
TITLE OF THE INVENTION STIMULATION OF CARTILAGE FORMATION USING REDUCED
PRESSURE TREATMENT CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. Provisional Application No.
61/076,028, filed June 26, 2008, incorporated by reference. BACKGROUND OF
THE INVENTION 1. Field of the Invention [0002] The present invention
relates generally to tissue treatment systems and in particular to methods
for stimulating cartilage formation. 2. Description of Related Art [0003]
Clinical studies and practice have shown that providing a reduced pressure
in proximity to a tissue site augments and accelerates the growth of new
tissue at the tissue site. The applications of this phenomenon are
numerous, but application of reduced pressure has been particularly
successful in treating wounds. This treatment (frequently referred to in
the medical community as "negative pressure wound therapy," "reduced
pressure therapy," or "vacuum therapy") provides a number of benefits,
including faster healing and increased formulation of granulation tissue.
Typically, reduced pressure is applied to tissue through a porous pad or
other manifolding device. Unless otherwise indicated, as used herein, "or"
does not require mutual exclusivity. The porous pad, often an open-cell
foam, contains cells or pores that are capable of distributing reduced
pressure to the tissue and channeling fluids that are drawn from the
tissue. The porous pad is generally sized to fit the existing wound, placed
in contact with the wound, and then periodically replaced with smaller
pieces of foam as the wound begins to heal and becomes smaller. The porous
pad often is incorporated into a dressing having other components that
facilitate treatment. While reduced pressure therapy has been used to treat
soft tissue injuries, it has not been used to promote, for example,
cartilage regeneration. 



[0004] Damage to cartilage through age, injury, wear and metabolic
disorders, such as osteoarthritis, affect millions of people throughout the
world. Indeed, it is currently believedthat 85% of all Americans will
develop degenerative joint disease as a result of normal activities that
damage cartilage. The gradual degeneration and destruction of articular
cartilage may be due to trauma, structural deformation of the joints and
being overweight. The process thins the cartilage, in part through
programmed cell death, or apoptosis. The clinical manifestations of
cartilage damage or wear are often painful and debilitating, including
swelling of the joint, crepitation, and decrease in functional mobility. As
the condition worsens, pain may even limit minimum physical efforts and
persist at rest making it difficult to sleep. If the condition persists
without correction and/or therapy, the joint can be totally destroyed,
leading the patient to major replacement surgery with a total prosthesis,
or to disability. The complications of cartilage injury are multifold. For
example, injured cartilage tends to cause additional damage to
articulations and the articular surfaces. Damage to articular surfaces is
linked to bone spur development, which further limits joint movement.
[0005] Moreover, cartilage is the main structural support of various parts
of the body, such as ears and the nose. As such, a lack of cartilage from
injury may also result in a cosmetic defect. Thus, in sum, damaged and
degraded cartilage results in a reduced quality of life. [0006] The body,
however, cannot completely repair the cartilage. Cartilage is primarily
composed of collagen fibers, proteoglycans and elastin fibers that form an
extracellular matrix. The matrix is formed by specialized cells called
chondrocytes. Chondrocytes are one of the few cell types that can survive
with a minimal blood supply. However, when cartilage is damaged, the lack
of an adequate blood supply to the chondrocytes results in an inability to
regenerate new chondrocytes, a process that requires an increased amount of
nutrients and access through the blood stream to other cells and proteins.
Full thickness articular cartilage damage or osteochondral lesions may
allow for normal inflammatory response, but then result in repair with
functionally inferior fibrocartilage formation. 



[0007] Current techniques to inhibit or delay degeneration of joint
cartilage include use of anti-inflammatory agents, chondrogenic stimulating
factors, antirheumatics, systemics, viscoprotection and injection of depot
steroids. Other methods include implantation of chondrocytes or synthetic
matrices. One method of treatment for cartilage damage is surgical
intervention, with reattachment and reconstruction of the damaged tissue.
None of the above methods are totally satisfactory, and those methods
rarely restore full function or return thetissue to its native normal
state. In addition, none of those methods are proven to regenerate
cartilage in situ and in vivo. [0008] Further, there is no proven way to
promote healing of dense connective tissue structures such as ligaments and
tendons. Ligament and tendon injuries are commonplace and difficult to
heal. Indeed, it is not uncommon to repair complete ruptures or tears of a
ligament or tendon by immediate surgery to remove the damaged tissue and
replace it with a graft. Post surgery, a graft recipient has to experience
the long task of rehabilitation and healing. It is often difficult to
repair ligaments and tendons by current methods. Thus, when repair is an
option, the joints and muscles attached to the ligament or tendon are often
immobilized to enable the tissue to heal. [0009] As such, there is
currently an acute need for a safe, simple, rapid, inexpensive and
efficient system and method for regenerating connective tissues in areas
where the connective tissue is missing, damaged, or worn. SUMMARY [0001]
The problems presented by existing cartilage repair treatment regimens are
solved by the systems and methods that utilize a biological material to
stimulate the growth of cartilage as described by the illustrative
embodiments herein. [0002] In one embodiment, a method of stimulating
cartilage formation at a tissue site in a mammal is provided that includes
applying a chondrocyte or chondrocyte precursor to the tissues site and
applying reduced pressure to the tissue site for a time sufficient to
induce the growth of new cartilage at the tissue site. [0003] In another
embodiment, a biocompatible scaffold is provided that includes a 



