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COMPOSITIONS AND METHODS FOR USE OF SCAR TISSUE
IN REPAIR OF WEIGHT BEARING SURFACES

TECHNICAL FIELD

[0001] The present invention relates to the use of fibrotic tissue in various weight bearing

tissue repair, and in particular to forming fibrotic tissue in intervertebral discs in need of repair,

between adjacent spinous processes in need of support and repair and in replacement of articular

cartilage or articular cartilage surfaces in need of repair, or so as to act as an autologous

replacement of damaged or degenerated tissue.

BACKGROUND

[0002] Articular cartilage covers the surfaces of all diarthrodial joints in the body.

Cartilage damage and joint disrepair is a common and increasingly important issue, especially in

the elderly. Repair of joint cartilage, for example, often requires replacement of the entire joint,

e.g., knee replacement, artificial injection of a lubricating fluid(s), e.g., phospholipid

compositions, and/or cartilage repair and re-growth, e.g., chondrocyte or stem cell based repair

therapies. In each situation, the repair is performed in order to minimize scarring at the site of

repair and maximize function between the corresponding bone surfaces.

[0003] Intervertebral disc (herein after "disc") are pad like structures found interposed

between vertebrae within the spine. Each disc functions to maintain the basic integrity of the

spine, i.e., provide proper physical and neural spacing and contact between the vertebrae end-

plates of the spine, provide pivot points for the spine to bend and twist, and provide a shock

absorber material to carry the axial load on a body when the body is in an up right position.

[0004] There are twenty three discs in the human spine, each composed of three basic

zones: the nucleus pulposus, the annulus fibrosis and the lamellae. Within these three zones

several main components provide for the disc functions described above, these components

include proteoglycans, collagen and water.

[0005] With wear and tear, discs can degrade or become damaged (typically in

individuals over 35) leading to pain and, in some cases, loss of function. Degenerated or

damaged disc are typically treated by ameliorating the symptoms of the damage, including pain

medications, physical therapy and rest. However, in some instances a more aggressive treatment
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regime is required, including surgical procedures focused on removal of part or all of the

damaged disc, fusion procedures to affix the adjoining vertebrae, posterior stabilization

procedures, and replacement of the disc with artificial discs.

[0006] To date there has not been an adequate procedure directed at disc repair that

provides a long term flexible, hydrated replacement having similar properties to an undamaged

disc.

[0007] As such, for both disc and articular cartilage repair there is no adequate method

for replacement.

[0008] The present invention is directed toward overcoming one or more of the problems

discussed above.

SUMMARY

[0009] The present invention provides compositions and methods for inducing fibrotic

tissue at damaged tissue sites and particularly at weight bearing tissue sites. The induced fibrotic

tissue of the invention provides substituted or replaced functionality at the damage site in the

form of a flexible, hydrated and resilient scar.

[0010] In one aspect, the present invention provides compositions and methods for

inducing and/or forming fibrotic tissue in intervertebral discs in need of repair.

[0011] One embodiment provides fibrosis inducing agents for use in inducing or forming

fibrotic tissue in an intervertebral disc in need of repair. Fibrosis inducing agents in accordance

with embodiments herein include: agents that create an acidic environment in the disc in need of

repair; agents that create a basic environment in the disc in need of repair; agents that induce

fibroblast proliferation and/or recruitment into a disc in need of repair; and agents that irritate

sites within the disc in need of repair.

[0012] Other aspects of this embodiment include fibrosis inducing agents as part of

pharmaceutical compositions used in the treatment of patients having a disc in need of repair.

[0013] Another embodiment provides methods for distracting the disc space relative to

the disc in need of repair during or after treatment of the disc in need of repair with a fibrosis

inducing agent(s). Distraction of the disc space enhances the capacity of the fibrosis inducing

agent to induce and/or form fibrosis in the disc in need of repair. Aspects of this embodiment

include: the use of intervertebral disc distraction techniques; use of re-absorbable material to
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stabilize and expand the disc space; use of permanent fixation techniques for distraction of the

disc space; and use of the fenstrom ball to distract the disc space.

[0014] Other embodiments include cell based therapies, e.g., stem cells, fibroblasts, etc,

being delivered into the disc in need of repair in conjunction with treatment of the disc with

fibrosis inducing agent(s) or treatment of the disc with fibrosis inducing agent and distraction of

the disc space.

