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TITLE OF THE INVENTION
EXPANDABLE ORTHOPEDIC DEVICE AND METHOD

E. Skott Greehalgh
Johu-Paul Romano
Robert Kiefer
Wade K. Trexler

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priovity to ULS. Provisional Application No. 61/022,613, filed 22

January 2008, which is incorporated by reference herein in its endirety.

BACKGROUND OF THE INVENTION
1. Field of the Invention
{0002] The prosent invention relates generally o a device and method tor stabilizing bones and

anchoring o bones and bone fragments,

2. Description of Related Art

{0003] Figure | illustrates a longitudinally split feans bone 8 with the proximal {coronal} end on
the right. The fenrur 10 is a long bone. Bones, such as feomurs, have hard, dense cortical outer bone
34, and softer, fess dense cancellous inner bone 4 that forms a tumen within the shell of cortical
bone 34, Figure 2 tHustrates the endolunminal cavity 6 formed by the cancelloas bone 4.

{0004] Broken bones, such as long bone bregks, may be treated with fixation. Rigid stabilization
rods are often attached to the pedicles of the vertebrae {not shown) with fixation screws. The

fixation screws can be driven into the cortical outer shell of the bone.

SUMMARY OF THE INVENTION
{0005] An expandable orthopedic device is disclosed. The device can be a radially expandable
attachment device. The device can be used for to therapeutically treat travma mjuries m bones, for
example long bone fractures. The device can be fixed in the endoluminal cavity on two sides of a
long bone break.
{0006] The device can have a structure that can radially expand inside a bone, for example i the
endotuminal cavity of a long bone. For exanmple, the device can have a stent-like expandable
frame. The device can be implanted in the endelunanal cavity in a radially waexpanded
configuration. The device can be radially expanded in the endohuminal cavity using a simple tool,

both pump handics, rotational type tools (e.g., cams), or combinations therepfl
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{0087] The devices can be made from metals, plasties, or combinations thereof, as disclosed infra.
The device can be entirely metal, nuxes of metal and plastic, entively plastic, and the devics can
also have other polymers, agents, Hitlers and other matenials disclosed infra. For example, the
radialty expandable portion of the dovice can be a first matertal {e.g., a first metal) and the
remminder of the device can be primarily or entively made from a second material (e.g.. a second
metal).

{0008] The expansion clement can be configared o expand through cancellous bone, and stop
when the expansion element contacts hard cortical bone andféor sufficient moechamical resistance.
The expansion element can be configured to expand partially or completely into cortical bone, for
example to anchor the expansion clement into the cortical bone.

{0009] The device can be configured to apply a high level of radial foree to the inner endolaminal
wall of a bone or & low level of radial force.

{0018] The device can be destgned o stop radiadly expanding based on displacement {e.g., an
internal stop or extent of the length of the radhal expansion). The device can be confipured o fail
mechanically onece the device receives a spectfic mochanical load or resistance, for exanple for
removal or replacement, andéor o provent the device from over-stressing the bone (e.g., for the
device to fail before the bone fails).

{0011] The dovice can contour to the inside of the cortical surface {1L.e., outside of the endoluminal
cavity} during radial expansion and can anchor to the cortical surface.

{0012} Part or alf of the cotside surface of the device can be textured (e.g., tecth, harbs, hooks,
spikes, holes, ridges, kmals, combinations thereof), for example to increase anchoring or improve
m-growth of the boane mto or towards the device.

{0013} The textured surface can be configured to match the required foading. For example, the
ridges can be oriented along the longitudinal axis of the device, for example, to resist torque loads
o the deviee by pressing the ridyes against the cortical bone accordingly {e.g., in the divection of
the torque, prodacing additional resistance to the torque). The ridges can be ortented perpendicudar
tor the longitudinal axis, for example to resist tenstle or compressive loads on the device by pressing
against the cortical bone accordingly.

{0014] The device can stabilize bone fragments, for example by acting as an endo-scaffold {1.e.. a
scaffeld from within the bone) when in an expanded andfor comtracted configuration.
{0015] One or more fixation screws can be serewed through bone and info the device — for
example when the device is used as an endo-scaffold. The screws can, for example, brace or align
the device against or with the hone. By fixing the bone to the device, the bracing element {e.g.,
fixation screw) can stabilize the bone by pushing the bone radially imward toward the central axis of
the bone {£.g.. not to one side or the other, for example ke a typical external fixation plate or rod).

The fracture or bone fragments can be pushed towards the device in the endolurminal cavity. The
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serews used to serew bone fragments directly onto the device can be lag scrows, for example with a
distal machine thread.

{0016] The device can have any or all elements from any of the devices andfor be used with any
methed disclosed m UL.S, Provisiongl Application No.» 6G:/8906,791, filed 12 March 2007, and PCT
App. No. US2008/003421 which are incorporated by reference herein i their entireties. The
expandable scetions can be made from any configuration {e.g., springs}, not just radially expanding
bending struts.

