon
for a given vertebra y chosen by the CT scan or x-ray views
of the verPebral bBaF tents Mpvingdthr | kavastc bppet danadtiesdyint o be
treated. 10 the femobhl Ohedditnaicreghisé PaditRs 2vapacety bl eyet he

vertebral body toéég'g%ﬁahggdarv%%a%g ed $nd a\%jhaegege prov{ﬂ%}g: S of

average is used to ermne the appro I'I
t he chosen vertebr“zﬂlnsoﬂy°bhﬂ¥ﬁf?¥15r ope after phe CukerFORthENDRORESN"
Long bones whi ch callbeefir bat itk idndrialehes® ¥illoon (insbaté@aqts tok t he

bresent Lrﬂggp% on aag@apggfé 88! et AR prior to Wr¥edRing’ hy Nprdrcii§
materia Alternatively, the "boomerang" balloon may be
adapted to have a distal portion that approximates the
shape of the femoral head balloon.

18 Other Uses, Methods And Balloons
The cavity created by the balloon can be filled

with a medically-appropriate formulation of a drug or a
growth factor. As an example of delivering a drug, a
typical dose of the antibiotic, gentamicin, to treat a

20 local osteomyelitis (bone infection), is 1 gram {(although
the therapeutic range for gentamicin is far greater, from
1 nanogram to 100 grams, depending on the condition being-
treated and the size of the area to be covered). A
medically-suitable gel formulated with appropriate gel

25 materials, such as polyethylene glycol, can contain 1
gram of gentamicin in a set volume of gel, such as 10 cc.
A balloon with this volume whose shape and size is
appropriate for the site being treated (that is, the
balloon cannot move and thereby break the cortical bone

30 when inflated at the chosen site) can be used to compact
the infected cancellous bone. This creates a space which
can be filled with the antibiotic gel in an open or
minimally invasive procedure. This places and holds the
required amount of drug right at the site needing

35 treatment, and protects the drug from being washed away
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(1 eg bone just below the knee), proximl hunmerus (upper 20 end of the
arm at the shoulder), and proxinmal fenoral head (|l eg bone in the
hi p) . D stal Radi us Bal |l oon For the distal
radi us, a balloon 160 is shown 25 in the distal radius 152 and the

bal | oon has a s{adgs9970 whi ch approxi mates a pyram d but pffusedidossse! v
can be consi dered the shape of a.mgmbacked banana in that it

substantially fills the interior of the space of the di stal radius
to force cancellous bone 154 lightly 30 agai nst the inner surface 156
of cortical bone 158. _ Note t he spherlcal radi us bal | oon

h
di scussed above may¥Y bloo °’él°§6‘eﬁefiﬂ$§§%'pr MRtePYLE| SRy Yhs dose PP st al
radi us 152. optimized, butThddbtibtmah dbé@shaanabé aympliedoat chatawrti on

159 whi ch extend h W, | st al
r adi usI 152, Xand fh?’gm%%ﬁ?%g dﬂ‘to?;ehnﬁug%é;{-jgcfﬁﬂéﬁ&ﬂé Eﬂl’e t%%rape 6/ 39970

PCT/U896/09933 outcome. the required cavity figr _the optimal dryg, cross
section as & cent rabséiﬁéatem;)rﬁheoboﬂnél tl®= bone can b praaieted fidem Ccross

section of the bal kgpn, d6fdSure with 2 é%?MWOQtwftﬁeéﬁffané % ?E%é?i(4¥| Son.

17B) and this |ocation I S n w dest | ocation
The upper 5 &XEewRal metad OFoR: aﬂEHbF36359°Ph@§Y&ﬁﬂ§zﬂ Thg2, converges
to the catheter 88therapbmtxn|subsaahchpmtlmmto bbre may be achahgomutéxae

inflating the samey ]F&E)geag t;%%q_ancgl FQHMlation contPi¥fi@pai nst the inner
surface of_the cortlca one
10 hemotherapeutic agent could be used to treat local solid

tumors, localized multiple myeloma or even a nearby
osteosarcoma or other tumor near that bone.

As an alternative, to deliver therapeutic
substances, balloons can be dipped in a medical

15 formulation {(often a dry powder, liquid or gel)
containing a medically-effective amount of any desired
antibiotic, bone growth factor or other therapeutic agent
to coat the balloon with the above-mentioned substance
before it is inserted into a bone being treated.

20 Optionally, the balloon can be wholly or partially
inflated with air or liquid before the coating is
performed. Optionally, the coated balloon can be dried
with air or by other means when the applied formulation
is wet, such as a liquid or a gel. The balloon is

25 -- refolded as required and either used immediately or
stored, if appropriate and desired. Coated on the
balloon, therapeutic substances can be delivered while
cancellous bone is being compressed, or with an
additional balloon once the cavity is made.

30 The methods described above can also be used to
coat Gelfoam or other agents onto the balloon before use.
Inflating the Gelfoam-coated balloon inside bone will
further £ill any cracks in fractured bone not already
filled by the compressed cancellous bone.
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shape of the balloon 160 is determ ned and restrai ned by 10 tufts

formed by string restraints 165. These restraints are optiona
and provide additional strength to the bal | oon body 160, but are
not required to achieve the desired configuration. The balloon is
pl aced i nt o angb 9639970 taken out of the distal radius in pbrRUsSsF®IIzANNEr
as that 15 descri bed above with respect to the vertebral bone.

The di nensions of the distal radius balloon vary as foll ows:

The proximal end of the balloon (i.e. the part nearest the el bow)"
is cylindrical in shape and will var X 0.5 cmto 1.8 x

20 . ftrom0.5
1.8 cm Figs | éaﬁr% sghenat igaddy| 11 1RFtFate. PRSoAYREET
vary from 1.0 cm aadldethodnfor delivering a theraphketit dasistamdieakot the
|ateral di mensionyghetBecording to the!Sledatl UnvRationn, AthistRyACEHTS at of

near -t he distal 23, | Q nar joint, wll neasure. froml.0 cmto 2.5
cm Fig. 23he 3 a ﬁ‘?e‘?q‘ﬁrq%gtzgr porachef S 87 of the
di stal radi us bal infhatihg tudrey 2Bpois sttabidixed enth a clip 231 Bheki nal

Humerus Fracture Bahi,9e8 dbbe 230 to a wire 2371€ 38! RGP IOFiHNC228, a

appropriate balloon SiIze toagnﬁgt %égrven fraciure o tée di st al
radi us wil | measyred Apoynt RE gedii LTy akion cantaining & PS8LIBPuS
and t he kooahtoof cfulidtantea23d3ris uniformly dispensed flromt Re case

of the proxinmal hugRENSndPR38 PReferablPdd WAnleensHoyds,i BnEbItndd IS

spherical_ and has a, base 6/%?970 . .

PCT/ Us9s/ Hb933 outer surface of a balloon 236. _Ag shown in Fig. 22C,
the coated balloon 237 is then deflated and allowed to
dry until the get sets. The coated balloon 237 is then
ready for packaging for use by the surgeon. Of course,
the balloon can also be coated without prior inflation.

15 In addition, the coating substance can be the desired
compound alone in its natural state (solid, liquid or
gag) or in an appropriate formulation, including a dry
powder, an aerosol or a solution. The optional drying
time will, of course, depend on the nature of the

20 compound and its formulation.