[0015] In addition, embodiments herein provide methods for treatment of a disc in need

of repair with fibrosis inducing agents in combination with angiogenesis inducing agents as well

as treatment of a disc in need of repair with fibrosis inducing agents and angiogenesis inducing

agents in combination with distraction of the appropriate disc space.

[0016] In another aspect of the invention, compositions and methods are provided for

inducing and/or forming fibrotic tissue between adjacent spinous processes in need of support

there-between. For example, compositions and methods for inducing fibrotic/scar tissue

formation between spinous processes instead of or in combination with interspinous process

implants or spacers.

[0017] One embodiment provides fibrosis inducing agents for use in inducing or forming

fibrotic tissue between adjacent spinous processes in need of support there-between. Fibrosis

inducing agents include agents that create an acidic environment in the space between adjacent

spinous processes; agents that create a basic environment between adjacent spinous processes;

agents that induce fibroblast proliferation and/or recruitment into the space between adjacent

spinous processes; and agents that irritate sites between adjacent spinous processes. Fibrous

inducing agents can be contacted to the site between spinous processes with or without a

scaffolding material. Typical scaffolding materials for use herein include: resorbable polymers,

collagen, cotton, and other like materials. In alternative embodiments, the fibrous inducing

agents are contacted to the site between spinous processes in combination with fibronectin or

other chemoattractant agents for fibroblasts.

[0018] In yet another aspect of the invention, compositions and methods are provided for

inducing and/or forming fibrotic tissue at or on bone surfaces in joints where articular cartilage is

in need of repair.

[0019] One embodiment provides fibrosis inducing agents for use in inducing or forming

fibrotic tissue at a bone surface lacking or devoid of cartilage or at a bone surface having
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damaged cartilage. Fibrosis inducing agents in accordance with embodiments herein include:

agents that create an acidic environment in or on the bone in need of repair; agents that create a

basic environment in or on the bone in need of repair; agents that induce fibroblast proliferation

and/or recruitment into the joint space in need of repair; and agents that irritate sites on or around

the bone in need of repair. Note that in some embodiments the compositions and methods are

utilized to form fibrotic tissue on bone surfaces opposite each other in the joint in need of repair.

In addition, each of the above compositions can be used within or on damaged cartilage on a

bone surface in a joint in need of repair or in conjunction with implants or scaffolding needed to

support development of sufficient fibrotic tissue. Finally, as above, fibrosis inducing agents used

to repair damaged articular cartilage can be combined with fibronectin or other chemoattractant

agents for fibroblasts.

[0020] These and various other features and advantages of the invention will be apparent

from a reading of the following detailed description and a review of the appended claims.

DETAILED DESCRIPTION

[0021] Methods and compositions are provided for inducing fibrotic tissue at damaged

tissue sites and particularly at weight bearing tissue sites. The induced fibrotic tissue of the

invention provides substituted or replaced functionality at the damage site in the form of a

flexible, hydrated and resilient scar. Although the present invention provides methods and

compositions for inducing fibrotic tissue at any weight bearing site, three are discussed in detail:

atricular cartilage, intervertebral disc and between adjacent spinous processes. The discussion is,

however, not meant to limit the scope of the invention beyond weight bearing sites, but rather to

provide illustrative examples of the unexpected and surprising utility of using fibrotic tissue as a

source of repair at weight bearing sites.

[0022] In one aspect, methods and compositions are provided for intervertebral disc

(disc herein) repair. Methods and compositions described herein include contacting an

intervertebral disc in need of repair with a fibrosis inducing agent. The fibrosis inducing agent

facilitates fibrous connective tissue development in the disc by replacement of inflexible

damaged disc with flexible fibrous connective tissue. Replacement fibrous connective tissue

provides a flexible and hydrated tissue that has similar characteristics to an undamaged disc; the

fibrous disc does not require further repair procedures. For purposes of the disclosure herein
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"disc(s) in need of repair" include discs having: degenerative disc disease, herniated or ruptured

disc, annular tears, or other like damage. Discs in need of repair are typically in human patients,

although the methods and compositions could be performed on other vertebrates, for example by

a veterinarian on a family pet.

[0023] In one embodiment of the invention methods are provided for contacting a site in

a disc in need of repair with a fibrous inducing agent. Contact can be accomplished one or more

times with, for example, an amount of fibrous inducing agent to facilitate an acidic environment,

an amount of fibrous inducing agent to facilitate a basic environment, an amount of fibrous

inducing agent to facilitate an "irritated" environment, an amount of fibrous inducing agent for

inducing fibroblast recruitment, and/or an amount of fibrous inducing agent for inducing stem

cell recruitment.

