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METHOD OF TREATING SPINAL INTERNAL DISK DERANGEMENT

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates generally to surgical implants and, more

particularly, relates to alloplastic spinal disk implants and procedures.
Description of the Related Art

[0002] Spinal disks comprise a central region called the nucleus pulposus surrounded by

a second region known as the annulus fibrosis. The annulus fibrosis portion comprises collagen fibers
that may weaken, rupture, or tear, leading to compromised annular confinement of the nucleus and
producing disk bulges, herniations and other disk pathologies.

[0003] The major causes of persistent, often disabling, back pain are disruption of the
spinal disk annulus fibrosis, chronic inflammation of the spinal disk (e.g., herniation), or relative
instability of the vertebral bodies surrounding a given spinal disk, such as the instability that often
occurs due to a degenerative disease. Spinal disks mainly function to cushion and tether the vertebrae,
providing flexibility and stability to the patient’s spine. Functionally speaking, spinal disks comprise
a central hydrostatic cushion, the nucleus pulposus, surrounded by a containing multi-layered
ligament, the annulus fibrosis. As spinal disks degenerate, they can, for example, lose their water
content and height which brings the vertebrae closer together. This phenomena results in a weakening
of the shock absorption properties of the spinal disk and a narrowing of the nerve openings in the
sides of the spine which may pinch the nerve. This spinal disk degeneration can eventually cause back
and leg pain. Weakness in the annulus fibrosis from degenerative spinal disks, or from spinal disk
injury, can allow fragments of nucleus pulposus within the spinal disk space to migrate into the spinal
canal. There, displaced nucleus pulposus or protrusion of annulus fibrosis, e.g., herniation, may
impinge on spinal nerves. The mere proximity of the nucleus pulposus or a damaged annulus fibrosis
to a nerve can cause direct pressure against the nerve, resulting in numbness and weakness of leg
muscles.

[0004] It is estimated that approximately 80% of the population at some time in their life
suffer back injuries necessitating consultation from a medical doctor for treatment of back pain. A
good portion of these back injuries are related to spinal disk protrusions or herniations, and a smaller
percentage are related to internal disk derangement.

[0005] Often, inflammation from spinal disk protrusions or herniations can be treated
successfully by non-surgical means, such as rest, therapeutic exercise, oral anti-inflammatory
medications or epidural injection of corticosteroids. In some cases, the spinal disk tissue is
irreparably damaged, thereby necessitating removal of a portion of the spinal disk or the entire spinal

disk to eliminate the source of inflammation and pressure. At the present time, a procedure which is

-1-



WO 2006/026731 PCT/US2005/031225

performed as an open procedure is called a microdiskectomy in which small midline incision is made
in the lumbar spine with the dissection being carried down to the lamina. The lamina is then prepared
with a keyhole laminotomy, and the ligamentum flavum is then removed. Once this occurs the cal sac
and nerve root are retracted to the contralateral side, thus providing exposure to the disk space.
Intraoperative lateral x-ray can be implemented to confirm the position of the disk, and direct
visualization of the herniation can be noted. Typically, a 15-blade is used to make an annulotomy, and
the removal of the herniated fragment or fragments is then undertaken. In some cases this completes
the disk excision procedure, while in other cases the surgeon actually places a pituitary rongeur or
ring curette into the disk space and removes additional disk material, but a subtotal diskectomy is
performed. At the conclusion of the surgery, the offending disk fragment or fragments has been
removed, and there is now an annular defect that varies in size. This defect may be as small as .5 mm
x .5 mm and as large as 10 mm x 15 mm. Typical annulotomies, however, are approximately 5 mm x
5 mm. Many current technologies fail to offer surgeons plugs or other materials to place into the disk
space for preventing recurrent disk herniation.

