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(57) ABSTRACT

Fibrocytes, annulus fibrosis cells, cells that differentiate into
annulus fibrosis cells, or cells that function like annulus
fibrosis cells are harvested and combined with the extracel-
Iular matrix of the annulus fibrosis from a recently deceased
human or animal to produce an engineered annulus fibrosis.
Autograft tendons are then used to strengthen the annulus
fibrosis and to augment or replace the nucleus pulpous. In
accordance with a preferred embodiment, tendons such as
the palmaris longus are harvested from the patient, a suitable
living donor, or a recently deceased human. The tendons are
sewn or otherwise attached to the inside of the annulus
fibrosis using percutaneous or laparoscopic procedures. The
tendons aid the nucleus and/or replace the nucleus by
absorbing the compression forces between vertebrae and by
transferring the compression forces to the augmented annu-
lus fibrosis. Allograft tendons are preferably treated, with
tissue banking techniques well known to those skilled in the
art, to prevent disease transmission and graft rejection. The
invention can be used to augment discs in the cervical,
thoracic, or lumbar spine.
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SUPPLEMENTING ENGINEERED ANNULUS
TISSUES WITH AUTOGRAFT OR ALLOGRAFT
TENDONS

REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
patent application Ser. No. 09/688,716, filed Oct. 16, 2000,
which claims priority from U.S. Provisional Patent Appli-
cation 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 Ser. No. 09/415,382, filed Oct. 8, 1999. This
application also claims priority from U.S. Provisional Patent
Application Serial No. 60/371,546, filed Apr. 10, 2002; the
entire content of each application and issued patent being
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] This invention relates generally to the treatment of
diseased or traumatized intervertebral discs, and more par-
ticularly, to the use of engineered tissues in conjunction with
such treatments.

BACKGROUND OF THE INVENTION

[0003] 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.

[0004] 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.

[0005] 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. My U.S. Pat. No. 6,245,107 and Patent Coop-
eration Treaty Application Serial No. PCT/US/14708
describe methods and devices to occlude annular defects.

[0006] 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.

[0007] In terms of replacement, prior-art techniques
replace either the nucleus or the nucleus and annulus func-
tions. This may be accomplished using natural or synthetic
materials, or a combination of natural and artificial compo-
nents. Although transplantation of living cells risks rejection
by graft host reaction, certain of my previous disclosures,
including those in U.S. patent application Ser. Nos. 09/688,
716 and 09/638,726 (now U.S. Pat. No. 6,340,369) recog-
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nize that transplantation of the extracellular matrix of the
annulus fibrosis is unlikely to incite graft host reaction. As
such, fibrocytes are harvested, cultured, then added to annu-
lus fibrosis extracellular matrix obtained from recently
deceased humans or animals. The combined annulus fibrosis
is then introduced into the injured or diseased disc.

[0008] The cells or engineered tissues may be introduced
using any surgical technique, including percutaneous or
laparoscopic approaches. As one delivery mechanism, a
passageway may be formed through the annulus fibrosis,
with the cells or engineered disc tissue being introduced into
the disc through the passageway. In particular, the engi-
neered disc tissue may be sewn or otherwise adhered to the
inside or outside of the existing annulus fibrosis using a
surgical procedure performed from the posterior or anterior
portion of the body.

SUMMARY OF THE INVENTION

[0009] Certain of my co-pending patent applications and
issued patents referenced above disclose the step of adding
one or more substances to disc-related cells or annular tissue
prior to transplantation. Such substances could include cul-
ture media, growth factors, differentiation factors, hydro-
gels, polymers, antibiotics, anti-inflammatory medications,
immuno-suppressive medications, or any useful combina-
tion thereof. These previous disclosures further teach that
such substances and materials may be combined with any
compatible nucleus replacement procedure, including the
embodiments described in co-pending U.S. Pat. No. 6,371,
990 and the continuations thereof, all of which are incor-
porated herein by reference.

[0010] According to this invention, autograft or allograft
tendons are used to strengthen the annulus fibrosis and to
augment or replace the nucleus pulpous. In accordance with
the method, tendons such as the palmaris longus are har-
vested from the patient, a suitable living donor, or a recently
deceased human. The tendons are sewn or otherwise
attached to the inside of the annulus fibrosis, through a hole
in the annulus fibrosis, for example.

[0011] The tendons aid the nucleus and/or replace the
nucleus by absorbing the compression forces between ver-
tebrae and by transferring the compression forces to the
augmented annulus fibrosis. Allograft tendons are preferably
treated, with tissue banking techniques well known to those
skilled in the art, to prevent disease transmission and graft
rejection. The invention can be used to augment discs in the
cervical, thoracic, or lumbar spine.

