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SYSTEMS TOR TREATI NG FRACTURBD OR : : DI SEASED BONE USI NG
EXPANDABLE BODI ES FI ELD OF THE | NVENTI ON -The invention
relates to the treatnment of 5 bone conditions in humans and ot her
animls. - BACKGROUND OF THE | NVENTI ON When cancel | ous
" bone beco%gsqg ased, for exanpl e, because of ppgiSHAREIRS! S, -
avascul ar necrosis, or cancer, thg surrounding cortical bone 10
beconmes nore prone to conpression fracture or coll apse. This is
because the cancel | ous bone no |-onger provides interior support for
t he surroundi ng cortical bone. There are 2 mllion
fractures each year in 15 the United States, of which about 1.3 mllion
are caused by osteoporosis alone. There are al so ot her bone
di sease involving infected bone, poorly healing bone, or bone
fractured by severe trauma. These conditions, if not successfully
treated, can result 20 in deformties, <chronic conplications, and-"

an overal | adverse inpact upon the qualit life.
U.S. Patents 4, 969, 888 aﬂﬁségﬁﬂn?QBOENBlmIN ¥#&Rﬁa§§? fWpar at us and net hods
for the fixation of nzsnaémmomesrscnsonmnh tsopxesof human and ot her

25 ani mal bo She porotic and non- ost eoporotic.
The apparatus a expandabl e, body to conpress
cancel | ous bone and ThepibV?%ﬁﬁQﬂ\FQiﬂ§@Fo¢°c§hPt?re4ﬁﬁe%§v?fy recei ves
a fg 111 ngpoiel eondlitivhis Cin Nandeds apddotliey i deimalanewed 30 -

interior struct el one.
- ‘UaraR br' Pie o

When cancellous bone becomes diseased, for
example, because of osteoporosis, avascular
necrosis, or cancer, the surrounding cortical bone

io becomes more prone to éampressioh fracture or
collapse. This is because the cancellous bone no
longer provides interior support for the surrounding
cortical bone.

There are 2 million fractures each year in

15 the United States, of which about 1.3 million are
caused by osteoporosis alone. There are also other
bone disease involving infected bone, poorly healing
bone, or bone fractured by severe trauma. These
conditions, if not successfully treated, can result

20 in deformities, chronic complications, and an
overall adverse impact upon the quality of life.

U.S. Patents 4,9_69,888 and 5,108,404
disclose apparatus and methods for the fixation of
fractures or other conditions of human and other

25 animal bone systems, both osteoporotic and non-
osteoporotic. The apparatus and methods employ an
expandable body to compress cancellous bone and
provide an interior cavity. The cavity receives a
£illing material, which hardens and provides renewed

30 interior structural support for cortical bone.
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-2- Many interior regions of the body, such as t he
vascul ature and interior bone, possess conpl ex, asynmetric
geonetries. Even if an interior body" region is somewhat nore
symmetric, it may still be 5 difficult to gain access along the natural
axis of oo suaNIEL Y. For exanpl e, depl @wiRidbs/Absean . -
expandabl e structure in the reglo? of branched arteries or

veins can place the axis of an expandable structure 10 of f-al i gnment
with the axis of the bl ood vessel which the structure is intended to
occupy. anot hRany exftigtidr reddonki 68 thé bady, @upmaabl e

structure |nto ) I that i's not
aligned with thg'g% ggg}‘ig&#ret Jé)f’gqégh%? ?ﬁﬁ o%osseﬁs% SE |nstances
expansi on of thésymmetréﬁrGEPEP§rF§3not Exemelf i anyiinferdesedodyo t he
natural axis of rb&&oheﬂboﬁohéﬁﬂﬁeﬂoferswt it may sA413 pesult,

expan5|on f thgé?ggggbg £3 g§¥%n§&cggs alongV%hJ] e¥§¥at 5@@ g nat ur a

axis of the tar | nport ant
to maxi m ze thesymnetryize and surface area of an expandable structure

when depl oyed in. an |nterbgrehaﬁpléggagplogaéﬁenbf an aaﬂleballoons

manuf act ured by nDId ch ue ed into a
narr ow channel , ug ﬁ' 'h%e ?b§&° §§%Fbg$&?ﬁﬁff3¥?gpign fhbe, where
they are then |MeliaSeGanlnl@ﬂ$sﬂ€¢nﬁ’¢iﬁ1m.fnﬁn smandablecﬁtaqmténreof the

bal l oon igpcrit 'df‘f'-atl(ighhé EUGHRYS, the axiBUlof Nené eBAbBai esdey so. Such
bal | oons only ne the area o |ntended

to be ng enough, t o, CLross
use, W nSRIR fhe | SeRRctiRe, o Dhredecd 0B ekl o, Oas' M O
inflated bal | oomnothéhri s atdtmﬂs,conizuﬁttﬁcmi of abal |axpandabliec
constructed in EE&%%tﬁEEd%%ﬂ@‘ﬁaﬁé can re 'B@“fﬂfﬂin@ @A idaidggal middle

section and two 35 onj c bon e cat hefer s
al gha£ fg nék aligne e natura s§¥§!£ry -A§ a
15 of the bone. In these 1nstances;.expansion of the -

structure is not symmetric with respect to the

natural axis of the region targeted for treatment.

As a result, expansion of the body is not symmetric

with respect to the natural axis of the targeted
20 region.

It can also be important to maximize the
size and surface area of an expandable structure
when deployed in an interior body region. Current
medical balloons manufactured by molding techniques

25 are designed to be guided into a narrow channel,
such as a blood vessel or the fallopian tube, where
they are then inflated. In this environment, the
diameter of the balloon is critical to its success,
but the length is less so. Such balloons only need

30 to be long enough to cross the area of intended use,
with few constraints past the effective portion of
the inflated balloon. This allows conventional
balloons to be constructed in three molded pieces,
comprising a cylindrical middle section and two

35 conical ends, bonded to a catheter shaft. As a
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- 3- : practical matter, neither the I ength of the conical end,
nor the length of the bond of the balloon to the catheter shaft,
affect the function of conventional . balloons, and these
regions on 5 conventional balloons are often 1 cmin length or

nor e. Inde‘gg9 gblg | arger the ball oon dianeter, the PorAedn s end
cone, which Creates a tradeoff between mexi mum ef fecti ve | engt h and
maxi mum effective di aneter. Thi s tradeof f makes 10

optim zation of conventional structures problematic in interior

Etruct ureg Wi t hpé?%taedllﬁaaté}s reithedsthe 1endiﬂﬂeaf (ij:he conical hThe
etter and nore ef.fl ] r t t these
335 % WeEBLHEHE tne poRl of CBRathafHSE 66

Pat ents prom se 5’%1 Feal |rrpr oved systens for

maki ng andheep| eatihatexy pshaditl.e liﬁﬁeé’é: i ithgnefunction sMRPRY OF THE
| NVENTI ON conventiondlie Ina\mabhgp Papdi dathdsepr vefionest esm for

treating i ncl udi bodi es, .as 1]l 2 n_ot her bone
types, u&%g on&RV %ggngg gﬁgg pns areo %%ﬂvg fn ledfen "of One aspect
of the inventi omoresvi da@eed. the Syaagewstherballoan diapeterusthe an
expandabl e Wall 1on er tﬁeaséiﬂ” abha) wHith? Beestesf & €draabergi ng a 25

g)‘?;?;:ﬂ?l [ nsert Ie[eg‘e ol tg%?@%%kve()f %eégﬁé I’l¥l a{ngonmnhaw I’ltghe

cortical bone smﬂﬁgsatdrvng di ametah- i nt er i WS 0l mﬁ%@@ﬁ'pl e®Wake® |east in
part, by 10 = dpHiadlZa®isnbefeconveltdonuit SEBustnsss probledstie 30 |

assume an expan try whil.e occu | nt or_ volunme in
the presence of djt’hé’gﬁS’zqg?’é ﬁ}'uctures ng%ft@&ﬂcﬁ?ﬁﬁs'bﬁﬁghaﬁﬁ forma
cavity in the ©bone. interior volune. The systens convey a material for

di scharge through the nozpke pebtert R CAYEL Yeféickious! ¢2ehthant! al | y whi | e
t he body occuples the inferior
of .bone disease that these Patents promise can be

i5 more fully realized with improved systems for making
and deploying expandable bodies in bone.
8 Y O E X 0
The invention provides improved systems for
treating bone, including vertebral bodies, as well
20 ° as in other bone types, using one or more expandable
bodies. _
one aspect of the invention provides
systems for treating bone using an expandable wall
: in association with a nozzle for discharging a
25 material. According to this aspect of the
invention, the systems insert both the body and the
nozzle into a bone having cortical bone surrounding
an interior volume occupied, at least in part, by
cancellous bone. The systems cause the body to
30 assume an expanded geometry while occupying the
interior volume in the presence of the nozzle to
compact cancellous bone and form a cavity in the
interior volume. The systems convey a material for
discharge through the nozzle into the cavity at
35 least partially while the body occupies the interior



-

WD 98/ 56301 PCT/ US98/ 11386

-4- vol une. In a preferred enbodi nent, the systens
convey bone cenent for discharge through the nozzle, whi l e the body
is in the expanded geonetry or a 5 partially expanded geonetry. The
systens can al so cause the expanded geonetry of the body to decrease
in vol un?vod.s{%ﬁoie' ation to volume of nmaterial rCr/eS983a1B6d byt he
nozzl e into The cavity. _ Ln_one enbodi ment, the expandabl e
body and 10 nozzl e are depl oyed separately into the targeted bone.
In a preferred enbodi nent, the expandabl e body and nozzle forma

I ntegrated tool yandmat € depl oyed sinultaneously into the targeted
bone. Anot her_ a t ' kon Vi syst ens
for treating bone using #’Fr & é%ggégg%%dm%&\ﬁ%yﬁénda %)esgl%?}leég The

first expandabl eopyey bane cement,fer:discharge fhreugh the neggdevol une
throughbfi bod whiiigt ‘bliéf&ﬁé‘qyi)aiﬁt i Che | @aparity E-geMCﬂﬂdal

expanda ody_i s, i.nser i NELLI n une
thPough a%%eco%8a5868§§Yp§gﬁ ﬁ%g%oggPégggy' oL ggﬁégﬁ?nggeﬁggghan t he
first access pacause the expandedgaomelrynafnthedeedy Hixsdesxensef t he

bodi elsl to o itnaswmman QiﬁP?ﬂd;!dtﬂ@@n?tdtiy YSTunei i ym&al alLi ng

cancel | ous bone .t,0 form av n ihe Jd.ntegior vol une. :

Anot her aspect Sﬁ-sf’ ?Pﬁ@eﬁi’i Ihgp’#%?/él{c}aesina%o thd cgg(i)%'for i nsertion into a
bone, which conprises twln one emkodiment| the;expandablg dadyr 8pd zone
assunes s nozz2eONGH cdeSXoypeticdepapabély . inbe ehendaheeétgaonetry 30
presents a i rst ﬁhgen5|%%, ggl%%modgﬁﬁegds e . 4?&%% antially
across the intePPBRvol tRed PEFSEEFH ti &he, SR € nterior
vol unme. The el obgalyedand nozzdeorfsmy al sinmbegrateds tocdecand! dreensi on | ess

thfgnt ol the g &ayetéi gmﬁieaﬁam iﬁ%/e:tieagaf—eéeaa Oborie. | |
?U S ani tally unconpact eg Cehss a‘éii%c 0% $he invehtion provides
. 15 systems for treating bone using first and second

expandable bodies. The first expandable body is
inserted into the interior bone volume through a
first access path in cortical Dbone. The second
expandable body is inserted into the same interior
20 bone volume through a second access path in cortical
bone different than the first access path. The .
systems and methods cause each of the bodies to
assume an expanded geometry for jointly compacting
cancellous bone to form a cavity in the interior
25 volune.
Another aspect of the invention provides a
body for insertion into a bone, which comprises two

expandable zones. The first zone assumes an
elongated expanded geometry. The elongated geometry
30 presents a first dimension, which extends

substantially across the interior volume, to form a
barrier within the interior volume. The elongated
geometry also presents a second dimension less than
the first dimension, which leaves a region of
35 substantially uncompacted cancellous bone extending
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-5- . fromthe barrier mﬁthln the interior volune. The second
pandabl e zone assunes a different expanded geonetry, which conpacts

cancel l ous bone to forma cavity in the region. The barrier fornmed by

the 5 = first zone directs expansion of the second zone in t he

region a f he first zone. I n one ergeqiisd®iase  he -
first anﬁ&?@g@"t expandabl e zones conpri se separate expandabl e
assenblies. In another enbodinent, theé A st and 10 second expandabl e
zone conprise parts of a single expandabl e assenbl y.

Anot her aspect Ofr&betﬁévs&f% RE L I9P Seria interiQEVkr‘é@.uBQr degleoyment into
an interior body gl on rrgrl sing a cat féiﬁf t ube, Whl ch carries an
al _

15 expandabl es%‘t‘ %t%”d&h’ré PRG ATTIRESs 2 KFERY, expanded ne o
col | apsed geonetggohetryieMitahe conpattst bancellous Hone dio foam megi on and

an expanded geo?g%‘;y.%iog_n the o thtﬂbtﬁg,d.{g]{erﬁgmengyr i30n The
u

cat het er e extends_al on i rst axls e>&oande
geonetry of the E4¥8tiFeRe ARG teé'é’agﬁ gp of sthepcon z°"§x|i§ which is
not aligned w t hthéerégion aways fréhethe firstazomestry between the two axes

perm ts deployment of  1n ohd®efi¥d P EhOUELHLE bad SUEHRI I C

fashion with res}gect fo the natural’ axis 0 ta%?&fete i.nterior 25
body regi on, evePXRfRAARIR CEPRRE orC §& Rfparate 1% th the
nat ural axis. assemblies. Ihnanothief cemissiimeinddi rohet fJ.trIst éandice i's

i nt ended be i de ﬂzﬂﬁh‘; {J'BHQ lelaC rroundi ng
an interi g’ra vol u%égé}é%up*géﬁ | ea i le i:'ag;cts of by cangs’ﬁ ous bone.
In this - cREBandable agRemdl¥anded georretry of the structure

conpacts cancel | ous bone mﬁtferrmaapeaw &F the tikvention prcmﬁes)ra vol une.

The asymmetry be?g ggetggrcgéréf%ent mtto Hbin fof"lgjcé};c] I of the

expanded structu orrra ron of a y central to
comprlsing a catheter tube, which carr:.es an :

- 185 ..expandable structure. The structure is adapted to
‘assume a collapsed geometry for deployment into the
interior body region and an expanded geometry for
- use within the interior body region. The catheter
tube extends along a first axis. The expanded

20 geometry of the structure is oriented about a second
axis, which is not aligned with the first axis. The
asymmetry between the two axes permits deployment of
the expandable structure in a symmetric fashion with
respect to the natural axis of a targeted interior

25 body region, even when the catheter tube is not
aligned with the natural axis.

In a preferred embodiment, the device is
intended to be inserted into bone having cortical
bone surrounding an interior volume occupied, at

.30 least in part, by cancellous bone. In this
-embodiment, the expanded geometry of the structure
compacts cancellous bone to form a cavity in the
interior volume. The asymmetry between the catheter
tube axis and the axis of the expanded structure

35 geometry permits formation of a cavity central to
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m ddl e region of the interior volune, even when the access path the
catheter tube foll ows does not align with any natural axis of the

i nterior vol une. Anot her aspect of the invention provides a
5 device for deploynent into an interior body region conprising a
cat heter 5ﬂ$ﬁm%?ﬁCh carries an expandabl e struct ur periigsnesshet er
tube has a tir di ameter, and the. structure, when substantially
expanded, has a second di aneter greater han the 10 first dianmeter. The
structure includes spaced apart end regions. At | east one of the

fﬂd ][e,gi O?S g thé%ﬁ)&aﬂ%sr%gﬂaﬁ 6@%@'1&@1&6%&@855 é#émtvhf&i/\/et en :

e Irs an con | ane S n-con Lanet er ransition
makes it possi bI'8"® A FE %21' Ji_:.ge °a§§§FF’éd£‘§ﬁ%x‘7?chﬂﬁ"se>£ t di anet er
wi t hout an almmwmanyeua'eureh axis af &hﬁeénteemen\ng t he
structure. anbther adpestior tde inRentibAVEPévides d S

advant ageoyusl y u e uf act ur f devic nt d to be
inserted into ¢ Lfts° °3men (ing8n§30?'ngﬁﬁ§%¥ll&?éy b%?éﬁd}/ expandi ng
the structure complaminmeraabyca’@lm cakuhey . Witichyr cpaiesof aron-

coni cal end regi d@tﬁ% bﬁ:rﬁéﬁ&@' eqhe CAEhEESE tube hakhg f/ﬂ'éﬁfe of

maxi mum cancel | o ne ct, ed .
enbodi ment , the‘girsﬁi‘&e 8 the" §%§uf’ﬁ%?t ed”t?ﬁ‘oufugﬁg ‘élf Yer tube.
The inverted expamdsbd.egumsat segaid disweber oweatempddhanorthe
cancel | ouggbone £,aR9 dimeeBE. rerﬁémcehrbhﬁacmaes eisaaaéaéaa&tst ructure.
30 Anoj her as ect 0}; h](ﬁFq_'ventlon %1 des _a device for
- depl oynent in arP® t€P9&P Body kg np PG FEFHAS cat het er
tube and an out egrovides a aidreicemiicalle dfa'hetérstnhnsi:dlmi bétwreemer .

cat heter eesh?sleeyagﬂ {slas ﬂ%Sttﬁla af tﬁe OHbRL oL e -
The proxi mal end an expan B 5
_ :dlame er tran31tion ‘makes . it poss1b1e to achieve a
.15 . .desired . maximum expanded diameter without an
undesired reduction in the effective length of the
structure.

This aspect of the invention is
advantageously used in the manufacture of devices
20 intended to be inserted into cancellous bone to
compact cancellous bone by expanding the structure
and thereby form a cavity. The presence of non-
conical end regions makes it possible to increase

the volume of maximum cancellous bone compaction.
25 In a preferred embodiment, the ends regions
are inverted about the catheter tube. The inverted
end regions to make possible the compaction of
cancellous bone along the entire length of the

_ expandable structure.

30 . Another -aspect of the invention provides a
" device for deployment in an interior body region
comprising an inner catheter tube and an outer
catheter tube. The distal end of the inner catheter
extends beyond the distal end of the outer catheter.
35 The proximal end of an expandable body is bonded to
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-7- the distal end of the outer catheter tube, while the

di stal end of the expandable body is bonded to the di stal end of the
i nner cat heter tube. An expansion mediumfills the interior of the
expandabl e body 5 t hrough the space between the two cat heter tubes.

The i nner r tube and the expandabl e body are nmateri al s
whi ch have nﬁ?§$@onpliance t han - the outer catheterPtubesmg%mfhat t he
| engt h of the expandabl e body grods~proportionately with the 10

di anet er. In a preferred enbodi ment, materials f or

the expandabl e bty AULANBGL AU’ helt/REarhdtbideune, wndiY EngoTP! i ant

pol yur et hanes, e mater outer catheter t i ncl ude
| ess conpliant 19istal,gnd, of; fhec8xBAndAPIR (HRAY & bonded to the Anot her
aspect of the indbstaDend ofi ties imner cathketdrc eubel daplexpamstionnto an

I nterior body regqi 0 I $J e L chycarries an
expandabl e str u%@%’%nﬁi}ln%l g%éesigeg?y lgf%gx%g%d%n Egggigwlbf)ﬁ' n the
structure Bo sti¥hegngh the space between ﬁheatﬁpe;:&fi’é&eé'rrﬁb‘bpﬁant, t he
styl et i Nphe! dRnd¥e Bathetvhi Bilibd@ndkhg aepanddble Yodychreo

deflect the str %ﬁ&'é eofehﬂ%%%%spzé{ﬁhc% t %ﬁtggfé%ﬁ?éﬁta,nce Iﬁgnst ructure

is slidably encl'oSed Tn a's I'ng The "sheat h

over cones the netiegyouter catdyetexrctybg) cgo that the tanadhy o€t theward a

general |y egpdndgile N ®DAYONGLGvE Alproportionately Y widis thiee :
styl et angodefle&iéméigistructure when the structure slides free of
t he sheat " 30 ' Another aspect of the invention provides a

sterile kit conprising a e\ cRrekprres|enhadimens, materipdsefobnprising a

structure adapt eghéOg 1@body and SfiderdedtHepeR fubddtclaae desired
configuration

expanded during ’P?EefFf’gglgétggiBojo‘;')ﬁset%lé%t'lr”@g’&#?%a 2elalb a2 "NO"
" the outer catheter tube include less compliant

15 polyurethanes or polyethylenes. .

Another. aspect of the invention provides a
device for deployment into an interior body region
comprising a catheter tube, which carries an
expandable structure and includes a stylet extending

20 within the structure to stiffen it.

In a preferred embodiment, the stylet
includes memory, which normally bends the stylet to
deflect the structure relative to the catheter tube.
The structure is slidably enclosed in a sheath

25 during deployment. The sheath overcomes the memory
of the stylet, to urge the stylet toward a generally
straightened configuration. The memory bends the
stylet and deflects the structure when the structure
-slides free of the sheath.

30 Another aspect of the invention provides a
sterile kit comprising a device for deployment in
bone comprising a structure adapted to assume an
expanded geometry having a desired configuration
when used. The structure undergoes stress when

35 expanded during its first use in bone. As a result,
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structure can not be relied upon to reach its desired configuration
during subsequent use in bone. The kit includes an overw ap defining
a seal ed sterile enclosure holding the device in a sterile 5
condition until use. The kit verifies to the physi ci an or user that
the devi cewpagkaged W thin it is sterile and has nqicyassegidBEct €0 tO
prior use. The physician or user is thereby assured that the
expandabl e structure neets established perTormance 10 and sterility
specifications, and wll have the desired configuration when expanded
set forth in thets e escr L b Lop A e hor Mo MR STl as in”
the appended C R r%"’ mﬁt&%@&r&ﬂ MN&%’

Fig. 1 is a siderveekidf tfheludes alancobvenrwrap deﬁinin@umansealed
Fig. 2 1is coronalyy moénéléé{fq:@ holding Véid eéu.ﬁceoa{ﬁ'@' L¥eftie avay and

in section, taken ener ong I ne

Fig. 3is § vertﬁ"‘i‘,’é@‘L IHFFﬁar 5x7er 85?-5@25 to the Fig.
4 is a plan vi evpnfs:bcinmbm useirutihat the deviceap&ﬂtm;ed sti¢hdnarityi ng an

expandabl e body 49t geded125ana hils! h8H' pROBAbYected to prior EgS. OA 10 SP

are a series of corona ertebra, part]a c t away and
in secti ontheBR¥Eiciam or cpeeky "‘?n RereRY s g‘é’r’%‘i thé/
transpedi cul ar aezpandable estrarciairte ﬂmi:t;s test&mlishedrrpeefemml | ous bone

and creatgoa cavihy Wdddsity spedt#Rdtddng, BaW waiY HavkNahgonveying a

filling eria hs aV|t¥’toréstore|nter|
integrity to Corgggye@mﬁanation when expandefh for N8€ateral view, with

parts 35 broken away, mpdatidifes airicidrantayesi 6£Cehanihvehtions
are set forth in the following Description and
Drawings, as well as in the appended Claims.
15 RIEF DESCRIPTIO )l RAWINGS
Fig. 1 is a side view of the spinal column
of a human;

Fig. 2 is coronal view of a lumbar
vertebra, partially cut away and in section, taken

20 generally along line 2-2 in Fig. 1;
Pig. 3 is a vertical section of lumbar
vertebrae;

. Fig. 4 is a plan view of a probe including
a catheter tube carrying an expandable body intended
25 to treat bone;

Figs. 5A to 5P are a series of coronal
views of a vertebra, partially cut away and in
section, showing the steps of introducing, via
transpedicular access, an expandable body to

30 compress cancellous bone and create a cavity within
a vertebral body, and of then conveying a filling
material into the cavity to restore interior
integrity to cortical bone; '

Fig. 5Q is a 1lateral view, with parts

35 broken away, of the vertebra shown in coronal view
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-9- in Fig. 5P Fig. 6 is a coronal view of a

vert ebr al body in which an expandabl e body, restrained by an

external sealing elenment, conpresses cancell ous bone 5 to forma
cavity; Fig. 7 is a coronal view, partially broken

away and i hon, of a vertebral body in which an Rsd ble-body
i s being gg??ﬁ%%gh after having formed a cavity, &ﬁ? e aﬂggﬁ]ector
tip, also within 10 the vertebral ©b&dy, is sinultaneously injecting
filling material into the cavity; Fig. 8Ais a coronal
view of a Verteb{%ﬂF'g 5P; body, partially broken away and in section,

show ng a ¥ oofdt mat i ntegrates an injector tube and an 15

i ntegral expandabl e body Big-créeat®e 3 ea¥emal | yiew of acyexdeb¥ad bone, and

al |S|O show ][lg Lhebaayemimm an expanfiablé NBodp) afdstirained bgnaaus wit hd
col | apse of the ; ' Is a side
TPewof the t ool “EeReT BUB3LAY eilRt, comresses capcetiofl rie

Fig. BC isSsectitPaform @&vaavitié t ool shown in Fig. 8B, taken
general ly along line 8C §3g.n7Fi§.a coronal8®iew, partially brokeng. 9 is a

coronal view of vert ebr.al d Nl P ndabl e bodi es
separately gw?ﬁtar%cgl‘j%eag%f/i?nr'a%gp%d‘?{%\gabrﬁ%gg%’%gc#? M%% '
Fig. 10 is a vi céxpandaklel bedy dmd kging collapsadpafter.whavdngwo cat heter

tubes, _eachocar r fohfed cavity,ﬁﬁﬁﬁl@?&l} lemtgeaxoratepj @Yy wikhfiar m a
Bo 11 (280 i okPer Yerseen, PR p8,, oisRiRAREERATY] MiRAREIT i
tubes, each carr§ihling materialeiptacthe caidy; are joined to forman =
asymetric array, Wi/l SuP3kaR! bakbNaPxPRRAYE ihvidd@pralione; 35
Fig. 12 1s a corgngy Vi&%: 13y bBokdn i hna in section, showing
‘a’ tool that integrates an injector tube and an
15 integral expandable body to create a cavity in
cancellous bone, and also showing the injection of
£illing material simultaneous with collapse of the
expandable body;
Fig. 8B is a side view of the tool shown in
20 Fig. 8a, located outside bone;
' Fig. 8C is sectional view of the tool shown
in Fig. 8B, taken generally along line 8C-8C in Fig.
8B; |
Fig. 9 is a coronal view of a vertebral
25 body showing multiple expandable bodies separately
introduced by transpedicular approach; _
Pig. 10 is a view of the distal end of a
probe in which two catheter tubes, each carrying an
expandable body, are joined to form a symmetric
30 array, when substantially expanded outside a bone;
Fig. 11 is a view of the distal end of a
probe in which two catheter tubes, each carrying an
expandable body, are joined to form an asymmetric
array, when substantially expanded outside a bone;
35 Fig. 12 is a coronal view, partially broken
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- 10 - away and in section, of a vertebral body into which
mul ti pl e expandabl e bodi es have been depl oyed by dual transpedi cul ar
access; Fig. 13 is a coronal view of a vertebral 5 body,
partially broken away and in section, into whi ch nmul ti pl e expandabl e

bodi es havgo &agsmdep! oyed by contral ateral post ero}@_ebgF@h #6CESSs
Fig. 14 is a coronal view of a vertebral body, partially llaroken away

and in section, in which 10 mul ti pT'el%x'bandabI e bodi es have forned
mul tiple cavities which join to forma single cavity to recei ve

filling materi alg; : $ ap | | Vi vert ebr al
body, partiall yagrragkgr?da%/gysgﬁ‘él?lnf' g’efcggﬁ?t?ﬁf%%ﬁgm r%ﬂl{eppl e _
expandabl e bodi #ldpder AFRANGANLE jradies havg bean deRIPYEASOY, receive

filling materi aldual transpedicularFageessy i s an anterior-posterior view of

a " region of the sp'gq_g,é_rigowsn%or%ﬁgheﬁégag@gl & tebraF.Odi es

present within a targeted Vertebral using i psilatera

post er eol & er al Re¥¥asPpartially broken ayay and iB geckieByi d”tBosteri or
view of a widicdhe it iptdyexpaidakild bodiekchavedyean dleployed  secti on,
i n which nulti plb&‘%@%&%&gg%g%erola eﬂ qt L@ dggd using ipsilateral
post er eol at eral "dccess, ave orma(}:rmaltl pl'e cavities which are

joined to forma Fifgl ddcdF B qaransdewiews ioff &, Ferbebras|
Fig. 18 is an ancay,0baptiatly Grokienivawhysand in sectibnrpriv whddn partially

Witiple eﬁé%éé%?i Bofibgh Méigkﬁmgép%%%ﬁeboo” es, 30

br oken a and
i nt roduced” usi néd h T psSa- po eral —access, have med mul tiple

separate caviti eawidiesccvhichi dping to formpg cgingle cavity to Fig.
19 is a coronal pdcuiv fA149hbgchaterial; body, partially broken away and

Ib; section, in whi (?h 35 Fig@lltg %_Ise £ o@o%%ql %i%%dio? ah%/e%-t%%%réli nt r oduced

" body, partially broken away and in section, in which

is maltiple expandable bodies have formed multiple
separate cavities to receive filling material;

Fig. 16 is an anterior-posterior view of a
region of the spine, showing multiple expandable
bodies present within a targeted vertebral body

20 using ipsilateral postereolateral access;

Fig. 17 is an anterior-posterior view of a
vertebral body, partially broken away and in
section, in which multiple expandable bodies,
introduced using ipsilateral postereolateral access,

25 have formed multiple cavities which are joined to
form a single cavity to receive £illing material;

Fig. 18 is an anterior-posterior view of a
vertebral body, partially broken away and in
section, in which multiple expandable bJodies,

30 introduced using an ipsa posterolateral access, have
‘formed multiple separate cavities to receive filling
material; '

Fig. 19 is a coronal view of a vertebral
body, partially broken away and in section, in which

35 multiple expandable bodies have been introduced by
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- 11 - bot h transpedi cul ar and posterol ateral access;

Fig. 20 is a perspective view of one representative enbodi ment of an
expandabl e body havi ng a stacked doughnut - shaped geonetry; 5

Fig. 21 is a view of another representative enbodi nent of an
expandabl ewggg%?&avi ng an obl ong- shaped geonetry; perusesnisss - - -
Fig. 22 is an elevation view of another representative enbodi nent of
an expandabl e body 10 show ng t hr 8eltstacked bodies and string-Ilike
restraints for limting the expansion of the bodies during inflation;

Fig. 23 is a per ty | n sghatatsve enbodi ment of
an expandabl e bo%ﬁ;y&%aeayr?aﬁgﬁk%%gélo%teearr?-lsarr%ggég Sg%)met'ry;

Fig. 24 is a top vid&#9of20ankt h& perspeg s¥ABY: Q% OMSodi ment  of

an expandabl e boggpresentdtiwiengembddiirent befin-sahapspandabber Wwodyt h- sever al

conpartnments by i :%gan ﬁ%ﬁ% : . Fig. 25
is a cross-sectigﬁgﬁiﬁ%ﬁa en Fioﬂ&hxp% ong FL%%g\-eggybf Fig., 24,

Fig. 26 isSa perspective Fitht 8tals A ¥iewsof anotheg %ﬂ%‘tﬁ"gfa%ddw,

partial |y brokenefnodiheénts oy drhexpandabler bedy Ciraving rare xgidiogeysd e body,
and al so show ng_ 5 E%?i!,qr reference di nensions for the expandabl e .
body; ﬂgﬁeéi%e_om ‘is, a dorsal _view, of a

representative expandabl ¥rdyR%hal® ndna §lg¥pEier view ofyangkhedhaped

geonetry in use réppeségtititiesst @hbodiment r offi Len @Rpandable bodyFigs. 28 is

a cross ction ' e e giggpl (; lQf)dy épﬂy&l_ s Ig. 27,
t aken gen %al |y @Lo%iﬁ%"al g;ﬁrégi n%f’i%k-‘% é’? I'g. 27, s lﬁce': Fig.
29A is a represenestraines ddpiting the mxppnsionnef stherkedies shape
with a base, |ocghpdingSinf1rdtioh;Proxi nal hunerus and viewed fromthe front

Fig. 23 is a perspective view of another

representative embodiment of an expandable body
15 having a kidney bean-shaped geometry;

Pig. 24 is a top view of another
representative embodiment of an expandable body
having a kidney bean-shaped geometry with several
compartments by a heating element or branding tool;

20 Fig. 25 is a cross-sectional view taken
along line 25-25 of Fig. 24;

Fig. 26 is a perspective, lateral view of
a vertebral body, partially broken away to show the
presence of an expandable body, and also showing the

25 major reference dimensions for the expandable body;

Fig. 27 is a dorsal view of a
representative expandable body having a humpback
banana-shaped geometry in use in a right distal
radius;

30 _ Figs. 28 is a cross sectional view of the
expandable body shown in Fig. 27, taken generally
along line 28-28 of Fig. 27;

Fig. 29A is a representative expandable

body having a spherical shape with a base, located
35 in a proximal humerus and viewed from the front
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- 12 - (anterior) of the left proximl hunerus; Fi.g.
29B is a representative expandabl e body having a cylindrical shape,

| ocated in a proxi mal humerus and viewed fromthe front 5

(anterior) of the left proximl hunerus; Fig. 30Ais a

repr esent yin\o8: ?&gpodl ment of an expandabl e body '051%33%3%?1%86890\"’“ I n

a front anterior) view of the proxmal tibia, int
beneath the nmedial tibial plateau; 10~ 12 Fig. 30Bis a side
el evation view of the expandabl e body shown in Fig. 30A

Fig. 30Cis ato ti =Y § gdable body shown in
Fig. 30A, show ng Its ) °\fgé°¥"e°r aP?tz %Pﬁr}?rl ca eomet ;13

Fig. 31 is a top plan vi &4%f 2Bt I’fér repre%pd} AR ment of an
expandabl e body bedy havingseali rc;t]riemnimglt | dhaepe Pl abeanearanuraes havi ng

a gener al | a side
view of nultipl e%i‘%L exp% | esvéteggﬁedfgﬁmat gggan%éerr& for use,
for exanpl & in {ambe¥iRr) iaf é%hepll&FEaBr‘P*jéR]u fpamerus ; . Fig.. 33
is another represent Figue 30A is aa‘ipnksalﬁatdfveaembmﬁmebblﬁ body

having an egg- teﬁgahaaﬁiegwﬁuvoéaft%{a;e}  2Enoii?"n' & Celgf0 25

(anterior) view 0 r oxi mal f beneat h_ t he nedi al
tibial plateau; (anterior) view Fpg. the prox ‘P%r%%’é#ﬂat inkreanred ment of -
an expandabl e boﬂgn@am rtg;aquiem tabiahapwl-.eau, geonetry for treating

avascul ar ;gecrosi s of th f ﬁ%g.% ,Hg;pr ) ich i s
shown fro Bt he fron{be an(%?erl or? #j?hé 1-Tj'(c:H o Jene Fig.
35 is a side vi eWnM%é?"’dY shown; dpr BA@nt3IRAH e errbodl ment of an

expandabl e body hapidg o9 sPep pakbiesbiRe dv i@ et rthd or 35
treating avascul ar ne&agfl S of thehoh‘;nadlgf Ftlr&e fggklr showing its
: generally cylindrical geometry;
15 Fig. 31 is a top plan view of another
representative embodiment of an expandable body for
use in treating tibial piateau fractures, having a
generally elliptical geometry;

Fig. 32 is a side view of multiple

20 expandable bodies stacked on atop another for use,
for example, in treating tibial plateau fractures;

Fig.. 33 is another representative
embodiment of an expandable body having an egg-
shaped geometry located, as shown in a front

25 (anterior) view of the proximal tibia, introduced
beneath the medial tibial plateau;

Fig. 34 is a representative embodiment of
an expandable body having a spherical-shaped
geometry for treating avascular necrosis of the head

30 of the femur (or humerus), which is shown from the
front (anterior) of the left hip;

Fig. 35 is a side view of another
representative embodiment of an expandable body
having a hemispherically-shaped geometry for

35 treating avascular necrosis of the head of the femur
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- 13 - (or humerus); Fig. 36Ais a viewof a
representative expandabl e body having a bent-geonetry for

preventing hip fracture, as seen fromthe front 5 (anterior) of the
left hip; ° Fig. 36Bis a view of nmultiple expandable

bodi es i ndiwbdsadshyy depl oyed through multiple access PCIRISO&/Pragdt O the
left hip for preventing hip fracture; 10 Fig. 37Ais a
view of a representative expandabl a3 bddy having an asynmetric bow
tie-shape for use in treating fracture of the cal caneus bone,

shown in | ateral ‘(b Jf}w).t he cal caneus; Fig. 37Bis a
perspective top view of t expandabl e body shown in Fig. 37A when
substantial | y expand®tBoud€h dést e ¥iP¥aREuSR Yepresentative gy 33

shows a represent akpundabbedi weday havinef aa emwlgbbﬁebwly heodt ng a
spherical or egg- grevantfﬂ?pﬁgpgmrtﬁ¥e5h% Sgﬁgﬁl ‘ﬁl ev% oyed 20

wi t hi'n the cal can Show a I pl e stage
process of ifhtr oddéF‘Fr@rf-Pﬂ iof the defk Bipio a cavity for med by an
expandabl e body in cancel IPig. 36B isb@narielOoffl AuEbipDe éXp@iEarlew or

seepage of 25 gghgggimuﬂd#,gh{, SHBIotRd BhESUGH nlriBTe iifne

Fig. 40 is an elevation View o al_virgmaterial
over which a neshppdnts inge 5jde \ﬂrﬁfé’n h?oﬁenf8§pIB§€Y]e¢ ngdciRy forned
by an expandzlttubesly, inpedes or prevents seepage of 30 t he

mat eri al frﬁn t he cavi tyts :b?okz—m is Eigw %:k |§ geﬁg%gmiawt‘ﬁw of a

vert ebra, W th away an Séct1on %E#
depl oynent of the%@hdéhbwnb?‘if maymmm asyanegeic bow tiershane body; 35

Figs. 42A 10 43r Gsedi trea¥ifgBti&cture of the calcaneus bone,
shown in lateral view within the calcaneus;

Fig. 37B is a perspective top view of the

15 expandable body shown in Fig. 37A when substantially
-expanded outside the calcaneus;

Fig. 38 shows a representative embodiment
of an expandable body having a spherical or egg-
shaped geometry shown in lateral view deployed

20 within the calcaneus;

) Figs. 39A to 39D show a multiple stage
process of introducing filling wmaterial into a
cavity formed by an expandable body in cancellous
bone, to prevent or impede flow or seepage of

25 filling material from the interior of the bone;

Fig. 40 is an elevation view of an injector
tip for f£filling material, over which a mesh is
draped, which, when deployed in a cavity formed by
an expandable body, impedes or prevents seepage of

30 the material from the cavity;

Fig. 41 is a coronal view of a vertebra,
with parts broken away and in section, showing the
deployment of the mesh shown in Fig. 40 within the
vertebral body;

35 Figs. 42A to 42 ¢C are schenmatic
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- 14 - Illustrations of a representative nethod and system

for delivering a therapeutic substance to a bone usi ng an expandabl e
body; Fig. .43 is an illustration of the human 5

skel et on, shomﬁng regions of |ong bone that can be treated using
expandabl e w9 dﬁga Fig. 44 is a represent aﬁb'}‘/%?ﬁ? Qi ment  of
mul ti pl e expandabl e bodies | ocated, as shown in a front (anterior)
view, within the proximal tibia, 10 ~bd#h~introduced beneath the nedi al
tibial plateau, one of the bodies being substantially expanded to

forman interior Ja&raeil fls985 '8 Alpradithhdyl hiEnoa ana el body.

whi ch is shown su stant| is a

front (anterior) %% ng a tﬂﬁﬁ?g‘! tig ubstance hhQi 8s, wn in
Fig. 44, with usir@tdn lmnpanﬂabhashw;ant ially expanded cond| tions to

forma cavity within the gqrr@ §d iR Q'ﬂﬁé-[:{-‘a# of tnZeHRlard | DI al
ront (a

pl at eau; 20 IS an en nterior
per spect i vedvi ew'ﬂ?e}ﬁfé”hul g ¥BIAORS)| %fbb‘a'i‘%sb‘me bat; s ‘hen Fig. 45,
with the | ower expoeessiadid méimdyexpandabxerhudigesqs a platformfor the upper

expandabl e body; g f‘pgrqg of system
25 for harvesting bFlg 44 ﬁ 2 il'Zpkésgi[\) ﬂl&od’m?e‘ﬂt °5$odu0| ng

bone using an exatkliRie mndable bodies 1°°‘FP§r !!8 F§°Hnséetlaon vi ew of
t he cat heter frontibeantacivr)t eriew, it ns e rprdxcinali reibia, 48

o Contarghd Vi BeYY dtodited thebtl tAL nddiar tinisr prafést, P '°
system shown in one offthe bodiesi Helﬁgbﬁwés?»@?t{afi‘éYplﬁW%f B®ar vest i ng

bone marrow, form an interfbf béxridr anlOfee\UsOh PLRESGEN ifdy udi ng 35
a catheter tube o arryiid. FddiP! dhick*P3R928hSun substantially
collapsed;
15 Fig. 45 is a front (anterior) view of the

multiple expandable bodies, shown in Fig. 44, with
both bodies in substantially expanded conditions to
form a cavity within the proximal tibia beneath the
medial tibial plateau;

20 Fig. 46 is an enlarged front (anterior)
perspective view of the multiple expandable bodies
shown in Fig. 45, with the lower expandable body
serving as a platform for the upper expandable body;

Pig. 47 is diagrammatic view of a system

25 for harvesting bone marrow in a bone-marrow
producing bone using an expandable body;

Fig. 48 is a section view of the catheter
tube associated with the system shown in Fig. 48,
taken generally along line 48-48 of Fig. 47;

30 Fig. 49 is an enlarged view of the
expandable body associated with the system shown in
Fig. 47 inside a bone for the purpose of harvesting
bone marrow;

Fig. 50 is a top view of a probe including

35 a catheter tube carrying a tubular expandable
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- 15 - structure of conventional construction, shown in a

substantially collapsed condition;

side view of the

shown in Fig. 50,

and i n section,

Fig. 52 is an enlarged

t ubul ar expandabl e structure carried by the probe 5
shown in a substantially expanded condi tion;

Fig. 52 iswpbsdesnal view of a |unbar vertebra, parpbpiskdsngiss  anay

W th t he expandabl e structure shown in Figs.

