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ABSTRACT

Disclosed herein are devices for minimally invasive vertebral
augmentation and restoration of spinal lordosis using a steer-
able cannula assembly. When deployed, the articulating can-
nula, including an outer cannula and an inner cannula extend-
ing into a central lumen of the outer cannula and coupled to

each other at their distal ends, can be manipulated to curve/
bend the body of the articulating cannula. This manipulation
is used to create a void within the interior body and may also

be used to control delivery of a treatment element to the
interior body.
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FIGUKE 1
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FIGURE 2
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STEERABLE NEEDLE ASSEMBLY FOR USE
IN VERTEBRAL BODY AUGMENTATION

TECHNICAL FIELD

[0001] This invention relates to a minimally invasive appa-
ratus and method for treating a damaged vertebral body and
restoring spinal lordosis.

BACKGROUND

[0002] Certain diagnostic and therapeutic procedures
require access to and/or formation of a cavity in an interior
body region. These procedures can be used to treat cortical
bone which, due to osteoporosis, avascular necrosis, cancer,
or trauma, for example, may be fractured or prone to com-
pression/collapse. Spinal compression fractures and related
spinal deformities, if not successfully treated, can lead to
deformation of the normal alignment or curvature, e.g., lor-
dosis, of the affected area of the spine, as well as chronic
complications and an overall adverse impact upon the quality
of life for the patient. Until recently, doctors were limited to
treating such compression fractures and related deformities
with pain medications, bed rest, bracing or invasive spinal
surgery.

[0003] More recently, minimally invasive surgical proce-
dures for treating vertebral compression fractures have been
developed. These procedures generally involve the insertion
of a rigid cannula, needle or trocar into the interior of a
collapsed or otherwise damaged vertebra. The cannula usu-
ally includes a lumen or central passage through which
another tool, implant or filler material is passed in order to
reposition and/or augment the vertebral body.

[0004] The most basic of these procedures is vertebro-
plasty. Vertebroplasty involves injecting a medical-grade
bone cement (such as polymethylmethacrylate, ak.a.,
PMMA) via a special bone needle into a fractured vertebra.
The bone cement is injected with sufficient pressure to com-
press and displace cancellous bone tissue. However, the
direction and containment of the injected cement can be dif-
ficult to control because the space the bone cement occupies
is ill-defined, self-forming, and highly-dependent upon the
internal composition of the cancellous bone. Additionally,
vertebroplasty does not always reposition the fractured bone
and therefore may not address the problem of spinal defor-
mity due to fracture.

[0005] A numberof more advanced treatments for vertebral
compression fractures are known, and 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 mate-
rial to support or strengthen the fractured bone. As with
vertebroplasty, such procedures generally involve use of a
cannula, catheter, needle, trocar or other introducer to provide
access to the interior of the effected vertebral body.

[0006] Procedures, such as kyphoplasty, provide better
bounding and control over injected bone cement, other pro-
cedures utilize devices for first forming cavities within the
cancellous bone (and, accordingly, other interior body
regions) prior to injecting bone cement into such a cavity.
During balloon kyphoplasty (Kyphon, Inc.), an expandable
body or balloon is deployed into the interior body region to
form a cavity in, for example, cancellous bone tissue sur-
rounded by fractured cortical bone. Kyphoplasty then
achieves the reconstruction of the lordosis, or normal curva-
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ture, by inflating the balloon, which expands within the ver-
tebral body restoring it to its original height. These expand-
able body devices effectively compress and displace the
cancellous bone to form an interior cavity that then receives a
filling material intended to provide renewed interior struc-
tural support for cortical bone.

[0007] A common drawback of most systems for reposi-
tioning and augmenting damaged vertebrae is that they
involve the use of relatively complex apparatus introduced
through rigid introducers. These introducers provide little
tactile feedback and directional control to the surgeon.
Accordingly, there remains a need in the art to provide safe
and effective apparatus and methods for minimally invasive
repositioning of and osteopathic augmentation of vertebral
bodies to restore lordosis of the spine.

SUMMARY

[0008] Presented are systems and methods for minimally
invasive vertebral augmentation and restoration of spinal lor-
dosis. An aspect of the present disclosure is directed to a
steerable cannula assembly. The steerable cannula assembly
may comprise an outer cannula and inner cannula. The outer
cannula may have a central lumen extending therethrough.
The outer cannula may also include an articulating portion
that curves in response to a force applied to a proximal end of
the outer cannula. The inner cannula may include a central
lumen extending therethrough. The inner cannula may be
sized and configured to extend into a portion of the central
lumen of the outer cannula and be coupled to a distal end of
the outer cannula.

[0009] Another aspect of the present disclosure is directed
to a method for treating a body using a steerable cannula
assembly. The method may include inserting an articulating
cannula into an interior body, the articulating cannula may
include an outer cannula and an inner cannula extending into
a central lumen of the outer cannula, the outer cannula
coupled the inner cannula at a distal end. The method may
further include selectively adjusting the articulating cannula
to cause a portion of the articulating cannula to curve, aug-
menting the interior body, and withdrawing the articulating
cannula from the interior body.

[0010] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of
the invention will be apparent from the description and draw-
ings, and from the claims.

DESCRIPTION OF DRAWINGS

[0011] The device is explained in even greater detail in the
following drawings. The drawings are merely examples to
illustrate the structure of preferred devices and certain fea-
tures that may be used singularly or in combination with other
features. The invention should not be limited to the examples
shown.