[0006] To overcome the disadvantages of traditional traumatic spine surgery, minimally
invasive spine surgery was developed. Endoscopic spinal procedures, for example, are less invasive
than open spinal procedures. In an endoscopic procedure, the spinal canal may not be violated and
therefore epidural bleeding with ensuring scarring may be minimized or avoided. In addition. the risk
of instability from ligament and bone removal is generally lower in endoscopic procedures than with
open diskectomy. Further, more rapid rehabilitation facilitates faster recovery and return to work.
Minimally invasive techniques for the treatment of spinal diseases or disorders include diskography,
chemonucleolysis, laser techniques and mechanical techniques. These procedures generally require
the surgeon to form a passage or operating corridor from the external surface of the patient to the
spinal disk(s) for passage of surgical instruments, implants and the like. Typically, the formation of
this operating corridor requires the removal of soft tissue, muscle or other types of tissue depending
on the procedure (e.g., laparascopic, thoracoscopic, arthroscopic, back, etc.). Once the operating
corridor is established, the nerve root may be retracted and a portion or all of the spinal disk removed.
Following removal, typical techniques do not implement an annular sealant or other means to
efficiently and effectively treat the annular defect or opening to minimize the possibility of recurrent
complications such as, for example, future nuclear herniations.

SUMMARY OF THE INVENTION

[0007] In accordance with one aspect of the present invention, methods are provided for
treating and sealing invertebrate spinal disks that have tears or fissures on the annulus fibrosus.

In one embodiment, a method of treating a spinal disk comprises delivering an agent to the
spinal disk, wherein the agent comprises a plurality of microparticles.

In another embodiment, a medical kit comprises an agent comprising microparticles and one

or more surgical tools configured for repairing at least one spinal disk.

2-



WO 2006/026731 PCT/US2005/031225

In another embodiment, an implant agent comprises a plurality of microparticles, for use in
repairing and/or improving structural integrity of spinal disks.

In addition, a method of treating a spinal disk comprises placing a plurality of particles into
an interior portion of the spinal disk.

DETAILED DESCRIPTION OF THE INVENTION

[0008] Any feature or combination of features described herein are included within the
scope of the present invention provided that the features included in any such combination are not
mutually inconsistent as will be apparent from the context, this description, and the knowledge of one
skilled in the art. In addition, any feature or combination of features may be specifically excluded
from any embodiment of the present invention. For purposes of summarizing the present invention,
certain aspects, advantages and novel features of the present invention are described herein. Of
course, it is to be understood that not necessarily all such aspects, advantages or features will be
embodied in any particular embodiment of the present invention.

[0009] In reference to the disclosure herein, for purposes of convenience and clarity
only, directional terms, such as, top, bottom, left, right, up, down, upper, lower, over, above, below,
beneath, rear, and front, may be used. Such directional terms should not be construed to limit the
scope of the invention in any manner. It is to be understood that embodiments presented herein are by
way of example and not by way of limitation. The intent of the following detailed description,
although discussing exemplary embodiments, is to be construed to cover all modifications,
alternatives, and equivalents of the embodiments as may fall within the spirit and scope of the
invention.

[0010] The present invention provides compositions and methods for selectively
treating defects within or on a spinal disk. These procedures include laminectomy/diskectomy
procedures for treating herniated spinal disks, decompressive laminectomy for stenosis in the
lumbosacral and cervical spine, medial facetectomy, posterior lumbosacral and cervical spine
fusions, treatment of scoliosis associated with vertebral disease, foraminotomies to remove the roof
of the intervertebral foramina to relieve nerve root compression and anterior cervical and lumbar
discectomies. These procedures may be performed through open procedures (e.g., laminotomy,
laminectomy, hemilaminotomy and hemilaminectomy), or using minimally invasive techniques,
such as thoracoscopy, arthroscopy, laparascopy, diskogrophy (e.g., performed percutaneously
through a posterior, posterolateral, lateral, anterior or anterolateral approach to the spinal disk) or the
like.

[0011] According to one implementation of the biocompatible alloplastic implant of the
present invention, a condition known as internal disk derangement or annular fissures can on
occasion be detected using magnetic resonance imaging (MRI), but in certain instances may more
readily be discerned using computed tomography (CT) diskography. These annular fissures or tears

can lead to persistence in back pain, and eventually can lead to frank herniations and/or lumbar
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segmental instability. Such changes that may be seen on MRI are sometimes further evaluated with
provocative CT diskography which reveals the location of the annular tear or tears. Procedures such
as IDET (intradiscal electrothermal annuloplasty) and nucleoplasty have become more prevalent. Use
of the biocompatible alloplastic implant as described herein in these contexts can entail insertion by
the interventional radiologist, anesthesiologist, physiatrist or surgeon to facilitate the sealing or other
treating of the annular tear from the inside out of the spinal disk.

