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7) ABSTRACT

Bone morphogenic proteins (BMPs) are introduced into an
affected intervertebral disc without the inclusion of disc
cells. The inventions applies to all known and yet-to-be
developed or discovered BMPs, including BMP-1, -2, -3, -4,
-5, -6, -7, -8, -9, -10, . . . BMPn. The BMP(s) may be
obtained from natural and/or recombinant sources. The
BMP(s) may be introduced using any surgical technique,
including percutaneous or laparoscopic approaches. As one
delivery mechanism, a passageway may be formed through
the annulus, with the substances then being introduced
through the passageway. Alternatively, a carrier may be
sewn or otherwise adhered to the inside or outside of the
existing annulus using standard surgical procedures. Addi-
tional therapeutic substances such as culture medium,
growth factors, differentiation factors, hydrogels, polymers,
antibiotics, anti-inflammatory medications, or immunosup-
pressive medications could be introduced in conjunction
with the BMP(s).
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REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 10/171,283, filed Jun. 16, 2002,
which is a continuation-in-part of U.S. patent application
Ser. No. 09/688,716, filed Oct. 16, 2000, now U.S. Pat. No.
6,454,804.

[0002] U.S. Pat. No. 6,454,804 claims priority from U.S.
Provisional Patent Application Serial No. 60/159,488, filed
Oct. 14, 1999, and is a continuation-in-part of U.S. patent
application Ser. No. 09/638,726, filed Aug. 14, 2000, now
U.S. Pat. No. 6,340,369, and U.S. patent application Ser. No.
09/415,382, filed Oct. 8, 1999, now U.S. Pat. No. 6,419,704.

[0003] U.S. Pat. No. 6,340,369 claims priority from U.S.
Provisional Patent Application Serial No. 60/148,913, filed
Aug. 13, 1999.

[0004] The entire content of cach application and patent
are incorporated herein by reference.

FIELD OF THE INVENTION

[0005] This invention relates generally to treating human
disc disease, and more particularly, to the use of biological
substances in conjunction with such treatments.

BACKGROUND OF THE INVENTION

[0006] Intervertebral discs provide mobility and a cushion
between the vertebrae. At the center of the disc is the nucleus
pulposus. The nucleus pulposus is surrounded by the annu-
lus fibrosis, which is comprised of cells (fibrocyte-like and
chondrocyte-like), collagen fibers, and non-fibrillar extra-
cellular matrix. The components of the annulus are arranged
in 15-25 lamellae around the nucleus pulposus. The fibers in
the lamellae alternate their direction of orientation by 30
degrees between each-band.

[0007] The annulus fibrosis has three important functions.
First, the annulus contains the nucleus pulposus. Second, the
annulus fibrosis, with other ligaments, connects the verte-
brae of the spine. Lastly, the annulus fibrosis helps to control
movement between the vertebrae.

[0008] The fibers of the annulus can tear causing pain and
possible extrusion of the nucleus pulposus. Extrusion of the
nucleus pulposus is known as a disc herniation. Disc her-
niations can compress nerves or the spinal cord resulting in
arm or leg pain and dysfunction. Surgery to repair disc
herniations leaves a hole in the annulus fibrosis. The hole in
the annulus acts as a pathway for additional material to
protrude into a nerve, resulting in a recurrence of the
herniation.

[0009] To date, the treatment of tears or defects of the
annulus fibrosis has relied for the most part on eliminating
the defective disc or disc function. This may be accom-
plished by fusing the vertebra on either side of the disc. In
terms of replacement, prior-art techniques replace either the
nucleus or the nucleus and annulus functions. My U.S. Pat.
No. 6,245,107, and Patent Cooperation Treaty Application
Serial No. PCT/US/14708 describe methods and devices to
occlude annular defects.
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SUMMARY OF THE INVENTION

[0010] Certain of my co-pending patent applications and
issued patents referenced above disclose the repair of tissues
and organs by adding live cells to the extracellular matrix of
tissues or organs harvested to recently deceased human or
animals. For example, with respect to intervertebral disc
repair, fibrocytes, annulus fibrosis cells, cells that differen-
tiate into annulus fibrosis cells, or cells that function like
annulus fibrosis cells are harvested and combined with the
extracellular matrix of the annulus fibrosis from a recently
deceased human or animal to produce an engineered annulus
fibrosis.

[0011] My issued U.S. Pat. No. 6,340,369, for example,
discloses techniques whereby cultured cells are injected into
an affected intervertebral disc. In the preferred embodiment,
a transplanted nucleus is added to the patient’s nucleus
pulposus. Additional therapeutic substances may be added to
the transplanted nucleus. For example, resorbable culture
medium, tissue growth or differentiation factors (recombi-
nant generated morphogenetic proteins (including BMPs),
PDGF, TGF-.beta., EGF/TGF-.alpha., IGF-I, .beta.FGF),
hydrogels, absorbable or nonresorbable synthetic or natural
polymers (collagen, fibrin, polyglycolic acid, polylactic
acid, polytetrafluoroethylene, etc.), antibiotics, anti-inflam-
matory medication, immuno-suppressive medications, etc.
could be beneficial.