[0012] FIG.1is a perspective view of an example steerable
cannula assembly;
[0013] FIG. 2 is a perspective view of an example steerable
cannula assembly;

[0014] FIG. 3A is a perspective view of an example outer
cannula;

[0015] FIG. 3B is a top view of an example outer cannula;
[0016] FIG. 3C is a side view of an example outer cannula;
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[0017] FIG. 3D is a partial view of an example articulating
portion of the outer cannula;

[0018] FIG.3E is an end view of an example outer cannula;
[0019] FIG. 3F is a partial end view of an example outer
cannula;

[0020] FIG. 4A is a top view of an example inner cannula;
[0021] FIG. 4B is a side view of an example inner cannula;
[0022] FIG. 4C is a bottom view of an example inner can-
nula;

[0023] FIG. 4D is a perspective view of an example inner

cannula coupled to a connector;

[0024] FIG. 4E is a top view of an example inner cannula
coupled to a connector;

[0025] FIG. 4F is a side view of an example inner cannula
coupled to a connector;

[0026] FIG. 4G is a partial view of an example inner can-
nula;

[0027] FIG. 4H end view of an example inner cannula;
[0028] FIG. 41 a partial end view of an example inner can-
nula;

[0029] FIG. 4] a partial end view of an example inner
cannula;

[0030] FIG. 5 is a top view of an example sealing lumen;
[0031] FIG. 6A is a perspective view of an example outer

cannula with connector;

[0032] FIG. 6B is a top view of an example connector;
[0033] FIG. 6C is a side view of an example connector;
[0034] FIG. 6D is an end view of an example connector;
[0035] FIG. 6E is a cross-section view of an example con-
nector;

[0036] FIG. 7A is a perspective view of an example con-
nector;

[0037] FIG. 7B is a top view of an example connector;
[0038] FIG. 7C is a side view of an example connector;
[0039] FIG. 7D is an end view of an example connector;
[0040] FIG. 7E is a cross-section view of an example con-
nector;

[0041] FIG. 8A is a perspective view of an example
assembled outer cannula and inner cannula;

[0042] FIG.8Bisatopview of an example assembled outer
cannula and inner cannula;

[0043] FIG.8Cisa partial cross-section view of an example
assembled outer cannula and inner cannula;

[0044] FIG. 8D is a partial view of an assembled outer
cannula and inner cannula;

[0045] FIG. 9A is a perspective view of an example stylet;
[0046] FIG. 9B is a top view of an example stylet;

[0047] FIG. 10A is a perspective view of an example
handle;

[0048] FIG. 10B is an exploded view of an example steer-

able cannula assembly;

[0049] FIG. 10C is a cross-section view of an example
steerable cannula assembly;

[0050] FIG. 10D is a partial cross-section view of an
example steerable cannula assembly;

[0051] FIGS. 11A-11E are an example steerable cannula
assembly and vertebral body;

[0052] FIG.12A is an example steerable cannula assembly
and vertebral body;

[0053] FIG. 12B is an example steerable cannula assembly
and vertebral body; and

[0054] FIGS. 13A-13C are an example steerable cannula
assembly and vertebral body.
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DETAILED DESCRIPTION

[0055] Certain terminology is used in the following
description for convenience only and is not limiting. The
words “right”, “left”, “lower”, and “upper” designate direc-
tion in the drawings to which reference is made. The words
“inner”, “outer” refer to directions toward and away from,
respectively, the geometric center of the described feature or
device. The words “distal” and “proximal” refer to directions
taken in context of the item described and, with regard to the
instruments herein described, are typically based on the per-
spective of the surgeon using such instruments. The words
“anterior”, “posterior”, “superior”, “inferior”, “medial”, “lat-
eral”, and related words and/or phrases designate preferred
positions and orientation in the human body to which refer-
ence is made. The terminology includes the above-listed
words, derivatives thereof, and words of similar import.
[0056] In addition, various components may be described
herein as extending horizontally along a longitudinal direc-
tion “L” and lateral direction “A”, and vertically along a
transverse direction “I”. Unless otherwise specified herein,
the terms “lateral”, “longitudinal”, and “transverse” are used
to describe the orthogonal directional components of various
items. It should be appreciated that while the longitudinal and
lateral directions are illustrated as extending along a horizon-
tal plane, and that the transverse direction is illustrated as
extending along a vertical plane, the planes that encompass
the various directions may differ during use. Accordingly, the
directional terms “vertical” and “horizontal” are used to
describe the components merely for the purposes of clarity
and illustration and are not meant to be limiting.

[0057] Certain examples of the invention will now be
described with reference to the drawings. In general, such
embodiments relate to a steerable cannula assembly for pro-
viding vertebral body augmentation in situ. FIG. 1 is a per-
spective view of an example steerable cannula assembly 100.
The steerable cannula assembly 100 includes an outer can-
nula 102 and an inner cannula 104 (not shown). The steerable
cannula assembly 100 may also include a handle 106. As
illustrated in FIGS. 1 and 2, and as will be described in further
detail below, the outer cannula 102 can deflect from a normal,
straight, configuration (FIG. 1) to a deflected, curved configu-
ration (FIG. 2).

[0058] FIG. 3A provides a perspective view of an example
outer cannula 102. The outer cannula 102 may include a
central lumen 302 extending therethrough along the longitu-
dinal axis 304 from the proximate end 306 to the distal end
308.