[0012] In accordance with an aspect of the present invention, a biocompatible
alloplastic implant is provided for sealing tears or other defects or conditions of a spinal disk, such as
arent in the annulus fibrosis of a spinal disk. The biocompatible alloplastic implant can be inserted
into a ruptured spinal disk, filling a portion of the nucleus pulposus and/or annulus fibrosis and
providing a seal. In one implementation, the biocompatible alloplastic implant is inserted into a
center region of the ruptured spinal disk. According to certain aspects, the biocompatable alloplastic
implant is inserted into the nucleus pulposus after a microdiscectomy which closes the iatrogenic rent
or annulotomy that the surgeon creates thereby minimizing the risk for recurrent herniation, or is
administered as an injectable sealant into the center of the spinal disk, for example, after a
diskography procedure in order to seal one or more annular tears.

[0013] To the extent such tears or defects are treated using the present invention, risks
for recurrent spinal disk herniations and possible revision surgeries can be attenuated or eliminated.
Such revisions typically entail slightly larger incisions, greater bony resection, removal of scar tissue,
more difficult retraction, increased bleeding, increased anesthetic time, and increased risk for
battered nerve roots or possible injury to the dura or root sleeves resulting in potential Cerebro-Spinal
Fluid (CSF) leak, fistula, infection, etc. As a result of the minimized need for revision surgery,
surgical outcome can be improved and the need for repeat surgery at the same level can be decreased.

[0014] Moreover, with the perhaps increased use of provocative diskography to
ascertain, for example, whether adjacent segments above or below a planned fusion need to be
incorporated, a user can instill the biocompatible alloplastic implant to minimize the extension of the
fusion to the adjacent segment. Using conventional procedures, for example, if an unstable motion
segment were planned to be fused and preoperative provocative diskography revealed the adjacent
segment (e.g., the adjacent spinal disk) as also being symptomatic, that level would be included in the
fusion mass. However, in accordance with an aspect of the present invention, the biocompatible
alloplastic implant of the present invention can be instilled into the adjacent segment prior to the
surgery to help seal the annular tear or tears. In one implementation, the biocompatible alloplastic
implant of the present invention can be instilled into the adjacent segment during the preoperative
provocative diskography. As a result, the use of the present biocompatible alloplastic implant is not
limited to microdiscectomy or open diskectomy procedures, but can also be used for closed
procedures in which, for example, imaging studies have proven that there are annular tears or rents

which reproduce concordant pain. Installation of the biocompatible alloplastic implant, in accordance
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with one implementation of the present invention, may be especially suited for annular tears which
are not asymptomatic and which do not produce discordant pain.

[0015] Implantation of the biocompatible alloplastic implant, if performed in the
context of a closed procedure, can be accomplished from a posterior midline or posterolateral
approach or a direct lateral approach. If performed in the context of an open procedure, implantation
of the biocompatable alloplastic implant can be achieved from a posterior midline approach,
posterolateral approach, anterior, anterolateral, or direct lateral approach. It is therefore possible that
if an anterior approach is being utilized for an anterior diskectomy alone, the biocompatible
alloplastic implant of the present invention can be instilled through a syringe and needle into that
nucleus pulposus space after, for example, an offending spinal disk fragment or fragments have been
removed. In certain implementations, the material can be introduced via flexible catheters of variable
length and diameter, such as, for example, standard percutaneous needles and standard catheter tips
known in the industry. In an exemplary open procedure where for example a laminectomy or
microdiscectomy is being performed, it may be easier to inject the biocompatable alloplastic implant
as used according to the present invention with the aid of an injection syringe, such as a 25-gauge
syringe with a 3 or 4” needle.

[0016] The maturation of the biocompatible alloplastic implant of the present invention,
in accordance with an aspect of the present invention, can over time afford additional, or at least
partial, stabilization to the annulus fibrosis which can then provide additional support to the motion
segment involved. This change in the biomechanics can translate into a partial increase in the stability
for this motion segment. Having an annular tear generally can cause a weakening in the supporting
structure of the motion segment. Treating the nucleus pulposus of a spinal disk with the
biocompatible alloplastic implant of the present invention can in certain implementations allow a
maximum amount of the nuclear material to remain centrally located and/or can increase the integrity
of the surrounding annular fibers.

