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(57) Abstract: The systems, devices and methods can deliver a therapeutic
material within a cavity of a joint while preventing leakage into the joint
space. The systems may include a delivery device configured to deliver a
therapeutic material to a treatment area within a bone cavity of'a bone. The
device may include a containment device. The containment device may
include a body having a first end, a second, and a length there between, and
an expandable member disposed at the first end of the body so as to cover
the tirst end. The expandable member may be contigured to move between
an expanded state and a collapsed state. The system may further include an
access device that includes a first channel and a second channel. The first
channel may be configured to receive the expandable containment device
and the second channel may be configured to receive the delivery device.
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BONE FILLING SYSTEMS, DEVICES, AND METHODS OF USE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 62/489,976
filed April 25, 2017. The entirety of this application is hereby incorporated by reference for all

purposes.

BACKGROUND

[0002] Bone conditions, such as avascular necrosis, osteoporosis, tumors, etc., can predispose
the bone, as well as can cause the bone, to fracture or collapse. The treatment often includes repair
and/or replacement of the one or more parts of the bone joint. For example, for a femoral head
collapse, the treatment often is a total hip replacement. Hip replacements can be a highly invasive
procedure that requires a long postoperative care and rehabilitation.

[0003] Procedures for repairing the bone, such as for the spine, may include applying a bone
filler material to replace the degenerated tissue and/or to support or reinforce the bone. However,
conventional devices may result in the leaking of the bone filling material into the joint space.
This can result in a stabilization and complications (e.g., inflammatory response due to the leak,

termination of nerves, etc.).

SUMMARY

[0004] Thus, there is need for systems, devices and methods that can minimally invasively and
accurately deliver a therapeutic material, such as a bone filling material, to a bone cavity to restore
mechanical strength while being contained within the bone cavity.

[0005] The disclosure relates to systems, devices and methods that can deliver, minimally
invasively, a therapeutic material within a cavity of a joint while preventing leakage.

[0006] In some embodiments, the systems may include a system for delivering a therapeutic
material within a cavity of the bone. The system may include a delivery device configured to
deliver a therapeutic material to a treatment area within a bone cavity of a bone. The system may
further include a containment device including a body having a first end, a second, and a length
there between, and an expandable member disposed at the first end of the body so as to cover the

first end. In some embodiments, the expandable member may be configured to move between an
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expanded state and a collapsed state. The system may further include an access device having a
first end, a second end, and a length there between. The access device may include a plurality of
channels. The plurality of channels may include a first channel and a second channel. The first
channel and the second channel may extend along the length of the access device. The first channel
may be configured to receive the expandable containment device for deployment and the second
channel may be configured to receive the delivery device for deployment.

[0007] In some embodiments, the expandable member may have a first surface, a second
surface, and a fillable or expandable cavity disposed there between. The first surface and the
second surface may have complimentary convex and/or concave shapes.

[0008] In some embodiments, when the expandable member is in the expanded state, the
expandable member may be configured to engage an exterior surface of the bone.

[0009] In some embodiments, the delivery device may be configured to deliver the therapeutic
material to the treatment area when the expandable member of the containment device is in the
expanded state.

[0010] In some embodiments, the first channel may have a diameter that is smaller than a
diameter of the second channel.

[0011] In some embodiments, the system may further include another access device having a
first end, a second end, and a length there between. The other access device may include a channel
disposed along the length from the first end to the second end. In some embodiments, the other
access device may be configured to receive one or more boring devices.

[0012] In some embodiments, the access device may have a diameter along the length. The
other access device may have a diameter along the length. The diameter of the other access device
may be larger than a diameter of the access device. The channel of the other access device may
be configured to receive the other access device.

[0013] In some embodiments, each of the access device and the other access device may
include a handle member disposed about the second end. The handle members may be configured
to mate when the access device is fully deployed within the other access device.

[0014] In some embodiments, the other access device may have a diameter at the first end that
is larger than a diameter at the second end. The diameter of the other access device along the

length may be tapered.
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[0015] In some embodiments, the system may include one or more boring devices. Each
boring device may include a first end, a second end, and a length there between. Each boring
device may include a cutting edge disposed at the first end. The one or more boring devices may
be configured to form a path through the bone cavity from a first (exterior) surface to a second
(exterior) surface of the bone.

[0016] In some embodiments, the system may further include a void creation device
configured to form a void within the bone cavity at the treatment area. The void creation device
may be configured to compress or compact the tissue and/or excise the tissue within the bone
cavity to form the void. In some embodiments, the void creation device may include an expandable
member disposed at an end of a body. The expandable member may be configured to releasably
expand and collapse. When the expandable member of the void creation device is expanded, the
void creation device may be configured to compress or compact the tissue to form a void at the
treatment area.

[0017] In some embodiments, the therapeutic material may be a bone filling material.

[0018] In some embodiments, the methods may include a method of stabilizing a bone by
delivering a therapeutic material. In some embodiments, the method may include deploying an
access device into an access path within a bone cavity of the bone from a first surface of the bone.
The access device may have a first end, a second end, and a length. The access device may include
a plurality of channels extending along the length from the first end to the second end. The access
device may include deploying a containment device having an expandable member in a collapsed
state through one of the channels of the access device and through the access path until the
expandable member is outside of a second surface of the bone. In some embodiments, the first
and second surfaces of the bone may correspond opposing ends of the access path. In some
embodiments, the method may include expanding the expandable member so that the expandable
member engages the second surface and covers an opening of the access path. The method may
further include deploying a delivery device through another one of the channels of the access
device. The method may further include delivering a therapeutic material to a treatment area while
the expandable member is expanded. The first surface and second surface of the bone may

correspond to an exterior proximal surface and an exterior interior surface, respectively.
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[0019] In some embodiments, the expandable member may have a first surface, a second
surface, and a fillable cavity disposed there between. In some embodiments, the first surface and
the second surface may have complimentary convex and/or concave shapes.

[0020] In some embodiments, the channel may have a diameter that is smaller than a diameter
of the other channel.