[0024] In other embodiments of the invention, methods are provided for stabilizing or

maintaining the space height of adjacent vertebrae that constrain the disc in need of repair.

Compositions and methods of the invention thereby relieve pressure on the damaged disc during

fibrous connective tissue inducement and development.

[0025] In still further embodiments of the invention, methods are provided for facilitating

blood flow to a disc in need of repair that has been (or will be) treated with fibrous inducing

agent(s). The methods optimize the conditions required to induce and obtain fibrous connective

tissue replacement in a disc in need of repair.

[0026] In some cases, discs in need of repair are treated with fibrous inducing agent(s)

while blood flow to the disc has been facilitated and while the disc space has been distracted or

stabilized. Any combination of compositions and methods described herein are within the scope

of the present invention.

[0027] In another aspect, methods and compositions are provided herein for inducing

and/or forming fibrotic tissue between adjacent spinous processes in need of support there

between. For example, compositions and methods for inducing fibrotic/scar tissue formation

between spinous processes instead of or in combination with interspinous process implants or

spacers.

[0028] In one embodiment of the invention methods are provided for contacting a site

between adjacent spinous processes in need of support with a fibrous inducing agent. Contact

can be accomplished one or more times with, for example, an amount of fibrous inducing agent
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to facilitate an acidic environment, an amount of fibrous inducing agent to facilitate a basic

environment, an amount of fibrous inducing agent to facilitate an irritated environment, an

amount of fibrous inducing agent for inducing fibroblast recruitment, and/or an amount of

fibrous inducing agent for inducing stem cell recruitment. Fibrous inducing agents can be

contacted to the site in combination with implant and/or spacer materials to facilitate fibrous

connective tissue and overall support between the spinous processes in need of support/repair.

[0029] Further aspects of the invention include methods and compositions for

replacement and repair of articular cartilage defects, for example on bone surfaces within the

knee joint or hip joint. The fibrosis inducing agent facilitates fibrous connective tissue

development on bone surface or within and on damaged cartilage with flexible fibrous

connective tissue. As with the disc replacement embodiment, the fibrous connective tissue

provides a flexible and hydrated tissue having similar characteristics to undamaged cartilage.

[0030] In one embodiment of the invention methods are provided for contacting a site in

a joint in need of repair with a fibrous inducing agent. Contact can be accomplished one or more

times with, for example, an amount of fibrous inducing agent to facilitate an acidic environment,

an amount of fibrous inducing agent to facilitate a basic environment, an amount of fibrous

inducing agent to facilitate an irritated environment, an amount of fibrous inducing agent for

inducing fibroblast recruitment, and/or an amount of fibrous inducing agent for inducing stem

cell recruitment.

[0031] Is some aspects the ends of a target joint in need of repair are ground down to

facilitate scar tissue formation either contemporaneously or within a short time of administration

of the fibrous inducing agent.

[0032] Further aspects include addition of implant material in conjunction with the

fibrous inducing agent and/or modification of target bone surfaces. For example, a sponge or

collagen implant can be combined with the fibrous inducing agent to further facilitate scar

formation on the bone surfaces and within damaged cartilage. Other implant materials can be

used in this manner, as would be known by one of skill in the art.

[0033] As with embodiments discussed for disc repair, joints in need of repair are treated

with a combination of a fibrous inducing agent and an angiogenesis inducing agent.

Compositions For Inducing Fibrosis
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[0034] Compositions of the invention facilitate fibrous connective tissue development in

weight bearing tissue in need of repair.

[0035] Compositions herein are termed "fibrous inducing agents" which refers to any

agent that facilitates or accelerates fibrous connective tissue development or "scarring" in a

target site, i.e., typically sites in or adjacent to disc in need of repair or joint in need of articular

cartilage repair. For purposes herein, fibrous connective tissue generally refers to fibroblasts and

some amount of polysaccharides, proteins (e.g., collagen) and water.

[0036] Embodiments described herein include fibrous inducing agents that create an

acidic target site environment. The acidic environment provides a condition(s) in the disc or

joint in need of repair that encourages fibrosis. Typical fibrous inducing agents that provide an

acidic environment include polylactic acid (PLA), hyaluronic acid, and other like agents.

Typical agents for creating an acidic environment are contacted to a disc site in need of repair in

an amount sufficient to create an acidic environment at the site. For example, an appropriate

dose of PLA is applied to a site in need of repair via direct injection.