50 and

51 10 depl oyed when in a substanti®My coll apsed condi ti on;
Fig. 53 is a coronal view of the access shown in Fig. 52, partially

cut away and in SRS %Ere ogzconv??F%?]allé%n §%BF§ gftg@g&g]ixlgm/of t he

access 15 shown
Figs. 50 and 51 ﬁvb@twsg@%r.%mlfp@eﬂaﬁeeéition- condi ti on,

e expan ure

shown in

formng a

cavity that is not centerefly., 52 ﬂyidm|§ﬁmayggﬂ(gﬂdyavmé#ﬂ@frenéon of the

access - snobfieE greasaaple oot ofeal S nead pefe

Figs. 56A ahd 56Ehevm dndBigi ifs ghown in ajsyhsfant ialdynexpandedr uct ur es,

each having an axddhdition; Of expansion that

and 25 not aligned wt

.the Xi S of t sy por |ng athe
Fig. 57 is a lateral vi e\/\/Q urisar @ Paete aﬁl H’?:E

and in section,

formng a V|ty
m ddl e reg n of

wextebra, ppntienx egubxpuMagn@ énr sechionshy
56A 30 depl qugh@

I A

Is offset by an acute angle

t ube;

ut away
in Fig.
r\é&ﬂﬂd&%kﬂs&rﬁa{aﬁénﬁh&bﬂ yi&Xﬁfg@ledso and s‘zotndlt ti ?E
C (0] e
58A and

58B are side vi eveons¥itdongr 35 enbodi nents of inproved expandable

structures, each

15

Fig. 53 is a coronal view of the access
shown in Fig. 52, partially cut away and in section;
Fig. 54 is. a lateral view of the access
shown in Pig. 52, with the expandable structure
shown in Figs. 50 and 51 in a substantially expanded
condition, forming a cavity that is not centered

~ with respect to the middle region of the vertebral

20

25

30

35

body;

Fig. 55 is a coronal view of the access
shown in Fig. 54, partially cut away and in section;

Figs. 56A and 56B are side views of
improved expandable structures, each having an axis
of expansion that is offset by an acute angle and
not aligned with the axis of the supporting catheter
tube;

Fig. 57 is a lateral view of a lumbar
vertebra, partially cut away and in section, with
the offset expandable structure shown in Fig. S56A
deployed and being in a substantially expanded
condition, forming a cavity that is substantially
centered with respect to the middle region of the
vertebral body;

Figs. 58A and 58B are side views of other
embodiments of improved expandable structures, each
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- 16 - . having an axis of expansion that is offset by a

di stance fromthe axis of the supporting catheter t ube;

Fig. 59 is a side view of a conventional 5 expandabl e structure shown in
Fig. 51, enlarged to show further details of its geonetry when
subst ant i a{d ye/s¥ganded; Pig. 60 is a sidepgirgidogiizsgn = -

I mproved expandabl e structure, when in a substantially 10 "expanded
condition, which includes end regioh® ~ havi ng conpound curvat ures
that reduce the end region | ength and thereby provide the capability
of maxi mug G OR¢S I I gntire

I ength of the st ral?{:]’t%gre %ﬁié 8t %ﬁﬁgibﬂ l‘%‘%@ & &q% Vi e of an .
i npr oved aistanos Lrom Lﬁ’l%raé‘lsv\/r%fnt? ém Satpeter  oypanded
condi ti on, whi cleubegl udes end regions havi ng conpound curvatures that
i nvert the end 'e0kqgs 380Uk BNBIbE BiBA oW Wivelidchalne 20
structure is bonded to_t

e supportlo%ca theter provi de the
capabi | i ty? of mE¥PARGARIRe SEEREREEE Fhown in sli'}i?st aﬁi‘tvl eﬂ’*])?rgleénémt he entire’
| ength of the show stfumthme details of itis g. gé@metry Swhensecti on

view of an 25 dl:lgé‘:r Qﬁgﬁ@% structure, when I n a
substantial |l y expande agx conéyt I O 1'ch j ncI udes end regi ons that
have been tucked or fol d®d9ab®ft ifea side; ¥ipwn 0L rapi JPpProyedre the
structure is boréi@iﬂaable stilietar@porvhely o het ersxmd&nﬁ.ﬁm&ow de the

30 capﬁpl lity nrgé[ o Qggfogon%%&onlﬁggiaggt g%* reqé»oalgal ong the

entire length o Ure; section

view of a tubul &aving cewpewerblcaryatyzes: cthaty i wgduceu sm end bonded to-
an inner cathet efedithe 1eAgtR M@ ¢HEdey $rooidadthe cdpabildtyodiger cat heter

tube, the inner n?a%}i%}merbaﬂg € compaction substantially along the
entire length of the structure;

15 Fig. 61 is a side view of an improved
expandable structure, when in a substantially
expanded condition, which includes end regions
having compound curvatures that invert the end
regions about the terminal regions, where the

20 structure is bonded to the supporting catheter tube,
to provide the capability of maximum bone compaction
substantially along the entire length of the
structure;

Fig. 62 1is a side section view of an

25 improved expandable structure, wvhen in a
substantially expanded condition, which includes end
regions that have been tucked or folded about the
terminal regions, where the structure is bonded to
the supporting catheter tube, to provide the

30 capability of maximum bone compaction substantially
along the entire length of the structure;

Fig. 63 is a side section view of a tubular
expandable structure having a distal end bonded to
an inner catheter tube and a proximal end bonded to

" 35 an outer catheter tube, the inner catheter tube
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- 17 - being slidable within the outer catheter tube;

Fig. 64 is a side section view of the t ubul ar expandabl e structure
shown in Fig. 63, after sliding the inner catheter tube within the
outer 5 catheter tube to invert the end regions of the structure

about the Wbekmsdsernd proxi mal bonds, to thereby pr @¢rdAoéAy8ss . ~ -
capabi lity of naxi mum bone conpaction substantially along the entire

| engt h of the structure; 10 - 17 - Fig. 65 is a side section
view of a tubul ar expandabl e structure having a distal end bonded to

an i nner cat heteg t,#; 1§atglageR:Fﬂg-lﬂ?'th%n@ujﬂgﬂdggtﬁ%ter tubéaﬁ out er catheter

tube, the inner ter tructure belng of a nore
conpliant materi aI 15  Figan dheldulersids hé?ET'J-‘P’EJbé’lFU FR%VFHS
proportional tubulargekpandakiica seactere e inPiQL 6T, aftes,;

Fig. 66 1s an e'ﬂﬁd&%@ R fé\"ﬁﬁ‘. (;Q;na'%(elter t%ﬂ%{eﬁ&'m& éﬁ%&&" at e

regiron, in which-a a
further enPar ge&%ﬁl@\ﬁe&f *E‘}"Réa to ingexh.dde HeRAd TEIIOREAF e%F‘Ggl on shown
in Fig. 66, stmtmdmechmntawm&smleananﬂabkemﬂrbohdse eb the :

type shown in Fi ?ﬁﬂi Yeflel O ﬁﬁﬂﬁ ﬂgﬁ]
Fig. 68 is a SI wg@ éll éarf%g br oKen ltlti:% Of way n sectlon of an
expandabl e st ruc,ci‘?l‘ii?é’*"tlon S“h%%ﬂﬁa&ﬂlfeﬁépaﬁe?‘%t?ﬁ‘? 4@%8 to

strai ghten the txaictueepr e during passage through a guide sheath
into an ipgerior body reghan; g I ew of the
% Eg QLs a sli:de seé:é::.oh vigg déeéla‘ t%.'bﬁ?.a%

expandabl € struct ur frer oymen eyond
t he gui de sheat le¥pandaple eﬁeus:hm.hﬁvmp Hated, end’ bcndieﬁ #®i ch the:

stiffening menbegn iitleddeatetés itilbe and a pLEkDialHd bohdeacter med bend,
whi oh deflects the fer cRAEELY"Sule Ahle) Snhr 'Dfufttek Yure"gnd" 7@
structure being made of a more compliant material

15 than the outer catheter tube to provide proportional
length and diameter expansion characteristics;

Fig. 66 is an enlarged plan view of a
branched blood vasculature region, in which an
occlusion exists;

20 Fig. 67 is a further enlarged view of the

’ branched blood vasculature region shown in Fig. 66,
in which an asymmetric expandable structure of the
type shown in Fig. 56A 1is deployed to open the
occlusion;

25 Fig. 68 is a side view, with parts broken
away and in section, of an expandable structure
having an enclosed stiffening member, to straighten
the structure during passage through a guide sheath
into an interior body region;

30 Fig. 69 is a side view of the expandable
structure shown in Fig. 68, after deployment beyond
the guide sheath and into the interior body region,
in which the stiffening member includes a distal
region having a preformed bend, which deflects the

35 structure relative to the axis of the guide sheath;
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- 18 - Fig. 70 is a plan view of a sterile kit to

store a single use probe, which carries an expandabl e structures as
previ ously shown; and Fig. 71 is an expl oded perspective
view of 5 the sterile kit shown in Fig. 70. The invention
may be e”“@ﬁbﬁﬂnhﬂ sever al fornms w thout departing gdorfSosdSsespiTHt or
essenti al characteristics. The scope of the invention is

defined in the appended clains, rather ®an in the 10 specific
description preceding them All enbodi- ments that fall wthin the

meani ng and range of qyhV aj ref.ore intended.
to be enbraced by chig_%cII’gi %eél%am %E%AﬁtEg%%%?ﬁ& THE
PREFERRED EVBCDISEQ¥Ss 1% single use Tiprobsgocwhich | SRTFdES i 885 new
systens arskp@idiie struttaresd one proiionsdypahdwh) cahadi es. - The

use of expandabl e bodi es Ftj_%_t r"i:%%b%?i%g%]‘}&ffl Rﬁlrghé&fégq,i& 'tg];‘ ted States

Pat ent Nunbers 4, 969, 888 are 1ncorporated herein
by 20 r8f er ertete S4R7IGR A% shewnt e FiEgd% are discl osed in -
United States Patent Applymeatirsentioni slay\Nbe embodiedS/itB&aimtal il ed

January 26, 1994, ' t e lsca 'og 2 l.al, Nunmber _
08/ 485, 394, fil e%pé@é t‘&q:h%l%esép% fgﬁ‘h ﬁ%sl tég,gk'é'?a%ie.s aer{edn lAppI.i cation
25 Serial NurSharasieasstdrs. fiThe sgapesofidghee dpveption is gre each -
i ncor por at ed hergasidng rif e appended claims, ratHdie tiaim Susties and

nmet hods w, I be firsi.. rib ] regard to . t.he treaf.rent of
vert ebra\.l\ﬁ'b s??cls%%l%e%%ldig%é'roéc%%e\g&?&ﬁ W%?)gfg,' ¢ Be- syés e°?r&isl-and 30
met hods so descrimerts afbahofallnwiddin, theeimeaning angpriongei ®@f to -

vertebrae. As Wi dduballansy otcenkbNclains ar® eAPeLELLihtddd td he systens -

and net hods are a lLcable tp_the treatnent of diverse bone types.
. Treatnment ofb‘?/e?’i‘ké‘fﬁ‘%L%J I?é'digbg ggalms. As Fig. 1 shows the spi nal

colum 10 conpri ILED DESCRIPTION O PREP EMBOD
15 - This Specification describes new systems
and methods to treat bones using expandable bodies.
The use of expandable bodies to treat bones is
disclosed in United States Patent Numbers 4,969,888
and 5,108,404, which are incorporated herein by
20 reference. Improvements in this regard are disclosed
in United States Patent Application, Serial No.
08/188,224, filed January 26, 1994; United States
Patent Application Serial Number 08/485,394, filed
June 7, 1995; and United States Patent Application
25 Serial Number 08/659,678, filed June 5, 1996, which
are each incorporated herein by reference.
The new systems and methods will be first
described with regard to the treatment of vertebra.
~ It should be appreciated, however, the systems and
30 methods so described are not limited in their
application to vertebrae. As will be described in
greater detail later, the systems and methods are
applicable to the treatment of diverse bone types.
I. Treatment of Vertebral Bodies
35 As Fig. 1 shows, the spinal column 10 comprises
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- 19 - a nunber of uniquely shaped bones, called the

vertebrae 12, a sacrum 14, and a coccyx 1l6(al so called the tai

bone). The nunber of vertebrae 12 t hat make up the spinal colum 10
depends upon the 5 species of animal. In a human (which Fig. 1 shows),
there are k31 four vertebrae 12, conprising seven PCT |- -
vertebrae 18, twel ve thoracic vertebrae 20, and five lumbar vertebrae
22. When viewed fromthe sidd® as Fig. 1 shows, the 10 spi na
colum 10 forns an S—shaped curve. The curve serves to support -the

head, which is heav\* r f uni faur-f oteg qg&masls aggé ?\?g of the
spine is qu FPYSPe? ™ ¥holi 68 Ftebra 12
i ncl udes 15 aremx»m al2pody SEcrwhi 4, cANdn@s efceyR ef{alsar

(i.e., front orcalheed)thedapl bbfe)£rtiedmurber ASE vertebfddsi2 1l to 3

show, the verte bo 26 |s |n th e_of ;an_oval, di sk. As
Figs. 2 and 3 sﬁgﬁ% gg §P1388y§§68?ﬂ%?ﬁ%e B W% erior
formed frdn 20 speciepef andmailcal Ihendupan (Wiieh Figi.cal SMQ) 28

g”d 0:5),‘23? F‘” i nt lilhhgé &f&%%n@?-?&uf@éz@&b&h&?n com @ﬁﬁ |Qé'§en9r sEongy,
one al so called, ne ra u cushi on
called an ceRPAPRL Yarkebrag 18, SHeIvE HRURELE NarseBnari20 s
vertebral bodi e@n26five lumbar vasmtepwaend2.called the vertebral foranen 36, -
i's b 1I200$_L ed Oﬁhéﬂavi&iéa‘irﬁ:%gngﬁheesi?@a% IﬁbdeloghSﬁtht a6 T
vertebra e pass ro e oranen e
spinal cat® 38 3%83 ?nﬁfmgf}o:s%"mstﬁﬁ §'q}ﬁ§1 %Qé‘m’esﬂ;‘e curvi The
vertebral arch t@ryasr¢on¢mm@betsmhuﬂheﬁdwuwhlch is3heaViye pemlacl e 42 of

t he vertebral a%ﬁr490 &)I BRimals, e mgbg}l 028y g8 ne TNfg SPi NOUS.

process 44 fromt he’ posterlor of the vert bral arch 40, 35
as do the | ef t &HBP?-Pﬁht transverse processes 46.
As PFPigs. 1 to 3 show, each vertebra 12 includes

15 a vertebral body 26, which extends on the anterior
{i.e., front or chest) side of the vertebra 12. as
Figs. 1 to 3 show, the vertebral body 26 is in the
shape of an oval disk. As Figs. 2 and 3 show, the
vertebral body 26 includes an exterior formed from

20 compact cortical bone 28. The cortical bone 28
encloses an interior volume 30 of reticulated
cancellous, or spongy, bone 32(also called medullary
bone or trabecular bone). A "“cushion," called an
intervertebral disk 34, is located between the

25 vertebral bodies 26.

An opening, called the vertebral foramen 36, is
located on the posterior (i.e., back) side of each
vertebra 12. The spinal ganglion 39 pass through
the foramen 36. The spinal cord 38 passes through

30 the spinal canal 37.

The vertebral arch 40 surrounds the spinal canal
37. The pedicle 42 of the vertebral arch 40 adjoins
the vertebral body 26. The spinous process 44
extends from the posterior of the vertebral arch 40,

35 as do the left and right transverse processes 46.
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- 20 - A. Depl oynent of an Expandabl e Body Fig.
4 shows a tool 48 for preventing or treating conpression fracture or
col | apse of a vertebral body using an expandabl e body. 5 The
tool 48 includes a catheter tube 50 having a proximal and a distal
end, respeghonsdsyy 52 and 54. The distal end 54 car ricqfgsaghi8ggPandabl e
body 56. The body 56 includes _an exterior wall 58, which,

in Fig. 4, is showmn in a coll apsed ge6n§9ry. The 10 col | apsed geonetry
permts insertion of the body 56 into the interior volunme 30 of a
targeted vertebral bod nAaeh ! f the body 56
into the interior v%l uml?aéﬁowent o aer% -e%i\?lgrtebrkapa gd 26 can be 15

acconpl i shed in var B wdysSheygs a 5E°Par 5@3 prevepg n?ns%”rt i on of
the body 56 usi ngreatimygsgefipression fractmreoasi, cmlltalpseanobe gerforned

either with a L5F y#g(ﬁﬁ 2dure or with an
open procedure. Eﬁrt&’ qm]d? ﬁ%ahggé%r? rﬁg'ce ur a tgatlent lies on an
operating Pabl e, whiThe t¥RObHEsiinCANdLRL RofRERITAT tube 9 onal

spi nal . needl e asaepibyinl ahtoasdidtal end, réespartivelyhs2pandesd. s back.

The patient can bhg aistal dffS4oUR-RTe éh&t%@a%%%rleoﬂoa&t bgr side, or at

an 25 obl i que i Ng~_upon I'an”s
pr ef er ence. Indeed ‘badyc Gu#@%%énp%*?ﬁiﬁ?dwan 58, (¥Riflyh an open
anterior proceduif ®igdn4gndeseEhwh in a collfhded gesmerty.c The Whi ch

Cooe ey 15 “gitaBEea geonettd) ﬁgggfé SHPLRR 88 Erbobognsst of the

vertebral =30 needl e asse conprlses a
styl et - 62intodthe dinkariey vpim Y sﬂﬁ/laué;as'ﬂet?ﬂevmy - 60
typically has, fgpagxggple, about an 18 gauge di aneter. O her gauge

dianeters can and Wi} Dbe Used 35 or +hd 38G9"ERYRHE0BRE OPREGL £or0 U d8 PINS,
volume 30 -of a targeted vertebral body 26 can be :

15 accomplished in various ways. Figs. 5A to 5Q show
the insertion of the body 56 using a transpedicular
approach, which can be performed either with a
closed, mininimally invasive procedure or with an
open procedure. '

20 In the described procedure, a patient lies.on an
operating table, while the physician introduces a
conventional spinal needle assembly 60 into soft
tissue in the patient'’s back. The patient can lie

_ facedown on the table, or on either side, or at an

25 obligue angle, depending upon the physician®s
preference. Indeed, the procedure can be performed
through an open anterior procedure or an endoscopic
anterior procedure, in which case the tool 48 may be
introduced from the anterior aspect of the vertebral

30 body.

The spinal needle assembly 60 comprises a stylet
62 slidable housed within a stylus 64. The assembly
60 typically has, for example, about an 18 gauge
diameter. Other gauge diameters can and will be used

35 to accommodate appropriate guide pins, as will be
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- 21 - described in greater detail |ater. Under
radi ol ogic, CT, or MRl nonitoring, the physi ci an advances the
assenbly 60 through soft ti ssue (designated Sin Fig. 5A) down to and
into 5 the targeted vertebra 12, as Fig. 5A shows. The physi ci an
w il typi ceologrsssaddm ni ster a | ocal anest hetic, foscueRiaes. . -

| i docai ne, through assenbly 60. I n_sone cases, t he physi ci an may
prefer other fornms of anesthesiaT 4b ~ The physician directs the
spi nal needl e assenbly 60 to penetrate the cancell ous bone 32 of- the

targeted vertebr e t penetration i s about
adégcri%ﬁ ?.B 5’9%.{’?{' gfeé%ﬁ ?g%r

60% to 95% of the vert Fi g. ,5A shows gai ni ng
access to cancel | ous PKier radiolpy Fhr &Fgh Q%el%’édi‘"epétﬂ’iinﬂhl &Re s call ed
transpedi cul ar amasici anHoadwaices ptisé cassanBlyl 60 threugkssofithr ough t he

side of the Verte@.{é%ufo(ﬁés]i%gated s( q_g,sgg_laatgi Pdlowgnciosgg, fifk gPhant om

lines in F|g e I ndicate re55|on racture has
col | apsed tRe ver%rEPrSSEWZUeBE?WtF@' plagneﬁcﬁ ""ea eh PHE- pdWecl e 42, or
for other reasonsplyssizdiamornwille typicalllf eradsinibétdhe ahysmwaan.

32, the. physi of A TOl S tRG fgf@aﬁ?*?oif%y e thee %%ﬁ%‘e& SN

(see Fig. 5B). In | pome, FRAFERy t sicign may. pneferc e§'| i des a
gui de pin 66 throtmhné et anpktheSilaand i nt o the cancel | ous bone .
32(see Fig.a50 . The h I eaV| ng t he
gui de pin %8 ﬂ{y§h§lsfg%%9‘51§%ctga%l§el gﬁ‘sa&bﬁﬁ%é%%% e%P . '
shows. 6Q F"-Pg pepetrake thee gnesildous rfns 32sref | the

i nci si on (desi gnageydtdd Féﬂteﬁﬁ hp.t heppatepably The adpek oF
accommdat e a trolg: are@rsatlohe ips.hya %'tanso% to 95% of the vertebral
body 26. -
15 : Fig. 5A shows gaining access to cancellous bone .
32 through the pedicle 42, which is called
transpedicular access. However, posterolateral
access, through the side of the vertebral body 12
(designated P-L and shown in phantom lines in Fig.
20 54), may be indicated, if a compression fracture has
' - collapsed the vertebral body 26 below the plane of
the pedicle 42, or for other reasons based upon the
preference of the physician.
After positioning the spinal needle assembly 60
25 in cancellous bone 32, the physician holds the
stylus 64 and withdraws the stylet 62 (see Fig. 5B).
8till holding the stylus 64, the physician slides a
guide pin 66 through the stylus 64 and into the
cancellous bone 32(see Fig. 5C). The physician now

30 removes the stylus 64, leaving the guide pin 66
deployed within the cancellous bone 32, as Fig. 5D
shows.

As Fig. 5E shows, the physician makes a small
incision (designated I in Fig. 5E) in the patient's
35 back to accommodate a trocar 68. The physician
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- 22 - I nserts the trocar 68 through the soft tissue S al ong
the guide pin 66 down to the pedicle 42. The physi ci an taps the

di st al end 70 of the trocar 68 into the pedicle 42 to secure its

posi tion. _ As Fig. 5F shows, the physician next slides an

outer QU|d@ ﬁgﬁ 72 over the trocar 68. The di Sicaly 3ggt. Of -t he
outer guide sheath 72 is l'i kewi se_tapped into the pedicle 42. The
physi ci an renoves the trocar 68" #2aving the guide pin 66 and 10
outer guide sheath 72 in place, as Fig. 5G shows. Al ternatively; the
trocar 68 and ayj 7 tr C o] i) One step.
As Fig. 5H shows ’ggﬁﬁﬂ?aﬁg?cﬁﬁn advances gmgﬂ 8dst Q?Egg& or exanpl e,

5 mmin dianet era}lmﬁh%suige Pin #&C9ym tGGtPﬁr Bagkclactdut &heyui de
sheath 72. fgmia)ﬁ [fpeC Alle’ distal - ehdNgoaRE! itve dtiovainles

vi sual i zi ng syst e | e |II bit 76 to open
a passage 78 throug p%@i%h.& Qg 9$ é%ﬁs g’% £8= E‘ﬁe %ancel | ous bone 32.
The 20 Brilled péﬁdﬁi‘é-?@Fplsng'ﬁabeeeRbﬁ%B iap ne¥t shides an 959

across tge ?/Frte&liﬁérb gd¥adb.sheath 72 o¥ér Ftﬂe YHrodavses ! he 'JNE’SLIC' an
renoves dri in outer ,qui de
sheath 72. The p% s“‘gie 7§9naa)(}d gg C{%,gp nu%!r qfeﬁ%g %methr e?rgl passi ng

t hrough the pedi tikewiiseykappedo inke the Pedéah%d$od§h%owé¥@2= an . As

Fig. 5J(1) showstexwﬁaspfetﬁ %aeaﬂess CREAAIGRE the guidé maéé@rﬁr tube 50
and expan bI e bod 56 t I he outerﬁle‘dﬂ 2 and into
the drill WS s& 9‘?%67 a’ﬁté‘ﬂﬁﬁfs' 8+:shown

in Fig. 5J( 2) thbtmmlys the rirdoad 6Bnand guide shtenahgmmed

col | apsed condi tbgn,_,qlhs&ﬁ{ééa ReyeRHer in ond Nted) d of the catheter tube 50
during transport - rg %hthe de sheath and into tllel drilled 35
passage 78 by a gene‘?sdlq’)g é aP ¥P1tiRn afvances a dr

bit 76 (for example, 5 mm in diameter) over the

15 - guide pin 66 through the outer guide sheath 72.
Under X-ray control (or using another external
visualizing system), the physician operates the
drill bit 76 to open a passage 78 through the
pedicle 42 and into the cancellous bone 32. The

20 drilled passage 78 preferable extends no more than
95% across the vertebral body 26.

As.Fig. 5I shows, the physician removes drill
bit 76 and guide pin 66, leaving the outer guide
sheath 72. The passage 78 made by the drill bit 76

25 remains, passing through the pedicle 42 and into the
cancellous bone 32.

As Fig. 5J7(1) shows, the physician next advances
the catheter tube 50 and expandable body 56 through
the outer guide sheath 72 and into the drilled

30 passage 78 in the cancellous bone 32. As best shown
in Pig. 53(2), the body 56 is maintained in a
straightened, collapsed condition distally beyond
the end of the catheter tube 50 during transport
through the guide sheath 72 and into the drilled

35 passage 78 by a generally rigid, external protective
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- 23 - sleeve 73, which surrounds t he body 56
Alternatively, an internal stiffening nmenber (not shown) can extend
wi thin the body 56, to keep the body 56 in the desired distally
strai ghtened 5 condition during passage through the guide sheath

72. Once t Qw156 is located in the desired | ocapefrosdbhidgsn T he
passage 78, the physician pulls t he sl eeve 73 back, to uncover the
body 56. The expandabl e body 56~ céh De di pped into thronmbin prior 10
toits introduction into the vertebral body 26 to facilitate in-situ

coagul ati on. T mat Shid S fé?jarrtoﬁﬁ gat haggr t SO0 gge
e ba

selected to fam?ltate adv ancenent of t it o cancel | ous

bone through theAleRaatiyedyn P» infernag, st §Pﬁé!‘8r mepRer s(Rtan be
constructed, foshown) cz&xazmiemd udithdns theddodyf Béxi itbe kerepditted grade

pl astic mat eri al ye gfﬁ?

pol yur et hane, ﬁor% kéas yet%l’{%\/e(a&aggh &E& haf ?aiﬂéig The
catheter t@be 50‘3%‘3#11%1% dﬂ}"-"g inREsage rﬁS‘Fé’“ﬁ githemguddes shedth npar t
gr eat er st74f nensearthe esdpysai ds rMaodatatinipulchiel aieswda

d t |
kevl arforr] o bSO viEn{RSPne Kaddich B .DBRE physicldl piffls
ni ckel -tit ani um Bhe oP3ee¥e t 7AoPRCKy I ]t°25-m°°‘ﬁ?&'t dihey| 1?°d$n§50t I7&1e net al
al | oys. exﬁmmﬁlltehaa@tmtdanehew;ked? dntoe thibdbinrpride .

el |58 oot he begdV;o0 bacfaRaN 0 AR WHd Yedtenrar bgéga&gﬁ%fgem”y

within thé interiror volu y shown in
accomodat e 30 fa@kbhﬁ%‘-‘r%#ﬂoﬁi?ﬁecmla\?@°ﬂ-he cat heter tube 50

i ncl :Jdgs a flhrst 'nt!ﬁiél Ohatumsof&eeuﬁ gcaﬁﬁeté'f\e tube sol W@n 80 is - 4 '
cource of f1ui d seiedPeq 8 faci{fiare, aquabEenph. or, theqkedi 2 To a5
facilitate vi suaintat cememu%m ebhreyghg thief igWigier |sheath 72. :
15 The catheter tube 50 can be constructed, E£or
example, using standard flexible, medical grade
plastic materials, like vinyl, nylon, polyethylenes,
ionomer, polyurethane, and pelyethylene
tetraphthalate (PET). The catheter tube 50 can also
20 - include more rigid materials to impart greater
stiffness and thereby aid in its manipulation. More
rigid materials that can be used for this purpose
include Kevlar™ material, PEBAX™ material,
stainless steel, nickel-titanium alloys (Nitinol™
25 material), and other metal alloys.

Once the protective sheath 73 is withdrawn, the
wall 58 of the body 56 is capable of assuming an
expanded geometry within the interior wvolume

_ 30(generally shown in Fig. 5K(1)). To accommodate
30 expansion of the body 56, the catheter tube 50
includes a first interior lumen 80 (see Fig. 4). The

lumen 80 is coupled at the proximal end of the
catheter tube 50 to a pressurized source of fluid

82. The fluid 82 is preferably radio-opaque to

35 facilitate visualization. For example, Renograffin™
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- 24 - can be used for this purpose. The | umen 80 conveys
the fluid 82 into the body 56 under pressure. As a result, the wall
58 expands, as Fig. 5K(1) shows. Because the fluid 82 5 S

radi o- opaque body expansion can be nonitored fluoroscopically or
under V\Hé%kdsﬁat i on. Using real tinme MR, the bagtnads/iBss PE -
filled wt terile water, saline solution, or sugar solution

Expansi on of the wall 58 enlarges the~b#tly" 56 10 and conpacts cancel |l ous .
bone 32 wthin the |nter|or volume 30. As Fig. 5K(2) shows, the:

presence of the eat 3 \ﬁﬁi}ﬁ% eep the proximal end of the
body 56 away frocr%e e cont gc? tﬁﬁ |els<t al .end of the catheter
tube 50. 15 ﬂ%\,ﬁ AUmBRCEP FPReYS, e Fauid B3 cinko rthiebody |
cavity 84 in thesg nhﬁaeer pidssirel0 Ofad ha vreswlyal the walibdps26. The
conpaction of ¢ 0 al er r pon
cortical bone, aé;%egrl % ﬁig, §r?g1)b|show%)( Iéég gégrhg%s%ﬂ{)i(r\dgkgn and
conpr essed520 iq)onedbama@eor bpdy expangion gan ek

posi tion. Using ﬂmdwibanpedrctﬂxﬂerame%iémlzation Flusirf;K( 1)
shows), the cavi té/ 1841_-_9,,,0“%&3 a@g bod 6° hq+4 {l S.Q Q_)‘tt_srl or voI une
be g Yol BT,

30. As w | | escri’b T n=gr u5|ng mul tiple
25 accesses, %tgril%n@wr.oaghlwmm%eorasetavrt ?01‘“’- on. g4

occupyi ng subst ant i %ﬂpﬁnﬂi’onobﬂ R@el Weﬁill ©8 enlargesOithee bddyc®s be

creat ed. Fi 4 sho | i

catheter #be 50“?% iﬂ%‘é’&ﬁbﬁnﬁ%ﬁg ri'oet’))"%t gé Eg:‘ggdfﬁé rg'?eg:o $¥ce of
negative air preeelume 86. HhdigegdK(2k shows, presence eHtheyed t hrough
a second interi Oghdd¥®M73 servedltdOkxe Efxe”Bi:GxiHEl' eRahelren@d on the

Ot e nebh Al ks, eaBafl el AR B e

debris through tbof thetdabheter tube 50. :

15 The compaction of cancellous bone 32 forms a

cavity 84 in the interior volume 30 of the vertebral

body 26. The compaction of cancellous bone also

exerts interior force upon cortical bone, making it

possible to elevate or . push broken and compressed

20 bone back to or near its original prefracture

position. Using a single transpedicular access (as

Fig. 5K(1) shows), the cavity 84 occupies about

one~half of the interior volume 30. As will be

described in greater detail later, using multiple

25 accesses, e.g., one through each pedicle, a cavity

84 occupying substantially all of the interior
volume 30 can be created.