chondrocyte or a chondrocyte precursor, wherein the scaffold is
sufficiently porous to transmit reduced pressure therethrough. [0004] In an
additional embodiment, a system for stimulating cartilage formation at a
tissue site is provided that includes a chondrocyte or chondrocyte
precursor, a reduced pressure source, and a manifold capable of
transmitting reduced pressure from the tissue site to the reduced pressure
source. [0005] In a further embodiment, the use of a manifold, a
chondrocyte and a reduced pressure source is provided for stimulating
cartilage formation at a tissue site of a mammal.[0006] Other objects,
features, and advantages of the illustrative embodiments will become
apparent with reference to the drawings and detailed description that
follow. BRIEF DESCRIPTION OF THE DRAWINGS [0007] FIG. 1 is an illustrative
embodiment of a reduced-pressure therapy system for treating tissue; [0008]
FIG. 2 is a flow chart illustrating a method of administering a reduced
pressure therapy to a tissue site requiring cartilage regeneration
according to an illustrative embodiment; [0009] FIG. 3 illustrates use of a
mold to facilitate administration of reduced pressure therapy to induce
connective tissue regeneration according to an illustrative embodiment; and
[0010] FIGS. 4A - 4C illustrate histological sections demonstrating the
results of reduced pressure therapy for cartilage regeneration according to
an illustrative embodiment. DETAILED DESCRIPTION [0011] In the following
detailed description of the illustrative embodiments, reference is made to
the accompanying drawings that form a part hereof. These embodiments are
described in sufficient detail to enable those skilled in the art to
practice the invention, and it is understood that other embodiments may be
utilized and that logical structural, mechanical, electrical, and chemical
changes may be made without departing from the spirit or scope of the
invention. To avoid detail not necessary to enable those skilled in the art
to practice the embodiments described herein, the description may omit
certain information known to those 



skilled in the art. The following detailed description is, therefore, not
to be taken in a limiting sense, and the scope of the illustrative
embodiments are defined only by the appended claims. [0012] The term
"reduced pressure" as used herein generally refers to a pressure less than
the ambient pressure at a tissue site that is being subjected to treatment.
In most cases, this reduced pressure will be less than the atmospheric
pressure at which the patient is located. Alternatively, the reduced
pressure may be less than a hydrostatic pressure associated with tissue at
the tissue site. Although the terms "vacuum" and "negative pressure" may be
used to describe the pressure applied to the tissue site, the actual
pressure reduction applied to thetissue site may be significantly less than
the pressure reduction normally associated with a complete vacuum. Reduced
pressure may initially generate fluid flow in the area of the tissue site.
As the hydrostatic pressure around the tissue site approaches the desired
reduced pressure, the flow may subside, and the reduced pressure is then
maintained. Unless otherwise indicated, values of pressure stated herein
are gauge pressures. Similarly, references to increases in reduced pressure
typically refer to a decrease in absolute pressure, while decreases in
reduced pressure typically refer to an increase in absolute pressure.
[0013] The term "tissue site" as used herein refers to the location of a
wound or defect on or within any tissue, including but not limited to, bone
tissue, adipose tissue, muscle tissue, neural tissue, dermal tissue,
vascular tissue, connective tissue, cartilage, tendons, or ligaments. The
term "tissue site" may further refer to areas of any tissue that are not
necessarily wounded or defective, but are instead areas in which it is
desired to add or promote the growth of additional tissue. For example,
reduced pressure tissue treatment may be used in certain tissue areas to
grow additional tissue that may be harvested and transplanted to another
tissue location. [0014] Referring to FIG. 1, an illustrative embodiment of
a system 100 for applying reduced-pressure therapy to a tissue site 102 is
shown. The illustrative embodiments of the system 100 apply
reduced-pressure therapy to a wound 106 at the tissue site 102 which
includes, for example, cartilage that needs to be repaired by regeneration.
It should be understood that the tissue site 102 may be the bodily tissue
of any human, animal, or other 



organism, including bone tissue, adipose tissue, muscle tissue, dermal
tissue, vascular tissue, connective tissue, cartilage, tendons, ligaments,
or any other tissue. Treatment of tissue site 102 may include removal of
fluids, e.g., ascites or exudate, delivery of fluids, e.g., saline or
materials such as growth factors, and delivery of reduced pressure, for
facilitating the growth of cartilage. The cartilage wound 106 on the tissue
site 102 may be due a variety of causes, including trauma, surgery, wear,
arthritis, cancer, etc., or may be congenital. [0015] The system 100
comprises a reduced pressure dressing 110, which includes a manifold 111
adapted to distribute the reduced pressure to the tissue site 102 and a
scaffold 112 adapted for placement adjacent the wound 106, and a drape 114
at least partially covering the reduced pressure dressing 110 to provide a
seal covering the wound 106 at the tissue site 102. A chondrocyte or
chondrocyte precursor can be placed directly on the tissue site 102 or be
contained within a scaffold 112 that is applied to the tissue site 102. The
system 100further comprises a canister 115 with a filter (not shown) and a
reduced pressure source 116, wherein the canister 115 is in fluid
communication with the reduced pressure dressing 110 via a conduit 118 and
is also in fluid communication with the reduced pressure source 116 via a
conduit 119. The reduced pressure source 116 is adapted to supply reduced
pressure to the manifold 111 and the scaffold 112 which distribute the
reduced pressure to the tissue site 102 when in operation. The conduit 118
may fluidly communicate with the reduced pressure dressing 110 through a
tubing adapter 120 to provide the reduced pressure through the drape 114 to
the manifold 111. [0016] In yet another embodiment, the reduced pressure
dressing 110 may be constructed from multiple layers or materials in
addition to or in lieu of the manifold 111, the scaffold 112, and the drape
114. Some of these layers may be bioabsorbable while others are not. For
instance, the manifold 111 may include a bioabsorbable material adjacent to
a bioinert material or a bioabsorbable material that degrades more slowly
(as the terms are defined below), such that the reduced pressure dressing
110 may be removed and replaced without removal of any absorbable scaffold
112, that supports tissue growth, from the wound 106. [0017] The canister
115 may be a fluid reservoir, or collection member, to filter and 



