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TITLE OF THE INVENTION
SUPPORT DEVICE AND METHOD FOR USE

E. Skott Greenhalgh

John-Paul Romana

CROSS-REFERENCE TO RELATED APPLICATIONS
{6001} This application claims priority to ULS. Provisional Patent Apphication No. 61/376,626,
filed 24 August 2010, and to U.S. Provisional Patent Application No. 617526630, filed 23

August 2011, both of which are incorporated by reference herein in their entireties.

BACKGROUND OF THE INVENTION
{. Field of the Invention
[0002] A device, such as a flexible spinal fusion cage, which can articulate (bend) in such a way

that it will be able to be mmplanted from a lateral approach into L4-1.5 and L.5-51 15 disclosed.

2. Description of the Related Axt

{8003} Tvpical lateral approach fusion mmplants {e.g., Discover XLIF, by NuVasive, Inc., San
Diego, CA; and the Direct Lateral Interbody FPusion {DLIF)Y by Medtronic, Inc., Minneapolis,
MN} are not able to mmplant thewr fusion cages for two reasons.

{6004 First, boney obstacles can impair access. Figures la and 1b tllustrate the pelvis and lower
spine including the Inam 2, sacrum S1, and lower lumbar vertebrae L3, 14 and 1.3, Figures 1a
and 1b show the challenge of gatung lateral access to the L4-1.5 and the L5-S1 intervertebral
spaces. The posttion of the Hium 2 obstructs the divect lateral access pathway.

{6005] Figure 2 iHlustrates windows 4a and 4b or channels which some doctors create durning
unplantation. The windows 4a and 4b are created through the Hiam to gain direct hine of site
access to the L4-LS and L5-S1 intervertebral spaces, respectively, This is a highly invasive
approach, creates significant tissue damage, particularly to the Thum and surrounding soft tissue,
and requires significant surgical skill.

[0006] Second, the steep approach angle (8a for the L4-L.5 intervertebral space and 8b for the
L3-8 intervertebral space), as measured from a transverse plane along the approach path (10a

for the L4-L5 intervertebral space and 10b for the L5-S1 intervertebral space) of a tissue
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retractor relative to the location of the fuston site, can cause problems, as lustrated in Figures 3
and 4. The approach paths 10a and 10b pass through the skin surface 12, The tissue retractor
used in lateral fusion surgery provides line of site access to the disk space requiring a fusion cage
insertion. The tissue retractor holds tissue out of the way of the procedure. The tissue retractor is
also used to create a working channel to pass tools through, protect newral tissue, and anchor to
the superior and inferior vertebral bodies relative the disk space requiring fusion. The volume
within the pelvis and infenior to the dashed demarcation hine 6 along a ansverse plane 1s very
hard :f not impossible 1o reach with a direct lateral approach due to the . Even if the
retractors are tilted as shown by the demarcation line 6, the ability to insert an implant that is the
length of the end plates of the L4 or 1.5 vertebral bodies would be very difficult due to
obstruction of the Hinm among other factors.

{6007} Farthermore, with the retractor positioned along the approach path 10a or 10b plane and
angled direction, the angle formed between the retractor and the vertebral body end plates would
make inserting a monolithic, inflexible Tusion cage 14 or implant into the L5-51 mtervertebral
space difficult if not virtually mnpossible due to obstruction of the surrounding hard and soft
tissue, as illustrated by Figure Sa. A typical lateral fuston cage or implant width 16 is the width
of the end plate 18 along the adjacent disk. The maplant 14 can not turn the corner at the pivot

point 28 at the lateral and/or anterior edge of the L3-81 intervertebral space.

SUMMARY OF THE INVENTION
{6008 Sapport or fixation devices and methods for access, controlling {e.g., steering or rotating,
and driving or translating) tmplants, and modifying the configoration of tmplants are disclosed.
The device can be an implantable fixation device, such as a flexible and/or articulatable fusion
cage. The device can articulate andfor bend so the device can make the turn around the L5-S1
mitervertebral space. The implant can flex and/or articulate. For example, the implant can have
hinges andior be flexible {e.g., have significantly elastic structural components).
(0009 Articulation tools are disclosed that can be used to implant the device. The articulation
tools can articulate the device and/or allow the device to articulate. For example, the connection
between the articulation tool and the implant can bend, flex, steer, or combinations thereof. The

articulation tools can be used to debride or clear out the disk space.

o
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{0018] An obligue curved access tool or device can be used. The device can be delivered to the
mtervertebral space along an oblique approach path, not perpendicudar to the spine. The obligue
approach can provide an access path from lateral skin to the L5-81 disk space, and can curve
tangent to the Hhwm. A large working channel through the soft tissue can be created. The
oblique access tool can move soft tissue out of the way to create the working channel. The
oblique approach can reduce the access-tool-to-disk-space approach angle.

{0011} A biological implant support device for providing orthopedic support s disclosed. The
device can be articulatable or flexible. The device can have a first ngid section at a first termmal
end of the device. The Hrst rigid section can have a first top plate and a first bottom plate. The
device can have a second rigid section having a second top plate and a second bottom plate. The
first rigid section can be rotatably attached to the second rigid section. The top and bottom plates
can be configured to interface with hard tissue.

[0012] A method for inserting a support device to a target site in a spine adjacent to a first
vertebra is disclosed. The method can include creating a channel through a non-vertebral bone.
The method can include inserting g first rigid section of the device through the channel and into
the target site. The method can include inserting a second rigid section of the device through the
channel, The method can include rotating the second rigid section of the unplant with respect to
the first rigid section. The first rigid section can be hingedly attached to the second ngid section.
The method can include inserting the second rigid section of the unplant into the target site.
{6013} Creating the channel can include drilling the tissue with a flexible drill. The non-
vertebral bone can be the pelvis, such as the ihhum andfor the sacnum.