As Fig. 4 shows, the proximal end of the

catheter tube 50 is preferably coupled by tubing to

30 a source of negative air pressure 86. The negative

pressure is conveyed through a second interior lumen

81 to one or more suction holes 88 on the distal end

of the catheter tube 50. Prior to and during the

expansion of the body 56, suction is applied to

35 remove fats and other debris through the suction
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- 25 - hol es 88 for disposal. A separate suction-irrigation

tool can be depl oyed through the guide sheath 72 for this purpose, if
desi red. The body 56 is preferably left inflated for an 5
appropriate waiting period, for exanple, three to five mnutes, to

al | ow coagul@bgsseso1l Nsi de t he vertebral body 26. AfteeriResndsugr opr+ate
wai ting peri od, the physician col Iegé)ses t he body 56 and renoves
it through the outer guide sheath 72 (s 10 .Fig. 5L). To facilitate
renmoval, the exterior surface of the body 56 can be treated, e.g.,
by ion bea S t eLWSEs i Gy 3 during
passage t hrough ﬁ%ﬁ?gr%{l‘);&&%pgﬁggt E@%epaﬁtb FcISﬂ iz Rfhtion upon

. . . 5L 'shows,
renmoval of the bd®RPl5Ean %?PhYef’oFWé‘a“%\#ﬁ/gﬁ&dPeﬁg?ﬁghi"r? B9 i nterior
vol unme 30. this puwpobeenif rdesgitedan t ool (not shown) can be -
i ntroduced through t kg LY S8 98 épgfé@a%% ]%éi’t: inf1atda faish and
a

clear debris fromthe tqQrne avi &y ter repoval of the body 56.
20 AR Fi g. aPRVORTdREe ¥aitipdcPErifdy FeropxppBlee, three tahypl ed by
an injector tube Bid omdnutesectts @Ellow coa§dlation nsixidiaie t vheugh the

outer guide sheat‘;égl._?ebrag] bgdéﬁ; Eﬁ]ge.h?la%ﬁége@hga\g alogg.gazge ygyg#r gun 94

carries a filling materi ] ng mat er | i ses, for
exanpl e, net hyl R4, ke cehggician collapses nthet ROAHnE6s @R it ute.
The injector gun femexass CGNTHHrough Ghee utern guide shedth 7R0r({seexanpl.e,

DY o SrvKeh  CHAPI AN me eddP AIAOOLebbOl} 02Mne AR CUl 2

i njector gun 30 a manua operated rnjettion grip 98 with a
mechani cal advant$igLase sfottheobedy 156 gamebe treated; ciJon RYudSMmay be

used, having nor edtim-iRERd surfdSheréstientidvest 2educe fiMtigwIUal Iy
oper at ed ) ”&r%%‘goﬁgggg‘?e(ﬁ&o%%otﬁlg H5E&k ghide sheatdf2! HgfCtOr 1P

90 can be, for exa
Fig. 5L shows, upon ‘removal of the body 56, the

15 . formed cavity 84 remains in the interior volume 30.
A suction~irrigation tool (not shown) can be
introduced through the outer guide sheath 72, to
further flush and clear debris from the formed
cavity 84 after removal of the body 56.
20 As Fig. 5M shows, an injector nozzle or tip 90,
' coupled by an injector tube 92 to an injector gun
- 94, is inserted through the outer guide sheath 72
into the formed cavity 84. The injector gun 94
carries a £illing material 96. The filling material
25 96 comprises, for example, methylmethacrylate cement
or a synthetic bone substitute.

The injector gun 94 can comprise a cement gun
made, for example, by stryker Corporation
(Kalamazoo, Michigan). This particular injector gun

30 94 has a manually opérated injection grip 98 with a
- mechanical advantage of about 9 to 1. Other
injection guns may be used, having more or less
mechanical advantage. Non-manually operated
injection guns can also be used.

35 The injector tip 90 can be, for example, about
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- 26 - 4.9 mmin dianeter, to accommodate the flow a

relatively viscous material 96 into the cavity 84. As Fig. 5(
shows, the injector gun 94 pushes the filling material 96 into the
cavity 84. Wile 5 injecting the material 96, the physician preferably
begi ns W &yfip bdaadsNj €ctor tip 90 positioned at the PRTRIGHH1386€01 On Of
the cavity 84 (as Fig. SM shows). The physician progressively noves
the tip 90 toward the posterior T@8idn of the cavity 84 (as Fig. SN
10 shows), away fromthe flow of the material 96 as it enters and
(oS the cavityald. i C1fMiletlelly, to BRBHHBARate!'the BAGHIGPS  of

t he i njection | uor gsco % siclan can also
check, using, ¥elagively W m§t95§al A ndac e GP‘%EX Bhterial ‘
t hr ough corti camé HienesiSshdws! ete anjecediiafim fodr pushesitie or

preventing such d ri aLer il later.
The -physi ci an H%ggffﬁfe“ glerggll ﬁ?é(:) iﬁggcagh? %ng{ye 5 ugﬁ Athe_ _
materi al 98 reachBieshingithe;matrgial 96, the, “B’ﬁécéaf‘eprgﬁ?’éﬁb%eat h 72
(as Fig. 50 showsegins with thépiijectewitip t9® pogtrisned wie e from the

outer gui de shea S e anp residual
filling materi al Lg%zgir%%nl}%gq% {’Ifle S Yrrltgn%4 7% fﬂl%ceggu éw de sheath

72 into t hEhe aehYsigian progreseivebpmovesahatinn9e em@ | voi d
regions in the cghet poteribe ﬁbq'ﬁorclm Ry cavity @RI (ad SRS L sme i nJ’ ector

t ube 92t add |aI into,the cayjpt
Fig. ﬁa‘l"ﬂef naa"farwgrof“e‘é Ri ﬁﬁ ‘%q‘he mater]afnﬁ. ¥h A/?h]e caV| ty. |
this technl que, enberaj @ndr £ills the pcoyitycuff es Thiee Bmi.-qia’m whi l e the
expandabl e obbeveH6 | thol | ppogpasyi t higk t hecearvi t ¥nPéetitn t he :
body 56 coll apseg t he t%ﬁ) |nJ ects material 96 35 into the part of
the cavity 84 th fuprase
The phys:.c:.an can also check, using, for
15 example, x-ray, for leakage of the material through

cortical bone 28. Systems and methods for impeding
or preventing such leakage will be described in
greater detail later.

The physician flows material 96 into the cavity

20 84, until the material 96 reaches the distal end 74
of the outer guide sheath 72 (as Fig. 50 shows).

Upon removing the injector tube 92 from the
outer guide sheath 72, the physician may, if
necessary, tamp residual f£illing material 96 from

25 the distal end 74 of the outer guide sheath 72 into
the cavity 84. If fluoroscopic examination reveals
void regions in the cavity 84, the physician may
again insert the injector tube 92 to add more

. £illing material 96 into the cavity 84.

30 Fig. 7 shows an alternative technique for
£filling the cavity. In this technique, the injector
tip 90 occupies the cavity 84 while the expandable
body 56 is collapsing within the cavity 84. as the
body 56 collapses, the tip 90 injects material 96

35 into the part of the cavity 84 that the collapsing
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- 27 - - body 56 no | onger occupies. The increasing vol une of
the cavity 84 not occupied by the collapsing body 56 is thereby
progressively filled by an increasing vol une of material 96. The
presence of the body 56, 5 partially expanded while the tip 90 injects
the lof/5d 96, serves to conpact and spread the perusoadiz@ct €d-
material 96 wthin the cavity 84. As filling of the cavity 84
progr esses, preferably under fl18&&rdscopic nonitoring, the 10
physi ci an progressively retracts the injector tip 90 fromthe

anterior region Viat 4 r | heath 72,
al I owi ng the natgé?%:?%é% 1%9%%"6?’0??8?& v'g ? %ﬂ?ggy%%ggﬁ’ﬂﬁ%e cavity
84 with t hef dde gpvityi84 mothegpupied y the colippsing bedy 8C show a
?L SL e; :1 Sd enbod_iasenis Cﬁgle&'ebygprpﬁﬁﬂéssmi Mﬁqlrlddnl:?gaat iﬁEibﬁsiéxg&eCtion
shows, the tool gg@ﬂ?%c‘*fﬁ&gg %légt 6et e@% 3‘0‘2‘*"@3‘% of tnﬁﬁav#’%é a proxi nal
end 654 an& a dipartiahly cegparded owhileithey timmd9eariniestsn @yx@andabl e
body 662. m_at%fﬁafi 96|,Bc‘sézhﬁ&§, tbhecQQBf& ehnwbﬁpﬁiadga%%% -
concentric inner,and ouier Sael ctimely an : e

i nner | umen 658 %‘(3_ ec%?‘%ﬁaé:se%qggygs ﬁfeglp? oé}enﬁaqﬁé‘u [ r?&'664, with an

i njector gun 94, of Ahe PElling ymf prihe ousayitiescd4 beprogressemer | unen

st al - cathet er Foe o et P ceraDs to
istal catheter tube,e : eratjon e Qqu seryves to

i nj ect fi-39 ng nBﬁ%?jr%fa’éé’rPﬁr%ﬁfw‘"ﬂY re%trﬁé’tﬁo%? éi'rl‘?%é’r{f’&'st@gig 8A 'shows) .
30 . - The oufrem| thenasberimmmoedgion oxf the gavkiyie$4, towardubi ng 668,

with a source 82¢pf OhiEsSYuiaRdshbdth 772, allowihyetAd! mhtbHIED 60 al so
conmuni cates w tp ports 670, for ne %g &h di stal, cathetger. tube end
9 spteThang 8430 Ene |

656 under F9i PECFFRESANSIN r GRYIRY of4 ¥ith e
source 82 servesthe collapserofsthei bedyl 56ui d
15 - Figs. 8A to 8C show a preferred embodiment of a

tool 650 which integrates the ‘injection tube and

expandable body in a single structure. As Fig. 8B

shows, the tool 650 includes a catheter tube 652

having a proximal end 654 and a distal end 656. The
20 - distal end carries an expandable body 662.

As Fig. 8C shows, the catheter tube 652 has
concentric inner and outer lumens, respectively 658
and 660. The inner lumen 658 communicates, by
proximal tubing 664, with an injector gqun 94, of the

25 type previously described. The inner lumen 658 also
communicates with an injector nozzle or tip 666 at
the distal catheter tube end 656. Operation of the
gun 94 serves to inject filling material 96 through
the nozzle 666 (as Fig. 8A shows).

30 - The outer lumen 660 communicates, via proximal
‘tubing 668, with a source 82 of pressurized liquid.
The outer lumen 660 also communicates with ports 670
formed on the distal catheter tube end 656
underlying the expandable body 662. Operation of

35 the source 82 serves to inject pressurized liquid
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- 28 - into the body 662 to expand it, in the manner

previ ously descri bed. As Fig. 8A shows, the physician introduces
t he tool 650 into the cancell ous bone 32. The physician 5 expands
the body 662 to create the cavity 84. Once the cavity 84 is forned,

the physi Ciyadoda@sisns to col l apse the body 662, whil ecriksaiigeq t he
filling material 96 through the nozzle 666. The vol une of t he

cavity 84 occupied by the collapsing bod¥® 662 is 10 progressively filled
by the increasing volunme of filling material 96 injected through the

nozzl e 666. ; e CHIAVE e SER e;£0! 153PstRE RAhhed62
serves to conpactlnefr?d sp?ezll:réJ ﬁe %lel I'T ng ateri éf'% m)ree uni formy
within the caviRReviensly Agseri®ed. { | yoroscopic nonitoring, the

physi ci an progressi valsy Fig. 8Ar ehows| sthéecphysiciarenthtidduriest khet 00l 650
fromthe ant &l @50" LS e ' war s

gui de sheath 72, a lo%f’r?%fiﬁ‘g mat g%?%ﬁigéh%zb%ﬁét tes(ré' ﬂh&@#&%ﬁap t he
cavity 84. 20  expangsthe PoAKg66RtRaGFRILRANRR (FRYHY Rbt-cONSR 06,

t he physici an rengheescanityus£r iguedemedpathe’phyadician bebtigs. toP and 5Q

show. The incisiq ' | u d o] | c‘{ﬁ% ( I gnat ed by

ST in Fig. 5P). &ﬂ&pese Sd%n%?ﬁe“?hew?ﬁ?i%?%%éﬁa ?%'sleltq'g@to a 25
hardened condi ti drta%inln 96 Ehroyoh, the mazzle §66. The volmmen@fsQ) . The
har dened mat eri alti cavitydes occupiedr Bypetivsl dollapisihgsbodgtésanlissuppor t

for the cogpical prorreodiQA3?81110a by +nd "9 RUOKELHESWohigd gpocedure,

carried out"in a I'nvasi-ve nanner, can al so " be carried out
usi ng an open surfilddngomateriak 96uinigeted through thgrpezgle 88§ .physi ci an
o L oorad Cbé?ﬁieﬁ' _tdg[sr?rrﬁ.géitlgdtﬁ%sigolhﬁggﬂg?ﬁﬁrdﬁ&? 61.Gaes bet ween
Phe 35 sur goorPShYee e SORRRT G PPEaPd e fiid lpgopaterial 38°° '
- more wuniformly within the cavity 84. Under :
15 fluoroscopic monitoring, the physician progressively
retracts the distal end 656 of the tool 650 from the
anterior region of the cavity 84 toward the outer
guide sheath 72, allowing the material 96 to enter
and £ill the cavity 84.
20 Upon f£illing the cavity 84 with the material 9§,
the physician removes the outer guide sheath 72, as
Figs. 5P and 5Q show. The incision site is sutured
or otherwise closed (designated by ST in Fig. 5P).
In time, the filling material 96 sets to a
25 hardened condition within the cavity 84 (see Figs.
5P and 5Q). The hardened material 96 provides
renewved interior structural support for the cortical
bone 28.
The above described procedure, carried out in a
30 minimally invasive manner, can also be carried out
using an open surgical procedure. Using open
surgery, the physician can approach the bone to be
'treated as if the procedure is percutaneous, except
that there is no skin and other tissues between the
35 surgeon and the bone being treated. This keeps the
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- 29 - cortical bone as intact as possible, and can provide

nore freedomin accessing the interior volunme 30 of t he vertebral
body. B. Material Selection for the Expandable 5

Body The material of the body wall 58 can be selected

accordi ng .8 ef/kkSest hEr @apeuti c obj ectives surrounding PCTRfB98886 O -
exanpl e, materi ?s i ncl udi ng vinyl, nyl on, pol yet hyl enes, 1 ononer,
pol yur et hane, and 10 polyethylene re?PaphthaIate (PET) can be used. The
t hi ckness of the body wall 58 is typically in the range of 2/100t hs

L0 25/ 1000ths of 3| O meile, ag, nefir S bBESERESS Sind b BRBuYpL NSt ane

pressures of up exanp desi red,
the materi al form?m feeedoyg mancggssmg %IM@OV@}W& B0gefieral Iy
el astic propertigge vertebﬂ»a]_kq, ex. Alternatively, the material can be

sel ected to exhibit |ess .I as 3238§Li§§$ 41&951_ the ﬁﬁkk*@gﬂf Usi ng

expandabl e bodies 56 wit genera i'C or y sem -el astic
propertiesb the physi ci 8¢4¥oni tors t he expansi on to assure that

over - expansi on and whhé nfatidriiad €€ ¥ HYAFUirall 58 cdiwﬁdweamaeeeaexr)andabl e

bodies 56 with genera el ilc O sem -el as § propertles
wll 25 r equi pee gﬁ‘h'bxqo mBe %%5?‘33\1{:‘&9 ?rl?ieecftr%esr EXFFEFH '
assure proper deptsymse. jFprhoexample, materizgs exlawb%inq;xp&nnhbl e bod| es -
56 with generally ylon, poqu@&hweﬂégperﬂdna&ew ! |2p ikdthdries taRdency to

FOPOROS (R X VI RN T HI SN L O R
restrain a body EBitkmesssof the bedpj walltB8cisepy¥picallykiémpthe confi ned
Wi thin the ahaéer 002 PSRRI €8 25/ iaofws of & ,%xer'ef
seal i ng el enent g_g{é)w ded for this % 35 I ne FIi % , the
seal i ng el ement fﬁbel" knesses, Fhat can wi stand pressures of up
: to, for example, 250-500 psi.
15 If desired, the material for the wall 58 can be
‘selected to exhibit generally elastic properties,
like latex. Alternatively, the material can be
selected to exhibit less elastic properties, like
silicone. Using expandable bodies 56 with generally
20 elastic or generally semi-elastic properties, the
) physician monitors the expansion to assure that
over-expansion and wall failure do not occur.
Furthermore, expandable bodies 56 with generally
elastic or generally semi-elastic properties will
25 require some form of external or internal restraints

to assure proper deployment in bone. :

For example, expandable bodies 56 with gerierally
elastic properties will exhibit the tendency to
backflow or creep into the outer guide sheath 72

30 during their expansion. It is therefore necessary to
internally or externally restrain a body 56 that is
subject to creeping, to keep it confined within the
interior bone region. In Fig. 6, an exterior
sealing element 100 is provided for this purpose.

35 In Fig. 6, the sealing element 100 takes the form of



‘ﬁsl 56301 PCT/ US98/ 11386

- 30 - a novabl e o-ring. The physi ci an advances the o-ring
100 al ong the catheter tube 50 inside the guide sheath 72 using a
generally stiff stylet 102 attached to the o-ring 5 100. The physician
| ocates the o-ring 100 at or near the distal end 54 of the catheter
tube 50 prg@ 1 conveying the liquid 82 to expandpihgshpdsseb. The
o-ring 100 1s held in place by the generally stiff stylet 102, which
provi des a counter force to 10 pr ever® Backward novement of the o-ri ng
100 in the gui de sheath 72 as the body 56 expands. The o-ring

100 thereby keep o tantial portion of the generally

el astic body 26 %oﬁ‘h@% .Q’n?fi% "t he interiqr volune_30. The body 56
thereby serves to 15¥he Rh¥Rigdanadyaneesithe,o-Tinge108lensdhesy 55
possi bl e. cathdter tubeoBoainsifertie qeiid shealthnept udify tp '

restrain the exp 0, t ?ﬁﬁ%ﬁ%{y W].-?:ﬂ el atively

i nel-astic materi g?@%é@’&e%%&%ﬁlf%olw e body %%.th?:or ex l e, the
material f& thel®@dyThe physjgiancipcates,fhecpreing kP akhppineavre |
i nel astic thepeist4h erid 54 B thepathetedfl tube 50l price md or

to wall failure. I . also i d 0 re
restraining nmat e?;é?esf r‘%ﬁlﬂclﬁiggllx(%a\%ﬁe#%g&ggk#hghgo@‘ix\agﬁ g,@mglrg itself
made from nore ePaEing 100 is held iim plavgebyeSheagrperakhyiestiffin 1| exi bl e,
i nel astic high tggglee oxnoihicht @ivoitides! | &1 tcounter e£pf66i1 @b of the

body wal |l ,58 prigr_to | ilure epresent at | V. X l.es of
general ly li%nel asP#%v%%%ﬂI&éd;ﬂpﬂgfn&F%so% ﬁlgbg ﬂg‘é‘irf"o‘g n%‘lbef eater

det ai | " | aguide sheath 72 as the bodg|&gtexpandis.Sh¥pe erwirg ze for the
Expandabl e Body 100 thereby'Skedps |alPl 6f absubdeaRefil apérbidmic¥ . When 35

relatively inelagfic oBLer) Bl SeflSe S Oody 26 "EolffNea inside the

' interior volume 30. The body 56 thereby serves to

15 compact as much of the cancellous bone 32 as
possible.

The use of an external sealing element 100 to
restrain the expandable body 56 may not be necessary
when relatively inelastic materials are selected for

20 the body 56. For example, the material for the body
wall 58 can be selected to exhibit more inelastic
properties, to limit expansion of the wall 58 prior
to wall failure. The body wall 58 can also include
one or more restraining materials, particularly when

25 the body wall 58 is itself made from more elastic
materials. The restraints, made from flexible,
inelastic high tensile strength materials, limit
expansion of the body wall 58 prior to wall failure.
Representative examples of generally inelastic wall

30. structures will be described in greater detail
later.

c. Selection of Shape and Sise for the
Expandable Body

As will also be demonstrated later, when

35 relatively inelastic materials are used for the body
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- 31 - wal | 58, or when the body wall 58 is otherw se

externally restrained to limt its expansion prior to failure, a
predet ermi ned shape and size can be i nparted to the body 56, when it
is substantially 5 - expanded. The shape and size can be predeterm ned
accordi ng @ dslagsophape and size of the surrounding FCrrido8A38 01E -28
and adj acent 1 nternal structures, or by the size and shape of the
cavity 84 desired to be formed im32h& cancel | ous bone 32. 10

I n one enbodi nent, which is generally applicable for treating bones
experienci ng or a r p an e body 56,
when substg}% ml#so e?rang% ct?:%ne%o‘i’g wﬁff 8t Oﬂ%cgﬁ;ﬁﬁfﬁﬂ | east
about 30% of the€¥s tsoﬁémaﬁ }55 exPHnFﬁBnlﬁFéPFor vol une

30. A body 56 hatbngaalure, aspbédeﬂémdﬂea estpulcahd i gbz@ndanhbpe in the
range o 248Hh-03° L8 BROVBodP S8l liEn TR°Tk WibalAitIaLsy 1O TP

is preferred. Whi-€h for 20
treati ng b&es haﬁpﬁgdﬁéreTm®c§M$E%da$%g$éﬁ% gan be prpﬁ&@ﬁaﬂéneﬁ col | apse

caused, for exanmiktgor@ing to tzfa/wﬂearanae@i@al of the sbepouaadngi ze of the

body 56 can esl S of the
cancel | ous bone Vgggﬁg f %%?ﬁa%erlézg%t%rﬁe % H:l:g Sgésage 78 '
ext ends dlrectlycrobrrkhe Slze FB@a?hiE&iQﬁ1ﬁbeo¢aVﬁFmr§4 4Q¥iaﬁéb#9 t ar get'ed
I ntroducti on of pherbofdd 2fh the cancelldlie BoREE3IDS the cancellous bone 32

O e 30 SO SR o SRR RLE SR Y 13 SR LY edionile, ¢ roveq
i nappropriately, fore gametingy bones uﬁdpesiemmﬁmg'neU|cnr0peof§93|onals
usi ng textbooks gractupé, hﬂH@nsﬁéfﬁé e&ﬁé 874 0¥ . tﬁéOBBdW 58, t'ﬂrﬁéh -
know edge of the sit -E ix; di s% Oéan d%s:. ned éo occpu Si %I an is |
also able to selgﬂk gﬁ ﬁ%i F&P? ' g
: - © ‘least about 30% of the volume of cancellous bone 32 .
15 ‘in the interior volume 30. A body 56 having a
| substantially expanded size and shape in the range
of about 40% to about 99% of the cancellous bone
volume is preferred.
In another embodiment, which is applicable for
20 - treating bones having more localized regions of
fracture or collapse éaused, for example, by
avascular necrosis,; the shape and size of the body
56 can be designed to occupy as little as about 10%
of the cancellous bone volume. In this embodiment,
25 the drilled passage 78 extends directly to the
localized site of injury, to enable targeted
introduction of the body 26.
The shape of the cancellous bone 32 to be
compressed, and the presence of surrounding local
30 anatomic structures that could be harmed if cortical
bone were moved inappropriately, are generally
understood by medical professionals using textbooks
of human skeletal anatomy, along with their
knowledge of the site and its disease or injury. The
35 physician is also able to select the materials and
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- 32 - geonetry desired for the body 56 based upon prior

anal ysis of the norphol ogy of the targeted bone usi ng, for exanple,
plain filnms, spinous process percussion, or MR or CRT scanning. The
materials 5 and geonetry of the body 56 are selected to create a
cavity 84&6#;@{{ ed size and shape in cancell ous PeRRysoi 19d6t hout
appl yi ng har pressure to the § ter cortical bone 28 or
surroundi ng anatom c structures” - In sone instances, it
Is desirable, mhen creating the cavity 84, to ane or displace the

cortical bone 2 &Qa %g rt?x@ tﬁ@,g&a@,%utga(‘sed upon’ Io?].l SSuch

novement i s not er har ermis use

Speci fi cati on, §é~ﬁ toF s 1‘9 m°"1'9m1(955’e0°§ otﬁﬁhltéygef'ﬁ@ a’é@ﬁr ed
t herapeutic resuisting, for B;xdnple; t pdainhﬁdhsesdnmomemmmml on of the

body 56 results ﬂ&&é@%emd}g Wi tdie &‘Fr%énmm - fﬂg]q% d¥1a9k t he bone

and -sur roundi ng "anat om ¢ structures y Injury to
surroundi n§ 20 and jgegnetay ofythry Sdﬁeﬁﬁaﬁ’éﬁts%?ﬁ%'?%% Yh&FFaten bone

bi onechani cs. a cavity 84 of[desiised dwentandoshaphl in ptanceldpasdabl e

Bodi es | C e N¢dO ¢ne Cancel l ous
bone 32 using an {%%aﬁﬁtﬂ%ug Qgéi%fgg ﬁ)ﬁ-{niégﬂ g Egﬁf%sﬁéd |n di verse
ways to achi eve @#eer cortigal, &P%e?ﬁpeﬁl (9“5#‘9@99“%6’“’&%&1 ng

di scl osure steruetalrass t he depl oynent .of a single expandabl e body
56 to co ct cancelqd.,ou @ﬂp y sek vity 84
havi ng anggm red shaﬁg an Si Zﬁ?st%ﬂ@es H: kéveégs%r?xf (égrl al 96.

Al ternatively, aFlé%ﬁﬁJF}H gtheagavwity 84si rféd move org mﬁ@laﬁe $hee in
cancel | ous bone garttfdhdHone’ BB0to achievd thiee adeRkedBérafeutidee t han one

expandabl e body 3o.1¢ S¥udch RobhdSt 8L he' Bir Ue FAMHEWLOUSs MR 32
term is used in this Specification, because it is
15 indicated to achieve the desired therapeutic result.
By definition, harm results when expansion of the
body 56 results in a worsening of the overall
condition of the bone and surrounding anatomic
structures, for example, by injury to surrounding -

20 tissue or causing a permanent adverse change in bone
biomechanics.
D. Deployment of Multiple Expandable
Bodiles
Formation of a desired cavity geometry in
25 cancellous bone 32 using an expandable body 56 can

be accomplished in diverse ways to achieve the
desired therapeutic effect. The foregoing disclosure
envisions the deployment of a single expandable body
56 to compact cancellous bone 32 and, by itself,

30 form a cavity 84 having a desired shape and size to
receive a £filling material 96.

Alternatively, a cavity 84 having a desired
shape and size in cancellous bone 32 can be formed
by the deployment of more than one expandable body

35 56 in a targeted region of cancellous bone 32,
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- 33 - ei ther sequentially or sinultaneously. Fig. 9
shows the representative depl oynment of nmul ti pl e expandabl e bodi es 56A
and 56B t hrough a singl e outer guide sheath 72, which is arranged to
5 provi'de transpedicular access. It should be under st ood t hat
depl oyment wefogR3sht | P! € expandabl e bodi es can |ikew gerhRsifabd eVed

t hrough an outer gui de sheath 72 arranged to provi de a posterol ateral
access, through the side of the vert&bsa ~body 26 10 (as shown as P-L in
phantomlines in Fig. 9). In Fig. 9, the expandabl e bodies 56A and
56B are C | r.at t A and 50B, whi ch
are not joined ?%%%%ﬁe%gbégﬁﬁiéir§ S?ngﬁﬁgi%%#%gﬁz Ve enbodi ment shown in

Fig. 10, 15 a toBlg409 sbapei $hegrsrrasentative odepipyrent Pfpes
50A and 50B is pad¥iprd: ekpahdabldcboaiesbs6A0AnANBE6B thro@gh each carries

dable b 568R, iLch h 0. i
ol Lapeod condi BLEE8 batd: Hiiae shepehllya) Shich" M akanbla 8 |10 2
tubes. 205 50Rrawédeoptzapsped 3% a3e6ABRct oAt 065hewld be

si mul t aneous dephagpBbbdod hthatghaeplophent gof daultipleseaxpahdaBlent o t he

vertebral body FLg. .ovgi% f crib slidabl e
protective gggﬁggt thgS 12‘?]‘8 %ggs%?he &?5'5?95‘%?%‘?@?5%}% ggﬁe%g 25
passage througtuideessheatihi@2 ameanged to proviger posterglakgradal of the
protective sheahbcégds, CXREOGHIONENE side of hEh&ogeetebPAl apdap6Be eit her

si mul tanequsly qr sequ i al l cr.eat a cavity.84. |f desired, the
connect oﬁ%lOG cgﬁspé?‘ﬁ?’{‘_ A I%’P‘ﬁ‘\/éma mtr?énhfﬁ&eﬁ e 3079 8& hg{‘er t ubes
50A and 50B, soFigat,9whhedcgpanstable bodbes &6Randvdl Sedares | ocat ed

nore distal to carriedN@PyheéefasittittloBhendOsly. tubes 502 & b8, Sake of
illustration, Figs. two cat heter tubes 50A and 50B,

9 an 0. sho _
but nore than 3¥ 1°ht%ec%‘%mel°eirn%ﬁé’§e¥§ﬁrbe depl oyed in the vertebral
: . In the alternative embodiment shown in Fig. 10,

15 a tool 109 comprising an array 108 of catheter tubes

'S0A and 50B is provided. Each catheter tube 50A and

‘50B ‘each carries an expandable body 56A and 563,

which are shown in Fig. 10 in a collapsed condition.

In Fig. 10, the distal ends of the catheter tubes

20 - 50A and 50B are joined by a connector 106, for

’ simultaneocus deploment through an outer guide

sheath 72 into the vertebral body 26, as Fig. 9

shows. As before described, a slidable protective

sheath 73 encloses the bodies 56A and 56B during

25 passage through the guide sheath 72. Upon

withdrawal of the protective sheath 73, expansion of

the bodies 56A and 56B, either simultaneously or

sequentially, creates a cavity 84. If desired, the

- connector 106 can permit relative adjustment of the

30 catheter tubes 50A and 50B, so that, when deployed,

‘one expandable body is located more distal to
another expandable body.

For the sake of illustration, Figs. 9 and 10

show two catheter tubes 50A and 50B, but more than

35 two catheter tubes can be deployed in the vertebral
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- 34 - body 26, either as separate tools (as Fig. 9 shows),

or joined to forma conposite array 108 (as Fig. 10 shows) .

In Fig. 10, the bodies 56A and 56B of the array 5 108 have generally
the sanme geonetry, when substantially expanded, t her eby

provi di ng w(? &/56301 SYMMEtric arrangement for compacting papggdshesss .Pone
32. A genera ?y symmetric cavity 84 results. Alternatively, as

shown in Fig. 11, the bodies 10 56A~affl ~56B possess different
geonetries when substantially expanded, thereby presenting an

asymmetric arrang nt, for, ctin ell .. bon A

general |y asymet g?ngycza%ﬂ Fﬁ%@%?f%%}ﬁg?)g&%@% Lﬁf%%%? &3r|§ %}ﬁ%ﬁss)t'i ng

cat heter tubes thevujpined *o formnaceonposide exrayr 808o(as \Fitks& bed), the
di st al ext ghey@enNs of expandabl e bodies relative to each ot her

can be nade to differ__there also yesulti I n nmetric cavity
formati on. I’ﬂ%%‘eﬁ' ¢t #ﬁﬁ ’3?3%?%6%%181‘%388 Sfaﬁ% %%Kl 20
108, whet her5 syma08i c heveaswemerplly d&pendsamgon geometry,he where and

shape of the targghgsembid 0y Dehparded, tneteddyad) peeviainger nal

structures, or by the of the cavit esired toibe

i ze and shape 84
formed in the  SYmugEr{c afzfnosment £5T SRRPaRtARNg RERECIIOHE RORR o 25
expandabl e bodi es386 Aogenexallyosympetric ¢awifty 84 respd¥sti es 84 having
di Verzeb?nd conpl eg g_ﬂi’ﬂ@i;}ﬁdﬁirely, as ‘lglhbbh”ihoﬁfé. Oil,a'it:hé ymiebé\/l“ tiple
expandabl e odi es_having gener a e sane geo can be
depl oyed i nt%i f f ePEAt IWYs 9B cpgﬁfﬁsﬁa\fﬁé&'%‘% 3@g°mg§?'i¥%r en
geonetri es. substantialiyl dexparaisst,ccitliambyhatprdsentdmgousarst yl es

of multiple expan L e [ i depl oyed
in a distally st rgl§ tgﬁggé c%ﬁg???%ﬁ% 2okt Eﬁomp%&t&ngloc%?% ]%%L&jsfow) by

as Fi gs.
using, e.g., a 35bone;apaiheeReraliy asymmeSEag; ﬁﬁ‘giﬁéa?‘h 2esuLERnn in
By mutually adjusting -catheter tubes through a

15 connector 106 (as previously described), the distal
extensions of expandable bodies relative to each
other can be made to differ, thereby also resulting
in asymmetric cavity formation.

The selection of size and shape of the array

20 108, whether symmetric or asymmetric, depends upon
the size and shape of the targeted cortical bone 28
and adjacent internal structures, or by the size and
shape of the cavity 84 desired to be formed in the
cancellous bone 32. The deployment of multiple

25 expandable bodies 56 makes it possible to form
cavities 84 having diverse and complex geometries
within bones of all types. Multiple expandable
bodies having generally the same geometry can be
deployed in different ways to create cavities of

30 different geometries.

It should be appreciated that the various styles

of multiple expandable bodies 56 shown in Figs. 9 to

11 are deployed in a distally straightened condition

(as Figs. 10 and 11 show) by using, e.g., a

35 relatively stiff', surrounding sheath 73 (shown in
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- 35 - phantomlines in Fig. 10), which is manipulated in t he
sane as previously described in connection with Figs. 5J(1) and
5J(2). There are, of course, other ways to straighten the bodies 56
for deploynment into 5 bone, such as through the use of internal
stiffeni n94v09s/563019| ements. Access for expandablpprR6d/A88626 Can be
achi eved through nultiple access sjtes and in nmany different
ways. For exanple, multiple expandable B&di"es can 10 access the
vertebral body fromdifferent regions of a targeted vertebra.

Fig. 12 showshanfom Iﬁ[&éasﬁmﬁtd vem} dwmh is mah3paPeEL&UIRr access,

in which two outh ggld ﬁ eiLZB are u ed to OV|de
separate 15 RNy A \H&’e&wﬁﬁ 4 8??5 g‘?a%‘? T Sgneee 62\“a‘ﬁﬁ
t hrough di fferenfigsdesT (X) tand SIdR}.ec Theramie,2®f coursef ohherertebral

body 26. way: vs €b s:éw% E@nahﬂélﬁﬁdﬁi%%t 86! ¥&r U1 oy | at er al
posterol at eral access, ch two 0o 20 U|de shg ths 72A and 72B
are used t8 provPeme, such nﬁ?ﬁgléc é‘sPo‘Pf errmaé. & ggﬁﬁ%{ﬂ‘% bodi es
56A and 56€a.émeml:shfferent | ateral sides of the vertebral body
26. Depl igs. 12

ol tREcads P Sxpanasiie hbdfed s¢ M b acieyel 0%,

and 13, the nulti e expa
cavity 84A and 8 ;ﬁple accesg sikes angd jéh\ﬂaf‘iyeglﬁﬁ%%ﬂ'ﬁl 84B are
transversely wayspaeeﬂ exbhple} hauwdtiptée| expahdaklé&?bodies can -
transversgl,y spa d o) a single
conbi ned g'lgw ty % g%lgé ﬂ% (‘,&' 2l bgég mﬂa?if#érﬁ%c&mﬁfgag{‘% éﬂ I ling
material 96 is targqﬁ?%t‘é%}'t%%r natively, as Fig. 15 shows, the :
transversely spaced piyiti es284Ashbés84Banay repieséntative sepaasied by a

regi on of cancel |ous oRPC(fiGs GRALEL, 3in wRYCHUEEL oddd | ulhg 1) In

t hi s arrangenent,
sheaths 72A and 72B are used to provide separate

15 ‘access for two or more expandable bodies 56A and 56B
through different sides of the pedicle 42A and 42B
of the vertebral body 26.
Fig. 13 shows a representative dual contra
lateral posterolateral access, in which two outer
20 guide sheaths 72A and 72B are used to provide
separate access for multiple expandable bodies 56A -
and 56B from different lateral sides of the
vertebral body 26.
Deployed from dual access sites as shown in
25 Figs. 12 and 13, the multiple expandable bodies 56A
and 56B each forms a cavity 84A and 84B (shown in
Fig. 14). The cavities 84A and 84B are transversely
spaced within +the cancellous bone 32. The
transversely spaced cavities 84A and 84B may adjoin
30 to form a single combined cavity (designated C in
Fig. 14), into which the f£filling material 96 is
injected. Alternatively, as Fig. 15 shows, the
transversely spaced cavities 84A and 84B may remain
separated by a region of cancellous bone (designated
35 by numeral 110 in Fig. 13). In this arrangement,
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- 36 - the filling material 96 is injected into nultiple,

i ndi vidual cavities 84A and 84B within the interior vol une.