hold exudates and other fluids removed from the tissue site 102. The
canister 115 may include other devices (not shown) including the following
non-limiting examples: a pressure-feedback device, a volume detection
system, a blood detection system, an infection detection system, a flow
monitoring system, and a temperature monitoring system. Some of these
devices may be formed integral with the reduce-pressure source 116. For
example, a reduced-pressure port on the reduced-pressure source 116 may
include a filter member that includes one or more filters, e.g., an odor
filter. [0018] The reduced-pressure source 116 may be any device for
supplying a reduced pressure, such as a vacuum pump, wall suction, or other
source. While the amount and nature of reduced pressure applied to a tissue
site will typically vary according to the application, the reduced pressure
will typically be between -5 mm Hg and -500 mm Hg and more typically
between -100 mm Hg and -300 mm Hg. The particular protocol used in reduced
pressure treatment depends upon the location of the tissue site 102, the
reduced pressure dressing 110, or pharmacological agents being utilized.
Additionally, reduced pressure may be a substantially continuous or
cyclical application such that it oscillates the pressure over time. The
reduced pressure source 116 may include sensors, processing units, alarm
indicators,memory, databases, software, display units, and user interfaces
that further facilitate the application of reduced pressure treatment to
the tissue site 102. In one example, a sensor or switch (not shown) may be
disposed at or near the reduced pressure source 116 to determine a source
pressure generated by the reduced pressure source 116. The sensor may
communicate with a processing unit that monitors and controls the reduced
pressure but is delivered by the reduced pressure source 116. [0019] The
cartilage may be any type of cartilage. For example, hyaline cartilage is
the most common type of cartilage in the body and characteristically
contains collagen type II fibers in its extracellular matrix. Hyaline
cartilage is found in articular joints, costal cartilage (ribs), nose,
larynx, and growth plate. Another type of cartilage is elastic cartilage
found in ear, trachea and epiglottis. The third type of cartilaginous
tissue, fibrocartilage, is present in the pubic symphysis, intervertebral
disc, parts of the articular joints, menisci and in sites 



connecting tendons or ligaments to bones. There also exist various
combinations or intermediates of these types of cartilage, such as the
epiphyseal cartilage in the growth or cartilage plate. [0020] The manifold
111 of the reduced pressure dressing 110 is adapted to contact the scaffold
112 or portions of the tissue site 102. The manifold 111 may be partially
or fully in contact with the tissue site 102 being treated by the reduced
pressure dressing 110. When the tissue site 102 is a wound, the manifold
111 may partially or fully fill the wound. The manifold 111 may be any
size, shape, or thickness depending on a variety of factors, such as a type
of treatment being implemented or the nature and size of the tissue site
102. For example, the size and shape of the manifold 111 may be customized
by a user to cover a particular portion of the scaffold 112 and/or the
tissue site 102. The manifold 111 may have, for example, a square shape, or
may be shaped as a circle, polygon, an irregular shape, or any other shape.
In one illustrative embodiment, the manifold 111 is a foam material that
distributes reduced pressure to the scaffold 112 and the tissue site 102
when the manifold 111 is in contact with, or near, the scaffold 112. Foam
material may be either hydrophobic or hydrophilic. In one non-limiting
example, the manifold 111 is an open-cell, articulated polyurethane foam
such as GranuFoam(r) dressing available from Kinetic Concepts, Inc. of San
Antonio, Texas. [0021] In some embodiments, the manifold 111 is made from a
hydrophilic material, where the manifold 111 functions to wick fluid away
from the tissue site 102, whilecontinuing to provide reduced pressure to
the scaffold 112 and the tissue site 102 as a manifold. Without being bound
by any particular mechanism, the wicking properties of the manifold 111 can
draw fluid away from the scaffold 112 and the tissue site 102 by capillary
flow or other wicking mechanisms. An example of hydrophilic foam is a
polyvinyl alcohol, open-cell foam such as V.A.C. WhiteFoam(r) dressing
available from Kinetic Concepts, Inc. of San Antonio, Texas. Other
hydrophilic foams may include those made from polyether. Additional foams
that may exhibit hydrophilic characteristics include hydrophobic foams that
have been treated or were coated to provide hydrophilicity. 



[0022] In another embodiment, the manifold 111 is constructed from a
bioabsorbable material, natural or synthetic, that does not have to be
removed from the tissue site 102 following use of the reduced pressure
dressing 110. Bioabsorbable material is material that is capable of being
absorbed in the body or removed from the body by excretion or metabolic
functions; prior to absorption, the bioabsorbable material may be
chemically, enzymatically, or otherwise degraded in vivo into simpler
chemical species. Suitable bioresorbable materials may include, without
limitation, a polymeric blend of polylactic acid (PLA) and polyglycolic
acid (PGA). The polymeric blend may also include without limitation
polycarbonates, polyfumarates, and caprolactones. The manifold 111 may
further serve as a scaffold for new cell growth, or may be used in
conjunction with the scaffold 112 to promote cell-growth. [0023] The
manifold 111 may further promote granulation at the tissue site 102 as
reduced pressure is applied through the reduced pressure dressing 110. For
example, any or all of the surfaces of the manifold 111 may have an uneven,
course, or jaded profile that causes microstrains and stresses at the
scaffold 112 and the tissue site 102 when reduced pressure is applied
through the manifold 111. These microstrains and stresses have been shown
to increase new tissue growth. [0024] The scaffold 112 may be placed
adjacent to, in contact with, or substantially over the tissue site 102 to
promote the growth of the cartilage in the wound 106. As indicated above,
the scaffold 112 may also function as a manifold when transferring reduced
pressure to the tissue site 102. The scaffold 112 is a three-dimensional
porous structure that provides a template for cell growth of the cartilage
108 within the wound 106. Nonlimiting examples of scaffold materials
include calcium phosphate, collagen, PLA/PGA, hydroxyapatite, carbonates,
and processed allograft materials. The scaffold 112 may also assist in
delivering fluids to, or removing fluids from, the tissue site 102. The
scaffold 112 may further comprisea distribution surface 122 that is
positioned adjacent to the wound 106 to facilitate fluid flow, chondrocyte
migration, and the like for moving a fluid and other material to or from
the tissue site 102 to the pores in the scaffold 112. In some embodiments,
the scaffold 112 is flexible to conform to the shape or contour of the
wound 106 at the tissue site 102. The design of the 