[0059] FIGS. 3B and 3C provide a top and side view of the
example outer cannula 102. As illustrated, the outer cannula
102 may also include an articulating portion 310. The articu-
lating portion 310 may be located proximate the distal end
308 of the outer cannula 102. In an alternate example, the
articulating portion 310 may be located at any portion along
outer cannula 102. In another example, the articulating por-
tion 310 may be located at any portion along the outer cannula
102 at any portion so as to aid the performance of a single
incision bi-pedicular procedure in a typical vertebral body.
The articulating portion 310 may cause a portion of the outer
cannula 102 to curve or change shape in response to force
applied to the outer cannula 102. For example, the articulating
portion 310 may curve in response to a force applied to the
proximal end 306 of the outer cannula 102. In another
example, the articulating portion 310 may curve in response
to a force applied to the distal end 308 of the outer cannula
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102. In a further example, the articulating portion 310 may
curve in response to a force applied at any portion along the
outer cannula 102. The force applied to the outer cannula 102
may be in the direction of the longitudinal axis 304 or in a
lateral direction from the longitudinal axis 304. The force
may be a compressive, tensile, or sheer force.

[0060] The articulating portion 310 may include grooves
312 and corresponding projections 314. The grooves 312 and
projections 314 may be sized and configured to interlock
when the articulating portion 310 is in a fully curved state. For
example, as illustrated in FIG. 3D, the projections 314 may
include a vertical portion 316 and an interlocking portion 318.
When the articulating portion 310 is in a fully curved state, the
projections 314 matingly engage at the interlocking portion
318 such that further motion of the articulating portion 310 is
prohibited. It is contemplated that the grooves 312 and cor-
responding projections 314 located in the articulating portion
310 may define any suitable shape and/or configuration such
that they provide the necessary flexation to outer cannula 102.
The width of the grooves 312 and the width of the projections
314 can be used to control the articulation angle of the articu-
lating portion 310. For example, the wider the grooves 312 the
greater the articulation angle/flexation of the articulating por-
tion 310. The articulation angle/flexation of the articulating
portion 310 can be sized and configured to correspond to the
articulation angle/flexation necessary to perform a single
incision bi-pedicular procedure in a typical vertebral body.
[0061] The outer cannula 102 may also include an attach-
ment feature 320 for mating with a corresponding connector
600. For example, as illustrated in FIGS. 3E and 3F, the
attachment feature 320 may be located at the proximal end
306 of the outer cannula 102 and may include a two projec-
tions 322 extending from the outer cannula 102. The projec-
tions 322 may be formed from the body surface of the outer
cannula 102. In an alternate example, the projections 322 are
attached or otherwise joined to the proximal end 306 of the
outer cannula 102.

[0062] FIGS. 4A-4C provide top, side and bottom views of
an example inner cannula 104, FIG. 4D provides a perspec-
tive view of an example inner cannula 104 coupled to a
connector 700, and FIGS. 4E and 4F provide top and side
views of an example inner cannula 104 coupled to a connector
700. The inner cannula 104 may include a central lumen 402
extending therethrough along the longitudinal axis 404 from
the proximate end 406 to the distal end 408. As illustrated, the
inner cannula 104 may also include slots 410 extending along
the longitudinal axis 404 of the inner cannula 104. The inner
cannula 104 can include a single slot 410 or any number of
slots 410. As illustrated in FIGS. 4A-4C, 4E and 4F, the inner
cannula 104 can include three slots. The size and shape of
slots 410 can vary. The slots 410 may include a base portion
412. As illustrated in FIGS. 4A, 4B, 4E and 4F the base 412
may comprise one-quarter the diameter of the inner cannula
104. In another example (not shown), the base 412 may
comprise more or less than one-quarter the diameter of the
inner cannula 104.

[0063] The slots 410 may be located proximate the distal
end 408 of the inner cannula 104. In another example, the
slots 410 may be located at a portion of the inner cannula 104
that corresponds to the articulating portion 310 on the outer
cannula 102 when the inner cannula 104 and the outer cannula
102 are assembled. For example, the total length of the area
including the slots 410 along the inner cannula 104 may
correspond to the length of the articulating portion 310 along
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the outer cannula 102. In a further example, the slots 410 may
be located at any portion along the inner cannula 104. The
slots 410 can be sized, located, and in a quantity to provide
flexibility to the inner cannula 104. The slots 410 may cause
the inner cannula 104 to curve or otherwise bend in response
to a force applied inner cannula 104. For example, the slots
410 may cause the inner cannula 104 to flex in response to a
force applied at the proximal end 406 of the inner cannula
104. In another example, the slots 410 may cause the inner
cannula 104 to flex in response to a force applied at the distal
end 408 of the inner cannula 104. In a further example, the
slots 410 cause the inner cannula 104 to flex in response to a
force applied at any portion along the inner cannula 104. The
force applied to the inner cannula 104 may be in the direction
of the longitudinal axis 404 or in a lateral direction from the
longitudinal axis 404. The force may be a compressive, ten-
sile, or sheer force.

[0064] Asillustrated in FIG. 4G, the inner cannula 104 may
include support members 414 located between each of the
slots 410. The support members 414 may comprise a ring-
shaped portion extending in a lateral direction, perpendicular
to the longitudinal axis 404 of the inner cannula 104. The
support members 414 may include a central lumen (not
shown) extending through the body of each of the support
members 414. The central lumen 414 may be sized and shape
to correspond to the size and shape of the central lumen 402
of'the inner cannula 104. In a further embodiment, the central
lumen of the support member 414 has a different size and/or
shape than the central lumen 402 of the inner cannula 104. As
described in more detail below, the support member 414 may
prove support for a sealing lumen 500 located between the
inner cannula 104 and the outer cannula 102 and thereby
prevent the inner lumen 500 from blocking the central lumen
402 of the inner cannula 104.