[0014] A method for inserting an implant to a target site between a first vertebra and a second
vertebra is disclosed. The method can include creating a first channel through the ifium. The
method can include creating a second channel through the sacrum. The first channel can be
aligned with the second channel. The method can mnclude inserting a first rigid section of the
implant through the first channel and the second channel into the target site. The method can
tnchude rotating a second ngid section of the tmplant with respect to the first rigid section,
wherein the first rigid section is hingedly attached to the second rigid section. The method can
mchude mserting the second rigid section of the implant into the target site. The second channel
can pass through a port formed in vertebral endplate. The device can be nserted through the port

in the vertebral endplate and articulate as the device 1s delivered into the target site.

Lid



L0 B« s =1 ¥ D - O £ 5

10
11
12
13
14

16
17
18
19
20

22
23
24

26
27
23
29
30
31

WO 2012/027490 PCT/US2011/048992

BRIEF DESCRIPTION OF THE DRAWINGS
0815} Figures la and 1b are anterior and lateral views, respectively, of the lower lumbar and
sacral spine and pelvis with the Hiwm shown in phantom lines in Figure 1h.
[0016] Figure 2 15 a lateral view of the lower lumbar spine with windows cut through the Hiam.
{0017} Figures 3 and 4 are anterior and lateral views, respectively, of the lower spine and pelvis
along with approach paths into the intervertebral spaces.
{0818} Figure Sais an anterior close-up view of the lower spine and pelvis with an approach of'a
monolithic implant.
{O019] Figure 5 illustrates a variation of the implantable device,
{6020 Figures Sc and 5d illustrate a variation of a method of delivering the device of Figure 5b
mto the L.5-51 space.
j0021] Figures 6 through 8 are anterior, perspective and lateral views, respectively, of g variation
of the approach path for delivering the implant into the mtervertebral space.
{0022] Figures 9a through 9d illustrate variations of the device w varicus configurations. An x-
axis, y-axis and z-axis are also shown for onentation with the x-axis disposed along the
longitudinal axis of the device.
0023} Figuwres 10a and 10b illustrate various configurations of a variation of the device in a
steering tube with the tube shown as see-through for illustrative purposes.
{6024} Figures 10c¢ through 10e itHustrate various configurations of a variation of the device on
steering rails attached to the lateral outside of the device.
j0025] Figures | ia through 11c tlustrate various configurations of a vanation of the device on g
steering rail attached to the inside of the device.
{0026] Figures 12a through 121 are cross-sections of various steening rails, or along the length of
the same steering rail.
00271 Figure 13 tlustrates a method for deploying the device mito the L3-S1 intervertebral
space.
[0028] Figures 14a and 14b illustrate various configurations of & variation of the device in a
steering slide.
{00291 Figures 15a and 15b are {op and side views of a variation of the device with parallel

hinges.
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{0030] Figure 16 is a top view of a vanation of the device with non-paralle} hinges.

{0031} Figures 17a through 171 are side views of variations of the device.

[0832] Figures 1€ and 19 are perspective views showing the orientation of variations of living
hinges within devices.

{0033] Figures 20a through 20c are perspective, top and front views, respectively, of a vagnation
of the device mn a straight or flar configuration.

{0034} Figures 21a through 21c are perspective, top and front views, respectively, of the device
of Figures 20a through 20c in an articulated configuration.

j0035] Figures 22a through 22¢ are perspective, top and front views, respectively, of a vartation
of the device m a straight or flat configuration.

{0036} Figures 23a through 23c¢ gre perspective, top and front views, respectively, of the device
of Figures 22a through 22¢ in an articulated configuration.

{0637} Figure 24 illustrates the lower spine and pelvis.

{0038] Figures 25 through 28 illustrate a variation of a method of delivering the device to a
target site.

[0039] Figures 29 through 31 lustrate views through the transverse plane from a superior
location, the sagital plane from a lateral location, and the coronal plane from an anterior
location, respectively, of a variation of the location of the transosscous delivery channel.

[{0040] Figures 32a through 324 illustrate a superior view of a variation of a method of delivering
the device showing the iliac and sacrum, but not the L.5-S1 disc or remainder of the spine for
lostrative purposes.

j0041] Figures 33a through 33d illustrate a posterior perspective view of a variation of a method
of delivering the device showing the thac and sacrum, bot not the L3-S1 disc or remainder of the

spine for ustrative purposes.

DETAILED DESCRIPTION
[0042] Support or fixation devices and methods for access, controlling (steening) implaats, and
modifving implants are disclosed. The support device disclosed herein can be used 1o treat one
or more osseous structures in the body including the L4-L5 and L5-S1 region of the spine. The
device can be used with known methods of accessing the vertebrae of the spine such as the 1.4~

L5 and L5-S1 regions with posterior, anterior, or lateral approaches, or combinations thereof.

7
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{0043] The device can be an unplantable fixation device, such as a flexible fusion cage. The
device can be delivered into an mtervertebral space, for example, to provide structural support
between the adjacent vertebrae. The device can fuse the vertebra adjacent to the specific
intervertebral space. A discectomy can be performed at the target implant site before or during
delivery of the implant.

0044} Figures 5a through Sc illustrate that the device can be articulatable or flexible. The
mmplantable device 10 can be ased to sapport and/or fix structures between adjacent vertebrae,
such as between the L4 and 1.5 vertebrae or between the LS and 81 vertebrae. The implantable
device 10 can be articulatable and/or flexible so as to navigate sharp anatomical turns, such as
the L4-L5 or L3-81 intervertebral space. The implantable device 10 can be rigidly lockable or
can remain flexible or articulatable at all times. The tmplantable device 10 can be rigidly locked
for example using a delivery tool, e.g., wires, sheaths, guides, or combinations thereof, for
example, for addittonal stability. Such surgical delivery tools, alone or in combmation, may add
axial strength and stability before durimg or after pressing the mnplantable device 10 into the
targeted intervertebral dise space.