{17} The device can be partially or completely hollow. For example, the device can be hollow
along the length of the expandable section. The hollow section of the device can be filled with one
ot more coment, fiflers, ghies, andéor an agent delivery matnix andfor a therapeutic andfor
diagnostic agent. Any of these cements and/or fillers andfor glues can be osteogenic and
ostecinductive growth factors.

{0018] The device can be implanted anti-grade, retrograde, or constructed from sepments from the
center of a bone.

{0019] The device can be completely or partially bare or covered. The device can bave a liner
made fronn a thin film or fabric {e.g., plastic, wetal), For example, the lner can contred filler flow
andfor improve serew anchoring {e.g.. by attaching the fixation screw).

{0020} The dovice can be recovered and removed, or repositioned or otherwise adjusted within the
endohuminal cavity,

{0021} The device can anchor against the cortical bone, for example reducing device motion. The
device can be configured to be rigid or fleable.

{0022] The device can have one or more radially expandable sections. The expandable scetions
can be on one or both ends of the tmplants. The expandable sections can be located along the
length of the device at regular or varying length intervals.

{023] The expandable sections can be expanded i any direction {e.g., distal first, proximal last)
ot out of order atong the tength of the device. Some expandable sections can be left unexpanded,
The expandable sections can be expanded in a sequence to best stabilize the fracture during
deployment of the device.

{0024] The expandable sections can be used to move the fractured segments of the bone. For
example, the expandable scetion can then be unexpanded and the device moved after the fractured
segment of the booe 15 moved as desired.

{025] The device, for example via the expandable sections, can be ased to remove cancellous
bone, for example by reaming the endohuminal bone cavity with the expandable section in a radially

expanded and/or radially contracted configuration,
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[0026] A main stem of a joint replacement or resrfacing device can be anchored by baving one or
more expandable sections i the wain stem. The expandable section can be filled with a llevor
other material disclosed herein.

{0027} The device can be sized and shaped to fit big and small bones {e.z., finger, fennus).
{0028] The deviee can have one or more external guides, for example ridpes, rails, threaded holes,
or combinations thereof, to guide the screws into the device.

{0029} The expandable scetions can be expanded by inflating a balloow andfor serew jack {e.g.. to
bring the longitudinal ends of the expandable section nearer to each othey), andfor expanding a
wedge-jack inside of the expandable sections.

{0030} The fixation screws can have a polyaxial washer head, for example, to distribuge stresses.
The fixation screws can be linked to one another by a thread, suture, rod, plate, strap or
combinations thercof

{0031} The screws can pass through one or more (e.g., two) of the walls of the device. For
example, the scrow can eater one side and exit the opposite side of the device. A single serew can
anchor through cortical bone on substantially opposite sides of the endolupunal cavity.

{0032} The fixation screws can have a distal thread. The distal thread can attach into a cell hole of
the expandable sections.

{0033] The diameter of the screws can be sized to match the diameter of the celf hole.

{8034} The expandable scetion can have one or more layers of walls. The walls can have
interconnected strats defining expandable cells. The strots can attach to cach other at deformable,
restlient andfor rignd Jomts. Any or all of the remainder of the device can have one or more walls.
{0035] The device can be configured so the (fongitudinal axis of the) device can be straight andior
curved. The device can be configured to match the topography (1.¢., shape) of the endoluminal
cavity defined, for example, by the inner wall of the cortical bone. The device can be used to
anchor a mesh, suture, or another smplant. The device can be curved before radial expansion. The
device can be curved and/or bent during radial expansion.

{0036] The expandable sections can expand to a round, square, triangular, contoured to the inner
wall surface, or combinations thereof cross-sectional configuration. The expandable section can
expand into a sphere, rectangle, cube, or contoured any shape to improve anchoring inside a bone.
{0037] The device can be used to fil 2 bone void {e.g., for vertobroplasty {also known as
kyphoplasty}, tumor therapy, trauvma therapy).

[0038] Lavers of metals plastie,...

{039] The device can be any length, for example sized 1o it a schaphoid or femar,

{0040] The device can have expandable sections that can be configared to expand radially,
planarly, curvedly, with corresponding wedges, as a polvgon, or combinations thereof.

{0041} The expandable sections can self-expand {e.g., resthent expansion).
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[0042] The device can be used with screws, wire, suteres, or combinations thereof. The

expandable section can have many holes or few holes.