[0065] The inner cannula 104 may also include an attach-
ment feature 416 for mating with a corresponding connector
700. An end view of an example attachment feature 416 is
provided in FIG. 4H. FIG. 41 provides a side view of an
example attachment feature 416 and FIG. 4] provides a top/
bottom view of an example attachment feature 416. As illus-
trated in FIGS. 4H-4J, the attachment feature 416 may be
located at the proximate end 406 of the inner cannula 104 and
may include two projections 418 extending from the inner
cannula 104. The projections 418 may be formed from the
body surface of the inner cannula 104. In an alternate
example, the projections 418 are attached or otherwise joined
to the proximate end 406 of the inner cannula 104.

[0066] FIG. 5 provides a top view of an example sealing
lumen 500. The sealing lumen 500 is sized and configured to
cover inner cannula 104. The sealing lumen 500 may cover
the entire length of the inner cannula 104 or only a portion of
the inner cannula 104. The sealing lumen 500 may provide a
barrier between the inner cannula 104 and the outer cannula
102. For example, the sealing lumen 500 may prevent liquids
or other substances present in the central lumen 302 of the
outer cannula 102, via grooves 312, for example, from enter-
ing the central lumen 402 of the inner cannula 104. The
sealing lumen 500 may also prevent any liquid or other sub-
stance present in the central lumen 402 of the inner cannula
104 from entering the central lumen 302 of the outer cannula
102. For example, the sealing lumen 500 may prevent injec-
tion material, such as bone cement, present in the central
lumen 402 of the inner cannula 104, from entering the central
lumen 302 of the outer cannula 102.
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[0067] The sealing lumen 500 may provide an imperme-
able or permeable barrier. An example sealing lumen 500 may
comprise a heat shrink polymer. For example, the sealing
lumen 500 may be comprised of a biocompatible heat shrink
tubing. The sealing lumen 500 may seal around and over the
distal end 408 of the inner cannula 104. In another example,
the sealing lumen 500 may be tube-shaped and provide an
opening at the distal end 408 of the inner cannula 104 such
that the sealing lumen 500 seals around the perimeter of the
distal end 408 of the inner cannula 104 but not over the end
portion.

[0068] Each of the outer cannula 102 and the inner cannula
104 are associated with a connector. For example, as illus-
trated in FIGS. 6A-6C, the proximal end 306 of the outer
cannula 102 may be coupled to a geared connector 600. The
geared connector 600 may include gear teeth 602 sized and
configured to engage corresponding feature associated with
the handle 106. For example, the gear teeth 603 may engage
corresponding teeth of a ratchet assembly 1010 associated
with the handle 106. As a result, a force applied to the gear
teeth 602 results in a corresponding movement in the geared
connector 600 and the outer cannula 102.

[0069] The geared connector 600 may include a feature for
engaging an interior surface of the handle 106. For example,
as illustrated in FIG. 6D, the geared connector 600 may
include a projection 604 extending from opposite sides of the
geared connector 600. In an alternate embodiment (not
shown), the geared connector 600 may include recesses on
opposite sides of the geared connector 600. In a further
example (not shown), the geared connector 600 may include
additional or fewer projections 604 (or recesses) extending
from the same or multiple surfaces of the geared connector
600. The projection 604 (or recess) may be sized and config-
ured to engage an interior surface of the handle 106. The
projection 604 (or recess) may contact an interior surface of
the handle 106 to prevent rotation of the geared connector 600
and the outer cannula 102. The projection 604 (or recess) may
also contact an interior surface of the handle 106 to provide a
guide for movement of the geared connector 600 within the
handle 106.

[0070] FIG. 6E provides a cross-section view of the
example geared connector 600. As illustrated in FIG. 6E, and
as outlined above, the geared connector 600 may be coupled
to the outer cannula 102 at an attachment feature 320.

[0071] The geared connector 602 may also include a central
lumen 606 extending through the body of the geared connec-
tor 602 in the longitudinal direction. The end profile of the
central lumen 606 may define any suitable shape including,
for example, circular, elliptical, square, rectangular, or any
other regular or irregular shape. For example, as illustrated in
FIG. 6D, the end profile of the example central lumen 606
may define a circular shape. Likewise, the longitudinal profile
of the central lumen 606 may define any suitable regular or
irregular shape. For example, as illustrated in FIG. 6E, the
example central lumen 606 may include a first portion 608, a
tapered portion 610, and a second portion 612. The first
portion 608 may have a diameter sized and configured to
accommodate a surgical instrument. The diameter of the first
portion 608 may be sized and configured to correspond to the
diameter of the central lumen of the 302 of the outer cannula
102. As illustrated in FIG. 6E, the diameter of the first portion
608 is similar to the diameter of the central lumen of the 302.
The second portion 612 may have a diameter larger than the
diameter of the first portion 608. In another example, the
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second portion 612 may have a diameter sized and configured
to accommodate a portion of a connector 700 associated with
the inner cannula 104. The first portion 608, tapered portion
610 and the second portion 612 may be sized and configured
to guide the placement of the inner cannula 104 into the outer
cannula 102. In another example the central lumen 606 may
include a luer taper. In an alternate example, the central lumen
606 may include a constant diameter.

[0072] The inner cannula 104 may also be coupled to a
connector. For example, as illustrated in FIGS. 7A-C, the
proximal end 406 of the inner cannula 104 may be coupled to
a threaded connector 700. The threaded connector 700 may
include a body portion 702 having threads 704 sized and
configured to releaseably engage a corresponding surgical
instrument. For example, the threaded connector 700 may be
sized and configured to engage a cement delivery and/or
injectable therapy delivery tool. An example body portion
702 may include a single-start thread, double-start threads, a
buttress thread, an acme thread, a pipe thread, a square thread,
or any other style of thread known in the art. In an alternate
example, the threaded connector 700 may include other fea-
tures for coupling with a medical instrument including, for
example, press fit, taper fit, bonding fit with the use of an
adhesive, expansion fit, and mechanical interlocking fit, such
as, a bayonet connection.