{0043 Figure 5b illusirates that the implantable device 14 can have first, second, third, and
fourth segments 22a through 22d. Each of the segments 22a, 22b, 22¢, and 22d can be attached
to the adjacent segment at a flex point or articulatable hinge 24a, 24b, and 24c¢, respectively. The
device 14 can articulate and/or bend at the hinges 24.

[0046] Figures Sc and 5d illustrate that the device 14 can be delivered into the L5-81
mtervertebral space. The device 14 can make the tum around the L5-51 mtervertebral space,
such as at the pivot point 20, by articulating or flexing.

{00471 Figures 6 through & shows tllustrate a curved mnplant pathway or approach path 10c. An
articulation tool can be used to push {e.g., impact), pull, control or combinations thereof, the
implant 14, The mmplant 14 can articulate and/or flex dorning dehivery. The implant can have
single or multiple hinges, a flexible shaft, laser slots (2.g., in a tube to act as hinges) or
combinations thereof.

[0048] The approach path 10c can be tangential to the medial surface of the Hinm along a
portion of the length of the approach path {0¢c. A portion of the length of the approach path 10¢
can be linear and a portion of the length of the approach path 10¢ can be curved. The entire

approach path 10c can be hnear or curved. A portion of the length of the approach path 10c¢ can
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track {1.e., follow the same shape of) the medial surface of the Hivm. The approach patly 10¢ can
contact the medial surface of the thum 2. The approach path 10c¢ can be non-perpendicolar or
perpendicular to the longtindinal axis 27 of the spine where the approach path 10c enters the
intervertebral space L4-L5 or L3-S,

[0049] The approach~Hinm gap 26 can be measwred between the approach path 10¢ and the
closest medial surface of the ium 2. The approach-Tum gap 26 can be perpendicular to the
approach path 10c and the Ihum 2, for example when the approach path 10¢ 1s tracking the
medial surface of the iwm 2. The approach-Hium gap 26 can be from about 0 mun to about 15
mm along the length of the approach path 10c¢ where the approach path s tracking the medial
surface of the HHum 2, more narrowly from about 0 mum to about 10 num, vet more narrowly from
about 2 mam to about 8 mm,

{0030} The approach path 10c¢ can be curved in all three dimensions (e.g., in the transverse
plane, sagittal plane and coronal plane), or anv combination thereof and straight in the remaming
dimensions.

{0051 Figure 9a through 9d illustrate that variations of hinges 24s and 24b between the
segments 22a, 22b and 22¢ can allow the implant 14 to articulate. The implant 14 can have
controlied angulation or articulation (1.e., with discrete, defined built-in stopping points o stops)
or free angulation or articulation (i.¢., with no stops).

[0052] Figure 9a illustrates that the hinges 24a and 24b can be onented n parallel with the z-
axis. The hinges can have a single degree of rotational freedom. The segments 24, 24b and 24¢
can articalate by rotating about the z-axis with respect to each other. The hinges 24a and 24b
can be near the top {as shown), near the bottom, i the middle with respect to the v-axis, or
combinations thereof of the device 14

{6053} Figure 9b tllustrates that the hinges 24a and 24b can be oriented in parallel with the x-
axis. The segments 24, 24b and 24¢ can articulate by rotating about the x-axis with respect to
gach other. The hinges 24a and 24b can be near the front (as shown), near the rear, in the middle
with respect to the z-axis, or combinations thereof of the device 14,

{0054} Figure 9c tllustrates that the hinges 24a and 24b can be oriented in parallel with the v-
axis. The segments 24, 24b and 24¢ can articulate by rotating about the y-axis with respect to
each other. The hinges 24a and 24b can be near the front (as shown), near the rear, i the nuddle

with respect to the z-axis, or combinations thereof of the device 14.
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{0055] Figure 9d itlustrates that the hinges 24a and 24b can be ball-in-socket hinges allowing
three rotational degrees of freedom, or a combination of the three hinges descnibed i Figures 9a
through 9¢, allowing two or three degrees of freedom. The segments 24, 24b and 24¢ can
articulate by rotating about the x-axis, and/or v-axis, andfor z-axis with respect to each other.
The hinges 24a and 24b can be near the front (as shown), near the rear, in the middle with
respect 1o the z-axis, near the top, near the bottom, n the middle with respect to the v-axis {as
shown), or combinations thereof of the device 14.

0056 The first hinge 24a can be located 1 a different location and/or with a different than the
second hinge 24b. For example, the first hinge 24a can be oriented m paraliel with the z-axis,
atlow rotation about the z-axis and be Incated near the top of the device 14, and the second hinge
24b can be oriented in paraliel with the x-axis, allow rotation about the x-axis, and be located
near the middle of the device 14 with respect to the z-axis.

[0057] Figures 10a and 10b Hlustrate that the device 14 can have an outer steering sheath or tube
28. The device 14 can be fixed to the steerig tube 28 or can slide along the steering tube 28,
The steering tube 28 can be articulatable andfor flexible, as shown by the srrow in Figure 10b
and the varous configurations of the tube 28 between Figures 10a and 10b. The articolation or
flexion of the steering tube 28 can be controlied, for example by delivering controlled tension to
tensile control wires in the walls of the steering tube 28,

{0058] The steening tube 28 can be positioned at the target deployment site. For examiple, the
steering tube 28 can be placed in the intervertebral space and can remain in the intervertebral
space post-surgery, or the steering tube 28 can be removed from the intervertebral space and the
device 14 can be deployed from the tube 28 and the device 14 can be left in the intervertebral
space.

{6059 Also for example, the distal end of the steening rube 28 can be positioned at the entrance
to the intervertebral space andfor rested on the inferior andfor saperior vertebral body end plate
adjacent to the target intervertebral space. The device 14 can then be pushed {(e.g., by a planger)
out of the steering tube and into the nterveriebral space. The steering tube 28 does not have 1o,
but can, enter the intervertebral space.

