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EXPANDABLE BONE IMPLANT

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application
Serial No. 61/176,517, filed on May 8, 2009, the disclosure of which is hereby

incorporated by reference as if set forth in its entirety herein.

BACKGROUND

[0002] Vertebral compression fractures (“VCF”) represent a common spinal
injury and may result in prolonged disability. Generally speaking, VCF involves
collapsing of one or more vertebral bodies in the spine. VCF usually occurs in the lower
vertebrae of the thoracic spine or the upper vertebrae of the lumbar spine. VCF generally
involves fracture of the anterior portion of the affected vertebral body. VCF may result in
deformation of the normal alignment or curvature, e.g., lordosis, of the vertebral bodies in
the affected area of the spine. VCF and/or related spinal deformities may result, for
example, from metastatic diseases of the spine, from trauma or may be associated with
osteoporosis. Until recently, doctors were limited in how they could treat VCF and related
deformities.

[0003] Recently, minimally invasive surgical procedures for treating VCF have
been developed. These procedures generally involve the use of a cannula or other access
tool inserted into the posterior of the targeted vertebral body, usually through the pedicles.

[0004] In one such procedure, a cannula or bone needle is passed through the soft
tissue of the patient’s back. Once properly positioned, a small amount of
polymethylmethacrylate (PMMA) or other orthopedic bone cement is pushed through the
needle into the targeted vertebral body. This technique may be effective in the reduction
or elimination of fracture pain, prevention of further collapse, and a return to mobility in
patients. However, this technique typically does not reposition the fractured bone into its
original size and/or shape and, therefore, may not address the problem of spinal deformity
due to the fracture.

[0005] Other treatments for VCF generally involve two phases: (1) reposition or
restoration of the original height of the vertebral body and consequent lordotic correction
of the spinal curvature; and (2) augmentation or addition of material to support or

strengthen the fractured or collapsed vertebral body.
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[0006] One such treatment involves inserting, through a cannula, a catheter
having an expandable member into an interior volume of a fractured vertebral body,
wherein the interior volume has a relatively soft cancellous bone surrounded by fractured
cortical bone therein. The expandable member is expanded within the interior volume in
an attempt to restore the vertebral body towards its original height. The expandable
member is removed from the interior volume, leaving a void within the vertebral body.
PMMA or other bone filler material is injected through the cannula into the void to
stabilize the vertebral body. The cannula is then removed and the cement cures to
augment, fill or fix the vertebral body.

[0007] Another approach for treating VCF involves inserting an expandable
mesh graft bladder or containment device into the targeted vertebral body. The graft
bladder remains inside the vertebral body after it is inflated with PMMA or an allograft
product, which limits intra-operative loss of height of the repositioned endplates.

[0008] It is desirable in the art to provide a safe and effective apparatus and
method for aiding and/or augmenting fractured or otherwise damaged vertebral bodies and
other bones, preferably an apparatus that reestablishes the vertebral body’s height and

which may be inserted via a minimally invasive surgical technique.

SUMMARY

[0009] In accordance with one embodiment, an expandable implant is configured
to restore height to a fractured target bone. The expandable implant includes a body
having a plurality of linkages connected so as to define at least one annular row. The
linkages define first and second opposed side portions connected by corresponding first
and second end portions. The first and second side portions define a distance
therebetween when the body is in an insertion configuration. When the linkages are
subjected to an expansion force, the body expands to an expanded configuration, such that
the distance between the first and second side portions increases from a first distance to a
second distance that is greater than the first distance. At least a first linkage of the
plurality of linkages is sized different than at least a second linkage of the plurality of
linkages such that the first linkage expands greater than the second linkage.
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DESCRIPTION OF THE DRAWINGS

[0010] The foregoing summary, as well as the following detailed description of
an example embodiment of the application, will be better understood when read in
conjunction with the appended drawings, in which there is shown in the drawings an
example embodiment for the purposes of illustration. It should be understood, however,
that the application is not limited to the precise arrangements and instrumentalities shown.
In the drawings:

[0011] Fig. 1A is a perspective view of an expandable implant shown in an
insertion configuration;

[0012] Fig. 1B is an enlarged perspective view of a portion of the expandable
implant illustrated in Fig. 1;

[0013] Fig. 2A is a schematic perspective view of the portion of the expandable
implant illustrated in Fig. 1B;

[0014] Fig. 2B is a schematic perspective view similar to Fig. 2A, but showing
the implant in an expanded configuration;

[0015] Fig. 3A is a schematic perspective view similar to Fig. 2A, but showing
the implant constructed in accordance with an alternative embodiment;

[0016] Fig. 3B is a schematic perspective view similar to Fig. 3A, but showing
the implant in an expanded configuration;

[0017] Fig. 3C is a perspective view of a first linkage of the implant illustrated in
Fig. 3A;

[0018] Fig. 3D is a perspective view of a second linkage of the implant illustrated
in Fig. 3A;

[0019] Fig. 4A is an exploded perspective view of an implant system constructed
in accordance with one embodiment;

[0020] Fig. 4B is a partial perspective view of the implant system illustrated in
Fig. 4A;

[0021] Fig. 4C is a sectional view of the implant system illustrated in Fig. 4B;

[0022] Fig. 4D is a partial perspective view of an expandable implant assembly

included in the implant system illustrated in Fig. 4C;
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[0023] Fig. 5A is a schematic top plan view of a pair of opening assemblies
inserted into a vertebra, wherein each opening assembly includes a cannula and an opening
device received in the cannula;

[0024] Fig. 5B is a schematic view of the opening assembly illustrated in Fig. SA
shown the opening devices in an aligned and abutting position;