Delivering a therapeutic substance on the
outside of the balloon used to compact the bone or with a
second (slightly larger) balloon after the bone is
compacted, is gualitatively different than putting

25 formulated drug into the cavity. When delivered while
compressing the bone, the substance becomes incorporated
into the compacted bone. This can serve as a way to
instantly formulate a slow release version of the
substance. It simultaneously allows the surgeon to £ill

30 the cavity with an appropriate supporting material, like
acrylic bone cement or biocompatible bone substitute, so
no casting or metal fixation is required. Such a
combination allows the surgeon, for example, to
percutaneously fix an osteoporotic fracture while

35 delivering a desired therapeutic substance (like an
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design. It conpacts the cancellous bone 168 in a proxi mal humerus
169. A nesh 170, enbedded or | am nated and/ or wi ndi ng, nmay be used
to forma neck 172 on the bal | oon 166, and second nmesh 170a may be
used to conform5 . the bottom of the base 172a to the shape of the

I nner cioideasho Wal | at the start of the shaft. These pCT/US96/09933
restraints provide additional strength teo 4die bal |l oon body, but the
configuration can be achi eved through nol di ng of the balloon body
This is so that the 10 cancel | ous bone will be as shown in the

ted regi di 166 h . 18.
e o "ot oAt HeARE s BOS, BPaYYS AP g R P RRes S SR g0

is thin-walled at the sieer &hys)75asthonmetabnfigetings devices axe f eed
tube 177 into whi chehésilild, HtCevBLCESQIRddS 15 forced into the

balloon to inflateit to I ous onelnthe
proxi mal hunerus. The bal | Og{]?d:.\éaigy-ef_éeqtﬁ.ggr ?'é‘au?h?ﬁ @agf?g‘efagﬁﬁ Put of the
proxi mal hurerus i gubstances tane definedretheirthanuiastriersdorbspansasinish

respect to ah86a e dedlaral1 19008 £1d zange of 10 nanoc Eﬂ% gompgisi ons of
t he proxi mal hurrerusliracture %g n vary asl ws

The spherical end BFLIHEFING BSE, 53Eer RPUS oﬂ?re or es?lqﬁyx € 0cmto
3.0 x 3.0 cm required in a spepdfhectass. t B¥ppeakiantdibiotdcal ingladeur e
25 bal | oon W lgbn¥addeifd RO t8b¥a ﬂY&.IQm t1'9p§c91 Xochd) gﬁ:@lwth factors

The V\ndthg‘ithe base ortlonq%rr_glls# WP 190 e net of LB roanal
nuner al ture bAFFJBTREYS SFa GR§ Morphogengtic Factor, FB ogenic 5 5
cm Proteilhe Ridmgpbiast €rewtlnFaoberw Insulbdmy LikenGrowticm 30
to 14.0 cm Factor and Trameoiﬂiﬁgtc;&%af Faeeo@mgiﬁr aakepded | oon to

Lreat 2 given proXeral s e dh LRt UL S dARETS 20408 oene 4pbffy 00 ©
compounds such as cisplatin, doxorubicin, daunorubicin,
15 methotrexate, taxol and tamoxifen. Ostecporosis drugs.
include estrogen, calcitonin, diphosphonatesg, and
parathyroid hormone antagomnists.
The balloons described in this invention can be
used in open surgical procedures at the sites discussed
20 above to provide an improved space for inserting
orthopedic implants, bone graft, bone substitutes, bone
fillers or therapeutic substances. The size and shape
of balloon chosen would be determined by the site being
treated and then by the size, shape or amount of material
25 that the surgeon wants to insert into the remaining bone.
Square and rectangular balloons can be used at any site
for the placement of bone substitutes like
hydroxyapatites which are available in those shapes.
Balloons would be made to match those predetermined
30 sizes, and the surgeon would chose the balloon to fit the
size of material chosen.
To insert materials which do not flow into.
the balloon-made cavity, like hydroxyapatite granules or
bone mineral matrix, the surgeon can push them down a
35 tube with a long pin whose diameter is slightly more
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- 33 - Anot her bal | oon adapted for use in the proxinal
humerus 169 is the cylindrical balloon 225 shown in Fig. 18A. Like
the feed tube 177 of Fig. 18, cylindrical bal | oon 225 has an
inflation tube wWabedeafe | NSerting 5 liquid therein. 22pciRizd&osoie
site of a typical shoul der- fractuge.- The cylinder can have a

uni form ci rcunf erence or it can be wider at one end than at the

ot her. The wi der end woul d be attached to the inflating tube 226
to conpact the cancel |l ous bone 168 of the huneral head 168a. 10

Appropri ate restrt aRRFECY >haai Rhei nnee dlanerernef  the canula thypugh| e
i nel astic bands (Zﬁﬁoéédm ehithethe smﬁlly-invas:afwmcud&re is

5\,: &tcEm‘ erence at regy g@%%l&tc@v riﬂzgro;?en surPFrycytlﬂen%E{g sarre uni form

the restrainrn have lanmeter.
For a cylinder witfPBFRAdH the mn%n?vﬁ%érrmﬁ Fﬁe‘%t‘:ﬂ@r Pr@&&ﬁ“ﬁ&nﬂsmul d
successi velsy perciicareons\)i drcepk arbedterthere is no skin and othée | ength

of (Le balloon i s U3yBMLY wdiedd"Bhe surgeop 3ha' DAL ind Raa3Retea0gal o

base, preferably rang h usu a ¥<
rangi ng from 0.5 chr®® keeps thg oortical bHﬂ? §&r§§EﬂF§n§§;H&sﬁﬂhlﬁlInF ray
of the hugRe usateriad tochécinsdited epelr aot | firegi ands stiehildedoby

measuring the di stggcg_l;%&{nihgg EﬁgeéaWrﬂrogsﬁdaaéM% (asTfiie gite of

i nsertion to about ow th 5. amet er
is at | ead0 0.5 cnfaf@l Perthe hydyexyapatite, blogkerboganaa &haks CRRCCRUEE ox
of the huneral sha8itmégé), the surgebds cwan rmeakesthpocantityt azgrighehbal | oon' s

length). vmEAOKATR) 1hvAbe P SSANLJH, 2Ehth BRIl Xhole using
standard tools (such as a punch, gouge or rasp) into one
side of the cortical bone to allow insertion of the
15 block. This same approach can be used for implanting a
metal prosthesis, such as the metal tibial component of a
total knee replacement system.
Different sizes and/or shapes of balloons may
be used at sites not specified above, such as the jaw
20 bones, the midshaft of the arm and leg bones, the
cervical vertebral bodies, the foot and ankle bones, the
ribs and the like. One of the keys to choosing ballcon
shape and size in treating or preventing bone fracture is
the teaching of this application that, optimally, about
25 70-90% of the cancellous bone needs to be compacted in
cases where the bone disease causing fracture (or the

risk of fracture) is the loss of cancellous bone mass (as
in osteoporosis). Compacting less than the optimal 70-
90% of the cancellous bone at the site being treated (or
30 40-99% as the workable range) may leave too much of the
diseased cancellous bone at the treated site. The
diseased cancellous bone. remains weak and can later
collapse, causing fracture despite treatment. With this
principle, the allowed shapes and minimum sizes for any
35 chosen bone are explained and defined.
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The tibial fracture is shown in Fig. 19A in 30 whi ch a balloon 180 is

pl aced in one side 182 of a tibia 183. The bal | oon, when i nfl ated,
conpacts the cancell ous bone in the layer 184 surrounding the

bal | oon 180. A cross section of the balloon is shown in Fig. 19C
wherein wo oddwgrbal | oon has a pair of opposed sides 18pcHpshehossWhi ch
35 are interconnected by restraint 2188 which can be in the

WD 96/ 39970 PCT/ US96/ 09933

- 34 - formof strings or flexible nmenbers of any suitable
construction. The main pur pose of the re traints e t he

si des 185 and 187 substantlgFF? %ﬁftﬁxceptl°ns I T TR LT

non-spherical . A Twkry mdegc@m dlah ttblls specifigation. ooPne 8 twhqn rect
liquid into and ogle Cﬁor;eh‘i:.sease belti@ lt%ﬁtea-hfs mlﬁﬁe&heaé eﬁi raints are

h Fi 19D a 1. Th
ool oon 9% avasqulaT perrptiay PAETRCASEET Ted (HE PLGPA FUPRIR: e
manner as>5t hat delstllingl kwipevénva tlimidedeareao tIme that caseydtheebral bone.

Fig. 19B shows a gabrdcHy 'cﬁhl Becétﬁé'fllile@:r because o fdigupsia ardpr the
bal | oon; whereas, Fig. 19D subst ntlaIIy eII ,tlca,l ver5|on

of the bal | oon, Yequiring €248 meg%'?ﬁb’@?ﬁéﬁ§ro
pl at eau f the tuge dfaltheodevixzrep 4o fimbrove: :umrtlon of solld The

thi ckness or helgmétéﬁléﬂye1hah£€Eﬁbdeﬂapes, 11ke\ﬁva¢a&&aﬁa£&éécand<3 5.0 cm
The anterlor/posterl vary from1.0

Emto 6 3o O Sombondnds’ h t3eaf Geking, replactneiine ol thess Fines )
di mensi on 20 the |haldgon shape Jamgl @hzeois. defzrmed by the shape and

size of the material being inserted. Another exception
is the delivery of therapeutic substances. In this case,
the cancellous bone may or may not be affected. If it is

15 . not, it is being sacrificed by compacting it to improve
the delivery of a drug or growth factor which has an
important therapeutic purpose. In this case, the bone
with the drug inside is supported while the drug works
and then the bone heals through casting or current

20 fixation devices.