As anot her exanple, multiple expandabl e bodies 5 56A and 56B can access
the vertebral body 26 from the sane general region of the vertebra.
Fig. 16 WO 957985045 a representative dual | psi | gteisdsnisss - -
posterol ateral access, in which two oufef. guide sheaths 72A and 72B
are used to provide separate 10 access fromthe sanme | ateral sides of

t he vertebral body 26. Depl oyed from these access sites

(se;e, Fi |gi 17).  the ﬁiﬁ?.iﬁ%' ghaéﬁia%%p@@d_gé)lﬁ:ﬁg@ie@s ineo iﬂﬂ%ﬁﬁﬁaI 0: m .
vertically spaced, Qr .stacked, ,cavitj.es : e.vertica
spaced cavities g‘?ﬂqgﬂéugchﬁgFfes 84%8}'@%@3"% i:%?i AGE.™ b ned y
cavity (designatedlume. Cin Fig. 17), into which the filling material 96

I S injected. Al %."n'&%th'eE*am%ié?emuﬂﬁ:le ExpbandhbBfe boaieyertically
spaced cavities 84A and, 84 nc?a% be 20
[ t

separ at ed by, a,regiop of
cancel | ous done a"ﬁ'}?sﬁuﬁbﬁapﬁﬁl’?e}fﬁ%@y 1 ,Pf‘a?rri ng
mul ti pl e. ithed \sahms| general aedioh ofl BB vwertebraheFigw eléor
vol ume, each of whjgly is hndi vighialdentatived Wdada®  ipsifihtbi-gy material
96A and 96B. 25 °§¥ way . of” anot her, exaﬂl)l e, Fig. 19 shov%ia first
outer gui de sheat®PStExR F&ﬁééd acFesBeyiife Wnich twop, d @r access
and a second out esheptihgie 72A and sTemt &ard 28sed pooprdwidepesparatet er al
aCcess. cobd ¥on Che ldhm 113¢ Csided bfitne ReEtd
expandabl el%odi esaccan | ncl bndgﬁ%i recti onseggg ?see Eibg. gﬁ?lf or
depl oyi ng the fiRAd¥a#$-second expandabl e bodi es. For exanple, the
directions 79 _ Deployest frch theseplaysessasites | (e Fig.f1vE] : :
expandabl e body i LRECIHE LRFaNIME LOSAIN58A%Ana Sd8 StopoCSS Path
t hrough cortical Done, e .
vertically spaced, or stacked, cavities 84A and 84B, :
15 The vertically spaced cavities 84A and 84B may
adjoin to form a single combined cavity (designated
C in Fig. 17), into which the filling material 96 is
injected. Alternatively (see Fig. 18), the
vertically spaced cavities 84A and 84B may be
20 separated by a region of cancellous bone (designated
by numeral 110 in Fig. 18), forming multiple-
individual cavities 84A and 84B within the interior
‘volume, each of which is individually filled with a
£illing material 96A and 96B. .
25 By way of another example, Fig. 19 shows a first
outer guide sheath 72A arranged to provide a
transpedicular access and a second outer guide
sheath 72B to provide a posterolateral access.
Systems for ‘treating bone using multiple
30 expandable bodies can include directions 79 (see
Fig. 12) for deploying the first and second
expandable bodies. For example, the directions 79
can instruct the physician to insert a first
expandable body into the interior volume through a
35 first access path through cortical bone, while
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- 37 - I nserting a second expandabl e body into the interior

vol une through a second access path through cortical bone di fferent
than the first access path. In any of the above-described
exanpl es, each 5 gui de sheath 72A or 72B can itself acconmodate a

si ngl e expyrsiamksbody or multiple expandabl e bodi eperfbsinsisge and
shape of the bodies may be the sang, or they may vary, according to
t he desired obj ectives of the phys Zlan for the targeted 10
vertebral body. B. Representative Enbodi ment s of

Expandabl e Bodi e VesdShs a rai ned _
Donut - Shaped SidRrtingt a Qﬁ:pan able body into the 1nt|_ggl'6§é 0 Shows a

representative eMfiimeehhropral a se““deﬁﬁ%?ﬁ%maé‘hb89§°u%|‘?ﬂ¥'ﬁj§aﬂf oadl y
denoted by the bone @iffexentlthan the fixrbt Zb@essoppthses a pair of

hol | ow, i nfl at abl e, - apga%a%&%&?gealéxff F]].es()f J i bl e .

materi al, such as PEIl or Kevlar. rts 20 suction tube
216 t her ebe? ween Fide sheathy 723 or {28 £ étf??élfdé'&qma§8cﬁ oninto

t ube 216 fslinglleansixpaniabler ckolly dospomaltipbst i expanbable
cat heter tube Zl%JH%sonegﬂ gﬂ% é%ghggsh Ghe Bodies ma#?é £hact I on .may

be applied to the open en froma suctio source (not
shown) . : sanmfye %rveemzaxna'am accorghngcted thegdedx

an adhesi ve whi clokcjactivesfl ofy thet aphgsigpan for tlfélrtisav’bhi:eand 214 are.
doughnut - sf&ped ‘;%SA%% ?’rﬁ}dX . tFI g. 20 and have tubes 218 and 220
nd ex

whi ch conmihi cat e end away fromthe parts 212 and 214,
respectively; to a sourceBof | Repzesaptative d unBebodimentspresofie (not

shown). The liquid expands thegipdndable Bodilds 3> reatdvestansraded.
Fig. 21 shows a nodified doughgut sggge“pxpgi/ngﬁo 35 Donq{ttg'ﬁagwae shown in

Fig. 20, except the doughnut
Geomeaetries

15 Fig. 20 shows a representative embodiment of an
‘expandable body, which is broadly denoted by the
numeral 210. The body 210 comprises a pair of
hollow, inflatable, non-expandable parts 212 and 214
of flexible material, such as PET or Kevlar. Parts

20 ‘12 and 14 have a suction tube 216 therebetween for

’ 'drawing fats and other debris by suction into tube
‘216 for transfer to a remote disposal location. The
catheter tube 216 has one or more suction holes so
that suction may be applied to the open end of tube

25 216 from a suction source (not shown).

The parts 212 and 214 are connected together by
an adhesive which can be of any suitable type.
Parts 212 and 214 are doughnut-shaped, as shown in
Fig. 20 and have tubes 218 and 220 which communicate

30 with and extend away from the parts 212 and 214,
respectively, to a source of inflating liquid under
pressure (not shown). The liquid expands the body
210 as already described.

Fig. 21 shows a modified doughnut shape body 280

35 of the type shown in Fig. 20, except the doughnut



ﬂsl 56301 PCT/ US98/ 11386
- 38 - shapes of body 280 are not stitched onto one anot her
In Fig.. 21, body 280 has a pear-shaped outer convex surface 282 which
is made up of a first hol | ow part 284 and a second hol |l ow part 285. A
5 tube 288 i-s provided for directing liquid into the two parts
al ong branﬁhﬁﬁ, and 292 to inflate the parts aft ts have
been insert fﬁ?g t he . interior Vﬁéune of a bone. Aﬁ%g? etgégfube 216
may or may not be inserted into tfi®2 Space 296 between 10 two parts
of the balloon 280 to provide irrigation or suction. An adhesive

bonds the two pag ﬁép@é‘lo%ndgody zs%85a£89%6@rstitched onthi ne22 shous
anot her representative enbo

anda de5|gnated
309. The body 303nQkher. pla glgen@rlal Il?Pq’YOLﬁl%lo gég?reﬁr W%s&#’ég expandabl e
body units 310, &iRermrubrded sihfade@s2uwhish 3 made up G famet314 i ncl ude

string-like ext [ h xpagsi-on of the
body 8n| ts eﬁggiood;? te ﬁésmﬁd éééﬁ%ﬂ??%ln&% %%E%fei?gg 'I[D oﬂt he 20

| ongi tudi nBl axetulg 3% %%cgrqymiteé foz, aixectipg 1iquia inte thene
restraints 317 atﬁorﬁaiﬂ:s)falhhg bRancliss 290 ands2o2|ts irfflmtiealthes t hat of

the body units ter the Skwes % atints%*ega\iﬁtao%er esilience .

but substan |aI y no exp S|on capabl Gé bes 315
direct |iquid undaferiqsyalume,pf a bone. ; A cpbRgtex; tubes 236 py and 314 to
expand the unit sor may notdbealinsertedairtortisd sphivec|dosuddtween  The
restraint 317 | § 0 t i failure,
keepi ng t he oppot’ |desr§73{ha f?a%ggog 9%9 Lgt? ar?ri r':e:{'%)?land

parallel with eae® Q};qﬂr@on. An adhesive bonds thq ﬂ:wo Mﬁr%“né&

Ki dney-shaped 285 together. CGeonetries Fig. 23 shows
anot her representati od of .an e ab 30, which
has a ki dney- shaped r%ggm rynot[lh%rg: efgaéﬁggge %%o%ﬁ% pposed
ki dney- ~of an expandable body, des;gnated 309. The body 309

15 -~has. a generally round geometry and three expandable

‘body units 310, 312 and 314. The body units 310,
312, and 314 include string-like external restraints
317, which limit the expansion of the body units
310, 312, and 314 in a direction transverse to the

20 . longitudinal axes of the body units 310, 312, and
'314.  The restraints 317 are made of the same or
similar material as that of the body units 310, 312,
and 314, so that they have some resilience but
substantially no expansion capability.

25 A tubes 315 direct ligquid under pressure into
the body units 310, 312 and 314 to expand the units
and cause compaction of cancellous bone. The
restraints 317 limit expansion of the body units
prior to failure, keeping the opposed sides 377 and

30 379 substantially flat and parallel with each other.
ii. cConstrained Kidney-Shaped
Geometriss

FPig. 23 shows another representative embodiment
of an expandable body 230, which has a kidney-~shaped
35 geometry. The body 230 has a pair of opposed kidney-
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shaped side wal I's 232 and a continuous end wall 234. A
tube 238 directs liquid into the body to expand it wi thin the
vertebral body., Fig. 24 shows another representative enbodi ment 5
of an expandabl e body 242, which also has a ki dney- shaped geonetry.
The body ﬁeg disgsginitially a single chanber bl adder peppbogifisigh! adder
i s brande fong curved lines or strips 241 to formatta nment |ines
244 which take the shape of S|d'e-:iﬁ/-3|de 10 conpartments 246 which
are ki dney shaped as shown in Fig. 25. Asimlar pattern of strips as

in 240 but shhPed! 248 aﬂlLé“%%EV‘QH&CE RRrRaRbbRE ds dayahbat (s

square or rect angul ar. I N causes n t he two
sides of the bl 2d¥ EPet%?%ééb'Pc“—E fa inﬁ?ett}ét‘a??% @ W@&g gﬁd ot her

expandabl e bodi eithin theswéteebraX hemty.vertebral bodies are described in

United States Paten pbkC nefthied! i ed
January 26, 1994, wﬁléﬁ bh éﬁé@a}ncorpor%?r?js%eiiaeﬁ ?gégﬂ%e
F.  Sele&ion OF BESP?‘B‘E“% hady 2 °1Th%1%‘?/é?ﬂ él kéer'ezrl on of t he

size and shape ehaped geomeery. cmimrbedxaezmmseihmﬂjzamy odiingléo treat - a
tar.get ed Ve”ebggkaﬁgﬁybﬁdhéﬁaﬁﬁg %gg”biﬁ%éﬁéf' is_pran n%&t Qgéagw‘e”

mul ti pl e expand odi és are I ne mensi ons of
al | expandabl e curvedplines o FtRiRe 24dckostexn Aftagiment, 3inesd, shoul d
be taken into aeaduntwhich take TbReantshape - post ergide-by-Biddi nensi on

(see Fi 9'1&_ Scano%?&r%ﬁén&?e?fémﬁbggebﬁﬁn& fsngﬂéssaé Bhd eg}ied 30

fromthe X-ray VI ews et ed
vertebral body ¥39.TRE.A-P simklax cl?i‘tl'@rn of stpips Aasdi R4h PH i nt er nal

cortical wall ofinf Beraight 1ﬁi§sewmr1dCBét@pph@dt he amﬁylaﬂha@iél cal wall

of the pas lor corte vert bra eneral 35 the
appropriate A-P s&uﬁgﬁm%’ﬁ foef é‘)?%anda gan StEes
' welding of the two sides of the bladder to occur. : -
i5 - ‘The details of these and other expandable bodies

usable to treat vertebral bodies are described in
United sStates Patent Application, Serial No.
08/188,224, <filed January 26, 1994, which |is
incorporated herein by reference.
20 . F. Selection of Desired Geometry
The eventual selection of the size and shape of
a particular expandable body or bodies to treat a
targeted vertebral body 26 is based upon several
factors. When multiple expandable bodies are used,
25 the total combined dimensions of all expandable
bodies deployed, when substantially expanded, should
be taken into account.
The anterior-posterior (A~P) dimension (see Fig.
26) for the expandable body or bodies is selected
30 ~ from the CT scan or plain film or x-ray views of the
targeted vertebral body 26. The A~P dimension is
measured from the internal cortical wall of the
anterior cortex to the internal cortical wall of the
posterior cortex of the vertebral body. In general,
35 the appropriate A-P dimension for the expandable
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- 40 - body or bodies is less than this anatomc measur enent .
The appropriate side to side dinmension L (see Fig. 26) for an
expandabl e body or bodies is also 5 selected fromthe CT scan, or from
a plain filmor x-ray view of the targeted vertebral body. The side
to side diwba»seaei S neasured between the internal atrosadh el |I's -

| aterally across the targeted ver&&bral body. In general, the
appropriate side to 10 side dinmension L for the expandable body is |less
than this anatom c neasurenent. The | unbar vertebral body tends
to be much widerpody oriNbédikstoisi dpesk NERBAXRN thiSenanAtémbcdi mensi on.
In thoracic vertebradtre%%& es, the side to side 15 di mension and the A-P
di nensions are The hei ght dinmensions H of the
expandabl e body Themannmmpcéatseélﬂagtozs}desdsneagipmwmtmeegw scan or

X-ray views of tﬂg verd)ehroy &p@mmm &adybafowmies ishgiygrtebral

body to be treat h h he 20 rtebra i.es_above and
bel ow t he Vert el %’ r}?m% s:hetg bR e f%e ré’?“e é'gﬁpeg Z'ﬂd CXver aged.

Thi s averzrpay srimreeft the ctangeted vartebyabhddit.c Thei ghde
di mensi on of thecghosed &i@@d}f&b&% Bdured between TBRedifRBEHANS Of

expandabl e body oI bpdles f in vertebrag are_ _pati specific
o i 11 vary . Soreidan s setae” Jaretisy” 4EFoR, DEn. i tRROEREY, of M oui ng
t abl e: vertebral body. In general, the appropriate side to

10 side dimension I for the expandable body is 1less

than this anatomic measurement.
The lumbar vertebral body tends to be much wider
'in side to side dimension L then in A-P dimension.
In thoracic vertebral bodies, the side to side
15 ‘dimension and the A-P dimensions are almost equal.
The height dimensions H of the expandable body
or bodies (see Fig. 26) is chosen by the CT scan or
x~ray views of the vertebral bodies above and below
the vertebral body to be treated. The height of the
20 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 expandable body.
_ The dimensions of expandable body or bodies for
25 use in vertebrae are patient specific and will vary
across a broad range, as summarized in the following
table:
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- 41 - Vertebra Hei ght (H) Posteri or Side to Type

Di nensi on (A-P) Si de of Typical D nension

Di nensi on Expandabl e of Typical (L) of

Body or Expandabl e Typi cal Bodi es Body or
Expandabl ewe og/se3e1 Bodi es Ba®ritosnisse . -
Bodi es Lunmbar 0.5 cmto 2 5 cmto 0.5 cmto

4.0 cm 4.0 cm 5.0 cm - %macnz 0.5 cmto 0.5 cmto
0.5 cmto 3 SCm 3. SCm 4()cm5 A
preferred expan | i'S
stacked with {¥8rtebranprg hei ght
(see Fig. 26), {Type where d gige i nfl at gd t-hrough
10 I ndepend¢nt tube syst stack when
fully inflated $houl d be wit nDie‘KsQESié’é‘lfied above.
Such a design alll ows b Q% be rpturned to
its ori gignal height i rwpical t he |15
surrounding tisgue, and it 3 :q£ﬁ4 tjo be used
in a wder rang¢ of vertebrdg E_ déﬁﬂ% Tr eat ment
of Long Bones Li K rBeQ}i¥hs of} | ong 20

bones substanti
- the use of one
-representative
bone regi ons of
25 The regio
proxi mal tibial

5

| 'y occupi ed

EPHAE of tHL-S o tony

bpieencan b

[S] GISIaT Iad
FO t

~ | ong
ST TTCT T
imeras

ge 1
A preferred expandable body 56 for use in a

Fe( Red)i
vertebral body is stacked with two or more

. expandable members of unequal height (see Fig. 26),

10

where each member can be separately inflated through
independent tube systems. The total height of the

stack when fully inflated should be within the

“height ranges specified above.

15

20

25

Such a design allows
the fractured vertebral body to be returned to its
original height in steps, which can be easier on the
surrounding tissue, and it also allows the same
balloon to be used in a wider range of vertebral
body sizes.

IX. Treatment of Long Bones

Like vertebrae, the interior regions of 1long
bones substantially occupied by cancellous bone can
be treated with the use of one or more expandable
bodies.
human skeleton 600, where cancellous bone regions of
long bones can be treated using expandable bodies.
The regions include the distal radius (Region 602);
(Region 604); the

Fig. 43 shows representative regions of the

the proximal tibial plateaun

cated with

lll 4
e %5 160 é"Pon 6 05 Shd® clancel | ous
4 reeate d u5|n@.mxmandable bodi es.

t he
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- 42 - proxi mal hunerus (Region 606); the proxinmal fenoral
head (Regi on 608); and the cal caneus (Regi on 610). As for
vertebral bodi es, expandabl e bodies possess the irrportant attribute
of being able, in 5 the course of formng cavities corrpre55| ng

cancel | ousgRRe30f © @l SO el evate or push broken or % élj'
cortical bone back to or near its nornmal anatomic positiron. This is a

particul arly inportant attribut® 42 for the successful treatnent
of 10 conpression fractures or cancell ous bone fractures in the

appendi cul-ar sk S t t :Ham t xi el
humerus, the ti I% Q‘Fl Hﬁﬂeﬁ?s 41#?‘ ?b% a?%ﬁ 3 ng cal caneus.
Repr esent ati ve é&&ﬁﬁol(@gépneﬁ%hda&n"e%Fé%@%ﬁ‘“&S‘Regm 5t1t°éat ment of
cancel | ous bone regiass for | eakebral bottes)V |dxganaadlie dbediéded.

A Expandabl e ap%%c%ﬁ;sorthteh%.nBo§E?htR?@tH?but? of b?in% hg%fgl e | on of an

appropriate exp I stal” radius
(Region 602 in Xhe comrge sof vﬁqnmwpeﬁa%hlﬁe bYadicorpyreaingi ze of the
di stal radi us anshridellousabong, Ofotdksd réldvate or push brokéngér 27 and 28

h ' d I
Show 2 TP <5t dbpifestifFRAEDl g none, pHEEYES ?%ye(?*iﬁf'hé°%“§% |t adius.

252, 25 has AnAEGRicBOShtion: é'msatlésaapw landy impprtant cl osel y
can be consi der@hﬁm@wpefaf atthamb&&&edssful tiradient Theogeonetry of

t he body 0 subst anti al S the i.nteri of ace of the .
di st al i$ COmPr&ss i@éﬁﬁﬁ@f’tﬁﬁﬁ% eTY oﬁ%n%c;ﬁ@u%%o& aﬁ@? tﬁg Si nner
surface 256 of cint thel anphndmar skeleton, Eweho®s 121@@ distal| ower,
coni cal portion Qa”@ius Vit mrdewn\&aédubuawguaeeaew ow space -

of : t he d| radl ortion I ncr eases

55 S P )
in cross section® a fstfléﬁ” 8?? *261 is approached. The
cross section of t hd!epresentat:.ve exanples of expandable- bodies for :

15 the treatment of cancellous bone regions of long
bones will be next described.
A. Expandable Body for the Distal Radius
The selection of an appropriate expandable to
treat a fracture of the distal radius (Region 602 in
20 Fig. 43) will depend on the radiological size of the
| distal radius and the location of the fracture.
Figs. 27 and 28 show a representative expandable
body 260 for use in the distal radius. The body 260,
which is shown deployed in the &istal radius 252,
25 has a shape which approximates a pyramid but more
closely can be considered the shape of a humpbacked
banana. The geometry of the body 260 substantially
£fills the interior of the space of the distal radius
to compact cancellous bone 254 against the inner
30 surface 256 of cortical bone 258.
The body 260 has a lower, conical portion 259
which extends downwardly into the hollow space of
the distal radius 252. This conical portion 259
increases in cross section as a central distal
35 portion 261 is approached. The cross section of the
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- 43 - body 260 is shown at a central location (Fig. 27),

which is near the w dest |ocation of the body 260. The upper end of

t he body 260, denoted by the nuneral 262, converges to the catheter
tube 288 for 5 directing a liquid into the body 260 to expand it

and force W8ggk@dpcel | ous bone against the inner su&&gﬁﬁggqsape -
cortical bone. The shape of the body 260 is determ ne

restrained by tufts formed by string Te¥draints 265. 10 These restraints
are optional and provide additional strength to the body 260, but are

260 is placed int en out o di st

s In_the sane
manner as that he, | @eﬁFt}P?QEﬁﬂRNPQ<§hﬁhg°a¥r?é9ral bone.
Typi cal di nensi @ ohpper dinslt abf r &lieusbdityly260, denmtedasby othews:

The pr oxi mal en:&ﬂ;eﬁa&e k@dyfa.ggéfgfs @%Paa&atneter AR ?@e el bow) is

not required t()bod gzz egﬁoggeafeal5ggt£gpfiégg€#ddaqpi . 27),  'he body

cyli-ndrical in shape an var cmto 8 x 1.8 cm
The | engttPof tKEIQCHiNG By diiguigodpte erF’?Y 260 toreyRandoifmto 12.0
cm B Worcé thdi dancelletsr dond nEgsinst othé hdnner di st al

radi us body, \/\hlé{ﬂ_ﬁ%%uro% @heo&ong %'}?or@ di stal radio-ul nar joint,

wll neasure from The di st al
anterior-posterior dhferhanpe off - FH@ body 269 cis deterpinsdoendi || vary
fromO0.4 to 3.0 mwtrained by tufts fobmed By pArdall pedlaryirtey 2ISOX| mal

appropr i 1S expdRPRs EopSay st o Gerionay ang piSFIdE sIid

appropri a ' Ven proxi na hunéral

fracture Eghiiz dms the gy @O.dé%&@geom%@%érsdogpc
size of the proxidilevtheldcdifled hConPifiirvationl, t he 35 fracture.

The body 260 is placed into and taken out of the
distal radius in the same manner as that described
15 above with respect to the vertebral bone.
Typical dimensions of the distal radius body
vary as follows:
The proximal end of the body 260(i.e. the part
nearest the elbow) is cylindrical in shape and will
20 vary from 0.4 ¥ 0.4 cm to 1.8 x 1.8 cn.
The length of the distal radius body will vary
from 1.0 cm to 12.0 cn.
The widest medial to lateral dimension of the
distal radius body, which occurs at or near the
25 distal radio-ulnar joint, will measure from 0.5 cm
to 2.5 cm.
The distal anterior-posterior dimension of the
distal radius body will vary from 0.4 to 3.0 cm.
B. Expandable Body for Proximal Humerus
30 Fracture
The selection of an appropriate expandable body
266 to treat a given proximal humeral fracture
(Region 606 in Fig. 43) depends on the radiologic
size of the proximal humerus and the location of the
35 fracture.
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- 44 - Fig. 29A shows a representative enbodi nent of an
expandabl e body 266 for use in the proxi mal humnerus 269. The body 266
i's spherical for conpacting the cancel | ous bone 268 in a proxim
hunerus 269. If 5 -surrounding cortical bone has experienced depression
fracture, QpgRgEyPn of the body 266 al so serves to FPUREA1384 MOVe
the fractured cortical bone back to near its anatom c posifion
before fracture. A nmesh 2707 %%bedded or lam nated and/or 10

wi nding, may be used to forma neck 272 on the body 266. A second

mesh 270a rmay be “Squi.gtozﬁﬂnét%ﬂ? B.hfe resenﬁ@i%”éﬁfno&ﬁﬁ‘eﬁ@%& 422 to the
shape of the inner rtical he start of thg shaft. These

mesh restrmm BéYa%iﬁﬁ\t%a%él‘Pe PeHRe PIIR TS 266,
but the confi gur2¢9orrarbddy a2dd chsespherdegdl for comphdtdggothehe body.

The body 266 hase%.&.?:;i&{{fm@%b%s%ﬂm @%ﬁ@ylﬁgld Fug ggbd ypder

pressure is forc conpact the
cancel | ousSbone FRFERNAINg °°’p’)‘i¥ﬁﬁlrrﬁf’“ﬂm &B‘Pe’?‘h%“‘b%f%ﬁsﬁéﬂpnserted
into and t flctuns, @ixpansipnoof nele Modyr 266 lalebesaawesrrhoner

Typi cal di mensi ceRinrue o é?géﬁ%“’%f%’#‘*a‘%%g%‘"é‘f JoN BB 04 1o
proxi mal humer us°¥r‘é&§%rjé‘svép9 omic position pghere fracture. The gspher | cal' :
end of the body willavatest r @noQ. 6embedded X ¢k 6 Tmmimated) and/Grcm

The neck the I bod I a rom 0..5 X
0.5 cmto gi[%&gﬁ ng%e%sg#é %X?égh \egsde p\oér ?%8% or distal
portion 0256he X Eeeond| neshedZia maarcbar@se@o*,o wwanforay gher om :
0.5 x 0.5 cMt0 Bobtom 205 €HE base 272a tol the ShAbE ©f ithe Hoferwi || vary

from3.0 cmto 3c5:ort1ca]l wgli at the start of the shaft. These mesh
. restraints provide additional strength to the body
15 266, . but the configuration can be achieved through
- molding of the body.
_ The body 266 has a catheter tube 277 into which
liquid under pressure is forced into the body to
expand it to compact the cancellous bone in the
20 proximal humerus. The body 266 is inserted into and
taken out of the proximal humerus in the same manner
as that described above with respect to the
vertebral bone.
Typical dimensions of the expandable body 266
25 shown in Fig. 29A for proximal humerus fracture vary
as follows:
The spherical end of the body will vary from 0.6
X 0.6 cm to 3.0 x 3.0 cm.
_ The neck of the proximal humeral fracture body
30 will vary from 0.5 x 0.5 cm to 3.0 x 3.0 cn.
The width of the base portion or distal portion
of the proximal numeral fracture body will vary from
0.5 x 0.5 cm to 2.5 X 2.5 onm.
The length of the body will vary from 3.0 cm to
35 14.0 cn.



g g
WD 98/ 56301 PCT/ US98/ 11386
- 45 - Fig. 29B shows anot her representative enbodi nent of
an expandabl e body 266' for use in the proxinal hunerus 269. | nstead
of being spherical, the body 266' shown in Fig. 29B has a generally
cylindrical 5 geonetry for conpacting the cancell ous bone 268 in a
proxi mal  QgGiskses 269. Alternatively, t he cyl i ngle /ﬁ Yy 266
can be elongated to form an el l'iptical or football-shaped geonetry.
Typi cal di mensions for a cylindri3 | or elliptical body vary. 10
from0.6 cmto 3.0 cmin dianeter to 3.0 cmto 14.0 cmin | ength.

C. Expandabl e Body #9¢. Boexshéws BnbitBer representative embodfheriteau

Fracture The sel eX ab € bo to t, a 15
given tibial plaPEafi™s PRI é%?%ﬁ%&fgg §§84 Eﬁr L e Qﬁééﬁﬁl* depend on
t he radi ol ogi cal hemexusf26he Insteadpnimh¢ithsnhen1qakitthslhnﬁuuon of the
fracture. 266" 5héwn 30\ FitAWV2 0B haB' as?ahai—amyeémmbi Pody

280 for treatlng a tibial_plateau fr.act 0, may be
i ntroduced? nto PREMEFHY a ‘F mpRFting edFPE‘C‘??@?n'XS 2%‘”6%3?%88 &y t he
physi cian, for eaanpmgximal hlﬂmms he268p, (arlm&ve[lmeraﬁhe anterior,
posterior, or Ob&yﬂﬂﬁdﬁﬂ?&?as&i | 3664 Goar’Ofe éi’tﬁ:%?ted tdP b &h has been

|ntroduced into c bone 25 4 fr nt eri e of the
tibia 283 and |se’ﬂ£pl:l %floﬁ’r' p&8P H’B:hl"%’ sﬁ&@mﬁ Yot '?%%f‘f‘%o. a 283.
The body 280, whdimenbiomsifioxi &ycylindnical(ex ellipticailgbopvarpws),

conpact s yge Cangghhoyse bfmetd 3 fohem in diandébed’ +684.8UEROES0LA% t he body
280. If the tibia 30 t eau experienced depre55|on fracture,

expansi on of thecﬂoa9 S0 serves to nove the tibia plateau back
to or near its anatomc ed:evatnxpanaable BEodfyorfioY remdximal asibial 30A
shows. Fractures on bo"ﬂﬂ&ﬂﬂh@hﬁ&‘d | ateral sides of the tibia

can 35 be treated in this nner . WD 98/ 56301
PCT/ US98/ 11386 The selection of an expandable body to treat a

15 given tibial plateau fracture (Region 604 in Fig. -
43) will depend on the radiological size of the
proximal tibial and the location of the fracture.

Fig. 30A shows a representative expandable body
280 for treating a tibial plateau fracture. The body

20 280 may be introduced into the tibia from any
direction, as desired by the physician, for example,
from the top, or medial, lateral, anterior,
posterior, or obligue approach. In Fig. 307, the
body 280 has been introduced into cancellous bone

25 284 from the anterior side of the tibia 283 and is
shown position in one side 282 of the tibia 283,

The body 280, when substantially inflated (as
Fig. 30A shows), compacts the cancellous bone in the
layer 284 surrounding the body 280. If the tibia

30 plateau has experienced depression fracture,
expansion of the body 280 also serves to move the
tibia plateau back to or near its anatomic elevation
before fracture, as Fig. 30A shows. Fractures on
both the medial and lateral sides of the tibia can

35 be treated in this manner.



-
- 46 - As Fig. 30B shows, the body 280 has a pair of
opposed sides 285 and 287. The sides 285 and 287 are interconnected
by restraints 288, which pass t hrough the body 280. Fig. 30C shows
the tied-off 5 ends 291 of the restraints 288. The restraints
288 can be in the formof strings or flexible nmenbers of any suitable
constructi @pogsespy 1he restraints 288 limt expansion ofmté.ggs g% 280 -
prior to failure. The restraints 288 make t he sides 10 587, when
the body 280 is substantially eibéﬁd§d, substantially parallel with
each ot her and, thereby, non- spherical A tube 290 is-

coupled to the body ggogg dtéﬁcéhowd, |-j§d)ﬁa’gj Ep aﬂ;_f e body to
expand it. The 15 d S Inserte nto n ou he t|b|a in
the same manner Q?F’Pﬁﬁg é%é%?l%%%l %\'Pﬂ)v% T/\nth'ﬂF% #;%Es 2 %

vertebral bone. are imtgprcoffiéctedohy xeestraintsumantw}aildty passul ar .
configuration fowﬁgpowe body. 389; ﬁhghoyse éﬂswéoeue%i)e&a&ﬁ' so be

substantially 20 i ptica shows.

geonetri es %nd C&Wga?ét?ﬁn%hecé'ﬁsﬂ@g nhE 288.  sed. For exarrpl e, as Fig.
32 shows, two or nor@he restmaimisd2ss ecdrodiecin280¢ Horm 8¢ ( &rringal 280(3)-

can be ot 26kee103 A 0ReABRLLCbe ! And' GHYERRS6 Eﬂé{:ﬁﬂétg&h cavity

geonetry and to enhance acerrent e multiple
E p

teau fractuyre
bodi es 280(1), 29@62)‘-'35‘:“ nts Z‘E?Ga A expansinR, L cthe PPAY 28R ts or be
j oi ned - togatiloer tédraiammn restratntiizes dqﬁeojché aides

separate WRLS, iy b&’x&’deis?s%ﬁén B0 B Hoayhe0te eGiltdieraly nter

t hrough t he same access ent access p
As anot her exarrpleé‘,Pa&éeﬁrgS“%t§ﬁ§§\311Yh§aﬁééI§/el with xavh caﬁh%%sums an
egg shape when sand,aghefeby, non-sphetfialed, to forma cavity and. reshape

B I e it kot
- -liquid into and out of the body to expand it. _
15 body is inserted into and taken out of the tibla in
the same manner as that described above with respect
to the vertebral bone. Fig. 30C shows a

‘substantially circular configuration for the body
280, although the body 280 can also be substantially
20 elliptical, as Fig. 31 shows.

Other geometries and configurations can also be
used. For example, as Fig. 32 shows, two or more
expandable bodies 280(1), 280(2), and 280(3) can be
stacked one atop another to produce a different

25 cavity geometry and to enhance plateau fracture
displacement. The multiple bodies 280(1), 280(2),
and 280(3) can comprise separate units or be joined
together for common deployment. When deployed as
separate units, the bodies 280(1), 280(2), and

30 280(3) can enter through the same access point or
from different access points.

As another example, as Fig. 33 shows, the body
280' can assume an egg shape when substantially
inflated, to form a cavity and reshape broken bones.

35 Other geometries, such as cylindrical or spherical,



- 47 - can also be wused for the sanme purpose.

Typi cal dinmensions of the body 280 for treating proxi mal ti bial

pl ateau fracture vary as foll ows: The thickness or height of the
body will vary 5 from0.3 cmto 5.0 cm The anteri or-posterior
(front to back) dinension will vary from1.0 cmto 6.0 cm

The nedi al “R)%s}s@o?ral (side-to-side) dinension dP ﬁgn 10 cm

to 6.0 cm Figs. 44 and 45 sh mul tiple expan e zones
614 and 616 depl oyed in cancel | ous bone 620. One zone 614 serves as a
platformto confine and direct t he expansion of the other zone 616.

Folr _thf PuEaRSe &fsd | | u&tr?is'émh. ogs. dde andadfe Shpurpbsel5 b

mul ti pl e zones u r tibia

pl ateau fracture 623@9;»?&:91 éﬁ%nlsg‘of'% bir@géd%or?éﬁ% tzgt? \fﬁrl %Lég &44 and 45,
t he zones BEoximAl choiainnlateaye fupatare YR A5 ef°11°"5-bodi es. It

shoul d be appreci at. e@hehm&ﬁieséf'ﬁ héyr) of EWEcHEdy Wil G&rgan
conprise parts of_a_s abl e body. In t

P 5. AN e
i1l ustrated enbodFRBN ?a%"‘ﬁi‘b “£4 shows), the first eanndabI e body
614 i s depl oyed The tantanjlorappsterion (firopti te haakd Hisensioninto 25 -

cancel | ous bone {4Q1bgh 9¥/ ﬂmfi ol 06820 ém. Fi 0. 44 shows, when
substantial ly expand$g

h a .nore,along its
hori zontal axis 624 The m Sf‘?i £ 13terad d@sd%? i"’d’gégesle HPERFLRan al ong
its verti wéllaxa:ymmll-eo cn koaf.Popms 0- bott om 30 di rection).

The great gy expandedplagdeaaOaﬁad@s show mfRSHAlk’ LxphniiBB1&i Eshefody 614
conpacts cancel | qus

compacts SShcol | 043 o vt Sobariedh 1L Sanbe Lol Bl U, ST, o
body 614. The geaoner 624| sexves 3& a platformbool\cdiing landt slpreat.l y fall.
Jpg; UISSZ; gisége the expan§/¥311986§6?t9x1= other zone 61i6. For the
purpose of illustration, Figs. 44 and 45 show the
. 15 multiple zones 614 and 616 used for this purpose to
treat a tibial plateau fracture 622.

In the embodiment shown in Figs. 44 and 45, the
zones 614 and 616 comprise -separate expandable
bodies. It should be appreciated, however, that the

20 . zone 614 and 616 can comprise parts of a single
expandable body.

In the illustrated embodiment (as Fig. 44
shows), the first expandable body 614 is deployed
through a first outer guide sheath 618(1) into

25 cancellous bone 620 below the fracture 622. As Fig.
44 shows, when substantially expanded, the first
body 614 expands more along its horizontal axis 624
(i.e., in a side~to-side direction) than along its
vertical axis 626 (i.e., in an top-to-bottom
30 direction). The greater expanded side-to-side
geometry of the first body 614 compacts cancellous
bone in a relatively thin region, which extends
substantially across the interior volume 628
occupied by the first body 614. The geometric limits
35 of the body 614 will typically fall just inside the



- 48 - i nner cortical walls of the proximal tibia, or

what ever bone in which the first body 614 is depl oyed. The
expanded first body 614 creates a barrier 5 630 within the interior
region 628. Due to the |less expanded top-to-bottom geonetry of the
first body 614, a substantially unconpacted region 632 of

cancel | ousy, §§ | eft above the body 614, which PETRRGG11EEOM t he

f ormed barrler upward to the 10 ad lacture 622. |In a representative
depl oynent, the unconpact ed region 632 extends about 2 cm bel ow t he
tibial plateau fracture 622. As Fig. 44 shows, a second

expandabl e bodyisfhkt cortidfl dﬁﬂk@é’e%ﬂ htmgbraxiﬁamnd:m:ﬁ,r gxti de sheath

15 618(2) into.the u e o] 632 e the first
body 614, Whenm Pﬁ?ﬁ[‘% C&‘p ﬁi%ﬁ ferEt %&%gr g%e 4ed:"?l bi al

pl at eau fracturda:ﬂmed- As Fig. 45 shows, the second expandabl e
body 616 has 'ﬂaeg%'fn&!d sibsi:aabail bnl ckeatdst asbavkice 20 Fi gs.

30A-to SOC Whe ntjally.inflated 616
conpact s 2| arg%’ 9’ t)lé o%f("tt% or reglortgﬁgél I%‘ﬁ 31:2'% Eggée regi on 632
above the firstexpanded dqpeftdabbbttondgeanatrrhef pthechdrsss boA¥ barri er :
630, whi ch the gxpandedpindéantiadyytldnsaiicteal speglén 633 JordS also),

prevents expansi on Qf the Seco i.recti, away from
the tibial pl at‘l"?ﬂ‘?ﬁ%' bWFagﬁuB&géZ?mvel ﬁS?eQSHYt ﬁg }“‘ 630 directs
expansi on of t hextsesuisn dExtvad \the) & comads @arnéerrééowpward to &he Buttressed

by the bagrier ﬁ?&t&ﬁe 625RaNThoR §Qpreseﬁtéméﬂ GYaent ,dithect ed agai.nst
t he fractured | at eau

rest to or rral nat om c
position, as Fl‘&“”!ﬂ?c}ﬁﬁ Hegg%v@” ex a}’?‘ﬂts% ﬁgﬁem ated that
one or nore tibiaxmmhhefbmdtmm.be used as pl atforms or 35.

barriers to direct pansi f on /56301
PCT/ US98/ 11386 Ad'GriPAASkRBWE! QNSeléndYspandable bod{Oels

_ is deployed through a second outer guide sheath
15 618(2) into the uncompacted region 632 left between
the first body 614, when substantially expanded, and

the targeted tibial plateau fracture 622.
As Fig. 45 shows, the second expandable body 616
has a geometry, substantially like that shown in
20 Figs. 30A to 30C. When substantially inflated, the
. second body 616 compacts a large percentage of the '
cancellous bone in the region 632 above the first
expandable body 614. The presence of the barrier
630, which the expanded first body 614 creates (see
25 Fig. 46 also), prevents expansion of the second body
616 in a direction away from the tibial platform
fracture 622. 1Instead, the barrier 630 directs
expansion of the second body 616 toward the fracture
622. Buttressed by the barrier 630, the expansion
30 of the body 616 is directed against the fractured
plateau 622, restoring it to its normal anatomic

position, as Figs. 45 and 46 show.