[0025] Fig. 5C is a perspective view of one of the cannulas illustrated in Fig. SA;

[0026] Fig. 5D is a perspective view of a portion of one of the opening devices
illustrated in Fig. 5A;

[0027] Fig. 5E is a perspective view of the opening assembly including the
opening device illustrated in Fig. 5D inserted into the cannula illustrated in Fig. 5C;

[0028] Fig. 6A is a perspective view of a cutting device inserted into the opening
assemblies and into a target vertebral body;

[0029] Fig. 6B is an enlarged perspective view of the cutting device illustrated in
Fig. 6A shown in an insertion configuration having cutting teeth retracted;

[0030] Fig. 6C is a perspective view of the cutting device illustrated in Fig. 6B,
shown in a cutting configuration having the cutting teeth extended;

[0031] Fig. 6D is a perspective view similar to Fig. 6A, but showing the opening
device removed;

[0032] Fig. 6F is a perspective view of a portion of a cutting device constructed
in accordance with an alternative embodiment;

[0033] Fig. 6F is a perspective view of a portion of a cutting device constructed
in accordance with another alternative embodiment;

[0034] Fig. 7A is a schematic view of the opening devices inserted into the
vertebra after an osteotomy has been performed,;

[0035] Fig. 7B is a schematic view of an installed implant assembly installed in
the target vertebra in its insertion configuration;

[0036] Fig. 7C is a side elevation view of the implant assembly illustrated in Fig.
7B, receiving a filler material;

[0037] Fig. 7D is a schematic view of the installed implant assembly illustrated
in Fig. 7B, but in the expanded configuration;

[0038] Fig. 7E is a schematic view of a pair of installed implant systems installed

in the target vertebra in the expanded configuration;
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[0039] Fig. 8A is a schematic view of an opening device and a clamp, showing a
guide wire inserted through the opening device and engaged at one end by the clamp;

[0040] Fig. 8B is a schematic view similar to Fig. 8A, but showing an
expandable implant assembly installed over the guide wire;

[0041] Fig. 9A is a perspective view of a normal tibia plateau;

[0042] Fig. 9B is an anterior view of the normal tibia plateau illustrated in Fig.
OA;

[0043] Fig. 9C is a perspective view similar to Fig. 9A, but showing the tibia
plateau fractured;

[0044] Fig. 9D is an anterior view of the fractured tibia plateau illustrated in Fig.
9E;

[0045] Fig. 9E is an anterior view of the fractured tibia plateau illustrated in Fig.
9D, but showing an expandable implant assembly implanted in an insertion configuration
at the fracture site; and

[0046] Fig. 9F is an anterior view of the fractured tibia plateau illustrated in Fig.
9E, but with the implant assembly in an expanded configuration so as to restore the normal

height to the tibia plateau.

DETAILED DESCRIPTION

[0047] Referring initially to Figs. 1A-B, an expandable augmentation implant 20
is configured to be inserted into a target bone, such as a vertebral body of a vertebra. In
accordance with one aspect of the present disclosure, the expandable insert 20 is
configured to be inserted into the vertebral body of a vertebra that has been subjected to
trauma, such as a vertebral compression fracture (“VCF”). As will be appreciated from
the description below, the implant 20 is configured to be implanted via a minimally
invasive surgical technique, such as, for example, through one or more cannulas,
preformed holes or percutancously. Once implanted, the expandable implant 20 is
configured to reposition and stabilize the target bone to re-establish structural integrity and
reduce or eliminate painful micro-movements.

[0048] Thus, the implant 20 has a first insertion configuration having a
corresponding first insertion size that is configured to allow the implant 20 to be inserted
into an interior volume of the target bone. Once inserted into the target bone, the

expandable implant can be expanded from the insertion configuration to a second
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expanded configuration having a corresponding second expanded size that is greater than
the insertion size. When in the expanded configuration, the implant 20 can generally
create a cavity within the interior volume of the target bone, restore the height of and
stabilize the target bone, and occupy a portion of, or augment, the interior volume of the
targeted bone.

[0049] The implant 20 is illustrated as including a substantially annular implant
body 22 disposed about a central axis 24 that extends in an axial direction A. The implant
20 can be made from a polymeric material with directed fibres, and can be coated if
desired with one or more antibiotic agents in order to inhibit infections. In accordance
with one embodiment, the implant 20 is made from a Phynox material. The implant 20
can further be coated with an osteoconductive layer such as sprayed Hydroxyapatite or
other Ca and P compositions. The implant 20 can be manufactured by selective laser
melting or sintering process in order to change the bar geometry homogeneously.

[0050] The implant body 22 includes an inner surface 22a that defines an internal
void 23, and an opposed outer surface 22b. The implant body 22 includes a plurality of
connected linkages 26. Each linkage 26 includes a first and second opposed flexible side
portions 28 and 30, respectively, and first and second opposed flexible end portions 32 and
34, respectively, connected between the side portions 28 and 30. The end portions 32 and
34 are curved and define a radius of curvature in accordance with the illustrated
embodiment, though it should be appreciated that the end portions can define any suitable
shape as desired. Likewise, the side portions 28 and 30 are substantially straight and
parallel along the axial direction when the implant 20 is in the insertion configuration,
though it should be appreciated that the side portions 28 and 30 can define any suitable
shape and spatial relationship as desired.