Another key to choosing balloon shape and size
is the teaching of this invention that inelastic balloon
restraints are generally required and that inelastic
balloon materials are preferred. These materials safely

25 and easily prevent the balloon from expanding beyond its
predetermined shape and size which is defined by the
limits of the normal dimensions of the outside edge of
the cancellous bone {which is the inside of the cortical
bone). A balloon which is too big, for example, creates

30 the risk of immediate fracture, so this defines the upper
limits of balloon sizee at each site. With many typical
angioplasty balloons, surgeons usually rely on monitoring
pressure (instead of the balloon design features of this
invention) to prevent their balloons from inflating too

35 much. This requires greater surgical skill than the
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The sel ection of the appropriate balloon to treat a given tibial

pl ateau fracture will depend on the radi ol ogi cal size of the

proxi mal tibial and the | ocation of the fracture. 25

Fenoral Head Bal | oon In the case of the fenoral head, a
bal | oon 20D woogmge7el S shown as having been inserted insi decrhsogeodsi cal
bone 202 of the fenoral head whigh is thin at the outer end 30

204 of the fermur and which can increase in thickness at t he | ower
end 206 of the fermur. The cortical bone surrounds the cancel |l ous
bone 207 and this bone, is conpacted by the inflation of balloon
200. The tube for teachings of tddg; aAgrlicakiPns oWhick| 3Xe JiP F@KS03BSXTFAYD t he
bal | oon 35 of tleadiad by bbetﬂdﬂ‘ﬁédﬂarﬂOﬂeasili'e emteerﬂ@o&itang t he

WD 96/ 39970 &ﬁg 9933

- 35.- dl?ensmrfs ascl?egﬁﬁlbed ﬁreeé{led |nto t err%r aPoﬁead whi ch
i s- general |y sph&reatenty X@daingr anjByesswrpgcanorespnsin an inferion: the

bal | oon, d&not ed b&lﬁi&hlﬂtﬁc@ineZOOmiecmrmn generallyenildpineti kadw atn wel |

as spheri cal, as nggcé' r;v}gtgpégng?g Cﬁﬂi&ﬁ%&"@ %ﬁeq:éli, aﬁ%ﬁd into

and taken out of e sane nne
described with  the cangeldous bpgey h%e%ﬁees AP VRRies eﬁéasflspﬁ%rmem

shape | S thitkiess &t imet bhﬁce:mmﬂ ®ohy hﬁodtm éntErtagpl Which
portions of the b@%ﬂ&% efrgosf‘tg af.g @Q%Saﬁlﬁggéé@ " surgeonid: 20A

The di nensi ons of
10 likely to underlnflate the balloon to avoid the harsh

consequences of overinflation and immediate fracture.
This leaves too much cancellous bone and can lead to
future fracture.
Another teaching of this application is that it
15 : requires maximal pressures equally exerted in all
directions to compress cancellous bone. This is an
inherent property of the balloons drawn in figures in
this application and all the others described in the
specification. If the ballocon design does not allow
20 this, it usually will not compress cancellous bone. The
shape of the cancellous bone to be compressed, and the
local structures that could be harmed if bone were moved
inappropriately, are generally understood by medical
professionals using textbooks of human skeletal anatomy
25 along with their knowledge of the site and its disease or
injury. Ranges of shapes and dimensions are defined by
the site to be treated. Precise dimensions for a given
patient are determined by X-ray of the site to be
treated, the therapeutic goal and safety constraints at
30 the site. For diseased bone, replacement of the most of
the cancellous bone is usually desired, so a balloon
whose shape and size will compress around 70-90% of the
volume of the cancellous bone in the treated region will
be chosen. However, balloons that are smaller or larger
35 may be appropriate, particularly where delivery of a

SUBSTITUTE SHEET (RULE 26)



as foll ows: The di aneter of the fenoral head bal |l oon

w | | vary from1l.0 cmto up to 4.5 cm The appropriate size 15

of the fenoral head balloon to be chosen depends on the

radi ol ogi cal or CT scan size of the head of the fenmur and t he

| ocati on and swaeeembebhe avascul ar necrotic bone. TRErrelobigesd ONS
of the hem spherical balloon are the saness - as the those of the
spherical balloon, except that 20 approximately one half is provided.
Prevention of H p Fracture Fig. 21 iIIustrates a :
"boonerang” ballo 2 . ada ted { revent fra ture When
inflated, the 25 %er£8388%%e§“§ |1‘*’80‘F~P°z %gaa yl ﬂﬁ?fgﬁe

gradual | y baldeen shze (ve bBeCh¢$¢xe hy tshendesied atm:buaxt eﬁds from

about 0.5 cm fromyHegapadt oé éﬂﬂét&ﬁ&@r ake %hlmiﬁki%m: the bal%o&qe 213'
HE

fenmoral neck 212 and di ap

about 5-7 cm past %H%? egg% éﬁﬁé}gﬁﬁ Eg? %thlcaﬂogﬁﬂﬂ-be¥§ﬂq 348 poymal
preferably5nBJrnzmd%mehﬁsoshape by rings of inelastic material (215
is one of them held closer. t oget her on one side by attachnment to
a shorter inelastic band 216 running the I ength of the side of
bal | oon and further apart by attachnent to a | onger inelastic band
35 217 bonded on the opposite side. WO 96/ 39970

PCT/ US96/ 09933 _ - 36 -

After and prior to inflation, balloon 210 is f ol ded back (shown in

dotted lines at 218) agalnst t he
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inflation tube 219. Prior t baIIoon 210 is al so
roll ed up and hel d agai nst I H ml"g with | oose
attachnments that break vvhen inflated. To insert the

ball oon on its inflation tube |nto the hip, the surgeon uses a

power drill umsssaesre radi ogr aphi ¢ gui dance to create scrostehnsr20
that is usually 4-6 mm w de st-aabiAg at the |lateral fenoral 10
cortex 221 and proceeding into the fenoral head 211. I nflation of
bal l oon 210 into the greater trochanteric regi on 222 instead of

down the fenoral gi %BgysilgIZ%S IS ~ not desirable and is prevented

by the shape of bal | oon, by its placenent and correct
orientatidn (the 15 def| ated Bamebbed i Wpliverlisgsartherapeatter ) .

After t haraghheentd 14 é&%%é&téﬁﬁ éﬂf.é 3hh W thQ &&ﬁpffe&n@c 220
(see-the gottedllnes In Fig. 2%# epr e..{ermneql bl

shape of fhe ball oon biases t hé® 36? apsible, { he baI I oon
downwar d #nto thaﬂfégablerbamresr 20 Optionally, a second cavity
can be drglled down into the applyn_ngdhagl;ylsépceuﬁtcarsbhggaﬁégrp_c;gg same

entry point or fromth Patients
with boneeden3| t PUESTL ﬁHrﬁ?‘ﬁeb%# c}'a?ed% ﬁ°°n' threshol d val ue are at

i ncreased?ri sk of hip fracture,débivering timel bedllsmonddntbt aesparecatiehdneat er
risk. Pagient the boneS€hRGLI ON |s done thr ough a bone density scan. The
bal | oon Igngth I's chosen by the, s eon {:l nd about 0.5 cm
fromthe &nd of the femoral heath gRB Hoon" €3 deligesithfeck and

i nto thelProxi malthegapeaktidi awbﬂylsam:e 30 the bon,ﬂ;-ual | y about 4-8 cm bel ow .
the | esser trochanter. The bal | oon dianeter is chosen by

ggtsu:]:ip?a\tlvhe ner area) and Lbfrﬁﬁgﬁég?fgﬁf#ﬁ‘eaeﬁ%@?‘ggcgl %Egl ons
of the "b&onerangdypiriiedng:are a total |ength of 10-20 cm 35 and a
diameter gf about 1.0-2.5 cm. jh#iatiwgPeAEbaliocon to a sufficient -
4 fluid pressure to compress at least a portion of the
inner cancellous bone; and
-delivering the therapeutic substance to

a n

7 the compressed inner cancellous bone to directly

8 incorporate the therapeutic substance into the bone.