It should be appreciated that one or more
expandable bodies can be used as platforms or
35 barriers to direct the expansion of one or wmore



- 49 - ot her expandabl e bodies in other |ocalized interior

bone regions. The barrier makes possible |ocalized cavity formation
in interior bone regions. Use of the barrier preserves healthy

regi ons of cancellous 5 bone, while directing the main conpacting body -
toward | ocalized fractures or |ocalized regions of diseased

cancel | ou D. Expandabl e Body for EQ?RI

The si ze §¥ anﬁgypandable body for use | the 10 f enor head (Reglon
608 in Fig. 43)is chosen based up3n t he radi ol ogi cal or CT scan size
of the head of the femur and the | ocation and size of the avascul ar

necrotic bone. other exp dﬁd&hl@‘lbﬂiﬂé@ ﬁardﬁxe&sqabauyeaeimﬂ&nt of an 15

expandabl e body 300 int roduc I n e.the cortical e 3 of the
fenoral head. Asgﬁ'l regie \Ngrh% ﬁ%arner R BPSHIRAR | ]S°"faﬁlr %2 t he outer
end 304 of the cavitfemmn ey dadexion banekresions. t Hisd @fer end

306 of the fenurgpd ﬁaﬁﬁé’ﬁ%ﬁs@%hs hé&l‘&ﬁir tx‘égg.gns ozwwhﬂ&doody 300.
The -t ube 3%9 extgnds to the fenoral

head. The dgﬁi tbgweﬁﬁicf‘%o%ggct%a ecc?ﬁ'ﬁégwﬁﬁstﬁ’ e 307

in this bone regtgwarﬂhlmhiw irActyresaoruledalized ragianscaf bone back -
to or near its nag_ggésgaaé&mén%‘is boagleon The fenoral head

is generally spherical rb %'!; gu nd thi ody 300 can have
ei ther a heni spherPtal ToPAR 3 é%§ [qmoxds ﬁﬁgi cal
geonmetry (as Fig. 34Th@oaize dficahecexppiinblealbodlyafeord®se ins the ntai ned in

Fig. 34 bygbondi Iﬁ&m BO{A | Bechosy, reating
pl eats SOBC)dbob EEnbr&1 n&egiggosf)s f:ltrllsfeir!’!tse%fsl %t gﬂd It‘;fjltlgji&r?&(:)ut of
S

the fenoral headUPPmithe §5§é°gﬁéhﬁ? 1 ar Gf,gcan size g eRepdh 1 espect
to the vertebral thenfem®d and the Iygaickdn dndesiie theamvasmﬂm:labl e body

for use nelof Bt 6.

PCT/ US98/ 11386
Fig. 34 shows a representative embodiment of an

15 expandable body 300 introduced inside the cortical
bone 302 of the femoral head. As Fig. 34 shows, the
femoral head is thin at the outer end 304 of the
femur and increases in thickness at the lower end
306 of the femur. A tube 309 directs liquid to

20 expand the body 300. The tube 309 extends along the
femoral neck and into <the femoral head. The
expandable body 300 cémpacts the cancellous bone 307
in this bone region, while also moving fractured
cortical bone back to or near its normal anatomic

25 position.

The femoral head is generally spherical in
configuration, and the body 300 can have either a
hemispherical (see Fig. 35) as well as spherical
geometry (as Fig. 34 shows). The hemispherical shape

30 is maintained in Pig. 34 by bonding overlapping

| portions of the body 300, creating pleats 300b.

The body 300 is inserted into and taken out of
the femoral head in the same manner as that
described with respect to the vertebral bone.

35 Typical dimensions of an expandable body for use
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- 50 - in treating the fenoral head vary as foll ows: The
di aneter of the expandable body will vary from0.5 cmto up to 4.5
cm The di nensions of the hem spherical body (Fig. 35) are the sane
as the 5 those of the spherical body (Fig. 34), except that
approximately one half is provided. E. Expandabl e Body for
Preventi on ' Fracture | i th bone
density inﬁ?&gmﬁ?g (Regi on 10 612 in Eig. 43) bel ow a F%?ggﬁ%ﬁgﬂbalue
are at i ncreased risk of hip fracture, and | ower densities

create greater risk. Patient selection is done t hrough a bone

density scan. in treatihigdthéCfefbLdE Ned® PFSLisatforttomgbodi nent of an 15

expandabl e body 410 Vi "hoorner " ¢ in
preventing hip fra@t ur%etne% oF ﬁg%bes’?é%%ég beoﬂyargc?'g‘& (‘ia%%Fi g. 36A
shows), the bodyfrom O.5cm torup BocdiF ey, Thiei dhmgnadiens |9f d&eds in the

mddie, like a hoammimgicand weendsids osspberé €né dame aemtieom the end
of the fenpral hrﬁ?d 41 ttri_lrou S‘ﬁt he 1 fggoral g’eck 412 a own into
the proxinal fe e © i §§'|°§ Ricar (ML R e %’Fﬁ??a%t e | esser

trochanter 414. approximategyponei balbfisereioleds 10 is linited to achieve

25 the described geongd,ry R¥pah885163fody foichpzeveftion of Wiperial . The
rings 430 are held in a space rel ati onshi p al ong one side of

apart
t he body 410 by attach ﬁfgggr?m i nel astic band 416, which runs the
| ength of that side Retiembs aiith Hene idapsityo iay &heo hip heRegdam a fart her

spaced apggt relgii opahimeal 04) below! e OPREARIHIRA SVaPu®T akhe dtody 410 by
attachnent to . another, | o gei i pel astic band_417, |c:&,runs the
| ength of the opf¥Eigasesd Fdsk °2h§ Boﬁ?‘gﬁ‘ﬁ?e%@&by"“ ensF&thveys
liquid to inflateredte bgdgattéd. risk. PatPenbr sededtpdbnydsntdade hin t he
body, the body ¢hrough a Won@Saefidfty scan. _ .
PCT/ US98 11386 ' \ \

Fig. 36A shows a representative embodiment of an

15 expandable body 410 having a "boomerang" geometry -
for use in preventing hip fracture. When
substantially expanded (as Fig. 36A shows), the body
410 forms a cylinder, which gradually bends in the
niddle, like a boomerang, and extends from about 0.5 .

20 - cm f£from the end of the femoral head 411 through the
femoral neck 412 and down into the proximal femoral
diaphysis 413 about 5 to 7 cm past the 1lesser
trochanter 414.

_ Expansion of the body 410 is limited to achieve

25 the described geometry by rings 430 of inelastic
material. The rings 430 are held in a spaced apart
relationship along one side of the body 410 by
attachment to an inelastic band 416, which runs the
length of that side of body 410. The rings 430 are

30 held in a farther spaced apart relationship along
the opposite side of the body 410 by attachment to
another, longer inelastic band 417, which runs the
length of the opposite side of the body 410. A tube
419 conveys liquid to inflate the body 410.

35 Prior to deployment within the body, the body



the fenoral head nserte
: towagé &b

- 51 - 410 is collapsed and rolled up and hel d agai nst the

i nflation tube .419 using, for exanple, with frangi bl e connectors
that will break as the body is subj ect to expansion. To deploy the
body 410 into 5 the hip, the surgeon uses a power drill under

radi ographi c guidance to create a cavity 420, which s, for exanple,
about 4 to jde starting at the lateral fenora 21 and
pr oceedi ngviﬁ?lgﬁzg& the fenoral head 411. The body 410 F?@gﬁ‘gi’/ﬁd

t hrough a gui de sheath 423, follomnng f%e cavity 420. The body 410
I s ‘depl oyed, prior to expansion, facing the | esser trochanter 414,

so that expansi an is collapsed draiaiod1elcud card Heldi aga;zase #18, and not

body 410 1 s gt QHEARYSPRo. cabe® 4T3 §“S§§§ : aniBan @SS FEE U 0 11

cause bending franglbﬁ.et ﬁ@nb%miﬁl Wt doreak asEheckedy i8ochanter
414. Optionall y,sum%etorﬁd» GXpahgioAl 06 deplopdtHeVBody 410 inte the

di aphysi s 413 %‘ﬁ]ti‘gg 9{2 tgﬁris Chggggy aZOPﬁwede}_tlﬁr L{\&ﬂt he ot her

si de. eng osen hySi€ian

extend about O. ara@fiaogr»%ﬂne%i@mﬁe ttﬁec?-'ema cavity 4g0adwhiek ough t he
fenoral neck andg,nteprt hecaipd e, Mabout 4 tofsnﬂﬁabideaa’aaﬁtsngusual l'y about

4 to 8 cm bel ow,the .2 sser.trochant dlanet i's chosen
by bel oW e Taberar, c5R3ER | SOREAP Ly anllpoR0dLathTEAEL neck
(the nost narrowh@r eﬁ?mandlsbBPﬂadtlilng The bpdy 410 ishdepleyedred :
di mensi ongg of tbaul&%\a {i®e Asheien 423, foiwﬁiﬁg ofhd OcaPigyn and a

di aneter of abo

ti,ents _having the | owest

bone densities Ilil?q “he THE b°8yf%3rﬁ)r’¥ﬂ aeRARYRA ?’%’tﬂﬁ e §¥BEPRF%onpacting in
t he : f enorédcimgadthewhesserirochantexaspt o, schd-hatoexpansbon

using two bodi eecity Afduiird Nene! eticrdah ca i slagdm%g and 448 f ol | oned by

PCT/ US98/ 11386 e greager trochanteric regfon 422,
18 The expansion of the body 410 is guided by the
rings 430 and bands 416 and 417, which cause bending
of the body 410 downward into the lesser trochanter
414. Optionally, a second cavity can be drilled down
into the diaphysis 413, starting from the same entry
20 point or from the other side.

The body length is chosen by the physician to
extend about 0.5 cm from the end of the femoral
head, through the femoral neck and into the proximal
femoral diaphysis, usually about 4 to 8 cm below the

25 lesser trochanter. The body 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 body 410 are a total
length of 10-20 cm and a diameter of about 1.0-2.5

30 cm. '

- Patients having the lowest bone densities in the
femoral head may require greater compacting in the
femoral head, which may, for example, be provided by
using two bodies, one after the other: the bent body

35 410 followed by the femoral head body (inserted at




- 52 - t he sane point and expanded prior to inserting any

supporting material). Alternatively, the bent body 410 may be adapted
to have a distal portion that approxi mat es the shape of the fenoral
head body. 5 The geonetry of the single, restrained body 410

can be approxi mated by nultiple expandabl e bodi es depl oyed

separ at el y,w@8bg/6360! €d together, or stacked t oget hepermsodritgss - 368
shows a representative enbodi nent, of the use of multiple expandable
bodi es 10 in the hip region. As Fig. 36B shows, a first
expandabl e body 410(1) is introduced through a first outer guide

? Eea]g_h 4t23g 121. i Zthhesafmexbﬁﬁhﬂ ah@r akpaadéd prioxt htbf inserltfmqoaay88 haf:.
e Irs oay (S} r e InNto

t he fenoral head%%g%rhiﬂngﬁlﬂxgﬂ;fﬁ A]At?%(ire'%oiﬁge g&pa%bﬁgn%oghdilou) is
i ntroduced 410hmaygtben adapked ote chayei deddptal hpoergion ﬁ‘athe

grefit erdt roc{]ﬁnt agbpﬂraaiﬁsté?etﬁer_auapeT hslf fhes felBgd] 2Nead HOd(.1) is

epl oyed i e diregtion o ral_ . X

O her apprdaches can&g‘g ﬁ%%’aéé_%grgtgx r?plsé'f'g%ﬁé rgé&p%%%f%@n%g

i ntroduced t hrougian: the fappsaRimaser 4u0 multiple mypapdabdehdoddesy can be
i ntroduced al ong depdoyal sepiratelsf, bRecoElida together, or Stackedbot h of

t he bodi es 410(1). and,410(2 i nclude ext raints to
limt expansion, )"'|°He%he}’ thgﬂr:%'nne?saescsﬁf’ gd \;%\n tﬁlte}?earegﬁ%g?ftbﬁe body
410. Expassoodinenthef Hthe casel of| muliinle jexpgn bodies

cancel | ousypone tjg kPe™IpCR¥gignhaving a geonetry appr oxi mati ng
that forned by the single, bo bl e Body

“for Cal caneus Fractuf§ Fid- d%éloﬁl'?'@"%ﬂ' 28 Jrirst eﬁﬁllsm%‘f’%ggg’ggyf or use in
treating fracturaiof(iphds alnarmucddcthrdngte)a 3first pRégrogudde in Fig.
43) is chosen baggd¢p0R28¢) in the prod@mad/ 18888a1 cortex of the
PCT/ US98/ 11386 femoral shaft. The first body 419(1) is deployed
15 across the femoral neck 480 into the femoral head
482.
A second expandable body 410(2) is introduced
‘through a second outer guide sheath 423(2) in the
greater trochanter 422 of the femur. The first body
20 419(1) is deployed in the direction of the femoral
diaphysis 413. '
Other approaches can be used. For exanmple, one
body can be introduced through the femoral neck 480,
and the other body can be introduced along the shaft
25 of the femur.
One or both of the bodies 410(1) and 410(2) can
include external restraints to limit expansion, in
the manner described with regard to the body 410.
‘Expansion of the bodies 410(1) and 410(2) compacts
30 cancellous bone to form a cavity having a geometry
approximating that formed by the single body 410.
F. Expandable Body for Calcaneus Fracture
The size of an expandable body for use in
treating fracture of the calcaneus (heel bone)
35 (Region 610 in Fig. 43) is chosen based upon the



- 53 - radi ol ogi cal or CT scan size of the cal caneus and t he

| ocati on and size of the fracture. Figs. 37A and 37B show a
representative expandabl e body 450 for treating fracture of the 5

cal caneus 452. A tube 464 conveys liquid into the body 450 to expand
it. In Fig. 37A, the body 450 is deploy into the cal caneus
452 by a pq&bg&g 1 approach, through the tuberosity. @aﬁgproaches
can be used, eS|red 10 by the phy§§0|an A power dri opens’ a
passage 466 t hrough the tuberosity"Tnto the cal caneus. An outer

gui de sheath 470 is positioned within the passage 466, abutting the

pgster! or of the radicAMRyiTall brt 0® scan siBaneE nhgvgaugggedesaﬁabeg incI
obt al ni Nng access a_ver Yy IS I ntroduce
t hrough t he gui dett%%érﬂ%tﬁa 3“% g%?%og:o%ssgﬁ%gg?g into the

cal caneus. Figepand7dn @ndi hd7Bodshewy ias pepnesenkative t he

gggi neihof thg tebxbddiel@ﬁlﬁoﬂaeetmx@ fﬁﬁhctuﬁarwﬁs&ﬁté (see Fig.
e pands constr ansion Q 0 0 an

asymmetric, Epear °a“eus ?ﬁédhg &?&%ﬁ %@étvegﬁoa(ﬁ&%g#ét ® The pear-

shaped geonetry Heedy 454 Gp expandi ¥ H1 occupyi ng the region of the

posterior facet 454. rhherfg] 03725 the dbapj\um i aspiegaifitboheng, because
the part of the cal C%Qeg‘y nost gg% 9?%&!" r%hel ev t#gn and

real i gnnent duri i t Re PBE ?r q%prt rou €sed part
of the posterior ﬂmosziw ofther approaches|cambesusedeas ﬂl&slpedt erior

facet 454 uts I8P tHe phyb2b¥an45% power arill o -'F;Qﬁsp@ sEagacdegeonet ry
di he r&glon of the anterior

has a snal m nor |.Mensi,on gccup r%
f acet 458 Hrqued Eﬁ?cms%aim?ﬂééitea gifaneuypdiryouter oy
460, between the qaldmshsatind Uk pdxitdoped wifhin the passage WO

98/ 56301 466, abutting the posterior of R4l Uﬁgéﬁéﬁ)@ﬁ in the
manner previously described in obtaining access to
15 a vertebral body. The body 450 is introduced
through the guide sheath 470 and formed passage 466
into the calcaneus.
Expansion of the body 450 is limited within the
confines of the calcaneus by inelastic peripheral
20 bands 454 (see Fig. 37B). The bands 454 constrain
expansion of the body 450 to an asymmetric, pear-
shaped geometry, best shown in Fig. 37B. The pear-
shaped geometry has a major dimension H1 occupying
the region of the posterior facet 454. The major
25 dimension Hl1 is located here, because the part of
‘the calcaneus most likely to require elevation and
realignment during expansion of the body 450 is the
depressed part of the posterior facet 454 of the
calcaneus, where the posterior facet 454 abuts the
30 talus 456.
The pear-shaped geometry has a smaller, minor
dimension occupying the region of the anterior facet
458 of the calcaneus, near the calcaneal-cuboid
joint 460, between the calcaneus ‘and cuboid bone
35 462.



- 54 - Expansi on of the body 410 conpacts cancel | ous bone

470 wthin the cal caneus 452. The expansi on also lifts a depression
fracture of the posterior facet 454 back to or ‘near its original
anatomc 5 el evati on adj acent the talus 456. \Wen col |l apsed and
renoved, the body 410 | eaves a cavity in cancell ous bone into which
filling mat@hbgkssg@an be i ntroduced in the manner preg 386 . . -
descri bed. Fig. 38 shows another_representative enmbodi ment” 10
of an expandabl e body 450" for use in tTeating fractures in the

cal caneus. The body 450" in Fig. 38 has a nore spherical or

egg- shaped geonet r yekpafision of! itReP ®oayS R2aRe bdxpiet4S CariteMous Fig. 37B.

Li ke t he pear- ed. .hod 50, the bod ', en_15 expanded
wi thin the cal cg'ﬁ@ﬁs,s“ or%aé"%aé??ycﬁﬁfﬂ?%ug éég'cgﬁgeﬁ 3?55'8% and
real i gns fractusdgocdifitsala siepression fragtupeaefi thenmosdierinnt onic
posi tion. facet 494 SEEIECEDOBr Ohear! ek oPigandablanatBadbes

(Fur ther ervie 20. .. Differen lze ngd/or s es expandabl e
ol eo P be uTRVARieP, adiant Sh8 b b Asoiheh SIrfee aRinC o
bones, the ni dsirefevefl,t theabodnril0 leavescy tavitty imeanselious vertebral
bodies, the foOkone intdNthaekl 212908§ miterfl \dan Bddnthrdaucagd the |ike.

25 The choi of the_shape, and size of,.a.expandabl e body
takes into accog‘ﬁ‘t %?‘ﬁemﬁﬂpﬁ’ﬁo?ﬁg‘?%"?%“@éfﬁ?ﬁ ed. of the site to be
treated. As before Figied8 shews anotherhzppresentativmekoddmebbne to be
conpressefh andege ap e‘g?ﬁnhﬁﬁ% HodyCl4des Bl el $nberleaiaRg | f bone 30

were moved i nappropri at a{ie gegeral Ig/ under st 00 . by fedical
prof essi onal s uSFAGIUERBLIBKENGT CALRAREUS. Thehadw éls%népo%gal ong with
their know edge 38f habea more sphérriaald ort egg-shaped cyeongtinyy thBneci se :
o She i o S Bt SNEP o st ity g 197AL BiaDY X 35
PCT/ US98/ 11386 the pear-shaped body 450, the body 450', when
15 expanded within the calcaneus, forms a cavity within
cancellous bone and realigns fractured cortical bone
at or near its normal anatomic position.
IIX. Selection of Other Expandable Bodies
_ {Further Overview)
20 Different sizes and/ or shapes of expandable
bodies may be used at sites not specified above,
such as the jaw bones, the midshaft of the arm and
leg bones, the cervical vertebral bodies, the foot
and ankle bones, the pelvis, the ribs, and the like.
25 The choice of the shape and size of a expandable
body takes into account the morphology and geometry
of the site to be treated. As before stated, the
shape of the cancellous .)-aone to be compressed, and
the local structures that could be harmed if bone
30 were moved inappropriately, are generally understood
by medical professionals using textbooks of human
skeletal anatomy along with their knowledge of the
site and its disease or injury. Precise dimensions
for a given patient can be further determined by X-
35 ray of the site to be treated.



- 55 - As one general guideline, the selection of the

geonetry of the expandabl e body should take into account that at

| east 40% of the cancel |l ous bone vol une needs to be conpacted in
cases where the bone 5 di sease causing fracture (or the risk of
fracture) Is the | oss of cancell ous bone mass (as in

0st eopor 0Si Why-og/& preferred range -is about 30%to CIQ?U skde . -
cancel | ous bone vol unme. Conpacti ng Iess of the cancel | ous %one
vol ume can | eave too nuch of 10 the ol Seased cancel | ous bone at the
treated site. The di seased cancel | ous bone remai ns weak and can

| ater coll apse, caug e @@tnui-al gas@élind,” ¥t wallection of thénot her

general guideline for

expandabl e body em'ﬁéfv] {’h é’?pa’?%éfle[ qyar%éwgé%?u;ﬁd bone regi on
has been QFQRﬂnixﬁhiﬁ %@pl%%%@d4°ﬁhefe%ban§?§ﬁebl°vﬂeb90€y ‘
within the cancejdRisfe Heeds’ €§iK¥) cofipadted i&p&aseanwnere theebéﬁéte or push

the fractugred cortical wall .bac it at p05|t|on
occupi ed béfor ééﬁ? §5385?¥%mﬂ°r(%he tisk °%6%3 here are
times when a | esb®r *athn'tosﬁ of cancehleus OLIS’H?OHG!&GSWDEIGSI oiml s

indi cated. For ogteopdPediiih§ Tﬂﬁeﬁréfﬁk§83“¥6ﬂ4§e§§eaB@hﬁgsb%eﬁéed s,

| ocal i zed, such ascul ar ecrogo s 95 mherg% Ioci | oss of

bl ood supply is |?%§V’baor?eaﬁ°ﬁ Sus bone yolyme, Gompacking J888.api e body
can conpact a of thesmgincedlous bene Falumescancleane thee dachaofd area
requiringypreat megd dfséﬁgﬂdfﬂancellous bone”Be! gk Q&Eﬁﬁ&&oﬁikées in the,

use of an 30 abl e rove sertlo solid

materials in deﬁﬁﬁgdgg ﬁé?lhfﬁﬁoggﬁﬁaFFF% Afgvea andCSﬂBonents in
total joint repIIawﬁnenbllapSa,tdausing fractures edespite xdptabape and si ze
|5 defined by {he anotneiganeas g?f&eﬁné WorTing isah <Rl B bgserted- 35

Yet another exceptlon I ver /56301
PCT/ US98/ 11386 th geometry of the expandable body is the amoun

15 that the targeted fractured bone region has been
‘displaced or depressed. The expansion of the body
within the cancellous bone region inside a bone can
elevate or push the fractured cortical wall back to
or near its anatomic position occupied before

.20 fracture occurred.

However, there are times when a lesser amount of
cancellous bone compaction is indicated. For
example, when the bone disease being treated is
localized, such as in avascular necrosis, or where

25 local loss of blood supply is killing bone in a
limited area, the expandable body can compact a
smaller volume. This is because the diseased area
requiring treatment is smaller.

Another exception lies in <the use of an

30 expandable body to improve insertion of solid
materials in defined shapes, like hydroxyapatite and
components in total joint replacement. In these
cases, the body shape and size is defined by the
shape and size of the material being inserted.

35 Yet another exception is +the delivery of



- 56 - t herapeuti c substances, which will be described in

greater detail later. In this case, the cancell ous bone may or may
not be di seased or adversely af fected. Heal thy cancel | ous bone can be
sacrificed 5 by significant conpaction to inprove the delivery of

a drug or growth factor which has an inportant therapeutic pur pose.
In this ap n, the size of the expandabl e body, by-t he
desired R»bggﬁgﬂnt of therapeutic sug§tance sought to beCTO 1§ vered.
In this case, the bone with the drug inside is supported mhlle t he
drug works, and the bone heal s through exterior casting or current

interior or eXtﬁl‘iéﬁé éﬁﬁﬁlﬁb&l@ﬂd@ which will Eenaéabeedsmakl ng,
provi di ng relatlv 4£%ﬂﬁ astl £? erties ng he e andable body,
whil e not Efﬁﬁ TRAY &R eFé n |BEE 7 P FRBES MBS
mai nt ai ni ng a desne ednayha e amay sinat WIhlehi diseasdhnor adverselyportant,
Iﬁr exarm: e, | gaE’PQ@t&i af heﬂh%ﬁ?r@é‘ﬁcenous tBBnénc&"nW ESEEQE%E%EW W?ﬁr e

e spinal cordi el atively .ine i c_bodj es e
shape andl°}§|§€9"&’aﬁ11 q’o&h‘@?"b’r%ﬂé’ﬂ BRro %/1 qeﬁ‘ﬂ' ot account
t he normal di neasidowg obrt lgerosithsi ﬁbctnjgeWbich has tare cupoetamtls bone. Use
2ppl i cati on 35 CheEgptdtic purgiel **‘Sfﬁii%ﬁ%féi“?@n?ﬂ%mfeéi‘e |
cancel | ous bone®% %&ﬂ %Rﬂﬂﬂé%ﬁ%éﬁ PERT by 'th eéﬁ?§§g¥an usual | y
be achi eved by aheunte of therapgntiqﬂ<suhspandablsobghtesththmg hi ghl y
elastic 10, PagRevhrea. th pnistalh] StASNbRRR W dig %ﬁ.@

internal — or ext e% restraints, s’ preV|ous
V. Optimal ONEHES: 8y sSupPhprhed’ whifepthe cdrug Yworks, and ?uctures
A.  Conventi onabofgmhealis $Shroaghr esx@rior casting oD sbansenmtt ool 848,

gg%fﬁsbgfhgggg fnterior or exé@?fﬁy!§§§gklon devices.

Generally speaking, © providing relatively

15 - inelastic properties for the expandable body, while
not always required, is nevertheless preferred when
maintaining a desired shape and size within the bone

is important, for example, in bone graft placement

or in a vertebral body, where the spinal cord is

20 nearby. Using relatively inelastic bodies, the shape
and size can be better predefined, taking into
account the normal dimensions of the outside edge of

the cancellous bone. Use of relatively inelastic
materials also more readily permits the application

25 of pressures equally in all directions to compress
cancellous bone. Still, substantially equivalent
results can usually be achieved by the use of
multiple expandable bodies having highly elastic
properties, if expansion is controlled by either

30 internal or external restraints, as previously
disclosed. _
IV. Optimal orientation With Asymmetric
Structures

A. Conventional Symmetric Structures
35 Fig. 50 shows a tool 848, which includes a



- 57 - cat heter tube 850 having a proximal and a di stal end,
respectively 52 and 54. The cat heter tube 850 I ncl udes a handl e 851
to facilitate gripping and maneuveri ng the tube 850. The handl e 851
is 5 preferably made of a foam material secured about the cat het er
t ube 850. The distal end 854 carries an expandabl e

structure §afegsekiCh Fig. 51 shows to be of convent pepakogi@skgt F UCti on
used, e.g., I1n the 10 depl oynent __igL, Vveins and arteries, e.g., in
angi opl asty applications. The structure 856 is shown in Fig. 50 in a
substantially coll apsed geonetry. The structure 856 conventionally

conprises an  catheted gadis és&qiaémgww,ﬁi-@ﬁﬁqar@ﬁ&,abui&tamdard 15

pol ymer extrusi gn, and nol di.n roces . The fubul.a S cture 856 is
bonded at its o %sﬁeesr’gﬁg’g'vg%ﬁ f“g ax"sﬂe%"“th %a?’#&éetfeﬁ tﬁ%’%géu usi ng, for
exanpl e, an nchulessi 8 chand¥en85tubot £acidityte cogripping, andt he '
structure 856 GCadhdifrdrivRy t @del NtAbAN 850 £ iMMe DYAKAIQR 85R€0KSN.

Fig. -51 shows an_enl ar.ged_vi.ew of the struct.ure 5 nina _
substantially e&]b%iﬂ eg‘ﬁg?r?/t.o aAanmsmate% Fg. sg‘iugﬁ%vﬁg'ﬂoq}tm’ﬁﬁi ddl e region
864 of the tubutatheter tubet BG@ture 856, when substantially expanded, '

assumes 25  a genfial laigtull NndhiaCabsshagfrridl Char S elpEiRablE . -
about the main a€| s 860 of _the ﬁ‘{@ﬁt i tub§185 . t ansion
stretches the pBYSHETEfht 8PPal e F19- stTUNUr &B56e8F its bonded
ends 858 to foreonventiongdnercginsgruchionl uwsedporeigns S6a. the ‘When

the strugpure 838 iSynder L4 | PEPPONERAN arteriesiCCOpUgNce Whth the .
t eachi ngs of theépab‘?)yvrg descri b " S?rngJé?lt's 4, 9] *888 and

ed ., U. 9
5,108, 404, the 3RFNRLasty appbb?"l%°n§43'rf‘§e%trﬁ°§é‘?""5§5§r&f “WBxt ends at an
angl e - doimvweig. t 60aid aheubstanbiakly heolMepseldr gedmedyy326 35 to

enter the interppl VOLHBLA30. ashS Ebifenblofdfly comprises @n98/ 56301
PCT/ US98/ 11386
elongated tube, formed, for example, by standard

15 polymer extrusion and molding processes. The tubular
structure 856 is bonded at its opposite ends 858 to
the catheter tube 850, using, for example, an
adhesive. When substantially collapsed, the
structure 856 can be inserted into an interior body

20 region. '

Fig. 51 shows an enlarged view of the structure
856 when in a substantially expanded geometry. As
Fig. 51 shows, the middle 'region 864 of the tubular
structure 856, when substantially expanded, assumes

25 a generally cylindrical shape, which is symmetric
about the main axis 860 of the catheter tube 850.
Expansion stretches the polymer material of the
structure 856 near its bonded ends 858 to form
generally conical end portions 862.

30 When the structure 856 is inserted into bone in
accordance with the teachings of the above described
U.S. Patents 4,969,888 and 5,108,404, the access
portal 843 (see Figs. 52 and 53) extends at an angle
downward toward the bottom of the vertebral body 826

35 to enter the interior volume 830. As Figs. 52 and



- 58 - 53 show, the access portal 843 aligns the catheter

tube axis 860 obliquely with respect to all natural axes 866, 867, or
869 of the vertebral body 826. As the conventional structure 856
expands within 5 the interior volune 830 (as Figs. 54 and 55 show,
respectively, in lateral and coronal views), the structure 856

symet r i calyy o@3ggg@gnds about the catheter tube axis $g@us6RiiRELSS| AY
cancel | ous bone 832 to forma cayity 868. However, since the 10
catheter tube axis 860 is oriented” obliquely relative to.al

nat ural axes 866, 867, or 869, the formed cavity is not centered with

respect | t? thf 53 dsho‘{ﬂ fleik& 5@&%4&1 Mtdln%NfR«:@aau s E?éiéatﬁ&% ¥ S O;fseéI
on one lateral side o e m e regio as Fig. ows) an
al so ext ends frg‘ﬁ??o?j’df%heo% t°gﬁ1i o1y wgﬂbb’féﬁﬁfé"‘a%@l Ehh?%ﬁ‘ﬁﬁsfhe i ddi e
region MR (as Fages 866, &7 stmndfS of the vertphralo hod¥s826syrmmetries, the:
cav tymﬁ68 }MH | s 0 &h@&hﬁﬁ?ﬁ&ilgm&u&ueao?)sstaﬁamswﬂ&kﬂareg: on MR
- when fi ne cement . i pce the e C . volunme is
not cent ePed abgﬁ?m%'ﬂgeﬁo"a’al'yf‘g‘b? o%“ﬁR{]as ll;{Igs't %4 &}ﬁ%ﬁ%‘% the
vertebral body Beé8pectively, winhdeketal| eads dorohiadi ivisws)., thihe
asymretric stFasParé | 08561 &fﬂ‘éﬂ:‘i@ﬁl&on&xﬁgﬁdbn Apéut Ntegd or 25

vol ume 830 may al so exert .unequa r nonuni f orm nterjor forces upon |
cortical bone g%8thet&F ke akis sgodi?‘?’F@Eﬁﬁs‘t”@ é’laé'?&flé"ﬁ? bR% broken and |
conpr essed 832bde. form a cavity 86B. CHbwawer (Y isdmcet ithe f or

Cancel | oys, 30 S0 GuPPaGld ORri £l 6A shoWs. an
. theter tub iented obl 1
mprovedli%one t?gatleng t 0o N 814, vvk(?i ch |rnci uges a ca et‘gr tube 816

carrying at relativ¥e tQiall Rrfurel Axes$88daBFE s sPFUBSYr 0. The -
cat heter tube 8tbrmed, cavitysipr astnekntearied beifh respeck itpreke | i ke the

t ube 850 .shown ] b Q. i
PCT/ US98/ 11386. hﬁd&ig ré&iof(‘”}ﬁ{l Insteaqd, t\ﬁQ 8%?@;%8 is offset

on one lateral side of the middle region MR (as Fig.

15 -55 shows) and also extends from top to bottom at
oblique angle through the middle region MR (as Fig.
54 shows).

Due to these asymmetries, the cavity 868 will
not provide optimal support to the middle region MR
20 when filled with bone cement. Since the bone cement
volume is not centered about the middle region MR,
'the capability of the vertebral body 826 <to
withstand loads is diminished. The asymmetric
compaction of cancellous bone 832 in the interior
25 volume 830 may also exert unequal or nonuniform
interior forces upon cortical bone 832, making it
difficult to elevate or push broken and compressed
bone.

B. Optimal oOrientation for cCancellous

30 Bone Compaction
Fig. 56A shows an improved bone treating tool
814, which includes a catheter tube 816 carrying at
its distal end 818 an expandable structure 820. The
catheter tube 816 can, at its proximal end, be
35 configured like the tube 850 shown in Fig. 50, with



- 59 - a handl e 851 nade of, e.g., a foamnmaterial. Fi g.
56A shows the structure 20 in a substantially expanded
condition, in which the .structure conprises a cylinder 821 with
generally 5 coni cal portions 834, each having a top 825 and a base
827. The tops 825 of conical portions 834 are secured about the

cat heter t and, in this respect, are general lppal mnth

t he cathetgﬁégﬁégo tube axis 824. However, unlike the expanéﬁgﬂe 10
structure 856 shown in Fig. 51, the mai"n axis 822 of t he cylinder 821
and the axis 824 of the catheter tube 816 are not ali gned. | nst ead,
the cylinder a hafdhé 857 nauLdeseh.gl, A Al Maedian.the catheter

tube axis 824. As a_result, the.structyre 820 en 15 substantial ly
expanded (as Fig. 58A9shoSp Ehays e SRS S WPh ABspdtt to the

cat het er tube asupstantiaBpy. expanded c¢mﬂﬁiyn.56Ap tWhidhseshe827 of the

coni cal p
cylinder axis 82
827 are nat par

%'Ei'heﬁﬁr§3éoﬁ%%|f§é@n% gf Pg%ﬁlﬁdfeeno ?éo‘Pf ngi el Qélllé/ré &}
Zonienll parions W54, 4hen BINARER Fop. A2% L 2

he 20
the bases

possi bl e. Fobase 827exdlhe dopsn8Ebgof mldaliepba'teenBZRt)fané\e coni cal
portions 834 exts%@qraan%mhtytnsr Eﬁ%ﬂbﬁ&kakhﬁet %1%“%1-&5 n CRH{e

axis 824. In t
generally para

his orlentatlon

RerpGt, ate Gpratfy, aligned withc ihe ng*él?ﬁfes

ter tube
827 are
in |ateral

view, the offsettube axisrgeéure BéGewdmununiikeg t!feﬁﬁexlpwhdgmi n the 30

I nterior | unme
Figs. 54 iédﬁd 55,
tube axis 824

t he body 826.

of f set cyllnde
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stlicehra ¥56 ts‘fxl?ﬁﬁ' iﬁof'i/ 845, sﬁ% main ax2§f €% é#:

t he appr.oach not aH
the ' ayliindgx, S3r pAe e, be 920 SR oinncom B

thibec\8as axe Mok Sligredls, Ihstédd, tiexpeybimder

1§2§220§s BPféet at an angl@019§é§ﬁ3gﬁe catheter
tube axis 824. As a result, the structure 820, when
substantially expanded (as Fig. 56A shows), is not
symmetric with respect. to the catheter tube axis
824. ,

In Fig. 56A, the bases 827 of the conical
portions 834 extend generally perpendicularly to the
cylinder axis 822. In this orientation, the tops
825 and the bases 827 are not parallel to each
other. Other orientations are possible. For
example, in Fig. 56B, the bases 827 of the conical
portions 834 extend generally perpendicularly to the
catheter tube axis 824. 1In this orientation, the
tops 825 and the bases 827 are generally parallel to
each other.

Fig. 57 shows in lateral view, the offset
structure 820 shown in Fig. 56A deployed in the
interior volume 830 of a vertebral body 826. As
before shown in Figs. 54 and 55, the approach in
Fig. 57 does not align the catheter tube axis 824
with any of the natural axes 866, 867, and 869 of
the body 826. However, as Fig. 57 shows, the
expansion of the offset cylinder 821 of the

own in
e cat heter
69 of

of the .