[0017] The biocompatable alloplastic implant of the present invention preferably
comprises a plurality of microparticles, which can comprise solid microparticles in representative
embodiments. In modified implementations, the microparticles may not be altogether solid, such as
implementations involving hollow or porous microparticles. As used herein, the term
“microparticles” refers to microparticles (e.g., in a dust or powder form) possessing an average
diameter of 500 microns or less. Typically, the average diameter will be greater than about 20
microns rendering the microparticles too large to be “eaten” by monocytes. The microparticles can
have diameters sufficient to keep them from being washed away through lymph tracts or other tissue
tracts from the implantation site. If the microparticles do not have a spherical form, then the diameter
as used herein refers to the greatest diameter of the smallest cross sectional area. It is, however, also
possible to use smaller microparticles ranging from 4 to 5 microns or 5 to 10 microns in diameter.

Typically, the microparticles will have an average diameter less than about 200 microns. In
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representative embodiments, the microparticles can have an average diameter of about 15 to about
200 microns and in certain implementations from about 15 to about 60 microns. In representative
configurations, the microparticles are small enough to be injected through a fine gauge cannula (e.g.,
25 gauge) or an injection syringe to the desired spinal disk region. Particles having the diameters
specified herein may have a relatively minimal effect on the surrounding tissues, i.e., the dura of the
cal sac or nerve root sleeves.

[0018] Due to the formed surface and size of the microparticles used, they are not
detected by the endogenous macrophages as foreign bodies so that no defensive reaction takes place.
According to a representative embodiment, the microparticles have spherical forms or spherical-like
forms capable of forming closely-packed arrangements at the site where they have been implanted
and further capable of being individually encapsulated by the scar tissue.

[0019] During a conventional provocative CT diskography, opening spinal-disk
pressures are often measured. In the context of diskography, or any of the above-mentioned
procedures, it is possible in accordance with certain aspects of the present invention for a spinal-disk
opening pressure to be significantly altered by the introduction of the biocompatible alloplastic
implant into the nucleus pulposus of that spinal disk and, preferably, into a central region of the
nucleus pulposus, so that, for example, at least partial sealing of the spinal disk can be effectuated
from the inside out.

[0020] As aresult of implantation of the biocompatable alloplastic implant into a spinal
disk, a seal or occlusion can be formed in the annulus fibrosis defect via, for example, in one
implementation, displacement of nucleus pulposus from the site of implantation (e.g., an intermediate
or, more preferably in some embodiments, central region of the nucleus pulposus) in a direction
toward, for example, an annulus fibrosis defect, so that nucleus pulposus is displaced into a vicinity of
the annulus fibrosis defect thus serving to strengthen or otherwise affect at least one property of the
spinal disk or defect. In another implementation of the present invention, a seal or occlusion can be
formed in the annulus fibrosis defect via, for example, introduction of the biocompatable alloplastic
implant into the nucleus pulposus in a direct or proximate vicinity of the annulus fibrosis defect thus
serving to enhance or otherwise affect at least one property of the spinal disk or defect. For instance,
if the biocompatible alloplastic implant is injected or inserted in either a closed fashion or an open
fashion, and if a sufficient portion of the biocompatible alloplastic implant is placed (and/or caused to
solidify or mature) in the center, increased nuclear support can ensue giving rise to not only an
increased annular integrity but also, for example, an increased nuclear stability.

[0021] The microparticles, which in a representative embodiment may comprise
PMMA spherical beads, after being inserted into the spinal disk space, may be encapsulated by
delicate capsules of connective tissue and/or are embedded into connective-tissue tissue or fibers and

remain stationary in the tissue. Use of a suspending agent as described herein is not mandatory since
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the microparticles can be inserted (e.g., placed) or injected also without a suspending agent into the
body.

[0022] Once placed into the nucleus pulposus, the biocompatible alloplastic implant
may mimic or provide a substitute for at least one characteristic of the physiologic structure of the
spinal disk., For example, the biocompatible alloplastic implant may mimic the spinal disk and
operate as a partial artificial disk or operate as a partial artificial nucleus pulposus. Accordingly, a
morphology of a disco gram may be improved following implantation of the biocompatibie
alloplastic implant. For instance, the accumulation of the microparticles of the biocompatable
alloplastic implant and/or the accumulation of scar tissue around the microparticles within the
nucleus pulposus can impart a certain physical stability to the interior of the spinal disk and/or to
exterior portion of the annulus fibrosis. Later testing after the sealant (i.e., the biocompatable
alloplastic implant) has matured (e.g., been incorporated into the host tissue through, for example,
formation of permanent scar tissue around the microparticles of the implant) can yield an increase in
the pressure gradient of the nucleus pulposus. Also, a slight increase in spinal disk space height may
be achieved in proportion to the amount of the biocompatible alloplastic implant instilled which may
vary from spinal disk to spinal disk, but which in a representative embodiment does not exceed about
3 to 4 cubic centimeters (ccs) and, typically, is within a range of about .5 to 1.5 ccs. During injection,
it is advantageous to release pressure on the syringe plunger when the tip of the needle is within about
3-5 mum from the outer surface of the disk during removal of the needle from the disk.

