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(57) ABSTRACT 

An acellular matrix implant for treatment of defects and 
injuries of articular cartilage, bone or osteochondral bone 
and a method for treatment of injured, damaged, diseased or 
aged articular cartilage or bone, using the acellular matrix 
implant implanted into a joint cartilage lesion in situ and a 
bone-inducing composition implanted into an osteochondral 
or bone defect. A method for repair and restoration of the 
injured, damaged, diseased or aged cartilage or bone into its 
full functionality by implanting the acellular matrix implant 
between tWo layers of biologically acceptable sealants and/ 
or the bone-inducing composition into the osteochondral 
bone or skeletal bone defect. A method for fabrication of the 
acellular matrix implant of the invention. A method for 
preparation of bone-inducing composition. 
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Schema of acellular matrix implantation and defect creations 
2 Defects (site A and B, size: 4mm in diameter, 1—1.5 mm in depth) were created 
in medial condyle (weight—bearing site) for aceliular matrix implantation or control 
defect. The distance between site A and site B is approximately 4 mm. 
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FIG. 2A 

image of acellular matrix 
The size is 5 mm in diameter and 15 mm in thickness. 
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Longitudinal schema of honeycomb structure of acellular matrix 
*2 The pore size of each column is about ZOO-400 pm. 
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Gross anatomy of empty defect creation (control) 
Size: 4 mm diameter; 1—1.5 mm depth 
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Gross anatomy of acellular matrix implantation 
Defect: 4 mm diameter; 1—1.5 mm depth 

Acellular matrix: 5 mm diameter; 1.5 mm thickness 
4 absorbable and 2 non-absorbable sutures 

top and bottom sealant. 
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FIBROUS TISSUE 

FORMATION 

Empty defect control at site A (Safranin-O staining) 
(29x magnification} 

H: Surrounding host cartilage 
D: Empty defect site 

SB: Subchondral bone area 

HIGHER 

MAGNIFICATION 

Empty defect control at site A (Safranin-O staining) 
(72x magnification) 

F: Fibro-vascular pannus formation at empty defect site 
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Empty defect control at site A (Safranin-O staining) 
72x magnification ( ) 
pannus formation at empty defect site F: Fibro-vascuiar 



Patent Application Publication Jan. 18, 2007 Sheet 9 0f 12 US 2007/0014867 A1 

F/G. 70A 
SUPERFICIAL 

CARTILAGE LAYER 

Acellular implantation at site A (Safranin-O staining) 
(29x magnification) 

H: Surrounding host cartilage 
I: Implant site of aceliular matrix 

SB: Subchondral bone area 
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Acellular implantation at site A (Safranin-O staining) 
(72x magnification) 

I: Implant site of acellular matrix 
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Acellular implantation at site B (Safranin-O staining) 
(29x magnification) 

H: Surrounding host cartilage 
I: Implant site of acellular matrix 

SB: Subchondral bone area 
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Acellular implantation at site B (Safranin-O staining) 
(72x magnification) 

I: Implant site of acellular matrix 



Patent Application Publication Jan. 18, 2007 Sheet 11 0f 12 US 2007/0014867 A1 

SUPERFICIAL 

CARTILACE LAYER\sAFRAN1N-o: SURFACE 

SEALANT 

F/G. 72A 

72B 



Patent Application Publication Jan. 18, 2007 Sheet 12 0f 12 US 2007/0014867 A1 

F/G. 73 

REMAINING CALCIFIED 
CARIILAGE AREA 

Image of full thickness defect at femoral condyle of mini-pig 
(72x magnification) 

H: Surrounding host cartilage 
D: Created full thickness defect after harvest 

SB: Subchondral bone area 
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ACELLULAR MATRIX IMPLANTS FOR 
TREATMENT OF ARTICULAR CARTILAGE, 
BONE OR OSTEOCHONDRAL DEFECTS AND 

INJURIES AND A METHOD FOR USE THEREOF 

[0001] This application is based on and claims priority of 
the Provisional Application Ser. No. 60/496,971, ?led Aug. 
20, 2003, Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of Invention 

[0002] The current invention concerns acellular matrix 
implants and compositions for treatment of articular carti 
lage, bone or osteochondral defects and injuries and a 
method for treatment of such osteochondral defects and/or 
injured, damaged, diseased or aged articular cartilage or 
bone using an acellular matrix implant implanted into a joint 
cartilage lesion and/or into the osteochondral defect in situ 
Wherein the osteochondral or bone defect is further 
implanted With a bone inducing composition or a carrier 
comprising said composition. The acellular matrix implant 
of the invention comprises a tWo or three dimensional 
biodegradable scalfold structure implanted into the joint 
cartilage lesion typically beloW or over one, tWo or several 
layers, or betWeen tWo layers of biologically acceptable 
sealants. The implant and the method are particularly useful 
for repair and restoration of function of the injured or 
traumatized articular cartilage, bone or osteochondral 
defects of younger individuals. In particular, the invention 
concerns a method Where the implantation of the acellular 
matrix implant of the invention initiates and achieves natural 
healing of the cartilage by activation and migration of 
chondrocytes from a native, surrounding cartilage into the 
cartilage defect and/or by inducing bone formation by 
depositing a bone inducing composition into the osteochon 
dral and/or bone defect in conjunction With the acellular 
matrix implant or Without the implant. 

[0003] The method further concerns a formation of a neW 
super?cial cartilage layer overgroWing and sealing the lesion 
in the joint cartilage by applying a top sealant over the 
cartilage lesion as Well as insulation of the lesion from the 
cell and blood debris, by applying a bottom sealant. Such 
formation of the super?cial cartilage layer is also applicable 
to osteochondral cartilage and bone lesions Where the bot 
tom sealant is used for sealing and separating the cartilage 
and bone lesions and the top sealant is used to form the 
super?cial cartilage layer. 