[0037] Embodiments described herein include fibrous inducing agents that create a basic

target site environment. The basic environment provides conditions in the disc in need of repair

that encourages fibrosis. Typical fibrous inducing agents that provide a basic environment

include bases like sodium hydroxide. Typical agents for creating a basic environment are

contacted to a disc site in need of repair in an amount sufficient to create a basic environment at

the site. For example, an appropriate dose of sodium hydroxide is applied to a site in need of

repair via direct injection.

[0038] Embodiments described herein include fibrous inducing agents that induce

fibroblast to proliferate and produce connective tissue. Agents described herein include bone

morphogenetic protein 2, 4, fibroblast growth factor (FGF), PDGFRα, matrix proteins, and

endothelin 1. See also Dang et al., EMBO Jr. 2004 23, 2800-2810; and Konttinen et al., Arthritis

Res. 2000 2(5) 348-355, both of which are incorporated by reference in their entirety. These

factors are applied in a sufficient amount to a disc site in need of repair to result in recruitment

and proliferation of fibroblasts in the site in need of repair. For example, an appropriate amount

of BMP-2 is applied to a site in need of repair via direct injection.

[0039] Embodiments described herein include fibrous inducing agents that irritate sites

within the disc in need of repair whereby the irritation leads to or encourages fibrosis. Typical
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fibrosis inducing agents that provide an irritated environment include Zylous, cellulose

(including cotton), atrigel, and the like. Typical agents for creating an irritated environment are

contacted to a disc site in need of repair in an amount sufficient to create an irritated environment

at the site. For example, an appropriate amount of Zylous is applied to a site in need of repair via

direct injection.

[0040] Fibrosis inducing agent of the invention can be formulated as pharmaceutical

compositions and administered to a host, preferably a mammalian host, including a human

patient having a disc in need of repair, in a variety of forms adapted to the route of

administration. The fibrosis inducing agent is typically combined with a pharmaceutically

acceptable carrier, and may be combined with or conjugated to delivery or other like agents.

Note that in some embodiments two or more different fibrosis inducing agents are combined for

the treatment of a disc in need of repair. For example, BMP-2 can be combined with PLA.

Combinations can be pre-combined together prior to administration or can be administered over

the same course of treatment independently of each other.

[0041] Pharmaceutical compositions can be in the form of suspensions, sterile injectable

preparations, or other like forms. Solutions or suspensions of the fibrosis inducing agents can be

prepared in water, isotonic saline, and optionally mixed with a surfactant. Dispersions can be

prepared in glycerol, liquid polyethylene, glycols, and/or triacetin. Under ordinary conditions of

storage and use, these pharmaceutical compositions may contain a preservative to prevent the

growth of microorganisms.

[0042] The pharmaceutical compositions of the invention suitable for injection into a disc

in need of repair can include sterile, aqueous solutions or dispersions or sterile powders

comprising an active ingredient which is adapted for the extemporaneous preparation of sterile

injectable or infusible solutions or dispersions. In all cases, the ultimate dosage form should be

sterile, fluid and stable under the conditions of manufacture and storage. Proper fluidity can be

maintained, for example, by the formation of liposomes. Note that prevention of

microorganisms can be accomplished by various antibacterial and antifungal agents, for

example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. Prolonged

absorption of the fibrosis inducing agent(s) can be brought about by the inclusion of agents such

as: aluminum monostearate hydrogels and gelatin.
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[0043] Sterile injectable solutions are prepared by incorporating the compounds in the

appropriate solvent with various other ingredients as enumerated above and, as required,

followed by filter sterilization.

[0044] In one embodiment, a fibrosis inducing agent such as a pharmaceutical

composition is administered to a disc in need of repair, for example, PLA is administered to a

target site in the disc in need of repair. The amount of fibrosis inducing agent needs to be

sufficient to induce and maintain a patient's fibrosis response in the disc in need of repair for a

period of time to result in the fibrosis of at least a portion of the disc in need of repair. In some

embodiments the fibrosis inducing agent is administered until substantially the entire disc in

need of repair undergoes some enhanced level of fibrosis. In particular, a disc is considered to

have undergone fibrosis in response to the embodiments of the invention when a level of fibrosis

is achieved that is beyond the level expected in the same site under conditions in the absence of a

fibrosis inducing agent.