[0021] In some embodiments, the method may further include deploying another access device
with a boring device mated with the other access device to form a first portion of the access path
from the first surface of the bone to the treatment area. The method may further include removing
the boring device and deploying the access device into the other access device. The access device
may have a diameter that is smaller than a diameter of the other access device.

[0022] In some embodiments, the method may further include deploying another boring device
through the access device to form a second portion of the access path from the treatment area to
the second surface.

[0023] In some embodiments, the method may further include deploying another access device
with a boring device mated with the other access device to form a portion of the access path from
the first surface of the bone to the treatment area. The method may further include removing the
boring device and deploying another boring device into the other access device. The method may
also include removing the other access device and deploying the access device over the other
boring device.

[0024] In some embodiments, the other access device may have a diameter at the first end that
is larger than a diameter at the second end. The diameter of the other access device along the
length may be tapered.

[0025] In some embodiments, each of the boring device and the other boring device may
include a drill tip. The drill tip of the boring device and the other boring device may be different.
[0026] In some embodiments, the method may further include collapsing the expandable
member and removing the containment device from the bone cavity through the access device. In
some embodiments, the method may also include removing the delivery device through the other
channel from the bone cavity and removing the access device from the bone cavity.

[0027] In some embodiments, the therapeutic material may be a bone filling material.

[0028] Additional advantages of the disclosure will be set forth in part in the description which

follows, and in part will be obvious from the description, or may be learned by practice of the
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disclosure. The advantages of the disclosure will be realized and attained by means of the elements
and combinations particularly pointed out in the appended claims. It is to be understood that both
the foregoing general description and the following detailed description are exemplary and

explanatory only and are not restrictive of the disclosure, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029] The disclosure can be better understood with the reference to the following drawings
and description. The components in the figures are not necessarily to scale, emphasis being placed
upon illustrating the principles of the disclosure.
[0030] Figure 1A shows an example of an access device according to embodiments;
[0031] Figure 1B shows a cross-sectional view of the device shown in Figure 1A;
[0032] Figure 2A shows an example of another access device according to embodiments;
[0033] Figure 2B shows a cross-sectional view of the device shown in Figure 2A;
[0034] Figure 3 shows an example of a boring device according to embodiments;
[0035] Figure 4A shows an example of another access device according to embodiments;
[0036] Figure 4B shows a cross-sectional view of the device shown in Figure 4A;
[0037] Figures SA and 5B show examples of other cross-sectional views of the device shown
in Figure 4A according to embodiments;
[0038] Figure 6 shows an example of another boring device according to embodiments;
[0039] Figure 7A shows an example of a containment device having an expandable member
in an expanded state, according to embodiments;
[0040] Figure 7B shows an example of the containment device having the expandable member
in a collapsed state, according to embodiments;
[0041] Figure 7C shows an exploded view of the expandable member shown in Figure 7A;
[0042] Figure 8 shows an example of a therapeutic material delivery device according to
embodiments;
[0043] Figure 9A shows an example of a void creation device having an expandable member
in an expanded state, according to embodiments;
[0044] Figure 9B shows an example of the void creation device having the expandable member

in a collapsed state, according to embodiments;
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[0045] Figure 10 shows an example of a method step to form a portion of an access path within
a bone cavity using the boring device and the access device, according to embodiments;

[0046] Figure 11 shows an example of the formed access path with the boring device and the
access device deployed in the path, according to embodiments;

[0047] Figure 12 shows an example of a method step to access the access path by deploying
another access device, according to embodiments;

[0048] Figure 13 shows an example of the formed access path with the access devices
deployed, according to embodiments;

[0049] Figure 14 shows an example of an optional method step to enlarge the treatment area
by forming a void within the bone cavity using a void creation device, according to embodiments;
[0050] Figure 15 shows an example of a method step to form another portion of the access
path to an exterior surface of the bone cavity using the access device(s) and the boring device,
according to embodiments;

[0051] Figure 16 shows an example of the formed path with the access device(s) deployed,
according to embodiments;

[0052] Figure 17 shows an example of a method step to deploy and expand the expandable
member of the containment device within the access device(s), according to embodiments;

[0053] Figure 18 shows an example of a method step to deliver a therapeutic material to the
treatment area by deploying the delivery device while the expandable member of the containment
device is deployed, according to embodiments;

[0054] Figure 19 shows an example of the bone that has been stabilized by the delivered
therapeutic material, according to embodiments;

[0055] Figure 20 shows an example of another method step to form an access path within a
bone cavity using the boring device and the access device, according to embodiments;

[0056] Figure 21 shows an example of a formed access path with the boring device and the
access device deployed shown in Figure 20, according to embodiments;

[0057] Figure 22 shows an example of a method step to deploy another boring device in the
bone cavity via the access device, according to embodiments;

[0058] Figure 23 shows an example of the formed access path with the access and boring

devices deployed shown in Figure 22, according to embodiments;
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[0059] Figure 24 shows an example of a method step to use the boring device as a guide to
remove the access device from the bone cavity, according to embodiments;

[0060] Figure 25 shows an example of a method step to use the boring device as a guide to
deploy another access device into the access path, according to embodiments;

[0061] Figure 26 shows an example of a method step to form another portion of the access
path to an exterior surface of the bone cavity using the access device and the boring device,
according to embodiments; and

[0062] Figure 27 shows an example of the access path formed within the bone cavity with the

access device deployed, according to embodiments.

DESCRIPTION OF THE EMBODIMENTS

[0063] In the following description, numerous specific details are set forth such as examples
of specific components, devices, methods, etc., in order to provide a thorough understanding of
embodiments of the disclosure. It will be apparent, however, to one skilled in the art that these
specific details need not be employed to practice embodiments of the disclosure. In other instances,
well-known materials or methods have not been described in detail in order to avoid unnecessarily
obscuring embodiments of the disclosure. While the disclosure is susceptible to various
modifications and alternative forms, specific embodiments thereof are shown by way of example
in the drawings and will herein be described in detail. It should be understood, however, that there
is no intent to limit the disclosure to the particular forms disclosed, but on the contrary, the
disclosure is to cover all modifications, equivalents, and alternatives falling within the spirit and
scope of the disclosure.