[0004] The method for treatment of articular cartilage 
comprises preparation of the acellular implant, preparation 
of the lesion for implantation of said implant including a step 
of depositing a bottom sealant at the bottom of the cartilage 
lesion for sealing the joint cartilage lesion and protecting the 
implant from e?fects of blood-borne agents, implanting the 
implant of the invention into the lesion and depositing the 
top sealant over the implant. The method for treatment of 
osteochondral defects additionally typically comprises 
depositing a bone inducing composition or a carrier com 
prising said composition into the bone lesion Wherein said 
bone lesion is covered by the bottom sealant thereby sepa 
rating said bone and cartilage lesions. The method for 
treatment of bone defects comprises depositing the bone 
inducing composition or a carrier comprising said compo 
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sition in a bone lesion Which may optionally be lined With 
or covered With a bottom or top sealant. 

[0005] The invention further concerns a method for repair 
and restoration of the injured, damaged, diseased or aged 
cartilage or bone into its full functionality and for treatment 
of injured cartilage by implanting the acellular matrix 
implant into the cartilage lesion betWeen tWo or more layers 
of biologically acceptable sealants and/or depositing the 
bone inducing composition or a carrier comprising said 
composition into the bone lesion, covering said bone induc 
ing composition or a carrier comprising said composition 
With the bottom sealant, depositing the acellular matrix 
implant into the cartilage lesion and covering said implant 
With the top sealant. 

[0006] Additionally, the invention concerns a method for 
fabrication of an acellular implant of the invention for use in 
treatment of cartilage defects and for preparation of a bone 
inducing composition or a carrier comprising said compo 
sition for use in treatment of bone or osteochondral defects. 

BACKGROUND AND RELATED DISCLOSURES 

[0007] Damage to the articular cartilage Which occurs in 
active individuals and older generation adults as a result of 
either acute or repetitive traumatic injury or aging is quite 
common. Such damaged cartilage leads to pain, a?fects 
mobility and results in debilitating disability. 

[0008] Typical treatment choices, depending on lesion and 
symptom severity, are the rest and other conservative treat 
ments, minor arthroscopic surgery to clean up and smooth 
the surface of the damaged cartilage area, and other surgical 
procedures such as microfracture, drilling, and abrasion. All 
of these may provide symptomatic relief, but the bene?t is 
usually only temporary, especially if the person’s pre-injury 
activity level is maintained. For example, severe and chronic 
forms of knee joint cartilage damage can lead to greater 
deterioration of the joint cartilage and may eventually lead 
to a total knee joint replacement. NoWadays, approximately 
200,000 total knee replacement operations are performed 
annually. The arti?cial joint generally lasts only 10 to 15 
years and the operation is, therefore, typically not recom 
mended for people under the age of ?fty. 

[0009] Osteochondral diseases or injuries, Which are a 
combination lesions of bone and cartilage, present yet 
another challenge for a treatment of Which need is not being 
met by the currently available procedures and methods. For 
example, treatment of osteochondritis dissecans With autolo 
gous chondrocyte transplantation, described in J. Bone and 
Joint Surgery, 85A-Supplement 2: 17-24 (2003), requires 
multiple surgeries and at least three Weeks for cell cultiva 
tion and groWth. 

[0010] It Would, therefore, be extremely advantageous to 
have available a method for in situ treatment of these injuries 
Which Would e?‘ectively restore the cartilage or bone to its 
pre-injury state during one surgery and With minimal time 
needed for recovery, Which treatment Would be especially 
suitable for younger individuals Who are more active and 
have better recovery capabilities. 

[0011] Attempts to provide means and methods for repair 
of articular cartilage are disclosed, for example, in US. Pat. 
Nos. 5,723,331; 5,786,217; 6,150,163; 6,294,202; 6,322,563 
and in the US. patent application Ser. No. 09/896,912, ?led 
on Jun. 29, 2001. 
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[0012] US. Pat. No. 5,723,331 describes methods and 
compositions for preparation of synthetic cartilage for the 
repair of articular cartilage using ex vivo proliferated 
denuded chondrogenic cells seeded ex vivo, in the Wells 
containing adhesive surface. These cells redilferentiate and 
begin to secrete cartilage-speci?c extracellular matrix 
thereby providing an unlimited amount of synthetic cartilage 
for surgical delivery to a site of the articular defect. 

[0013] US. Pat. No. 5,786,217 describes methods for 
preparing a multi-cell layered synthetic cartilage patch pre 
pared essentially by the same method as described in ’331 
patent except that the denuded cells are non-differentiated, 
and culturing these cells for a time necessary for these cells 
to differentiate and form a multicell layered synthetic car 
tilage. 

[0014] US. application Ser. No. 09/896,912, ?led on Jun. 
29, 2001 concerns a method for repairing cartilage, menis 
cus, ligament, tendon, bone, skin, cornea, periodontal tis 
sues, abscesses, resected tumors and ulcers by introducing 
into tissue a temperature dependent polymer gel in conjunc 
tion With at least one blood component Which adheres to the 
tissue and promotes support for cell proliferation for repair 
ing the tissue. 

[0015] US. patent application Ser. Nos. 10/104,677; 
10/625,822; 10/625,245 and 10/626,459 ?led on Jul. 22, 
2003, by inventors, hereby incorporated by reference, dis 
close neo-cartilage constructs subjected to an algorithm of 
certain speci?c conditions suitable for repair of injured or 
damaged articular cartilage. 

[0016] None of the above cited references, hoWever, 
results in repair and regeneration of cartilage or bone in situ 
Without a need for several surgeries. 