[0051] In accordance with the illustrated embodiment, the linkages 26 are
arranged in at least one, such as a plurality of, columns 27, and at least one, such as a
plurality of, rows 29. The columns 27 extend along a column direction that is coincident
with the axial direction A in the illustrated embodiment. The rows 29 extend along a row
direction that is circumferential so as to define an annulus in the illustrated embodiment.
The ends of the linkages 26 are integrally or directly connected to each other along the
column direction as illustrated, though it should be appreciated that the linkages 26 could

alternatively be connected to each other indirectly via a connection member. The sides of
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the linkages 26 are indirectly connected to each other via corresponding circumferential
arms 36, though it should be appreciated that the sides of the linkages 26 could
alternatively be directly connected to each other. It can thus be said that the linkages 26
are connected to each other, either indirectly or indirectly, along the column and row
directions so as to define respective columns 27 and rows 29.

[0052] In accordance with one embodiment, the side portions 28 and 30 extend
axially, that is they extend along a direction having an axial component. Otherwise stated,
the side portions 28 and 30 extend along a direction that is angularly offset with respect to
a radial direction R that extends along a direction perpendicular with respect to the central
axis 24. Accordingly, as will be appreciated from the description below, the side portions
32 and 34 are configured to expand when a radially outward force is applied to the implant
body 22. For instance, as will be described in more detail below, an expansion device 58,
such as an expandable bladder (see Figs. 4A-D), can be placed inside the implant body 22,
and an expansion material can be injected into the bladder to expand the bladder and,
consequently, to expand the implant body 22.

[0053] In accordance with the embodiment illustrated in Figs. 1A-B, when the
implant 20 is in the insertion configuration, each given linkage defines a length L1 that
extends between the opposed end portions 32 and 34. Furthermore, when the implant 20 is
in the insertion configuration, the side portions 28 and 30 extend substantially parallel to
cach other and are separated from each other by a first or insertion distance D1, which
extends circumferentially in accordance with the illustrated embodiment. Otherwise
stated, the side portions 28 and 30 are separated by the first distance D1 at a select location
along the length of the side portions 28 and 30. Thus, the circumference of the implant
body 22 is at least partially defined by the first distance D1. When the implant 20 is in the
insertion configuration, the implant body 22 defines a first cross-sectional distance CS1,
which can be a diameter, for instance when the implant defines a cylindrical surface as
illustrated. The first cross-sectional distance CS1, and thus the first distance D1, provides
the implant 20 with the first insertion size that is configured to allow the implant 20 to be
inserted into an interior volume of the target bone.

[0054] The expandable implant 20 is configured to expand from the insertion
configuration illustrated in Figs. 1 A-B to the expanded configuration illustrated in Figs.

2A-B. Asillustrated in Fig. 2A, each linkage 26 is substantially identically constructed,
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and thus defines substantially the same initial length L1 and distance D1 as the other
linkages 26. The implant 20 can be expanded from its insertion configuration to its
expanded configuration by inserting a sufficient volume of thermosetting bone filler
material into the internal void 23 of the implant 20, such that the material fills the void 23
and applies a radially outward expansion force F against the linkages 26. The bone filler
material may be, for instance, in the form of bone chips, allograft bone, or a biocompatible
bone cement. One example of a suitable biocompatible bone cement is a self-hardening
(e.g. self-curing) polymethylmethacrylate (PMMA), though it should be appreciated that
the bone filler material can be selected from any suitable bone filling material as desired.

[0055] Referring to Fig. 2B, when the radially outward expansion force F is
applied to the inner surface of the linkage body 22, and in particular to the linkages 26, the
linkages 26 expand. For instance, the initial distance extending between the side portion
28 and 30 of at least one up to all of the linkages 26 increases from the first insertion
distance D1 to a second expanded distance D2 that is greater than the first insertion
distance D1. Simultaneously, the length of at least one up to all of the linkages 26 is
reduced from the first length L1 to a second expanded length L2 that is less than the first
insertion length L2. Assuming that the expansion force F is distributed uniformly about
the implant body 22, the identically constructed linkages 26 will expand substantially
uniformly, and the implant body 22 will expand to a second expanded cross-sectional
distance or diameter CS2 that is greater than the first insertion cross-sectional distance or
diameter CS1.

[0056] While the linkages 26 can all be substantially identically constructed as
described above with respect to Figs. 2A-B, it is appreciated that at least one, such as a
first plurality, of the linkages 26 can be constructed differently than at least one, such as a
second plurality, of the linkages 26. For instance, referring now to Fig. 3A the expandable
implant 20 is illustrated in its insertion configuration in accordance with an alternative
embodiment. As illustrated, the implant 20 includes a first plurality of linkages 26a (see
also Fig. 3C) and a second plurality of linkages 26b (see also Fig. 3D). The linkages 26a
can be circumferentially spaced from the linkages 26b, such that they are circumferentially
opposed to each other. Otherwise stated, a first select number of columns 27, and in
particular adjacent columns 27 can include linkages 26a, while a second select number of

columns 27, and in particular adjacent columns 27, can include linkages 26b.
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Alternatively or additionally, the linkages 26a can be axially spaced from the linkages 26b,
such that a first select number of rows 29, and in particular adjacent rows 29, can include
linkages 26a, while a second select number of rows 29, and in particular adjacent rows 29,
can include linkages 26b.

[0057] In accordance with the illustrated embodiment, the first insertion length
L1 of the first plurality of linkages 26a is greater than the first insertion length L1 of the
second plurality of linkages 26b when the implant 20 is in the insertion configuration, such
that the distance D1 of the first plurality of linkages 26a is substantially equal to the
distance D1 of the second plurality of linkages 26b (thought the distances D1 could be
different between the linkages 26a and the linkages 26b as desired). It should thus be
appreciated that the distance D1 of the first plurality of linkages 26a is configured to
expand greater than the distance D1 of the second plurality of linkages 26b. In accordance
with one embodiment, the first plurality of linkages 26a expands at a greater rate than the
second plurality of linkages 26b when subjected to substantially the same expansion force
as the second plurality of linkages 26b. Thus, the implant 20 can be configured to produce
a symmetric shape under a uniform expansion force as illustrated in Fig. 2B, or the implant
20 can be configured to produce an asymmetric shape under a uniform expansion force as
illustrated in Fig. 3B.