[0023] Regarding maturation of the microparticles, which in a representative
embodiment may comprise PMMA spherical beads, as a result of the size and physical stability of the
PMMA beads, they cannot be phagocytised or lysed. In order to isolate the foreign body, the animal
body can only fibrotically wall off the foreign bodies in the form of scar tissue. Such a process takes
place with almost any foreign body which cannot be destroyed by the animal body. Prior to or
substantially commensurate in time with installation of the biocompatible alloplastic implant and any
removal of a part of the spinal disk (if applicable), the annular fibers that are attached to the vertebra
end plates above and below can be minimally resected to allow punctate bleeding to occur from, for
example, the edges of the end plate.

[0024] To the extent present, the fibrotic growth of connective tissue is a natural
reaction to the lesion of the tissue caused by the injection cannula and to the presence of the
microparticles. The fibrotic reaction may occur during 3-6 months after injection of the
biocompatable alloplastic implant due to the smooth and chemically inert surfaces of the
microparticles (e.g., PMMA beads). From then on, the beads remain in the tissue without reaction and
provide for the formation and existence of permanent fibrovascular connective tissue.

[0025] The biocompatible alloplastic implant can in one implementation comprise a

histocompatible solid in the form of a powder. The microparticles forming the solid may be
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incorporated into a suspending agent and injected, for instance, with an injection needle at the desired
spinal disk level.

[0026] It can be advantageous for the microparticles used according to an embodiment
of the present invention to have a smooth surface and be free from corners and edges, such that the
microparticles don’t have sharp transitions on their surfaces. In addition they may not have peaks of
any kind or tapered projections. According to one implementation, the surface does not have pores. In
another implementation, the surfaces may comprise pores. Although smooth, and especially
spherical particles can be advantageous, in some embodiments, non-smooth microparticles of with
corners or peaks or the like may still be used in the present spinal disk treatment application.

[0027] In many advantageous embodiments, the transition from one outer surface to the
other outer surface of the microparticles as used according to the present invention occurs in a
continuous manner. If such transitions are present, as is the case for the edges of a cube, such
transitions may be smoothed. According to an embodiment of the present invention, microparticles
which are crystalline (for instance needle-shaped) or microparticles which have been obtained by
mechanically breaking up greater units into small pieces, are not used to the extent the microparticles
possess the above-mentioned sharp edges and corners. Due to the smooth surface structure damage to
cells and other tissue structures is minimized. In addition, the danger of causing reactions of the
tissue, such a foreign body reactions or granulous formation, which may be followed by infections, is
minimized.

[0028] In one implementation, dynamically balanced microparticles and in particular
microparticles having an elliptic or spherical form can be used. In addition, it is possible to use
microparticles of a different geometrical form if all, or in another embodiment, a majority, of the
microparticles have a smooth and smoothed-off surface.

[0029] The inert, histocompatible material of the microparticles used according to
representative embodiments of the present invention can comprise plexi-glass (or “bone cement”)
which is present in the form of plexi-glass beads or plexi-glass pellets having a smooth and/or
smoothed off surface. The microparticles used, according to representative implementations of the
present invention, can comprise a polymer, and in particular a completely cured and fully
polymerised polymer so that no remaining monomers, which may be toxic or may cause cancer, are
incorporated into the body of the treated patient.

[0030] In principle, it is possible to use any inert histocompatible polymer for producing
the microparticles used according to the present invention. Modified embodiments may comprise, in

whole or in part, non-polymer microparticles. In an exemplary embodiment, the implant comprises

one or more of the implants described under the name Artecoll® and obtainable at www.artecoll.com
and www.canderm.com. Exemplary embodiments are also described in the U.S. Patent No.