[0064] The systems, devices, and methods according to the disclosure can provide a minimally
invasive (e.g., percutaneous) solution to repair a bone. The systems, devices, and methods include
an expandable member that can engage (maintain a close interface) with an exterior surface of the
bone cavity during the delivery of a therapeutic material, to thereby prevent leakage of the
therapeutic material from the bone cavity into the (adjacent) joint space. Thereby, the systems,
devices, and methods can provide a minimally invasive alternative to a joint replacement, with
reduced risk of complications, reduced postoperative care, and reduced rehabilitation.

[0065] Although the embodiments and features described herein are specifically described for

use in treating the femoral head (for example, femoral head collapse due to avascular necrosis), it
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will be understood that all of the devices, methods, and other features described below may be
combined with one another in any suitable manner and may be adapted and applied for other
treatments, for example, for weakened or fractured bone due to other traumatic or pathologic
conditions, and/or to other regions and/or bone(s) (e.g., including but not limited to spine (vertebral
body), humerus, talus, tibia, among others, or a combination thereof).

[0066] In addition, the words “proximal” and “distal” refer to directions closer to, and away
from, respectively, an operator or clinician (e.g., surgeon, physician, nurse, technician, etc.) who
would deploy or insert the devices described herein into the patient, with the tip-end (i.e., distal
end) of the device inserted inside a patient's body. By way of example, the end of a device
deployed or inserted inside the patient's body (e.g., the bone) would be the distal end of that device,
while the end of the device outside the patient's body and/or closest to the clinician would be the
proximal end of the device. A bone cavity or skeletal cavity may refer to an interior region of a
bone or joint, such as interior of the vertebrae of the spine, the cancellous bone of regions close to
joints, e.g. knee and hip, etc.

[0067] Figures 1A-9B show examples of devices of a system according to embodiments. In
use, a combination of the devices of the system can be deployed in a purposeful manner along an
access path formed in the bone cavity to deliver a therapeutic material (e.g., bone filling material)
to a treatment area within the bone cavity, while being contained by a containment device (e.g.,
containment device 700).

[0068] In some embodiments, the access path (also referred to as “the path”) may refer to a
path formed in the bone cavity of a bone from an opening formed in a proximal surface of the bone
to an opening formed in the distal surface of the bone. In some embodiments, the path may be
formed by deploying one or more boring devices, e.g., via one or more access devices. In some
embodiments, the access path may be formed in one or more portions using different boring
devices with one or more access devices. For example, the access path may be formed as a first
portion and a second portion using at least two different boring devices that may be deployed with
one or more access devices. The first portion may include the opening formed within the proximal
surface of the bone to about the treatment area within the cavity, and that second portion may
include the treatment area to the opening formed within the distal surface of the bone.

[0069] It will be understood that a system may include any combination of the devices, features

of the devices, additional and/or alternative of the devices described herein. It will be understood
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that a combination of one or more of the devices shown in Figure 1A-9B can be part of a
prepackaged kit.

[0070] Figures 1A and 1B show an example of an access device 100 according to some
embodiments. The access device 100 that can be used alone and/or used with one or more boring
devices, which can form one or more portions of an access path within the bone cavity.

[0071] In some embodiments, the access device 100 may be designed to extend from an
internal body part in a subject to outside of the subject's body. As shown in Figure 1A, the access
device 100 may include a body 110 having a first (or distal) end 112 (to be position in or near the
bone to be treated), an opposing second (or proximal) end 114 (to be accessible to a user (e.g.,
clinician)), and length there between. The first end 112 and the second end 114 may each include
an opening. The access device 100 may include one or more channels that extend along the length
of the body 110 from the first end 112 to the second end 114. As shown in the Figure 1A, the
access device 100 may include at least one channel 120 disposed along the length of the body 110
from the first end 112 to the second end 114. The opening at each of the ends 112 and 114 may
correspond to the channel 120.

[0072] In some embodiments, the access device 100 may include a handle 130 disposed at the
second end 114. The handle 130 may include at least an opening corresponding to the channel
120. In some embodiments, the handle 130 may have tapered flanges extending from the opening
to the channel 120. In some embodiments, the access device 100 may have a different handle.
[0073] As shown in these figures, the access device 100 may have the same diameter along
the length from the first end 112 to the second end 114, as shown in Figure 1B. In some
embodiments, the access device 100 may have a tapered diameter.

[0074] Figures 2A and 2B show an example of an access device 200 having a tapered diameter.
Like the access device 100, the access device 200 may be used with one or more drills or boring
devices to form one or more portions of the access path within the bone cavity.

[0075] As shown in Figure 2A, the access device 200 may include a body 210 having a first
(or distal) end 212, an opposing second (or proximal) end 214, and length there between. The first
end 212 and the second 214 may each including an opening. The access device 200 may include
one or more channels that extend along the length from the first end 212 to the second end 214.

As shown in the Figure 2A, the access device 200 may include at least one channel 220 disposed



WO 2018/200701 PCT/US2018/029405

along the length of the body 210 from the first end 212 to the second end 214. The opening at
each of the ends 212 and 214 may correspond to the channel 220.

[0076] In some embodiments, the access device 200 may include a handle 230 disposed at the
second end 214 of the body 210. The handle 230 may include at least one opening corresponding
to the channel 220. In some embodiments, the handle 230 may have tapered flanges extending
from the opening to the channel 220. In some embodiments, the access device 200 may have a
different handle.

[0077] As shown in Figures 2A and 2B, the diameter of the access body 210 and the channel
220 may taper from smaller to larger from the first end 212 to the second end 214. In some uses,
the tapered diameter may provide a more accurate placement of the one or more boring devices
and/or formation of the access path.

[0078] Figure 3 shows an example of a boring device 300 according to some embodiments.
In some embodiments, the boring device 300 may include a body 310 having a first (or distal) end
312, an opposing second (or proximal) end 314, and length there between. The body 310 of the
boring device 300 may be a drill bit. In some embodiments, the boring device 300 may include a
diamond shaped cutting edge (e.g., drill tip) 318 disposed at the first end 312. In other
embodiments, the boring device 300 may have a different cutting edge or drill tip.