1 3. The method of claim 1 further

2 comprising inflating the balloon externally of the

3 patient’s body and applying the therapeutic substance to
4 the outer surface of the inflated balloon.

1 4, The method of claim 3 further

2 comprising collapsing the balloon and delivering the

3 balloon and the therapeutic substance through a

4 percutaneous penetration into the space within the bone.
1 5. The method of claim 1 wherein the

2 applying step is carried out by delivering a gel

3 formulation onto the outer surface of the balloon.
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WD 96/ 39970 PCT/ US96/ 09933
- 37 - banana" bal | oon ‘mﬂ "ﬂﬂlmmmmu | ength may al so be
useful in hip fracture preventio "hunpback"” width

does not exceed the all owed fenDraI neck di mensions.) 5

Pati ents havi ngolohSeghWest bone densities in t he feppirrisodi@ass nmay
require greater conpacting in the - 44 enoral head, which may, for
exanpl e, be provided by usi ng two bal |l oons, one after the other:

t he "boonerang” foll owed by the fenoral head balloon (inserted at

t he 10 same point and expand rior to |nsert|n any supporting
material . Alternatively, the " né?gh thod 86nc geWhere n theapted to

have a di g aI por&pphyiﬁmts@pﬂ.sxmamtmi tdut by coatmyl&pe balloen fweinh al

head bal | of g Lt her Uses, Methods And Bal |l oons
The cavi ty create By t%e bal |l oon can be filled with a
nmedi cal | y-appropriate forrmul ation of a drug or a gromh factor. As

an exanpl @ of delivering a drug7.a The methofpbfatlainse @hetbinathe biotic,
gentamiciny 10 trggh)Bodorns o OGPy WHSAW Bhiliond DU bEERGAION . 15 1

gram (al t hough therapeut c rang gen amcini1s far

greater, ffom furthey W&F&ﬂgt@qu&ﬁsa (FAPRETBnmREer thdi tion
bei ng 4 t r aatedthe ccavieyswitl ofthendadleent bs himflateded) . A

medi cal |l y-suitable gel formulated with appr opriate gel 25 mat eri al s,
such as pol yet hyl ene gl ycol, can contain amof gentamcin in a

set vol umé* of gel, such as 10 cB: The methRdeFIS:Eﬁ'F‘wlt whegein bhene Wnose
shape and =i ze i stherapeutiamnbspance ecdnprisies ai fEllimigngateedakd tfheéat

the 3 bal | QARhGANAKHERY BombFh 4 135S etayn&a aérééi@s cmr Ek&é&uP@&e 30
when inflated at {he chosen_site cansb%e[l use

infected dancel | oGSRBORE, 1o atipgthe @ﬁ&c@"ah g ver;ng thecﬁi’llt’e“% Il ed

with the &nti bi ot metgeial ninhe tpencoacks.

1 9. The method of claim 1 wherein the

2 therapeutic substance comprises a bone growth factor.

1 10. The method of claim 1 wherein the

2 therapeutic. substance comprises an antibiotic.

1 11. The method of claim 1 further

2 comprising the step of inflating the balloon to a

3 sufficient fluid pressure to compress at least 70% of the
4 cancellous bone at the treatment site without applying

5 excessive pressure to the bone.

1 12. The method of claim 1 further

2 comprising the step of inflating the balloon to a

3 sufficient fluid pressure to compress about 90% of the

4 cancellous bone at the treatment site without applying

5 excessive pressure to the bone.

1 13. A system for delivering a therapeutic
2 substance to a treatment site within a bone comprising:
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m nimal ly invasive procedure. This ﬁl ac ind_hol ds the required
|

anount of drug right at the site”“ |“ ﬁilﬁ“lwut;gggggnt and protects
%* L L} *

the drug from bei ng washed away

PCT/ US96/ 09933 - 38 - by bl ood or
ot her fluids. Wobesyey can the dose be optim zed, bWcrAflgiddonal
doses can be applied at |ater tingg wi thout open surgery, enhancing
the therapeutic outcone. If the required cavity for the optinal
drug 5 dose weakens the bone, the bone can be protected from

future fracture with a cast or with_current internal or ext er nal

metal or pfastic fixation devi césholhew balloon boyr gpeprigingubst ance put
into bone 4my be @tekibleptsdrielastic matéﬂ%lb%ﬁaﬁiev‘@f|inﬁaft‘iﬁﬁukf‘&non

cont ai ni nge 10 r i ent_ coul d be ysed to_ .treat | ocal
Colia " MBI0 | oG EIBAAFI SRR LLERRURN SR TaBEpdE] Cort uzab R,
ost eosarcofra or ofherPalkeen hasy heuingoheredetermined size in the an
alternati ve, tg dekbaﬁded+ﬁwﬁﬁﬁyﬁﬁa&iog for ﬁﬂﬁﬁﬂ@&b%ﬂﬁeéz'iﬁgﬂtO?Pﬁaféﬁgge

I pped in medi ¢ . s | Q a_dry
gelol)o & con?gi %ﬁ%gf%nerrred:% é'larqé F;{’%‘?%J&el'v%%gnﬁﬁﬂfeg?%hﬁé g?‘%
antibiotic® bone dRBPHCIRE e drldpae rfnave keiogt espanded beyond theto coat
the ball oon with phedeberpineidiessdths 1A% body defidBiPag burbs

' d 4 b ' ed. 20 tionall th | | pon can be
Qﬂiﬂ ;eorig;t ?al PH{-‘FQSé "dhd raﬁliral}’"ﬁg? EPITTAT%E o?ﬁ?‘ﬁ’tﬁ% %ﬁ&?‘g?"fgﬁgcoat i ng
is 12 perfofhdd Eptranfalingo the kashtie@ndal | oon can be dried

with air @ by other means whenabhhepppiddra: fFrHPBly Oy a therapehfidet,

such as a4iquid Qﬁbétgﬁée JJ‘%Q%LQQP é.xfrface of the balloon.

14. The system of claim 13 wherein the
applicator comprises a container having an inner chamber
for housing a reservoir of the therapeutic substance and
a nozzle for dispensing a gel formulation onto the outer
surface of the balloon.

n bW

15. The system of claim 13 wherein the
applicator comprises a dry powder dispenser.

N

16. The system of claim 13 wherein the
applicator comprises a dispersion device for aerosolizing
a powered medicament onto the outer surface of the
balloon.

= W NN e

17. The system of claim 13 wherein the
predetermined size of the balloon body in the expanded
configuration is selected to compress a substantial
portion of the inner cancellous bone and to directly
incorporate the therapeutic substance into the compressed
cancellous bone.

o b W NP
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25 refol ded as require | mmedi ately or
stored, if appropriate and d m ngl t he bal | oon,
therapeutrc subst ances can .be« cancel | ous bone is

bei ng conpressed, or with an addi ti onal balloon once the cavity is
made. 30 WO 96/39970 The net hods descri bed above can al perti@stsmssl t o
coat Gel foam or other agents onto the halggoon before use.

Inflating the Gel foam coated ball oon inside bone wll further fil
any cracks in fractured bone not already filled by the conpressed
cancel | ous bone. MD 96/3 970

Fi gs. 22A2C schenedampxdlsling meass rfox daievsysrmemhe ballooanzintmtaha@atzer

delivering a thermm %h%uisahenﬁedtxtea&iaefor mflaéa%getﬁe%aﬂmto the
present invention. nfl at ed bal |l oon 229

attached o an 5 "ithln FﬁFIéPFﬁ@ t?wﬂ?%??@giEh%tEHﬁqﬁﬁfgdlﬁi? stance,to31

t hat 5 couptls HalleoR30 to a wire 232. As shown in Fig. 22B, a
measur ed anmount of gel fornulation containing t he desired anount of
substance 233 is uniformy dispensed fro cont ai ner

preferabl ¥ in thin lines 235 ohto tTh® fUStem °§nﬁ¥§lmbdﬁfHP%x%ﬁnwihﬁalIoon
236. As shown i nthemppedEd@c substance tdvmprbee=ch EHllldog f8Feriak Hfom

defl ated and al | oppfh fify gracks 1ndf:b'ad{'ﬂﬁ‘eh bbfe AR} ﬁﬁ'tlitiﬁgetﬁé’q;aq}iogﬁl | oon

237 is then k for use by, t ur cour se,
the bal | odh can aFb 48l iv6xing | Breertabiine the dracks.p
addi tion, the coating substance cen be the desired conpound al one
inits natural state (solid, |igyidMHe system of claim 13 wherein the

2 therapeutic substance comprises a bone growth factor.