SUMMARY OF TH E FIGURES
[0043] Figures | and 2 are longitudinal sectional views of a fenmur.
{0044] Figure 3 illustrates a perspeetive view of a longitudinally sectioned fomar,
{0045] Figure 4 15 a scetional view of a fermur with the cancelloas bone removed.
{0046] Figures 5 and 6 itHostrate a femur,
{0047] Figure 7 illustrates a vanation of the device in a contracted configuration at a target site
with the bone shown in partial see-through.
{0048] Figure 8 illustrates a variation of the device fn an expanded configuration at a target site
with the bone shown in partial see-through.
[0049] Figures 9a through 9¢ are radiographical images a variation of a method for deploving the
device.
{00S0] Figures 10a and 10b are radiographical images of side and end views, respectively, of a
variation of the device at & target site in a long bone,
{0031] Figwres Haand b are radiographical fmages of a variation of the device at a target site in
a radially expanded configuration.
{00S2] Figures 12a and 12b ave radiographical images of a variation of the device at a target site in
a radially expanded configaration.
{0083} Figare 13 thustrates a feons,
{0054] Figure 14 illustrates a method of inserting a variation of the deviee into a femur,
{0033] Figure 1515 a variation of close-up A-A of Figure 14,
{0056] Figure 16 ilhustrates a variation of close-up A-A before the bone is closed (e, the fractare
is reduced) and stabilized.
{0057] Figure 17 illusteates Figure 16 with the bone substantially closed and stabilized.
{0058] Figure 18 iHustrates o fomur,
{0039] Figures 19 and 20 illustrate a variation of the device at a target site with the boune shown in
partial seo-through.
{0060] Fiynwe 21 illustrates that the variation of the device at a target site.
{61] Figures 22a, 22b and 22¢ ave progressively more magnified close-ups of the distal head of
the feomr 1n partial-see though with a device mplanted i the femur,
{0062] Figure 23 illustrates an oulside view of a variation of the device being inserted and
expanded.
[0063] Figure 24 is a radiographical image of 8 vanation of the deviee in an expanded

configuration at a tavget site.
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[0064] Figares 253 and 25b illustrate progressively more magnified close-ups of the device na
carpel bone with the bone shown 1o partial seo-throagh

[0065] Figures 26a and 26b illustrate progressively more magnificd close-ups of the device ina
wris{ bone with the bone shown in partial see-through.

{0066] Figures 27a and 37b thestrate vanations of transverse cross-sections of the device in
uncxpanded and expanded configurations, respectively.

{0067] Figures 28a through 28d are radiographical images of a varitiaon of a methed for removing
the device from a target site.

[00068] Figures 294 throngh 294 are side views of a vanation of a method for removing the device
and swrrounding tissue,

{0069] Figures 30a through 30d illustrate variations of transverse cross~seetion U-(C of Figare 10a.
{070] Figures 31a and 31b ave fongitudinal sectional views of vanations of the device inan

expanded configuration with a focking rod.

DETAILED DESCRIPTION OF THE INVENTION
{0071] Figure 3 illustrates that all or part of the cancellous bone 4 can be removed from the
endobaminal cavity & of a bone 8, such as a long bonge 8 such as the fomur 18, The cancellous bone
4 can be removed with a finger (as shown), if the cancellous bone 4 is sufficiently soft, orwith a
reginer or other tool, Figure 4 hustrates a fenwr 19 with the cancelious bone 4 removed from the
endohuminal cavity 6.
{072] Figure 5 illustrates three exemplary mdications for use of the device include trochanteric
fractures 1, mud-shaft fractures 2, distal fractures 3, and combinations thereof. Figare 6 ilfustrates
the greater trochanter 16 and femoral head 12, The trochanter fracture 14 can bisect the greater
trochanter 16.
{0073] Figre 7 iHustrates that muluple expandable attachment devices 2 can be ased na
procedure. For example, a fivst expandable attachment device 22 can be mserted through the collar
26 of a second expandable attachment device 24 1o attach the two deviees together.
{0074] The first expandable attachment device 22 can be inserted into the femoral head 12, The
second expandable attachment device 24 can be inserted along the endolunminal cavity 6 of the
femoral shaft.
{0075] The first expandable attachment device 22 can have a traumatic screw or otherwise
sharpened tip 26, The screw tip 28 can be tumed nto the bone 8 to help drive and seat the
expandable attackment device 2 agatust the bone 8.
{0076] Either or both (shown as just the sccond) expandable attachment devices 22, 24 can have
one or more radial expandable sections 30 and radial unexpandable sections 32, Figure 8 illustrates

that alt (as shown) or some of the radial expandable sections 3¢ can be radially expanded after {or
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before ~ not shown) the cxpandable attachment device 21s inserted mto the bone 8. The expanded
expandable sections 30 can secure one or both expandable attachment devices 22, 24 1o the mside
of the cortical bone 34, At least one of the expandable sections 38 {c.g., the expandable section 30
of the first attaclunent device 22) can be on a first side of the fracture 14, and at least one of the
expandable sections 30 (e.g.. both expandable sections 36, 38 of the second attachment device 24)
can be on a second side of the fracture 14

{0077} Figare Ya illastrates that access to the endoleminal cavity 6 can be created by reaming
through the cortical bone 34 and remaining out same or all of the cancellous bone 4.

