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ACTIVATION OF BONE AND CARTILAGE FORMATION

BACKGROUND

1. Field of the Invention

The present invention relates generally to tissue treatment systems and in particular to

a system and method for promoting the growth of new bone or cartilage tissue by activating

dura mater, periosteum or endosteum through the application of reduced pressure.

2. Description of Related Art

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. The porous pad 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 often is incorporated into a dressing having other components

that facilitate treatment.

Wound healing may be broadly split into three overlapping basic phases:

inflammation, proliferation, and maturation. The inflammatory phase is characterized by

hemostasis and inflammation. The next phase consists mainly of angiogenesis, granulation

tissue formation, collagen deposition and epithelialization. The final phase includes

maturation and remodeling. The complexity of the wound healing process is augmented by

the influence of local factors such as ischemia, edema, and infection, as well as systemic

factors such as diabetes, age, hypothyroidism, malnutrition, and obesity. The rate limiting step

of wound healing, however, is often angiogenesis.

In bone and cartilage healing, the periosteum is the primary source of precursor cells

that develop into osteoblasts and chondroblasts. The bone marrow, endosteum, small blood

vessels and fibrous connective tissue are secondary sources of precursor cells. However, bone

and, especially, cartilage healing is often slow and frequently inadequate. For this reason, the

medical community has long sought to develop improved methods of tissue repair and

replacement for bone and cartilage defects.

With craniofacial defects, successful repair or replacement is greatly compromised

without the endogenous osteogenic capacity of the dura mater. Unfortunately, dura mater in



humans begins to lose its osteogenic capacity rapidly after humans reach about two years of

age. Current reconstructive techniques for craniofacial defects use autogenous, allogeneic, and

prosthetic materials to counter the osteogenic deficiency of mature dura mater. Growth factors

also are commonly used to facilitate tissue regeneration. These techniques may achieve some

functional restoration of craniofacial defects, but all are inherently limited by factors such as

donor-site morbidity, unpredictable graft resorption, insufficient autogenous resources, viral

disease transmission, immunologic incompatibility, structural failure, unsatisfactory aesthetic

results, and cost. Moreover, it has been shown that osteoblasts induced by growth factors are

initially derived from undifferentiated mesenchymal stem cells of the dura mater, and later,

though limited, augmented by cells in the overlying connective tissue rather than from cells in

the cranial bone surrounding the defect. Cytokines or other factors are required to induce bone

forming cells derived from the dura and the overlying connective tissue.

Methods that improve healing of bone and cartilage are thus desired. The present

invention addresses that need.

SUMMARY

The problems presented by existing methods for bone and cartilage healing are solved

by the systems and methods of the illustrative embodiments described herein. In one

embodiment, a method is provided that includes activating osteogenic or chondrogenic activity

at a site in a subject in need thereof. The method comprises applying reduced pressure to the

dura mater, periosteum or endosteum at the site in the subject.

In another embodiment, a method is provided that includes treating a bone or cartilage

defect in a subject. The method comprises applying reduced pressure to the dura mater,

periosteum or endosteum that is adjacent to the defect.

In a further embodiment, the use of a reduced pressure apparatus for treating a bone or

cartilage defect adjacent to dura mater, periosteum, or endosteum is provided.

In still another embodiment, a composition for treating a bone or cartilage defect is

provided. The composition comprises a reduced pressure apparatus and a biocompatible

scaffold. With this composition, the defect is adjacent to dura mater, periosteum or

endosteum.

In a still further embodiment, the use of a reduced pressure apparatus and a

biocompatible scaffold for the manufacture of a composition for treating a bone or cartilage

defect adjacent to dura mater, periosteum or endosteum is provided.

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

FIG. 1 is a schematic diagram of a tissue scaffold applied to a cranial defect such that

the tissue scaffold is in contact with a dura mater.

FIG. 2 is a photograph illustrating a bone induction system and method according to an

embodiment of the present invention being applied to a rabbit cranium to induce new bone

growth through osteogenic activation of intact dura mater.

FIG. 3 is a micrograph of an animal specimen illustrating the normal architecture of a

dural sheath in comparison to newly forming bone in a rabbit cranium subjected to reduced

pressure according to certain embodiments of the invention.