[0017] It is thus a primary objective of this invention to 
provide a method and a means for treatment of injured or 
traumatiZed cartilage, bone or cartilage-bone defects by 
depositing at least tWo separate layers of biologically accept 
able adhesive sealants thereby forrning a cavity in the 
injured lesion of the cartilage and implanting an acellular 
implant into said cavity betWeen these tWo layers and, 
additionally, by providing a bone inducing composition or a 
carrier comprising said composition containing bone induc 
ing agents and implanting said composition into the bone 
lesion of the osteochondral defects folloWed by the implan 
tation of the acellular matrix implant into the cartilage 
defect. The method according to the invention results in 
induction of chondrocyte activation and migration from the 
surrounding native cartilage into the acellular implant’s 
matrix and in the groWth of the super?cial cartilage layer 
over the implant thereby sealing the lesion and, When used 
for treatment of osteochondral defects, in migration of 
osteoblast into the bone lesion and in healing of the bone 
defect as Well as defect of the articular cartilage. 

[0018] All patents, patent applications and publications 
cited herein are hereby incorporated by reference. 

SUMMARY 

[0019] One aspect of the current invention is an acellular 
matrix implant for treatment of defects and injuries of 
articular cartilage. 

[0020] Another aspect of the current invention is an acel 
lular matrix implant in combination With a bone inducing 
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composition or a carrier comprising said composition for 
treatment of osteochondral defects and injuries. 

[0021] Still another aspect of the current invention is an 
acellular bone implant comprising a bone inducing compo 
sition or a carrier comprising said composition for implan 
tation into a bone lesion for treatment of bone defects and 
injuries. 

[0022] Yet another aspect of the current invention is a 
method for fabrication of an acellular matrix implant of the 
invention. 

[0023] Still another aspect of the current invention is a 
method for preparation of an acellular matrix implant 
Wherein said matrix is a sponge, honeycomb, scaffold, 
thermo-reversible gelation hydrogel (TRGH) or a polymer 
of an aromatic organic acid. 

[0024] Yet another aspect of the current invention is a 
method for treatment of injured, damaged, diseased or aged 
articular cartilage using the acellular matrix implant 
implanted into a joint cartilage lesion in situ. 

[0025] Still yet another aspect of the current invention is 
an acellular matrix implant used in a method Where the 
implantation of the acellular matrix implant of the invention 
initiates and achieves activation and induction of migration 
of chondrocytes from a native surrounding cartilage into the 
acellular matrix implant deposited Within a cartilage defect. 

[0026] Still yet another aspect of the current invention is 
a method for treatment of osteochondral defects by implant 
ing an acellular matrix implant into the cartilage lesion in 
conjunction With depositing a bone inducing composition or 
a carrier comprising said composition into an osteochondral 
lesion in situ. 

[0027] Still another aspect of the current invention is a 
bone inducing composition or a carrier comprising said 
composition containing bone inducing agents such as a 
demineraliZed bone poWder, calcium phosphate, hydroxya 
patite, organoapatite, titanium oxide, poly-L-lactic or polyg 
lycolic acid or a copolymer thereof or a bone morphogenic 
protein used in a method Where the deposition of said 
composition into the bone lesion initiates migration of 
osteoblast and achieves natural healing of the underlying 
bone. 

[0028] Still yet another aspect of the current invention is 
a bone inducing composition or a carrier comprising said 
composition deposited into a bone lesion of the osteochon 
dral defect in conjunction With implantation of an acellular 
matrix implant into the cartilage lesion useful for treatment 
of osteochondral defects. 

[0029] Still yet another aspect of the current invention is 
a method for treatment of bone lesions caused by bone 
injuries or defects said treatment accomplished by implant 
ing a bone inducing composition or a carrier comprising said 
composition into the bone lesion in situ. 

[0030] Still another aspect of the current invention is a 
bone inducing composition or a carrier comprising said 
composition containing bone inducing agents such as a 
demineraliZed bone poWder, calcium phosphate, hydroxya 
patite, organoapatite, titanium oxide, poly-L-lactic or polyg 
lycolic acid or a copolymer thereof or a bone morphogenic 
protein alone, in combination, or incorporated into a carrier, 
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such as a matrix, hydrogel, sponge, honeycomb, scaffold or 
a polymer of an aromatic organic acid, used in a method 
Where the deposition of said composition into the bone 
lesion initiates migration of osteoblast and achieves natural 
healing of the underlying bone. 

[0031] Still yet another aspect of the current invention is 
a bone inducing composition or a carrier comprising said 
composition deposited into a bone lesion for treatment of a 
bone defect alone or, Where appropriate, in conjunction With 
implantation of an acellular matrix implant into the cartilage 
lesion or osteochondral implant useful for treatment of 
osteochondral defects. 

[0032] Yet another aspect of the current invention is a 
method for treatment of injured, damaged, diseased or aged 
articular cartilage using an acellular matrix implant 
implanted into a joint cartilage lesion in situ, said method 
further comprising a formation of a neW super?cial cartilage 
layer overgroWing and sealing the lesion in the joint articular 
cartilage by applying a top sealant over the lesion and further 
applying a bottom sealant over the bottom of the lesion, said 
bottom sealant providing protection of the lesion against a 
cell and blood debris migration. 

[0033] Another aspect of the current invention is a method 
for treatment of osteochondral defects by depositing a bone 
inducing composition or a carrier comprising said compo 
sition comprising bone inducing agents into a bone lesion, 
depositing a bottom sealant over the bone inducing compo 
sition or a carrier comprising said composition, implanting 
an acellular matrix implant into the articular lesion and 
depositing a top sealant over the acellular matrix implant. 

[0034] Still another aspect of the current invention is an 
acellular matrix implant for use in treatments of the cartilage 
or bone lesions comprising a tWo or three dimensional 
biodegradable sponge, honeycomb, hydrogel, scaffold or a 
polymer of an aromatic organic acid matrix implanted into 
the joint cartilage lesion betWeen tWo layers, top and bottom, 
of biologically acceptable sealants. 