[0079] In some embodiments, the boring device 300 may include a handle 330 that can be
removably disposed at the second end 314. In some embodiments, the handle 330 may be
complimentary to the handle of one or more access devices (e.g., access devices 100 and/or 200)
so that the handles of the boring device 300 and the one or more access device(s) (e.g., access
devices 100 and/or 200) can mate when inserted or deployed together and/or separately into the
bone cavity. In some embodiments, the handle 330 of the boring device 300 may also be
configured to receive other device(s), such as a mallet device, a tamp device, among others, or a
combination thereof.

[0080] In some embodiments, the system may include additional and/or alternative boring
devices (e.g., drill bits). In some embodiments, the system may include any number of boring
devices (e.g., drill bits) of the same and/or different size (e.g., diameter, length, etc.), drill tip,
shape, among others, or a combination thereof.

[0081] Figure 6 shows an example of a boring device 600 according to some embodiments.

Like the boring device 300, the boring device 600 may include a body 610 having a first (or distal)

10
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end 612, an opposing second (or proximal) end 614, and length there between. The body 610 of
the boring device 600 may be a drill bit. In some embodiments, the boring device 600 may include
a cutting edge (drill tip) 618 disposed at and near the first end 612. The cutting edge 618 may
include a corkscrew shape and/or pattern.

[0082] In some embodiments, the boring device 600 may include a handle 630 that can be
removably disposed at the second end 614. In some embodiments, the handle 630 may be
complimentary to the handle of one or more access device(s) (e.g., devices 100, 200 and/or 400)
so that the handles of the boring device 600 and the access device(s) mate (e.g., devices 100, 200
and/or 400) when inserted or deployed together and/or separately into the bone cavity. In some
embodiments, the handle 630 of the boring device 600 may also be configured to receive other
device(s), such as a mallet device, a tamp device, among others, or a combination thereof.

[0083] In some embodiments, the handle 630 and the handle 330 may be the same or different.
For example, if the system includes at least two boring devices 300 and 600, the system may
include one handle that can be used with both of the bodies 310 and 610.

[0084] In some embodiments, the path may be formed in one or more portions using different
boring devices and/or access devices. For example, the boring device 300 may be configured to
be deployed with one or more access devices to form the first portion of the access path, including
a hole within the proximal surface of the bone, and the boring device 600 may be configured to be
deployed with one or more access devices to form the second portion of the path, including a hole
within the distal surface of the bone. In some embodiments, the path may be formed using one or
more different access devices, one or more different boring devices, a different combination of
access device(s) and/or boring device(s), among other things, or a combination thereof.

[0085] In some embodiments, the body 610 may have different dimensions than the body 310.
For example, the body 610 may have a smaller diameter than the body 310, a length that is longer
than the body 310, among others, or a combination thereof.

[0086] In some embodiments, one or more access devices may be configured to provide access
to the (targeted) treatment area within the bone cavity and/or to deliver the therapeutic material to
the treatment area. In some embodiments, the system may additionally or alternatively include an
access device having more than one channel. At least one of the channels may be configured to
receive a device having an expandable member configured to establish a barrier on a distal side or

surface of the bone (at the end of the path) and at least another one of the channels may be

11
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configured to receive a device configured to deliver the therapeutic material to the treatment area
while the expandable member is expanded.

[0087] Figures 4A and 4B show an example of an access device 400 according to some
embodiments. The device 400 may be configured to guide the deployment of one or more boring
devices to form at least a portion of the path, to guide a deployment of a containment device having
an expandable member that engages the distal side/surface of the bone to seal the path when
expanded, to guide a deployment of a delivery device to deliver the therapeutic material into the
treatment area while the expandable member is deployed, among others, or a combination thereof.
[0088] In some embodiments, the device 400 may be designed to extend from an internal body
part in a subject to outside of the subject's body. In some embodiments, the device 400 may have
a smaller outer diameter than the device 100 and may be configured to be inserted or deployed
within the device 100.

[0089] As shown in Figure 4A, the device 400 may include a body 410 having a first (or distal)
end 412, an opposing second (or proximal) end 414, and length there between. The access device
400 may include more than one channel 420 that extends along the length of the body 410 from
the first end 412 to the second end 414. As shown in the Figure 4A, the device 400 may include
at least two channels disposed along the length of the body 410 from the first end 412 to the second
end 414. The access device 400 may include a handle 430 disposed at the second end 414. The
handle 430 may include at least an opening corresponding to each channel 420.

[0090] In some embodiments, the channels 420 may include at least a first channel and a
second channel. The first channel may have a larger diameter than a second channel. By way of
example, the larger first channel may be configured to receive and be a guide for
devices/instruments (e.g., devices 800, 900, etc.) that are to be deployed within bone cavity and
the smaller second channel may be configured to receive and be a guide for devices/instruments
(e.g., devices 600, 700, etc.) that are to be deployed outside of the bone cavity (e.g., beyond the
proximal surface).

[0091] Figure 4B shows a cross-section of the device 400. For example, the channels 420 may
include a first channel 422 that has a larger diameter than a second channel 424. In this example,
the first channel 422 may surround the second channel 424. The second channel 424 may have a

circular shaped cross-section and the first channel 422 may have a half moon cross-section.
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[0092] In some embodiments, the channels 420 may have a different cross-section. The cross-
section of the channels 420 may have any shape. Figures SA and 5B show examples 510 and 550
of different cross-sections of the body 512 and 552 with respect to the handles 530 and 570,
respectively. In these examples, the bodies 512 and 552 and the respective handles 530 and 570
may have a similar appearance to the device 400 but for the cross-sections shown. It will be
understood that the cross-section of the channels 420 are not limited to these examples and that
the cross-section of the channels 420 may be different from those shown in the figures.

[0093] As shown in Figure 5A, the body 512 may include a first channel 522 and a second
channel 524 that is smaller than the first channel 522. The first channel 522 and the second channel
524 may have substantially the same shape but be different in size. The first channel 522 and the
second channel 524 may each have a convex or concave cross-section shape.