1 21. The system of claim 13 wherein the

2 therapeutic substance comprises an antibiotic.

1 - 22. The system of claim 13 wherein the

2 balloon body, in the expanded configuration, is sized and

3 shaped to compress at least 70% of the cancellous bone at

4 the treatment site without applying substantial pressure

5 to the bone.

1 23. The system of claim 13 wherein the

2 balloon body, in the expanded configuration, is sized and

3 shaped to compress about 90% of the cancellous bone at

4 the treatment site without applying substantial pressure

5 to the bone.

1 24. The balloon of claim 13 wherein the

2 balloon body has substantially the same shape in the

3 expanded and collapsed configurations.

1 25. A balloon for use in treating a

2 patient’s hip comprising:
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gas) or in an appropriate formulati.on, including a dry powder, an
aerosol or a solution. The HMIHMI“HU“M%L time will, of course,

depend on the nature of thel . Afhd and its fornulation.

Del i vering a therapeutic substahce off t he out si de of the balloon

used to conpagdotsrdone or with a second (sl i ght |peThnssegeseds
bal | oon after the bone is conpagded, is qualitatively different

than putting 25 formul ated drug into the cavity. Wen delivered

whi |l e conpressing the bone, the substance becones incorporated
into the conpacted bone. This can serve as a wa¥ to Instantly
formul ate3a slow rel ease versi éhbhgtleweelongate baligop bedy comprising

si mul t anepusl y akl-nop-ébhastsic geterial fedpalde of inflaeiomvirom wi th an
appropriate supp [ t S0 ' [ Q%’ t

bi oc.orrpata$ bl e bo%%&%gggg?t%%ﬁgs‘%% b6n t? annoe xgggxtﬁ ?%lig&c’)r t’%ﬁ?ﬁ?‘iag ?‘Sn S
required.®Such aballoon b°‘¥¥>rﬂﬁfrﬁéﬁpgna%l’r% Peesagrqion, X owiagamp e, to
per cut anedusl y f infaatbagefhniditiocpasacinte the bedg? and delivering a-

desited therapeutic substance (fjk8iANthe ball bodWG, 26/ 39970
PCT/ US96/ 09933 c e balloon pedy'h anti bi oti c,

bone growfh fact Bregrtexringd iaes inrths qxpanded confjguration Rus, casts
or netal10i xati oextienticEsorartthe femoral giasssl,aldhroagh therfempalr agck,

Medi cal | yy ef fect iu@ 3APYNERe Prddlma?PELhdLaD aiaphgsiubéé %qa‘l":ri‘éﬁx@?f | ned

by their_panufactyrers or sgo,nsors ] and ar enerally~in the range

of 10 nah®grans tdespon-ela t"‘fﬁ"}altFﬁi"%}rsi’H'é‘a”é:ilP& thech TdT@r | ess

may be 13 r bgdngedxpanded keyohdcthba predpteirodnednsise aifi ¢hei ncl ude-
14 balloon bedy.

26. The balloon of claim 25 wherein the
balloon body includes an elongate distal portion sized,
in the expanded configuration, to extend through the
femoral neck into a portion of the femoral head, an
elongate proximal portion transverse to the proximal
portion and sized, in the expanded configuration, to -
extend into a portion of the femoral diaphysis, and an
arcuate portion coupling the distal and proximal portions .
to each other.

W 0o N30 e WP

27. The balloon of c¢laim 26 further
comprising wmeans for biasing the proximal portion of the
balloon body from an introducing configuration, whexre the
proximal and distal portions are substantially parallel
to each other, to an operative configuration, where the
proximal portion extends into the proximal femoral
diaphysis.

S oo v

28. The balloon of claim 27 further
comprising at least one restraint member for holding the
proximal portion of the balloon in the introducing
configuration when the balloon body is in the collapsed

B W N e
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gentam ci n and tobranycin. Typi factors 10 are nmenbers
of the Bone Morphogenetic Fact Hﬂwmpﬁlﬁmm Prot ei n, Fibroblast
Growt h Factor, |nsulin-Like Gr tor and Transform ng G ow h
Factor al pha and beta famlies. Chenotherapeutic and rel ated
agent s i ncl udwo 96739970 conpounds such as cisplatin, doxor RITiSe6/09933
daunorubicin, 15 nmet hotrexate, taxo$0and tanoxifen. Osteoporosis
drugs i ncl ude estrogen, calcitonin, diphosphonates, and
parathyroid hornone antagoni sts. The bal | oons descri bed

0 Ui Tgvent] oporafslfaion, the HAECAAOUSRRSYSLGA JBLGEEH LSS 1 Lhe

sites discussed ovi de an_ I |nsert|ng
or t hopedi& i npl aﬁﬁéea%n‘é“%‘)mmﬁgr@m BPeEhe tRﬁf;é-°°n b"dY igj|lers or
t her apeut7 ¢ subsinfleted inbee thezexpuitieahaidfhfiguration.of bal |l oon chosen

woul d be determ ned by the site being treated and then by the
si ze, shape or anount of material 25 that the surgeon wants to insert
into the ¥emaini ng bone. 29. SFhavkaldeenr eftalrim 25 Burthers can be

used at any sitecomprising fole bRemPrdcRipprrtomefbefs Fdshblaing th&e
hyar Qxyanatlles B thof od A PhL Soldiddidip8ABESe ang enape FILRONS

woul d be 'nade to rm ne st zes hé sSur geon
woul d chdse the B&PPB@?Fit‘EP‘?ﬁthUFﬂEmn- size of material chosen.
To insert materials which do not flow into. t he bal |l oon- rrade

cavity, |4 ke hydroxyapatite grggul &hd o, 1loon £ %rygngﬁ efRILh, the
surgeon can push them down a 3 fube t R4 ose arreter

is sli ghtq y nor eSupport memberw%y@me or more J.ne astJ.c ring
PCT/ US96/909933 members surrounding the elongate ballloon body and at

4 least one inelastic axial band coupled to the ring

5 members.

1 31. The balloon of claim 25 wherein the

2 balloon body, in the expanded configuration, extends from
3 about 0.3 to 0.7 cm from the end of the femoral head to

4 about 5-7 cm past the lesser trochanter in the proximal
5 femoral diaphysis.

_ 32. The balloon of claim 25 wherein the
balloon body, in the expanded configuration, has a length
of about 10 to 20 e¢m and a diameter of about 1.0 to 2.5
cm.

(S B S R

33. A method for treating a patient’s hip
comprising:

forming a passage extending through the
femoral neck into at least a portion of the femoral head;

positioning an elongate balloon body
within the passage;

inflating the elongate balloon body to a
sufficient fluid pressure to compress at least a portion