[0035] Still yet another aspect of the current invention is 
a method for treatment of articular cartilage injury compris 
ing steps: 

[0036] 
[0037] b) preparation of a cartilage lesion for implantation 
of said implant, including a step of depositing a bottom 
sealant at the bottom of the cartilage lesion for sealing of 
said lesion and protecting the implant from migration of 
blood-borne agents; 

[0038] 
[0039] d) depositing a top sealant over the acellular matrix 
implant. 

a) preparation of an acellular matrix implant; 

c) implanting the implant into the lesion; and 

[0040] Still yet another aspect of the current invention is 
a method for repair and restoration of damaged, injured, 
diseased or aged cartilage to a functional cartilage, said 
method comprising steps: 

[0041] a) preparing an acellular matrix implant as a col 
lagenous sponge, collagenous porous scaffold or honey 
comb, thermo-reversible gelation hydrogel (TRGH) or a 
polymer of an aromatic organic acid matrix, Wherein said 
sponge, scaffold, polymer of the aromatic organic acid or 
TRGH are biodegradable, Will disintegrate With time and be 
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metabolically removed from the healed lesion and replaced 
With a hyaline cartilage, said matrix optionally comprising 
matrix remodeling enZymes, such as matrix metalloprotein 
ases, aggrecanases, cathepsins and/or other biologically 
active components; 

[0042] b) introducing a layer of a biologically acceptable 
bottom sealant into a cartilage lesion; 

[0043] c) implanting said implant into said lesion into a 
cavity formed by the bottom layer of said bottom sealant; 
and 

[0044] d) introducing a top layer of a second biologically 
acceptable top sealant over said implant Wherein said top 
sealant may or may not be the same as the bottom sealant 
and Wherein a combination of said implant and said top 
sealant results in formation and groWth of a super?cial 
cartilage layer sealing the cartilage lesion in situ. 

[0045] Still another aspect of the current invention is an 
acellular matrix implant comprising a thermo-reversible 
gelation hydrogel (TRGH) deposited into a lesion cavity 
formed above the bottom sealant layer, or into the cavity 
betWeen the top and bottom sealant, said TRGH deposited 
into said cavity either incorporated into a collagenous 
sponge or scaffold or as a sol at temperatures betWeen about 
5 to about 30° C., Wherein Within said cavity and at the body 
temperature said TRGH converts from the ?uidic sol into a 
solid gel and in this form, its presence provides a structural 
support for migration of chondrocytes from a surrounding 
native cartilage and formation of extracellular matrix, 
Wherein said TRGH is biodegradable, Will disintegrate With 
time and be metabolically removed from the lesion and 
replaced With a hyaline cartilage. 

[0046] Still yet another aspect of the current invention is 
a method for treatment of osteochondral defects, said 
method comprising steps: 

[0047] a) preparing a bone inducing composition or a 
carrier comprising said composition comprising one or 
several bone inducing agents for implantation into a bone 
lesion; 
[0048] b) preparing an acellular matrix implant for 
implantation into a cartilage lesion as a collagenous sponge, 
collagenous porous scaffold or honeycomb or thermo-re 
versible gelation hydrogel (TRGH) matrix support Wherein 
said sponge, scaffold or TRGH are biodegradable, Will 
disintegrate With time and be metabolically removed from 
the lesion and replaced With a hyaline cartilage, said matrix 
optionally comprising matrix remodeling enZymes, matrix 
metalloproteinases, aggrecanases and cathepsins; 

[0049] c) introducing said bone inducing composition or a 
carrier comprising said composition into a bone lesion; 

[0050] d) covering said bone inducing composition or a 
carrier comprising said composition With a bottom sealant; 

[0051] e) implanting said acellular matrix implant into 
said cartilage lesion over the bottom sealant; and 

[0052] f) introducing a layer of a top sealant over said 
implant Wherein said top and bottom sealants may or may 
not be the same and Wherein a combination of said acellular 
matrix implant and said top sealant results in formation and 
groWth of a super?cial cartilage layer sealing the cartilage 
lesion in situ. 
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[0053] Still yet another aspect of the current invention is 
a bone inducing composition or a carrier comprising said 
composition comprising bone inducing agents for treatment 
of osteochondral defects further in combination With an 
acellular matrix implant comprising a thermo-reversible 
gelation hydrogel (TRGH) each deposited separately into a 
bone or cartilage lesion, Wherein said composition provides 
a means for rebuilding the bone and migration of osteoblast 
into the bone lesion and Wherein said implant provides a 
structural support for migration of chondrocytes from a 
surrounding native cartilage and formation of extracellular 
matrix. 

BRIEF DESCRIPTION OF DRAWINGS 

[0054] FIG. 1A is an enlarged schematic representation of 
the cartilage lesion Within the host cartilage With underlay 
ing uninjured bone, shoWing a bottom sealant deposited at 
the bottom of the lesion, an acellular matrix implant depos 
ited over the bottom sealant and covered With a top sealant. 
FIG. 1B is an enlarged schematic representation of the 
osteochondral defect shoWing the articular lesion, bone 
lesion, emplacement of the bone inducing composition 
(bone material) or a carrier comprising said composition into 
the bone lesion, emplacement of top and bottom sealants and 
emplacement of the acellular matrix implant. FIG. 1C is an 
enlarged schematic representation of the bone defect shoW 
ing the articular lesion, and combined osteochondral and 
skeletal bone lesion, emplacement of the bone inducing 
composition or a carrier comprising said composition into 
the bone and osteochondral lesion, emplacement of top and 
bottom sealants and emplacement of the acellular matrix 
implant. FIG. 1D is a schematic depiction of creation of 
defects A and B at Weight bearing site for implantation of an 
acellular matrix implant or serving as an empty control 
defect. 

[0055] FIG. 2A is an image of an acellular matrix implant 
held in the forceps. The actual siZe of the sponge is 5 mm in 
diameter and 1.5 mm of thickness. FIG. 2B is a longitudinal 
scheme of a honeycomb structure of an acellular matrix 
implant shoWing a relative localiZation of collagen sponge 
and porous collagen gel Wherein the pore siZe is betWeen 
200 and 400 pm. 

[0056] FIG. 3 shoWs a micrograph of the tWo control 
empty defect sites A and B (4 mm in diameter and l-l .5 mm 
in depth) created on the Weight-bearing site of the sWine 
medial femoral condyle. 