[0094] As shown in Figure 5B, the body 552 may include a first channel 562 and a second
channel 564 that is smaller than the first channel 562. The first channel 562 and the second channel
564 may have substantially the same shape but be different in size. The first channel 562 and the
second channel 564 may each have a circular cross-section shape.

[0095] In some embodiments, the channels 420 may include more than two channels. The
channels 420 may include any number of channels. For example, the channels 420 may include
three or four channels. For example, the channels 420 may include two or more channels
configured to deliver the therapeutic materials.

[0096] In some embodiments, the body 410 may have a solid outer surface as shown. In some
embodiments, the body 410 may include one or more openings disposed along the length of the
body 410 to communicate with one or more of the channels 420.

[0097] Figures 7A-C show an example of an expandable (containment) device 700 including
an expandable member 720 configured to releasably expand to cover or seal the distal surface of
the bone (e.g., distal end of the path), according to embodiments. This way, the expandable
member 720 may act as a barrier to contain the therapeutic material within the treatment area (and
the bone cavity), thereby preventing leakage of the therapeutic material from the bone cavity into
the (adjacent) joint space during and/or after delivery of the therapeutic material.

[0098] As shown in Figures 7A and 7B, the device 700 may include a body 710 having a first
(or distal) end 712, an opposing second (or proximal) end 714, and length there between. The

body 710 may include one or more channels 716. In some embodiments, the device 700 may
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include an expandable member 720 disposed about the first end 712 and releasably configured to
move between an expanded state and a collapsed state. As shown in the Figures 7A and 7C, when
the expandable member 720 is in the expanded or inflated state, the expandable member 720 may
be configured to expand about the first end 712 so as to surround the first end 712. As shown in
the Figure 7B, when the expandable member 720 is in the collapsed or deflated state, the
expandable member 720 may be configured to be deployed through one or more access devices to
the exterior, distal side/surface of the bone (via the formed access path).

[0099] In some embodiments, the device 700 may include an adapter or handle 730 disposed
at the second end 714, for example, to directly or indirectly (through another port) connect to one
or more devices configured to expand and/or collapse the expandable member 720. The device
700 may include a different adapter and/or handle.

[00100] In some embodiments, the expandable member 720 may be configured to
expand/inflate using fluid(s), material(s), among others, or a combination thereof. The expandable
member 720 may be a balloon. In some embodiments, the expandable member 720 may be made
of any compliant material(s), such as poly(ethylene terephthalate) (PET), nylon, among others, or
a combination thereof.

[00101] Insome embodiments, as shown in Figure 7C, the expandable member 720 may include
a first surface 722, an opposing second surface 724, and a fillable/expandable cavity there between.
The expandable member 720 may be in communication with the one or more channels 716 to
receive and/or remove fluid(s) and/or material(s) (via the adapter 730) to respectively expand
and/or deflate. When the expandable member 720 is expanded, the second surface 724 may be
configured to engage the exterior, distal surface of the bone. For example, the expandable member
720 may be configured to engage the exterior surface of the femoral head.

[00102] In some embodiments, the expandable member 720 may have any shape, including
oval, oblong, triangular, square, polygonal, irregular, uniform, non-uniform, offset, staggered,
tapered, among others, or a combination thereof. In some embodiments, the surfaces 722 and 724
may have a complimentary shape. In some embodiments, the first surface 722 and second surface
724 may have complimentary convex and concave shapes, as shown in Figure 7C. In some
embodiments, the first surface 722 and the second surface 724 may have a different shape that may
or may not be complimentary. The shape may depend on a particular anatomy of the bone to be

treated.

14



WO 2018/200701 PCT/US2018/029405

[00103] Figure 8 show an example of a therapeutic material delivery device 800 according to
embodiments. In some embodiments, the device 800 may be designed to extend from an internal
body part in a subject to outside of the subject's body. The device 800 may include a body 810
having a first (or distal) end 812, an opposing second (or proximal) end 814, and length there
between. The first end 810 and the second end 812 may each including an opening. The delivery
device 800 may include one or more channels 816 that extend along the body 810. The device
800 may include at least one channel 820 disposed along the length of the body 810 from the first
end 812 to the second end 814. The opening at each end 812, 814 may correspond to the channel
820.

[00104] In some embodiments, the device 800 may include one or more openings configured
to deliver the therapeutic material(s) to the treatment area. In some embodiments, the one or more
openings may include the opening 840 disposed about the first end 812; one or more additional
openings 842 disposed along the length of the body 810, among others, or a combination thereof.
For example, the one or more openings 842 may be disposed in a pattern disposed along one or
more sides of the body 810 near the first end 812.

[00105] In some embodiments, the device 800 may include an adapter or handle 830 disposed
at the second end 814, for example, to directly or indirectly (through another port) connect to one
or more devices (e.g., syringe, other injection devices, etc.) configured to cause the delivery of the
therapeutic material. The device 800 may include a different adapter and/or handle.

[00106] In some embodiments, the therapeutic material(s) may include a bone filling material,
a bone growth promoting material, a therapeutic drug, a tissue graft, a population of cells, a
biological matrix, any other injectable material, among others, or a combination thereof. As used
herein, a bone filler material many include any material or combination of materials that may be
used for the treatment of bone, such as, for example, autograft, allograft, demineralized bone
matrix, mineral composites, blocks, granules and pellets and bone cement, such as, for example,
polymethylmethacrylate (PMMA)-based material (e.g., Kyphon HV-R, ActivOs, ActivOs 10,
Xpede, etc.), calcium phosphate (e.g., Skaffold, Norian, Hydroset, KyphOs FS, etc.), calcium
sulfate (e.g., OsteoSet), elastomeric polymer, among other injectables, or a combination thereof.
[00107] In some embodiments, the system may include one or more additional devices
configured to form and/or enlarge a void within the bone cavity at the targeted treatment area

and/or along the path. For example, the one or more additional devices may be configured to form
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and/or enlarge the treatment area or path by applying force to compress or compact, excising to
remove tissue (e.g., cancellous bone, bone marrow, etc.) from the bone cavity, among others, or a
combination thereof. By way of example, the one or more additional devices may include an
expandable member configured to engage the tissue, for example, by applying force to the tissue
within the bone cavity; one or more excising devices (not shown) configured to excise the tissue
within the bone cavity; among others; or a combination thereof.