FIG. 4 is micrographs of experimental results. Panel A is a micrograph of an animal

specimen illustrating the demarcation between areas of new bone formation and areas without

new bone formation. Panel B is a micrograph of an animal specimen in which central nervous

system tissue and a tissue scaffold are not separated by intact dura mater. Panel C is a

micrograph of an animal specimen in which new bone formation is in intimate contact with

intact dural membrane.

FIG. 5 is a micrograph of the surface of a naϊve undamaged rabbit cranial bone.

FIG. 6 is a micrograph of a bone that was in contact with GranuFoam® for six days

without reduced pressure.

FIG. 7 is a micrograph of a bone that was in contact with GranuFoam® with reduced

pressure for six days.

FIG. 8 is another micrograph of a bone that was in contact with GranuFoam® with

reduced pressure for six days.

FIG. 9 is a micrograph of the surface of an undamaged bone, with superficial muscle

tissue overlying the periosteum. The dots denote the demarcation between the cortical bone

and the thin layer of the periosteum.

FIG. 10, panels A and B, is micrographs showing induction of cartilage tissue in

response to contact with GranuFoam® and reduced pressure.

FIG. 11 is micrographs (10X) showing procion red staining of endosteal bone surfaces

interfacing with marrow tissues, in a bone treated with reduced pressure through GranuFoam®

(A) or an untreated contralateral control (B).



DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

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.

In the context of this specification, the term "reduced pressure" generally refers to a

pressure that is less than the ambient pressure at a tissue site that is subjected to treatment. In

most cases, this reduced pressure will be less than the atmospheric pressure of the location at

which the patient is located. Although the terms "vacuum" and "negative pressure" may be

used to describe the pressure applied to the tissue site, the actual pressure applied to the tissue

site may be significantly greater than the pressure normally associated with a complete

vacuum. Consistent with this nomenclature, an increase in reduced pressure or vacuum

pressure refers to a relative reduction of absolute pressure, while a decrease in reduced

pressure or vacuum pressure refers to a relative increase of absolute pressure. Various

methods and compositions describing reduced pressure treatment of tissue is described in the

following patent publications: WO08042481A2, WO08036361A2, WO08036359A2,

WO08036162A2, WO08013896A2, WO07143060A2, WO07133556A2, WO07133555A2,

WO07106594A2, WO07106592A2, WO07106591A2, WO07106590A2, WO07106589A2,

WO07092397A2, WO07067685A2, WO05033273A2, WO05009488A2, WO04105576A2,

WO04060148A2, WO03092620A2, WO03018098A2, WO0061206A1, WO0038755A2,

US20070123895, US7351250, US7346945, US73 16672, US7279612, US7214202,

US7186244, US7108683, US7077832, US7070584, US7004915, US6994702, US6951553,

US6936037, US6856821, US6814079, US6767334, US6695823 and US6135116.

This application is based on the discovery that the utilization of reduced pressure on a

bone or cartilage adjacent to dura mater, periosteum or endosteum causes induction of bone or

cartilage formation by the dura mater (where the defect is a craniofacial defect), the

periosteum or the endosteum. The application of a foam dressing to the bone or cartilage can

also induce new bone or cartilage formation, but not to the extent of reduced pressure

treatment. See Examples.



Thus, in some embodiments, the application is directed to a method of activating

osteogenic or chondrogenic activity at a site in a subject in need thereof. The method

comprises applying reduced pressure to the dura mater, periosteum or endosteum at the site in

the subject. Preferably, the subject has a bone or cartilage defect adjacent to the dura mater,

the periosteum or the endosteum. However, the application is not limited to sites of bone or

cartilage defects. The subjects may, for example, be treated with these methods on the intact

dura mater, periosteum or endosteum where there is no defect, and the resultant new tissue

transplanted to defect sites elsewhere in the body.

In some embodiments, the reduced pressure is applied to the dura mater. In other

embodiments, the reduced pressure is applied to the periosteum. As shown in Example 4,

endosteum fluid flow in an intact bone is increased by a short exposure of the periosteum to

reduced pressure. It is believed that this increased fluid flow in the endosteum is indicative of

increased osteogenic activity in the endosteum. Thus, endosteum osteogenic activity can be

induced by applying reduced pressure to the periosteum.

In additional embodiments, the reduced pressure is applied to the endosteum. Such a

treatment would be useful, e.g., where applying reduced pressure to a gap in a bone to induce

osteogenesis into a scaffold placed in the gap.