{0078] Figure 9b Hustrates that the second expandable attachment device 24 and the first
cxpandable attachment device 22 can be wserted into the bone 8. The first expandable attachment
device 22 can be inserted wio the bone 8 after the scoond expamdable attachment device 24, for
exmple to mscrt the first expandable attachment device 22 through the collar 20 {or other
attachment element) of the second expandable attachment device 24, Insertion of both expandable
attachment devices 22 and 24 13 shown by arows.

{0079] Figre 9¢ (ustrates that the first expandable attachiment device 22 can be further nserted
through the bone 8, for example by rofating and pushung the first expandable attachanent device 22
to utilize the screw tip 28 to drill through the bone 8. The expandable section 30 on the first
expandable attachment device 22 (and any other expandable sections 30 desired) can then be
radially expanded, as shown by arvows,

{0080] Figurc 10a iHlustrates a lateral view of the fomur 10 with an expandable attachment device
2 inserted into the endoluminal cavity 6 and the expandable section 30 1n a radially expanded
configuration. The cxpandable section 38 can conform to the shape of the endolaminal cavity &
and can sccure the expandable section 36 to the cortical bone 34, The expandable section 39 can
have struts 440 that can define colls 42 {o.g., openings). The struts 48 can be jomed to cach other at
jomts. The struts 40 can be resibiently andfor deformably flexible andfor the joints can be
resitiently andfor deformably flexible.

{0081} Figure 10b Hlustrates an axial view of the fomar 18 with the expandable attachment device
2 nserted. Figure 10h Hlustrates a variation of transverse cross-section U-C of Figwee 10a.

{0082} Figures 11a and b dlustrate the expandable attachment device 2 deployed in an
osteopenic hip (Lo, in the forur 18). Figwres 123 and 12b illustrate the expandable attachment
device 2 deploved in a healthy bip (e, in the feonr 16).

{0083] Figurc 13 illustiates that a fracture 14 can be in the femur shaft 44, Figures 14 and 18
Hustrate that the expandable attachment device 2 can be removably attached 1o a deplovment tool
46, The distal end 48 of the deployment tool 46 can removably attach to the proximal end of the

expandable attachment device 2. The deplovinent toof 46 can posttion the expandable attachment
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device 2 (as shown by arrow in Figure 14), The deplovment tool 46 can controd radial expansion
68 of cach expandable section 30, 32 s unison or independently of one another.

{0084] The deployment tool 46, the expandable attachment device 2 or another tool can be used 1o
create a port 58 into the endoluminal cavity 6 and to ream part or all of the endoluminal cavity 6.
{0085 The expundable section 38 can have tecth andfor helical threads 52, The teeth or threads 52
can be configured to anchor to the cortical bone 34 when the expandable section 38 15 1n a radially
expanded configuration. The expandable attachment device 2 can have an atraumatic tip 26.
[0086] Figure 16 illustrates that the first expandable section 36, shown at the distal end 48 of the
expandable attachment device 2 (which is closer to the proximal end of the feonw 16) can be
radially expanded first, as shown by arows. The first expandable section 36 can take on the cross-
section of 3 circle, square, riangle, oval, or otherwise contowr o the shape of the endolernal
cavity b {as shown — see also Figures 27a and 27b), or combinations thereof. The teeth 82 can
engage the cortical bone 34 and anchor the expandable section 38 to the cortical bone 34,

{0087] Figure 17 illustrates that the deployment tool 46 can pull, as showan by arrow, the proximal
end of the fomur 1 toward the distal end 48 of the foowr 18 to close the frachue 14, The foree o
pudl the proximal end of the fermur 16 toward the distal end 48 of the femur 10 can be transmtted
through the unexpandable section 32 and the first expandable section 36 which can be anchored
against the cortical bone 34 of the proximatl fomur 18, The second expandable section 38 can then
be radially expanded and the deploviment tool 46 can be disconnected and removed from the
freatment site {not shown),

{O0BB] Figure 18 iHustrates a fractre 14 at the distal end 48 of the feowr 16, Figwees 19 and 20
iHlustvate that the one or more fixation screws 54 can be inserted in one or more directions through
the hone 8, and/or across the expandable attachment device 2 andior the fracture 14, The scrows 54
can be inserted through the cells 42 of the expandable section 38, The screws $4 can be sized to be
the same size or smaller than the cells 42 whew the expandable section 3 15 in a radially contracted
or radially expanded configuration. The cells 42 can be internally ducaded o engage the serews 34,
The cells 42, or other boles on the expandable support device can be smaller thaw, the same size or
larger than the screws dumcter. For the cells 42 or holes larger thas the scrows 54, the sorows 54
can shde through the bole during and after deplovment.