scaffold 112 may also serve to prevent cartilage overgrowth. The shape and
flexibility of the scaffold 112 may be selected without undue
experimentation depending on the type of cartilage being treated in the
location of the cartilage in the body treated. [0025] A chondrocyte or
chondrocyte precursor may be grafted, or otherwise applied, to the tissue
site 102 or the scaffold 112 to facilitate the growth of the cartilage 108.
An example of a chondrocyte precursor is a mesenchymal stem cell. The
source of the chondrocyte or chondrocyte precursor may be an osteochondral
graft, autologous to the patient, or comprising allograft, xenograft, or
artificially prepared tissue. In one embodiment, the tissue source may be
chondrocytic cell cultures, such as chondrocyte or stem cell cultures which
have been prepared through ex vivo cell culture methods, with or without
additional growth factors. For examples of cell culture methods, see, e.g.,
U.S. Patent Nos. 5,226,914; 5,81 1,094; 5,053,050; 5,486,359; 5,786,217 and
5,723,331. The tissue may also be harvested by traditional non-cell culture
based means, using techniques such as mosaicplasty, in which cartilage is
harvested using commercially available instruments such as Acufex7, COR
System, or Arthrex7 Osteochondral Autograft Transfer System. Further, the
tissue harvested may be applied directly to the scaffold 112, or may be
cultured beforehand. [0026] The cells, chondrocyte, or chondrocyte
precursor may be transfected, either transiently or stably, to further
comprise a recombinant nucleic acid. Non-limiting examples of such nucleic
acids include those that encode a protein, such as a cytokine, an enzyme,
or a regulatory protein; a regulatory nucleic acid such as a promoter that
causes a native protein to be overexpressed or silenced (e.g., to inhibit
cancer initiation or growth); an miRNA or another RNAi molecule; an
antisense molecule; a marker to assist in monitoring tissue formation; etc.
The skilled artisan can determine and prepare, without undue
experimentation, a chondrocyte or chondrocyte precursor comprising an
appropriate recombinant nucleic acid for any particular application. [0027]
Other cells may also be seeded onto the scaffold 112 and/or placed on or
into the tissue site 102 to stimulate the growth of cartilage. Non-limiting
examples include 



fibroblasts, immune cells, stem cells that are not a chondrocyte precursor,
etc. In someembodiments, attachment of the cells to the scaffold 112 may be
enhanced by coating the scaffold 112 with compounds such as basement
membrane components, agar, agarose, gelatin, gum arabic, collagen types I,
II, III, IV, and V, fibronectin, laminin, glycosaminoglycans, polyvinyl
alcohol, mixtures thereof, and other hydrophilic and peptide attachment
materials known to those skilled in the art of cell culture. In another
embodiment, the cells are seeded onto the scaffold 112, and the scaffold
112 is incubated before the scaffold 112 is applied to the tissue site 102.
[0028] A cytokine may be applied to the tissue site 102 or in the scaffold
112 as indicated above. As used herein, a cytokine is a protein that
affects cellular growth, proliferation or differentiation, including growth
factors and hormones. In some embodiments, the cytokine is one that can
encourage cartilage growth. Nonlimiting examples include bone morphogenic
protein (BMP)-2, BMP-6, BMP-7, transforming growth factor-b (TGF-b),
insulin-like growth factor (IGF), platelet-derived growth factor (PDGF), or
cartilagederived retinoic acid sensitive protein (CD-RAP). The cytokine may
be synthetic or naturally produced, or produced naturally or transgenically
by cells placed at the tissue site 102 or in the scaffold 112. [0029] The
scaffold 112 may include, without limitation, calcium phosphate, collagen,
PLA/PGA, hydroxyapatite, carbonates, and/or processed allograft materials.
In another embodiment, the scaffold 112 may be used to release at least one
therapeutic or prophylactic agent to the tissue site 102 by binding at
least one therapeutic or prophylactic agent to the surface of the scaffold
112. For example, an antibiotic may also be applied to the scaffold 112,
which is then released to the tissue site 102. [0030] In some embodiments,
the scaffold 112 is a porous material that includes a plurality of open
chambers or "pores" that are connected by flow channels to allow fluid
communication between the pores. The size, shape, or interconnectivity of
the pores may be uniform, random, or patterned, and may be altered to
enhance or control cartilage formation, response, repair, or host
integration. Further, the size, shape, or interconnectivity of the pores 



in the scaffold 112 may be altered to enhance or control the integration of
newly formed cartilage 108 with surrounding healthy tissue at the tissue
site 102. In various embodiments, the scaffold 112 has a high void-fraction
(i.e., a high content of air). It is desired in some embodiments that the
pores are designed to allow the attachment of infiltrating cells to induce
new cartilage formation. As explained above, the pores and flow chambers
may be seededwith chondrocytes or other cell types in advance to promote
cartilage formation. The flow channels in the scaffold 112 also facilitate
distribution of fluids provided to and removed from the tissue site 102,
including the transfer of reduced pressure to the tissue site 102. [0031]
In one embodiment, the scaffold 112 is made primarily of an open pore
material that includes a plurality of pores fluidly connected to adjacent
pores, where a plurality of flow channels is formed by and between the open
pores of the material. The variations in size and shape of the pores
results in variations in flow channels and can be used to alter flow
characteristics of fluid through the material. In some embodiments, the
scaffold 112 pore size ranges between 25 mm and 500 mm. In other
embodiments, the pore size is between 50 mm and 250 mm. In additional
embodiments, the pore size is between 50 mm and 150 mm. [0032] The scaffold
112 may be formed of any biocompatible material, i.e. a material that does
not elicit any undesirable local or systemic effects in vivo. A
biocompatible scaffold 112 should also have the mechanical and biochemical
properties that provide adequate support for tissue growth and cell
proliferation. The materials can be characterized with respect to
mechanical properties such as tensile strength using an Instron tester,
molecular weight by gel permeation chromatography (GPC), glass transition
temperature by differential scanning calorimetry (DSC) and bond structure
by infrared (IR) spectroscopy. The material may also be characterized with
respect to toxicology by, for example, mutagen tests, e.g. involving an
Ames assay or an in vitro teratogenicity assay, or biochemical, cell, or
implantation studies in animals for immunogenicity, inflammation, release
or degradation. [0033] In one embodiment, the scaffold 112 is formed of a
bio-inert material, i.e., a material that does not elicit any response in
vivo and does not bioabsorb or otherwise degrade in vivo. In another
embodiment, the scaffold 112 is formed of a bioabsorbable material as that 