0060} Figures 10¢ through 10d illustrate that the device 14 can have one or more extenor
steering rails, tracks or wires 30a and 30b, such as guidewires. The rails 30a and 30b can

slidablv or fixedly and releasably engage the external surface of the segments 22 of the device
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14, For example, the rails can pass through slots, guides, collars, cuffs or combinations thereof
on the exterior of the segments 22, The slots, gudes, collars, cuffs or combinations thereof,
and/or the rails 30a and 30b can be coated or covered with a low-friction {e.g., PTFE) or high-
friction {e.g.. knurled or toothed surface texturing) material or surface treatment or texture,
including any of the matenals histed herem. The steering rails 30a and 30b can be steered or
manipulated by applving a tensile force to tensile cables within the rails, as shown by the arrows
1 Figawes 10d and 10e, and the fexing from Figure 10c to 10d. The rails 304 and 30b can be
pre-formed to a specific shape and can be substituted for other rails 30a and 30b that can be pre-
formed to a different shape to change the direction of dehivery,

{0061] Figures 11a through 1ic illustrates that the device 14 can have one or more interior
steering rails, guide, tracks or wires 30, such as guidewires. The rails 30 can be positioned
through the center or nterior of one or more segments 22 of the device 14, The rail 20 can
slidably or fixedly and releasably engage an intemnal surface, such as through a longitudmal
guide port or channel 32, of the segmaents 22 of the device 14, For example, ports or channels
can extend longitudinally through the segments 22 of the device 14, The channels, and/or the
rail 30 can be coated, covered or collared, such gs with a low-friction {e.g.. PTFE) or high-
friction {e.g., knurled or toothed surface texturing) material or surface treatement or texture,
including any of the materials listed herein. The steering rail 30 can be steered or manipulated
by applying a tensile force to tensile cables within the rail 30, as shown by the flexing from
Figure 11a to e, The rail 30 can be pre-formed to a specific shape and can be substituted for
one or maore other rails 30 that can be pre-formed to a different shape to change the direction of
delivery.

[0062] The distal ends of the internal andfor external steering rail or rails 30 can be positioned at
the target deployment site. For example, the steering rails 30 can be placed in the mterverntebral
space and can remain in the mtervertebral space post-surgery, or the steering rails 30 can be
removed from the mtervertebral space and the device 14 can be deployed from the rails 30 and
the device 14 can be left in the intervertebral space.

[0063] Also for example, the distal end of the steering rails 30 can be positioned af the entrance
to the intervertebral space and/or rested on the inferior andfor superior vertebral body end plate

adjacent o the target interveriebral space. The device 14 can then be pushed (e.g, by a planger)

g
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out of the steering rails 30 and into the intervertebral space. The steenmng rails 30 do not have to,
but can, enter the intervertebral space.

0064} Figures 12a through 121 illustrate cross-sections of various rails 38, or at various lengths
along the same rail 30. Figure 12a illustrates that the cross-section of the steering rail 30 can be
circular. Figure 12b iflustrates that the cross-section of the steering rail 30 can be oval. Figure
12¢ illustrates that the cross-section of the steering rail 30 can be multi-ovular {i.e, having a
union of two or more ovals with the same major axis). Figure 12d dlustrates that the cross-
section of the steermg rai 30 can be the union of rectangles intersecting at night {or another)
angle, such as a plus-sign. Figure 12¢ tHustrates that the cross-section of the steering rail 30 can
be hexagonal. Figure 12f llustrates that the cross-section of the steering rail 30 can be
rectangular or square with sharp or rounded {chamfered) edges. The cross-section of the steering
rail 30 can be triangular, pentagonal, heplagonal, or octagonal. The steering rail 30, whether
tnternal or external to the device 14, can deliver torque around the lengitudinal andfor transverse
axes of the device. The steering rail 30 can have various cross sections at vartous lengths along
the rail 30, The steering rail 30 can guide, pitch, vaw and roll the device 14 mto a desired
orientation or indication. The device 14 can be delivered with one or more interal and/or
external rails 30 andfor a sheath 28 or neither.

[0065] Figwe 13 illustrates a device 14 that can be attached to a deployment tool having
controlier handle 34 controliably attached to the internal steering rail 30. The internal steering
raif 30 can pass through the device 14, The steering rail 30 can be fixedly attached to the device
14 durmg the delivery and articulation of the device 14, The device can be steered along or
tracking the medial surface of the Hium 2. The device 14 can then be positioned adjacent to the
target site {e.g., the L5-581 intervertebral space). The deployment tool can then release the device
14 from the steering rail 30 and push the device 14 into the target site.

[0066] Figures 14a and 14b illustrate that the device 14 can be delivered by being pushed along a
steering horn, boot, or slide 36, The slide 36 can be similar to the steering tube 28, except that a
least one wall of the slide 36 can be missing or open {e.g., the top wall is not present in the
variation of the shide shown) compared with the steering tube 28 The missing wall can be
completely open or replaced by one or more steering rails 30, The slide 36 can be used similar to

the steering rails 30 andfor steering tube 28. The slide 36 can be steered, flexed or articulated by

10
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applying a tensile force to tensile cables within the rails, as shown by the arrow m Figure 14b,
and the flexing from Figure 14a 1o 14b.

0067 Figures 15a and 15b illustrate that the device 14 can have six segments 22a through 22f
and five hinges 24a through 24e. The segments 22 can be attached to adjacent segments 22 by
one or more hinges, tension or steering 1atls or wires, screws, pms, or combinations thereof.
The hinges 24 can be pins. The segments 22 can be chained together. The segments 22 can be
identical to each other except for the distal-most segment 22a and the proxmmal-most segment
22f The segments 22 or hinks can be box-shaped. The hinges 24, such as the pins, can be
parallel to all or some of the other hinges 24.