[00108] Figures 9A and 9B show an example of a device 900 that includes an expandable
member 920 that is configured to compress or compact tissue (e.g., cancellous bone, bone marrow,
etc.) within the bone cavity. As shown in Figures 9A and 9B, the device 900 may include a body
910 having a first (or distal) end 912, an opposing second (or proximal) end 914, and length there
between. The body 910 may include at least one or more channels 916 that extend along the body
910. The expandable member 920 may be disposed about the first end 912 and releasably
configured to move between an expanded state and a collapsed state. As shown in the Figures 9A,
when the expandable member 920 is in the expanded or inflated state, the expandable member 920
may be configured to expand about the first end 912. As shown in the Figure 9B, when the
expandable member 920 is in the collapsed or deflated state, the expandable member 920 may be
configured to be deployed through one or more access devices to within the cavity to form and/or
enlarge a void (e.g., at the treatment area) and/or the path.

[00109] In some embodiments, the device 900 may include an adapter or handle 930 disposed
at the second end 914, for example, to directly or indirectly (through another port) connect to one
or more devices configured to expand and/or collapse the expandable member 920. The device
900 may include a different adapter and/or handle.

[00110] In some embodiments, the expandable member 920 may be configured to
expand/inflate using fluid(s), material(s), among others, or a combination thereof. The expandable
member may be a balloon. The expandable member 920 may be in communication with the one
or more channels 916 to receive and/or remove fluid(s) and/or material(s) (via the adapter 930) to
respectively expand and/or deflate. In some embodiments, the expandable member 920 may be
made of any compliant material(s), such as poly(ethylene terephthalate) (PET), nylon, among
others, or a combination thereof.

[00111] In some embodiments, the expandable member 920 may have a circular shape when

expanded/inflated. In this example, the expandable member 920 may include an outer surface 922
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configured to engage and apply force to tissue (e.g., cancellous bone, bone marrow, etc.) within
the cavity when the expandable member 920 is expanded.

[00112] The expandable member 920 may have any shape, including oval, oblong, triangular,
square, polygonal, tapered, among others or a combination thereof. The shape may depend on a
particular anatomy of the bone to be treated.

[00113] In some embodiments, the system may include one or more of additional and/or
alternative devices. For example, the system may include biopsy device(s), other device(s) to
compact and/or remove tissue from the bone cavity, boring device(s), access device(s), among
others, or any combination thereof.

[00114] In some embodiments, the components/devices of the system can be made of
radiolucent materials such as polymers. Radiomarkers may be included for identification under x-
ray, fluoroscopy, CT or other imaging techniques.

[00115] In some embodiments, the handles and/or adapters described herein may act to control
the depth of insertion or deployment of the devices of the system, as well as to control the depth
of insertion of other device(s) of the system are placed within the bone cavity. In other
embodiments, the system may include a member, such as a removable spacer clip, for example,
that can disposed on the body to surround the access device 100.

[00116] Figures 10-27 illustrates an examples of a procedure with regards to treat a femoral
head using the system according to embodiments. Figures 10-15 and 20-27 show methods of
forming an access path using the system described therein. Figures 15-19 show methods of
delivering a therapeutic material to a targeted treatment area disposed along the path within the
bone cavity. It will be understood that (i) the path may be formed and/or (ii) the path and/or
treatment area (e.g., void) may be enlarged, using different devices and/or systems. It will also be
understood that the methods and/or systems are not limited to use with respect to the femoral head
and may be used with other bones/joints (e.g., tibia, spine, ankle, etc.). During the steps, the use
of microsurgical and image guided technologies may be employed to access, view and repair bone
deterioration or damage.

[00117] Figures 10 and 11 show an example of establishing or forming (a first portion of) an
access path 1110 within a bone cavity 1016 of a femoral head 1010. As shown in the Figure 10,
the access device 100 with the boring device 300 may be deployed into the bone cavity 1016

starting at a (proximal) surface 1014 of the femoral head 1010. For example, at time of
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deployment, the handle 130 of the access device 110 and the handle 330 of the boring device 300
may be mated so that the cutting edge 318 extends and protrudes from the first end 112. This way,
the boring device 330 may be used as a drill to form a portion of the access path 1110.

[00118] Figure 11 shows the boring device 300 and the access device 100 deployed within the
bone cavity 1016. In some embodiments, the access device 100 with the boring device 300 may
form the opening 1114 at the surface 1014 and the first portion 1116 of the path 1110. The access
device 100 and the boring device 300 may be deployed so that the first ends are deployed within
the cavity 1016 to about the (targeted) treatment area 1120.

[00119]  After the access device 100 is deployed, the boring device 300 may be removed from
the access device 100. In some embodiments, the access device 400 may then be deployed into
the access path 1110 via the access device 100 as shown in Figure 12. For example, as shown in
Figures 12 and 13, the access device 400 may be deployed into the access device 100 until the
handles 430 and 130 mate. As shown in Figure 13, the first ends 112 and 412 of the access devices
100 and 400 may be substantially aligned when the access device 400 is deployed in the access
device 100 so that the handles 430 and 130 mate.

[00120] In some embodiments, the treatment area 1120 and/or (any portion of) the path 1110
may be enlarged, for example, by forming a void, using one or more devices. For example, as
shown in Figure 14, a void 1122 may be formed at the treatment area 1120 by deploying the device
900 into the one of the channels of the access device 400 in a collapsed state until the expandable
member 920 is past the first end 412. By way of example, the device 900 may be deployed through
the first channel 422 into the bone cavity 1016. After the device 900 is properly positioned, the
expandable member 920 may be expanded via the adapter 930, for example, connected to a fluid
and/or material delivery device. The expansion of the expandable member 920 may cause the
tissue to compress or compact thereby forming the void 1122 within the bone cavity 1016 at the
treatment area 1120. The expandable member 920 may then be collapsed and the device 900 may
be removed from at least the access device 400.