[0073] The threaded connector 700 may also include a fea-
ture for engaging a surface of the handle 106. For example,
the threaded connector 700 may engage a body portion 1002
ofthe handle 106 to fix the location of the threaded connector
700 with respect to the steerable cannula assembly 100. An
example threaded connector 700 may include a recess 706
and a collar 708 located on the body portion 702. The recess
706 and the collar 708 may be sized and configured to engage
abody portion 1002 of the handle 106. The body portion 1002
of the handle may include an interior and/or an exterior sur-
face of the handle 106. For example, as illustrated in FIG.
10C, the recess 706 and the collar 708 are sized and config-
ured to engage a corresponding portion of the body portion
1002 of the handle 106.

[0074] The collar 708 of the threaded connector 700 may
also be sized and configured for engaging an interior surface
of the handle 106. For example, the end profile of the collar
708 may define any suitable shape including, for example,
circular, elliptical, square, rectangular, or any other regular or
irregular shape that is configured to engage an interior surface
of'the handle 106. As illustrated in FIG. 7D, the end profile of
the collar 708 can define a square shape sized to engage an
interior surface of the handle 106 to prevent rotation of the
threaded connector 700 and the inner cannula 104.

[0075] FIG. 7E provides a cross-section view of the
example threaded connector 700. As illustrated in FIG. 7E,
and as outlined above, the threaded connector 700 may be
coupled to the inner cannula 104 at an attachment feature 416.
The threaded connector 700 may include a central lumen 710
extending through the body of the threaded connector 700 in
the longitudinal direction. The end profile of the central
lumen 710 may define any suitable shape including, for
example, circular, elliptical, square, rectangular, or any other
regular or irregular shape. For example, as illustrated in FI1G.
7D, the end profile of the central lumen 710 may define a
circular shape. Likewise, the longitudinal profile of the cen-
tral lumen 710 may define any suitable regular or irregular
shape. For example, as illustrated in FIG. 7E, the example
central lumen 710 may include a first portion 712, a tapered
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portion 714, and a second portion 716. The first portion 712
may have a diameter sized and configured to accommodate a
surgical instrument. The diameter of the first portion 712 may
be sized and configured to correspond to the diameter of the
central lumen of the 402 of the inner cannula 104. As illus-
trated in FIG. 7E, the diameter of the first portion 712 is
similar to the diameter of the central lumen of the 402. The
second portion 716 may have a diameter larger than the diam-
eter of the first portion 712. The first portion 712, tapered
portion 714, and the second portion 716 may be sized and
configured to provide an advantageous flow property of an
injection material, such as bone cement, introduced into the
central lumen 402 of the inner cannula 104. In another
example the central lumen 710 may include a luer taper. The
first portion 712, tapered portion 714, and the second portion
716 may also be sized and configured to guide the placement
of the surgical instrument into the inner cannula 104. In an
alternate example, the central lumen 710 may include a con-
stant diameter.

[0076] FIG. 8A provides a perspective view of an
assembled outer cannula 102, sealing lumen 500, and inner
cannula 104. As illustrated, the sealing lumen 500 is provided
over the inner cannula 104. The combined sealing lumen 500
and inner cannula 104 are located within the central lumen
302 of the outer cannula 102. The distal end 408 of the inner
cannula 104 may be coupled to the distal end 308 of the outer
cannula 102. For example, the inner cannula 104 and the outer
cannula 102 may be coupled via a chemical bond, a thermal
bond, and/or a mechanical bond. Example bonding tech-
niques may include, for example, a weld, a threaded connec-
tion, a press fit connection, a taper fit connection, an expan-
sion fit connection, a solder, adhesive bonding, and a
mechanical interlocking fit such as a bayonet connection. As
illustrated in FIG. 8B, the inner cannula 104 and the outer
cannula 102 may be coupled by a spot weld 802. FIG. 8C
provides a partial cross-section view of an assembled outer
cannula 102, sealing lumen 500, and inner cannula 104. As
illustrated, the spot weld 802 provides a permanent mechani-
cal coupling of the outer cannula 102 and the inner cannula
104. As aresult, the distal ends of the respective outer cannula
102 and inner cannula 104 are fixed with respect to each other.
[0077] The assembled outer cannula 102, sealing lumen
500, and inner cannula 104 may also include an opening 804.
The opening 804 may provide access to the central lumen 402
of the inner cannula 104. That is, the opening 804 may pro-
vide a delivery port for providing a tool, implant, or filler
material to an interior vertebral body.

[0078] FIG.9A provides a perspective view of a stylet 900.
The stylet 900 can include a body portion 902 and a stylet
overmold 904. The body portion 902 may be sized and con-
figured to be received within the central lumen 402 of the
inner cannula 104. The stylet 900 may be used to prevent
bone, blood, or other interstitial fluid/materials from clogging
the opening 804 during insertion. The body portion 902 may
be comprised of a flexible biocompatible material. The stylet
overmold 904 may include engagement portion 906 config-
ured to engage the corresponding feature on the threaded
connector 700. For example, the engagement portion 906
may include threads configured to matingly engage threads
704 of the threaded connector 700.

[0079] The stylet 900 may also include a flexible portion
910 extending along the longitudinal axis of the body portion
902. The flexible portion 910 may be sized and located to
provide flexibility to the stylet 900. The flexible portion 910
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may include a diameter less than the diameter of the body
portion 902. The flexible portion 910 may be located proxi-
mate the distal end 912 of the body portion 902. An example
flexible portion 910 may be sized and located on the body
portion 902 at a location to correspond to the articulating
portion 310 of the outer cannula 102 when the stylet 900 is
inserted into the central lumen 402 of the inner cannula 104.
In a further example, the flexible portion 910 may be located
at any portion along the body portion 902.