term in defined above. Regardless of whether the scaffold 112 is
bioabsorbable or bio-inert when it contacts the tissue site 102, the
scaffold 112 may also be biocompatible. If the scaffold 112 is made of
bioabsorbable materials, the materials may be designed to degrade within a
desired time frame. In one embodiment, the desired degradation time frame
is six to twelve weeks. In another embodiment, the desired degradation time
frame is between three months and one year. In yet another embodiment, the
desired degradation time is greater than a year. Further, in some
embodiments, scaffolds 112 made of bioabsorbable materials may degrade in a
manner related to the molecular weights of the materials used to make the
scaffold 112. In those embodiments, scaffolds 112 comprising a higher
molecular weightmaterial often retain structural integrity for longer
periods of time than scaffolds 112 comprising lower molecular weight
materials. [0034] The scaffold 112 may be formed by melt-spinning,
extrusion, casting, or other techniques well known in the polymer
processing area. Preferred solvents, if used, are those which are removed
by the processing or which are biocompatible in the amounts remaining after
processing. Examples of polymers which can be used to form scaffolds 112
include natural and synthetic polymers. Synthetic polymers that may be used
include, but are not limited to, bioabsorbable polymers such as polylactic
acid (PLA), polyglycolic acid (PGA), polylactic-coglycolide acid (PLGA),
and other polyhydroxyacids, polycaprolactones, polycarbonates, polyamides,
polyanhydrides, polyamino acids, polyortho esters, polyacetals, degradable
polycyanoacrylates and degradable polyurethanes, as well as a
polylactidecoglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA
copolymer. Examples of natural polymers include, but are not limited to,
proteins such as albumin, collagen, fibrin, and synthetic polyamino acids,
and polysaccharides such as alginate, heparin, and other naturally
occurring biodegradable polymers of sugar units. The polymeric blend may
also include without limitation polycarbonates, polyfumarates, and
capralactones. [0035] In some embodiments, the bioabsorbable scaffold 112
is made of PLA, PGA or PLA/PGA copolymers. PLA polymers may be prepared
from the cyclic esters of lactic acids. Both L (+) and D (-) forms of
lactic acid can be used to prepare the PLA polymers, as well as 



the optically inactive DL-lactic acid mixture of D (-) and L (+) lactic
acids. PGA is the homopolymer of glycolic acid (hydroxyacetic acid).
Typically, in the conversion of glycolic acid to polyglycolic acid,
glycolic acid is initially reacted with itself to form the cyclic ester
glycolide, which in the presence of heat and a catalyst is converted to a
high molecular weight linear-chain polymer. It is also contemplated that
the scaffold 112 may be felted mats, liquids, gels, foams, or any other
biocompatible material that provides fluid communication through a
plurality of channels in three dimensions. [0036] The drape 114 covers the
reduced pressure dressing 110 and serves as a semi permeable barrier to
transmission of fluids such as liquids, air, and other gases. The drape
114, which in some embodiments provides structural support for the reduced
pressure dressing 110, may be coupled to the reduced pressure dressing 110
or the manifold 111 using any technique, including via an adhesive. As used
herein, the term "coupled" includes coupling via a separate object and
includes direct coupling. The term "coupled" also encompasses twoor more
components that are continuous with one another by virtue of each of the
components being formed from the same piece of material. Also, the term
"coupled" may include chemical, such as via a chemical bond, mechanical,
thermal, or electrical coupling. Specific non-limiting examples of the
techniques by which the manifold 111 may be coupled to the drape 114
include welding (e.g., ultrasonic or RF welding), bonding, adhesives,
cements, etc. In alternative embodiments, the drape 114 is not a separate,
attached structure, but instead the manifold 111 itself may include a
lining of impermeable materials that functions the same as the drape 114.
[0037] The drape may be any material that provides a pneumatic or fluid
seal. The drape may, for example, be an impermeable or semi-permeable
elastomeric material. "Elastomeric" means having the properties of an
elastomer. It generally refers to a polymeric material that has rubber-like
properties. More specifically, most elastomers have elongation rates
greater than 100% and a significant amount of resilience. The resilience of
a material refers to the material's ability to recover from an elastic
deformation. Nonlimiting examples of elastomers include natural rubbers,
polyisoprene, styrene butadiene rubber, chloroprene 



rubber, polybutadiene, nitrile rubber, butyl rubber, ethylene propylene
rubber, ethylene propylene diene monomer, chlorosulfonated polyethylene,
polysuli  de rubber, polyurethane, EVA film, co-polyester, and silicones.
Specific examples of drape materials include a silicone drape, 3M
Tegaderm(r) drape, acrylic drape such as one available from Avery Dennison,
or an incise drape. [0038] In operation, the system 100 is used to
stimulate formation of cartilage at the tissue site 102. A caretaker can
apply a chondrocyte or chondrocyte precursor to the tissue site 102 or the
reduced pressure dressing 110, and then apply reduced pressure to the
tissue site 102 via the manifold 111 and the scaffold 112 for a time
sufficient to cause new cartilage formation at the tissue site 102. The
application of reduced pressure can result in the flexible drape 114
compressing and conforming to the surface of the tissue site 102 as air is
removed from within the space between the drape 114 and the tissue site
102. In some applications, the system 100 may be used to cosmetically alter
tissue having cartilage, such as a nose or ear. Cartilage may also be
harvested on one mammal and then transplanted to another mammal, e.g.,
growing a nose or ear on a mouse for transplantation to a human. The system
100 may also be applied to a cartilage wound 106 and used to at least
partially fill the wound 106.[0039] The system 100 may also allow effective
control of fixation, temperature, pressure (and its associated gradients
for vital gases such as oxygen), osmotic forces, oncotic forces, and the
addition or removal of various nutrients and pharmacological agents. Still
further, the devices to apply reduced pressure in the current system and
methodology may be enabled to transfer elements for the manipulation of gas
and liquid pathways by preprogrammed, coordinated influx and efflux cycles.
Such cycles would be designed to maintain the desired integrity and
stability of the system while still allowing variations in multiple forces,
flows, and concentrations within tolerated ranges. [0040] The system 100
may also be configured to deliver fluid, liquids or gas, to the tissue site
102. In this embodiment, a fluid supply 124 for delivering a fluid 125 to
the tissue site 102 fluidly communicates with the reduced pressure dressing
110 by a conduit 126 that may be connected directly to the reduced pressure
dressing 110 (not shown) or indirectly via 