[00121] In some embodiments, the void 1122 may be formed with another device, such as an
excising device. In some embodiments, the method may omit the step of forming the void 1122,
for example as shown in Figure 14.

[00122] In some embodiments, the method may include deploying the boring device 600
through the cavity 1016 to form the second portion 1118 of the access path 1110 to and including
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an opening 1112 formed at the outside or distal surface 1012 of the femoral head 1010. For
example, as shown in Figure 15, the boring device 600 may be deployed, via at least the access
device 400, into and through the cavity 1016 until the handles 630 and 430 mate, for example, as
shown in Figure 15. The boring device 600 may form the second portion 1118 of the path 1110
and the opening 1112 at the surface 1012. The boring device 600 may then be removed from the
cavity 1016, for example, via at least the access device 400. As shown in Figure 16, the boring
device 600 may be used to form the second portion 1118 of the path 1110 so that the path 1110,
including the treatment area 1120, now extends from the opening 1114 at the surface 1014 to the
opening 1112 at the surface 1012 of the femoral head 1010.

[00123]  After the path 1110 is formed from the opening 1114 at the surface 1014 through the
cavity 1016 to the opening 1112 on the surface 1012 of the femoral head 1010, the method may
further include deploying the containment device 700 in a collapsed state through one of the
channels of the access device 400 and the access path 1110 through the opening 1112. Once the
expandable member 720 is outside or exterior to the surface 1012 and through the opening 1112,
the expandable member 720 may be expanded, for example, by delivering material(s) and/or
fluid(s) to the expandable member 720 via the adapter 730, so that the expandable member 720
engages the surface 1012 and seals the opening 1112 at the surface 1012, as shown in Figure 17.
For example, the containment device 700 may be deployed via the channel 424 of the device 400.
The second surface 724 of the containment device 700 may directly engage the surface 1012.
[00124] While the expandable member 720 of the containment device 700 is deployed, the
delivery device 800 may be deployed to the treatment area 1120 via another one of the channels
of the device 400 so that the one or more delivery openings 840 and/or 842 are past at least the
first end 412 of the access device 400 and into the treatment area 1120. For example, the delivery
device 800 may be deployed via the channel 422 of the device 400. Once properly positioned, the
delivery device 800 can deliver a therapeutic material 1810 into the treatment area 1120 while the
expandable member 720 is expanded so that the second surface 724 engages the surface 1012, as
shown in Figure 18.

[00125] Upon completion of the procedure, the surgical instruments and assemblies can be
removed. As shown in the Figure 19, the therapeutic material 1810 can remain in the treatment
area 1120. The expandable member 720 can prevent leakage of the therapeutic material 1810 from

the bone cavity 1016 into the (adjacent) joint/bone space. In some embodiments, the opening 1114
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formed the bone and/or remaining portion of the path 1110 may be filled with the therapeutic
material or different material (e.g., a bone cement) to provide further support for the repaired bone,
and the incision may be closed.

[00126] Although Figures 17-19 show the delivery of the therapeutic material with both the
access devices 100 and 400 deployed, it will be understood that the steps shown in Figures 17-19
may be performed using the access device 400 without the access device 100 (e.g., for example,
using the deployment configuration shown in Figure 27), with other access device(s), among
others, or a combination thereof.

[00127] Insome embodiments, the access path in the bone cavity for the access device 400 may
be formed using alternative access device(s). By way of example, Figure 20-27 show an
alternative method steps (e.g., to steps Figures 10-16) for forming an access path in the bone cavity
1016 for the access device 400.

[00128] Figures 20 and 21 show an example of establishing or forming a first portion 2116 of
an access path 2110 within the bone cavity 2016 of a femoral head 2010. As shown in the Figure
20, the access device 200 with the boring device 300 may be deployed into the bone cavity 2016
starting at a surface 2014 of the femoral head 2010. For example, at time of deployment, the
handle 230 of the access device 200 and the handle 330 of the boring device 300 may be mated so
that the cutting edge 318 extends and protrudes from the first end 212. This way, the boring device
330 may be used as a drill to form the access path 2110.

[00129] Figure 21 shows the boring device 300 and the access device 200 deployed within the
bone cavity. In some embodiments, the access device 200 with the boring device 300 may form
the opening 2114 at the surface 2014 and the first portion 2116 of the path 2110. The access device
200 and the boring device 300 may be deployed so that the first ends are deployed within the cavity
2016 to about the (targeted) treatment area 2120.

[00130]  After the access device 200 is deployed to this position shown in Figure 21, the boring
device 300 may be removed from the access device 200. In some embodiments, the boring device
600 may then be deployed into the access path 2110 via the access device 200, as shown in Figure
22. For example, as shown in Figure 23, the boring device 600 may be deployed into the access

device 200 until the cutting edge 618 is past the first end 212 of the access device 200.
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[00131] After the boring device 600 is properly positioned with respect to the treatment area
2120 within the bone cavity 2016, the handle 630 may be removed so that the access device 200
may be removed from the bone cavity 2016 over the body 610, as shown in Figure 24.

[00132] In some embodiments, the method may include deploying the access device 400 into a
portion of the path 2110 so that one of the channels of the access device 400 are over the body 610
of the boring device 600, as shown in Figure 25. For example, the access device 400 may be
deployed so that the body 610 of the boring device 600 goes through the channel 424 of the access
device 400.

