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(57) ABSTRACT

Disclosed are methods and devices for restoring or establish-
ing nutrient flow to the nucleus pulposa. An implant com-
prises a nutrient flow path for extending between a source of
nutrients and the nucleus pulposa. The implant is positioned
within the patient such that a first end is in nutrient flow
communication with a subject nucleus pulposa, and the
source end is positioned in nutrient flow communication with
a source of nutrients.

12 Claims, 9 Drawing Sheets
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1
SYSTEM AND METHOD FOR RESTORATION
OF NUTRIENT FLOW TO NUCLEUS
PULPOSA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Phase of International
Application No. PCT/US2006/022053, filed Jan. 7, 2006,
designating the U.S. and published in English on Dec. 14,
2006 as WO 2006/133256, which claims the benefit of U.S.
Provisional Application No. 60/688,299, filed Jun. 7, 2005.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to methods and apparatus for
restoration of nutrition to the nucleus pulposa or other avas-
cular body tissues such as joint cartilage, by placement of a
device or material that promotes nutrient flow into disc tissue
from the vertebral body, other skeletal structures, or sur-
rounding tissue.

SUMMARY OF THE INVENTION

As a result of the certain disease states, the subchondral
bone cartilaginous endplate becomes impermeable to nutrient
transfer to, and removal of waste metabolites from the
nucleus pulposa. The increasingly oxygen and glucose
starved cellular matrix ofthe nucleus pulposa decreases in pH
until its normal physiological processes are interrupted. As a
result, the osmotic gradient into the disc is reduced which
leads to decreasing water content in the nucleus pulposa. A
dehydrated nucleus pulposa places more stress upon the sur-
rounding annular tissue, leading to fissures and herniation.
Eventually, the degenerated disc may cause significant dis-
comfort or disability so that major surgical intervention such
as total disc replacement or spinal fusion is required.

Methods and devices are disclosed that provide a technique
for restoration of nutrient transfer from the vertebral body and
surrounding tissues, via the vertebral body endplate, to the
nucleus pulposa. Successful restoration of nutrient transfer to
the nucleus pulposa would interrupt the progression of disc
degeneration and restore normal function to the disc. All three
methods summarized here for treatment of the diseased disc
would employ minimally invasive surgical techniques for
creating an access portal in the vertebral body adjacent to the
diseased disc. No disruption of the annulus would be required
for these procedures. For the first method, a portion of the
endplate would then be removed and a device which facili-
tates transport of nutrients from the vertebral body cancellous
bone would be inserted in the cavity. The distal end of the
device would be placed in contact with the nucleus pulposa.
Any portion of the cavity that the device does not occupy will
be back filled to prevent undesired motion of the device. For
the second method, all or nearly all of the subchondral bone-
cartilaginous endplate would be removed and replaced with a
device which facilitates transport of nutrients from the verte-
bral body cancellous bone to the nucleus pulposa such as a
sintered porous stainless steel puck or osmotic membrane.
Cancellous bone material removed to gain access to the end-
plate would be backfilled to prevent un-desired motion of the
device For the third method the endplate would be ported with
a multiplicity of small holes. The cavity in the vertebral body
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created to access the endplate would be filled with a material
that would facilitate transport of nutrients from the vertebral
body and surrounding tissues.

Thus, the present invention provides methods and devices
for establishing a nutrient flow channel between a first side
and a second side of a boney barrier. In the disclosed imple-
mentations of the invention, the boney barrier is a vertebral
body end plate. In accordance with the method of the present
invention, a passageway is formed through the bone barrier, to
permit the transport of nutrients therethrough. A device may
be installed within the passageway, such that a first end of the
device is in communication with a target tissue such as
nucleus pulposa, and a second end of the device is in com-
munication with a nutrient source. The nutrient source may be
the cancellous bone of an adjacent vertebral body, a natural
source of nutrients outside of the vertebral body, or an
implanted source of nutrients. The device includes at least one
flow path between the first and second ends, to facilitate the
transport of nutrient therethrough.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the three proposed pathways for restoring
nutrient flow to the annulus pulposa.