- 60 - structure 820 about its axis 822 is not symetric W th
respect to the catheter tube axis 824. | nst ead, expansion of the

of fset structure 820 is generally aligned with the natural axes 866
and 869 5 of the vertebral body 826. As Fig. 57 shows, the single
of fset structure 820 can forma cavity 838 that, while still

lateral |y qfHegiess0 One side of the mddl e regi on MpchrAmodiioen | N-
Fig. 55), is nevert hel ess symmetric in a top-to-bottomrespect 10

with the mddle reglon MR A natchlngf adj acent cavity can be forned
by depl oynent of a second of fset structure 820 on the opposite

lateral side ofgeructuddegd@rdsdid! 10 BkE2@22 iSO BpEdErLAVi LY,

formed by the t of f set bodles 8 , i ntroduced 15 S|nult eously or in
successi on by d\\ﬁ,\g Fhacredpect g t E?Fgﬁgfzﬁl I%“‘B%nt 491 respects

about the Instead, regpamsidd of the offsat:ahnqcmm isth respect
to the mddle h&eﬁrafgoapi earwbﬂeﬁhéwmtaluamraka Afd Ofgy the 20
en e

m ddl e regi on bone cenent._, The capability of the
vert ebr al ®body 856th8 MFFF%‘?E\?&J °°lY 83&rad g sF’c‘iFrer%ysré‘?Yf‘%'nc > The
symetri c conpasingle offsebfstraminirer B2Mharen SRHEm ma témvityt B3®r - vol une

830 that enggntﬁﬁfﬂecmw ?%e%/ﬁg%? %&%eexeaot Pri® S of equal and

uniforminterior rges _upon cort g I evate or push
broken and conpFBes&ioG3Re region MR (psshawm, ip  Figp w at® expandabl e
structure nevétthébess gsymmatrizetin aaytmpi-to-ebga:nmtrqspbdtf er ent

t han t he ,geonet f e Ak d hown I n
Fi gs. 56,&gand 5&%1:9 lt%:Qleﬁ Cﬁ%&& é %ﬂ w.© %8%84&%&%“ e A bet ween
the cylinder axFavity ca“BZ]QeaftSr%“ﬁé &t hderloyRant o9fs aBZﬂe‘F%“Qan acute
angle. As a resoffsetetructan®’820f oh thesbppositte lateral 828eicrf of f set . a

g(zjzpar i’i| I EI di ngﬂal Me% e?%g% %el at bﬁg t@oﬂﬁl@sﬁ@ h@ﬁ@:{t}“be axi s
PCT/ Usgg/ 1I1386 formed by the two offset bodies 820, introduced -

15 simultaneously or in succession by dual access, is

substantially centered in all respects about the
middle region MR.

A cavity centered with respect to the middle

region MR provides support uniformly across the

20 middle region MR when filled with bone cement. The

capability of the vertebral body 826 to withstand

loads is thereby enhanced. The symmetric compaction

of cancellous bone 832 in the interior wvolume 830

that a centered cavity provides also exerts more

25 equal and uniform interior forces upon cortical bone

832, to elevate or push broken and compressed bone.

Figs. 58A and 58B show an expandable structure

1200 having an offset, asymmetric geometry different

than the geometry of the offset expandable structure

30 820 shown in Figs. 56A and 56B. In Figs. 58A and

58B, the offset angle A between the cylinder axis

822 and the catheter tube axis 824 is an acute

angle. As a result, the axis 822 of the structure

820 is offset in a nonparallel dimension or plane

35 relative to the catheter tube axis 824. In Figs.




- 61 - 58A and 58B, the offset angle A between the cylinder

axis 1220 and the catheter tube axis 1240 is zero, as the axis 1220
of the cylinder 1210 is offset at a distance from and in a
generally parallel 5 di mension or plane relative to the catheter tube
axis 1240. The catheter tube 160 can, at its proxi mal end, be

confi gured yhlgsdshe tube 50 shown in Fig. 50, with pdards/fsfl. ade
of, e.g., a foam material. 10 As in Figs. 56A and 56B, the
tops 1250 of coni cal portions 102& are secured about the catheter
tube 160 and, in this respect, are generally aligned with the

catheter tube asga dAd058H," thegoffsdt\ amgde A betwedn theecplimdémtion of the

bases 1270 of {hgs}510a0oGRACELe RIS 104D diellelago 19 fath, S84 the

bases 1270 of t coni cal
per pendi cul ar| yalsothﬁea?!aﬁhé?%‘? Q%B’é’%ﬂﬂmaer 132&013aﬂﬁf%ﬁ% %‘her efore
general |y paral lael giethhee fromteml 1390 (acoqaaeeauyt Opaf@mu entation

shown in .0 h S |
coni cal ?t [ ong%fgﬁgxt 8ﬁd 'r:\gn'rae;ig]%évé ‘i-_o q%‘ee J%Zg?eé)ér %er ‘tube axis’
1240. In th| s olXdEt al24f. tﬂi‘@ °ath3tqlbp§“.322501®91dqawe b§§esﬂl€270 are not

parallel to proxﬂ.&ﬁll &hﬂ?rhe 2fonfigured-ildke RO €GPe 566 sew®8A and 58B

\?\QF}N ggagdjl Lst m?ﬁ‘[ F&g tﬁgss%ﬂ_f t}}'anaﬂ! u%%lngga oLft hg effset le A as

8ol 6Nt at|on o he-conrcal e bases, to
achi eve virtual mptgmjiadesired of f set geonetry, and thereby tai I or

the orienigtion of h&e 89 ngsxpmatuﬁ SBEEHCT Wh t'@oﬁ@e 1280t '6@” ar
geonetry of g liQO| nt zi ng
t

Cancel | ous Bone SS34§ ‘?ﬁtl‘ms FL 3 arﬁ?@?&PF?ﬂgatb%ttkth ﬁ?’\/gﬁe r when t he
convent i onal tube 06DUARE, div thisnespEests hanm gemeE'agJ.YSalisn@:B

substantially expiiiefie BRERSL! tibe! BO15' 120" Od Figs, 58A and VIO

98/ 56301 58B, the orientation of the /sg§98 1386f ‘the
15 conical portions 1040 differ. 1In Fig. 58a, the

bases 1270 of the conical portions 1040 extend
generally perpendicularly to the catheter tube axis
1240, and are therefore generally paraliel to the
tops 1250 (comparable to the orientation shown in

20 Fig. 56B). In Fig. 58B, the bases 1270 of the
conical portions 1040 extend at an angle B to the
catheter tube axis 1240. In this orientation, the
'tops 1250 and the bases 1270 are not parallel to
each other.

25 Figs. 56A and 56B and 58A and 58B show ‘that it
is possible, by adjustment of the offset angle A, as
well as adjustment of the orientation of the conical
end bases, to achieve virtually any desired offset
geometry, and thereby tailor the orientation of the

30 expandable' structure to the particular geometry of
the point of use. '

C. Maximizing Cancellous Bone Compaction
Referring back to Fig. 51, when the conventional
tubular structure 856 shown in Fig. 51 is

35  substantially expanded, material of the structure is



- 62 -

stretched into conical sections 862 near the ends

whi ch are bonded to the catheter tube 850. Fig. 59 shows t
of expanded tubul ar structure 856 in greater detail. The conical 5
portions 862 extend at a cone angle a fromthe bonded ends 858.
tructure 856 therefore presents the generally

The expanded s

cyl i ndri calwgbgkdsd

structure 856 (
whi ch conpri se
the m ddl e regi

BODYD{ err]) exists, and Ehe coni cal 10 portion
regi ons of dianeter
on 864 until reaching the dianeter of the c

858,
he geonetry

regi on 864, where the nmaxi mum di pgiRssQssst NE -

S 862

That decreases with di stance from

at het er

t ube (TUBﬂIaTrcTIHAd .into conicalDedtd ohile 8§90 HRlaky tfﬂéol vahdtsﬁ Fig. 59,
e one i on does n ccur, 0
#ﬁB }Rr?%r%lt%tgﬁﬁt &Pgheger té‘g’ r%? ‘measur ed
bet ween t he bonﬂia@l eﬁ@s ms the genmedawy, ofixiexpandedc ulmiarbone :
Colffpagtlonl OCC(leéthructure 0'&'5)8 ai,qn rré&%teﬁffféééi/%; enghé (é&-)id%flthe 20 -
cylindrical mi er i 0 e structure e
Struct ur 69856 "Be? @#ﬁﬂ% BPHRe AP Ly EEPF, T |
bone corrpactlohonded ehda niéSBes alThw texpandedt hstfuctareo@ds&l portions

862, where the ghérefdyré p%éyem&t eaepgmémw%&uaéncaﬁlﬁda@es At the
bonded ends 858, and portlons he, cat heter ube go %endl ng

beyond t he bond&$gi® sénds"’ggﬁe rﬁ?%oﬂ@x&’ﬁ‘ﬁba 8€cu?

maxi num 15
entire length (

tube 850 can, astrustyrexi8sel

relative to the

% i 9eCTeARAS, VdLh

Cancel | ous -

cat het er

¢BODY o) cerisysy ecand thel idenided t ube 850

'SI'EgWIneing%Es (Lif%*fqaﬁ co%?ga 1r§§alcor$§§§g§a%3qgnse &bon%ni ends 858
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@i. )bone The effective bone VO
DIA

Due to the geometry shown in Fig. 59, maximum
cancellous bone compaction does not occur along the
entire length (L2) of the conventional structure
856, as measured between the bonded ends 858.
Instead, maximum cancellous bone compaction occurs
only along the effective 1length (L1l) of the
cylindrical middle region 864 of the structure 856,
where the structure 856 presents its maximum
diameter BODYya. Cancellous bone conmpaction
diminishes along the length of the conical portions
862, where the structure's diameter progressively
diminishes. At the bonded ends 858, and portions of
the catheter tube 850 extending beyond the bonded
ends 858, no bone compaction occurs. The catheter
tube 850 can, at its proximal end, be configured
like the tube 850 shown in Fig. 50, with a handle
851 made of,'e.g., a foam material.

The lengths (Lc) of the conical regions 862 and
bonded ends 858 relative to the entire length of the
structure 856 (L2) are important indications of the
overall effectiveness of the structure 856 for
compacting cancellous bone. The effective bone

98/ 56301



- 63 - conpaction length (L1) of any expandable structure

havi ng coni cal end regions, such as structure 856 shown in Fig. 59,
can be expressed as foll ows: L1 = L2 - 2 (Lc)
where the length of a given conical region (Lc) can 5 be expressed as
fol | ows: Lc = h [err] wher e:

[err] wo osisespihere (see Fig. 59): BODYDI A ipgrhy38s/iiBgg Mum-
di aneter of the mddle regi on 86? when substantial |y expanded, 10
TUBE[err] is the dianeter of the cathe 3r~t ube 850, and

[err] is the angle of the conical portion. As the foregoing
expressi ons denpBihs&E fon fRngtn (Ll% 8ieV 8y CeRpaRdariy | Sediitdre t he | ength
Lc of the conical 15 prtions, 86

w |l Tncrease with.increasing maxi mum
di ameter BODY] cPRYIBY SRRICAL SR TRFiARS AN, pe Structure B88 by A |
i ncreased, to nmshownzintFig.diS8pecen bé expressed asofpdliowsvity, the | engths

Lc of the conical portions 862 also increase, thereby reducing the 20
effective length L1 of maxi num caiicel Lidus2 {(bohe conpacti on.
The bone conpaction effectiveness of an expandabl e structure of
a gi ven maxi num di anet er I ncreases as L1 and L2 becone nore equal .
The where the length of a given conical region (Lc) can
5 be expressed as follows:
Lc = h(x
tan—
2
where:
_ BODY, ,~TUBE,,
) 2

where (see Fig. 59):
BODYy;a is the maximum diameter of the middle
region 864, when substantially expanded,
10 TUBE;;» is the diameter of the catheter tube 850,
and
o is the angle of the conical portion.
As the foregoing expressions demonstrate, for a
given conical angle o, the length Lc of the conical
15 portions 862 will increase with increasing maximum
diameter BODY;;, of the middle region 864. Thus, as
BODY p;, is increased, to maximize the diameter of the
formed cavity, the lengths Lc of the conical
portions 862 also increase, thereby reducing the
20 effective 1length L1 of maximum cancellous bone
compaction.
The bone compaction effectiveness of an
expandable structure of a given maximum diameter
increases as L1 and L2 become more equal. The
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- 64 - geonetry of a conventional tubular structure 856 shown
in Fig. 59 poses a tradeoff between maxi num conpaction di aneter and
effective conpaction | ength. This inherent tradeoff makes

optim zation of the 5 structure 856 for bone conpaction

applicati ONwo ossse3of! T cul t. Fig. 860 shows an i 3§¢ L uct-ure
870 havi ng a geonetry, when substantially expanded, mc '
mtigates the tradeoff between maxi mim&ofpaction 10 di anet er and
effective conpaction | engt h. The struct ure 870 includes a mddle
regi on 872, whe YDk &&Jj; t L L. Shk-&! 8861 NCI Udes
end regl %om I C extend rom?ﬁ'l dl e re&f]on ég to

the regions 8765hﬂWBr ént Kd e B8 PISeF 3 I*é"'ail&"ff betyaeR paxt®Wonded to
the catheter tukempdttieh diameteFUnid esfiflectite cmigwitdion Gbag8H8 can, at
i ts proxinal 0 ¢ | SW Fig.
50, with a handl e §5rlﬂme%%n‘i: '}E‘fa@é n*éj&s %éi%%a%ggn B“Q In
t he enbodifhent SHEWELRRer @5560f°¥heb@?ﬁi °°mPa°t|19§| oﬁE’PQ?‘Qaﬁi‘-@nrml ded or

stressed to prowig¢€ieunen- coni cal dianeter transformati on bet ween
BODY[err] and . UB r T gggng 0 edefl ne
radi al sections r[err% Eé& %ﬂws] I&%’f (ﬂnﬁgg‘tﬁ& Q&(? \ézrbv ngjx% the

end regions 8742 | HSPREHYYi éﬂ%ﬁihesubﬂ’ﬁéng Y 3xPan@G§|-caWhéthrret er
transformati on @fitigdtet thet itradeoff betwkenr hakiifluh| ebmpabtiggen BODYDI A

compact i O iSRetdF and  erfartElE qdhoabEIERT ARRE | T RhEC 00N

l ength L2 of th@tmcdmrsr 8797dnciudesr admiddhecregheon 872, whene regions
ggg h BODY ;. 0dceleyS ahel BetubtRreVerh WQ%@?ﬁdes end Structure
080 navi 19 %, SeQIECTaTh A U, Liong e, EhACRERD SRR BBy T
structure 870 +to the regions 876, where the material of the

15 structure is bonded to the catheter tube 878, at
TUBE;;». The catheter tube 878 can, at its proximal
end, be configured like the tube 850 shown in Fig.

50, with a handle 851 made of, e.g., a foam
material.

20 In the embodiment shown in Fig. 60, the end
regions 874 are molded or stressed to pi.'ovide a non-
conical diameter transformation between BODY;, and
TUBE pra. The diameter changes over two predefined
radial sections r;, and r,, forming a compound curve

25 in the end regions 874, instead of a cone. The non-
conical diameter transformation of radial sections
r, and r, between BODY,, and TUBEy;, reduces the
differential between the effective bone compaction .

" length L1 of the structure 870 and the overall

30 length L2 of the structure 870, measured between the
bond regions 876. _

Fig. 61 shows another improved expandable
structure 880 having a geometry mitigating the
tradeoff between maximum compaction diameter and

3s effective compaction length. Like the structure 870
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- 65 - shown in Fig. 60, the structure 880 in Fig. 61

includes a mddle region 882 of BODYDI A and end regi ons 884 extending
fromthe mddle region to the bonded regions 886, at TUBE[err]. As
the structure 870 5. in Fig. 60, the end regions 884 of the structure 880
make a non- di aneter transformation between nd -
TUBE[ err]. ‘?ﬁ%ﬁ.ﬁgb‘ 61, the predefined radi aI sections rsg% 63

r[err] are each reduced, conpared to T - radi al section r[err] and

rferr] in Fig. 60. As aresult, 10 the end regions 884 take on an
inverted profil gpowdsS in Fig .2 gpeStitle é&?u&l{:*é g §Nghh Aﬁbeaween the
ef

bonded 886 s actyally | ess t han_t he ective
Cength L1 of neifiiieasarer @%ﬁ?ﬁvf&ﬁﬁfﬂ 962 B0 and BpBe can, at
its proxi mal endediensof84 gexthdinge £1bm the hoei dd e ﬁb@(iomhchwnthe Fig. ‘50,

th a handle 8 f oa i The
I -
w ﬁﬂﬁyﬁggore % Yps, aﬁ A nhgmﬂﬁg 870

structures 870 an Wn i n Figs en substant ially
inflated, Preser® Figr 60, the en |’6%$1i%1?e|3§ﬂl °1‘-’eﬂb? I?tl??"tﬁ’é&l
i ncreasingly 20 makegraeatmbcopioa)brdimw&er I’cam;tslforhn&t:.omhbetweenm rrum

cancel | ous bone ac urs Fig. 61,
the end regions % éﬁ&)?ﬂﬁ %m' In Fi qbl'ut t he %ﬂ?{ﬁ :e.%lﬁ%%g 886. Due
to this, S4RFCEEF 2 %étaﬁﬁaﬁ?lbﬁe@é’&&fis PR o R 25 bone
surroundi ng theﬁmﬁdﬂ.dseegnonsrﬁ%d n,ninr Fign 60. Asot kreeudbyd regions

884 about 6he b%egnaegé’g%@‘@%@‘l tak?h ﬁt’hq{ ﬁ'&géfen 't%ﬁ%o tﬁ?os§§bl eto

conpact cancello e _expandabl e
structure 880. 3p result, fhe er@zrshémgahomeb%wsem #eat bended | nproved

e?ipandabl e strucﬁéqﬁnwessméebﬁdseaatﬁaMwues&%an the cffeotiva Fig. 63
L st e SLAE] 955 meymyn AT BAED, SOmATa bl Ve L0
conpri ses, when Bsstean, &Y wt@omr@p@val gngd, npee configured like -
15 the tube 850 shown in Fig. 50, with a handle 851
made of, e.g., a foam material.

The structures 870 and 880, shown in Figs. 60
and 61, when substantially inflated, present, for a
given overall length L2, regions'of increasingly

20 greater proportional 1length L1, where maximum
cancellous bone compaction occurs.

Furthermore, as in Fig. 61, the end regions 884
are inverted about the bonded regions 886. Due to
this inversion, bone compaction occurs in cancellous

25 | bone surrounding the bonded regions 886. Inversion
of the end regions 884 about the bonded regions 886
therefore makes it possible to compact cancellous
bone along the entire length of the expandable
structure 880. '

30 Fig. 62 shows another embodiment of an improved
expandable structure 890. Like the structure 880
shown in Fig. 61, the structure 890 includes a
middle region 892 and fully inverted end regions 894
overlying the bond regions 896. The structure 880

35 comprises, when substantially collapsed, a simple
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- 66 - t ube. At |l east the distal end of the tubul ar

structure 880 is nmechanically tucked or fol ded i nward and pl aced into
contact with the catheter tube 898. As shown in Fig. 62, both

proxi mal and 5 di stal ends of the tubular structure are fol ded over

and pl aced ywghgs@apt act with the catheter tube 898. POTRUSO@I 1364 €1 . t-ube
898 can, at its proxinmal end, be configured like the tube 850 shown
in Fig. 50, with a handl e 851 mad® Gf, e.g., a foam material. 10

The catheter tube 898 is di pped or sprayed bef orehand with a materi al

1102 that abso[rlﬁﬁbfbbfd éu: 1&&@3&&%‘ ‘gils@hﬁ.g é{!f[]tgfg t{lﬂi gﬁtﬁﬁﬂéﬁ, laser .
energy. ol ded- over ends re_hrou ipto_a n

agai nst the mat 5’?’?&!’1:?{82.880 Tﬁﬁ &?Mcﬁgygygi%keg tqrangﬂigféd froman
external source inwavdglanchelaced irntidl contaitorwbige the abatheberby t he
material 1102. gype gbsel Asf GHEEM KA PiGY 6BS BBERM pebximl?. ahf§e fol ded-
over -ends 894, grld tli[e C thettﬁ:é tﬁ e 850.”, The, wel d cqQnstitutes the
bond regi Shs 898iskgl ends ofjpe; Yar sERUCHUES ARe $82952 PKETstructure
890 achi eve an amduplatednimtwe icontattt withtthetcatheter tub8989adj acent the

distal end 1104 eneebpe 898 fd.u & mhBaknihepgnd regi ons
894 and the ﬂfe |s%1alg Eg}t:ee?er tu%e 'e%} 1%4%?%?00?&%??1%&53. The 25
re

structure 890 Somfigure g SbeypS0ghown An Fig. 50, :

di ameter, for nmaxhamdleaBst|hads dine.g., a foampeatewigl.essentially al ong

its enti o length. pne catiiftei Maba! %9.%9?)#” ggﬁggal e pggggggdal ong its
y I no

| engt h where bone coggact lon I's substantia essen

cancel | ous bone ReFRFERANG, Withyas material 1102-ithat sabserbs 1tRRow anot her
enbodi nent of amelected wapaiwtaldnerslyr, uCoprexdnple, Angergenéfgghows, the

structure 1110 ighel 'H:g%eﬁ-%gg! Sn&é’ge}oé’i‘ Jzﬁ%ﬁu\%t into”%ﬁ:é!ﬂ?h lamet er

BODY[ err] and inverted end regions 3 I ch over € bonded
regi ons 1116. against the material 11102. The welding energy
' 15 transmitted from an external source through the

middle region 992 is absorbed by the material 1102.
A weld forms, joining the material 1102, the folded-
over ends 894, and the catheter tube 850. The weld
constitutes the bond regions 896.
20 : The inverted end regions 894 of the structure
890 achieve an abrupt termination of the structure
890 adjacent the distal end 1104 of the catheter
tube 898, such that the end regions 894 and the
distal catheter tube end 1104 are coterminous. The
25 structure 890 possesses a region of maximum
structure diameter, for maximum cancellous bone
compaction, essentially along its entire 1length.
The structure 890 presents no portion along its
length where bone compaction is substantially
30 lessened or no cancellous bone compaction occurs.
Figs. 63 and 64 show another embodiment of an
expandable structure 1110. As Pig. 64 shows, the
structure 1110 includes a middle region 1112 of
maximum diameter BODY,;, and inverted end regions
35 1114, which overlie the bonded regions 1116.
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- 66 - t ube. At |east the distal end of the tubular

structure 880 is nmechanically tucked or fol ded i nward and pl aced into
contact with the catheter tube 898. As shown in Fig. 62, both

proxi mal and 5 di stal ends of the tubular structure are fol ded over

and pl aced ywglbgs@gt act with the catheter tube 898. ' PSS Rgd er . tube
898 can, at its proxinmal end, be configured like the tube 850 shown
in Fig. 50, with a handl e 851 rad® of e.g., a foammterial. 10

The catheter tube 898 is di pped or sprayed beforehand with a materi al
1102 that absorRgphle at 18RtCERE \a&ls@amg GReY By, érm eugiphe, | aser
ener gy. The fol ded-over ends 894 grou to abgﬁ&aé

agai nst the nat SFHFTYES. 880 TdE 8 af\"a' 24 Vg tqran ®2d from an

ext er nal sourceihiwandglarﬁhqalaced intiﬁlanntaytomﬁgﬂ the abatheterby t he
mat erial 1102. gtsgswel f%ggm Jigl @-l_iag gge EB{:ﬁrbi}bxlﬂin ahde fol ded-

over -ends 894, an he catheter tube 8507 The nstitutes the
bond regi §hs 8o8issgl ends ofrfthe; F‘é‘@‘?ltaé'd &HBCF‘é’é‘Fd’rTée f8"§-$ OVRE structure
890 achi eve an amduplatednimtd |mtabtthéthttha.:tqmeter tub89898dj acent the

distal end 1104zfe Caengabbcbibe sog %} 938 paUxinbiabniliepgnd T egi ons

894 and the I sta eter tu are coterm hous. The 25
structure 890 Sorfdgured lﬁke g &b eo 0, #boWR AN Fig. 50, With e
di ameter, for rrmthﬂﬂ.eaasnlmms dhine.g., a fompwtteml.essent [ aI |y al ong

its enti & | engt h. ac?l Hitel Sﬂgﬁ%r§9§9 }é)rgasﬁga JTon pggggggdal ong its

| engt h where bone co;g anti al | essen
cancel | ous bone hefergband, withyas material 11°2F|"é§t eaPEPRPS 48R oW anot her

enbodi ment of amelected wEpAlMHhlEnergy!, uCbrrexdniple, Aasergenéfgghows, the
S S 8, Y1808 Bl Endf SN S bluant spec MM, oL
regions 1116. aga nst the material 1102. The welding energy :
15 transmitted from an external source through the
middle region 992 is absorbed by the material 1102.
A weld forms, joining the material 1102, the folded-
over ends 894, and the catheter tube 850. The weld
constitutes the bond regions 896.
20 The inverted end regions 894 of the structure
890 achieve an abrupt termination of the structure
890 adjacent the distal end 1104 of the catheter
tube 898, such that the end regions 894 and the
distal catheter tube end 1104 are coterminous. The
25 structure 890 possesses a region of maximum
structure diameter, for maximum cancellous bone
compaction, essentially along its entire 1length.
The structure 890 presents no portion along its
length where bone compaction is substantially
30 lessened or no cancellous bone compaction occurs.

Figs. 63 and 64 show another embodiment of an
expandable structure 1110. As Fig. 64 shows, the
structure 1110 includes a middle region 1112 of
maximum diameter BODY,;, and inverted end regions

35 1114, which overlie the bonded regions 1116.
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- 67 - Fig. 63 shows the structure 1110 before the end

regions 1114 have been inverted in the manufacturing process. As
Fig. 63 shows, the structure 1110 conprises, when substantially
col | apsed, a sinple 5 tube. To facilitate formation of the inverted end
regi ons 111lg¢gageesppnded regions 1116, a two-piece CHRNR/f3Pe 1S
provi ded, conprising an outer %ﬂt heter tube 1118 and an I nner

cat heter tube 1120. The inner catheter tube 1120 slides within the

outer 10 catheter tube 1118. The catheter tube 1118 can, at its

proximal end, be cojigueddshbis €X drtdetale 1110 5EER¥L ithdleha 50, W th a
handl e 851 nade of,, e. 63

shows, during t‘F%éjr?éﬁg?'?aH mvﬁggfgga{%%?f" the ’?Wﬁ\r 5 er t ube

1120 is m)ved aprqce_ss‘.i rsﬁ\SdiE’tta._rlcﬁdblimbspndthélestuuetunethéﬂ@r t ube
1118. In this conbidies,t %e&r-maﬁEQIiys%hla?ﬁed egdsipde and 1124

of the tubular structure 111Q_are bopded, ouf folding .over or

tucki ng in® aboutuB® Tq #@‘ﬁlﬂrﬁgﬁ‘tﬁafﬂ@ﬁ{l‘?’b&f i ’:!ch’%‘% 58‘%?' cat het er

tube 1120, resperegicais/.11illde and dahslkdenuxribhd? 1416, a twakidéecef t he :

tubul ar struct Ur@aﬂﬁ‘é&x‘:aﬂgﬁge'}.sbeprovide&li r%hb?éiQEHBS%t gtwvent i onal
ndi e

adhesive or nelt bg n rocesses,, to formt bonded regi ons 1116.

25 Once t%ﬂlﬁfrﬁ'fea‘“Péggb:E% and an, dpney, cagheter tube 11201ner

cat heter tube 11PHe iinnerveatieater ubewll1d®B@Glides withikithe @ltero a _

di st ance (sho far e e f er t heter .
98, S"cphefetbirnibl) YA cathoter 3o 1308, Yk 7

tube 11187 "The st nner ¢ alive to the
outer tube 30 itaoproximak sende Regsonfdgurad) hike thepfupsy&0sion -

creates doubl e jsheovedireFig.coonwithla Eandle i861 made dfi,g.e.@d,, whi ch

overlie the bond [Molrlc} 6. The rel ative position of the outer
and i nner cat het%?ﬂg&p trl'l}%éé 1118 and 1120 shown in Fig. 64 is secured

35 agai nst furt§ Figventht showsy duming j§hesimanufacturing
' 15 process, the inner catheter tube 1120 is moved a

first distance di beyond the outer catheter tube
1118. In this condition, the proximal and distal
ends 1122 and 1124 of the tubular structure 1110 are
bonded, without folding over or tucking in, about
20 the inner catheter tube 1118 and the outer catheter
: tube 1120, respectively. The unfolded ends 1122 and
1124 of the tubular structure 1110 can then be
directly exposed to conventional adhesive or melt
bonding processes, to form the bonded regions 1116.
25 Once the bonded regions 1116 are formed, the
inner catheter tube 1120 is moved (see arrow 1130 in
Fig. 64) to a distance d2 (shorter than dl) from the
end of the outer catheter tube 1118. The shortening
of the inner tube 1120 relative to the outer tube
30 1120 inverts the ends 1122 and 1124. The inversion
creates double jointed end regions 1116 shown in
Fig. 64, which overlie the bonded regions 1116. The
relative position of the outer and inner catheter
tubes 1118 and 1120 shown in Fig. 64 is secured
35 against further movement » €.9., by adhesive,
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- 68 - conpleting the assenbl age of the structure 1110.

The double jointed inverted ends 1114 of the structure 1110 in Fig.
64, |ike single jointed i nverted ends 894 of the structure 890 in
Fig. 62, 5 assure that no portion of " the catheter t ube
protrudes bgyyiRsdofe expandable structure. Thus, SrrisossE €1 on
al ong either structure 894 or 111 8vvhere cancellous one conpacti on
does not occur. Like the structur®& 890 shown in Fig. 62, the 10

structure 1110 in Fig. 20 presents a maxinmm di aneter for
maxi mum cancel | Qi #@ﬁg@ﬁ&%b@&hblage IS ehet bekhytat@ngniés entire

ot ﬁﬂ%@% fjcﬂen% a ment 3 gn I rr? %dl nterior

expandabl e structur
body region. Listeudbturst ritior dnllBiy. 64, stﬁm singlegs.jodntadd 64, the

structure 1300 '{hw}:éﬂ:ed ends 884l 8?'9!4655@1‘\1&‘&1{1% 5 *l%t ‘i‘rigt Ul%% 1304
secured hin an aé_:r cat het

t ube_13
structure 5110 sarﬁﬁ/tﬂ:? n n83 Hﬂﬁggﬂ a‘%&?alc St na“"f?lo of the
i nner cat heter tpiotExigias beyond the expanhbﬂenet&rhey.und.tha‘mllsst al- end

1308 of the OUt Gfhere isCAbNEE§lohURSoRd0Rither structihE BYhclordiameter of

the i nner cat heter tub % ewi se smaller than the inner
8t u

di aneter of 25 11theVherer <an gne 3 eempagtipey,, 0R% afet1312
i s defined by thscapacelikeviten stiractuve cgathahewn in Figl udmks thad2 and

1304. ;:'%1 nd; 43 e e bo : _ i's
bonded tol?he dista e‘ﬁi% rT?Olésof ttlhéiﬂ%%ter ﬁngcat%uetée)rq‘%élﬁ])"g}l 02. The
di stal end 1316 $¥an for %?ﬁ-%ab?%”%’d‘f%ohq‘% [RATRAFHION he di st al
end 1310 eﬁséﬁaamyealonghftsreﬁtm 1dgthin i nflation ~ medium-

1318 is conveyed intfﬁt%e%gbgﬂx?gé?’%o%%odzment 5@%1{'%1%%%399 1312,

cau5|ng expansi on of
expandable structure 1300 well suited for deployment

a5 in an interior body region. Like the structure 1110
shown in Figs. 63 and 64, the structure 1300 in Fig.
65 includes an inner catheter tube 1304 secured
within an outer catheter tube 1302. Like the
structure 1110 shown in Figs. 63 and 64, the distal
20 end 1310 of the inner catheter tube 1304 in Fig. 65
extends beyond the distal end 1308 of the outer
catheter tube 1302.
The outer diameter of the inner catheter tube
1304 is likewise smaller than the inner diameter of
25 the outer catheter tube 1302. A flow passage 1312
is defined by the space between the two catheter
tubes 1302 and 1304.
The proximal end 1314 of an expandable body 1306
is bonded to the distal end 1308 of the outer
30 catheter tube 1302. The distal end 1316 of the
expandable body 1306 is bonded to the distal end
1310 of the inner catheter tube 1304. An inflation
medium 1318 is conveyed into the body 1306 through
the flow passage 1312, causing expansion of the body
35 1306.
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- 69 - In Fig. 65, the physical properties of the

structure 1300 at the proxinmal body end 1314 differ fromthe physical
properties of the structure 1300 at the distal body end 1316. The

di fferent physical 5 properties are created by material selection. Mre
particul arl woogRiefi al s sel ected for the inner cat heg@pudobpfigd 304 -and
t he expandabl e body 1306 are nmore_conpliant (i.e., nore e astic )

t han the materials selected for t¥e outer catheter tube 1302. 10

In a preferred enbodi ment, nmaterials selected for t he expandabl e body

1306 and the inner cgf hpigr )€ the phydPlaPOosidperitaedness Rrhaperties of
| ess than about 90 e nd ul ti,mat e el ongat i Qn of eater than
about 450% e. g.STHRFHEE, Bf’a'h %ﬁfl"é‘lj‘ﬂaﬁle@"& n% 1:{!M'a #&F&red

enbodi ment, nmat efroun $h§e!msé¢aiopronerties obHuthe staturdture 1300 1302
possess har dnessyPiachibes) body effi #5£4! imkhalsrAlPbht Shydiad D and
ultimate el ongat.i,on of |eSs th‘ﬂn abogt 115](3% e.d, |ess

conpl i ant Pol yurRX 8 aK6| FERIAE s masgria sel?%ei‘?’b' t OT&i f ferenti al
sel ecti on of natpmitdlanlarly, wsakerixls ofsedenpedanter ofthehe igumesr cat heter

tube 1302 et iare 80P %N EHe &xpdnaabioWHdY N dre during . -

expansi on of the body 1306,agal nst the ompl,l ance qof the_inner

cat heter tube 13t °P??8?§§g€ é‘i'ﬁ'al BBES ﬁ@%f "%ﬁg‘di rent
conpl i ance nateriadseselectad Carstbhe tdukdodath8bér thbe 1302, - -
expansi ongl 0 | nEd €2SprbPet A dnbdh ieHR! HatRrills serddtda Hopease in
di anet er during expansi on. y virtue of the nmore conpliant body
1306 and i nner 3Jehe expanfable Radye1386.an4 fthesdpper Pathetryr $Mben in Fig.
65 is elastic enmgh gossessl hardhess priopeeities bpdYess thar aPowt, |ike

T o e A o wiBace spobidEi S Lithigs e o ne
1306 35 t 0 t RPPHs 450%aset €. o Ve CoMpdiapt pplyureshanes. 1In S
15 a preferred embodiment, materials selected for the

outer catheter tube 1302 possess hardness properties
of greater than about 45 Shore D and ultimate
elongation of 1less than about 450%, e.g., less
compliant polyurethanes or polyethylenes.
20 Due to the differential selection of materials,
the lack of compliance of the outer catheter tube
1302 at the proximal body end 1314 is counterpoised
during expansion of the body 1306 against the
compliance of the inner catheter tube 1304 at the
25 distal body end 1316. The Qdifferent compliance
characteristics ocauses the body 1306, during
expansion, to increase in length in proportion to
its increase in diameter during expansion. By
virtue of the more compliant body 1306 and inner
30 catheter tube 1304, the structure 1300 shown in Fig.
65 is elastic enough to conform to an interior body
region, like inside a bone. Nevertheless, the
structure 1300 is constrained from overexpansion by
attachment of the proximal end 1314 of the body 1306
35 to the less elastic outer catheter tube 1302.
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- 70 - The -bond between a gi ven expandabl e structure and
its associ ated cat heter tube can be strengthened by using a CJerr]
or NAYAG | aser to weld the structure and tube materials together.
Factors influencing 5 joint strength include energy wave | ength, energy
pul se wi dt hyolgkése, peri od, head vol tage, spot si ze, Faes8i13861 at i-on,
wor ki ng di stance, angle of attack, - 702nd material selection

The cat heter tube 1302 can, at its proxiﬁal end, 10 be configured Iike

t he tube 850 shown in Fig. 50, with a handl e 851 nmade of, e.g., a
foam materi al . The bond bé&twed¥Pa Oivéh kiRpahQalpé CtRudtdre

Fig. 66 shows a blqod vascul ature region 1400, e i on 1400
i ncludes a first aﬁaoﬁf \}agssggga{ijﬁ%faq%a&er b | chca&tbeengg‘rﬁf'gnge% irst axis
1404. The regi oby using afm arSNAYAR|laker Xoswedddtheostryeture 14006,

whi ch ~ bragghetubkOomatBfidls StofbtREr VeSpabtdAR2inkPEENEing
second axi s 1408,offset,from. hge fiéi# XS 14040 e Fﬂgm 66 al so
shows t he %r esend21BF EhFERITR S1B% nergy) VaVe AT Ne22%EPNhd bl ood

vessel 1406. Thpulse widthcpwdisenperiodchieashvoditege,esgot piz@ue buil dup
along the interi patueds r&Ftatiens afs¥iiny asdtinssflangle of d864ck,

Fig. 67 shows the_distal of. a . tool 1412, 25 i ch has been _
i ntroduced into Fﬁg Vﬁgﬁfﬁgﬁj§%%5954°n' 1400 for the purpose of opening
the occlusion 1410. The catliEitert tube 11302 campr atctts prordinndrendpe 1416,

which. . 49 Carbb?%aﬁ?i&ﬁfe&ifiﬁé e Abe PS50 dahdvn Sih UPid! S50, 1420
of the type shown,in Fig: 56A. The ath%ter 30 tube 14167,can, at its
proxi mal end, beYibhipgipudie 851 mage, ofy @-Jupnd SMAGRSTAALE 9. 50, with

a handl e 851 nade B, @eaploymshbainnthervadculature The cat het er
tube 1416 is introdused. Dis snows £ VilAh1¥ASE EBGI0n! BhEGUCET
and, - with 35 oLl USR5S Pl Tonrhdoh" £ 5 ot vhlgel 1853 o
’
15 which extends along a first axis 1404. The region
1400 also includes a second blood vessel 1406, which
branches from the first blood vessel 1402 along a
second axis 1408 offset from the first axis 1404.
Fig. 66 also shows the presence of an occlusion
20 1410 adjacent the second blood vessel 1406. The
occlusion 1410 can comprise, e.g., plague buildup

along ‘the interior wall of the second blood vessel

1406.
Fig. 67 shows the distal end of a tool 1412,
25 which has been introduced into the wvascular region

1400 for the purpose of opening the occlusion 1410.
The tool 1412 comprises a catheter tube 1416, which
carries at its distal end an expandable structure
1420 of the type shown in Fig. 56A. The catheter
30 tube 1416 can, at its proximal end, be configured
like the tube 850 shown in Fig. 50, with a handle

851 made of, e.g., a foam material.
The catheter tube 1416 is introduced by
conventional vascular introducer and, with
- 35 fluoroscopic monitoring, steered to the targeted
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- 71 - regi on 1400 along a guidewire 1430 depl oyed within t he
first and second vessels 1402 and 1406. The structure 1420 is
expanded using a sterile fluid, | i ke saline or a radi o-contrast

medi um Fig. 67 5 shows the structure 1420 in a substantially expanded
conditiron. woosnsesen Li ke the expandable structure 820 shopdrigyshiage - T
56A, the main axis 1422 of the structur§11420 shown in Fig. 67 and
the axis 1424 of the catheter tube 10 1416 are not aligned. |nstead,
the structure axis 1422 is offset at a selected acute angle A from

t he cat het gsgiserL 400 %11)4@43. Bu@a&mi-aemict S@épIdPee within the

b h
ot Symmet ri 6w g STHGE. 2P’ Prednd VaRESt PRz apa 23Bs.c ") 10
As Fig. 67 shomsstnmt\mrﬁcﬂsmuics counansiedn usfing a stepdila (fnide 1420

al lows the physigipd £81{%é NbAI H radlo-ébﬁtfﬂé@eﬁéalﬁﬂpe FAYG gy axial
alignment with t

| 140 t t he 20
expandabl e struc%‘?"ésltl‘fo #ﬁ“‘é&?’fﬁ qglz giﬁg%ﬁ'\ﬂs%h" ia ﬁyt@#ég%’éaé%ggbl ogd

vessel 1406. In cm@m::core-nt ation, expansi on of the structure 1420
Wi thin the second ike RinRO Sﬁ&ﬁlé%m 806 SREVASIRFI10. The

asynmmetry of the ture 14 sL€ et t tube 1416
thereby ~permts® ééc lﬁ% 58‘ gﬁ&°§'é§§eié£|§n§hm conpl ex
mani pul ati on in Rig. sﬁ'éeandtgthe axis 1424 of the camietan itwbef the
Structureqg 1416 aFe Adt CHli%‘édforiﬂQtESde”B?&“m&uﬁe h of 30

t he associ at ed cat eter tube ext'end E’N
structure. In thd4eapiR)iofhfes §ﬁo%nsﬂ-ﬁcted a°“i5Pg§ng;}5E X xB""l!S%A/ B,~ and
59 to 62, the ench’olsebbr tube axdshdBr. t Dhe tomhed of€sab angbasad on of t he

i n cat NERgr oSl 1438, VRO SRRy GxFhfifea (oSS 1O

65, the enclose cat eter tube. cobnprises
Fig. 67 shows), is not symmetrlc with respect to the

15 catheter tube axis 1424.