These methods are not narrowly limited to the treatment of any particular type of

defect. However, it is recognized that the predominant defects in subjects treated with these

methods are defects (a) from a wound, (b) due to cancer, (c) due to a degenerative disease

(e.g., osteoarthritis), or (d) congenital. In some embodiments, the defect is a bone defect. In

other embodiments, the defect is a cartilage defect.

Preferably, a biocompatible scaffold is placed at the site. Where the site comprises a

defect, the biocompatible scaffold is preferably inserted into the defect. The methods are not

limited to the use of any particular biocompatible scaffold; numerous useful biocompatible

scaffolds are known in the art. In some embodiments, the biocompatible scaffold is a

bioresorbable polymer. In preferred embodiments, the bioresorbable polymer is a polylactide-

coglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA copolymer.

The biocompatible scaffold can also include components that facilitate wound healing.

Such components include cytokines, e.g., those that promote angiogenesis or cell growth such

as vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), platelet

derived growth factor (PDGF), angiogenin, angiopoietin-1, granulocyte colony-stimulating

factor (G-CSF), hepatocyte growth factor/scatter factor (HGF/SF), interleukin-8 (IL-8),

placental growth factor, platelet-derived endothelial cell growth factor (PD-ECGF), platelet-

derived growth factor-BB (PDGF-BB), transforming growth factor-α (TGF-α), transforming



growth factor-β (TGF-β), tumor necrosis factor-α (TNF-α), vascular endothelial growth factor

(VEGF), or a matrix metalloproteinase (MMP). Other components that can usefully be

included in the scaffold include antibiotics, or cells that are capable of becoming osteoblasts,

chondroblasts, or vascular tissue, such as embryonic stem cells, adult hematopoietic stem

cells, bone marrow stromal cells, or mesenchymal stem cells. The cells may optionally be

genetically engineered to express a useful protein, such as one of the above cytokines.

In preferred embodiments, the reduced pressure is applied to the defect through a

manifold connected to a reduced pressure source, where the manifold is porous and is placed

on or in the defect. It is also preferred that the manifold is from a flowable material that is

delivered through a manifold delivery tube to the tissue site such that the flowable material

fills the defect. In some embodiments, the manifold is a bioresorbable polymer and is capable

of serving as a biocompatible scaffold. Non-limiting examples of such a bioresorbable

polymer include a polylactide-coglycolide (PLAGA) polymer or a polyethylene glycol-

PLAGA copolymer.

FIG. 1 shows a preferred example of is method as applied to a defect adjacent to the

dura mater. It is noted that the same reduced pressure system can be utilized with periosteum

or endosteum.

Referring to FIG. 1, describing a non-limiting embodiment of the instant application, a

system 10 is provided that includes a reduced pressure source 14 fluidly connected to a

manifold 18 that is placed adjacent to and in contact with dura mater 22. The manifold 18

may include any biocompatible material that is capable of distributing the reduced pressure

supplied by the reduced pressure source 14 to the dura mater 22. The manifold 18 may be

formed from a porous material or may include flow channels that assist in distributing reduced

pressure. In one embodiment, the manifold 18 may include a scaffold or the entire manifold

may be a scaffold that is capable of supporting the growth and integration of new tissue. The

scaffold may be incorporated within the new tissue growth and remain in place following

repair or regeneration of new tissue. The scaffold may be formed from a bioabsorbable

substance that is absorbed by the body following tissue repair or regeneration.

A canister 30 may be fluidly connected between the reduced pressure source 14 and

the manifold 18 to trap and hold tissue exudates and other fluids that are withdrawn from areas

adjacent the manifold 18 during the application of reduced pressure. Filters may be fluidly

connected between the manifold 18 and the reduced pressure source 14 to prevent

contamination of the reduced pressure source 14 by tissue fluids and bacteria. Preferably, the

fluid connection between the reduced pressure source 14 and the manifold 18 (and any other

fluid components) is provided by medical-grade conduit 34. The conduit 34 may be fluidly



attached to the manifold 18 by a manifold adapter (not shown) or by placing an end of the

conduit 34 directly in contact with the manifold 18 such that the conduit 34 communicates

directly with the pores or fluid channels associated with the manifold 18.