{0089] Figure 21 tlustrates that the expandable auachment device 2 can be ased for distal radias
T fracture 14 repair. Additional pins 56 can be placed to secure or control the bone 8 fragments
before, and/or durtng, andfor after deployment of the expandable attachment device 2. The
expandable attachment device 2 can be straight or have o substantially non-zero radius of curvature
74. The unexpandable sections 32 and/or the expandable sections 38 can be straight or have a

substantially non-zero radius of cwrvature 74,
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100940} Figares 22a through 22¢ iHustrate that the expandable attachment deviee 2 can be used for
proximal lnaserus fracture 14 repair,

{0091} Figures 23 and 24 illustrate that the device 2 can be inserted and expanded in an
enddolonumal cavity 6. Figure 23 illusteates an extornal view of the insertion and expansion of the
device 2 through the endohuninal channet 6. Figure 24 illustrates that the bone fixation serews 54
can be imserted through (1.c., nested in) the cells 42 of the expandable section 38, The bone fixation
screws 54 can be nested {e.g., pressed agamst, wedged against) through the cells 42 and/or with the
other hone fixation serews 34,

[0092] Figures 25 and 26 illustrate that the expandable attachment device 2 can be deploved in a
phalange S8, For example, the deviee 2 can be used to treat a broken phalange 88, The
expandable attachment device 2 can be modular. The first expandable scotion 36 can be removed
from the second expandable section 38. The unexpandable section 32 can have an interlocking
configuration. The physician can construct the expandable attachment device 2 in vivo or in the
operating room before or during deplovment, for exanple, to select the best total length of the
device to insert, andfor to use combinations of cxpandable sections 36 with difforest (or the same)
sizis of radial expansion 68,

(093] A traumatic tip 26 {e.g. | the screw tip 28) can be covered by an atraumatic tp 26 {e.g., end
cap 6 before or after msertion 62 of the dovice in the treatment site.

{0094] Figures 26a and 26b illustrate that the expandable attachment device 2 can he deploved in
the scaphowd 64, The expandable attachment device 2 can have a proximal anchor 66, The end cap
60 can have a traumatic sharp point, for example, to drive through the bone 8. The proximal anchor
06 can be it or struck with 2 hammer of wmallet, for example 1o drive the expandable attachment
device 2 into the scaphoid 64 and/or to radially expand the expandable scetion 38 {c.g., when the
resistance against the end cap 6 is greater than the force of the hammer, the expandable section 3@
can radially expand).

{095] Figares 27a and 27b illustrate that the expandable scction 38 of the expandable attachment
device 2 can radially expand to fit the shape of the endolupunal cavity 6. Figure 27a dlustrates a
trangverse cross-section of the bone 8 with the device 2 inserted o the endoluminal cavity 6.
Figure 27b illustrates that the expandable section 38 can radially expand, as shown by arvows, and
deform to substantially the same shape as the nner wall of the endohsminal cavity 6. The
expandable scction 3¢ can match the intenior bone surface contowr. For example, this fitting of the
expandable section 30 can increase the anchoring force, torque resistance and healing of the bone
mto the expandable section {i.¢., through cells of the stent-like expandable section

{0096] Figures 28a through 284 fthastrate a seqaential method for recovering (1.e., removing) the
expandable attachment device 2 from a freatment site. Figure 283 illustrates that the device 2 can

be deploved i a formur, for exarmaple extending into the greater trochanter. Figiere 28 illustrates
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that the expandable section 38 can be radially contracted, as shown by arrows. Figure 28¢
tHustvates that the doviee 2 can bewscrewed,, or otherwise rotated andfor translated, as shown by
arrows, oul of the deployment site. Figure 28d iHustrates that the endoluming! cavity 6 can remain
in the absence of the device 2. The endohnninal cavity 6 can be completely or partially filled with
a material Hsted herein, such as a bone morphogenic protein or morselized bone.

{0097] Figures 29a through 29d llustrate vartations of the distal end 60 of the cxpandable
attachment device 2 during or after removal from or repositioning in a treatment site. The device 2
can be removed from a bone in which the device 2 has been deployed and through wiich bone has
grown.

{0098] The expandable scotion 30, andfor any other hollow section of the device 2 with fhad
commnication with the oubstde of the device 2, can be more than about 73% filled, for example
about 100% filled with in~-grown bone, for example femoral head cancellous bone. The expandable
section 30 and hollows of the device 2 can be packed with bone during ov after inplantation.
Merely for example, the deployment site can be 1n or near & trochanter,

{0099] Fuynwe 29a dlustrates that the expandable scction 30 of the device 2 can be packed with in-
grown bone when noplanted i the target stte. Figure 290 iHlustrates that the expandable section 38
can be partially radially compressed, as shown by srrows. The packed in-grown bone can exit the
expandable section 38 via the cells m the stont configuration. Figure 29¢ illustrates that the
expandable scction can be further radially compressed, for example returning the radius of the
expandable section 38 1o the pre-expansion diameter, andior an even smaller or a larger diameter
than that of the pre-deployment configuration. Figure 29d illustrates that the expandable support
device I can be rinsed andfor otherwise cleaned (o remove some of all of the bone extending fom
the celis of the expandable section 30,

{0100] The dovice 2 can be withdrawn from andfor repositioned at the farget site at any point
during the compression of the expandable section 30 shown i Figures 29a through 294, but more
force may be needed o withdraw the device 2 when the expandable section 3¢ 15 in an expunded
configuration.