5,344,452.
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[0031] The implant material may comprise, for example, about 20% substantially
smooth spherical PMMA beads ranging in size from about 32-40 micrometer diameter, and with low
levels of methylmethacrylate monomer impurities. The remaining 80% may comprise a solution of
partially denatured collagen, which may be about 3.5% collagen in a solution of water and/or alcohol.
In one embodiment, there are about 6 million particles per cc of implant material.

[0032] Fully polymerised PMMA is histocompatible and can be incorporated in the
human body without harmful toxic or carcinogenic reactions so that it can be considered as
chemically and physically inert and biocompatable. For these reasons, PMMA polymers have already
been used for manufacturing implants such as bone cement for the plastic covering of bone defects in
the face and in the cranium, or as in a total hip or total knee arthroplasty. The polymer is also being
used for manufacturing artificial teeth, as artificial heart valves and for manufacturing intra-ocular
lenses and dialysis membranes.

[0033] To inject the microparticles or polymer microparticles used according to the
present invention as an implant in a spinal disk, the microparticles can be formed within a suspending
agent. A gel which is known per se, and is degraded within the body, for instance, on the basis of
gelatin or, preferably, collagen, can be used as a suspending agent. The suspending agent used
according to one implementation of the present invention can comprise a tenside, such as Tween ad,
since such a tenside changes the surface tension of water so that the microparticles, and in particular
embodiments, the polymer microparticles, have a more uniform distribution.

[0034] The mixing ratio of the components of the suspending agent can be chosen
according to the needs, and in particular according to the size of the syringe used for the injection. For
the application or injection of the microparticles used according to an embodiment of the present
invention, the microparticles can be suspended or slurried in a fluid inert medium. In one particular
implementation, a ratio of two volume parts of the suspending agent and one volume part of the
microparticles or polymer microparticles is chosen.

[0035] Additionally, medical kits may be produced containing elements necessary for
treating and/or repairing tendons and ligaments with the tissue-promoting implant. Such a kit may
include a quantity of the implant, and a delivery device, such as a syringe or other applicator. One or
more surgical tools used in conventional spinal disk access and repair surgery are also
advantageously provided in such kits.

[0036] It will be appreciated that the invention has a variety of aspects. In accordance
with some of these aspects, a biocompatible alloplastic implant can be utilized for annular welding or
sealing of a spinal disk defect, such as a ruptured spinal disk. The biocompatible alloplastic implant
can include solid microparticles which have smooth surfaces that are substantially free from corners
and edges and which can in certain implementations be suspended in a biocompatible medium. The
biocompatible alloplastic implant can be inserted into a ruptured spinal disk, filling a portion of the

nucleus pulposus or annulus fibrosis and providing a seal. In one implementation, the biocompatible
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alloplastic implant is inserted into a central region of the ruptured spinal disk. Insertion of the
biocompatible alloplastic implant into the ruptured spinal disk can attenuate a risk for recurrent spinal
disk herniation and restore at least a portion of a structural integrity or shock absorbing capacity of the
spinal disk.

[0037] A method of treating a spinal disk according to the present invention can
comprise identifying a defect in a spinal disk and inserting an alloplastic bulking agent into the spinal
disk to thereby treat the defect, wherein the alloplastic bulking agent comprises a plurality of
microparticles. The identifying of a defect can comprise, for example, identifying a defect through a
scope. In typical implementations, the identifying of a defect can comprise identifying a focal
outpouching comprising a displacement of nucleus pulposus within a partially torn or thinned
annulus fibrosis of the spinal disk, can comprise identifying an extrusion comprising displaced
nucleus pulposus which remains in continuity with an interior of the spinal disk through a rent in an
annulus fibrosis of the spinal disk, or can comprise identifying a sequestration comprising displaced
nucleus pulposus which does not remain in continuity with an interior of the spinal disk.

[0038] The microparticles can be histocompatible with smooth surfaces free from
corners and edges, can be dynamically balanced, and can have at least one of elliptical and spherical
forms. For example, the plurality of microparticles typically can comprise a plurality of
microspheres, which can be inserted into the spinal disk as loose microparticles and remain therein as
loose microparticles. In representative embodiments, the microparticles have diameters such that
they cannot be washed away from lymph tracts or other tissue tracts from the implantation site. A
majority of the microparticles can have diameters of at least 10 microns, and in certain
implementations the microparticles can have an average diameter within a range of about 15 to about
200 microns. The microparticles, further, can have diameters from about 15 to about 60 microns.