In one embodiment, the manifold 18 is a bioabsorbable scaffold, and the reduced

pressure source 14 supplies reduced pressure to the dura mater 22 through the conduit 34 and

the scaffold. Without being bound by any particular mechanism of action, it is believed that

the presence of reduced pressure above the dura mater 22 imparts a strain on the dura mater 22

that activates a phenotypic expression of the dura mater 22 that is similar to that seen in

neonatal, immature dura mater. The stimulation of the dura mater itself by imposing a reduced

pressure and strain on the dura mater is sufficient to populate a scaffold with new bone and

supporting tissue. See Example 1.

The reduced pressure treatment is not narrowly limited to any particular time of

application. Example 1 establishes that a one day (24h) duration is sufficient to induce new

bone formation, bridging of a defect gap, and significant scaffold infiltration. In various

embodiments, the reduced pressure can be applied for anywhere from 0.1 h to 144 h or more.

In other embodiments, the reduced pressure is applied for at least 24 h. In other examples, the

reduced pressure is applied for less than 24 h, e.g. 12 h. In additional embodiments, the

reduced pressure is applied for 12 h to 3 days.

As established in Examples 2 and 3, simply placing a foam manifold (preferably

GranuFoam®) at a site of desired bone or cartilage growth (e.g., in a defect) on a periosteum

or endosteum induces bone or cartilage growth, although the induction is not as great as with

reduced pressure. Therefore, it is contemplated that a biocompatible foam may be

advantageously placed on a defect adjacent to a dura mater, a periosteum or an endosteum

without reduced pressure to induce bone or cartilage growth.

The present invention is also directed to a method of treating a bone or cartilage defect

in a subject. The method comprises applying reduced pressure to the dura mater, periosteum

or endosteum that is adjacent to the defect. In some embodiments, the reduced pressure is

applied to the dura mater. In other embodiments, the reduced pressure is applied to the

periosteum. In still other embodiments, the reduced pressure is applied to the endosteum.

As with the method described above, in this method a biocompatible scaffold is

preferably inserted into the defect. The biocompatible scaffold is preferably a bioresorbable

polymer, most preferably a polylactide-coglycolide (PLAGA) polymer or a polyethylene

glycol-PLAGA copolymer.

In preferred embodiments, the reduced pressure is applied to the dura mater,

periosteum or endosteum through a manifold connected to a reduced pressure source. Here,



the manifold is porous and is placed on or in the defect. More preferably, the manifold is from

a flowable material that is delivered through a manifold delivery tube to the tissue site such

that the flowable material fills the defect. Even more preferably, the manifold comprises a

bioresorbable polymer and is capable of serving as a biocompatible scaffold. The

bioresorbable polymer that is most preferred is a polylactide-coglycolide (PLAGA) polymer or

a polyethylene glycol-PLAGA copolymer.

In these methods, the reduced pressure can be applied for anywhere from 0.1 h to 144

h or more. In many embodiments, the reduced pressure is applied for at least 24 h.

The application is also directed to the use of a reduced pressure apparatus for treating a

bone or cartilage defect adjacent to dura mater, periosteum, or endosteum. As with the

methods described above, the reduced pressure apparatus preferably comprises a manifold

connected to a reduced pressure source, wherein the manifold is porous and is placed on or in

the defect. More preferably, the manifold is from a flowable material that is delivered through

a manifold delivery tube to the tissue site such that the flowable material fills the defect.

In additional embodiments, the invention is directed to a composition for treating a

bone or cartilage defect. The composition comprises a reduced pressure apparatus and a

biocompatible scaffold, wherein the defect is adjacent to dura mater, periosteum or endosteum.

Preferably, the biocompatible scaffold is a bioresorbable polymer, most preferably a

polylactide-coglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA copolymer.

In preferred compositions, the reduced pressure apparatus comprises a manifold

connected to a reduced pressure source. The manifold in these embodiments is porous.

Preferably, the manifold comprises the biocompatible scaffold. More preferably, the manifold

comprises a bioresorbable polymer, most preferably a polylactide-coglycolide (PLAGA)

polymer or a polyethylene glycol-PLAGA copolymer.

In these embodiments, the manifold is preferably from a flowable material that is

delivered through a manifold delivery tube to the tissue site such that the flowable material

fills the defect.

The application is further directed to the use of a reduced pressure apparatus and a

biocompatible scaffold for the manufacture of a composition for treating a bone or cartilage

defect adjacent to dura mater, periosteum or endosteum. Preferably, the biocompatible

scaffold is a bioresorbable polymer, most preferably a polylactide-coglycolide (PLAGA)

polymer or a polyethylene glycol-PLAGA copolymer.