[0080] FIG. 10A provides a perspective view of'an example
handle 106. The handle 106 may be operably coupled to the
outer cannula 102 and the inner cannula 104. The exterior of
the handle 106 may include a body portion 1002, a grip 1004,
alever 1006, and a ratchet release 1008. F1G. 10B provides an
exploded view of an example steerable cannula assembly
100. FIG. 10C provides a cross-section view of an example
steerable cannula assembly 100. As illustrated in FIG. 10C,
the threaded connector 700 is fixedly engaged to the body
portion 1002 such that the longitudinal movement of the inner
cannula 104 is fixed with respect to the body portion 1002.

[0081] Asillustrated in FIGS. 10B and 10C, the handle 106
further includes a ratchet assembly 1010 for applying force to
the corresponding gear teeth 602 of the geared connector 600.
FIG. 10D provides a partial cross-sectional view of the
example ratchet assembly 1010. As the user depresses the
lever 1006 the gear teeth associated with the ratchet assembly
1010 located on the lever 1006 engage the corresponding gear
teeth 602 on the geared connector 600 to move the outer
cannula 102 in a direction along the longitudinal axis. The
ratchet assembly 1010 also includes a spring pawl 1012
coupled to the ratchet release 1008 configured to provide a
locking/unlocking mechanism to the ratchet. The ratchet
assembly 1010 may also include a compression spring 1014.
The compression spring 1014 may be located along the outer
cannula 102 between the body portion 1002 and the geared
connector 600 and configured to provide a return pressure on
the ratchet assembly 1010. It is contemplated that the
example lever 1006 and ratchet assembly 1010 may be motor-
ized or otherwise automated.

[0082] Inoperation, the steerable cannula assembly 100 is
used by inserting the outer cannula 102 and inner cannula
104, coupled together as described above, into an interior
body, such as vertebral body. The user manipulates the handle
106 to selectively adjust the articulating portion 310, and the
interior body is augmented, either by the movement/place-
ment of the outer cannula 102/inner cannula 104 itself or by a
tool/material passed through cannula assembly. The cannula
assembly can then be withdrawn from the interior body.

[0083] The articulating portion 310 can be selectively
adjusted in response to user’s manipulation of the handle
106/lever 1006. In response to movement of the lever 1006, a
corresponding force is applied to the outer cannula 102 via the
variable action of the ratchet assembly 1010. The ratchet
assembly 1010 engages the outer cannula 102 at the geared
connector 600. The geared connector 600 is moved in the
direction of the longitudinal axis 304 of the outer cannula
102, as a result, the force applied to the outer cannula 102 at
the connector 600 is also along the longitudinal axis 304.
Because the distal ends of the outer cannula 102 and the inner
cannula 104 are joined together, movement of the proximal
end 306 of the outer cannula 102 in conjunction with the fixed
location of the proximal end 406 of the inner cannula 104 with
respect to the steerable cannula assembly 100 (between the
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threaded connector 700 and the body portion 1002), results in
bending/curvature of the articulating portion 310.

[0084] As the geared connector 600 and the outer cannula
102 move along the longitudinal axis 304, the width of the
grooves 312 increase or decrease. For example, as the handle
106 is depressed, the outer cannula 102 is moved along the
longitudinal axis 304 in a direction opposite the distal end
308, and the width of the grooves 312 decreases. As the width
of'the grooves 312 decreases, the interlocking portion 318 of
the projections 314 engage thereby preventing further curva-
ture of the articulating portion 310. When each of the inter-
locking portion 318 are fully engaged the steerable cannula
assembly 100 is considered in a fully curved and/or articu-
lated position. As the articulating portion 310 of the outer
cannula 102 curves/articulates, the inner cannula 104 bends/
flexes within the outer cannula 102. In an example steerable
cannula assembly 100, the slots 410 extending along the
longitudinal axis 414 of the inner cannula 104 provide the
flexation point for the inner cannula 104.

[0085] As illustrated in FIG. 11A, the outer cannula 102
and the inner cannula 104 as assembled (hereafter referred to
as “cannula assembly 1100”) can be inserted through the
pedicle 1104 of a vertebrae 1102 and into the interior of the
vertebral body 1102. In an alternate example (not shown), the
cannula assembly 1100 can be inserted into the interior body
via uni-transpedicular access and/or bi-pedicular access.
[0086] As illustrated in FIG. 11B, the cannula assembly
1100 may be inserted into the vertebral body 1102 to create a
cavity/treatment site 1106. For example, the user can manipu-
late the handle 106 to tamp the end of the cannula assembly
1100 into the cancellous bone. Similarly, the user may
manipulate the handle 106/lever 1006 to selectively adjust the
articulating portion 310 and thereby impact the cancellous
bone as the cannula assembly 1100 curves/bends within the
interior body.

[0087] As illustrated in FIG. 11C, as the cannula assembly
1100 is withdrawn, the cavity 1106 becomes accessible for
the delivery of a treatment element. If a stylet 900 is utilized
during initial insertion and/or cavity creation, it may be
removed before the treatment element is delivered to the
interior body. The treatment element may be delivered to the
cavity 1106 via the central lumen 402 ofthe inner cannula 104
and the opening 804 in the cannula assembly 1100. The
treatment element can include, for example, a filler material
and/or an inflatable body, such as those used for kyphoplasty.
The filler material can include, for example, bone cement,
bone chips, demineralized bone, and/or an implant. By cre-
ating the cavity 1106 before delivery of the filler material, the
user is able to control the placement and flow of the filler
material and limit material extravagation. The user can also
symmetrically fill the vertebral body 1102.