[0068] Figure 16 illustrates that the hinges 24 can be at acute angles to all or some of the hinges
24, The hinges 24 can be at hinge angles 38 with respect to each other. The hinge angle 38 can
be measured between the hinge longitudinal axis 40 and the device longitudinal axis 42. The
hinge angles 38 can be from about 80° to about 150°, more narrowly from about 90 to about
1357, yet more narrowly from about 95° to about 1107,

{6069] The device 14 can be translated and/or rotated by a handle 34 that can be removably
attached {0 the device 14, The handle 34 can be screwed and/or snapped directly mto the
proximal end of the device 14, such as into the proxumal-most segment 22. The handle 34 can
compress, such as by grabbing or pinching, the proximal end of the device 14. The handle 34
can be a pusher, plunger, ram, or combinations thereof. The handle 34 and/or remainder of the
deployment tool can be rigid andfor flexible or anticulatable. For example, hinged similar to the
device 14.

[0070] The segments 22 are not necessarily connected to each other by hinges. The segments 22
can be dehivered to the target site individually, or as an vnattached line of segments 22,

{6071} The device 14 can be cylindrical and flexible. The implantable device 14 can be fully
flexible all the time. The device 14 can be mechanically stabilized by the deployment tool,
steering wires, sheaths, tubes and gnides. For examiple, the tools, wives, sheaths, tubes and
gudes can provide colurm stability to press the device 14 wto the target site (e.g., intervertebral
disc space}.

[0072] The device 14 can flexible, and then locked with a tension or steering wire to stop

rotational motion of the hinges once the device i5 delivered to and oviented within the target site.

il
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The tension wire could be tightened, for example by being tensioned by a nut to create lugher
friction 1n each hinge 24,

{0873} Figures 17a through 171 #Hlustrate that the device 14 can have a living hinge 44. The
living hinge 44 1s a length of decreased rigidity and increased flexing within the body of the
device 14. The living hinge 44 can be formed around slots and continuous segments of
otherwise tough, durable matenial. The living hinge 44 can be defined be narrowing or thinning
1 the body of the device 14, such that the narrowing is sufficient {o provide Hexibility under
reasonable torque. For example, the thickness of the unitary body of the device 14 at the hiving
hinge 44 can be narrowed by more than about 85%, or more than about 90%, or more than about
95%, or more than about 97%, or more than about 98.5%. The hiving hinge 44 can have one or
more repeated thinnings along the length of the device 14, as shown in Figores 17a through 171
{0074} Figures {7a and 170 Hostrate that the device 14 bends at the living hinge 44, The living
hinges 44 can be made to control the bend and direction of the device 14, The outer surface of
the device 14 along the living hinge 44 can be smooth, for example providing low-friction
surface for sliding over bone.

{0075] Figures 17a and 17b illostrate that the living hinge 44 can be along the bottom of the
implant device 14, Figure 17¢ illustrates that the hiving hinge 44 can be alonyg the top of the
device 14, Figure 17d iltustrates that the hving hinge 44 can be through the middle or central
axis of the device 4. Figure 17e lustrates that the Bving hinge 44 is discontinuous and on
opposite sides of the center of the device 44, Figure 17f ilfustrates that the hving hinge 44 ts at
an angle with respect to the longitudinal axas of the device 14, starting near the bottom of the
device 14 and ending near the top of the device 14,

[0076] Figure 18 ilustrates that the hiving hinge 42 can be at a non-zero angle to the central
longitudinal axis 42 of the device 14, A first length of the living hinge 42 can be at a non-zero
angle to & second length of the living hinge 44,

0077 Figure 19 illustrates that the living hinge 44 can be curved. The living hinge 44 can
curve around the central longitadinal axis 42 of the device 14

[0078] Figures 20a through 20c¢ illustrate that the device can have three segments 223, 22b and
22¢ connected by two hinges 24a and 24b. The device longitudinal axis 42 can be straight or can

have a {ongitudinal radius of curvature 46. The longitudinal radius of curvature 46 can be from
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about 3 em to about 100 em, more narrowly from abeout 3 cm to about 20 cm, yet more narrowly
from about 7 cm to about 15 cm, for example about 15 cm, alsoe for example aboot 10 cm.
{0879} The support device 14 can have a support device width 11a, a support device length 11b
and a support device height 11c. The support device width | 1a can be from about 10 mum to 30
min, of more parrowly 16 mm to aboat 18 mm. The support device length 11h can be from
about 30 mum to 60 mum, or more narrowly from 45 mum to about 55 mum. The support device
height 11c can be from about 1 mm to 30 mum, or more narrowly from 8 mm to about 16 mm.
{0880} The device 14 can have an anterior taper or lordosis angle 48, The taper angle 48 can be
measured between the plane of the top swface and the plane of the bottom sorface of the device
14, The taper angle 48 can be from about 0% (i.e., paraliel top and bottom planes) to about 45°,
more narrowly from aboat 2% to about 207, yet more narrowly from about 0° to about 127 yet
more narrowly from aboat 47 to about 107, yet more narrowly from about 4° to about 87, for
exgrple from about 0°, also for example about 67

[0081] The first, second, and third links or segments 22a, 22b and 22¢ of the flexible implantable
device 14 mayv be separate or connected.  One or more of the segments 22 can be rigid andfor
flexable. One or more of the segments 22 can have through-ports or segment ports 50, such as
first, second and third segment ports S0a, S0b and 50¢, through the first, second and third
segments 22a, 22b, and 22¢, respectively. The segment ports 50 can extend through part of all of
the height of the respective segment 22 or the device 14 from the top to the bottom surface. One
or more of the segment ports 30 can be partially or completely filled with a bone ingrowth
matrix, bone morphogenic protein, therapeutic agents, any agent or material disclosed herem, or
combinations thereof, for example for analgesic effect or 1o promote bone mgrowth,

{00821 The device 14 can have a swiace coating or texturing on the top, and/or bottom, andfor
side surfaces, such as lateral weeth 52, longitudinal or angled teeth, knurling, a coating or matrix
to promote bone ingrowth, or combinations thereof.