[0057] FIG. 4 is a micrograph of the tWo defect sites A and 
B generated on the Weight-bearing site of the sWine medial 
femoral condyle, implanted With acellular matrix implants. 
The defect has 4 mm in diameter and l-l .5 mm in depth. The 
implants have 5 mm diameter and 1.5 mm thickness. Each 
implant is sutured using 4 absorbable sutures and tWo 
non-absorbable sutures. The defect Was lined up With the 
bottom sealant and the implant Was covered With the top 
sealant. 

[0058] FIG. 5 shoWs arthroscopic evaluation of a magni 
?ed empty defect 2 Weeks after defect creation shoWing the 
defect to be fully exposed and empty. 

[0059] FIG. 6 shoWs arthroscopic evaluation of a magni 
?ed defect treated With the acellular matrix implant 2 Weeks 
after the defect creation. The super?cial cartilage layer 
overgroWing the implant site forms a smooth ?at surface 
over the defect. 
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[0060] FIG. 7 is a graph illustrating a histological grading 
of the repair tissue. 

[0061] FIG. 8A shoWs a histological evaluation (29x mag 
ni?cation) of the empty defect (D) at a control site (A). FIG. 
8B shoWs a higher (72x) magni?cation of the defect site (D). 
The defect is surrounded by the host cartilage (H) With 
underlying subchondral bone (SB) area. Fibrous tissue (F) 
formation is seen in both ?gures at the empty defect site. 
Fibrovascular pannus (F) is formed at empty defect site as 
indicated by the absence of the S-GAG accumulation. 

[0062] FIG. 9A shoWs a histological evaluation (29x mag 
ni?cation) of the empty defect (D) at a control site (B). FIG. 
9B shoWs a higher (72x) magni?cation of the defect site (D). 
The defect is surrounded by the host cartilage (H) With 
underlying subchondral bone (SB) area. Fibrous tissue (F) 
formation is seen in both FIGS. 9A and 9B at the empty 
defect site With slight accumulation of S-GAG accumula 
tion. 

[0063] FIG. 10A shoWs a histological evaluation (29x 
magni?cation) of the acellular implantation (I) at the implant 
site (A). FIG. 10B shoWs acellular implantation at higher 
(72x) magni?cation of the implant site (I). The implant site 
is surrounded by the host cartilage (H) With underlying 
subchondral bone (SB) area. Super?cial cartilage layer is 
shoWn to cover the implant site. In both FIGS. 10A and 10B 
normal S-GAG accumulation and formation of hyaline-like 
cartilage Was observed at the implant site. 

[0064] FIG. 11A shoWs a histological evaluation (29x 
magni?cation) of the acellular implantation (I) at the implant 
site (B). FIG. 11B shoWs acellular implantation at higher 
(72x) magni?cation of the implant site (I). The implant site 
is surrounded by the host cartilage (H) With underlying 
subchondral bone (SB) area. Super?cial cartilage layer is 
shoWn to cover the implant site. In both FIGS. 11A and 11B 
normal S-GAG (*) accumulation and formation of hyaline 
like cartilage Was observed at the implant site. 

[0065] FIG. 12 illustrates a degradation pattern in vivo of 
the top sealant 3 months after the acellular matrix implan 
tation. The formed super?cial cartilage layer Was formed 
over the implant and the sealant Was partially degraded at 
three months after the implantation. FIG. 12A shoWs a 
surface vieW of the Safranin-O stained implantation site. 
FIG. 12B shoWs a side vieW of the Safranin-O stained 
implantation site. FIG. 12C shoWs the bottom vieW of the 
Safranin-O stained implantation site. Safranin-O staining, 
seen as reddish color, indicates S-GAG accumulation. 

[0066] FIG. 13 shoWs an example image ofa full thickness 
defect (D) after harvest created at femoral condyle of 
mini-pig at 72x magni?cation. Surrounding host cartilage 
(H), subchondral bone area (SB) and remaining calci?ed 
cartilage area are also indicated. 

DEFINITIONS 

[0067] As used herein: 

[0068] “Acellular” means an implant lacking any biologi 
cally active cells. 

[0069] “Acellular matrix implant” or “acellular implant” 
means a biologically acceptable collagenous implant 
Whether in the form of collagenous sponge, collagenous 
honeycomb, collagenous scaffold or ther'mo-reversible gela 
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tion hydrogel Without any biologically active cells, forming 
a matrix into Which the chondrocytes may migrate. 

[0070] “Articular cartilage” means a hyaline cartilage of 
the joints, such as the knee joint. 

[0071] “Subchondral” means a structure underlying a joint 
cartilage. 
[0072] “Subchondral bone” means a bone of speci?c com 
position, typically very dense, but thin layer of bone just 
beloW the Zone of calci?ed cartilage and above the cancel 
lous or trabecular bone that forms the bulk of the bone 
structure of the limb. 

[0073] “Osteochondral” means combined area of the car 
tilage and bone Where a lesion or lesions occur. 

[0074] “Osteochondral defect” means a lesion Which is a 
composite lesion of cartilage and underlying bone. 

[0075] “Bone defect” or “bone lesion” means the defect 
Which is localiZed under the subchondral bone region and is 
thus a defect/lesion in a skeletal bone. 

[0076] 
[0077] “Chondrocyte” means a nondividing cartilage cell 
Which occupies a lacuna Within the cartilage matrix. 