[0088] FIG. 11D illustrates the delivery of an inflatable
body 1108, via the opening 804 in the cannula assembly 1100.
As illustrated in FIG. 11D, the opening 804 can be located at
the distal tip of the cannula assembly 1100. In an alternate
example (see FIGS. 8B-8D), the opening 804 can be located
on a side wall of the cannula assembly 1100. The inflatable
body 1108 may be used to restore the height of a damaged
vertebral body 1100 and restore lordosis. The inflatable body
1108 may also be used to aid in creation of the cavity/treat-
ment site 1106. For example, as illustrated in FIG. 11E, the
inflatable body 1108 may expand axially from the distal tip of
the cannula assembly 1100 within the interior body thereby
impacting the cancellous bone and creating and/or expanding
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the cavity 1106. The inflatable body 1108 may then be
deflated and removed via the central lumen 401 of the inner
cannula 104. Once the inflatable body 1108 has been
removed, filler material may be applied to the cavity 1106. In
a further example, the inflatable body 1108 may remain (de-
flated) within the cannula assembly 1100 and the filler mate-
rial may be applied around the inflatable body 1108 to the
cavity 1106.

[0089] In a further example, illustrated in FIG. 12A, the
cannula assembly 1100 may be introduced into the patient’s
body and/or the vertebral body 1100 using an introducer
cannula 1200. The distal end of the cannula assembly 1100
may extend through the end of the introducer cannula 1200
and into the interior body. An inflatable body 1202 may
expand axially from the distal tip of the cannula assembly
1100 within the interior body thereby impacting the cancel-
lous bone and creating and/or expanding the cavity. In an
alternate embodiment, illustrated in FIG. 12B, the inflatable
body 1202 may expand radially from the side of the cannula
assembly 1100 to create the cavity.

[0090] As illustrated in FIG. 13A, the cannula assembly
1100 may be “preloaded” with an inflatable body within the
central lumen 402. As illustrated in FIG. 13B, once the distal
tip of the cannula assembly 1100 is positioned within the
internal body, the cannula assembly 1100 may retract to intro-
duce the preloaded inflatable body 1300 into the cavity 1302.
The preloaded inflatable body 1300 may be inflated within
the interior body thereby impacting the cancellous bone and
creating and/or expanding the cavity 1302. The preloaded
inflatable body 1300 may then be deflated and removed via
the central lumen 401 and filler material may be applied to the
cavity 1302, as illustrated in FIG. 13C. Alternatively, the
preloaded inflatable body 1300 may remain (deflated) within
the cannula assembly 1100 and the filler material may be
applied around the preloaded inflatable body 1300 to the
cavity 1302.

[0091] In an alternate embodiment (not shown), a flexible
drill may also be used to aid in creation of the cavity/treatment
site 1106. The flexible drill may be delivered to the cavity
1106 via the opening 804 in the cannula assembly 1100.
[0092] After all treatment elements have been delivered to
the cavity, the cannula assembly 1100, if still in a curved/
articulated state, may be unlocked and returned to a normal,
non-deflected state. The cannula assembly 1100 can then be
removed from the interior body and the patient.

[0093] It should be noted that specific features of the vari-
ous embodiments disclosed herein can be performed manu-
ally by user-applied forces or, alternately, utilizing special-
ized motors. For example, the actuating the lever 1106 and/or
lateral movement of the geared connector 600 (and resultant
movement of the outer cannula 102) can be performed manu-
ally by a surgeon who activates the lever 1106. Conversely,
activating the lever 1106 and/or lateral movement of the
geared connector 600 can be performed by motorized com-
ponents that may utilize, in certain implementations, micro-
processors or other guidance systems to coordinate the curv-
ing motion/articulation of the cannula assembly 1100 to
optimally form the cavity within the target body and deliver
the treatment element.

[0094] As will bereadily appreciated by those of skill in the
art, the various components described herein can be formed
from a variety of biocompatible materials including, for
example, metals such as cobalt chromium molybdenum
(CoCrMo), cobalt chromium, titanium and titanium alloys,
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stainless steel or other metals. Other materials include, for
example, composites, polymers, or ceramics. A coating may
be added or applied to the various components described
herein to improve physical or chemical properties, such as a
plasma-sprayed titanium coating or Hydroxypatite. More-
over, skilled artisans will also appreciate that the various
components herein described can be constructed with any
dimensions desirable for implantation and cavity creation.

[0095] While the foregoing description and drawings rep-
resent examples of the present invention, it will be understood
that various additions, modifications, combinations and/or
substitutions may be made therein without departing from the
spirit and scope of the present invention as defined in the
accompanying claims. In particular, it will be clear to those
skilled in the art that the present invention may be embodied
in other specific forms, structures, arrangements, proportions,
and with other elements, materials, and components, without
departing from the spirit or essential characteristics thereof.
One skilled in the art will appreciate that the invention may be
used with many modifications of structure, arrangement, pro-
portions, materials, and components and otherwise, used in
the practice of the invention, which are particularly adapted to
specific environments and operative requirements without
departing from the principles of the present invention. In
addition, features described herein may be used singularly or
in combination with other features. The presently disclosed
examples are, therefore, to be considered in all respects as
illustrative and not restrictive, the scope of the invention
being indicated by the appended claims and not limited to the
foregoing description.