FIG. 2 illustrates, with multiple views, features of the first
described device for nutrient transfer.

FIG. 3 illustrates, in section view, functional and anatomi-
cal aspects of the first described method and device as it
relates to the surrounding anatomy after placement.

FIG. 4 illustrates, in section view, functional and anatomi-
cal aspects of the second described method and device as it
relates to the surrounding anatomy after placement.

FIG. 5 illustrates, with multiple views, the features of the
device disclosed in the second described method.

FIG. 6 illustrates, in section view, functional and anatomi-
cal aspects of the third described method and device as it
relates to the surrounding anatomy after placement.

FIG. 7 is an image of the lateral aspect of two different
prototype implant devices.

FIG. 8 is an image showing the hexagonal sockets which
allow the implants to be screwed into the vertebral body.

FIG. 9 is an image showing the cavity inside the implants
which will be filled with a material that promotes nutrient
transfer to the nucleus pulposa.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, three potential pathways for nutrient
transfer to the nucleus pulposa 2 are illustrated: A first route
from the cancellous bone material 4 which occupies the cen-
ter of the vertebral body, to the nucleus pulposa 2, a second
route from the tissues surrounding the vertebral body 8, via
the vertebral body endplate 5 to the nucleus pulposa 2, and a
third route from both regions simultaneously.

Referring to FIG. 2, a device is shown that is generally
cylindrical in shape having a coarse threaded exterior 21, with
periodic interruptions in the thread 22 which allow for stabi-
lization of the device as post placement bony ingrowth
occurs. The device will have a core 24 composed of some
material such as porous sintered stainless steel, which facili-
tates the transfer of nutrients from its proximal end 26 to its
distal end 25. Additionally, a multiplicity of transverse pas-
sages 23 from the exterior surface of the device, to its inner
porous core are present to facilitate nutrient transfer. Further-
more, the proximal end 26 of the device will have a feature 27
which accommodates tools utilized for its placement.
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Referring to FIG. 3, the device is shown post placement
such that its distal end 25 is in contact with the nucleus
pulposa 2. Cortical and cancellous bone material removed to
place the device has been replaced by a substance 36 which
will prevent the device from undesired movement after place-
ment. Nutrient transfer will occur from the cancellous bone 4
via the back fill material 36 through the core of the device 24
to the nucleus pulposa 2. Additionally, nutrient transfer will
occur from the cancellous bone 4 through passageways 23
along the sides of the device, via the core of the device 24 to
the nucleus pulposa 2.

Referring to FIG. 4, a second device 42 is shown which
replaces much of the vertebral body endplate that contacts the
nucleus pulposa 2. The cancellous 4 and cortical bone
removed to facilitate placement of the device will be replaced
with a substance 36, which will serve to both stabilize the
device after its placement, and facilitate transport of nutrients
to the device from the surrounding cancellous bone 4. The
device will allow flow of nutrient material into the nucleus
pulposa 2.

Referring to FIG. 5, several views are presented of the
device shown implanted in FIG. 4. The device has a face 51
that is intended to directly contact the nucleus pulposa, a
feature 52 that facilitates appropriate placement in the area
where the end plate was removed from the vertebral body, and
a second face 53 that will contact back-fill material used to
replace the cancellous bone removed from the vertebral body
during the placement procedure.

Referring to FIG. 6, a third method is illustrated for resto-
ration of nutrient flow to the nucleus pulposa 2. A cavity 65 is
created to allow a multiplicity of access ports 66 to be drilled
to the nucleus pulposa 2. The cavity 65 and the access ports 66
are then filled with a material 36 that facilitates nutrient
transfer from the cancellous bone 4 and the tissues surround-
ing the vertebral body.

Referring to FIG. 7, two devices are shown that are gener-
ally cylindrical in shape having a coarse threaded exterior 21,
with periodic interruptions in the thread 22 which allow for
stabilization of the device as post placement bony ingrowth
occurs. Additionally, a multiplicity of transverse passages 23
from the exterior surface of the device, to its inner porous core
are present to facilitate nutrient transfer.

Referring to FIG. 8, two devices are shown which have a
feature 87 which accommodates tools utilized for its place-
ment.