[0078] “Support matrix” means biologically acceptable 
sol-gel or collagenous sponge, scaffold, honeycomb, hydro 
gel or a polymer of an aromatic organic acid suitable for 
receiving activated migrating chondrocytes or osteocytes 
that provides a structural support for groWth and three 
dimensional propagation of chondrocytes and for formulat 
ing of neW hyaline cartilage or for migration of osteochon 
drocytes into the bone lesions. The support matrix is 
prepared from such materials as Type I collagen, Type II 
collagen, Type IV collagen, gelatin, agarose, cell-contracted 
collagen containing proteoglycans, glycosaminoglycans or 
glycoproteins, polymers of aromatic organic acids, ?bronec 
tin, laminin, bioactive peptide groWth factors, cytokines, 
elastin, ?brin, synthetic polymeric ?bers made of poly-acids 
such as polylactic, polyglycolic or polyamino acids, poly 
caprolactones, polyamino acids, polypeptide gel, copoly 
mers thereof and combinations thereof. The gel solution 
matrix may be a polymeric thermo-reversible gelling hydro 
gel. The support matrix is preferably biocompatible, biode 
gradable, hydrophilic, non-reactive, has a neutral charge and 
is able to have or has a de?ned structure. 

[0079] “Mature hyaline cartilage” means cartilage consist 
ing of groups of isogenous chondrocytes located Within 
lacunae cavities Which are scattered throughout an extracel 
lular collagen matrix. 

[0080] “Sealant” means a biologically acceptable typically 
rapidly gelling formulation having a speci?ed range of 
adhesive and cohesive properties. Sealant is thus a biologi 
cally acceptable rapidly gelling synthetic compound having 
adhesive and/or gluing properties, and is typically a hydro 
gel, such as derivatiZed polyethylene glycol (PEG), or a 
protein, such as albumin, Which is preferably cross-linked 
With a collagen compound. The sealant of the invention 
typically gels and/ or bonds rapidly upon contact With tissue, 
particularly With tissue containing collagen. 

[0081] “Modi?ed sealant” means any suitable sealant for 
use in the invention Which has a polymeriZation time of at 
least 30 seconds. 

“Osteoblast” means a bone forming cell. 
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[0082] “Bone-inducing composition” or “a carrier com 
prising said composition” means a composition comprising 
at least one bone-inducing agent or, preferably, a combina 
tion of several agents, typically dissolved in a carrier or 
incorporated into a matrix similar to the acellular matrix 
implant. 
[0083] “Bone-inducing carrier , carrier comprising bone 
inducing composition” or “bone acellular implant” means 
any carrier Which contains bone-inducing agents and Which 
by itself promotes bone formation or is suitable for depos 
iting said bone-inducing composition comprising at least 
one bone-inducing agent or, preferably, a combination of 
several agents. Typically, the carrier Will be an acellular 
biodegradable porous matrix, hydrogel, sponge, honey 
comb, scalfold or a polymer of an aromatic organic acid 
structure having large pores from about 50 to about 150 pm, 
which pores encourage migration of osteoblast and inter 
connecting small pores of about 0.1 to about 10 um Which 
promote support and encourage formation of bone. The 
surface of such carrier might be negatively charged encour 
aging pseudopod attachment of osteoblasts and subsequent 
bone formation. One example of the suitable carrier pro 
moting bone formation is a polymer of an aromatic organic 
acid With controllable degree of degradation Which is suf 
?ciently hard but has a spongiform structure. 

[0084] “Bone-inducing agents” means agents Which 
induce, support or promote bone groWth and repair of bone 
defects. Exemplary bone-inducing agents are calcium phos 
phate, hydroxyapatite, organoapatite, titanium oxide, dem 
ineraliZed bone poWder, poly-L-lactic and polyglycolic acid 
or a copolymer thereof or a bone morphogenic protein, 
among others. 

[0085] “Bottom sealant” or “?rst sealant” means a bio 
logically acceptable tissue sealant Which is deposited at the 
bottom of the lesion. In case of the osteochondral defect, the 
?rst sealant is deposited over the bone-inducing composition 
or a carrier comprising said composition deposited into the 
bone lesion effectively sealing, separating and protecting the 
bone lesion from chondrocyte migration as Well as protect 
ing the cartilage lesion from migration of osteocytes. 

[0086] “Top sealant” or “second sealant” means a biologi 
cally acceptable sealant Which is deposited above and over 
the acellular matrix implant implanted into a lesion and may 
promote formation of the super?cial cartilage layer. The 
second (top) sealant may or may not be the same as the ?rst 
(bottom) sealant and is preferably a cross-linked polyethyl 
ene glycol hydrogel With methyl-collagen. 

[0087] “De novo” or “de novo formation” means the neW 
production of cells, such as chondrocytes, ?broblasts, ?bro 
chondrocytes, tenocytes, osteoblasts and stem cells capable 
of differentiation, or tissues such as cartilage connective 
tissue, hyaline cartilage, ?brocartilage, tendon, and bone 
Within a support structure, such as multi-layered system, 
scaffold or collagen matrix or formation of super?cial car 
tilage layer. 

[0088] “Super?cial cartilage layer” means an outermost 
layer of cartilage that forms the layer of squamous-like 
?attened super?cial Zone chondrocytes covering the layer of 
the second sealant and overgroWing the lesion. 

[0089] “Thermo-reversible” means a compound or com 
position changing its physical properties such as viscosity 
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and consistency, from sol to gel, depending on the tempera 
ture. The ther'mo-reversible composition is typically com 
pletely in a sol (liquid) state at betWeen about 5 and 15° C. 
and in a gel (solid) state at about 25-300 C. and above. The 
gel/sol state in betWeen shoWs a lesser or higher degree of 
viscosity and depends on the temperature. When the tem 
perature is higher than 150 C., the sol begins to change into 
gel and With the temperature closer to 30-37° the sol 
becomes more and more solidi?ed as gel. At loWer tempera 
tures, typically loWer than 150 C., the sol has more liquid 
consistency. 
[0090] “TRGH” means ther'mo-reversible gelation hydro 
gel material in Which the sol-gel transition occurs on the 
opposite temperature cycle of agar and gelatin gels. Conse 
quently, the viscous ?uidic phase is in a sol stage and the 
solid phase is in a gel stage. TRGH has very quick sol-gel 
transformation Which requires no cure time and occurs 
simply as a function of temperature Without hysteresis. The 
sol-gel transition temperature can be set at any temperature 
in the range from 5° C. to 70° C. by molecular design of 
ther'mo-reversible gelation polymer (TGP), a high molecular 
Weight polymer of Which less than 5 Wt % is enough for 
hydrogel formation. 