the conduit 118 which requires the use of valves 127 and 128 for
controlling the delivery of reduced pressure from the reduced pressure
source 116 and/or fluid 125 from the fluid supply 124, respectively. The
fluid supply 124 may be separate from, attached to, or integrated within
the reduced-pressure source 116. The fluid supply 124 enables treatment
procedures to infuse the tissue site 102 with fluids to flush contaminants,
counter infection, or promote tissue growth in the wound 106. Thus, the
fluid supply 124 can be used to deliver various irrigation fluids, growth
factors, antibiotics, anesthetics, antibacterial agents, antiviral agents,
cellgrowth promotion agents, or chemically active agents to the tissue site
102. The fluid supply 124 can also be used to deliver gaseous fluids to the
tissue site 102 for a similar purpose including, for example, the delivery
of sterile air in small quantities to promote and maintain the therapeutic
effect at the tissue site 102 with or without the reduced pressure being
maintained. [0041] Referring to FIG. 2, a flow chart is provided outlining
an illustrative embodiment of a method of administering reduced-pressure
therapy to a tissue site requiring cartilage regeneration or healing by use
of the reduced pressure system. First, the tissue area of interest is
identified, for example, by a caretaker (step 201). If the tissue site is
located underneath the skin of a patient, i.e., not in direct line of
sight, the caretaker may identify the tissue site by use of imaging
equipment and techniques, such as MRI imaging. At this time, the caretaker
would then determine the best path through the patient's body to reach the
tissue area which would cause the least damage to healthy, normal
tissues.[0042] The manifold is then delivered to the tissue site (step
202). Further, depending upon the embodiment, conduits to deliver reduced
pressure, fluids, gases, or air may be connected before or after the
manifold is delivered to the tissue site. If the tissue site is located
underneath the skin of the patient, the manifold may be delivered to the
tissue site by insertion into the body through the skin of the patient and
through any interstitial tissue. [0043] In some embodiments, it is
contemplated that the tissue site has insufficient space to insert a
manifold. In these embodiments, a device may be inserted that creates a
void. For example, this device may be an inflatable device. Once a void is
prepared, the manifold 



may then be delivered. [0044] The main distribution surface of the manifold
is then positioned adjacent to the tissue site (step 203). A reduced
pressure is then applied to the tissue site (step 204). The reduced
pressure may be applied continuously or in an intermittent fashion.
Further, it is contemplated that the reduced pressure may be alternated
with delivery of fluids, air, or agents that promote healing or
regeneration as previously discussed. [0045] The length and force of the
reduced-pressure therapy may depend upon various factors determined
appropriate by a caretaker, such as previous experience, connective tissue
regeneration rate, and the like. The manifold may be removed upon partial
or complete regeneration of the cartilage (step 205). [0046] In some
embodiments, the open pores or flow channels of the scaffold may be
designed to promote a certain connective tissue growth in a particular
three-dimensional shape. Thus, in one embodiment, the scaffold may be
designed to promote cartilage growth on the surface of the body such as,
for example, an ear. Referring more specifically to FIG. 3, an illustrative
embodiment of a system 300 for applying reduced-pressure therapy to an ear
301 at a tissue site 302 on the top of the ear 301 is shown. This
illustrative embodiment of the system 300 applies reduced-pressure therapy
to a missing section of the ear 301, or cartilage wound 306, to regenerate
the missing cartilage. The cartilage wound 306 of the tissue site 302 may
have been due to any cause including, for example, trauma, surgery, or
cancer. The system 300 comprises a reduced pressure dressing 303 which
includes a manifold 3 11 adapted to distribute the reduced pressure to the
tissue site 302 and a scaffold 312 adapted for placement adjacent the
cartilage wound 306, and a drape 314 at least partially covering the
reduced pressure dressing 303 to provide an airtight seal covering the
cartilage wound 306 at the tissue site 302. The remaining components of the
system 300 include the samecomponents comprising the system 100 described
above including, for example, the tube adapter 120 fluidly coupling the
conduit 118 to the reduced pressure dressing 303. All the components of the
system 300 described above operate in a fashion similar to the components
of the system 100. 



[0047] As indicated above, the scaffold 312 may be placed adjacent to, in
contact with, or substantially over the tissue site 302 to promote the
growth of the cartilage in the cartilage wound 306. The scaffold 312 is a
three-dimensional porous structure that provides a template for cell growth
of the cartilage within the wound 306. The shape and flexibility of the
scaffold 312 may be selected based on the desired shape of the ear 301 as
indicated by the dashed line on the reduced pressure dressing 303. In one
embodiment, a mold (not shown) may be used to form the scaffold 312 into
the desired shape. Once the mold is created to fit the ear 301 at the
tissue site 302 with the missing portion, it can be used to form the
scaffold 312 into the threedimensional shape desired to repair the
cartilage wound 306. As indicated above, the scaffold 312 may contain
chondrocytes or a coping may be applied directly to the cartilage wound
306. When the reduced pressure dressing 303 including the scaffold 312 is
positioned within the void of the cartilage wound 306, the drape 314 is
positioned to cover the reduced pressure dressing 303 as described in
detail above. Reduced pressure therapy can then be applied by use of the
reduced-pressure source (not shown) via the conduits 118 fluidly coupled to
the reduced pressure dressing 303. [0048] In another embodiment, the mold
may be positioned over the cartilage wound 306 creating a void that may be
filled with a fluid containing chondrocytes that is delivered by a fluid
supply (not shown) via the conduit 118 or other independent supply of
fluid. After the fluid fills the void between the mold and the cartilage
wound 306, the fluid hardens to form the three-dimensional scaffold 312
that assumes the desired shape for the regenerated cartilage at the tissue
site 302. The scaffold may also be seeded with chondrocytes after
hardening. [0049] Other embodiments within the scope of the claims herein
will be apparent to one skilled in the art from consideration of the
specification or practice of the invention as disclosed herein. It is
intended that the specification, together with the examples, be considered
exemplary only, with the scope and spirit of the invention being indicated
by the claims, which follow the example. An illustrative embodiment is
described in the following example.Example: Induction of cartilage tissue
formation 