Referring to FIG. 9, two devices are shown which have a
cavity 94, which will be filled with a material such as sintered
stainless steel, that promotes the transfer of nutrients to the
nucleus pulposa.

In summary, three separate methods and devices are dis-
closed to restore nutrient flow to the nucleus pulposa. Each of
the three described techniques offers the potential to restore
normal physiology to the intervertebral disc. Restoration of
normal function would eliminate the need for more traumatic
surgical techniques such as total disc replacement or spinal
fusion. Additionally, these devices and techniques could be
used to restore nutrient flow to other avascular tissues such as
joint cartilage.

What is claimed is:
1. A method for restoring or establishing nutrient flow to
the nucleus pulposa in a spine, comprising the steps of:

identifying a nucleus pulposa in a patient, the nucleus
pulposa surrounded by an upper end plate, a lower end
plate and an annulus;

providing a fluid flow path by accessing the nucleus pul-
posa via an approach that does not disrupt the annulus,
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through at least one of the upper end plate and lower end
plate to place the nucleus pulposa in flow communica-
tion with adjacent tissue;

implanting a device in an opening in the spine, the device

having a first end, a second end, and a fluid flow enabling
structure to maintain the fluid flow path through the at
least one of the upper end plate and lower end plate to
enable nutrient flow to the nucleus pulposa, wherein
implanting the device comprises positioning the device
such that the first end of the device is in the nucleus
pulposa on a first side of the at least one of the upper end
plate and lower end plate; and the second end of the
device is in fluid communication with tissue on a second
side of the at least one of the upper end plate and lower
end plate, and

filling the opening of the spine with backfill material, such

that after filling the backfill material facilitates transport
of nutrients to the device from surrounding cancellous
bone.

2. The method of claim 1, wherein the fluid flow enabling
structure comprises a tubular body having the fluid flow path
extending therethrough, wherein the tubular body comprises
an exterior surface comprising a thread having interruptions,
the interruptions intersecting longitudinal axes of the threads.

3. The method of claim 1, wherein providing a fluid flow
path comprises providing a fluid flow path through the upper
end plate.

4. The method of claim 1, wherein providing a fluid flow
path comprises providing a fluid flow path through the lower
end plate.

5. The method of claim 2, wherein the interruptions form a
first axis that is generally parallel to a second axis, wherein the
second axis is the longitudinal axis of the tubular body.

6. The method of claim 2, wherein the interruptions inter-
sect longitudinal axes of the thread and extending generally
along the entire axial length of the thread.

7. The method of claim 2, further comprising a plurality of
apertures through a side wall of the tubular body.

8. The method of claim 2, wherein the device comprises
porous sintered stainless steel.

9. The method of claim 2, wherein the device comprises a
feature to accommodate a tool utilized for the placement of
the device.

10. The method of claim 9, wherein the feature is on the
second end of the device.

11. The method of claim 9, wherein implanting the device
comprises connecting the tool to the feature on the device.

12. A method for restoring or establishing nutrient flow to
the nucleus pulposa in a spine, comprising the steps of:

identifying a nucleus pulposa in a patient, the nucleus

pulposa surrounded by an upper end plate, a lower end
plate and an annulus;

providing a fluid flow path by accessing the nucleus pul-

posa via an approach that does not disrupt the annulus,
through at least one of the upper end plate and lower end
plate to place the nucleus pulposa in flow communica-
tion with adjacent tissue;

implanting a device in an opening in the spine, the device

having a first end, a second end, and a fluid flow enabling
structure to maintain the fluid flow path through the at
least one of the upper end plate and lower end plate to
enable nutrient flow to the nucleus pulposa, wherein
implanting the device comprises positioning the device
such that the first end of the device is in the nucleus
pulposa on a first side of the at least one of the upper end
plate and lower end plate; and the second end of the
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device is in operative communication with tissue on a
second side of the at least one of the upper end plate and
lower end plate, and

filling the opening of the spine with backfill material, such
that after filling the backfill material facilitates transport 5
of nutrients to the second side of the device from sur-
rounding cancellous bone.
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