For this use, the reduced pressure apparatus preferably comprises a manifold connected

to a reduced pressure source, where the manifold is porous. More preferably, the manifold

comprises the biocompatible scaffold. Even more preferably, the manifold comprises a



bioresorbable polymer, most preferably a polylactide-coglycolide (PLAGA) polymer or a

polyethylene glycol-PLAGA copolymer.

In preferred embodiments, the manifold is from a flowable material that is delivered

through a manifold delivery tube to the tissue site such that the flowable material fills the

defect.

Preferred embodiments are described in the following examples. 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

examples.

Example 1. Stimulation of osteogenic activity in the dura mater with reduced pressure

Referring to FIG. 2, a cranial defect study was performed to evaluate the effects of

applying reduced pressure to intact dura mater through a scaffold. Critical size defects were

made in the cranium of a rabbit with dura mater left intact. A scaffold similar to that shown in

FIG. 1 (i.e. manifold and/or scaffold 18) was placed in contact with the dura mater. Several

tests were conducted that varied the amount of time over which reduced pressure was applied.

A control test was run in which no reduced pressure was supplied to the scaffold placed in

contact with the dura mater. Samples of the cranium and scaffold were examined following

12 weeks of in-life healing for each particular defect (inclusive of the amount of time over

which reduced pressure was applied). The measured values included the amount of new bone

area observed, the percentage of quantitative bridge assessment, the percentage of total

scaffold infiltration, and new bone growth penetration into the upper half of the scaffold.

These measurements are presented in Table 1 below.



Table 1.

"New-Bone" is the total area of bone formed in the scaffold. "Bridging Assessment" is

the percent of the defect bridged with bone from one side of the defect to the other, as

measured through the center of the defect. The bridging assessment is an important clinical

factor since it indicates the effectiveness of closing the defect. "Percent Scaffold Infiltration"

is the percent of the total available space in the scaffold that is filled with bone. "Upper-Half

Infiltration" is the amount of bone in the upper-half of the scaffold.

As Table 1 illustrates, application of reduced pressure significantly increased all bone

formation parameters tested, relative to the control specimens. During the study, care was

taken to maintain intact dura prior to insertion of the tissue scaffold. At each time point,

reduced pressure stimulated statistically greater amounts of new bone deposition than the

control, indicating that a threshold event was achieved after a single day of application.

Although application for longer duration did not increase bridging assessments, longer

duration did influence the distribution of bone deposition, particularly in the upper-half of the

tissue scaffold that is further removed from the dura mater. Differences observed and

quantified presumably relate to dural activation since the soft tissue above the defect was not

subjected to reduced pressure.

Referring to FIGS. 3-4C, micrographs were taken of specimens obtained in the tests

described above. FIG. 3 illustrates a micrograph of a normal architecture of a dural sheath 40

adjacent to newly forming bone 45 in a rabbit cranium. Also present are osteoblasts 47

between the dural sheath 40 and new bone 45. Examination of new bone formation and

integration into scaffold material subjected to reduced pressure confirms the influence of intact

dura mater in the osteogenic response to the scaffold material. FIG. 4A is a micrograph of an

animal specimen illustrating the sharp demarcation between areas of new bone formation 55

and areas without new bone formation 60. Although both areas contain scaffold material 62,



the absence of intact dural membrane consistently correlates with the absence of new bone

formation. In FIG. 4A, new bone formation 55 is located in proximity to an intact dural

membrane 64. FIG. 4B illustrates a specimen in which central nervous system tissue 70 and a

tissue scaffold 75 are not separated by intact dura mater. Noticeably absent from FIG. 4B is

new bone formation. In contrast, FIG. 4C illustrates a well defined dural membrane 80 and a

large amount of new bone formation 90 in intimate contact with the dural membrane 80.

Example 2. Stimulation of a periosteum osteogenic response by foam manifolds and reduced

pressure

A foam manifold and reduced pressure were evaluated for their ability to induce the

periosteum to synthesize new bone. The intact, undamaged cranial periosteum of rabbits was

exposed. A GranuFoam® (KCI Licensing, Inc., San Antonio TX) foam dressing was applied

to the bone. In some treatments, the foam-covered bone was also subjected to reduced

pressure. After treatment, the animals were sacrificed and the treated bone was subjected to

paraffin embedding, sectioning and staining to evaluate the effect of the treatment on new

bone formation.