{0101} Figure 30a illustrates that a hollow channel 108 can be defined within the expandable
section 30, The hollow chammel can be packed, as described herein.

{0102] Figare 30b illustrates that the expandable section 30 can have a bladder or bag 182 attached
to the radially mner surfaces of any or all of the strats 40, The bag 102 can be an open, closed {e.g.,
contained), or closeable structure. The bag 102 (shown filled) can be filled with any material
disclosed herein, or combinations thereof, for example morselized bone or bone morphogemic
protefr. The bag 102 can be povous or non-porous. The bag 182 can be a textile. The bag can

cover all or a portion of the expandable section 30, The bag 102 can be partially or completely
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filled {c.g., by feeding, munping) before, during or after deployment and expansion of the device 2
n the tavget site.

{103] Figure 30c¢ illusirates that the bag 102 can be unattached to the struts 48, For example, the
bag can be loose n the hollow channel 108 or the bag can be attached to the deviee at one or morg
of the longitudinal ends of the hollow channel 166

[0104] Figare 30d illustrates that one or more Jocking rods 184 can be nserted into the expandable
section 30 when the expandable section 36 is 1n an expanded configuration. The locking rads 104
can be oriented transversely, as shown, andfor longitudinatly. The locking rod 184 can be
resstiently attached to one or more struts and deploy automatically when the expandable section 30
is expanded.

{0105] Figure 31a illustrates that the locking rod 104 can be oriented ongtiudinally, The locking
rod 104 can have distal agachment clements 106, such as one or more threads. ribs, snaps. brads,
nuts, clips or combinations thereof, at the distal end of the locking rod. The distal attachment
clements 166 can be configured to engagably and releasably attach 1o one or more distal receiving
clements 108 at the distal end of the devics 2, such as one or more threads, ribs, snaps, brads, nufs,
¢lips, or corabinations thereof

{106] The locking rod can have proximal attachment elements 116, such as one or mare threads,
ribs, snaps, brads, nuts, clips or combinations thereof, at the proximal end of the locking rod 104
The proximal attachment elements 110 can be configured to engagably and releasably attach to one

or more proxinal receiving elements 112 at the proxumal end of the device 2, such as one oy more

threads, ribs, snaps, brads, nuts, clips or combinations thercof.

{0187} The locking rod 104 can fix the length between the distal end and the proximal end of the
expandable portion 30, The distal attachment clements 164 can engage the distal recoiving
clements 166 and the proximal attachment clements 108 can enuage the proximal receiving
clements 110, for example minimizing and/or substantially eliminating the radial compression and
longitadinal expansion of the expandable seetion 36,

[0108] Figure 31b sllustrates that the locking rod can have one or more intermediate attachment
clements 114 such as onc or more threads, ribs, snaps, brads, nuts, clips or combinations thereofl
The intermediate sttachment elements 114 can be located at a posttion along the locking rod 104
between the distal attachment clements 106 and the proxamal attachment elements 119, for
example, such that the intermediate attachment clements 134 can be between the fivst expandable
section 36 and the second expandable section 38 during use. The itermediate attachment clements
114 can be configured to engagably and releasably attach to one or more intermediate recaiving
clements 116 along the device 2 between the first expandable section 36 and the second expandable
section 38, The intermediate receiving clements 116 can be one or mwove threads, ribs, snaps, brads,

nuis, clips or combinations thereof. The mtermediate attachment clomoents 114 can cngage the

11
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imtermediate receiving elerents 116, for example, mininnzing and/or substantiafly climinating the
shift of raciad expansion o or fromy the fivst expandable section 36 from or to, respectively, the
second expandable section 38,