[0058] In accordance with one embodiment, the implant 20 is inserted into the
target bold in its insertion configuration, whereby the linkages 26 can be referred to as in a
compressed or folded configuration, such that the implant 20 can be passed through a
cannula, through the openings formed in the pedicles and into an interior cavity of the
targeted vertebral body as described in more detail below. The implant 20 follows a
curved guide path of a bent guide wire in accordance with one embodiment, and as a result
the implant 20 can be flexible so as to follow the curved guide path. However, the in situ
bending of the implant 20 while traveling along the guide path can lead to plastic
deformation in order the provide the implant with appropriate structural stability.
Expansion of the implant 20 by, for example, injection of a bone filler material causes the
structure of the implant 20 to exceed the elastic phase of the material and hence results in
plastic deformation of the implant 20. When the target bone is a vertebral body, the plastic
deformation of the implant allows the implant 20 to provide augmentation in the anterior

aspect of the vertebral body.
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[0059] When the implant 20 includes the first plurality of linkages 26a and the
second plurality of linkages 26b, Hooke’s Law demonstrates that the implant body 22 can
assume an asymmetrical or bent shape when the implant body 22 is expanded elastically.
It should be appreciated, however, that expansion of the linkages 26a and 26b occurs
beyond the elastic deformation limit, such that the implant body 22 can also undergo some
amount of plastic deformation. Due to the later injected bone filler material, the implant is
frozen at the achieved expansion.

[0060] Example Embodiment - Application of the Hooke’s Law

[0061] Definitions:

[0062] ¢ Strain

[0063] o  Tensile Strength

[0064] A4 Cross-sectional area of bar

[0065] 4; 0.4 mm2;

[0066] A4, 0.2 mm?2

[0067] ! Length of bar

[0068] I 8 mm

[0069] I, 10 mm

[0070] E  Modulus of Elasticity Phynox: 203-400 Mpa

[0071] Elongation: Al=¢-1
[0072] Whereas strainis: &=0/FE
[0073] And: Al=0-l/E

131
1

[0074] Assumption, where “1” indicates the region of the implant body 22 having
the second plurality of linkages 26b (which can be located at a circumferentially inner end
of the implant body 22), while “0” indicates the region of the implant body 22 having the
first plurality of linkages 26a (which can be located at a circumferentially outer end of the
implant body 22), and the expansion is under a substantially uniform expansion force (or
tensile force). The resulting tensile strength of the second plurality of linkages 26b and the
first plurality of linkages 26a, respectively, is as follows:

0=F/A4:=120N/0.2mm2 = 600[ N / mm2]

0o =F/A40=120N/0.4mm2 =300[ N / mm?2]

10
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[0075] The resulting elongation of the second plurality of linkages 26b and the
first plurality of linkages 26a, respectively, is as follows:
Ali=0i-1i/ E =300MPa -8mm/203'400MPa = 0.011mm

Al =0v-10/ E=600MPa-10mm/203'400MPa = 0.030mm

[0076] Based on this analysis, the implant 20 expands at the region of linkages
26a significantly more than at the region of linkages 26b (approximately 3 fold in above-
identified example). Consequently, the implant 20 becomes bent during expansion since
the second plurality of linkages 26b has a smaller elongation compared to the first plurality
of linkages 26a. It should be appreciated that the numbers of the above example are
merely assumptions used to demonstrate the bending effect based on different linkage
sizes of the expansion implant 20, and do not represent actual test data.

[0077] Referring now to Figs. 4A-D, it is envisioned that an implant system 50
can include the implant 20 along with system apparatus that facilitate the insertion and
expansion of the implant 20 within a target bone. For instance, the system 50 can include
an opening assembly 52 including a cannulated body 62a, an opening device 62b (see Fig.
5A) that is received inside the cannulated body 62a, an aiming device 54 (see Fig. 5A) that
supports the opening assembly 52, a cutting device 56 (see Figs. 6A-F) that is configured
to perform an osteotomy, and an expandable implant assembly 25 that includes the implant
20 that is configured to provide a bone augmentation and an expansion device 58
configured to iterate the implant 20 from the insertion configuration to the expanded
configuration. The system 50 can further include a bone filler material device that is
configured to be inserted into the expansion device 58 under pressure so as to expand the
expansion device 58 against the implant 20. The system 50 can also include a guide 60
that provides a guide path for the implant 20 into the target bone. It should be appreciated
that the system 50 can also include a osteotomy cutting device 56, which can be provided
by the guide 60, or can alternatively be provided separate from the guide 60 as illustrated
in Figs. 6A-F.

[0078] Referring also to Figs. SA-D, the opening assembly 52 includes an
elongate cannulated body 62a that defines a proximal end 64a and an opposed distal end
66a, and a cannula 68a that extends through the cannulated body 62a from the proximal

end 64a to the distal end 66a along the direction of elongation. The cannulated body 62a

11
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is substantially straight and is connected to a handle 67a at the proximal end 64a. The
opening assembly 52 further includes a flexible or elastic elongate opening device 62b,
which is sized to be received in the cannula 68a. The opening device 62b can include a
proximal end 64b and an opposed distal end 66b, and a cannula 68b that extends through
the opening device 62b from the proximal end 64b to the distal end 66b. The opening
device 62b is connected to a handle 67b at the proximal end 64b. The cannulas 68a-b can
extend through the respective handles 67a-b. The distal end 66b can provide a cutting
blade 65 or alternatively configured opening member that is configured to cut through the
target bone. The opening device 62b is curved at a location proximate to the distal end
66b, and is further flexible, such that the distal end 66b is disposed in the cannula 68a in a
straight configuration, but is bent when disposed outside of the cannula 68a. The opening
device 62b can be formed from any suitable elastic bent material, such as Nitinol (or a
nickel-titanium alloy). The opening device 62b can thus be shaped so as to correspond
with the size and shape of the target bone, such as a target vertebra 70. The system 50 can
include a pair of symmetrically shaped opening assemblies 52 that can be inserted into the
target vertebra 70.