FIG. 5 shows a naive, undamaged periosteum in a rabbit. The arrow denotes the

location of the thin layer of the periosteum. The periosteum is thin and unremarkable. By

contrast, FIG. 6 shows induction of granulation tissue overlying the periosteum where the

foam was maintained in contact with the bony surface for 6 days without reduced pressure.

Granulation tissue was induced by exposure of the bone to the foam without a reduced

pressure treatment. This demonstrates foam induction of granulation tissue overlying the

periosteum. FIG. 7 shows treatment of bone with foam and reduced pressure (-125 mm Hg).

New bone formation was enhanced over the foam treatment alone. FIG. 8 shows another

section of a bone subjected to foam and reduced pressure, showing new bone deposition under

newly formed granulation tissue. The deposition of new bone overlies the original periosteal-

cortical interface.

In conclusion, this Example shows the induction of new bone when foam alone is

applied. More rapid and extensive bone formation occurs with application of reduced pressure

through the foam.

Example 3. Induction of cartilage tissue formation

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.

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®

and reduced pressure treatment.

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® (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 animals were sacrificed and the treated bone was subjected to

paraffin embedding, sectioning and staining to evaluate the effect of the treatment on new

bone formation.

FIG. 9 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, FIG.

1OA, B show that, with the use of GranuFoam® and reduced pressure (-125 mm Hg),

extensive cartilage tissues was induced overlying the periosteum.

Example 4. Induction of endosteal activity

The effect of reduced pressure treatment on induction of endosteal osteogenic activity

was evaluated. Contralateral sheep metacarpal bones were used. The dye procion red (0.8%)

was introduced into the cannulated median arteries of the bones for 10 minutes. One bone was

also subjected to reduced pressure (-125 mm Hg). The contralateral bone was not subjected to

reduced pressure. After the treatment, the bones were fixed in 80% ethyl alcohol then

subjected to fluoromicroscopy through a green filter. FIG. 11 shows the results. The bone

treated with reduced pressure (Panel A) showed much greater circulation of the endosteal

surface (as measured by intensity of procion red staining) than the untreated bone (Panel B),

indicating increased fluid flow by reduced pressure, even though therapy was applied to the

outer periosteal surface.



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.

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:

1. A method of activating osteogenic or chondrogenic activity at a site in a subject in

need thereof, the method comprising applying reduced pressure to the dura mater, periosteum

or endosteum at the site in the subject.

2. The method of claim 1, wherein the subject has a bone or cartilage defect adjacent

to the dura mater, the periosteum or the endosteum.

3. The method of claim 1 or 2, wherein the reduced pressure is applied to the dura

mater.

4. The method of claim 1 or 2, wherein the reduced pressure is applied to the

periosteum.

5. The method of claim 4, wherein the reduced pressure induces endosteum osteogenic

activity.

6. The method of claim 1 or 2, wherein the reduced pressure is applied to the

endosteum.

7. The method of claim 2, wherein the defect is (a) from a wound, (b) due to cancer,

(c) due to a degenerative disease, or (c) congenital.

8. The method of any one of claims 2-7, wherein the defect is a bone defect.

9. The method of any one of claims 2-7, wherein the defect is a cartilage defect.

10. The method of any one of claims 2-9, wherein a biocompatible scaffold is inserted

into the defect.

11. The method of claim 10, wherein the biocompatible scaffold is a bioresorbable

polymer.



12. The method of claim 11, wherein the bioresorbable polymer is a polylactide-

coglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA copolymer.

13. The method of any one of claims 2-12, wherein the reduced pressure is applied to

the defect through a manifold connected to a reduced pressure source, wherein the manifold is

porous and is placed on or in the defect.

14. The method of claim 13, wherein the manifold is from a flowable material that is

delivered through a manifold delivery tube to the tissue site such that the flowable material

fills the defect.

15. The method of claim 13 or 14, wherein the manifold is a bioresorbable polymer

and is capable of serving as a biocompatible scaffold.

16. The method of claim 15, wherein the bioresorbable polymer is a polylactide-

coglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA copolymer.

17. The method of any one of claims 1-16, wherein the reduced pressure is applied for

at least 24 h.

18. The method of any one of claims 1-16, wherein the reduced pressure is applied for

less than 24 h.