[0091] “Sol-gel solution” means a colloidal suspension 
Which, under certain conditions, transitions from a liquid 
(sol) to a solid material (gel). The “sol” is a suspension of 
aqueous collagen that is transitioned, by heat treatment, into 
a gel. 

[0092] “GAG” means glycosaminoglycan. 

[0093] “S-GAG” means sulfated glycosaminoglycan. 

[0094] “Aggrecanase” means aggrecanase enZyme. 

[0095] “Cathepsin” means a proteinase or peptidase 
enzyme. 

[0096] “MMP” means matrix metalloproteinase, an 
enZyme associated With cartilage degeneration in an injured 
or diseased joint. 

[0097] “DMB” means dimethylene blue used for staining 
of chondrocytes. 

[0098] “Super?cial Zone cartilage” means the ?attened 
outermost layer of chondrocytes covering the extracellular 
matrix intermediate Zone and deeper Zone of mature articu 
lar cartilage in Which non-dividing cells are dispersed. 

[0099] “Connective tissue” means tissue that protect and 
support the body organs, and also tissues that hold organs 
together. Examples of such tissues include mesenchyme, 
mucous, connective, reticular, elastic, collagenous, bone, 
blood, or cartilage tissue such as hyaline cartilage, ?brocar 
tilage, and elastic cartilage. 

[0100] “Adhesive strength” means a peel bond strength 
measurement, Which can be accomplished by bonding tWo 
plastic tabs With an adhesive formulation. The tabs can be 
formed by cutting 1><5 cm strips from polystyrene Weighing 
boats. To the surface of the boat are bonded (using com 
mercial cyanoacrylate Superglue), sheets of sausage casing 
(collagen sheeting, available from butcher supply houses). 
The sausage casing is hydrated in Water or physiological 
saline for 20 min to one hour and the adhesive is applied to 
a 1x1 cm area at one end of the tab; the adhesive is cured. 
Then, the free ends of the tab are each bent and attached to 
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the upper and loWer grips, respectively, of a tensile testing 
apparatus and pulled at 10 mm/min strain rate, recording the 
force in NeWtons to peel. A constant force trace alloWs 
estimation of N/m, or force per Width of the strip. A 
minimum force per Width of 10 N/m is desired; 100N/m or 
higher is more desirable. Alternatively, the same tab can be 
bonded (a single tab) over a 1x1 cm area to tissue, either 
dissected or exposed tissue in a living animal, during sur 
gery. The free end of the tab is then gripped or attached 
through a perforation to a hook af?xed to a hand-held tensile 
test device (Omega DFG5l-2 digital force gauge; Omega 
Engineering, Stamford, Conn.) and pulled upWard at 
approximately 1 cm/sec. The maximum force required to 
detach the tab from the tissue is recorded. The minimum 
force desired in such measurements Would be 0.1 N to 
detach the tab. Forces or 0.2 to 1 N are more desirable. 

[0101] “Cohesive strength” means the force required to 
achieve tensile failure and is measured using a tensile test 
apparatus. The glue or adhesive can be cured in a “dog 
bone”-shaped mold. The Wide ends of the formed solid 
adhesive can then be af?xed, using cyanoacrylate (Super 
glue) to plastic tabs, and gripped in the test apparatus. Force 
at extensional failure should be at least 0.2 MPa (2 N/cm2) 
but preferably 0.8 to 1 MPa or higher. 

[0102] “Lap shear measurements” means a test of bonding 
strength, in Which the sealant formulation is applied to 
overlapping tabs of tissue, cured, and then the force to pull 
the tabs apart is measured. The test re?ects adhesive and 
cohesive bonding; strong adhesives Will exhibit values of 
0.5 up to 4-6 N/cm2 of overlap area. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0103] This invention is based on ?ndings that When a 
biodegradable acellular matrix implant, such as a collag 
enous sponge matrix, collagenous scaffold matrix or thermo 
reversible gelation hydrogel matrix implant, is deposited 
into a lesion of injured, traumatiZed, aged or diseased 
cartilage or, in conjunction With a bone-inducing composi 
tion or a carrier comprising said composition comprising 
bone activating agents, into an osteochondral or bone defect, 
Within time, this acellular matrix implant activates mature 
but non-dividing chondrocytes present in the surrounding 
native cartilage, induces them to migrate to a site of the 
articular cartilage defect and generates a neW extracellular 
matrix ultimately resulting in formation of a healthy hyaline 
cartilage and/or, in case of the bone or osteochondral defect, 
it induces migration of osteoblast cells from surrounding 
healthy bone or subchondral bone. Under these circum 
stances, the second, top sealant deposited over the acellular 
matrix implant Will promote in situ formation of super?cial 
cartilage layer over the cartilage lesion containing the 
implant. Such super?cial cartilage layer Will be also gener 
ated When the top sealant is deposited over the osteochon 
dral defect, Which, additionally, Will comprise depositing of 
the bone-inducing composition or a carrier comprising said 
composition into the bone lesion and covering said compo 
sition With a ?rst, bottom sealant. 

[0104] The invention thus, in its broadest scope, concerns 
a method for repair and restoration of damaged, injured, 
traumatiZed or aged cartilage or for repair of bone or 
osteochondral defects and restoration of both the cartilage 
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and/or bone into their full functionality by implanting, 
during arthroscopic surgery, an acellular matrix implant 
and/or depositing a bone-inducing composition or a carrier 
comprising said composition into the bone lesion before 
implanting the acellular matrix implant into the cartilage 
lesion. The invention further includes a method for fabrica 
tion of said acellular matrix implant, preparation of said 
bone-inducing composition or a carrier comprising said 
composition and a method for de novo formation of a 
super?cial cartilage layer in situ. 