[0079] During operation, the opening devices 62b can be inserted into the
proximal end 64a of the cannulated body 62a, such that the curved portion of the opening
device 62b extends out from the distal end 66a of the cannulated body 62a. For the
purposes of illustration, Fig. 5A shows one of the cannulated bodies 62a receiving a
cutting device 62b, while the other cannulated body 62a does not retain a cutting device.
Fig. 6B shows a pair of opening assemblies 52, each having a cannulated body 62 and a
cutting device 62b disposed in the cannula of each cannulated body 62. In accordance with
one embodiment, the opening devices 62b can be inserted into the vertebra 70 along a
transpedicular approach. A stab incision can be used to access the pedicles 72 of the target
vertebra 70, under intra-operative radiological observation. Both pedicles 72 of the
targeted vertebral body 74 can be opened by driving the distal cutting ends 65 into the
respective pedicles 72, such that the opening devices 62b penetrate the cortical bone of the
corresponding pedicles 72. The opening devices 62b can then be translated along the
pedicle axes, so as to perforate the arched channel through the cancellous bone within the
vertebral body 74, as illustrated in Fig. 5A. The bent shape of the opening devices 62b

causes the respective distal ends 66b to align and abut as desired.

12
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[0080] The system 50 can further include an aiming device 54 that includes a
body 78 and a pair of spaced apertures 80 extending through the body 78 sized to receive
the corresponding pair of cannulated bodies 62a. The apertures 80 are aligned and spaced
apart so as to be configured to allow the distal ends 66b of the corresponding opening
devices 62b to be in operative communication with each other so as to facilitate insertion
of the expandable implant 20. In accordance with the illustrated embodiment, the distal
ends 66b are aligned and abut each other when inserted into the vertebral body 74, as
shown in Fig. 5B.

[0081] Referring also to Fig. 6A, once the opening devices 52 are in place, the
osteotomy cutting device 56 can be inserted through the cannula 68b of one of the opening
devices 62b at the proximal end 64b, through the distal end 66b of the opening device 62b,
into the distal end 66b of the adjacent opening device 62b, and through the proximal end
64b of the adjacent opening device 62b. As illustrated in Figs. 6B-C, the cutting device 56
defines a body 76 having a pair of opposed ends 79, and a cutting portion 81 disposed
centrally between the opposed ends 79. The ends 79 can each be threadeedly connected to
the cutting portion 81 at respective joints 77. The body 76 can be sized to fit within the
opening device 62b, which in turn is disposed in the cannulated body 62a. The cutting
device body 76 can be made from a flexible wire material, so as to permit the cutting
device 56 to travel through the curved cannulas 68. The body 76 can be longer than the
pair of opening assemblies 52, such that the opposed ends 79 extend out of the proximal
ends 64 of the opening assemblies 52 when the body 76 is disposed in the cannulas 68.

[0082] The cutting portion 81 can include a plurality of cutting members in the
form of teeth 82 that retractably project out from the body 76. The cutting device 56 can
further include a protective sleeve 84 that fits over the teeth 82. The sleeve 84 includes a
sleeve body 85 and a plurality of apertures 86 extend through the sleeve body 85. The
apertures 86 are sized to receive the respective teeth 82. The sleeve 84 can be disposed at
a first guard position (Fig. 6B) relative to the teeth 82, such that the body 85 is aligned
with the teeth 82, and thus guard the teeth 82 from cutting adjacent structure. The sleeve
84 can be moved to a second cutting position (Fig. 6C) relative to the teeth 82 such that the
apertures 86 are aligned with the teeth 82. The teeth 82 can be biased to extend out from
the cutting body 76 and through the apertures 86 when the apertures 86 are aligned with
the teeth 82, such that the teeth 82 are configured to cut adjacent structure.

13



WO 2010/129846 PCT/US2010/033995

[0083] During operation, the cutting body 76 is inserted through one of the
opening devices 62b with one end 79 attached to the cutting portion via the joint 77. The
cutting portion is inserted into the respective proximal end 64b, through the distal end 66b,
into the distal end 66b of the adjacent opening device 62b. The opposing end 79 is then
inserted into the proximal end 64b of the adjacent opening device 62b and is inserted into
the opening device 62b until it contacts the joint 77, at which point the opposing end 79 is
rotated so as to threadedly connect the end 79 to the cutting portion 81. Accordingly, the
opposed ends 79 of the cutting device 56 extend out from the proximal ends 64a of the
opening devices 62b.

[0084] Once the cutting device 56 is in place, the opening devices 62b can be
removed while the cutting device 56 remains in place as shown in Fig. 6D. The sleeve 84
can then be moved to the cutting position. For instance, the sleeve 84 can extend to one or
both of the opposed ends 79 such that it can be manually translated to the cutting position,
or an actuator can extend out of the proximal end 64b of one or both of the opening
devices 62b, and can be actuated so as to iterate the sleeve 84 to the cutting position. With
the opening devices 62b removed, and the cutting teeth 82 extending through the apertures
86, the opposed ends 79 can be translated back and forth, thereby causing the cutting teeth
82 to cut through the cortical bone to perform the osteotomy. As illustrated in Fig. 6D,
handles 83 can be attached to the opposed ends 79 of the cutting device body 76 to assist
in the cutting motion. Once the cortical bone is cut through, the sleeve 84 can spring back
to its guard position. For instance, the teeth 82 can have a beveled surface that rides along
the sleeve body 85 and causes the teeth 82 to retract as the sleeve body 85 translates to the
guard position.