[0012] This invention extends these teachings through the
introduction of substances, including the above-listed fac-
tors, into an affected disc without the inclusion of disc cells.
In the preferred embodiments, bone morphogenic proteins
(BMPs), are introduced into an affected intervertebral disc
without the inclusion of disc cells. The inventions applies to
all known and yet-to-be developed or discovered BMPs,
including BMP-1, -2, -3, -4, -5, -6, -7, -8, -9, -10, . . . BMPn.
The BMP(s) may be obtained from natural and/or recombi-
nant sources.

[0013] The BMP(s) may be introduced using any surgical
technique, including percutaneous or laparoscopic
approaches. As one delivery mechanism, a passageway may
be formed through the annulus, with the substances then
being introduced through the passageway. Alternatively, a
carrier may be sewn or otherwise adhered to the inside or
outside of the existing annulus using standard surgical
procedures.

[0014] Additional therapeutic substances such as culture
medium, growth factors, differentiation factors, hydrogels,
polymers, antibiotics, anti-inflammatory medications, or
immunosuppressive medications could be introduced in
conjunction with the BMP(s).

DETAILED DESCRIPTION OF THE
INVENTION

[0015] This invention resides in the introduction of sub-
stances, particularly bone morphogenic proteins (BMPs),
into an affected intervertebral disc without the inclusion of
disc cells. The inventions applies to all known and yet-to-be
developed or discovered BMPs, including BMP-1, -2, -3, -4,
-5, -6, -7, -8, -9, -10, . . . BMPn. The BMP(s) may be
obtained from natural and/or recombinant sources.

[0016] Submitted with this application are references (sci-
entific papers) that teach dosages and sources of the BMPs.
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The content of each of these references is incorporated
herein by reference. These papers describe the use of BMPs
in humans and animals to grow bone and articular cartilage.
Others include summary BMP articles and articles that
describe the effects of BMP on disc cells.

[0017] Applicable BMPs are becoming, increasingly com-
mercially available. For example, thBMP-2 may be obtained
from Medtronic Sofamor Danek, Memphis Tenn. (known as
INFUSE). Medtronic obtains the BMP from Genetics Insti-
tute, Cambridge Mass.

[0018] The substances may be introduced using any sur-
gical technique, including percutaneous or laparoscopic
approaches. As one delivery mechanism, a passageway may
be formed through the annulus, with the substances then
being introduced through the passageway. Alternatively, a
carrier may be sewn or otherwise adhered to the inside or
outside of the existing annulus using standard surgical
procedures.

[0019] As one specific example, a sponge soaked with
BMP-2 (or BMP-n) may be inserted into a disc to treat
degenerative disc disease. For example, an absorbable col-
lagen sponge, available from Integra Life Sciences, Plains-
boro, N.J., could be soaked in a 1.5 mg rhBMP-2/ml sterile
saline solution (available from Medtronic Sofamor Danek,
Memphis, Tenn.) for 15 minutes before inserting the BMP
impregnated sponge into the disc. Other doses of BMP
would be acceptable; for example, doses from 0.04 micro-
grams to 32 mg of BMP, or higher or lower, could be used.

[0020] Other synthetic and natural carriers are acceptable,
such as a polyactic/polyglycolic acid sponge. Examples
include natural polymers of collagen, hyaluronans, chitosan,
alignate, and other animal or plant-derived polysaccharides.
Examples of synthetic polymers include poly(alpha-hydroxy
acids) such as polylactide, polyglycolide, and their copoly-
mers, polyanhydrides, polyphosphazenes, polypropylene
fumarate, polyethylene glycol-PLA, poloxamers, and poly-
phosphate polymers.
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[0021] Composites of natural materials, synthetic materi-
als, or natural and synthetic impregnated materials could
also be used as carriers. For example, composites of hyalu-
ronan-impregnated PLA sponges, collagen-PLG-alginate,
and PLGA-gelatin could be used. Alternatively, a slurry of
the BMP, with or without a carrier, could be injected into the
disc. As a further alternative, the BMP-2 or BMP-n could be
inserted into a surgically created hole in the disc, or could be
continuously infused from a pump. Pumps with remote
reservoirs are well known to those skilled in the art.

I claim:

1. A method treating human disc disease, comprising the
steps of:

providing a dose of a bone morphogenic protein (BMP);
and

introducing the BMP into an intervertebral disc.

2. The method of claim 1, further including the step of
introducing the BMP through a percutancous or laparo-
scopic procedure.

3. The method of claim 1, further including the step of
adding one or more therapeutic substances to the BMP.

4. The method of claim 3, wherein the therapeutic sub-
stances include one or more of the following:

culture media, growth factors, differentiation factors,
hydrogels, polymers, antibiotics, anti-inflammatory
medications, or immunosuppressive medications.
5. The method of claim 1, further including the step of
introducing the BMP through a carrier.
6. The method of claim 5, wherein the carrier is a sponge.
7. The method of claim 1, wherein the dose is from 0.04
micrograms to 32 mg.
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