[0045] Fibrosis inducing agents may be administered one or more times either directly or

indirectly to the disc in need of repair or directly or indirectly to the bone site or joint in need of

repair. Administration can be via injection into the disc in need of repair, contacted to the disc in

need of repair after a surgical procedure, released into the disc space at or adjacent the disc in

need of repair, and other like procedures.

Distraction of Disc Space At A Disc Site In Need of Repair

[0046] Methods of the invention include embodiments for distracting the disc space at a

site of a disc in need of repair during the period of time required for fibrosis of the disc in need

of repair. The distraction time period includes just prior to administration of a pharmaceutical

composition of the invention to a disc in need of repair as well as to the period during which

fibrosis occurs in the disc in need of repair.

[0047] Distraction of the disc space at a site of a disc in need of repair while fibrosis

occurs facilitates the fibrosis process. In particular, distraction of the disc space alleviates

pressure on the damaged disc in need of repair thereby encouraging fibroid cell growth (and

consequent component production) as well as blood flow/oxygen availability to the injury site.

The combination of treatment to the disc in need of repair with a fibrosis inducing agent and

distraction of the disc space provides conditions for initiation and development of fibrous



Attorney Docket LNX 03/PCT

connective tissue. In addition, distraction of the disc space allows the space to be held open so

that scar tissue fills the entire distracted disc space. In embodiments where the disc space is not

distracted the treated disc may remain collapsed. Distraction and restoration of disc height

therefore provides better anatomical alignment and opens both the nerve root foramen and

central canal.

[0048] In one embodiment of the invention the disc space is distracted using a non

invasive distraction technique termed intervertebral disc distraction (IDD). Distraction is

temporary and meant to induce negative pressure at the site of the damaged disc for periods of

time sufficient to facilitate oxygen and nutrient turnover within the disc in need of repair. IDD

can be performed in accordance with the invention using various non-invasive techniques

including the Cor Flexion Distraction Technique, Vax-D®, or the temporary dynamic distraction

technique. Temporary disc distraction is performed as known in the art for periods of time

sufficient to facilitate fibrous connective tissue production in the disc in need of repair. In

typical embodiments the IDD is performed once a day for 30 days and continued, if necessary,

until the desired level of fibrosis is achieved in the disc in need of repair.

[0049] In another embodiment of the invention a re-absorbable material is implanted in

the disc space of the disc in need of repair to temporarily expand the space while fibrosis

inducing agents are administered. Typical materials for this purpose include bags or balloons

developed by Spineology or re-absorbable screws to structurally stabilize adjacent vertebrae. In

addition, balloons developed by Kyphon® are adapted for purposes of distraction where the

balloons are loaded with fibrosis inducing agents and designed to degrade over a predetermined

amount of time. As such, these re-absorbable materials are implanted prior to, contemporaneous

with, or just after treatment of the disc in need of repair with the fibrosis inducing agent. In

some aspects the re-absorbable material is impregnated with a fibrosis inducing agent of the

invention, for example, a re-absorbable bag impregnated with PLA. Re-absorbable materials

used herein are used in amounts and types configured to be replaced with fibrotic tissue based on

the time required for this type of tissue replacement. Re-absorption times can vary for purposes

of the invention but in some embodiments re-absorption can be designed for a few days to as

long as 18 months. In some embodiments re-absorption is about 3-4 months.

[0050] In another embodiment of the invention the disc space is distracted using invasive

techniques. For example, techniques to hold adjacent vertebrae in place for extended periods of
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time while the fibrous connective tissue is formed. Techniques include pedicle screw fixation,

plate fixation, flexible rod fixation, interspinous implants having shape memory, fernstrom ball

implants, and other like devices. These devices remain in the patient even after the fibrosis

tissue has been formed in the disc in need of repair. For purposes of illustration a patient may

require distraction and the patient is getting a decompressive surgery and fusion at one level and

the next level is already starting to degenerate. The decompression might be done through

existing surgical techniques and the adjacent level would be protected via the fibrous at the same

operation.

[0051] In one embodiment, a fernstrom ball is utilized to distract the space of the disc in

need of repair. In some embodiments the fernstrom ball is modified with fibrosis inducing agent

coatings that act to induce and develop fibrosis in the disc in need of repair. In one aspect the

fernstrom ball is coated with PLA to provide both a mechanical spacer for disc space distraction

and as a scaffold for administration of a fibrosis inducing agent in the disc in need of repair. In

another aspect the fernstrom ball is coated with one or more BMPs. The coated fernstrom ball

can also be implanted in conjunction with separate administration of fibrosis inducing agents to

the disc in need of repair. In another aspect the fernstrom ball has a plurality of surface

fenestrations and an interior reservoir for packing of fibrosis inducing agents that are released

over time once the packed ball has been implanted in a disc in need of repair.