00831 The device 14 can have hinge teeth or knuckles 54, The hinge teeth 54 can slide by
adjacent hunge teeth 54 to increase lateral stability doring articnlation and increase range of
motion {e.g., a hinge tooth 54 on one segment 22 can slide into the gap between hinge teeth 54

on the adjacent segment 22 during articulation of the device 14).
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[{0084] One or more tension and/or steening wires can be inserted and/or tensioned througl guide
poris or channels 32a and 32b. The guide channels 32a and 32b can extend longitudinally
through some or all of the segments 22.

0085 The first segment 22a and the third segment 22¢ can have central vertical holes 82a and
82b, respectively. The central vertical holes 82 can be attached to a deployment device, screwed
to the adjacent tissue (1.e., bone) after delivery, filled with a radiopaque material for visualization
or therapeutic or other matenal lsted herein, or combinations thereof.

0086} Figures 21a through 21c dlustrate that device 14 can articulate. The segments 22 can
rotate with respect to cach other about the hinges 24, as shown by arrows.

{O087] The first segment 22a can have a first segment longirudingl axis 42a. The second
segment 22b can have a second segment longitudinal axis 42b. The third segment 22¢ can have
a third segment longitudinal axis 42c. The respective longttudinal axes can mtersect at the
adjoining hinge pins 24, The first segment longitudinal axis 42a can form a first articulation
angle 80a with the second segment longitudinal axis 42b. The second segment fongitudinal axis
42h can form a second articulation gngle 80b with the third segment longitudinal axis 42¢. The
first and second articulation angles 80a and 80b can be the same or different. When the device is
in an articulated configuration, the first andfor second articulation angles 80a and/or 80b can be
from about 0° to aboat 90, more narrowly from about 3° to about 75°, vet more narrowly from
about 5 to about 60°, vet more narrowly from about 15° 1o about 45°%

[0088] Figures 22a through 22c¢ illustrate that some or all of the distal-most segments 222
throngh 22d can be identtcal. Segments 22 can be added or removed from the device 14, before
during or after deplovment to the target site, to mcrease or decrease the length of the device 14
best fit the target site. The false hinge 247 can be a hinge component that 1s not attached to the
other half of the hinge 24. The hinges 24 can snap together and apart. The articulation of each
segment 22 can be limited by the interference fit of a rotational stop 58 on the top and bottom of
the adjacent segment 22,

[0089] The device 14 can have a deplovment tool interface, such as the lateral hole 56, for
attaching to the deployment ool

{0090] Figures 23a through 23¢ illustrate that a tenstoning or steering wire or rail 30 can be
deploved through the channels 32 on each segment. The wire 30 can then be tensioned to

articulate andfor lock the device 14 1 an articulated configuration.

i4
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{00911 PCT Application No. PCT/US 11700974 filed 27 May 2011 which claims priority to ULS.
Provisional App. No. 61/349,151 filed 27 May 2010 are both herein incorporated by reference in
thelr entireties.

[0092] Anv or all elements of the device andfor other devices or apparatuses described herein
can be made from, for example, a single or multiple stainless steel alloys, nickel ttantam alloys
{e.g., Nitinol), cobalt-chrome alloys (e.g.. ELGILOY® from Elgin Specialty Metals, Elgin, IL;
CONICHROME® from Carpenter Metals Corp., Wyonussing., PA), nickel-cobalt alloys {e.g.,
MP3SN® from Magellan Industrial Trading Company, Ine., Westport, U1}, molybdenum alloys
{e.g.. molybdemun TZM alloy, for example as disclosed n International Pab. No. WQ
03/082363 AZ, published 9 October 2003, which is herein incorporated by reference in its
entirety), tungsten-rhenium alloys, for example, as disclosed in International Pub. No. WQ
03/082363, polymers such as polyethylene teraphathalate (PET Ypolvester (e.g.. DACRON®
from E. I, Du Pont de Nemours and Company, Wilmington, DE), polvpropviene, (PET),
potytetrafivoroethylene (PTTE), expanded PTFE {(ePTFE), polvether ketone {PEK), polyether
ether ketone (PEEK), poly ether ketone ketone (PEKK) {also poly aryl ether ketone ketone),
nvion, polyether-block co-polyamide polymers {e.g., PEBAXR: from ATOFINA, Paris, France),
aliphatic polyether polyurethanes {e.g., TECOFLEX® from Thernmedics Polvmer Products,
Wilmington, MA), polyvinyl chloride (PVC), polvarethane, thermoplastic, fluorinated ethylene
propylene (FEP), absorbable or resorbable polymers such as polyglyeolic acid (PGA), pelylactic
acid {PLA), polvcaprolactone (PCL), polyethyl acrvlate (PEA), polvdioxanone (PDS), and
pseado-polvamine tyrosine-based acids, extruded collagen, sthicone, zine, echogenice, radioactive,
radiopague materials, a biomaterial {e.g., cadaver tissue, collagen, allograft, sutograft, xenograft,
bone cement, morselized bone, osteogenic powder, beads of bone) any of the other materals
listed herem or combinations thereof. Examples of radiopague materials are barinm sulfate, zine
oxtde, titanium, staimnless steel, nickel-titanium alloys, tantalum and gold.

00931 Any or all elements of the device and/or other devices or apparatuses described herein,
can be, have, andfor he completely or partially coated with agents andfor a matrix a matnx for
cell ingrowth or used with a fabric, for example a covermg (not shown) that acts as a matnx for
cell ingrowth. The matrix andfor fabric can be, for example, polvester (e.g., DACRON® from E.
. Du Pont de Nemours and Company, Wilmington, DE), polypropylene, PTFE, ePTFE, nylon,

extruded collagen, silicone or combinations thereof.

)
L
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{0094} The device andior elements of the device andfor other devices or apparatuses described
herein andior the fabric can be filled, coated, lavered and/or otherwise made with and/or from
cements, fillers, glees, and/or an agent delivery matrix known o one having ordinary skill in the
art andfor a therapeutic andfor diagnostic agent. Any of these cements and/or fillers andfor glues
can be osteogenic and osteoinductive growth factors.