W 0 1 O U1 d W N

of the inner cancellous bone; and
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narrow than the inner dianeter ough procedur es
whi ch the mnimally-invasive prﬂ“m HFIQBB'IE 'I taking place. During
open surgery, the surgeon can the bone to be treated as
if the procedure is 5 percut aneous, except that there is no skin and
ot her wo 988995 between the surgeon and the bone bei ngcinusesitsnss
This keeps the cortical bone as intact as sossible. If ~ the
material to be inserted does not flow and shoul d not be pushed
into the cavity through a canula (as in the 10 case of t he

hydr oxyapatite bl ock, because thaf can cause A t he surgeon
cah nmake tfe cavity using the forming & RAWH Fwa’rfr}'Va@?e\/ba BPR RRIY, aFhen
punch a halie usi nga function sfatherihflatliag(step, ashe qavitly, egeetg.ﬁny rasp)
into one 55 Sidle edle thﬁno‘Egithéé’é RaBELLR fhd Whdd}SAr hbOR, And Ne 15
bl ock.  This sane ro can ed for | Iant| ng a met al
prost hesi £3 such ‘BTY@%P'&F% Fb?aﬂ’r%'ﬂ%ng fipoxRl Alaphysis. (ot g knee
repl acenent system - Different sizes and/or shapes of

bal | dons gy be used atsgi teﬂléq%éﬁpgc&,% @ﬁﬁp%‘éewhék'&fh 3s5,d he j aw

20 baones, te m dshaft of t e_arm ones
cervi cal v@rtebral QUGS StFRelPS%‘Pd%ﬁ](Fr&ﬁ Fﬁgb%n%‘ébs‘i%lally linegy )5 ang
the |ike. Gne of tiwsdeges firomchbheslaierzdl femoral cortex,slthgeughdtlss ze in

treating og pr evergé,ﬁ&.aq_o%cjtr aghgéecﬁes femoral hedd€ teaching of this

application that, optimally, about 70-90% of the cancel | ous bone
needs to be conpacted I n cases where the bone di sease causing
fracture (& the . ri sk oBsfrdtieumerhod ofieclags 3@f whereinh |thes bone
mass (as 2 &mt&ﬁa@r Qééﬁ)in@ﬁ{&é%‘chéﬂﬂvéfﬁ% teian etlcﬁggeé'mlo&
90% of the cancel u%ﬁ q}ne gthe site being t t_'t ed. (n 40- 99% as
the workablPe range8® TENG aogemthaqﬁoughgene ratio d1n§8a§§bdc]a‘rﬂ?@rl ous
bone at the# treat eehsgage. The di seased cancel | ous bone renains
weak and can | ater coI | apse, causing fracture despite treatment.
Wth this principle, aII d Hae zes for any
35 cHosen bone are expl ai ngﬁ % g fadh Y RhES

2 comprising, during the inflatlon step, biasing a proximal

3 portion of the balloon body toward the proximal femoral

4 diaphysis such that said proximal portion compresses

5 inner cancellous bone within the proximal femoral

6 diaphysis and moves into the proximal femoral diaphysis

7 into a transverse orientation relative to a distal

8 portion of the balloon body.

37. The method of claim 33 further
comprising inhibiting the elongate balloon body from
expanding beyond a predetermined size and shape to
prevent the balloon from applying excess pressure on the
cortical bone.

u o WP

38. A system for temporarily supporting
and strengthening a damaged bone comprising:

a hollow balloon body comprising a
flexible, non-elastic material capable of inflation f£rom

n e W NN e

a collapsed configuration to an expanded configuration,
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WO 96/ 39970 PCT/ US96/ 09933

- 42 - H'I’J H" I ﬂl xceptions to the 70-90%
rule, as described in this spe when t he bone
di sease being treated is |ocalized, as |n avascul ar necrosis, where

| ocal | oss of woessdeymupply is 5 k||||ngbone|nallm¢mm In
t hat case, the bal | oons can be smBd l-er, because the di seased area
requiring treatnent is smaller. A second exception is in t he use of
the devices to inprove insertion of solid materials in defined

shapes, |igke hydrgﬁea@ﬁi&% $0dy Hfaving %2’9%3??00n s aséggggnlawt

repI acement . Se_cases, size is

defi ned by’ the shefesndpf configuratjon selecked b e‘F‘?“Qreéél af lerk t2d.
Anot her exgcepti onportion of ithet hanele|darneel lohst beapigito ehe ubsterices. | n

this case, ?orél‘%f%%%' LQUSE ”‘Elﬁe%u@?é‘ 1%?0%&?9 Ohe ! T 1

s 15 el ng sacrifice I nprove

the deli \ﬂ@ry of anqm@l%ﬁticﬁ FRERTiRkE (F bﬁ haend?pdy being capahie af
t her apeutsic pur pOﬁ&npéfb.:E:lhlyS s&ppertiﬂye thenouter cortidalt bohéewldétug:heﬂSl de

I s suppor%;d mh"?a&@&mgr n the eﬁpanﬁgg ééﬁ%&é&%ith Eﬁgls t hr ough

casting oOf curren flxa I on Anot her
key to chdosing bartdeer Med&ﬁﬂn%fil&ém inner pagsage,Loreatheowingfan his
i nventi o4 hat i nghBatingdluid@nto pass mtbeshéabasrn;s, and generally required

d that jael ast bal
ﬁgt eri ZI sigsq:f Zisyl (2:5 and Zla{snlggl[;b pr evgﬁ?hﬁﬁgr%‘é)lr %g Egsg%ﬁ&s&f the

beyond it ballpen RQdyh [h?%&ﬁﬂnsi§e1QWﬁhﬁ1QF§aE@$¢ned by the
limts ofiz he nor aahfibmwamnsooﬁrwmwut tefiporate sipport structine
cancel l o bone ( chy fodnde cortical bone). A
bal | oon Ich is ?@% %hégso'%%% g)%g{:ﬂ?a]p coﬁn%at es

1 39. The system of claim 38 wherein the .

2 sealing means comprises a plug sized to sealingly fit

within the inner passage.

40. The system of claim 38 wherein the
sealing means comprises a clip for closing the inner
passage and fluidly isolating an innexr chamber of the
balloon.

WP

41. The system of claim 38 wherein the
balioon body forms a cavity by compressing the inner
cancellous bone into the outer cortical bone, the sealing
means being located externally of the cavity and

U e W N e

internally within the patient.

42, The system of claim 38 wherein the
damaged bone is a fractured cortical bone, the balloon
body being capable of supporting the fractured cortical
bone until said cortical bone heals.

LT U VI o
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30 the risk of inmediate fy deflnes t he upper
limts of balloon sizes at eac 'ﬁlﬂwﬂ“l typi cal

angi opl asty bal | oons, surgeons #1 moni toring pressure
(instead of the balloon design. features of th| S invention) to
prevent thei rWO2PY®Ihs frominflating too 35 much. THSYREIR%S
greater surgical skill than the - 53 - WD 96/ 9970

PCT/ US96/ 09933 - 43 - t eachi ngs
of this application, which are to take an X-ray of the site to be
treated agd neasure the inportagd, a methoddfaﬁr\:%u@&a@ﬁl esfbb i@erei n.
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bone. Thizp i S an patient tol pPEvEAE DI o9 stifetha'a1080ppdH8 VWoat the
figures i ' thl%‘#ggﬁiﬁtlon and all the others described in the

speci fication. | FORHE g?%fn does not all ow 20 this, it
usually will not conpress cancellous bone. The shape of the

cancel | qug bone to be conpressesly. anthd Rthod of claim 45 further
2 comprising compressing a sufficient portion of the inner
3 cancellous bone into the outer cortical bone to stengthen
4 the outer cortical bone after said cortical bone heals.

45. The method of claim 43 wherein the
inflating step is carried out by delivering an inflation
fluid through an inner passage into an inner chamber
within the balloon body, the sealing step comprising
applying a clip to the inner passage to fluidly isolate
the inner chamber.
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46. The method of claim 43 wherein the
sealing step comprises sealing an inner passage of the
balloon body with a plug.
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47. The method of claim 43 further
comprising, after the sealing step, allowing the balloon
body to remain within the cavity to act as an internal
cast while the cortical bone heals.
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| ocal structures that could be harmed if bone were noved

i nappropriately, are generally uTMIﬁJIﬂmmmmmlcal _ prof essi onal s
usi ng textbooks of human skel et alli BN 1 18 along with their
know edge of the site and its di séasé of ' injury. Ranges of shapes

and di mensi ons woeezefe ned by the site to be treat edCT/Os%m9533

di mensi ons for a given patient arsdadeterm ned by X-ray of the site
to be treated, the therapeutic goal and safety constraints at 30
the site. For diseased bone, replacenent of the nost of t he

cancel | ous pone is usually desirgd, s.g%g ‘p&ﬂ&or‘]’f\/SH"ﬁ% 43 \gﬁ%z__gsshape and

size will conpress around, 70- 90% of t Ancel | ous
bone in the?treat eFOPRGLEANG JeElating the haldiqeneand eamoming bie| baktoomat
are smal |l er3or | ar feom3bhe cavityay be appropriate, particularly where -

delivery of a WO 96/ 39970

PCT/ US96/ 09933 _ - 44 - t herapeutic
substance is the main goal. There, the " ball oon size could be
chosen by the desired anount of t herapeuti c substance, keeping in
m nd that the ball oon shoul d not displace the cortical bone beyond
its normal 5 di mensi ons.
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- 45 - IN THE CLAIMS: 1 1. A met hod for
delivering a therapeutic 2 substance to a treatnment site with a bone
conprising: 3 providing a hollow, collapsible, 4