[0052] In conjunction with each of the above embodiments cell therapies can be included

to facilitate the development of fibrous connective tissue in the disc in need of repair. For

example, autologous or non-autologous fibroblasts or mesenchymal stem cells (MSCs) can be

harvested from a patient having a disc in need of repair for implantation into the disc in need of

repair. Cells, for example MSCs, can be harvested from bone marrow, peripheral blood, adipose

tissue, and other like sources using techniques known in the art. In some aspects the harvested

cells can be isolated and expanded using known techniques prior to implantation into the disc in

need of repair using techniques known in the art.

[0053] Harvested and implanted cells are typically combined with fibrosis inducing

agents and/or distraction techniques to facilitate and optimize development of a fibrotic disc in

replacement of a disc in need of repair. These cells can be autologous or non-autologous.

Where tissue rejection is a concern various adjuvant therapies can be administered to reduce

tissue rejection as is known in the art.
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[0054] In some aspects the embodiments herein can be combined with angiogenesis

inducing agents. These agents are introduced to further facilitate fibrosis in the disc in need of

repair by bringing additional blood nutrients to these disc sites. Typical angiogenesis inducing

agents include the use of vascular endothelial growth factor (VEGF), fibroblast growth factor

(FGF), angiopoietins, and matrix metalloproteinase (MMP) as well as other like agents. Note

that FGF can be used for its dual capacity of inducing fibrosis within the disc in need of repair as

well as for its capacity to enhance angiogenesis at the site in need of repair.

[0055] In another embodiment, mechanical disruption is performed on adjacent end

plates to the disc in need of repair so as to increase access of intravascular products/agents that

contribute to fibrosis into the disc in need of repair. This procedure can be combined with

administration of a fibrosis inducing agent, distraction of disc space and/or introduction of

angiogenesis inducing agents.

Methods For Inducing Fibrosis In A Disc In Need of Repair

[0056] Embodiments of the invention provide methods for inducing fibrosis in a disc in

need of repair. For purposes of the present disclosure "fibrosis" refers to the formation of

fibrous connective tissue in a disc in need of repair. The formation of fibrous connective tissue

using embodiments of the invention is enhanced as compared to formation of fibrous connective

tissue in the absence of embodiments of the invention, i.e., formation of fibrous connective tissue

for the disc in need of repair under normal physiologic conditions for the patient and in the

absence of added fibrosis inducing agents.

[0057] In one embodiment, a health care professional or agent determines a type of

fibrosis inducing agent(s); determines the requirement, if any, of distracting the disc space during

administration of the fibrosis inducing agent; determines the need of MSC or fibroblast cell

implantation into the disc in need of repair; and determines the need for angiogenesis inducing

factors. In some embodiments the health care professional may additionally determine that

mechanical disruption of an adjacent end plate may be warranted to enhance the release of

intravascular products in the environment of the disc in need of repair.

[0058] The health care professional or agent then provides the desired combination of

factors above to a patient having a disc in need of repair. The combination is provided or

administered in a manner to facilitate fibrosis in the disc in need of repair, and therapeutic result
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is charted for a time sufficient to ensure the health professional's desired outcome. Outcome

may be followed by symptom ablation, fibrosis detection via MRI, X-ray, or other scanning

methodology or by an optical or other like technique. Additional therapeutic treatments may be

required on any one patient to ensure proper fibrosis of a disc in need of repair in accordance

with the present invention. Additional treatments may be the same or include new combinations

to ensure that each patient obtain the best possible result.

Methods For Inducing Fibrosis Between Adjacent Spinous Processes In Need of

Support/Repair

[0059] Embodiments of the invention provide methods for inducing fibrosis between

adjacent spinous processes in need of repair and/or support. For purposes of the present

disclosure "fibrosis" refers to the formation of fibrous connective tissue between the adjacent

spinous processes in need of support or repair. The formation of fibrous connective tissue using

embodiments of the invention is enhanced as compared to formation of fibrous connective tissue

in the absence of embodiments of the invention, i.e., formation of fibrous connective tissue in

and around a damaged or unsupported spinous process under normal physiologic conditions for

the patient and in the absence of added fibrosis inducing agents.