[0085] Referring now to Fig. 6E, the cutting device 56 can be constructed in
accordance with an alternative embodiment so as to not include the sleeve 84. The cutting
members 82 are illustrated as diamond-shaped teeth that are configured to shave the
cortical bone as the cutting device 56 is iterated back and forth. As illustrated in Fig. 6F,
the cutting members 82 can be provided as apertures that extend through the cutting body
at an orientation that defines a negative chip angle.

[0086] Referring now to Fig. 7A, after the osteotomy has been completed, the
opening devices 62b are again inserted into the cannulated bodies 62a and into the target

vertebra 70 in the manner described above, such that the distal ends 66b are disposed
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proximate to the fracture location and abut each other. As illustrated in Fig. 7B, once the
opening devices 52 have been inserted into the vertebra 70, the expandable implant
assembly 25 is inserted into the opening device 62 and subsequently expanded, as will
now be described.

[0087] In particular, referring now to Figs. 4A-D and Figs. 7A-C,the expansion
device 58 can include an expansion body 96 that can be made from rubber, plastic, or
other suitable material that provides an expandable bladder or other flexible member
configured to occupy the internal void 23 of the implant body 22. The expansion device
58 defines a bore 97 that extends through the expansion body 96, sized to receive the guide
wire 60. The body 96 is closed at a distal end 105, and open at a proximal end 107. As
illustrated in Fig. 4D, the expansion implant 20 is placed over the expansion device 58 so
as to provide an expandable implant assembly 25. The outer diameter of the expansion
assembly 25, defined by the outer diameter of the expandable implant 20, is sized to fit
within the opening device 62b, such that the expansion assembly 25 can be driven through
the opening device 62b. The bore 97 receives the guide wire 60, such that the guide wire
60 can be driven into the opening device 62b, thereby causing the implant assembly 25 to
ride into the target vertebral body 74. In this regard, it should be appreciated that the
cannulated body 62a, the opening device 62b, and the guide wire 60, both alone and in
combination, at least partially define or define a guide path for the expandable implant
assembly 25, including the implant 20 and the expansion device 58.

[0088] As illustrated in Fig. 7A, the opening devices 62b are driven through the
cannulated bodies 62a such that their distal ends 66b abut each other in the manner
described above. Next, as illustrated in Fig. 7B, the expansion assembly 25 is driven
through the opening devices 62b into the vertebral body such that it is disposed between
the bone fragment created during the osteotomy and the remaining integral bone portion,
and the opening devices 62b are subsequently removed. The expansion device body 96
can have a sufficient length such that the proximal end 107 extends into the opening
device 62b, and optionally extends out of the proximal end 64b when the implant 20 is
disposed at the target vertebral body 74. The expansion device body 96 can be divided
into a plurality of body segments 98 that are hingedly connected to each other at respective
joints 103 so as to move with respect to each other about the joint. Accordingly, the

expansion device body 96 can flex between adjacent segments 98 as it travels into the
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vertebral body 74 as illustrated in Fig. 7C. The implant 20 can thus be provided as at least
one link 102, such as a plurality of separate discrete links 102 spaced apart along the
column direction. Each link 102 can define at least one column of linkages 26 and at least
one row of linkages 26 as described above. The links 102 can be mounted onto the
respective body segments 98 in a substantially flat insertion configuration until the
expansion assembly 25 is disposed in the vertebral body, at which point the filler material
59, such as cement or similar solid filler device, is injected into the bore 97 through the
proximal end 107 of the expansion device 58 under a positive pressure, for instance using
a piston pump or a syringe, as illustrated in Figs. 7C-D. The positive pressure created by
the filler material 59 causes the body 96 to expand against the respective link 102, which
causes the links 102 to expand in the manner described above.

[0089] The expandable implant 20 can thus be expanded from the insertion
configuration to the expanded configuration via injection of the bone filler material into
the inner cavity of the expandable implant using any suitable injection device. Expansion
of the expandable implant 20 compresses the surrounding cancellous bone tissue in the
interior volume of the targeted bone thereby forming a cavity. Expansion of the
expandable implant also preferably repositions and stabilizes the surrounding bone and/or
bone tissue, thereby restoring the anatomical alignment of the fracture bone until
hardening of the injected bone filler material.

[0090] Because the filler material is injected into the bore 97 of the expansion
body, and the bore 97 is disposed in the internal void 23 of the expansion implant 20, it
can thus also be said that the filler material is injected into the void 23 of the expansion
implant 20. Thus, the implant 20 can expand substantially uniformly, for instance when
all of the linkages 26 are substantially identically constructed, or can bend as it expands,
for instance when a first plurality of the linkages 26 has an expansion characteristic, such
as a size, different than a second plurality of the linkages 26 (for instance a greater length
that provides greater expansion). The implant 20 is fixed in the expanded configuration
when the bone filler, such as cement, hardens and/or cures.

[0091] The expansion device 58 includes a weakened neck 109 disposed between
the proximal end 107 and the links 102. For instance, the neck 109 can have material
removed and is thus configured to break away from the remaining portion of the expansion

device body 96. Once the bone filler material 59 has hardened and/or cured, a rotational
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force can be applied to the proximal end 107 of the expansion device body 96, causing the
body 96 to break at the neck 109, such that the section of the body 96 that is disposed
proximal to the links 102 can be removed along with the bone filler material disposed in
the bore 97 of the removed section. Alternatively, the body 96 can be closed immediately
proximate to the links 102 such that the entire body 96 is inserted into the vertebral body
74, and a syringe can pierce the body 96 so as to inject the bone filler material into the
bore 97.