[0039] As for composition, the microparticles in accordance with certain
implementations of the present invention can comprise a cured polymer, such as a polymethacrylate
or a polymethylmethacrylate (PMMA). In one implementation, the microparticles can comprise solid
microparticles, which may take the form in one embodiment of non-porous beads that may be
disposed in a physiologically biocompatable suspending agent. The suspending agent can be a liquid
and can comprise at least one of water and saline. In certain implementations, the suspending agent
can be one of a collagen and a gelatin that is degradable in a mammalian body. Furthermore, the
suspending agent can be admixed with a tenside.

[0040] The inserting can comprise inserting an alloplastic bulking agent into the spinal
disk while viewing at least a part of the spinal disk through a scope. The scope can comprise a video
fluoroscope, and the inserting can be fluoroscopically guided. In one implementation, the alloplastic
bulking agent can be impregnated with a water soluble radiopaque dye to facilitate visualization
during the inserting of the alloplastic bulking agent into the spinal disk. The radiopaque dye can

comprise barium. In a typical implementation, the inserting can comprise inserting about 3 or 4 cubic
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centimeters (ccs) or less of the alloplastic bulking agent into a nucleus pulposus of the spinal disk, and
in certain implementations the inserting comprises inserting about .5 to 1.5 cubic centimeters (ccs) of
the alloplastic bulking agent into the nucleus pulposus of the spinal disk.

[0041] The serting may be followed by a height of the spinal disk being increased,
wherein the increase in height is proportional to an amount of the alloplastic bulking agent inserted
into the spinal disk. In accordance with one aspect of the present invention, the inserting may be
followed by a structural integrity of the spinal disk being improved, compared to a structural integrity
of the spinal disk before the inserting. For example, a stability of the annulus fibrosis of the spinal
disk may be improved relative to a stability of the annulus fibrosis before the inserting, whereby a
biomechanical property of a motion segment of the spinal disk is improved compared to
biomechanical property of the motion segment before the inserting.

[0042] When the spinal disk is juxtapositioned in proximity to at least one of an upper
vertebra and a lower vertebra, at least one aperture can be formed in an endplate of one or both of the
upper vertebra and the lower vertebra. Typically, the spinal disk is juxtapositioned between an upper
vertebra and a lower vertebra, and a plurality of apertures are formed in an endplate or endplates of at
least one of the upper vertebra and the lower vertebra. The aperture or apertures can be formed using
a needle, which may already be present in the spinal disk during an ongoing procedure such as, for
example, a diskography procedure.

[0043] In representative implementations of the methods disclosed herein, the defect
comprises a spinal annular defect. For instance, the defect can comprise an internal disk derangement.
Insertion of the alloplastic bulking agent into the spinal disk can cause a seal to be formed in and
around the spinal annular defect. This seal can create a more stable motion segment of the spinal disk
compared to a motion segment of the spinal disk before the inserting, by for example imparting
increased stability to the spinal disk relative to a stability of the spinal disk before the inserting.

[0044] The inserting can be performed during a diskography procedure, and the defect
can comprise at least one annular rent. During the diskography procedure, the identifying can
comprise an initial visualization of the at least one rent followed by the inserting being performed
during the same diskography procedure. In accordance with one implementation of the inventive
methods disclosed herein, the diskography procedure comprises a provocative diskography
procedure wherein the identifying comprises an initial visualization of the at least one rent and
wherein the inserting is performed during the same provocative diskography procedure.

[0045] According to another implementation, the diskography procedure can be
performed percutaneously through one of a posterior, posterolateral, lateral, anterior or anterolateral -
approach to the spinal disk.

[0046] In other implementations, the inserting can be performed during an open

procedure, and can comprise inserting the alloplastic bulking agent using a syringe and needle into
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the spinal disk in one of a laminotomy, laminectomy, hemilaminotomy and hemilaminectomy open
procedure.

[0047] Another method of the present invention that can be performed on a spinal disk
includes delivering a bulking material comprising a plurality of microparticles into a spinal disk. The
delivering can be preceded by inserting an injection device into the spinal disk, and the bulking
material can be delivered though the injection device and into the spinal disk. When the spinal disk is
positioned in proximity to at least one of an upper vertebra endplate and a lower vertebra endplate, the
method can comprise forming one or more apertures or perforations in at least one of the upper
vertebra endplate and the lower vertebra endplate.