[0096] In addition, the various examples disclosed herein
may be adapted for use in virtually any interior body region
where the formation and/or augmentation of a cavity within
tissue is required for a therapeutic or diagnostic purpose.
While several examples are herein described with regard to
treating bones, other examples can be used in other interior
body regions as well. In addition, it is also anticipated that
certain examples could be used for purposes other than medi-
cal, such as construction, manufacturing, and excavation,
among others; accordingly, nothing herein is intended to limit
application of the various examples to purely medical uses.

[0097] It will be appreciated by those skilled in the art that
changes could be made to the examples described above
without departing from the broad inventive concept thereof. It
is understood, therefore, that this invention is not limited to
the particular examples disclosed, but it is intended to cover
modifications within the spirit and scope of the present inven-
tion, as defined by the following claims.

What is claimed is:
1. A steerable cannula assembly comprising:

an outer cannula having a central lumen extending there-
through, the outer cannula including an articulating por-
tion that curves in response to a force applied to a proxi-
mal end of the outer cannula;

an inner cannula having a central lumen extending there-
through, the inner cannula being sized and configured to
extend into a portion of the central lumen of the outer
cannula, and coupled to a distal end of the outer cannula.

2. The assembly of claim 1, wherein the inner cannula is
coupled to the outer cannula at the distal end of the outer
cannula by at least one of a chemical bond, a thermal bond,
and a mechanical bond.
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3. The assembly of claim 1, wherein the force applied to the
proximal end of the outer cannula results in movement of the
proximal end in a direction along a longitudinal axis of the
outer cannula.

4. The assembly of claim 1, wherein the articulating por-
tion includes a plurality of grooves and a plurality of corre-
sponding projections, wherein at least two of the plurality of
projections are sized and configured to interlock when the
articulating portion is in a fully curved state.

5. The assembly of claim 1, further including an opening
extending through a wall of the outer cannula and a wall of the
inner cannula, the opening configured to provide access to the
central lumen of the inner cannula.

6. The assembly of claim 1, wherein the inner cannula
includes a slot extending along a longitudinal axis of the inner
cannula.

7. The assembly of claim 6, wherein the inner cannula
includes at least two slots extending along a longitudinal axis
of the inner cannula,

wherein a support member is provided between each of the

slots, the support member comprising a ring-shaped por-
tion extending in a direction perpendicular to the longi-
tudinal axis of the inner cannula and having a having a
central lumen extending therethrough.

8. The assembly of claim 1, further including a first con-
nector coupled to a proximal end of the outer cannula, the first
connector having a central lumen extending therethrough,
and an outer surface sized and configured to matingly engage
a ratchet assembly associated with a handle.

9. The assembly of claim 8, wherein the outer surface of the
first connector includes a projection sized and configured to
engage an interior surface of a handle.

10. The assembly of claim 1, further comprising a second
connector coupled to a proximal end of the inner cannula, the
second connector including a central lumen extending there-
through, and an outer surface sized and configured to releas-
ably engage a corresponding surgical instrument.

11. The assembly of claim 10, wherein the outer surface of
the second connector includes a recess and a collar sized and
configured to engage a body portion of a handle.

12. The assembly of claim 1, further including a handle
operably coupled to the outer cannula and the inner cannula,
the handle including:

a body portion fixedly engaged to a proximal end of the

inner cannula;

a ratchet assembly for applying the force to the proximate

end of the outer cannula and moving the proximal end in
a direction along the longitudinal axis of the outer can-
nula; and

a lever operably coupled to the ratchet assembly.

13. The assembly of claim 1, further comprising:

a sealing lumen covering at least a portion of an outer

surface of the inner cannula.

14. A method for treating a body using an steerable cannula
assembly, the method comprising:

inserting an articulating cannula into an interior body, the

articulating cannula including an outer cannula and an
inner cannula extending into a central lumen of the outer
cannula, the outer cannula coupled the inner cannula at
a distal end;
selectively adjusting the articulating cannula to cause a
portion of the articulating cannula to curve;
augmenting the interior body; and
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withdrawing the articulating cannula from the interior
body
15. The method of claim 14, wherein selectively adjusting
the articulating cannula includes:
maintaining a position of a proximal end of the inner can-
nula with respect to the steerable cannula assembly; and
applying a force to the outer cannula in a direction along a
longitudinal axis of the outer cannula.
16. The method of claim 14, wherein selectively adjusting
the articulating cannula further includes:
apply the force to the outer cannula such that a width of a
plurality of grooves located on the outer cannula is
decreased; and
applying the force to the outer cannula such that a plurality
of corresponding projections located on the outer can-
nula interlock when the articulating cannula is in a fully
curved position.
17. The method of claim 14, wherein selectively adjusting
the articulating cannula further includes:
maintaining a position of the proximal end of the inner
cannula such that a slot extending along a longitudinal
axis of the inner cannula provides a flexation point for
the inner cannula.
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18. The method of claim 14, wherein selectively adjusting
the articulating cannula further includes:

coupling a ratchet assembly to the outer cannula such that

variable action of the ratchet assembly corresponds to a
complimentary force applied to the outer cannula.

19. The method of claim 14, further comprising:

providing a treatment element through the articulating can-

nula and into the interior body,

wherein the treatment element comprises at least one of an

inflatable body and a filler material, the filler material
comprising at least one of a bone cement, bone chips,
demineralized bone, or an implant.

20. The method of claim 14, further comprising:

selectively adjusting the articulating cannula to create a

cavity in the interior body.

21. The method of claim 14, further comprising:

inserting the articulating cannula through a pedicle of a

vertebrae and into a body of the vertebrae.

22. The method according to claim 14, wherein the articu-
lating cannula is introduced into the interior body via an
introducer cannula, such that a distal end of the articulating
cannula extends beyond a distal end of the introducer cannula
and into the interior body.
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