[0095] Examples of such cements and/or fillers includes bone chips, demineralized bone matrix
{DBM), calcram solfate, coralline hydroxyapatite, biocoral, tricaleium phosphate, calcium
phosphate, polyvmethyl methacrylate (PMMA), biodegradable ceramics, bioactive glasses,
hyaluronic acid, lactoferrin, bone morphogenic proteins {BMPs) such as recombinant human
bone morphogenetic proteins {rhBMPs), other materials described berein, or combinations
thereot.

6096} The agents within these matrices can include any agent disclosed herein or combinations
thereof, including radioactive materials; radiopaque materials; cviogenic sgents; Cytotoxic
agenis; cytostatic agents; thrombogenic agents, for example polywethane, cellulose acetate
polvmer mixed with bismuth trioxide, and ethyvlene vinyl alcohel; tubricious, hydrophilic
materials; phosphor cholene; anti-inflammatory agents, for example non-stereidal anti-
inflamimatories {NSAIDs) such as evclooxygenase-1 (COX-1) mhiabitors {e.g., acetylsalicvlic
acid, for example ASPIRIN®: from Bayer AG, Leverkusen, Germany; ibuprofen, for example
ADVIL® from Wyeth, Collegeville, PA; indomethacin; mefenamic acid), COX-2 inhibitors
{e.g., VIOXXE from Merck & Co., Inc., Whitchouse Station, NI, CELEBREX®: from
Pharmacia Corp., Peapack, NJ; COX-1 mbhibitors); immunosuppressive agents, for example
Sirolimus (RAPAMUNE®, from Wyeth, Collegeville, PA), or matrix metalloproteinase (MMP)
inhibitors {e.g., tetracychne and tetracycline derivatives) that act early within the pathways of an
mflamumatory response. Examples of other agents are provided m Walton et al, Inhibition of
Prostoglandin E; Synthesis in Abdominal Aortic Aneunrysms, Cirandation, July 6, 1999, 48-54;
Tambiah et al, Provocation of Experimental Aortic Inflammation Mediators and Chlamydia
Preumoniae, Brit. J. Surgery 88 (7), 935-940; Franklin et al, Uptake of Tetracycline by Aontic
Aneurvsm Wall and Its Effect on Inflamymation and Proteclysis, 8rit. J Surgery 86 (6}, 771-775,;

Xu et al, Spi Increases Expression of Cyclooxygenase-2 in Hypoxic Vascular Endothelium, J.

Biological Chemistry 275 (32) 24583-24589; and Pyo et al, Targeted Gene Disraption of Matrix

Metalloproteinase-? (Gelatinase B) Suppresses Development of Experimental Abdominal Aortic

HE
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Aneurysms, J. Clinteal Investigation 105 (11), 1641-1649 winch are all incorporated by
reference in their entireties.

j0097] METHODS OF USE

[0098] Figure 24 iflustrates that a straight or curved transosseous delivery channel 94 can be
drilled, chiseled, punched, or a combination thereof, through the iliac bone 2 and/or the sacral ala
90, for example passing throoagh the sacrotliac jomt 92, The transosseous delivery channel 94
have a first length or first channe! through the thac 2 and a second length or second channel
through the sacrum S1. The first length of the transosseous delivery channel 94 can be aligned
with the second length of the transosseous delivery chanpel 94, for example to forma
substantially continucus chamnel, The transosseous delivery channel 94 can have a laterally-
located channel entry port 96 laterally owtside of the sacral ala 90 andfor thac bone 2. The
transosseous delivery channel 94 can have a channel exit port 98 adjacent to the L.5-51
intervertebral disc space. For example, the channel exit port 98 can be in the St endplate. The
channel exit port 98 can be positioned so the circomference ot the channel exit port 98
tangentially coiacides with or is closely adjacent to {e.g., within about 2 om, more narrowly
within about 1 om, more narrowly within about § mm, yet more narrowly within about 2 num)
with the edge of the 81 vertebral endplate 100

{0108}  The L5-51 intervertebral space can be partially or completely void of soft tissue, as
shown, for example from a discectomy performed before insertion of the support device 14, For
example, the discectomy can be performed by the method and device shown i ULS. Provisional
Patent Application No. 61/526,630 filed 23 August 2011, which is incorporated by reference
herein w its entirety.

{0101}  Figure 235 dlustrates that the support device 14 can be inserted, as shown by arrow
102, medially through the channel entry port 96 of the transosseous dehivery channel 94, The
device 14 can be removably andior articulatably attached to a deployment tool shaft 104,

(0102} Figure 26 tHustrates that the shaft 104 can be further translated, as shows by arrow
106, into the transosseous delivery channel 94. The support device 14 can translate toward and
mto the L5-S1 intervertebral disc space. The distal tip of the support device 14 can enter the L5-

St intervertebral dise. The support device 14 can enter the target site of the L5381 intervertebral

17



L0 B« s =1 ¥ D - O £ 5

10
11
12
13
14

16
17
18
19
20

22
23
24

26
27
23
29
30
31

WO 2012/027490 PCT/US2011/048992

disc directly from the transosseous delivery channel 94 without passing through any soft tissue
between the L3-81 interveniebral disc and the ihac bone 2.

j0103] Figure 27 illustrates that the shaft 104 can be further translated, as shown by arrow
108, medially through the transosseous delivery channel 94. The device 14 can translate, as
shown by arrow 110, through the LS-51 intervertebral disce space and the LS andior the S1
vertebra. The support device 14 can articulate, as shown by arrow 112, One or more of the
hinges 24 can rotate, articulating the segments 22, The hinges 24 can be controliably rotatably
locked and unlocked, for example, by controls ou the handle of the deployment tool (of which
the shaft 104 is a part).