[0060] In one embodiment, a health care professional or agent determines a type of

fibrosis inducing agent(s); determines the requirement, if any, of grinding the bone surface in the

joint space during administration of the fibrosis inducing agent; determines the need of MSC or

fibroblast cell implantation into the joint in need of repair; and determines the need for

angiogenesis inducing factors. In some embodiments the health care professional may

additionally determine that mechanical disruption of an adjacent bone surface may be warranted

to enhance the release of intravascular products in the environment of the joint in need of repair.

In addition the health care professional may determine that a carrier or implant material is also

required, including collagen, hydrogels, reabsorbable polymer materials, and other like materials.

[0061] The health care professional or agent then provides the desired combination of

factors above to a patient having a need of repair or spinous processes support. The combination

is provided or administered in a manner to facilitate fibrosis, and therapeutic result is charted for

a time sufficient to ensure the health professional's desired outcome. Outcome may be followed

by symptom ablation, fibrosis detection via MRI, X-ray, or other scanning methodology or by an
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optical or other like technique. Additional therapeutic treatments may be required on any one

patient to ensure proper fibrosis in accordance with the present invention. Additional treatments

may be the same or include new combinations to ensure that each patient obtain the best possible

result.

Methods For Inducing Fibrosis In A Joint In Need of Repair

[0062] Embodiments of the invention provide methods for inducing fibrosis in a joint or

on a bone surface in need of repair. For purposes of the present disclosure "fibrosis" refers to the

formation of fibrous connective tissue on one or more bone surfaces in a joint in need of repair or

in damaged articular cartilage in a joint in need of repair. The formation of fibrous connective

tissue using embodiments of the invention is enhanced as compared to formation of fibrous

connective tissue in the absence of embodiments of the invention, i.e., formation of fibrous

connective tissue for the joint surface in need of repair under normal physiologic conditions for

the patient and in the absence of added fibrosis inducing agents.

[0063] In one embodiment, a health care professional or agent determines a type of

fibrosis inducing agent(s); determines the requirement, if any, of grinding the bone surface in the

joint space during administration of the fibrosis inducing agent; determines the need of MSC or

fibroblast cell implantation into the joint in need of repair; and determines the need for

angiogenesis inducing factors. In some embodiments the health care professional may

additionally determine that mechanical disruption of an adjacent bone surface may be warranted

to enhance the release of intravascular products in the environment of the joint in need of repair.

In addition the health care professional may determine that a carrier or implant material is also

required, including collagen, hydrogels, reabsorbable polymer materials, and other like materials.

[0064] The health care professional or agent then provides the desired combination of

factors above to a patient having a joint in need of repair. The combination is provided or

administered in a manner to facilitate fibrosis in the joint in need of repair, and therapeutic result

is charted for a time sufficient to ensure the health professional's desired outcome. Outcome

may be followed by symptom ablation, fibrosis detection via MRI, X-ray, or other scanning

methodology or by an optical or other like technique. Additional therapeutic treatments may be

required on any one patient to ensure proper fibrosis of a joint in need of repair in accordance
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with the present invention. Additional treatments may be the same or include new combinations

to ensure that each patient obtain the best possible result.

EXAMPLES

[0065] The following examples are provided for illustrative purposes only and are not

intended to limit the scope of the invention.

[0066] Example 1: A patient presents with significant low back pain unresponsive to

conservative measures. The work-up identifies advanced degenerative disc disease at one level

with an associated collapse of the disc space. The patient is felt to be a candidate for treatment

using the embodiments of the invention. Because of the disc space collapse, optimal treatment

consists of disc space distraction to elevate the disc to its healthy height followed by accelerating

fibrosis of the intradiscal space. The patient is taken to the OR and a fenestrated Fernstrom ball

is placed to elevate disc height and release the fibrosing factor. In this case PLA is released via

the Fernstrom ball. After the surgery is completed the patient is instructed to limit activities until

fibrosis has been completed in 30-45 days. An analysis of the patient indicates that the injured

disc has been substantially replaced with fibrotic tissue.

[0067] Example 2: A patient presents with significant cartilage loss in a joint. The ends

of the target joint are ground down and a fibrosis inducing agent is introduced into the joint in

conjunction with a collagen implant to facilitate scar formation on the bone surface. The patient

is instructed to limit activities until fibrosis is completed in 30-45 days. An analysis of the

patient indicates that the damaged area of the joint is substantially covered with fibrotic tissue.

The fibrous connective tissue generated provides a flexible and hydrated tissue similar to

undamaged cartilage.