As Fig. 67 shows, the asymmetric expansion of
the structure 1420 allows the physician to maintain
the catheter tube 1416 in axial alignment with the
first blood vessel 1402, while maintaining the

20 expandable structure 1420 in axial alignment with
the second blood vessel 1406. In this orientation,
expansion of the structure 1420 within the second
blood vessel 1406 opens the occlusion 1410. The
asymmetry of the structure 1420 relative to the

25 catheter tube 1416 thereby permits access to
branched blood vessels without complex manipulation
and steering.

E. Deflection of the Structure
_ In all of the foregoing embodiments, a length of

30 the associated catheter tube extends within the
expandable structure. In the embodiments shown in
Figs. 51, 56A/B, S8A/B, and 59 to 62, the enclosed
catheter tube comprises an extension of the main
catheter tube. In the embodiments shown in Figs. 63

35 to 65, the enclosed catheter tube comprises a
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- 72 - separate catheter tube carried by the main catheter

t ube. Regardl ess of the particular construction (see Fi g.
68), the enclosed |l ength of catheter tube 1600 5 provi des an interior
| umen 1602 passing within the expandabl e structure 1604. The
| umen 160§vo981 sppaccommodat es the passage of a stiffeni ngcisdRaisse!- -
stylet 160 é%, e.g., fromstainless steel or nol ded plastic
material. 10 The presence of the’%tylet 1606 serves to keep

the 'structure 1604 in the desired distally strai ght ened

condition durin e gng 23Sp¢ i e haiH Eathlaeath 1608
toward the targ%teg%%%%g c&gﬁ e%%oencfgfs a§9F| g. 68 shows. Access to the

15 target bodReegi on 1610 t hrough the gui de sheath 1608 can be
acconpl i shed usi ng Regardtddssnofii thél particular monstmqhionedsee or with an

open procedure. iqo n&mﬁﬁ? éﬁée)%%éﬂ 1@(?' th63f thenstedt q.gub]s_ﬁq_@ogan have a

pref or med nmenory, stal region 20,._ . of the
stylet 1608. TiRrowigssy %Wﬁréeﬁelwn 1602 Iéﬁ%%%‘@ﬁhﬂﬁe | et 1606

when confined wdspahddisle structuirde sieodt.h 160'Bheaslﬁmgn 6860R0Ws.

However, as the ladC e sty foxee of the
gui de sheat h 1603?‘:“810%%5% r.;}{g %Qgé%égg%e% ér%ii: on 2§a 1610 t he

pref or med menor ystHekaks %ﬁ@d?‘@@&b &-gret from stainiess 1gtsel TR% bend of
the distal styl aio¥d@ Plastic matétPabends the tube 1600 and thereby shifts

ﬁgfaﬁmz 8 the agﬁé%f#%%%esgggggggggfﬂpl(ﬁﬁ é%k}&s?&ﬁ S de sheat h

1608). The prebethe st gtrectgos, 1604 ipositheondiesived n digtaldderi or of

the structure gtraigiih edf Lkééﬁtﬂtiasrdsmfmdtpas@@gé hehgeaght mn of the
structure 1604 in acco r a when t he
structure 1604 i%® % ff@ ?"Zﬂ' sﬁ%%u? i&&é R:BQ?rd tthed e[)t(rale%lGlO '
body region 1610, as Fig. 68 shows. ccess to the :
15 target body region 1610 through the guide sheath

1608 can be accomplished using a closed, minimally
invasive procedure or with an open procedure.
As shown in Fig. 69, the stylet 1606 can have a
preformed memory, to normally bend the distal region
20 1612 of the stylet 1606. The memory is overcome to
straighten the stylet 1606 when confined within the -
guide sheath 1608, as Fig. 68 shows. However, as the
structure 1604 and stylet 1606 advance free of the
guide sheath 1608 and pass into the targeted region
25 1610, the preformed memory bends the distal stylet
region 1612. The bend of the distal stylet region
1612 bends the tube 1600 and thereby shifts the axis
1614 of the attached expandable structure 1604
relative to the axis 1616 of the access path (i.e.,
30 the guide sheath 1608). The prebent stylet 1606,
positioned within the interior of the structure
1604, further aids in altering the geometry of the
structure 1604 in accordance with the orientation
desired when the structure 1604 is deployed for use
35 in the targeted ;:egion 1610.
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- 73 - V. SINGLE USE Expansi on of any one of the
expandabl e structures described herein during first use in a
targeted body region generates stress on the 5 material or materials
whi ch nmake 'up the structure. The material stress created by -

oper at i onal whea@s301 during first use in a targeted bogerhRgsfasecan. -
significantly alter the nol ded norphol of the structure, naklng
future performance of the 10 st ruct ur'e “unpr edi ct abl e. For
exanpl e, expansion wthin bone during a singl e use creates contact
with surrounding coglicagrnere usid cancel l ous bone. This contact can
damage t he structure6 creﬁtlgg Iocallzed reghons of Egess
whi ch may escape deEERRREHOD ¥st Mt Feglons of
weakness can unpﬂuﬂptuabsydescribeduhnrqimﬁdnﬂimgritnska¢S¢a1huae during a

ZUbsequgt ¥g8ted body r%é&éﬂk“éﬁﬂaiat%§p0§ﬁkﬁsbotBhooﬂhénd tissue

uring sin se_can _enyr i.0l.0 conponents on_or

U110 205 ol B T b Yok 5 B ke BESoi (o

cl eani ng and suumeqmmmenﬁ&rlstnaﬁs(nmeated byheppretmunaloﬂoaGSrapped

bi ol ogi cal conmpeREIhY "]:st use ! ﬁd d OtHPé&Eﬁi’t 8By LR gaheact i ons.
S t

25 As a resu ow n |rst u structure can not be
relied upon to SSQRAE FF?“E&% efurmRNRhP i Bt stB&equent use
and may not stmbltarw. semakelag m:un'lel | Yrearformaricer newe thend :
sterlllzaiéon Ehﬁ@t ed ctégT% effects of 30 mat eri al stress
and damage cause urlng a } use, ,coupled with the possibility

of pyrogen r e EOFi o?i'éa“ﬁ’@@n a?’fl&nsrjé@( eVithim: bope rAEIRLRY
justify inposi ngimgliengse createsstéontacto Withosurrocundiiny icortislich carry

these expandabl g & TG 3ubOboR8.  THER! QUHEALL' BaROBSmage the
structure, creating localized regions of weakness,

15 which may escape detection. The existence of
localized regions of weakness can unpredictably
cause overall structural failure during a subsequent
use.

In addition, exposure to blood and tissue during

20 a single use can entrap biological components on or
within the structure or the associated catheter
tube. Despite cleaning and subsequent sterilization,
the presence of entrapped biological components can
lead to unacceptable pyrogenic reactions.

25 As a result, following first use, the structure
can not be relied upon to reach its desired
configuration during subsequent use and may not
otherwise meet established performance and
sterilization specifications. The effects of

30 material stress and damage caused during a single
use, coupled with the possibility of pyrogen
reactions even after resterilization, reasonably
justify imposing a single use restriction upon
devices which carry these expandable structures for

35 deployment in bone.
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- 74 - To protect patients fromthe potential adverse
consequences occasioned by multiple use, which i ncl ude di sease
transm ssion, or material stress and instability, or decr eased

or unpredi ctable 5 performance, the invention also provides a kit 1500
(see Figs. wBoghgder’l) for storing a single use probe PCTARSg113484L Ch -
carries an expandable structure 1504 descri bed herein prior to

depl oynent in bone. In the 71%%ustrated enbodi ment (see Figs. 70
and 10 71), the kit 1500 includes an interior tray 1508. The tray

1508 hol ds the prOb&olggataatapéeyeﬁé@tmm the m@asinsaveeaéltlon
during sterilization a tara rior ﬁlthrst use, The tray

1508 can IGONEEARERCES 0 RIS caP&bo‘%HJcF &5%af oFhiEh 15
pl asti c mat eri alincludeediseasel Et@nsnissis, ore material stress apdced apart

tabs 1510, whi Ctln'%%hﬂﬁﬁ cathﬁ.er decreadddde Eﬁ&&ég@gﬂg{%e structure

1504 'in the esired fa st.ral ht ene ti or}_ hown,
the faci n ends RSFEPRBARGSs *!ﬁé“ﬁreé@éﬁf‘ ﬁ%sl?‘?‘h‘@’;deﬁ)a EotBBBt i ne
geonetry, which (segapigs!t 70 mﬂhenprfambstoring a éﬁﬁ@leammprahéy acr oss

its entire vmdt 0 a b 03 on the
tray Q’ sotz which a0t alrgogﬁ#%%ﬁﬁgléés: g@{lﬁﬁ‘g{gv} 3%51512 whi ch

25 is peri ph&eﬁlclr} bed ] éﬁe#ﬁ H?%ié’tr & fgplpyment tg‘ bone. onc|ose the
tray 1508 from cont aat thet dlivstreitied dabodiment e(see @iyt 700aadend of the

ner Wagy 1512 725] WSS it se00c 160ARL) ARCLpRERACRVBLagoRRaaDI (SO

Fig. 71) pr ovi gui Ck “access to t A upon i nstance 30

of use, which ﬁﬂ@fé?mﬁm@cémlés itheg Prebej 1602 111 a dayrfdakent, such as-
Wi thin an oper algtraigheéhed conditionlh@ukihglSEkewiligxatienudaaqan outer

Yvir Eg,-lftl)&encl osf&o\fg%l Clhﬁkg?gvf“g Pﬁ%l&%us&e&ﬁd ?P%Sg%yhﬁ'%e Olrj?'té?ewr ap 1516
i ncl udes a convd® i frnedrckrom die cut cardboard or thermoformed
15 plastic material. The tray 1508 includes one or
more spaced apart tabs 1510, which hold the catheter
tube 1503 and expandable structure 1504 in the
desired lay-flat, straightened condition. As shown,
the facing ends of the tabs 1510 present a nesting,
20 serpentine geometry, which engages the catheter tube
1503 essentially across its entire width, to
securely retain the catheter tube 1503 on the tray

1508.
The kit 1500 includes an inner wrap 1512, which
25 is peripherally sealed by heat or the 1like, to

enclose the tray 1508 from contact with the outside
enviromment. One end of the inner wrap 1512 includes
a conventional peal~away seal 1514 (see Fig. 71), to
provide quick access to the tray 1508 upon instance
30 of use, which preferably occurs in a sterile
environment, such as within an operating room.

The kit 1500 also includes an outer wrap 1516,
which is also peripherally sealed by heat or the
like, to enclosed the inner wrap 1512. One end of

35 the outer wrap 1516 includes a conventional peal-
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- 75 - away seal 1518 (see Fig. 71), to provide access to t he
i nner wap 1512, which can be renoved fromthe : outer wap 1516 in
anticipation of inmm nent use of t he probe 1502, w thout conprom sing
sterility of 5 the probe 1502 itself. Bot h i nner and outer

wraps 1512 qigshskesbp (see Fig. 71) each includes a pepéptsdeaiasy .seal ed
top sheet 1520 and bottom sheet 1522. In the

i |l ustrated enbodi nent, the top sheet 718207 s made 10 of transparent
plastic film |ike polyethylene or MYLAR[ err] material, to allow

visual identificalhnagly 1s1s {dife GHY.CHY Ol E,eomé?%es;he bot t om

om a mat el ™ er meab
sterilization ga@eelﬁ“erm 1‘3&‘1 Gaﬁapér gpoysd Irew, kheaple from
DuPont) . outEhewsaprlsss kixt aJrﬁQﬂ::eﬁasuiouablfl daminkabechiser of

i nsert 1506, whi glol peliidesshle 4ehBiR bopbebnising StEOLEIER bent Use

Only" (or conpar angua r mat |ve y caution agal nst reuse
of the cont®nts ¥be prgpe; |’t se380. The | abel 1506 al so preferably
affirmatively |nstruBbShagnhe:standesbm:ei-iwmp@nlmiz and 15he [fsebe 1502.

The | abel 1506 a pr. r S o] ser to

di spose of the lﬁa 3 éa%% mcj’éldtelhsgs&en %gp%%ﬁatfw Js&#f&% Eﬁpt 1500 25
upon use in accoﬁ&&ﬁ&e WwP2A appfi chekkom; osheeka 1522,  \\zTne FhBcedures.

The presence of tih&uptﬁbﬁed%odimenmaaimgwpl shebe B5201380madei fies to

the physi of t%n‘éiaﬁi-ehﬁ g»:LQéQPS #21g ! iiﬁéegbiﬁegﬁglgﬁ ggt be

subj ect ed o pri of use ran_or usér y assured that

the expandabl e s¥EaRIM énaMAa » to ablew visyal jdenddfigatdepnefice and
sterility Hhec cbhtahtonse tlﬁnGh.th.bbo. fi5¢/ bottdie shedtsinbed

cort oureLion vl L Of 4 trat o HhemSHRLLNETBROT FI11I G
sterilization gas, e Je., TYVEC“‘ plastic material
15 (available from DuPont).

The sterile kit 1500 also carries a label or
insert 1506, which includes the statement "“For
Single Patient Use Only"™ (or comparable language) to
affirmatively caution against reuse of the contents

20 of the kit 1500. The label 1506 also preferably
affirmatively instructs against resterilization of
the probe 1502. The label 1506 also preferably
instructs the physician or user to dispose of the
probe 1502 and the entire contents of the kit 1500

25 upon use in accordance with applicable bioclogical
waste procedures. The presence of the probe 1502
packaged in the kit 1500 verifies to the physician
or user that probe 1502 is sterile and has not be
subjected to prior use. The physician or user is

30 thereby assured that the expandable structure 1504

" meets established performance and sterility
specifications, and will have the desired
configuration when expanded for use.$$

VI. Confinement of ¥illing Material

35 A. Dual Stage Filling
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- 76 - Figs. 39A to 39D show a nultiple stage process for
introducing filling material into a cavity formed by an expandabl e
body in cancell ous bone. The process is shown in association with
treating a 5 vertebral body. This is for the purpose of

i [l ustrati ofgoekkesgoul d be appreci ated that the pr ogrSFussgsbe . used
in the treatnment of all bone types. Use of the nulti-stage
process is indicated when 10 pre- exa?ﬁ nation of the targeted bone
reveals that a portion of the cortical wall 28 has fractured or

failed (as Fig. 39Aggshyns Re 18Pt BhLR a B st grdekg' t ebral
body 26). The faile cortlca ? 2% s%aagse and (?racks

(desi gnated G i nF®i g: n§§?\7‘“°1’59 f#}ﬁf‘&am‘%}t‘*’?ﬁé’rﬁa ehﬁbs BYFTE t he
failed cortical formed bynanZéxpamdabde bodyin cancellous bone TBei n t he

regi on where corrgf. sahail Eﬁb&ﬂrﬁnhaésé’&ﬂ{ 1%;, wjétl%s;tgbg%)%'ﬂ?hgate” al can

flow or seep thro gc t hese g%o crac e interior
vol ume of Phe 20ver Y. Thi?helﬁro s B8 nPUEPOSRe P nt where
t he outer mmﬂtﬁm 721hashbebd pes appnaediaﬁed thetgithée pin

renmoved in the r I SgLi hy§hChaRel Ntroduces
a first expandagq E (fo %&0%% ‘nglfntﬁé tgﬁg ggﬁ% %Eso ong'll?) near the
failed cortical types. bone region, as Fig. 39A shows. The first expandabl e
body 502 is sized, \Msﬂ’lofubhéaﬂﬂltdl-b}:ageppfﬁh‘.ﬁbsﬁs indicated uhena

el 2t vel Yot |0l lifyaeSon LFShd agetes noHE keddils Unds V0! U of

cancellous bone terior hysi ci an

expands the firseorbdmdeh| Eheoggrtical wabb 28 ohpactirsgtared| &F‘l veI y smal |
regi on of feiled | (a Figonsoa Wows @it &n&eaﬁadrieﬁm@mﬁ oiehe

{175t body 502, 6 &hleoidk) oahbe) 2068 AT ot ical WEEF GO O NS

creates gaps and cracks (designated G in Fig. 39A).
i5 Typically, remnant chips 500 of the failed cortical
bone 28 may lay in the cancellous bone 32 in the
region where cortical wall failure has occurred.
Filling material can flow or seep through these gaps
or cracks C outside of the interior volume of the
20 bone.
The process begins at the point where the outer
guide sheath 72 has been positioned and the guide
Pin removed in the manner previously described. The
physician introduces a first expandable body 502
25 into the cancellous bone 32 near the failed cortical
bone region, as Fig. 39A shows. The first expandable
body 502 is sized, when substantially expanded, to
occupy a relatively small volume (i.e., less than
about 20%) of the volume of cancellous bone 32 in
30 interior volume 30.
The physician expands the first expandable body
502, compacting a relatively small region of
cancellous bone. Upon collapse and removal of the
first body 502, a small cavity 504, caused by the
35 compaction, remains (as Fig. 39B shows).
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- 77 - The physician introduces the injector tip 90 and

injects an aliquot of filling material 96(1) (for exanpl e, about 1 cc
to about 9 cc) into the forned smal | cavity 504 (as Fig. 39B shows).
5 In a short time interval (before the filling material 96(1)
is allowed ¢gogsait antially set and harden), the phygirfisodi$s hdr ans
the injector tip 90 and introduces a second expandabl e body 506 into
t he cancel | ous bone 32 (see Fig™~ 39CT. The second 10  expandabl e
body 506 is larger than the first body 502. The second body 506 is
sized to createthe u in cavity
508 i n cancel I ous ggﬁégé;?%&%%ﬁﬁkgﬁ élgé ﬁ.ﬂﬁ%%g %E'g gbcaeli;?[;anm on of

the second body imjectscan ajigafcaf fHblinghmatarial, Py (£9% quot  of
filling mat erl al ediidle, rakdut o.aw:bt to5Q$oﬁﬁV\ardcj hinto theffbimsd corti cal

wal | region. Oﬁﬁé#ﬂ%i% Eb ZQF %:(L) e % 96(1) wll envel op

remmant chips 5 I'n |ts§g‘ath The materi al
96(1) 20 5 and enveIfbpédsBﬁFbstEEe én@esveés efgupndhe Heilling f 4| ed
cortical bone reaamm og)siienadiiovba to subﬁﬁ&@ﬂihmdyséﬂﬁamogresses

The first aliqu | et and

har den 0%% er’rrw’a? in tpﬁe#’lll A{lﬁlagqi %:g.&h?kaggégﬂ ectE% gnégg(g

t he expansion ofa!lfﬂleim%o@l)ﬁmd PPFE@@@B%GI bOdY 5°l§o§§}t9

col | apsed and re@&Y@é’llé@éthBﬂethQ Npéée Fig. BIC)LY Shthe second As Fig.

39D shows, .t he fII’St u f n terlal vi des a
vi scous of® (in %cﬁ% (gé#e soglaqrgeqr rbntl};ﬁ ?}Jgé%% 8%1 eri or edge
of t he caozty T898 secppnd bo#lyef06niis mizsdt iten crgate the

addi tional fill Iaesﬂaé&ue%he%ﬁ&%of Hne theér&Bédtic main eavity 5O proceeds,
as Fig. 39D shows, the v]|. or hardened boarder region 96(1)

i npedes passage Of g’&&f"t?%na filling material 96(2) as it fil I S
: As Flg. 39C shows, expansion of the second body

15 506 displaces the earlier injected aliquot of
filling material 96(1) in the cavity 504 toward the
failed cortical wall region. The aliquot of filling
material 96(1) will envelop remnant chips 500 of
cortical bone lying in its path. The material 96(1)

20 and enveloped chips 500 are pressed against the
failed cortical bone region as expansion of the
second body 506 progresses. The first aliquot of
£illing material 96(1) will begin to set and harden
as the main therapeutic cavity 508 is being formed

25 by the expansion of the second body 506. The second
body 506 is collapsed and removed, leaving the main
cavity 508.

As Fig. 39D shows, the first aliquot of filling
material 96(1) provides a viscous or (in time)

30 hardened boarder region along the anterior edge of
the cavity 508. As subsequent injection of
additional £illing material 96(2) into the main
cavity 508 proceeds, as Fig. 39D shows, the viscous
or hardened boarder region 96(1) impedes passage of

35 the additional f£illing material 96(2) as it fills
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- 78 - the main cavity 508. The viscous or hardened boarder

region 96(1) serves as a dam keeping the additional filling materi al
96(2) entering the main cavity 508 from seeping fromthe vertebral
body 26. 5 B. Interior Mesh Figs. 40 and 41 show

t he use of i or mesh 510 in association with i uct i-on
WO ob/5da61 n@iﬁéy&%@% uct

of fillin material into a cavity formed by an expa
i n cancel I ous bone. The mesh 510 is shd#h tn 10 association with
treating a vertebral body, but it shoul d be appreciated that the

process can be tr I el Use
of the mesh 510 |se il li |ca?+{o}'3(/%§ﬁ ﬁﬁé@l@coqse%%n%‘na% or@lg’ggfﬁe targeted
bone reveal s a ggien 26(1) ﬁ,eé'ﬂ?ﬁcéﬂi PSaad,r kgppind (the mdgitionalhows at the
anterior region fMl1ikg WatéLdP o6XR)Y eAtprifigUubh€tnain caviitihsble | ack of

enough bone nat tfexrom gggﬁig? f'%l (;&ICL vertﬁbghie 3& 0fga conplex fracture, to
g Tal

adequately fill ed corti cal bone re |on by conpacting using
20 an expandabl e bodyBe«F| ofpriar-Mesh material can flow or seep

through the unfill egigapsa®’and agkshow the ﬁﬂesbsnaﬁefh&ﬁrbfmashﬂ) present
in the fail ed ,cortical_bone

510
2 woven ot ruot uPOrifie o868 PRt it Shs intraduerint Bf FRRAied: cvoxl orr]
recents miteniol| dntp anmastiityl fogmedaby omp ermandatdel By The nesh

presents a surfage aafdelYbnéN HohedbOovhe L/mish t 818/ 2is showdf he interior

expandal 89 body SRoeLat1on' RAFR! brdating o et Lo SOV ¢ PRLOSEI n o t he
forned cavity 84honlidcirel apgeptibybedi that gthel jpincess can besueed| at er al
access), the phyfﬂ wtg.gggﬁgnﬁr@f a11 boriE typasl over the tip 90, as Fig.

i AUk g e L R YR B g T S R
examination of the targeted bone reveals a failed

15 cortical bone region (as PFig. 41 shows at the
anterior region of the vertebral body 26), coupled
with the lack of enough bone matter, due to advanced
disease or a complex fracture, to adequately £ill
the failed cortical bone region by compacting using

20 an expandable body. Flowable cement material can
flow or seep through the unfilled gaps or cracks
(designated G in Fig. 41) present in the failed
cortical bone region.

The mesh 510 comprises a woven structure made

25 from biocompatible material like Goretex™ material,
Nitinol™ material, or Dacron™ material. The mesh
presents a surface area, which is about 1/3xrd to 1/2
of the interior area of the main therapeutic cavity
84 formed by the selected expandable body.

30 Before deploying the injector tip 90 into the
formed cavity 84 (which is deployed in Fig. 41 by
posterolateral access), the physician drapes the
mesh 510 over the tip 90, as Fig. 40 shows. As Fig.
41 shows, the viscous flow of filling material 96

35 injected from the tip 90 carries the mesh 510 into
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- 79 - the cavity 84 in advance of the filling material 96.

The nmesh 510 is urged by the filling material 96 into contact with
the anterior region of the boner including the failed cortical bone
regi on. The mesh 5 510, perneated with viscous material 96 and resting
over the fgiodMdespfortical bone region, inpedes PRSSa813ke L1711 1-1 ng
material, until hardeni ng occurs. VI1. Delivery of Therapeutic
Mat eri al s A cavity created Tr’®dncel | ous bone by any of 10 t he
expandabl e bodi es descri bed above can be filled with a

medi cal | y- appr 0&[1)-1 aESvi‘E'{rn@H aifn! Qﬁvﬂf\cé &kf f he £il1ify ﬂa‘géf’ﬂf' geact or.

An expandabl e od cah act Inf ancel | s bone to
create a space Vi %séh Fﬂé’ 1 urﬁ?‘?l%i’i W‘?hft"llrél&ﬂt RSB LGE% in  an
open or mimtmlcloyxtaatawitm the canterior hegion tof ;ﬂlfe:emmd

hol ds the requi rgfl,amaug tﬁgdgy%d |&thi@51tgsn§|{- i ion. THE

treatment, and protects”t rom bei ng d aV\éagl y bI ood or
other flui%s. 210, permggted vigicoug, Batgpial 36 aptreRtAng  put
addi ti onal dosesvean kheappaibell atcdrdiiealt i bese regiomj hcintpaﬂm surgery,

enhanci ng the t t L %f’fa Litishe &g&{irtsy for the
opti mal :}H&%?éebf < er?'gg?ﬂ £ one, ’ "{111 Lﬂg héf&&hiﬁg protected
fromfuturefractur LY A pelt : pBeENt ernal or external
metal or pl ast | c A cavitat m-aadeal dascancellous bEhe bgeranyewf C

subst ance ut i g m%%g%;;gﬁihé% de%'étri dg £B8v€°8§n31§ i yed

f or mul atl% era eu |c agen could beused to treat
| ocal sol |vcmmr¢orn@ducod-émr§earmw§n opilntdany of e drug . nearby
ost eosarcoma or & helgrowtar £aeeér! hat bone. The cavity formed by-

an expandabl e body %n byﬂ:%ndaé: fi Iﬂ,o vm égnan onpg_#rfeﬁﬁc@é%)rtl ng

material, |like 35 bone
cancellous bone to create a space wh:l.ch can be

15 filled with the antibiotic gel in an open or
minimally invasive procedure. The cavity places and
holds the required. amount of drug right at the site
needing treatment, and protects the drug from being
washed away by blood or other fluids.

20 Not only can the dose be optimized, but

: additional doses can be applied at later times
without open surgery, enhancing the therapeutic
outcome., If the required cavity for the optimal
drug dose weakens the bone, the bone can be

25 protected from future fracture with a cast or with
current internal or external metal or plastic
fixation devices.

The therapeutic substance put into bone may act
outside the bone as well. A formulation containing

30 chemotherapeutic agent could be used to treat local
solid tumors, localized multiple myeloma or even a
nearby osteosarcoma or other tumor near that bone.

The cavity formed by an expandable body can be
filled with an appropriate supporting material, like

35 acrylic bone cement or biocompatible bone
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- 80 - substitute, which carries a therapeutic substance.

Al ternatively, the therapeutic substance can be separately delivered
before injection of the filling material . Thus, using an expandabl e
body, the 5 physician is able to treat a fracture while al so

del i vering wodessloed t herapeutic substance (Iike an mmﬁh@ “bene
growth facer or osteoporosis drug) to the site. |
alternative, to deliver therapeutic 1080 “subst ances, bodies can be d| pped
in a nedical forrrulatlon(oftenadry powder , |IC]UId or

gel ) contai ni ng éuﬁseieeéé,v vﬁ{ifaptdaﬁ@;manttn@&agaﬁuc sub&EMeLd :

anti biotic, bone_growt act or erapeutic age:}?et o0 coat the
body with the aﬁ?;eémi%"vel%nf‘f‘ﬁneﬂ‘m%e 5%?%?%“‘?% fa rted into a

bone bei ng treasegardpelydelliyeredcbafaiie dajebtion of thhofi:yli:ng partially

expanded beforemgggrfgﬁtl %dss usin pe&ﬁoré@g degrilh‘[eﬁg a f t 2goat ed body

can be dried XML@‘I\ yot o
formulati & is RBYSig §§ ébiquE'rPd Feat p fragipre wh oﬂ’ys‘-? s refol ded
as required anddelivering el desiredi therapéwtic @uksttaneed, (Likxep opri ate and

desi red. e t C e :
del i vered whil eggg%gg pusr%g%gg%gwggl %ge%gn%lfesse sls glfnu% th an
-addi tional bodytBntBetBEt@ayvity is nade. The methods descri bed

above can al so be ured an altermakiveiel frmamdeliveper thgeapsutid o t he body

bef or e US EupLfkhali 0 eﬁe'%agmfeoahggggadu sl dgedpap o w

further flq| any cracks 1h fracture one no t he
conpressed cancEPrBubabipr. (often a ridyy ovdey a42d~3§=3ﬁé‘rratqltally

i Ibust rate Onehge%)coﬁtﬁiﬁﬁq?lrhj :ﬁ&iifuaibl}‘y%gﬁebtgeél aﬂoﬁnthef g l 052-9 _
carried at the SRBLERS, RICARIREEE HAE Crgih fRerar o, MR 00 To
expand t he bodytherapeutzc agent to coat the body with the above— :
15 mentioned substance before it is inserted into a
bone being treated. Optionally, the body can be
wholly or partially expanded before the coating is
performed. optionally, the coated body can be dried
with air or by other means when the applied
20  formulation is wet, such as a liquid or a gel. The
body is refolded as required and either used
immediately or stored, if appropriate and desired.
Coated on the body, therapeutic substances can be
delivered while cancellous bone is being compressed,
25 or with an additional body once the cavity is made.
The methods described above can also be used to
coat Gelfoam or other agents onto the body before
use. Inflating the Gelfoam-coated body inside bone
will further £ill any cracks in fractured bone not
30 already filled by the compressed cancellous bone.
Figs. 42A to 42C schematically illustrate one
system and method for delivering a therapeutic
substance to the bone using an expandable body 529.
The body 529 is carried at the end of the catheter
35 tube 530, which conveys liquid to expand the body
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- 81 - 529, as previously described. As shown in Fig.
42A, the expandabl e body 529, in a substantially expanded condition,
Is stabilized with a clip 531 that couples the catheter tube 530 5
to awre 532. As shown in Fig. 42B, a neasured amount of gel

formul ati ogFgaiksy Ni ng the desired amount of subst apepuspiziiss . . -
uni formy dispensed from a container 534, preferably in thin lines

535, onto the outer surface of~t#k Dody 536. The coating 10
substance can be the desired conmpound alone inits natural state

(solid, liquid g ' sy opriate formulation, including a
dry powder, an sdo, g@agrg%‘s’kdgn%ir&ad%s(ﬁru lon. As shown in Fixg.st 42C, the

coated body 537 i s2ASosheWBednaRigal 4¥edthe eFRANGAble BAYY 33% gel sets.
Al ternatively, #hma Sepytadfialdy expanded Jwrdd tion!, eflsvetdloilized or

expansi on. The Kelg LN | L1 ﬂhsﬁﬂi? d on the
nat ur e of ‘%e%c?r%pi ur? 1ag§¥#t§°§%¥@n%r%*+ on. e costg}tbe% ody 237
is suitabbe fortpaketFaBidr uAe Bhounsdngddm. APB, a meagimefhring a

t her apeut IhC bSLﬁifdlﬁ{'Eeof Ofgelt Formulationt cofieadhinygpamealdesivedly used to
conpact the bo ' Yql ter the
bone i's gagnn%uéx& é’g, gl{lg%%%??saﬁ(@g%%g%?Fgfggn?itg%%ﬁ%%&{)ut ting
fornul ated drucp igent-aimercais: prefanebly in gbip,dines 35+ Lr%%e bone s
conpressed, th¢he outert MirFacst icf sthet Boay be3ZeeThiencesgimt ed i nto the

conpact ed_bone._Thi,s _can _seér a | Y, f |l ate a )
sl ow rel ggse vel s(}'f?n&e f%g' é%bgfugnc(i:é@frég. é%&m‘ifhael%naevi ri/ %grmned by the
expandabl e bodynaturale sbate f(soldd,wi 1igeid a®yr oBr$ht ®supPoran ng '

gﬁ;g{: ?Lt l'i ke %p;%ropria%‘EEbeﬁméMﬁn, .G.Qi&'ﬁhl\iig Oh tliri?i Q?WI idde - bone
of "ther apeut: erosol ‘G siiition. . A% ThAhyA fAG- AT Htrors or 35
sponsors and arecakasrbedy 537t ie rembkapsged oand allowed to dry '
15 until the gel sets. Alternatively, the body 536 can

also be coated without prior expansion. The optional

drying time will, of course, depend on the nature of

the compound and its formulation. The coated body

237 is suitable for packaging for use by a surgeon.

20 Delivering a therapeutic substance on the

outside of expandable body used to compact the bone,

or with an expandable body introduced after the bone

is compacted, is gqualitatively different than

putting formulated drug into the cavity. When

25 delivered while the bone is compressed, the

therapeutic substance becomes incorporated into the

compacted bone. This can serve as a way to instantly

formulate a slow release version of the substance.

The cavity formed by the expandable body can be

30 filled with an appropriate supporting material, like

acrylic bone cement or biocompatible bone
substitute, as before described.