I nf | at abl e balwoesmsie appl yi ng a t her apenusssnsesdst ance
to an 6 outer surface of the balloon; 7

delivering the balloon into a space within 8 t he bone; and 9
inflating the balloon to deliver the 10 ,zztherapeutic substance to the
bone. 1 2. The nethod of claim1 further 2
conprising: 3 - inflating the balloon to a sufficient 4
fluid pressure to-conpress at |east a portion of the 5 i nner
cancel | ous bone; and 6 he therapeutic

subst.ance to 7 the conpresgae
i ncorporate the therapeutic g#Stance into the,§

3 The net hod of claim 14 2 cofprisin W [ating the ball oon
tient's b e pl yi ng A\t her apeuti c
surfac >&Ae i nflatgd Al | oon. 1
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to directly 8
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1 5. The nethod of claim1l wherein the 2

applying step is carried out by delivering a gel 3 formul ati on onto
t he outer surface of the ball oon. WD 96/ 39970
PCT/ US96/ 09933 - 46 - 1
6. The net hawbedaegieai m 1 wherein the 2 appl yi ng st epcrwswasesed out
by coating the balloon with 3 a powder. 1 7.
The nethod of claim2 wherein the 2 bal l oon forns a cavity within the
bone, the nethod 3 further conprisinggq?¢cxumlng a bone support”
material 4 into the cavity while the oon is inflated. 1
8. The nethod -of claim1l wherein the 2 Ag er gpg@rc substance
conprises a filling material, the 3 thod ARAg filling
cracks in fractured 4 ' bone by 77/ AT o T RO QN ¥ eI%&grlng

, 9.

the +illing 5 material into
The nmethod of claim1l wherein the
bone growt h factor. Aks
wher éin the
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2 t herapeutic substance conprises an antibiotic. 1

11. The nethod of claim1 further 2 conprising the step of inflating
the balloon to a 3 sufficient fluid pressure to conpress at |east 70%
of the 4 cancel |l ous bone at the treatnment site w thout applying 5
excessive preswmessesot he bone. 1 12. pCiringsvsredobod of
claiml1 further 2 conprising the step of inflating the balloon to a 3
sufficient fluid pressure to conpress about 90% of the 4 cancel | ous
bone at the treatnent site wthout applyi 83/ excessive pressure’to

13. A systemfor delivering a
;\_\ a treatnent site within a bone conpri sing:

the bone. 1
t herapeutic 2

WD 96/ 39970 PCT/ US96/ 09933

- 47 - 3 hol | ow hal | oon body conpri sing a,. 4

fl exible, non-e [ jeri cykabl e of ifpflation from 5 -« a’ s

col | apsed confi ' W ded conf urat ion, 6 the,’bél | oon

body havi ng a f#ifedet er ) the \ expanded co flgula{tlon for

conpr'essi ng af [ e |nner cancgﬂ ‘ one t he

non-el asti c ng [ I nhipilk i ng the 0 oon Jrom Lxpanded

beyond t he t hegha \ 0,0 WLAR MO out er

11 surfa b for aI?vvl ng Frl =4 ( ’ 29#] .
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14 substance to the outer surface of the ball oon. 1

14. The system of claim 13 wherein the 2 applicator conprises a
cont ai ner having an i nner chamber 3 for housing a reservoir of the

t herapeuti c substance and 4 a nozzle for dispensing a gel formulation
onto the outer Wo9%39%970surf ace of the ball oon. 1 PCT/US96/09933 15.
The system of claim 13 wherein the 2 applicator conprises a dry powder
di spenser. 1 16. The system of claim 13 wherein the
2 applicator conprises a dispersion d&gs#f® for aerosolizing 3 T a

power ed nedi canent onto the outer surface g
17. The system-of claim13 wherein the
bal | oon body | 1‘-,'-‘!‘!1"\'-"_5;5__'2'-1!!"‘,!,"1!'
substantial 4
I ncor porate the
bone.

9?e 4 bal | oon.
pr edet er m ned si ze
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- 48- 18. The systemof claim17 further 2 conpri sing neans for
delivering the balloon into a space 3 wi thin the bone and neans for
inflating the balloon 4 within the space to deliver pgtrossusiogssdpeuti c
substance to 5 t he bal | oon. 1 19. The system
of clai m 13yyhgseern the 2 t her apeuti c substance conprises a filling
material for 3 filling cracks in fractured bone by inflating the
bal | oon 4 and delivering the filli&§/3mterial into the cracks. 1
20. The system of claim 13 wherein the 2("'/3 t hgrapeuti c substance

conprises a bone growth factor. 1 , )E 21. The system of

claim 13 wherein the 2 ,ﬁ] ses an antibiotic.
22. ~Nxuerein the 2

_xeh\and 3 shaped to

conpress at |least 70% of, : f Tt XD Wthe treatnent site

wi thout appl yi ng substanti : S
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1 23. The system of claim 13 wherein the 2

bal | oon body, in the expanded configuration, is sized and 3 shaped to
conpress about 90% of the cancell ous bone at 4 the treatnment site

wi t hout applying substantial pressure 5 to the bone. 1

24. The bal |l owos#39wbai m 13 wherein the 2 bal | oon bodypérrescn9ess
substantially the sane shape in the 3 expanded and col | apsed
configurations. 1 25. A balloon for use in treating
a2 patient's hip conprising: 6//3 VO 96/ 39970 )
PCT/ US96/ 09933 - 49 - 3

a hol |l ow el ongat-e bal |l oon body conprising 4 a-non-elastic materi al
capable of inflation froma 5 col | apsed configuration to an expanded
configuration, the 6 bal | oon body defining an inner passage for
allowing an 7 inflating fluid to pass into the body; and 8

wherein the ball oon body has a 9 - predeterm ned size in the expanded
configuration to 10 - extend froigtge fenora,/8kad, through the fenora
neck, ' 11 and into the-proxi rral%ermr al dphysi s of t/gs patient, 12
the non-elastic material inhibiting 37 bei ng expanded
beyond the predeterm ned size of the

t he }/’Tj;il “““““““
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14 bal | oon body. 1 26. The ball oon of claim25
wherein the 2 bal | oon body includes an el ongate distal portion sized,
3 in the expanded configuration, to extend through the 4 f enor al
neck into a portion of the fenoral head, an 5 el ongat e proxi ma

portion transvewoses3®m7d he proximal 6 portion and sized, pdrnideenoss
expanded configuration, to 7 extend into a portion of the fenoral

di aphysi s, and an 8 arcuate portion coupling the distal and proxi nal
portions 9 to each ot her. 1 - 7Z/13 27. The ball oon of
claim26 further 2 conprising neans for "biasing the proximl portion
of the 3 bat | oon body from an introducing configuration, where the 4