[0092] Thus, during use, the cortical aspect of the targeted bone is opened using,
for example, an awl or other cortex opening instrument. Once an osteotomy is performed,
the expandable implant 20 can then be inserted in a straight configuration. Expansion of
the implant 20 enables the joint surface or other aspects of the bone to be repositioned or
even distracted. Expansion of the implant 20 causes the implant to become bent due to its
specific design properties. As such, the implant 20 allows a more sophisticated
repositioning of the fragment. It should be further appreciated that the expandable implant
20 can be inserted into a target bone via a minimally invasive apparatus or system.

[0093] In accordance with an alternative embodiment, Fig. 7E illustrates that the
implant system 50 can include a pair of implant assemblies 25, each constructed as
described above, but having a shortened length such that they extend substantially midway
into the target vertebral body 74. Accordingly, one implant assembly 25 can be disposed
at a first side of the vertebral body 75, and the other implant assembly 25 is disposed at an
opposed second side of the vertebral body 75. In accordance with one embodiment, the
first and second sides comprise a medial side and a lateral side. Each implant assembly 25
can then be expanded independently of the other via the injection of the bone filler
material 59 in the manner described above. Accordingly, the height of each implant 20
can be adjusted independently, thereby adjusting first and portions of the target vertebral
body 74 independently with respect to each other.

[0094] Referring now to Figs. 8A-B, the system 50 can be constructed in
accordance with an alternative embodiment, whereby an osteotomy is performed, and the
implant 20 is installed and expanded in the intervertebral body 74. In particular, the
aiming device 54 can include an arm 87 that is coupled to the aiming device body 78 via a
knob 91 that extends through an elongate slot 89 extending through the arm 87, and is
further threadedly connected to the aiming device body 78. Accordingly, the arm 87 can

17



WO 2010/129846 PCT/US2010/033995

be movable with respect to the aiming device body 78 when the knob 91 is loose, and
fixed with respect to the body 78 when the knob is tightened. The arm 87 can abut the
target vertebra 70, for instance at the spinous process 71, so as to provide a holder for the
opening devices 52, and a positioner that locates the cannulated bodies 62a at a desired
location and orientation, for instance aligned with the pedicles 72.

[0095] The opening assembly 52 include the straight cannulated body 62a and an
opening device is provided as a wire 61 that is driven through the pedicles 72 in the
manner described above with respect to the opening device 62b in Figs. 7A-E. The wire
61 primarily differs from the opening device 62b in that the wire 61 is not cannulated.
Once the wire 61 has been driven through the target vertebral body 74, the distal end of
66D of the wire 61 can be engaged by a clamp 92 that extends through the adjacent
cannulated body 62a. The implant system 50 further includes a pair of handles 94 that are
connected to the guide wire 61 at a location proximal of the handles 67a.

[0096] The opening wire 61 is thus inserted through one of the cannulated bodies
62a, and pushed through the cancellous bone of the vertebral body 74. The clamp 92 is
inserted through the cannula 68 of the other opening device 52, and a knob 93 that is
coupled to the clamp 92 can be actuated so as to bring the clamp 92 into engagement with
the wire 61 such that the clamp 92 retains the wire therein. The knob 93 can then be
pulled, thereby drawing the wire 61 through the adjacent cannulated body 62b until the
terminal end of the wire 61 extends through the proximal end of the cannulated body 62b
or handle 67a. It should be appreciated that the wire 61 can be bent such that as it is
driven through the cannulated body 62a, it extends around the vertebral body 74 to the
clamp 92. In this regard, the wire can be made from any suitable bent and elastic material,
such as Nitinol (or a nickel-titanium alloy). The guide wire 61 can presents one or more
cutting teeth at a cutting portion 111 that is disposed at the vertebral body 74 once the
guide wire 61 has been pulled through by the clamp 92.

[0097] Accordingly, by iterating the wire 61 back and forth against the vertebral
body 74, the wire can cut through the cortical bone so as to perform an osteotomy. The
wire 61 can then be removed. Alternatively, one end 79 of a cutting device 56 of the type
described above can be attached to one end of the wire 61, and the wire 61 can be pulled

through the cannulated bodies 62a so as to guide the cutting device 56 into the cannulated
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bodies 62a such that the cutting portion 81 is disposed at the vertebral body 74 in the
manner described above.

[0098] Once the osteotomy has been completed, the augmentation implant 20 can
be inserted between the bone fragment created during the osteotomy and the remaining
integral portion of the vertebral body 74, and subsequently expanded in the manner
described above with respect to Figs. 7A-E.

[0099] Certain example embodiments have been described with respect to an
expandable implant (e.g., a stent), which in combination with injected bone filling material
(e.g., bone cement) may be used to augment an interior volume of a target bone, restoring
the height of the bone, filling a cavity formed in the bone and/or for stabilizing, aiding
and/or augmenting the bone. It should be appreciated that while the expandable implant
20 has been described as used in a target bone that has been illustrated as the spine (for
example, in the lumbar, thoracic or cervical regions), those skilled in the art will appreciate
that the implant 20 may be used in other parts of the body, for instance to augment an
alternative target bone, including for example long bones such as proximal humerus and
proximal tibia or bones in the hand, face, feet, extremities, cranium, or in nearly any bone
in the human body.