19. The method of any one of claims 1-16, wherein the reduced pressure is applied for

between about 12h to about 3d.

20. A method of treating a bone or cartilage defect in a subject, the method comprising

applying reduced pressure to the dura mater, periosteum or endosteum that is adjacent to the

defect.

21. The method of claim 20, wherein the reduced pressure is applied to the dura mater.

22. The method of claim 20, wherein the reduced pressure is applied to the

periosteum.



23. The method of claim 22, wherein the reduced pressure induces endosteum

osteogenic activity.

24. The method of claim 20, wherein the reduced pressure is applied to the endosteum.

25. The method of any one of claims 20-25, wherein a biocompatible scaffold is

inserted into the defect.

26. The method of claim 21, wherein the biocompatible scaffold is a bioresorbable

polymer.

27. The method of claim 22, wherein the bioresorbable polymer is a polylactide-

coglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA copolymer.

28. The method of any one of claims 20-27, wherein the reduced pressure is applied to

the dura mater, periosteum or endosteum through a manifold connected to a reduced pressure

source, wherein the manifold is porous and is placed on or in the defect.

29. The method of claim 28, wherein the manifold is from a flowable material that is

delivered through a manifold delivery tube to the tissue site such that the flowable material

fills the defect.

30. The method of claim 28 or 29, wherein the manifold comprises a bioresorbable

polymer and is capable of serving as a biocompatible scaffold.

31. The method of claim 30, wherein the bioresorbable polymer is a polylactide-

coglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA copolymer.

32. The method of any one of claims 20-3 1, wherein the reduced pressure is applied

for at least 24 h.

33. The method of any one of claims 20-31, wherein the reduced pressure is applied

for less than 24 h.



34. The method of any one of claims 20-3 1, wherein the reduced pressure is applied

for between about 12h to about 3d.

35. Use of a reduced pressure apparatus for treating a bone or cartilage defect adjacent

to dura mater, periosteum, or endosteum.

36. The use of claim 35, wherein the reduced pressure apparatus comprises a manifold

connected to a reduced pressure source, wherein the manifold is porous and is placed on or in

the defect.

37. The use of claim 36, wherein the manifold is from a flowable material that is

delivered through a manifold delivery tube to the tissue site such that the flowable material

fills the defect.

38. A composition for treating a bone or cartilage defect, the composition comprising

a reduced pressure apparatus and a biocompatible scaffold, wherein the defect is adjacent to

dura mater, periosteum or endosteum.

39. The composition of claim 38, wherein the biocompatible scaffold is a

bioresorbable polymer.

40. The composition of claim 39, wherein the bioresorbable polymer is a polylactide-

coglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA copolymer.

41. The composition of any one of claims 38-40, wherein the reduced pressure

apparatus comprises a manifold connected to a reduced pressure source, wherein the manifold

is porous.

42. The composition of claim 41, wherein the manifold comprises the biocompatible

scaffold.

43. The composition of claim 41, wherein the manifold comprises a bioresorbable

polymer.



44. The composition of claim 43, wherein the bioresorbable polymer is a polylactide-

coglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA copolymer.

45. The composition of any one of claims 41-44, wherein the manifold is from a

flowable material that is delivered through a manifold delivery tube to the tissue site such that

the flowable material fills the defect.

46. Use of a reduced pressure apparatus and a biocompatible scaffold for the

manufacture of a composition for treating a bone or cartilage defect adjacent to dura mater,

periosteum or endosteum.

47. The use of claim 46, wherein the biocompatible scaffold is a bioresorbable

polymer.

48. The use of claim 47, wherein the bioresorbable polymer is a polylactide-

coglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA copolymer.

49. The use of any one of claims 46-48, wherein the reduced pressure apparatus

comprises a manifold connected to a reduced pressure source, wherein the manifold is porous.

50. The use of claim 49, wherein the manifold comprises the biocompatible scaffold.

51. The use of claim 49, wherein the manifold comprises a bioresorbable polymer.

52. The use of claim 51, wherein the bioresorbable polymer is a polylactide-

coglycolide (PLAGA) polymer or a polyethylene glycol-PLAGA copolymer.

53. The use of any one of claims 49-52, wherein the manifold is from a flowable

material that is delivered through a manifold delivery tube to the tissue site such that the

flowable material fills the defect.
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