-

proxinmal and distal -portions are substantially paral |Lo=87 L =gy
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5 configuration, the restraint nmenber being adapted to 6

rel ease the proximal portion when the balloon body is 7 inflated into
t he expanded confi gurati on. 1 29. The bal |l oon of
claim25 further 2 conprising one or nore support nenbers for holding
the 3 bal WOP3938ly i n t he predeternined size and shape ®oT/US96095933
expanded configuration. 1 30. The balloon of claim
29 wherein the 2 support nenbers conprise one or nore inelastic ring
3 menbers surroundi ng the el ongate bagloon body and at 4 | east
one inelastic axial band coupled to the ring 5 ers. 1
31. The balloon of cldim25 wherein the 2 bal | body, in the
expanded confi gurati-on, extends from 3 about 0# ﬁﬁ77 cmfromthe
end of the fenoral head to 4 about 5-7 cm pas ’9 e lesser trochanter
in thé proximal 5 - fenmoral di aphysis. 1 / / 32. The
bal | oon of claim 25 wherein the ballo ys£ in the expanded
confiquration, has a length 3 ~oF 01n cm and a di aneter of
about 1.0 to 2.5 4 cm aéz:,;r"""===i_ K/ A net hod for
treating a patient's hip 2 ' \qb~_\- form ng
a passage extendi ng through the % N st a
portion of the fenoral head; 5 i Nng an el ongat e
bal | oon body 6 Wi thint g€, 7 \ = i nflating
t he el ongate ball oon body to sufficient o sure to
conpress at |least a portion
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9 of the inner cancell ous bone; and 10

formng a cavity with the ball oon body as 11 a-function of the
inflating step, the cavity extending 12 fromthe fenoral head, through
the fenoral neck, and 13 downward into the proximal fenoral diaphysis.
1 wooessere 34. The nethod of claim 33 wherein tI&
formng step includes drilling a substantially linear 3 passage from
the lateral fenoral cortex, through the 4 fermoral neck, into the.
f enoral head. 1 35. 9/U&E net hod of claim 34 wherein
the 2 positioning step includes deliveLing the el ongate balloon 3
body through a percutaneous penetration into id linear 4 passage.
1 .. 36. The nethod of y M3£26irt her 2
conpri si ng, durlng the inflation step, biaging a proximl 3 portion of
t he bal |l oon body toward the proximl fenorl di aphysi s such that
sai d proxi mal portion conpresses 5 I hned cancel | ous bone within the
proxi mal fenoral 6 di aphysis and nove$ ifto the proxinmal fenoral
di aphysis 7 into a transverse orien e} | ative to a distal
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8 portion of the balloon body. 1 37. The

nmet hod of claim 33 further 2 conprising inhibiting the el ongate
bal | oon body from 3 expandi ng beyond a predeterm ned size and shape to
4 prevent the balloon from applyi ng excess pressure gr/oseeosss

cortical bone. "1 38. A systemfor tenporarily
supporting Z2yoee3ser@and strengtheni ng a damaged bone conprising: 3

a hol | ow bal | oon body conprising a 4 flexible, non-elastic materi al
capable of inflation from5 a col Jobk®d configuration to an expanded
configuration, WO 96/ 39970

PCT/ US96/ 09933 - 52 - 6 t he bal | oon

body having a-predeterm ned size in_the

'ﬁ expanded configuration
selected to conpress at |gg4{ a

gortion of the i nner cancell ous

bone into the outer 9 0 ticglx;;iﬁ,/o strength the outer cortical
bone, the 10 e AR T he bal | oon body bei ng capabl e
of 11 t engs s e (g Y ﬁggtical bone when the 12

bal | oon body i R ' ' ey on, the 13 bal | oon body .

inflating fluid to pass
i nto the body; X nmeans for sealing the inner
passage of the 16 A e balloon is in the expanded 17
configuration to p of gdport structure



18 for the outer cortical bone. 1 39. The

system of claim 38 wherein the 2 seal i ng neans conprises a plug sized
to sealingly fit 3 wi thin the inner passage. 1
40. The system of claim 38 wherein the 2 seal i ng neans conprises a
clip for closi ngowsesroaner 3 passage and fluidly isol at ipggusbedossser
chanber of the 4 bal | oon. 1 41. The system of
claim 38 wherein the 2 bal | oon body forms a cavity by conpressing the
i nner 3 cancel | ous bone into the outep eggtical bone, the sealing 4
means being |ocated externally of the cavity and 5 internally within
the patient. 1° 42. The system of claim38 wherein
the 2 damaged -bone is a fractured cortical bone, the balloon 3
body bei ng capabl e of supporting the fractured cortical 4 bone unti |
said cortical bone heals. WO 96/ 39970
PCT/ US96/ 09933 - 53 - 1
43. A nmethod for tenporarily supportjyn 2 and strengthening a
fractured or coll apsed bone
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3 conprising: 4 | ocating a hollow, balloon body

wthin 5 i nner cancell ous bone in the patient; 6 .
inflating the balloon body to a sufficient 7 fluid pressyre to
conpress at |east a portion of the 8 i nner cancelpcoll e to forma
cavity therein; and 9 seal ing the ball oon body
within the 10 patient to provide a tenporary structural support for -
the 11 wo9%BW%r cortical bone. 1 44. The net hod
of claim45 further 2 conprisinggyﬂﬁpressing a sufficient portion of
the inner 3 cancel |l ous bone into the outer cortical bone to stengthen
4 the outer cortical bone after said cortical bone heals. 1

45. The nmethod of claim 43 wherein the 2 inflating step is carried
out by delivering an inflation 3 fluid through an inner passage into
an i nner chanber 4 wi thin the balloon body, the sealing step
conprising 5 applying a clip to the inner passage to fluidly isolate
6 | t he inqﬁ aChame 1 46. The met hod of

cl ai m 43 whereif'™ he al i ng step conprises SeE8FNg an i nner
passage of the 3 bal | oon Bydy with a plug. ”“‘~\

47.,» The net hod claim43 furthey 2 conpri g mMgyNafiEB) ﬁﬁy%ealing
step, allow ng pal | oon 3 body to remain §ithin thp&Ycavity to act
as an interna a8l while tQe cortical bond\ heal \
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WO 96/ 39970 PCT/ US96/ 09933
1 : 48. The nethod of claim47 further 2

- 54 -
conprising deflating the balloon and renoving the balloon 3 fromthe
cavity. .

WO 96/39970 PCT/US96/09933

. 23/
w232

230

~229

. FI6 22c

SUBSTITUTE SHEET (RULE 26)



il

o 34

. *

PCT

'WORLD INTELLECTUAL

14

PROPERTY ORGANIZATION
al Burean

. Internation )
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 96/39970
Al
+ AGIB 17756 ) (43) International Publication Date: 19 December 1996 (19.12.96)
(21) International Application Number: PCT/US96/09933 | (81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,
CA, CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IL,
(22) International Filing Date: 6 June 1996 (06.06.96) IS, JP, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV,
MD, M _ MN, MW, MX, NO, NZ, PL, PT, RO, RU,
SD, iﬁ;y%l} SK, TJ, ™, TR, TT, UA, UG, US, UZ,
(30) Priority Data: VN, patent (KE, LS, MW, SD, SZ, UG), Eurasian
08/485,394 7 June 1995 (07.06.95) Us patent (AM, AZ, BY, KG, KZ, MD, RU, T¥, TM), European
patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI,
(60) Parent Application or Grant CM, GA, GN, ML, MR, NE, SN, TD, TG).
(63) Related by Continuation
uUs 08/485,394 (C1IP)
Filed on 7 June 1995 (07.06.95) | Published

(71)(72) Applicants and Inventors: REILEY, Mark, A. [US/US];
304 Pala Avenue, Piedmont, CA 94611 (US). SCHOLTEN,
Arie {US/US]); 4175 Tamayo Street, Fremont, CA 94536
(US). TALMADGE, Karen, D. [US/US}); 2320 Bryant
Street, Pelo Alto, CA 94301 (US).

(74) Agents: RAFFLE, John, T. et al.: Townsend and Townsend
and Crew L.L.P., 8th floor, Two Embarcadero Center, San
Francisco, CA 94111-3834 (US).

With international search report.

(54) Title: IMPROVED INFLATABLE DEVICE FOR USE IN SURGICAL PROTOCOLS RELATING TO TREATMENT OF

FRACTURED OR DISEASED BONE

(57) Abstract

R o i I
" ")l
STV W e T

A balloon (12) for use in compressing cancellous bone and marow (also known as medullary bone or trabecular bone) against the
inner cortex of bones whether the bones are fractured or not. The balloon comprises an inflatable, non-expandable batloon body for insertion
into said bone. The body has a shape and size to compress at least a portion of the cancellous bone to form a cavity in the cancellous bone
and 10 restore the original position of the outer cortical bone, if fractured or collapsed. The balloon is prevented from applying excessive
Ppressure to the outer cortical bone. The wall or walls of the balloon are such that proper inflation of the balloon body is achieved to provide
for optimum compression of all the bone marrow. The balioon is able to be folded so that it can be inserted quickly into a bone. The
balloon can be made to have a suction catheter (16). It can also be coated with therapeutic substances. The main purpose of the balloon is
the forming or enlarging of a cavity or passage in 2 bone, especially in, but not limited to, vertebral bodies. Another important purpose is

1o deliver therapeutic substances to bone in an improved way.