[0104]  The support device 14 can then be further translated, such as being pushed and/ior
vibrated {e.g., manually, ultrasonically), for example, medially and laterally, and/or supenior and
mfertorly, and/or antertorly and posteriorly. The through ports andifor cavities and/or recesses 50
in the device 14 can be partially and/or completely filled bone morphogenic protein, therapeutic
agents, other materials listed herein or combinations thereof. The support device 14 can deltver
a cauterizing electrical energy from the deployment tool. The support device 14 and shaft 104
can have one or more longitudinal luuens that can be used to wngate {e.g., with analgesic agents,
saling, anesthetic agents, bone morphogenic protems, visualization agents, other agents described
herein, or combinations thereof) and/or aspirate (e.g., to remove irrigated material and/or debris)
the target site {e.g., the L3-S1 mtervertebral disc space).

{6105} Figure 28 illustrates that before, during or after the support device 14 is positioned in
the LS-S1 intervertebral space, the shaft 104 can detach from the support device 14 and be
translated laterally, as shown by arrow 114, from the L3-S1 intervertebral disc space and the
transosseous delivery channel 94. The deployment tool shaft 104 can remove or reposition the
support device 14, or leave the suppornt device 14 in place in the L5-51 space.

{6106} The method shown in Figores 25 through 28 can be repeated to deliver muldtiple
support devices 14 to one or more intervertebral spaces. For example, one, two, three or more
support devices 14 can be positioned in the L4-L35 intervertebral space andfor the L3-81
ntervertebral space. The one, two, three or more support devices 14 positioned 3n the L4-1.5
and/or L3-S1 intervertebral spaces, can mechanically support the adjacent vertebrae and/or fix
the adjacent vertebrae o each other. Bone ingrowth can occer through the through ports 50, for

example fusing the support devices 14 to the respective surrounding vertebrae.

18
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[107)  Fipures 29 through 31 dlustrate that the transosseous delivery channel 94 can have a
coronal debivery angle 120 measured to the coronal plane 122, a sagittal delivery angle 124
measured to the sagittal plane 126, and a transverse delivery angle 128 measured to the
transverse plane 130, The coronal dehivery angle 120 can be from about 0% 1o about 25°, for

gie 124 can be from about 63° to about 90°_ for

=

example about 12°. The sagitial dehivery an
example about 75°. The transverse delivery angle 128 can be from about 0° to about 207, for
example abowut 10°. The sapport device 14 and shaft 104 can be configured so the support device
14 can exit the channel exit port 98 {e.g., divectly mio the L3-S} intervertebral disc) and
articulate sufficiently to enter and pass through all or a significant portion (e.g., more than about
4(%%, vet more narrowly more than about 50%, vet more narrowly more than about 75%) of the
width of the L5-81 intervertebral space.

0108} Figures 30 and 31 show one or both femurs 132 for iltustrative purposes.

j0109] Figures 32a through 324, and separately Figures 33a through 33¢ illustrate the
deployment of the support device 14 into the L5-51 intervertebral disc space target site, as
described for Figures 24-27. The support device 14 can be delivered to a complete or partial
discectomy target site 138 1 the L3-S1 space.

[0116] Figure 33d itlustrates the shafl 104 can be rotated, as shown by arrow 134, about the
longitudinal axis of the shafi before during or atter the support device 14 is positioned in the LS~
ST intervertebral disc space target site. The support device 14 can rotate, as shown by arrow
136, in the L5-S1 intervertebral disc space, for example to control and position the support
device 14 to an angular onentation in the transverse plane 130,

jo1i1y Any elements described herein as singular can be pluralized (1.¢., anything described
as “one” can be more than one). Any species element of a genus element can have the
characteristics or elements of any other species element of that genus. The above-described
configurations, elements or complete assemblies and methods and their elements for carrving out
the invention, and variations of aspects of the invention can be contbined and modified with each

other s any combination.
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CLAIMS

We claim:
1. A method for inserting an implant to a target site between a first vertebra and a second
vertebra comprising:

creating a first channel through the tham;

creating a second channel through the sacrum, wherein the first channel is aligned with
the second channel;

wserting a first rigid section of the implant through the first channel and the second
channel into the target site,

rotating a second rigid section of the implant with respect to the first rigid section,
wherein the first rigid section is hingedly attached to the second rigid section; and

inserting the second rigid section of the implant mto the target site.

2. The method of Claim 1, wherem the second channel passes throogh a vertebral endplate.

3. A biological implant support device for providing orthopedic support comprising:

a first rigid section at 3 first terminal end of the device, the fivst nigad section having a
first top plate and a first bottom plate; and

a second rigid section having a second top plate and a second bottom plate;

wherein the first rigid section is rotatably attached to the second rigid section, and

wheremn the top and bottom plates are configured to interface with hard tssue.

4. A method for imserting a support device to a target site in a spine adjacent to a fust vertebra
COMPRISIng!

creating a channel through a non-vertebral bone and a vertebial end plate;

inserting a first rigid section of the device through the chanse! and into the target site,

inserting a second rigid section of the device through the channel,

rotating the second nigid section of the ymplant with respect to the first rigid section,
wherein the first rigid section is hingedly attached to the second rigid section; and

inserting the second rigid section of the implant nto the target site.

20
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5. The method of Claim 4, wherein creating the channel comprises drilling with a flexible drill.

6. The method of Claim 4, wherein the non-vertebral bone comprises the pelvis.

-3

~

. The method of Claim 4, wherein the non-vertebral bone comprises the lium.

8. The method of Claim 4, wherem the non~vertebral bone comprises the sacrum.

9. A method for inserting a support device o a target site in a spine adjacent a first vertebra
COMPIISHIgE:
creating @ channel through a non-vertebral bone and a vertebra; and

inserting the support device through the channel and io the target site.

10. A biological implant device for providing orthopedic support comprising:
a first rigid section with a first top plate and a fivst bottom plate; and
a second rigid section with a second top plate and a second bottom plate;
wherein the first rigid section is rotatably attached to the second ngid section, and

wherein the top and bottom plates are configured to interface with hard tissue.
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