DETAILED DESCRIPTION OF THE
INVENTION

[0012] Broadly according to the inventions disclosed in
U.S. patent application Ser. Nos. 09/688,716 and 09/638,726
(now U.S. Pat. No. 6,340,369), fibrocytes are harvested,
cultured, added to annulus fibrosis extracellular matrix
material, then sewn or otherwise placed relative to an injured
or diseased disc. The annulus fibrosis cells and extracellular
matrix are preferably harvested from a live human, though
recently deceased human or animal donors may alternatively
be used. Depending upon the extent of the harvest, the
recipient may function at least in part as a donor, or the
tissues from others, including fetal or embryo sources, may
be used.
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[0013] The fibrocytes may be obtained from a tendon of
the patient; for example, a palmaris longus tendon may be
removed from one arm. The harvested fibrocytes are isolated
and cultured using standard techniques. Precursor cells of
the annulus fibrosis, annulus fibrosis cells, chondrocytes, or
other living cells that could function like annulus fibrosis
cells or that could differentiate into cells to build a functional
annulus fibrosis may also be used. The cells from the culture
are then implanted into the donor extracellular matrix to
form a living annulus fibrosis. In the preferred embodiment,
the cells are injected into small holes drilled into the donor
extracellular matrix. In an alternative embodiment, living
cells are not added to the harvested annulus fibrosis. The
harvested annulus fibrosis is processed as described above to
kill the living host annulus cells.

[0014] The engineered tissue may be added to the inside or
the outside of the patient’s annulus. Surgical procedures to
access the inner or outer surface of the annulus fibrosis are
well known to those skilled in the art. For example, the
engineered annulus could be sutured, placed against, or
“glued” to the patient’s annulus. Platelet rich plasma com-
bined with calcium and thrombin or “fibrin glue” could be
used to glue the annular tissues together.

[0015] Additional substances may also be added to the
transplanted annulus. For example, resorbable culture
medium, tissue growth or differentiation factors (recombi-
nant generated morphogenetic proteins, PDGF, TGF-f3,
EGF/TGF-c., IGF-1, BFGF), hydrogels, absorbable or non-
resorbable synthetic or natural polymers (collagen, fibrin,
polyglycolic acid, polylactic acid, polytetrafluoroethylene,
etc.), antibiotics, antiinflammatory medication, immunosup-
pressive medications, etc. may be used.

[0016] As part of a further alternative embodiment,
autograft or allograft tendons are used to strengthen the
annulus fibrosis and to augment or replace the nucleus
pulpous. In accordance with this method, tendons such as
the palmaris longus are harvested from the patient, a suitable
living donor, or a recently deceased human. The tendons are
sewn or otherwise attached to the inside of the annulus
fibrosis, through a hole in the annulus fibrosis, for example.

[0017] The tendons aid the nucleus and/or replace the
nucleus by absorbing the compression forces between ver-
tebrae and by transferring the compression forces to the
augmented annulus fibrosis. Allograft tendons are preferably
treated, with tissue banking techniques well known to those
skilled in the art, to prevent disease transmission and graft
rejection. The invention can be used to augment discs in the
cervical, thoracic, or lumbar spine.

[0018] Although annulus fibrosis augmentation and/or
transplantation are being described herein in detail, the
invention is not limited to treatment of the intervertebral
disc. For example, the invention could also be used to treat
other tissues of the body such as the meniscus of the knee.
In such cases, a meniscus would be removed from recently
deceased humans. The harvested meniscus would be pro-
cessed to kill the cells but preserve the extracellular matrix.
Fibroctyes harvested as described above would then be
added to the extracellular matrix prior to insertion of the
engineered meniscus into a patient’s knee. Similarly, chon-
drocytes could be harvested and added to the meniscus
extracellular matrix as described in my pending U.S. patent
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application Ser. Nos. 09/639,309; 09/628,727; 09/638,726;
and 09/638,242, all of which are incorporated herein by
reference.

[0019] Similarly, the process could be used to repair or
replace other tissues or organs of the body such as the
pancreas, liver, kidney, heart, etc. Healthy live cells would
be obtained thorough biopsy and tissue culture. The live
cells would be added to the extracellular matrix of tissues or
organs harvested to recently deceased human or animals.

I claim:
1. A method of augmenting the annulus fibrosis of an
intervertebral disc, comprising the steps of:

harvesting fibrocytes, annulus fibrosis cells, cells that
differentiate into annulus fibrosis cells, or cells that
function like annulus fibrosis cells;

harvesting the extracellular matrix of the annulus fibrosis
from a recently deceased human or animal,

combining the harvested cells with the extracellular
matrix to produce an engineered annulus fibrosis;

adding autograft or allograft tendon material to the com-
bined cells and matrix thus forming an engineered
annulus fibrosis; and

transplanting the engineered annulus fibrosis into or onto
the disc.
2. The method of claim 1, further including the steps of:

forming a passageway through the disc and transplanting
the engineered annulus into the disc through the pas-
sageway, or placing the engineered annulus onto the
disc.

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

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.

S. The method of claim 1, further including the step of
keeping the harvested cells viable until placed into the disc
being treated.

6. The method of claim 1, wherein the tendon material
includes palmaris longus tissue harvested from the patient,
a suitable living donor, or a recently deceased human.

7. The method of claim 1, further including the steps of
treating and/or banking the tendon material to prevent
disease transmission and graft rejection.

8. An engineered annulus fibrosis according to the method
of claim 1.

9. The enginecered annulus fibrosis of claim 8, further
including one or more therapeutic substances.

10. The engineered annulus fibrosis of claim 9, wherein
the therapeutic substances include one or more of the
following:

culture media, growth factors, differentiation factors,
hydrogels, polymers, antibiotics, anti-inflammatory
medications, or immunosuppressive medications.
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