Medically-effective amounts of thefapeutic

substances are defined by their manufacturers or

35 sponsors and are generally in the range of 10
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- 82 - nanograns to 50 mlligrans per site, although nore or
| ess may be required in a specific case. For exanple, the cavity
can accommodate a typi cal dose of the antibiotic, gentamcin, to
treat 5 -~ a local osteonyelitis (bone infection). A typical dose is
about 1 graesakdpfiough the therapeutic range for gepdpusssinissss far
greater, from 1l nanogramto 100 grans, depending on the condition
bei ng treated and the size cﬁ'tQﬂa'area to be covered. A 10

medi cal |l y-suitable gel fornmulated with appropriate gel material s,
such as Pol yethylene_glygol ~.C. | g e cinin a
set vol une of épogra S Esuc ﬂflaigraméxﬁgfiéltL E?thhgﬁtﬁ ?%nlcs t hat
can be used toolrr desshope be requized dnon specific saseexanpl e, ancef,
nafcillin, eFphr exdfipTe, taiueamvmtyar\daxgeramaatsypacm

bone gromﬂh factar o] h e £ Factor,
Ost eogeni ¢ Pr 01(:%' H.cai %? %?se inéﬂgéﬁ% Egl(':'f' %Aﬁe G owt h
Factor arfl 20 a lpcadsPstepmyelibi# h(kng dnLeackis n&nd Bettxmaﬂ
Chenot her apeut igesedifl abéwt at géam,wn&gh ithel 'dﬂerapeutic gaageunds  such

as ci sol atin,
and t anoxi f en.

cor SREaRTeE0 8 for TR RELRRL) Boh o, FERBIHEIERT

di phosphonat es 108ngrpusat Agpending cmheanendirion peing treated

Del i ver,
any of

filled w®h bi

f or ned -
matri X,

sheat h,

lies.

taxol
i tonin,
VI,

of Bi yfa ethal Ssize of theA &4 t oLl Bat edbvdrgmncel fous bone. by

tw&é&aﬁh Salipcetifante' 5o pfaTmuter SR dibsfriets

low into the

geli tgaterialsy deeslyapst | Pelypthylere oylyesle neamr al

can be dyitagsh Q.O&Palﬁl dtikRne¢bhlicén| BN& BER volume ofhgeg, di aneter is
sllghtly nor e narrowthan he i nner-di aneter of the oute

r guide

usi ng tSpehegs 1 mcﬁi‘ mal | y-i nvasi ve procedure. During open surgery,

15

20

25

30

35

Other antibiotics that can be used to treat bone
infection include, for example, ancef, nafcillin,
erythromycin, tobramycin, and gentamicin. Typical
bone growth factors are members of the Bone
Morphogenetic Factor, Osteogenic Protein, Fibroblast
Growth Factor, Insulin-Like Growth Factor and
Transforming Growth Factor alpha and beta families.
Chemotherapeutic and related agents include
compounds such as cisolatin, doxcrubicin,
daunorubicin, methotrexate, taxol and tamoxifen.
Osteoporosis drugs include estrogen, calcitonin,

. diphosphonates, and parathyroid hormone antagonists.

VIII. Delivery of Biomaterials

A cavity created in cancellous bone by any of
the expandable bodies described above can also be
filled with biomaterials.

Biomaterials which do not flow into the formed
cavity, like hydroxyapatite granules or bone mineral
matrix, can be pushed down a tube with a long pin
whose diameter is slightly more narrow than the
inner-diameter of the outer guide sheath, using the
minimally-invasive procedure. During open surgery,
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- 83 - t he physician can approach the bone in the sanme way.

If the biomaterial to be inserted does not flow and shoul d not be
pushed into the cavity through the gui de sheath (as in the case of
the hydroxyapatite 5 bl ock, because that can cause damage), the

physi ci an n formthe cavity using a mnimlly i nvpSi/uédsnizse - . -
approach, Phen punch a hol e using standard tools (such as a punch,
gouge or rasp) into one side of = 8Be~cortical bone to allow insertion
of the block. 10 | X.  Bone Marrow Harvesting Any of the

expandabl e bOdI‘iﬁ’tﬁ» d%SCI’I Qed %\é%p%a ﬁge an? Ii?\etﬂﬁegaﬁg o+ har vesti ng

of bone marrow rapeu or exanpl e,
in t he di agnddi &hef bﬁgmtetiealrfa ch*Pai@FeF'ﬁeflhé%S not (30K nent  of
advanced Cancera%aa/\ﬂéhlamhanﬁoﬁ%é Plished inté AiPlcantity through the Fig. 47

shows a system 70 for stl R L@ row
produci ng bone as i QBSZGaﬁﬁ Cﬁ”?ﬂé&g‘ﬁ%&%&% anmatically in
Fig. 47, 8an 20olocleobps=a§se that caspruse ([damaas)y Fheophysigiany, o
body, or a di Sté’énriékﬁs the cavity uEingsyat afinddA1ayp| Dyeagiveone narrow

har vesting t ool The t 7 LN e 706,
which carries a?Pmabtf ?'%I.l?sq(#ig}%z él‘fg 4]:e&e(ra;%‘aé'iﬁe t ool 704
can be depl oyed(suglv ashe lmmclv.ozouge or xas) oinkniong 5ideneSive
approach, as preyd @dtical boneldfsCalP6W. insertion of the ®BAbbkter tube 706

has three concentrl C ang md&gendeg# | umens 710, 712, and 714 (see
Fi g. 48). Thet_’fru tes with the interior
of the body 78 and Any ofuphedexpardabilier bodies dé¢scribed abovegamtion
::gﬂlg Tge mddgt |Hé‘%s§&%ﬁ°€ﬂ&'”%§%&@§tuh of BbhE RaBe&W CLor'20 of rinse
id and a dis on e catheter tube 706. The center
35 | umen 7149 %mﬁ%t%s%ﬁgﬁ OF | BURYIP (,’O%Pgl FEPTR Bfe/ ts |
the diagnosis of multiple myeloma or in the : :
15 treatment of advanced cancers with bone marrow
transplants.
FPig. 47 shows a system 700 for harvesting bone

marrow in a bone-marrow producing bone 702. The bone

702, which is shown diagrammatically in Fig. 47, can

20 comprise, for example, the pelvis, or a vertebral

) body, or a distal radius. :

The system 700 employs a bone marrow harvesting

tool 704. The tool 704 includes a catheter tube 706,

which carries an expandable body 708 at its distal

25 end. The tool 704 can be deployed into the bone 702

using a minimally invasive approach, as previously
described.

The catheter tube 706 has three concentric and

independent lumens 710, 712, and 714 (see Fig. 48).

30 The outer lumen 710 communicates with the interior

of the body 78 and is coupled to a source 718 of an

inflation ligquid. The middle lumen 712 communicates

with a source 720 of rinse liquid and a distal

opening 716 on the catheter tube 706. The center

35 lumen 714 communicates with a collection container
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- 84 - 722 and a second distal opening 724 on the catheter

t ube 706. The body 708 is deployed in a substantially

col | apsed condition, as already described. Inflation 5 liquid, which is
preferably radi opaque, is convey fromthe source 718 into the body

708 to expags obitesor As Fig. 48 shows, the body 70&drfusegiyséd ai ned
by selection of relatively inelastic nmateri.als or by exterior

restraints (as previously described) ToB40 assunme an el ongat ed shape.
Expansi on of the body 708 creates a relatively shallow area of

conpacti on aC Q44S n (8]l ln ong

| engt h. The si ze angndhapggg§ﬁé é%} %?%éﬁwgl?gg éh éﬂﬁa ggﬁﬁ%n t he
georetry of the teyd®6-site and the 15 . anount of bone marr ow requi red.
In long bones, |ikewThe bodjﬂe’ldsst:a:l déplicyed aivl an subatantiabiparrow w dth

but 1arge ared, GuiGldial Bnd i) aBhtidnay BEclifNea, 1nrakdioh® Shaped to

conpress a Iarge are ancellT ouS bone 728.

20 Fi gtiopdda| §611§P?0\i§§ m*eﬁq#emdfaﬁéspemndss convey rjnse
liquid, whl ch cagrdue thel saareé 7A®tiito the hoayuvwb&ce ebapamrmatl ble-

liquid, is conveyed slrzg.g];t shﬁ%vs, SRY" ﬁ?d% Locéﬁ'?t e%d7$§ (shown by

arrows 730 in I'nse oosens up gi cal 25
conmponent s (suctﬁ%isaqté@nbl%&@@rtliyelﬁoﬁémééﬁﬁc magerials orph¥ine-[err] -

cells) wnthl7 gzt ra:u&fnd&eok@qrtﬁﬁim (24 nbﬂév:mlilsly aesppiwed) r t6h :
suspensit o e \'/ aps ng, su Qn 1S )
appl i ed tﬂ?oughﬂﬁﬁ?ﬁ lﬁﬁ1e%ﬁfga¥ﬁ§ §§%§|6n gn of %8 %ﬁﬂ%nent-rlch
suspensi on 732 fia@ncrieatesca velatively Shml@OWher%QH¢ﬁa9ﬂm@nc§éqna|ner 722.
The above sequerm G ®areileds Bbﬂ§l1ﬂﬂ8 along a 1228983 Eamdngsm rati-on

can be LEPe o0 SR e sive o8 PSR ot SR i 188 BAFECST O 72
depend upon the geometry of the harvest site and the . o
15 amount of bone marrow required. In long bones, like
the distal radius, and in bones with narrow width
but large area, such as the ribs or pelvis, the body
. 728 is shaped to compress a large area but not a
great depth of cancellous bone 728. |
20 As Fig. 48 also shows, as the body 708 expands,
rinse 1liquid, which can be saline or another
suitable biocompatible liquid, is conveyed from the
source 720 into the area 726 (shown by arrows 730 in
Fig. 48). The rinse liquid loosens up biological
25 components (such as red blood cells, bone cells, and
immune-pf cells) within the defined area 726, forming
component-rich suspension 732.

The body 708 is collapsed, and suction is

applied through the lumen 714. The suction draws
30 the component-rich suspension 732 from the area 726
into the collection container 722,

The above sequence of expansion, rinsing,
collapse, and aspiration can be repeated to collect
additional component-rich suspension 732 in the

35 container 722. The position of the expandable body
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- 85 - 708 in the bone 702 can be changed, if desired, to

mai ntain a conponent-rich suspension 732 for har vesti ng.

Use of the expandabl e body 708 to formthe long 5 but shal | ow conpacti on

area 726 permts the harvest of a significant concentration of

t her apeut i cwo og/s630P1 Ol 0gi cal conponents with | ess damage tprrasegifzgat . -

conventional harvesting nmethods. If desired, standard casts or

ot her fixation devices can be 10 aﬁp??eﬁ to the bone 702 after bone

mar r ow harvesti ng until the bone 702 heals. The features of

the invention ar f i he . f ] ! WO

the inve -Fof%n.ﬂ{et Bond 702 cahMBe ehagwgsggﬁ%%ea, to

- 86 - ngingain, a component-rich guspensien | (732 ¢i%A¥ into bone

having coriamadstimge surrounding an interior volune occupi ed,

at least in part, b u JoTyT-3 t @al | Si

a gui-de tube, %s‘@%%ekhga%xgx an%ia%lebeodt}’ogyscgrgr ifggﬂgéhéhié&'géi de

tube in a Bor malPyE c%?qlé&’eﬁ%éﬂﬁﬁf?’y axpa 726 pergits §he interior

vol une, of a sigmiZicantar condehyrabtoqui de t therapsutidie 10

expandabl e body I ti I .nterjor OLHNE W t he

expandabl e body,ﬂ;ﬂ;:uj’d’!is""y’l cBﬂpbﬂ%Rt% r‘r?jé‘tl'ﬂ] %énéér?anﬁaﬁe Pﬁe gui%éé]t ube
conventional harvesting methods. If desired,

standard casts or other fixation devices can be
10 applied to the bone 702 after bone marrow harvesting
until the bone 702 heals.
The features of the invention are set forth in
the following claims.



comuni cating with the expandﬁ-b#e—bmi_yw[ medi um causi ng
expansi on of the expandabl e m In 15 the Tnterior volune to conpact

cancel | ous bone and for ”,I” terior volunme, and

a second lunmen in m,’ HF'UI’]I cating with the nozzle
to convey a materi al for dusﬁhﬂg\rbmthe nozzle into the cavity.

2. Atoolwedseéding to claiml wher ei n t hecgsdehBes S @ -bone
cement i nj ection nozzle. 3. A system for insertion
into bone havi ng cortical bone~s#® rounding an interior vol unme

occupi ed, at least in part, by cancellous bone, the system conpri si ng
5 an expandabl e body ada&?ﬁé o0 selectively assune a
col | apsed geonetry for insertion into e i nterior vol une,

a nozzle for i WeedadMsinto the interior vol ume to occupy the

interior volune with the,10 A tésPavialin8ebiyn into bone havinga first

el ement conmuni i t he 8/
PCT/ US98/ 11386 o%xti'&q er: surrounding a% ig%gi'mr volume Fdabl e body

to convey nedi wawisfagatxiesst ckn part, by FW@(M&S‘P& b in the
interior vol umtddl comprigg@figact cancellous bone and forma cavity'in the
15 reglon, and i O&second el ement communicating with the
nozzle to convey a mat efti P ? I scharge fromthe nozzle into the

cavity at |east partial R ma@dahée body sarpiedo ky bblg guideies the
interior vol ungube in a normally 4soA apseidic feoRctr i fitr tiaser8ion3

wherein the noaznl e i cerreﬁ I nj ection nozzle.

5. A systemf t[oré: grh‘é cortical bone surroundi ng an

interior vol une ecn@m@l caamrileéaby the guide tybe need! thes bone, the -
10 expandable body for insertion into the interior SR

volume with the expandable body,

a first lumen in the guide tube
communicating with the expandable body to convey
medium causing expansion of the expandable body in

15 the interior volume to compact cancellous bone and
form a cavity in the interior volume, and

a second lumen in the guide tube
communicating with the nozzle to convey a material
for discharge from the nozzle into the cavity.

2. A tool according to claim 1

wherein the nozzle is a bone cement
injection nozzle.

3. A system for insertion into bone
having cortical bone surrounding an interior volume
occupied, at least in part, by cancellous bone, the
system comprising

5 an expandable body adapted to selectively
assume a collapsed geometry for insertion into the
interior volume,

a nozzle for insertion into the interior
volume <to occupy the interior volume with the

10 expandable body, |
a first element communicating with the



system conprising 5 a first expandabl e body having a coll apsed

geonetry for insertion |nto-¥?ﬁ;77ﬁ?577ﬁ’ﬁnﬁﬂmﬁ} through a first

aving booor | apsed < cd [ T iyl el

10 t hrough a second access péth |ﬂ'corthcal bone different than
the.flrst @ﬁfﬁﬁ§yﬂath and the first and perossnesspandabl e
bodi es each bei ng adapted to individually assune an expanded
geonetry for conpacting cancellous bon@%t o forma 15 cavity in the
interior volune. 6. A systen1for treating a vertebral body
havi ng cortical bone_s roun an nter| aRs iggled at

| east in part, B¥PRY °99¥?Y med ﬁ?ﬁsﬁpgoexP|S|n
a first expandabfethed;emmgla mﬂwarise¢he intelg%e??%“ﬁ%rgﬁ’nsertlon

into the interiggy Qét'”Eancenoué hbeHEh afdf ifotin A CesEityaih thecortical
bone conpriSi ng t her t ranspedi cul ar access or

post er eol3® er al T8IEL8s, an WD 98/ 56301

PCT/ US98/ 11386 a second element commurgigating](with the a

tsﬁgolngt gﬁpgpdsghsz%gytba&ﬂee% &%Aﬁsﬂég%ﬁ for aigepaRbey£iem tﬁ&elrt Ib on into
ond access ortical bone

di fferent than PﬁéziﬁréFu%éEE§§%B§§W akjeadt Sarefiity Jﬁ%i %b Pst and

second expandabb&pbndabxeebndy:Hhcupﬂaa mgeadapeedorOV¢hUmw4dualIy assune an

expanded geonetry qﬂ&ﬁkﬁﬂ dRRashko tp forma
cavity in the interior vofune Q tng Hé e%?gm;?en1acc rding to
claimé Vh@?%&?lt?ﬂ?flqgﬁzkﬁujiébcéhd ﬁ
conprise differanjepeibfirabsebeal accesses. 8. A system

ggfg;ding to claimé6 5. A systethféf'qﬂ¥ﬁﬁi§bf5$oﬁ8dh§§&ﬁgd aCCess

cortical bone surrounding an interior volume
occupied, at least in part, by cancellous bone, the
system comprising
5 a first expandable body having a collapsed
' geometry for insertion into the interior volume
through a first access path in cortical bone,

a second expandable body having a collapsed
geometry for insertion into the interior volume

10 through a second access path in cortical bone
different than the first access path, and

the first and second expandable bodies each
being adapted to individually assume an expanded
geometry for compacting cancellous bone to form a

15 cavity in the interior volume.

6. A system for treating a vertebral body
having cortical bone surrounding an interior volume
occupied, at least in part, by cancellous bone, the
system comprising

5 a first expandable body having a collapsed
geometry for insertion into the interior volume
through a first access  path in cortical bone
comprising either transpedicular access or
postereolateral access,



conprise different transpedicular 9. A system

according to claim®6 e first a second .access
pat hs conpri se a u‘uﬂtm'"m @' l!iEcess and a

post er eol ateral access. stemfor treating bone
havi ng : cortical bone. surroundlng an interior volune

occupi ed, afyologaghy i N part, by cancel |l ous bone, the PCEYSE -
conpri sing an expandable body conprising 5 a first expandable

zone having a col | apsed geonet+y880f insertion into the interior
vol une, the first expandabl e zone being adapted to assune an

el ongat ed_expanded geonetry havj figst di Si ext endi ng
substanti ¥y across the3d %Fﬁ?ﬁ"%F%&W&ielwgg?Hngr%cé’lﬁépﬁPgr within
the interior volgsumetayd fior insertdonndintionetise odntesiox haolume fir st
dimension, 10 tnroudtPOke sdcodddatBest! paltPSiantédtealinpapBaCt ed

cancel | ous bone ext end| ng . fromthe_barrier he interior

vol ume, 15 different %Bn@%xﬁh?ﬂ%tﬂ"é’%n@aﬁgm ard o coI | apsed
geonetry for insertion irhe £irst egidosecohed espanddble bodiem«pachabl e zone

bei d dt d 5630
P%I'I'/n% 888?'?"‘[2 86 Gy "hadpe &L Pl %ildlvidually Sg\psgﬁé 8a0% anded 'y for

conpacti ng cancFIMAEWL PR FIRRaGting cance;@pﬁ, bone nkor B}'Bnavvm l e the
barrier serves teavity irdithectintepiosivolue.t he second expandabl e zone in

the region away fromtheofirst gi;g@glga%&mq@hto cla 11. A system

according to claim10 e fi rs and second
expandabl e zones cihsreda $hgafirsteapdntraamd aeqess paths
12. A system accesmbrisd @ififerentOposterolateral acsbesesn the first and

second expandabl e 780ne iogg&g& gﬁ?é d&qj %oswghg fxpandabl e

assenbl y. *13. “ATdevrce oyrren 0 an
interior body region conpiexeiy the first and second qaess @B&héxtendl ng

along a first comprise different transpedicular accesses.

9. A system according to claim 6

wherein the first a second access paths
comprise a transpedicular access and a
postereolateral access.

10. A system for treating bone having
cortical bone surrounding an interior volume
occupied, at least in part, by cancellous bone, the
system comprising an expandable body comprising

5 a first expandable zone having a collapsed
geometry for insertion into the interior volume, the
first expandable zone being adapted to assume an
elongated expanded geometry having a first dimension
extending substantially across the interior volume,

10 to form a barrier within the interior volume, and a
second dimension less than the first dimension, to
leave a region of substantially uncompacted
cancellous bone extending from the barrier within
the interior volume,

15 a second expandable zone having a collapsed
geometry for insertion into the region, the second
expandable zone being adapted to assume an expanded



axis, and 5 a structure carried by t he catheter tube

conprising.-a body adapted to a85une a cottapset geonetry for

depl oynment into the interior nd an expanded geonetry for
use within the interi or l,mmmwﬂqﬁﬁmxpanded geonetry being 10
oriented about a second axis not* tgne I rst axis.

14. A devi Ggobgkgspinsertion into bone having corti calp(ﬁmsgs,ﬁggﬁr oundi ng
an interior volune occupi ed, at least in part, by cancellous bone,

t he device conprising 5 ~ 89 -5 catheter tube extending al ong
a first axi s, and a structure carried by the catheter
t ube ol a apse geonetry
for depl oynent mﬁletcg‘ t@%g eﬁo%ﬁ%%‘izgﬂglgmﬂﬁgiigu%nSg%% (g% g)?rgnged geonetry

for conpacti ng caVithaMbe‘FhQ)u%em vbllerﬁha eayrier rsemes| #er i or
vol une, tae exDmd%tgmhbiohebﬁg thid edcvhdnlEdpiandable Zonecdmd axi s not

i!’%l gpegAf\M th thel: %&&g}%ggﬁg from the firstll‘:éxpénggﬁilgezgﬁgf)rdi ng to claim

PCT/ US98/ 11386 11. A system accordigmyg to claim 10 wher ei n
the second axis is of fseynkreint ke fuéﬁrahaaﬁe%dm aéxﬁmdaeale '

16. A device accordl n e angle is an
acute angl e. ones %&8:&%% % eV|ecee Cagxg.ra 18 ‘Q? %1213 or 14

wherein the second axis R ofbs%YS\'—tmrﬂtt-mding tﬁ PQ—PJ-EXELQ by a di stance.

18. A device according t qhekaif) the first and sadiRiei éxpdifiaxaeond axis is
generally paral | el deV|ce

to the f t 19.
according to cl aﬂ%elgc'ﬁ‘?rgﬁe I%résr o 8% fn%reé?ﬁnflﬁglﬁ ARPMR¥udes coni cal

end portions. ~.13. A device for deployment into an
. interior body region comprising

a catheter tube extending along a first
axis, and . _ :

5 a structure carried by the catheter tube
comprising a body adapted to assume a collapsed -
geometry for deployment into. the interior body
region and an expanded geometry for use within the
interior body region, the expanded geometry being

10 oriented about a second axis not aligned with the
first axis.

14. A device for insertion into bone
having cortical bone surrounding an interior volume
occupied, at least in part, by cancellous bone, the
device comprising

5 a catheter tube extending along a first
axis, and

a structure carried by the catheter tube
comprising a body adapted to assume a collapsed
geometry for deployment into the interior body

10 region and an expanded geometry for compacting
cancellous bone to form a cavity in the interior
volume, the expanded geometry being oriented about
a second axis not aligned with the first axis.

15. A device according to claim 13 or 14



20. A device according to claim19 wherei n each conical end

portion includes a cone top secured about—the catheter tube.

21. A device according to cl a|”lm,i wherein at | east one of
the conical end portions uu“'lu"m)“m’base that is oriented

general ly parall eI to t he respéct fvet cohe st op. 22. A device
accordi ng tg wherein at | east one Qcrides/sB8 cal -end
portions i ncf)u es a cone base that is oriented general Iy nonparall el
to the respective cone top. - 90 23. A device according to claim
13 or 14 mherein the body conprises a relatively el astic

mat eri al . A, devi ce accqrdi 3 or

wherein the body conpri sggeﬁe?'ﬁltoﬁ? Vacimvad nd axggn%f afg{qas(? oM 5% |

25. A device forfide exienbyi aboangle. i nterior body region conprising
a catheter tube having algl rsk QegiEd ea[ccordin to claim @sgtructure carried

by the catheter tube 5 rising a.bo atedto ssune a col |l apsed
VO 98/ 56301 wns2ehn' End bryre’té 3n°Bpde Rl na
- 91 - geonet ry figr daplleviesmtadourdingetonchaimrlibonty 14 regi on

expanded geometr havi n second di aneter greater than the first
di ameter, 10 (%g'sl K¥| ﬁd&%@t%d apart end regions, and at
| east one of the end regildns Ardevikteqaocardiingobocalainm 17 d| anet er

transition between the figg Fegﬂd $REO0NZacona a{;éi%”e\tlj\%rsgeneral

eréin at il%ast one of

and an expanded geonetrywilggeyﬁetﬂgtgg&ﬂdhgxis is ofEsRid %onoq“ﬁregi on, the -

26. A device accordi ng to claim?2
the end regi ons parallel to the, Féest axis. 27. A device according
to claim?25 19. Whedevicatademasingntooflaie Xy agi ons
wherein the body includes conical end
portions.

20. A device according to claim 19
- wherein each conical end portion includes
a cone top secured about the catheter tube.
21. A device according to claim 20
wherein at least one of the conical end
portions includes a cone base that is oriented
generally parallel to the respective cone top.
22. A device according to claim 20
wherein at least one of the conical end
portions includes a cone base that is oriented
generally nonparallel to the respective cone top.
23. A device according to claim 13 or 14
wherein the body comprises a relatively
elastic material.
24. A device according to claim 13 or 14
wherein the body comprises a relatively
inelastic material. .
25. A device for deployment into an
interior body region comprising
a catheter tube having a first diameter,
a structure carried by the catheter tube
5 comprising a body adapted to assume a collapsed



define a compound curve. 28. A device according to

claim 25 wher iy Lons are bonded to the
cat het er tube. ,mmn E!ﬁﬂ ”?m‘accordi ng to claim 25
wherein the end regi ons each Enc s e attachnent region in which

the end region is secured to the catheter tube, and 5

wherei n at Ypagksspne of the end regions is i nver t ececopgusbnizhe. . -
respective attachment region. 30. A device according to
claim 25 wherei n the ca®eter tube includes a distal

end, and wherein one of the end regions is inverted 5
about the distal _end of t ca r e. 3 device for
depl oynment into %%ometry t}:?"’r]f:t eé? ;g%%%&?rei&tgn E%%pﬁnstleﬁd.or lb°® a
first catheter txesiomant an @xpandedh@eometry for use withimcthel cat heter
tube extending bayearidhody rediici,altiR)dxpgahetcgebiletdy "RA®Ing ube bei ng

| i dabl hi he, 1 b .
Structure car i oh BYEOHb Fioseen, Ghinlel, OidR® ulLigpr gianeper

PCT/ US98/ 10386 the body including spaced aparpzend regions,canfiater tubes -
and conprising a)easl GtaRirethédend regi&@ﬁ?o@i&%&@%—%ﬁi@&]ﬁy for

depl oynent into %{ue ]‘_g Lnterior bgﬁ relgl ar}d. aq:nex nded onetry for
use within the i At&PFeT* bSﬁ?n? B, PEHEeH d?’p‘e 185 AT r st end

regi on secured t@diametérsst cat heter tube and a second end region

secured to the secosl, Ccal RAke! HBBordhifg OBy $ldidi P8 t he second 15
cat heter tube to nove the secandg&_rnsl. region to st end
qle ‘}(@d}

d the fi
region inverts the first SHFSk ast opf L : %ﬁ?daﬁsg?'g?ﬁ:e{? espective

first and secondinvertedat heter tubes. 32. A device
according to claim 31 27. A device?Bechbpaihg td NGldidl 3% a region
securing the
. vherein at least one of the end regions
define a compound curve.
28. A device according to claim 25
wherein the end regions are bonded to the
catheter tube.
29. A device according to claim 25
wherein the end regions each includes an
attachment region in which the end region is secured
to the catheter tube, and
5 wherein at least one of the end regions is
inverted about the respective attachment region.
30. A device according to claim 25
wherein the catheter tube includes a distal
end, and
wherein one of the end regions is inverted
5 about the distal end of the catheter tube.
31, A device for deployment into an
interior body region comprising
a first catheter tube having a distal end,
a second catheter tube extending beyond the
5 distal end, the second catheter tube being slidable
within the first catheter tube, and
a structure carried by the first and second



first and second catheter tub hold the first and second end
regions in inverted conditions, . A device for depl oynent
into an i nterior body m "m a first

cat heter tube having a distal E mm ",lm;{ml rst catheter tube bei ng
formed froma first 5 materla a second cat heter tube

ext endi ng b@&gg}gks{nhe di st al end, t he second cat het erpciritlaos/P8sdg - -
f ormed roma second naterial which is nore conpliant than t he

first material, and 10 a StP@cTure carried by the first and
second cat heter tubes conprising a body adapted to assune a

col | apsed geonet gyl ofenlophbuieahal UdpkiBing a body Chafbta@diel o on and

an expanded geonetr use w | nt erl or regi on, the
body U Mol (RRAREE 4 /aal 1aRgefl oGP oM LRY. SOE APBLOYRSES AREe BE ¢yt hoter
t ube and aoseconineeriocroody Seagian drmid tdre expandeds geometryt Iferer t ube,

t he body bei ng f‘gégeq,iﬂﬁqg athe J’en\ﬁegggg.rl% Y Qgpl | e tﬂg@} the first

mat eri al . accordl ng to cllai-m 33
wherein the firsinglyded op F&Béthﬁgdaﬁegmn sec“rﬂﬁ) 58/ &hgo first
PCT/ US98/ 11386: catheter tube and a second end-réifion secured toitthe or

di t t 5
pl)?'meoﬁrwhl ch extend%dwc?ﬁﬂg{%gt Pgsts%iég?ﬂbfakﬁhgﬁg lm% |éggogﬁes :

wherei n t A secofifthefeet @by He: noye: ths second ppd aﬁFQiﬂ”ert"maSﬂet er |ess
than the int er| othe firsti enat pegbén t hevdriss tthentfiatety atnd)sedolnar eby

formng 10 §§S§g§ﬁbﬂ% gﬁoééréﬁe Cﬂ%&u}e\’sgﬁl’k devi ce accordl n

expansi on nedi um I it 0
claim 34 Catheterv@ﬂ@ﬁ,ﬁ the first material includes

pol yuret hane or polyethylzne. A device accordinif toAcdaimcsiraccording to
claim 34 and further including a region securing the
first and second catheter tubes to hold the first
and second end regions in inverted conditions.
33. A device for deployment into an
interior body region comprising
a first catheter tube having a distal end,
the first catheter tube being formed from a first
5 material,

gto

a second catheter tube extending beyond the
distal end, the second catheter tube being formed
from a second material which is more compliant than
the first material, and

10 a structure carried by the first and second
catheter tubes comprising a body adapted to assume
a collapsed geometry for deployment into the
interior body region and an expanded geometry for
use within the interior body region, the body

15 included a first end region secured to the first
catheter tube and a second end region secured to the
second catheter tube, the body being formed from a
material more compliant than the first material.

34. A device according to claim 33

wherein the first catheter tube has an



wherein the first material i ncl udes pol yur et hane.

37. A sterile kit conprising a device for depl oynent
into bone conprising a slﬂlﬂlﬂﬁlﬂjlm“mleto'assune an expanded
geonetry having a desired conf the structure
under goi ng stress when expanded durSing Ffirst use in bone, wherein
the struct U@ daabsof Ot be relied upon to reach the df‘é’hﬁ@?/uass To-
configuration during subsequent use i n bone, :
overwap defining a sealed sterile 10~ 23eficl osure hol di ng the devi ce in a
sterile condition until use. 38. A sterile kit
according to cl aiﬂé?ior ai et wherein the device includes a

cat heter tube exten aI'on a first axis, and

wherein the structure |s"€’£r tB‘? greong catheter Eibe | HRceLonpri ses a
body adaptsd to aspemaion whiclh extémgsewigeinethy fiwstdepatlyermay into the

bone and @‘;}6 Redyled geonetry for use within the bone, t he
expanded geonetry belng oriented about a second axis not aligned
with the first axis. wherein,thes/sgeqnd catheter tube portion

PCT/ US98/ 11386 has an outer diameter 1less 94han the interior 39. A

sterile kit acco tggﬂgﬁy ce

i ncl udes a cat he‘?ﬂ]ﬁ%%zo of ﬁh@%@st cathft%tt%be V\/%F’er Bg d

wherei n al8t r ucturpassagerin dhe)finst catheggrntube QLRI Mhrises a
body adapted to @gfsan&ion medmmcahhapend pedyrtry for deploynment into bone

and an expanded ge e expanded
geonetry having a second gr%%éggafgkapaﬁé qf%%&%qﬂ'eapl rst dianeter,

the body i ncluding space(‘}lhlﬁreln apbhe cfdrssgi omtenied atineludesne of the
end regi ongoPy@vethdie drNPod1¢ethgabndl aneter transition bet ween
the first and second di argaé ery g ai 40. At‘: st eri |2 kl§4 accordi ng
to claim37 . evice according to ©

wherein the first material includes
polyurethane. '
37. A sterile kit comprising
a device for deployment into ©bone
comprising a structure adapted to assume an expanded
geometry having a desired configuration when used,
5 the structure undergoing stress when expanded during
first use in bone, wherein the structure can not be
relied upon to reach the desired configuration
during subseguent use in hone,
an overwrap defining a sealed sterile
10 enclosure holding the device in a sterile condition
until use.
38. A sterile kit according to claim 37
wherein the device includes a catheter tube
extending along a first axis, and
wherein the structure is carried by the
5 catheter tube and comprises a body adapted to assume
a collapsed geometry for deployment into the bone
and an expanded geometry for use within the bone,
the expanded geometry being oriented about a second
axis not aligned with the first axis.



wherein the device includes a first cat heter tube having a distal
end, and a second cat heter tube extendi ng beyond the distal end, the

5 second cat heter tube bein the first cat het er
t ube, and whereqmlngMI“u\(mIl" | ﬁarried by the

first and second catheter tubes "and cénpti sks *a body adapted to
assune a CQy geonetry for 10 depl oyment into bone pi anded
geonetry forb H3h use within the bone, the body included a ﬁ{sra%)tlgéﬁ'd
region secured to the first catheter T =and a second end region
secured to the second catheter tube, whereby sliding the second

cat heter tube to 15 es%éﬁz&ﬁ%ﬁ&i@a&@&ﬁh& %aréia%e girst end

region inverts the flrst and sec %I bout the respective
first and second cat het e¥herein the,device includes a "atﬁ‘fteﬂ kR e kit
according to cl navikg a first diametemyhandin the kit incl udes a fi rst

cat het er tube havipgd.,a34l %t agtgggtmweltsl réinpfé&tebﬁr
being forned froma first materia a second cat het er tube
ext endi ng HeyonFathetgrstube apd comprises a body adgpteg £gsagsume |

PCT/ US98/ 11386 a collapsed geometry for deployngmt- into bone aedosl cat het er

t ube being for g ter| aé%%%ay for WRkerd ﬂ\%l% fhe! SR, & &?érpl I ant than..

the first I'n the structure is :
carried by the B¥panded, geomghir¥cRaVing A Racond disveten SEARE®Ees a body

adapted to assurghan dhd Hiret giametey, ftlie body itedudingnspacéd bone and

an expandgg 0eOELLY TG rogiohS® YhaMat {iadtone ! B RAQY Lijg! uded a

first en eqi on” secur ec first ube™and a” 15
second -end regi g1 syoviding aqnmeonicadt@iameter trapsitier body being

formed froma mMyddverin KBeCfirst and/Bddond dibmetdds, first material . .
42. A sterile kit accordi4Bg tR &té’@ﬁé”ht according to claim 37
' wherein the device includes a first
catheter tube having a distal end, and a second
catheter tube extending beyond the distal end, the
5 second catheter tube being slidable within the first
catheter tube, and
wherein the structure is carried by the
first and second catheter tubes and comprises a body
adapted to assume a collapsed geometry for
10 deployment into bone and an expanded geometry for
use within the bone, the body included a first end
region secured to the first catheter tube and a
second end region secured to the second catheter
tube, whereby sliding the second catheter tube to
15 move the second end region toward the first end
region inverts the first and second end regions
about the respective first and second catheter
tubes.
41. A sterile kit according to claim 37
wherein the kit includes a first catheter
tube having a distal end, the first catheter tube
being formed from a first material, and a second
5 catheter tube extending beyond the distal end, the



wherein the overw ap includes wﬁéﬂgmable to EtO
sterilization gas. 43. A steri rt according to claim 37

ey e s A
Lah s

*

wherein the  structure includes * essentially sem -elastic
mat eri al . 45. A sterile kit according to i@ -

: O 98/56301 : . 98711386 - -
wherein tWe structure i ncludes an essentially é‘Fgas IC
mat eri al . 46. A steril® ®%t~according to claim 37
wherein the structure includes restraints to limt expansion of the

structure. second ca‘l‘FhIAerTerf‘S‘ Q¥ CRelifl %%%\HCTEE%OA NLO Rxona

interior body region conpri: . _ atheter tube,
a structure car mat@Xipl Hhich hdeemangyecompliant, \Ehan; kheq BF&F adapted to
assunme a col | apaterial, agdonetry for deploynent into the interior body

regi on and an expanded ggggg%g_x ftﬂ% Wen £§ecarried th R0l body

regi on, WO 98/
PCT/ US98/10 386 first and second catheter tubes gmd comprises a body a tube

Wi thin the strucidaptedef it ngassudd a i RicAlapsellUmgyeomekdy for . a
38" A devi o acOSEACYeRY IhtE" B dild an expaiftel ieliy for |
i ncl udes nmenory User Within the bppge fhet hedyt ineludgd @ Fined enderi or | unen

to - defl ectrddiorstsemintd® t6l thievef it heativdtent etubeibanad a
49. A dev'+%e accordi t 04 Cl ai

48 and further .ncluding a
sheat h slTdably secon%gemq o§?ﬂ§°? hSeSPFﬁ‘ét &Pe tlh(? giﬁ%(?é‘dée‘bﬁ% t, the
sheat h-over coni riphishe Fhembgdyf befngsfprnedt Sramge mteripde moyey| et .
toward a genergdnpliahit’ ¥hall @A80first material.

42. A sterile kit according to claim 37

wherein the overwrap includes a material
permeable to EtO sterilization gas.

43. A sterile kit according to claim 37

wherein the structure includes an
essentially non-elastic material.

44. A sterile kit according to claim 37

wherein the structure includes an
essentially semi-elastic material.

45. A sterile kit according to claim 37

wherein the structure includes an
essentially elastic material.

46. A sterille kit according to claim 37

wherein the structure includes restraints
to limit expansion of the structure.

47. A device for deployment into an
interior body region comprising

a catheter tube,

a structure carried by the catheter tube

5 comprising a body adapted to assume a collapsed

geometry for deployment into the interior body
region and an expanded geometry for use within the
interior body region,



configuration when encl osed |nfth9 sheath t menory bendi ng the

stylet and deflecting the cture he structure slides free of
the — sheath. HIIIII! mm Il Mlll | llll i
WO 98/56301 PCT/US98/11386 - - ~
- 96 -

a tube within the structure defining an
10 interior lumen, and

a stylet in the interior lumen to stiffen
the structure.

48. A device according to claim 47

wherein the stylet includes memory normally
bending the stylet within the interior lumen to
deflect the structure relative to the catheter tube.

49. A device according to claim 48

and further including a sheath slidably
enclosing the structure to guide deployment, the
sheath overcoming the memory of the stylet to urge

5 the stylet toward a generally straightened

configuration when enclosed in the sheath, the
memory bending the stylet and deflecting the
structure when the structure slides free of the
sheath.