[0050] Cartilage formation was observed in response to the application of
reduced pressure therapy to the surface of intact cranial periosteal
membranes. These observations are of significance in that cartilage
formation in response to a therapy is unique and of great interest in the
field of tissue engineering. These formations were observed in the absence
of scaffold materials and only with the application of reduced pressure. No
cartilage formation was observed in controls not subjected to reduced
pressure. [0051] Cartilage degeneration caused by congenital abnormalities
or disease and trauma is of great clinical consequence. Because of the lack
of blood supply and subsequent wound-healing response, damage to cartilage
generally results in an incomplete repair by the body. Full-thickness
articular cartilage damage, or osteochondral lesions, allow for the normal
inflammatory response, but result in inferior fibrocartilage formation.
Surgical intervention is often the only option. Treatments for repair of
cartilage damage are often less than satisfactory, and rarely restore full
function or return the tissue to its native normal state. This Example
demonstrates the induction of new cartilage from periosteum using
GranuFoam(r) and reduced pressure treatment. [0052] A foam manifold and
reduced pressure were evaluated for their ability to induce the periosteum
to synthesize new cartilage. The intact, undamaged crania of rabbits were
exposed. A GranuFoam(r) (KCI Licensing, Inc., San Antonio TX) foam dressing
was applied to the bone. With some treatments, the foam-covered bone was
also subjected to reduced pressure. After treatment, the treated bone was
subjected to paraffin embedding, sectioning, and staining to evaluate the
effect of the treatment on new bone formation. [0053] FIG. 4A shows a
naive, undamaged periosteum in rabbit cranium. The dots denote the
demarcation between the cortical bone and the thin layer of the periosteum.
By contrast, FIGS. 4B and 4C show that, with the use of GranuFoam(r) and
reduced pressure (-125 mm Hg), extensive cartilage tissues was induced
overlying the periosteum. [0054] In view of the above, it will be seen that
the several advantages of the invention are achieved and other advantages
attained. As various changes could be made in the above 



methods and compositions without departing from the scope of the invention,
it is intended that all matter contained in the above description and shown
in the accompanying drawings shall be interpreted as illustrative and not
in a limiting sense.[0055] All references cited in this specification are
hereby incorporated by reference. The discussion of the references herein
is intended merely to summarize the assertions made by the authors and no
admission is made that any reference constitutes prior art. Applicants
reserve the right to challenge the accuracy and pertinence of the cited
references.CLAIMS What is claimed is: Claim 1. A method of stimulating
cartilage formation at a tissue site in a mammal, the method comprising:
applying a chondrocyte or chondrocyte precursor to the tissue site; and
applying reduced pressure to the tissue site for a time sufficient to cause
new cartilage formation at the tissue site. Claim 2. The method of claim 1,
wherein the chondrocyte or chondrocyte precursor is in a biocompatible
scaffold that is applied to the tissue site. Claim 3. The method of claim
1, wherein the tissue site has a cartilage defect. Claim 4. The method of
claim 3, wherein the defect is congenital or due to arthritis, cancer or an
injury. Claim 5. The method of claim 1, wherein the reduced pressure is
applied to the tissue site through a manifold connected to a reduced
pressure source. Claim 6. The method of claim 5, wherein the manifold is a
biocompatible scaffold that is applied to the tissue site. Claim 7. The
method of claim 1, wherein the chondrocyte or chondrocyte precursor is a
chondrocyte. Claim 8. The method of claim 1, wherein the chondrocyte or
chondrocyte precursor is a mesenchymal stem cell. Claim 9. The method of
claim 2, wherein the biocompatible scaffold is bioabsorbable. Claim 10. The
method of claim 2, wherein the biocompatible scaffold comprises a 



polyhydroxy acid, a poly(caprolactone), a polycarbonate, a polyamide, a
polyanhydride, apolyamino acid, a polyortho ester, a polyacetal, a
degradable polycyanoacrylate or a degradable polyurethane. Claim 11. The
method of claim 10, wherein the biocompatible scaffold comprises a
polylactide-coglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA
copolymer. Claim 12. The method of claim 1, further comprising applying a
cytokine to the tissue site. Claim 13. The method of claim 12, wherein the
cytokine is in a biocompatible scaffold. Claim 14. The method of claim 12,
wherein the cytokine is bone morphogenic protein (BMP)-2, BMP-6, BMP-7,
transforming growth factor-b (TGF-b), insulin-like growth factor (IGF),
platelet-derived growth factor (PDGF), or cartilage-derived retinoic acid
sensitive protein (CD-RAP). Claim 15. The method of claim 2, wherein the
cells are seeded onto the scaffold and the scaffold is incubated before
implant. Claim 16. The method of claim 1, wherein an antibiotic is applied
to the tissue site. Claim 17. The method of claim 16, wherein the
antibiotic is applied to a biocompatible scaffold applied to the tissue
site. Claim 18. The method of claim 1, wherein the mammal is a human. Claim
19. The method of claim 1, wherein the new cartilage is transplanted to a
recipient tissue site.Claim 20. A biocompatible scaffold, wherein the
scaffold comprises a chondrocyte or a chondrocyte precursor and wherein the
scaffold is sufficiently porous to transmit reduced pressure therethrough.
Claim 21. The scaffold of claim 20, wherein the chondrocyte or chondrocyte
precursor is a chondrocyte. Claim 22. The scaffold of claim 20, wherein the
chondrocyte or chondrocyte precursor is a mesenchymal stem cell. Claim 23.
The scaffold of claim 20, wherein the chondrocyte or chondrocyte precursor 