[0105] Brie?y, for treatment of the articular lesions, the 
invention comprises preparation of the acellular matrix 
implant for implanting into a joint cartilage lesion, said 
implant comprising a collagenous, thermo-reversible gel or 
an aromatic organic acid polymer support matrix in tWo or 
three-dimensions. The acellular matrix implant may contain 
various supplements, such as matrix remodeling enZymes, 
metalloproteinases (MMP-9, MMP-2, MMP-3), aggreca 
nases, cathepsins, groWth factors, donor’s serum, ascorbic 
acid, insulin-transferrin-sodium (ITS), etc., in concentra 
tions Which are knoWn in the art to induce groWth, differ 
entiation and phenotype stability. 

[0106] For treatment of osteochondral defects, the inven 
tion comprises preparation of a bone-inducing composition 
or a carrier comprising said composition comprised of 
bone-inducing agents, such as demineraliZed bone poWder, 
calcium phosphate, hydroxyapatite, organoapatite, titanium 
oxide, poly-L-lactic and polyglycolic acid or a copolymer 
thereof, alone or in combination, or a bone morphogenic 
protein, depositing said composition into the bone lesion and 
covering said bone-inducing composition or a carrier com 
prising said composition With the ?rst bottom sealant fol 
loWed by depositing said acellular matrix implant into the 
cartilage lesion and covering said implant With the second, 
top sealant. 

[0107] For treatment of bone defects, the invention com 
prises preparation of a bone-inducing composition or a 
carrier comprising said composition comprised of bone 
inducing agents, such as demineraliZed bone poWder, cal 
cium phosphate, hydroxyapatite, organoapatite, titanium 
oxide, poly-L-lactic and polyglycolic acid or a copolymer 
thereof, alone or in combination, or a bone morphogenic 
protein in amounts needed to ?ll the bone lesion, and 
depositing said composition into the bone lesion. Said lesion 
may optionally be covered With the bottom or top sealant. 
Typically, the bottom sealant is not deposited at the bottom 
of the bone lesion but if needed, it can be. 

[0108] The acellular matrix implant is implanted into a 
cartilage lesion cavity formed by at least tWo layers of 
adhesive sealants. HoWever, in certain circumstances, the 
acellular matrix implant may be also deposited into the 
cartilage lesion Without either the bottom or top sealant or 
Without both sealants. 

[0109] When the sealants are used in the method for repair 
of cartilage, the ?rst (bottom) layer of the sealant is depos 
ited at and covers the bottom of the cartilage lesion. Its 
function is to protect the integrity of said lesion from cell 
migration and from effects of various blood and tissue debris 
and metabolites and also to form a bottom of the cavity into 
Which the acellular matrix implant is deposited. The ?rst 
layer of the sealant may also become a covering layer 
deposited over the bone-inducing composition or a carrier 
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comprising said composition placed into the bone lesion 
Within the subchondral bone or bone area. 

[0110] Studies of induced defects of the pig’s femoral 
condyle con?rmed that implantation of a biodegradable 
acellular matrix implant combined With a implantation pro 
cedure disclosed herein and performed under de?ned con 
ditions induces activation and promotes chondrocyte migra 
tion from surrounding native host cartilage resulting in 
formation of extracellular matrix (ECM) of a regenerated 
hyaline-like cartilage Within the lesion at the injured site. 
Similarly, a deposition of a bone-inducing composition or a 
carrier comprising said composition comprising bone-induc 
ing agents into the bone defect promotes natural healing of 
bone by inducing migration of osteoblast into said bone 
lesion and, combined With the acellular matrix implant as 
described above, leads to healing and reconstruction of both 
the bone and cartilage. 

[0111] The method for using the acellular matrix implant 
for generation of the hyaline cartilage is particularly suitable 
for treatment of lesions in younger patients With focused 
lesions Where the cartilage has not developed an incipient 
osteoarthritic conditions, that is in patients Who Would 
typically be treated With microfracture or With cleaning the 
articular cartilage in the joint, such as in, for example, 
arthroscopic surgery folloWing a sports injury. Such patients 
stand a high probability of restoring a fully functional 
hyaline cartilage, or in case of osteochondral defects, a fully 
functional cartilage and bone, Without need of and aggra 
vation associated With undergoing additional one or multiple 
surgeries. 
[0112] One advantage of using the above-described 
method is that the acellular matrix implant and/or the 
bone-inducing composition or a carrier comprising such 
composition is non-immunogenic, can be pre-manufactured 
Well before the operation and can be introduced during the 
?rst arthroscopy, When the diagnosis, cleaning and debride 
ment of the lesion takes place Without a need for further 
biopsy, cell culturing, additional surgeries or treatments to 
prevent immune reactions. 

[0113] 
[0114] Cartilage and bone, both, are connective tissues 
providing support in the body for other soft tissues. 

1. Cartilage, Bone and Properties Thereof 

[0115] Bone is a hard connective tissue forming a skel 
eton, consisting of osteoblast cells embedded in a matrix of 
mineraliZed ground substance and collagen ?bers. The col 
lagen ?bers are impregnated With a form of calcium phos 
phate similar to hydroxyapatite as Well as With substantial 
quantities of carbonate, citrate, sodium and magnesium. 
Bone is composed of approximately 75% of inorganic 
material and 25% of organic material. Bone consists of a 
dense outer layer of compact substance covered by perios 
teum and an inner, loose spongy substance, i.e. bone mar 
roW. Bone emplaced immediately beloW the cartilage is 
called subchondral bone and it is a bone of speci?c com 
position and structure that is itself underlain by the cancel 
lous bone of the limb. 

[0116] Cartilage is a mature connective tissue covering 
joints and bones Which is comprised of metabolically active 
but non-dividing chondrocytes. This results in essential 
non-existence of spontaneous ability of the cartilage to 
self-repair folloWing the injury or damage caused by age or 
disease. 










