[0048] The delivering of a bulking material can comprise delivering a bulking material
into a nucleus pulposus of the spinal disk, such as an central or non-perimeter region of the spinal
disk. The delivering can be preceded by detecting a condition in the spinal disk, and the bulking
material can be delivered into the spinal disk to treat the condition. Furthermore, the microparticles
can be shaped as, for example, microspheres, and can be uniformly distributed in a suspending agent,
such as a suspending agent comprising collagen. Moreover, the detecting of a condition can comprise
detecting a displacement of inner disk material within a partially torn or thinned annulus of the spinal
disk, and the delivering can comprise delivering an amount on the order of about 3 to 4 cubic
centimeters (ccs) or less of the bulking material into the spinal disk.

[0049] It may also be noted that the techniques described herein can be used to
advantageous effect for treating household pets such as dogs and cats. In these cases, vertebral
fusions and similar procedures are often-cost prohibitive, so any lower cost techniques for disk repair
would be beneficial.

[0050]  The above-described embodiments have been provided by way of example, and
the present invention is not limited to these examples. Multiple variations and modifications to the
disclosed embodiments will occur, to the extent not mutually exclusive, to those skilled in the art
upon consideration of the foregoing description. Additionally, other combinations, omissions,
substitutions and modifications will be apparent to the skilled artisan in view of the disclosure herein.

Accordingly, the present invention is not intended to be limited by the disclosed embodiments.

-12-



WO 2006/026731 PCT/US2005/031225

What is Claimed is:

1. A method of treating a spinal disk comprising delivering an agent to the spinal disk,
wherein the agent comprises a plurality of microparticles.

2. The method of Claim 1, additionally comprising identifying a defect in the spinal
disk.

3. The method of Claim 1, further comprising at least one of sealing the defect,
increasing a pressure of the disk, increasing a height of the disk, improving stability of the disk and

improving structural integrity of the disk.

4, The method of Claim 1, wherein the agent is configured to be at least patially
replaced with host tissue.

5. The method of Claim 1, wherein the agent further comprises collagen.

6. The method of Claim 1, wherein the agent comprises at least one of water, saline, a

tenside, radiopaque dye, and a chromophobe.

7. The method of Claim 1, wherein the microparticles comprise a histocompatible
solid.

8. The method of Claim 1, wherein said microparticles are substantially spherical with
diameters in the range of about 15 to about 200 microns.

9. The method of Claim 1, wherein said microparticles comprise one or more of poly
methacrylate, polymethylmethacrylate (PMMA), a cured polymer, a fully polymerized polymer, and
glass.

10. The method of Claim 1, further comprising resecting tissue on or around the spinal

disk or adjacent tissue to allow bleeding.

11. The method of Claim 1, wherein delivering the agent comprises viewing the spinal
disk through a scope.
12. The method of Claim 1, wherein the defect comprises at least one of displaced inner

disk spinal material, a spinal annular defect, an internal disk derangement.

13. The method of Claim 1, wherein delivering the agent comprises delivering about 0.5
to 1.5 cubic centimeters of the agent.

14, The method of Claim 1, wherein delivering the agent comprises using a syringe.

15. The method of Claim 1, wherein delivering the agent comprises delivering the agent
to a nucleus pulposus of the disk.

16. The method of Claim 1, wherein delivering the agent occurs during at least one of a
discography, laminotomy, laminectomy, hemilaminotomy, and hemilaminectomy, and open
procedure.

17. A medical kit comprising:

an agent comprising microparticles; and
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one or more surgical tools configured for repairing at least one spinal disk.

18. The medical kit of Claim 17, further comprising a delivery device configured to
deliver the implant.

19. An implant agent comprising a plurality of microparticles, for use in repairing and/or
improving structural integrity of spinal disks.

20. The implant agent of Claim 19, wherein said implant agent comprises substantially
spherical microparticles in a biocompatible medium.

21. The implant agent of Claim 24, wherein said biocompatible medium comprises
collagen.

22. A method of treating a spinal disk comprising placing a plurality of particles into an

interior portion of said spinal disk.

23, The method of Claim 22, wherein said plurality of particles are suspended in a
solution containing collagen.

24, The method of Claim 22, wherein said particles are substantially spherical, and

wherein said particles have a diameter of about 15 microns to about 200 microns.
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