comprises a recombinant nucleic acid. Claim 24. The scaffold of claim 23,
wherein the recombinant nucleic acid encodes a protein. Claim 25. The
scaffold of claim 23, wherein the recombinant nucleic acid encodes an miRNA
or an antisense molecule. Claim 26. The scaffold of claim 20, wherein the
scaffold is bioabsorbable. Claim 27. The scaffold of claim 20, comprising a
polyhydroxy acid, a poly(caprolactone), a polycarbonate, a polyamide, a
polyanhydride, a polyamino acid, a polyortho ester, a polyacetal, a
degradable polycyanoacrylate or a degradable polyurethane. Claim 28. The
scaffold of claim 20, comprising a polylactide-coglycolide (PLAGA) polymer
or a polyethylene glycol-PLAGA copolymer. Claim 29. The scaffold of claim
20, further comprising a cytokine. Claim 30. The scaffold of claim 29,
wherein the cytokine is bone morphogenic protein (BMP)-2, BMP-6, BMP-7,
transforming growth factor-b (TGF-b), insulin-like growth factor(IGF),
platelet-derived growth factor (PDGF), or cartilage-derived retinoic acid
sensitive protein (CD-RAP). Claim 31. The scaffold of claim 20, further
comprising an antibiotic. Claim 32. A system for stimulating cartilage
formation at a tissue site, the system comprising: a chondrocyte or
chondrocyte precursor; a reduced pressure source; and a manifold capable of
transmitting reduced pressure from the tissue site to the reduced pressure
source. Claim 33. The system of claim 32, wherein the manifold is a
biocompatible scaffold. Claim 34. The system of claim 33, wherein the
scaffold comprises the chondrocyte or chondrocyte precursor. Claim 35. The
system of claim 34, wherein the chondrocyte or chondrocyte precursor is a
chondrocyte. 



Claim 36. The system of claim 34, wherein the chondrocyte or chondrocyte
precursor is a mesenchymal stem cell. Claim 37. The system of claim 34,
wherein the chondrocyte or chondrocyte precursor comprises a recombinant
nucleic acid. Claim 38. The system of claim 33, wherein the biocompatible
scaffold is bioabsorbable. Claim 39. The system of claim 33, wherein the
scaffold comprises a polyhydroxy acid, a poly(caprolactone), a
polycarbonate, a polyamide, a polyanhydride, a polyamino acid, a polyortho
ester, a polyacetal, a degradable polycyanoacrylate or a degradable
polyurethane.Claim 40. The system of claim 39, wherein the scaffold
comprises a polylactidecoglycolide (PLAGA) polymer or a polyethylene
glycol-PLAGA copolymer. Claim 4 1. The system of claim 32, further
comprising a cytokine. Claim 42. The system of claim 41, wherein the
cytokine is bone morphogenic protein (BMP)-2, BMP-6, BMP-7, transforming
growth factor-b (TGF-b), insulin-like growth factor (IGF), platelet-derived
growth factor (PDGF), or cartilage-derived retinoic acid sensitive protein
(CD-RAP). Claim 43. The system of claim 32, further comprising an
antibiotic. Claim 44. Use of the system of claim 32 to stimulate cartilage
formation at a tissue site of a mammal. Claim 45. A system for stimulating
cartilage formation at a tissue site, the system comprising: a
reduced-pressure source for applying reduced pressure to the tissue site; a
scaffold disposed adjacent the tissue site and having a chondrocyte or
chondrocyte precursor; a manifold disposed adjacent the scaffold in fluid
communication with the reduced pressure to distribute reduced pressure to
the tissue site; and a drape adaptable to cover and substantially seal the
manifold and the scaffold within the tissue site to maintain the reduced
pressure at the tissue site when applied; 



whereby the chondrocyte or chondrocyte precursor and reduced pressure
stimulate formation of new cartilage at the tissue site. Claim 46. The
system of claim 45, wherein the scaffold is biocompatible. Claim 47. The
system of claim 46, wherein the scaffold comprises the chondrocyte or
chondrocyte precursor.Claim 48. The system of claim 47, wherein the
chondrocyte or chondrocyte precursor is a chondrocyte. Claim 49. The system
of claim 47, wherein the chondrocyte or chondrocyte precursor is a
chondrocyte. Claim 50. The system of claim 47, wherein the chondrocyte or
chondrocyte precursor comprises a recombinant nucleic acid. Claim 51. The
system of claim 46, wherein the biocompatible scaffold is bioabsorbable.
Claim 52. The system of claim 46, wherein the scaffold comprises a
polyhydroxy acid, a polycaprolactone, a polycarbonate, a polyamide, a
polyanhydride, a polyamino acid, a polyortho ester, a polyacetal, a
degradable polycyanoacrylate or a degradable polyurethane. Claim 53. The
system of claim 52, wherein the scaffold comprises a polylactidecoglycolide
(PLAGA) polymer or a polyethylene glycol-PLAGA copolymer. Claim 54. The
system of claim 55, further comprises a cytokine. Claim 55. The system of
claim 54, wherein the cytokine is bone morphogenic protein (BMP)-2, BMP-6,
BMP-7, transforming growth factor-b (TGF-b), insulin-like growth factor
(IGF), platelet-derived growth factor (PDGF), or cartilage-derived retinoic
acid sensitive protein (CD-RAP). Claim 56. The system of claim 55, further
comprises an antibiotic. Claim 57. Use of the system of claim 55 to
stimulate cartilage formation at a tissue site of a mammal. 