{0109] Avny or all cloments of the device andfor other devices or apparatuses deseribed herein can
be made from, for example, a single or maltiple stainless steel allovs, nicke! titanium altoys (e.g
Nitinol), cobali-chrome allovs (c.g., ELGILOY® from Elgin Specialty Metals, Elgin, H;
CONETHROME®R from Carpenter Metals Corp., Wyomissing, PA). nickel-cobalt alloys {e.g.,
MPISNK from Magellan Industrial Trading Company, Inc, Westport, C7), molybdenum alloys
{c.¢., molybdemum TZM alloy, for example as disclosed in International Pub. No. WO 03/082363
AL published @ Quicber 2003, which is berein Incorporated by reforence i Hs ontirety), tongsten-
rhentum alloys, for example, as disclosed in International Pab. No, WO 03/082363, polymers such
as polyethylene teraphathalate (PET), polyester (c.g., DACRON® from E. I Du Pont de Nemours
and Company, Wilmington, DE), poly ester anude (PEA), polypropylene, aromatic polyesters, such
as fiquid orystal polvmers {e.g., Veotran, from Kuraray Co., Ltd., Tokyo, Japan), ultra high
molecular weight polyethylene (i.c., extended chain, high-modulus or hugh-performance
polyethvlene) fiber andior varn {e.g., SPECTRAR Fiber and SPECTRAR Guard, from Honeywell
Internanional, Inc., Morris Township, NI, or DYNEEMA® from Royal DSM NV, Heerlen, the
Netherlamds), polvtetratisorocthyiene (PTFE), cxpanded PTFE (¢PTFE), polvether ketone (PEK ),
polyether ether ketone (PEEK), poly cther ketone kotone {PEKK) (also poly arvi cther ketong
ketone), nylon, polyether-block co~polvamide polymers (e.g., PEBAX® from ATOFINA, Pans,
France), abiphatic polyether polyarethanes (e g, TECOFLEX® from Thermedics Polyner
Prodacts, Wilmington, MA}, polyvinyd chlonide (PVC), polyvurethane, thermoplaste, fluorinated
sthylene propyvienc (FEP), absorbable or resorbable polymers such as polyglveolic acid (PGA).
poly-L-glveolie acid (PLGA), polviactic acid (PLA), poly-L-lactic acid (PLLA), polveaprolactone
{(PCL), polvethyl acrviate (PEA)}, polvdioxanone (PS8}, and psendo-polvamino fyrosine-based
acids, extruded collagen, sthicone, zing, cchogenie, radiocactive, radiopague matenials, a bipmaterial
{o.g., cadaver tissue, collagen, allografi, autografl, xenografl, bone cement, morselized bone,
osteogenic powder, beads of bone) any of the other materials listed herein or combinations thereof.
Examples of radiopaqgue materials are hariom sulfate, zinc oxide, titanium, stamless steel, nickel-
titaniam allovs, tantalum and gold.

{0116] Any or all clements of the device andfor other devices or apparatuses described herein, can
be, bave, andor be completely or partially coated with agents and/or a matrix 3 matrix for cell
ingrowth or used with a fabric, for example a covering (pot shown) that acts as a matnx for celi
ingrowth. The matrix andfor fabric can be, for example, polyester {e.g., DACRONK frome E. 1 Do
Pond de Nemours and Company, Wilmington, DE), poly cster amude {PEA), polvpropylene, PTFE,
ePTFE, nylon, extruded collagen, sihicone, any other matenial disclosed heretny, or combinations

thereof.

12
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{0111] The device andfor elements of the device aadéor other devices or apparatuses described
herewn andfor the fabric can be filled, coated, lavered andfor otherwise wmade with andéor from
cements, fillers, glues, suddor an agent delivery matrix known to one having ordinary skill in the ant
andfor a therapeutic andfor diagnostic agent. Any of these coments andfor fillers andfor glues can
be asteogenic and osteomductive growth factors.

{0112] Examples of sach coments andfor fillers includes bone chips, demineralized bone matrin
{DBM), calcium sulfate, coralling hvdroxyvapatite, biocoral, tricaloiun phosphate, calciom
phosphate, polvmethy! methacrylate (PMMA), brodegradable ceranies, bioactive glasses,
hyaturonic acid, lactoferrin, bone morphogenic proteins (BMPs) such as recombinant human bone
morphogenctic proteins (rhBMPs), other materials described herein, or combinations thereof.
{0113} The agents within these matrices can include any agent disclosed herein or combinations
thereof, including radioactive materials: radiopaque materials; cytogenic agems; cytotoxic agents;
cytostatic agents: thrombogenic agents, for example polyurcthane, cellulose acetate polymer mixed
with bismuth trioxide, and ethylene vinyl aleohol; hébricions, hydrophitic matenials; phosphor
choleng; anti-inflammatory agents, for example aon-steroidal anti-inflaroniatorics (NSADs) such
as eyclooxygenase-1 {COXN-1) inhibitors {c.g., acctylsalicylic acid, for example ASPIRINE from
Bayver AG, Leverkusen, Germany; thuprofen, for example ADVILE from Wyeth, Collegeville, PA;
indomethacin; mefenamic acid), COX-2 inhibitors (c.g., VIOXX® from Merek & Co., Inc,,
Whitchouse Station, NI, CELEBREX® from Pharmacia Corp., Peapack, NE COX-1 inhibitorsy;
from Wyeth, Collegeville,

mmunosuppressive agents, for example Sirolimus {RAPAMUN]
PA)Y, or matrix metalloprotemase {(MMP) inhibitors {e.g.., tetracyeline and tetracyehne dertvatives)
that act carly within the pathways of an iflanunatory response. Examples of other agents ave
provided in Walton ot al, Inhibition of Prostoglandin £, Svathesis in Abdominal Aortic Ancurysms,
Circulation, July &, 1999 48-534; Tambizh ot al, Provocation of Experimiental Aortic Inflanunation
Mediators and Chlamydia Pneumoniae, Brir 1 Surgery 88 (7)), 935.944; Franklin et al, Uptake of
Tetracyehine by Aormic Ancwryvsm Wall and Tts Effect on Inflamumation and Proteolysis, #rén 7
Surgery 86 {6), 771-775; Xu et al, Sp!l Increases Expression of Cyclooxygenase-2 in Hypoxic
Vascular Endothelium, /. Bivlogical Chenistry 275 (32) 24583-24589; and Pyo ot al. Targeted
Gene Disruption of Matrix Metalloproteinase~-9 (Gelatinase B) Suppresses Development of
Experimental Abdominal Aortic Ancuwrysms, J. Clinical Investigation 103 (11, 1641-1649 which
are all incorporated by reference in their entivetics.