[00133] After the access device 400 is deployed into the cavity 2016 over the boring device
body 610, the method may include deploying the boring device 600 further into the cavity 2016 to
form the second portion 2118 of the access path 2110 to and including the opening 2112 at an
outside or distal surface 2012 of the femoral head 2016, as shown in Figure 26. For example, as
shown in Figure 26, the boring device 600 may be deployed into and through the cavity 2016 until
the handles 630 and 430 mate. The boring device 600 may then be removed from the cavity 2016
via the access device 400. As shown in Figure 27, this results in a formation of the path 2110
within the cavity 2016 from the opening 2114 at the proximal surface 2014 to the opening 2112 at
the distal surface 2012 and the access device 400 being deployed within the path 2110. Next, the
therapeutic material may be delivered to the treatment area 2120 disposed along the path 2110
using the devices 700 and 800 deployed via the access device 400, using the steps described with
respect to and shown in Figures 17-19 for the treatment area 1120 disposed along the path 1110.
[00134] While the disclosure has been described in detail with reference to exemplary
embodiments, those skilled in the art will appreciate that various modifications and substitutions
may be made thereto without departing from the spirit and scope of the disclosure as set forth in
the appended claims. For example, elements and/or features of different exemplary embodiments
may be combined with each other and/or substituted for each other within the scope of this

disclosure and appended claims.
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CLAIMS
What is claimed:

1. A system for delivering a therapeutic material within a cavity of a bone, comprising:

a delivery device configured to deliver a therapeutic material to a treatment area within a
bone cavity;

a containment device including a body having a first end, a second, and a length there
between, and an expandable member disposed at the first end of the body so as to cover the first
end;

the expandable member being configured to move between an expanded state and a
collapsed state; and

an access device having a first end, a second end, and a length there between;

the access device including a plurality of channels, the plurality of channels including a
first channel and a second channel; and

the first channel being configured to receive the expandable containment device for

deployment and the second channel being configured to receive the delivery device for deployment.

2. The device according to claim 1, wherein:
the expandable member has a first surface, a second surface, and a fillable cavity disposed
there between; and

the first surface and the second surface have complimentary convex and/or concave shapes.

3. The device according to claims 1 or 2, wherein when the expandable member is in the

expanded state, the expandable member is configured to engage an exterior surface of the bone.

4. The device according to claim 3, wherein the delivery device is configured to deliver the
therapeutic material to the treatment area when the expandable member of the containment device
is in the expanded state.

5. The device according to any of claims 1, 2, or 4, wherein the first channel has a diameter

that is smaller than a diameter of the second channel.
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6. The device according to claims 1 or 5, further comprising:

another access device having a first end, a second end, and a length there between;

the other access device including a channel disposed along the length from the first end to
the second end; and

the other access device being configured to receive one or more boring devices.

7. The device according to claim 6, wherein:
the access device has a diameter along the length;
the other access device has a diameter along the length;
the diameter of the other access device is larger than a diameter of the access device; and

the channel of the other access device is configured to receive the other access device.

8. The device according to claims 6 or 7, wherein each of the access device and the other
access device includes a handle member disposed about the second end, the handle members being

configured to mate when the access device is fully deployed within the other access device.

9. The device according to claim 6, wherein:
the other access device has a diameter at the first end that is larger than a diameter at the

second end, the diameter of the other access device along the length being tapered.

10. The device according to any of claims 1-9, further comprising:

one or more boring devices, each boring device including a first end, a second end, and a
length there between,

each boring device including a cutting edge disposed at the first end; and

the one or more boring devices being configured to form a path through the bone cavity

from a first surface to a second surface of the bone.
11. A method of stabilizing a bone by delivering a therapeutic material comprising:

deploying an access device into an access path within a bone cavity of a bone from a first

surface of the bone, the access device having a first end, a second end, and a length;
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the access device including a plurality of channels extending along the length from the first
end to the second end;

deploying a containment device having an expandable member in a collapsed state through
one of the channels of the access device and through the access path until the expandable member
is outside of a second surface of the bone, the first surface and the second surface of the bone being
disposed on opposing ends of the access path;

expanding the expandable member so that the expandable member engages the second
surface of the bone and covers an opening of the access path;

deploying a delivery device through another one of the channels of the access device; and

delivering a therapeutic material to a treatment area while the expandable member is

expanded.

12. The method according to claim 11, wherein:
the expandable member has a first surface, a second surface, and a fillable cavity disposed
there between; and

the first surface and the second surface have complimentary convex and/or concave shapes.

13. The method according to claims 11 or 12, wherein the channel has a diameter that is smaller

than a diameter of the other channel.

14. The method according to any of claims 11-13, further comprising:
deploying another access device with a boring device mated with the other access device
to form a first portion of the access path from the first surface of the bone to the treatment area;
removing the boring device; and
deploying the access device into the other access device;
wherein the access device has a diameter that is smaller than a diameter of the other access

device.
15. The method according to claim 14, further comprising:

deploying another boring device through the access device to form a second portion of the

access path from the treatment area to the second surface of the bone.
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16. The method according to claim 13, further comprising:
deploying another access device with a boring device mated with the other access device
to form a portion of the access path from the first surface of the bone to the treatment area;
removing the boring device;
deploying another boring device into the other access device,
removing the other access device; and

deploying the access device over the other boring device.

17.  The method according to claim 16, the other access device has a diameter at the first end
that is larger than a diameter at the second end, the diameter of the other access device along the

length being tapered.

18.  The method according to claim 15, wherein each of the boring device and the other boring
device includes a drill tip, the drill tip of the boring device and the other boring device being

different.

19.  The method according to any of claims 11-18, further comprising:

collapsing the expandable member and removing the containment device from the bone
cavity through the access device;

removing the delivery device through the other channel from the bone cavity; and

removing the access device from the bone cavity.

20.  The method according to any of claims 11-19, wherein the therapeutic material is a bone

filling material.
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According to International Patent Classification (IPC) or to both national classification and [PC
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A US 2014/0207193 A1 (KYPHON SARL) 24 July 2014, Paragraph [0039] 16-17
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D Further documents are listed in the continuation of Box C.

D See patent family annex.
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cited to establish the publication date of another citation or other
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“O” document referring to an oral disclosure, use, exhibition or other
means
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the priority date claimed

“T” later document published after the international filing date or priority
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the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone
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“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art
“&” document member of the same patent family
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the tollowing reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 5-10, 14-15, 18-20
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.1II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

I. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

r__l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation,

|___I No protest accompanied the payment of additional search fees.
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