[0100] For instance, referring now to Figs. 9A-E, the target bone is a tibia plateau
99, illustrated in its natural state in Figs. 9A-B. Figs 9C-D illustrated the tibia plateau 99
as fractured so as to produce a tibia fracture fragment 100 that is separate from a
remaining integral bone portion 101 of the tibia plateau 99. Referring to Figs. 9E, after the
fracture fragment 100 has been mobilized and repositioned, the implant assembly 25 is
inserted in a straight configuration between the integral bone portion 101 and the fracture
fragment 100. In this regard, it should be appreciated that a bone fracture fragment can be
produced during an osteotomy, or due to a fracture caused, for instance, from injury. The
bone filler material is then inserted into the bore 97 that extends through the expansion
body 96 in the manner described above. As the implant 20 expands and bends, the
fracture fragment is repositioned as illustrated in Fig. 9F. The implant 20 is fixed in the
expanded configuration when the bone filler, such as cement, hardens and/or cures so as to
restore the height of the fractured tibia plateau to its normal height

[0101] It will be appreciated by those skilled in the art that changes could be

made to the embodiments described above without departing from the broad inventive
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concept thereof. It is understood, therefore, that this invention is not limited to the
particular embodiment disclosed, but it is intended to cover modifications within the spirit

and scope of the present invention as defined by the present description.

20



WO 2010/129846 PCT/US2010/033995

CLAIMS

1. An expandable implant configured to restore height to a fractured target bone, the
expandable implant comprising:

a body having a plurality of linkages connected so as to define at least one annular
row, the linkages defining first and second opposed side portions connected by
corresponding first and second end portions, the first and second side portions defining a
distance therebetween, such that the distance increases from a first distance to a second
distance, the second distance being greater than the first distance when the linkages are
subjected to an expansion force that causes the body to expand to an expanded
configuration from an insertion configuration,

wherein at least a first linkage of the plurality of linkages is sized different than at
least a second linkage of the plurality of linkages such that the expansion force causes the

first linkage to expand greater than the second linkage.

2. The expandable implant as recited in claim 1, wherein the linkages are directly

connected to each other.

3. The expandable implant as recited in claim 1, wherein the linkages are indirectly

connected to each other.

4. The expandable implant as recited in claim 1, wherein the plurality of linkages

defines a plurality of rows spaced apart along a column direction.

5. The expandable implant as recited in claim 1, wherein the body is substantially

cylindrical when the body is in the insertion configuration.

6. The expandable implant as recited in claim 1, wherein the body is asymmetrically

shaped when the body is in the expanded configuration.

7. The expandable implant as recited in claim 6, wherein the body is bent when the

body is in the expanded configuration.

8. The expandable implant as recited in claim 6, wherein the side portions of the first

linkage is longer than the side portions of the second linkage.
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9. The expandable implant as recited in claim 1, wherein the first and second side

portions are substantially straight.

10.  The expandable implant as recited in claim 1, wherein the first and second side

portions are substantially parallel to each other.

11.  The expandable implant as recited in claim 1, wherein the end portions are curved

between the side portions.

12.  The expandable implant as recited in claim 1, wherein the distance is a

circumferential distance.

13.  The expandable implant as recited in claim 1, wherein the body includes a plurality
of separate discrete links configured to be connected to each other via an expansion device
configured to receive the filler material so as to apply the expansion force against the

implant body.

14.  The expandable implant as recited in claim 1, wherein the implant is a spinal

implant.

15.  An expandable implant assembly configured to insert an implant into a target bone,
the expandable implant assembly comprising:

an implant body defining an internal void, the implant body including a plurality of
interconnected linkages, at least a first one of the linkages having an expansion
characteristic that is different from at least a second one of the linkages; and

a expandable bladder sized to be disposed in the internal void, the bladder defining
a bore configured to receive an expansion material, such that the expansion material
applies an expansion force against the bladder, which thereby applies the expansion force
against the implant body so as to cause the first linkage to expand greater than the second

linkage.

16.  The expandable implant assembly as recited in claim 15, wherein the bladder
includes a plurality of segments that are hingedly connected to each other about respective
joints, and the implant body including a plurality of links spaced apart on the plurality of
segments.
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17.  The expandable implant assembly as recited in claim 15, wherein the first linkage

is longer than the second linkage.

18.  The expandable implant assembly as recited in claim 15, wherein the target bone is
a vertebra.
19.  An implant system configured to insert an implant into a fracture location of a

target bone, the implant system comprising:

an expandable implant body defining an internal void, the implant body including a
plurality of interconnected linkages, at least a first one of the linkages having an expansion
characteristic that is different from at least a second one of the linkages, such that the first
linkage expands greater than the second linkage when an expansion force is applied to the
implant body from an expansion material; and

an opening device having a cutting blade configured to cut through the target bone,
the opening device defining a cannula having a proximal end and an opposed distal end,
the distal end disposed proximate to a fracture location, the cannula defining a guide path
configured to receive the implant body so as to direct the implant body to the fracture

location.

20. The implant system as recited in claim 19, further comprising a expandable bladder
sized to be disposed in the internal void, the bladder defining a bore configured to receive
an expansion material, such that the expansion material applies an expansion force against
the bladder, which thereby applies the expansion force against the implant body so as to
cause the first linkage to expand greater than the second linkage.

21. The implant system as recited in claim 20, further comprising a cutting device
configured to perform an osteotomy on the target bone so as to separate a bone fragment

from a remainder of the bone.

22.  The implant system as recited in claim 21, wherein the cutting device comprises a
plurality of teeth and a protective sleeve configured to assume a first position whereby the
teeth are covered, and a second position whereby the teeth extend through the protective

sleeve.
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23.  The implant system as recited in claim 21, wherein the cutting device comprises a

guide wire sized to be received in the cannula.
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