{0114} Other examples of fractures types that can be weated with the disclosed device and method
include Greenstick fractures, transverse fractuves, fractures across growth plates, simple frachres,
wedge fractares, complex fractares, conpound fractures, complete fractares, incomplete fractures,
linear fracturcs, spiral fractures, transverse fractures, oblique fractures, commimuted factures,

mpacted fractures, and soll tissue toars, separations {e.3., avulsion fracture), sprains, and

13
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combinations thereof. Plastic defurmations of bones can also be treated with the disclosed device
and method.

{01 15] Other examples of bones that can be treated with the disclosed deviee and method include
the fingers {e.¢., phalanges), hands (c.g., metacarpals, carpus), foes (e, tarsals), foet {metatarsals,
tarsus), leeste g, formur, nibia, fibula), arms {e.g., lumerus, radiug, ulna), scapula, cocevy, pelvis,
clavicle, scapala, patella, sternum, ribs, or combinations thereof. For example, the device can be
used in the fomoral neck, formoral shaft, proximal or distal tibia or the shaft of the ubia, the
tasmerus, the forearm, the ankle, small bones, the clavicle, and for revision surgery, such as hoip
TCVISION Surgery.

{0116] Aay clements described herein as singalar can be plaralized (i.c., anything described as
“one” can be more than ong). Any species element of a genus clement can have the characteristics
or clements of any other species element of that genus. The above-described configurations,
clements or complete assemblies and methods and their elements for carvying out the nvention, and
variations of aspects of the mvention can be combined and modified with cach other i any

combination.
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CLAIMS
We Clany
1. A method for repaiving a bone fracture comprising
wmserting ity an cndohnminal channel a device having a first radially cxpandable portion
and a second radially expandable portion, wherein the device has an unexpandable length between

the first radially expandable portion and the second radially expandable portion..

2. The method of Clamm 1, further comprising positioning the first radially expandable portion on a

first side of the fracte.

3. The method of Claim 2, further comprising positioning the sceond radially expandable portion

on a second side of the fracture,

4. The method of Claim 3, further comprising radially expanding the first radially expandable

portion.

5. The method of Claim 4, further comprising radially expanding the second radially expandable

portion,

6. The method of Claim 1, further comprising radially expanding the first radially expandable

portics,

7. The wethod of Clatm 6, further comprising radially expanding the second radially expandable

portion.

8. The method of Claim 1, further conprising inserting a fixation device through the bone and the

first radially expandable portion,

9. The method of Claim 5, further comprising nserting a fixation device through the hone and the
first radially expandable portion.

i The method of Claim 6, wherein radially expanding the first radially expandable portion
comgrises deforming the first radially expandable portion fo substantially i an inner contour of the

endotuminal channel.

11, The method of Claim 6, funther comprising radially contracting the first radially expandable
portion, and further comprising repositioning the device in the endoluminal channel or removing

the device from the endoluminal channel.

15
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12, The method of Claim 6, whorein the first radislly expandable portion is substantially hollow,

and further comprising filling the first radially expandable portion with a filler,

13. The method of Claim 12, wherein the filler comprises bone.

14, The method of Claim 12, wherem the filler comprises a protein.

15, The method of Claim 12, wherein filling comprises filling into a contamned bladder,

16, The method of Claim 6, further conmprising locking the first radially expandable portion in an

expanded configuration.

17, A method for repaiving a bone fractare comprising:
mserting into an endelununal chavnel 3 deviee having a first radially expandable portion

and a sceond radially expandable portion.

18, The method of Claim 17, fusther comprising radially expanding the first radiafly expandable

portion amd the second radially expandable portion.

19, The method of Claim 1R, wherein insering comprises sorewing the deviee into the bone,

20, A method for repairing a bone fracture comprising:

mserting into an endelununal chavnel g support clement having a first radially expandable
portion gt a first length along the support element and wherein the expandable portion defines a
hollow channel,

radiafly expanding the fivst radially expandable portion,

wserting a locking rod mto the hollow channel, and

attaching the locking rod to the support clement distal and proximal to the first radially

expandable portion.

21, The method of Claim 20, further comprising filling the bollow chansel with a filler.

22. the method of Clamm 20, wherein the support element has o second radially expandable portion
at 2 second length along the support clement, the method farther comprising radially expanding the
second radially expandable portion, and attaching the locking rod to the sapport clement distal and

proximal to the sccond radially expandable portion.

16
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