[0068] While the invention has been particularly shown and described with reference to

a number of embodiments, it would be understood by those skilled in the art that changes in the

form and details may be made to the various embodiments disclosed herein without departing

from the spirit and scope of the invention and that the various embodiments disclosed herein are

not intended to act as limitations on the scope of the claims.

[0069] The specification contains numerous citations to references such as patents, patent

applications, and scientific publications. Each is hereby incorporated by reference for all

purposes.
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CLAIMS

What is claimed is:

1. A composition for inducing fibrosis within a damaged joint comprising a fibrosis

inducing agent for contact with a site within the damaged joint.

2 . The composition of claim 1 wherein the fibrosis inducing agent is selected from the

group consisting of: bone morphogenetic protein, polylactic acid, and cellulose.

3 . The composition of claim 1 wherein the fibrous inducing agent is an agent that provides

an acidic environment in at least a portion of the damaged joint.

4 . The composition of claim 1 wherein the fibrous inducing agent is an agent that provides a

basic environment in at least a portion of the damaged joint.

5 . The composition of claim 1 further comprising an implant material for inducing scar

formation within the damaged joint.

6 . The composition of claim 5 further comprising an angiogenesis inducing agent to

facilitate blood flow into the damaged joint.

7 . A method of treatment on a joint in need of cartilage repair comprising:

contacting a surface within the joint in need of repair with an amount of fibrosis inducing

agent to induce fibrosis on the surface, wherein induced fibrosis in the joint facilitates repair of

the joint in need of cartilage repair.

8. The method of claim 7 wherein the fibrosis inducing agent is selected from the group

consisting of: bone morphogenetic protein, polylactic acid, and cellulose.

9 . The method of claim 7 wherein the fibrous inducing agent is an agent that provides an

acidic environment in at least a portion of the joint.
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10. The method of claim 7 wherein the fibrous inducing agent is an agent that provides a

basic environment in at least a portion of the joint.

11. The method of claim 7 further comprising placing an implant material within the joint for

further facilitation of scar formation within the joint.

12. The method of claim 11 further comprising administering an angiogenesis inducing agent

to facilitate blood flow into the joint.

13. The method of claim 7 further comprising:

performing a distraction of space between adjacent bone surfaces in a joint in need of

repair, the distraction sufficient to provide sufficient space height between adjacent bones to

facilitate fibrosis by the fibrosis inducing agent.

14. The method of claim 13 wherein the distraction is performed using non-resorbable

materials.

15. The method of claim 13 wherein the distraction is temporary and accomplished with a

reabsorbable material.

16. The method of claim 13 further comprising introducing autologous stem cells to a site in

the joint in need of repair.

17. The method of claim 13 further comprising introducing autologous fibroblasts to a site in

the joint in need of repair.

18. A method of treatment directed at facilitating support between adjacent spinous processes

in a vertebral column comprising:

contacting an area between adjacent spinous processes in need of repair and/or support

with an amount of fibrosis inducing agent to induce fibrosis between the adjacent spinous
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processes, wherein induced fibrosis compared to fibrosis normally found in a comparable area in

need of repair is enhanced.

19. The method of claim 18 further comprising administering an implant material with the

fibrosis inducing agent to the area between adjacent spinous processes.

20. The method of claim 18 further comprising adding an amount of fibronectin required to

attract fibroblasts to the area between adjacent spinous processes.

2 1. A method of treatment of an intervertebral disc in need of repair comprising:

administering into a portion of the intervertebral disc in need of repair an amount of

fibrosis inducing agent sufficient to induce fibrosis in the disc, wherein induced fibrosis in the

disc facilitates repair of the disc.

22. The method of claim 2 1 wherein the fibrosis inducing agent is selected from the group

consisting of: bone morphogenetic protein, polylactic acid, and cellulose.

23. The method of claim 2 1 wherein the fibrous inducing agent is an agent that provides an

acidic environment in at least a portion of the intervertebral disc.

24. The method of claim 2 1 wherein the fibrous inducing agent is an agent that provides a

basic environment in at least a portion of the intervertebral disc.

25. The method of claim 2 1 further comprising placing an implant material within the

intervertebral disc for further facilitation of scar formation within the disc.

26. The method of claim 2 1 further comprising performing a distraction of space at the

intervertebral disc in need of repair, the distraction sufficient to provide sufficient space height at

the intervertebral disc to facilitate fibrosis by the fibrosis inducing agent.
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