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ABSTRACT 

A method for treatment of injured, damaged, diseased or 
aged articular cartilage using neo-cartilage constructs 
implanted into a joint cartilage lesion in situ. The implan 
tation of the construct initiates and achieves incorporation of 
neo-cartilage into a native surrounding cartilage including a 
formation of a neW super?cial cartilage layer overgroWing 
and sealing the lesion in the joint cartilage. 
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METHOD FOR IN SITU REPAIR OF INJURED, 
DAMAGED, DISEASED OR AGED ARTICULAR 

CARTILAGE 

[0001] This application is a continuation-in-part applica 
tion of Ser. No.: 10/104,677 ?led on Mar. 22, 2002 and is 
based on and claims priority of the Provisional application 
Ser. No. 60/425,696 ?led on Nov. 12, 2002 and Provisional 
application Ser. No. 60/427,627 ?led on Nov. 18, 2002. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] The current invention concerns a method for treat 
ment of injured, damaged, diseased or aged articular carti 
lage using neo-cartilage constructs implanted into a joint 
cartilage lesion in situ. The method is particularly useful for 
repair and restoration of function of the injured, traumatized, 
aged or diseased cartilage. In particular, the invention con 
cerns a method Where the implantation of the construct of 
the invention initiates and achieves incorporation of neo 
cartilage into a native surrounding cartilage including a 
formation of a neW super?cial cartilage layer overgroWing 
and eventually completely sealing the lesion in the joint 
cartilage. The neo-cartilage construct of the invention com 
prises at least chondrocytes incorporated into a support 
matrix processed according to the algorithm of the inven 
tion. The construct is implanted into the joint cartilage lesion 
typically beloW one layer or betWeen tWo layers of biologi 
cally acceptable sealants. The method for the treatment of 
articular cartilage comprises preparation of the neo-cartilage 
construct from the autologous or heterologous chondrocytes 
ex vivo, preparing the lesion for implantation of said con 
struct including an optional step of depositing a ?rst sealant 
compound at the bottom of the lesion for sealing the joint 
cartilage lesion and protecting the construct from e?fects of 
blood-borne agents, implanting the construct of the inven 
tion on the top of the ?rst sealant and depositing a second 
sealant compound over the construct. 

[0004] The invention further concerns a method for repair 
and restoration of the injured, damaged, diseased or aged 
cartilage into its full functionality and for treatment of 
injured or diseased cartilage by implanting the neo-cartilage 
construct betWeen tWo layers of biologically acceptable 
sealants. 

[0005] Additionally, the invention concerns a method for 
generation of the neo-cartilage and the neo-cartilage con 
struct of the invention. 

[0006] 2. 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 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 
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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. 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 recommended for 
people under the age of ?fty. 

[0009] It Would, therefore, be extremely advantageous to 
have available a method for in situ treatment of these injuries 
Which Would e?fectively restore the cartilage to its pre-injury 
state. 

[0010] 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. 

[0011] 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 redi?ferentiate 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. 

[0012] 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-di?‘erentiated, 
and culturing these cells for a time necessary for these cells 
to di?ferentiate and form a multi cell-layered synthetic 
cartilage. 
[0013] 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. 

[0014] None of the above cited references results in repair 
and regeneration of cartilage in situ including de novo 
formation of the super?cial cartilage layer sealing a joint 
cartilage lesion in situ. 

[0015] It is thus a primary objective of this invention to 
provide a method and means for regeneration of injured or 
traumatiZed cartilage by forming, in the injured lesion of the 
cartilage, a cavity, by administering at least one but typically 
tWo separate layers of a biologically acceptable glue sealant 
and implanting a neo-cartilage containing construct under 
the one layer or into said cavity. The method according to the 
invention results in the groWth of the super?cial cartilage 
layer over the lesion and sealing the lesion. 

[0016] All patents, patent applications and publications 
cited herein are hereby incorporated by reference. 

SUMMARY 

[0017] One 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: 
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[0018] a) preparing a neo-car‘tilage construct comprising 
autologous or heterologous chondrocytes incorporated into a 
sponge, porous scaffold or thermo-reversible gelation hydro 
gel (TRGH) matrix support and subjected to the algorithm of 
the invention; 

[0019] b) optionally introducing a ?rst layer of a ?rst 
biologically acceptable sealant into a cartilage lesion; 

[0020] c) implanting said construct into said lesion or into 
said cavity over the ?rst layer of said ?rst sealant; 

[0021] d) introducing a second layer of a second biologi 
cally acceptable sealant over said construct Wherein said 
second sealant may or may not be the same as the ?rst 
sealant and Wherein a combination of said construct and said 
second sealant results in formation and groWth of a super 
?cial cartilage layer sealing the cartilage lesion in situ. 

[0022] 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 com 
prising steps: 

[0023] 
cytes; 

[0024] b) culturing said chondrocytes ex vivo into a neo 
cartilage, said neo-car‘tilage comprising autologous or het 
erologous chondrocytes incorporated into a sponge or 
TRGH matrix support subjected to the algorithm of the 
invention; 
[0025] c) optionally introducing a ?rst layer of a ?rst 
biologically acceptable sealant into a cartilage lesion; 

a) obtaining autologous or heterologous chondro 

[0026] d) depositing a space-holding thermo-reversible 
gel (SHTG) or TRGH into a lesion or into a cavity formed 
above the ?rst sealant layer thereby permitting suf?cient 
time for groWth and differentiation of ex vivo cultured 
neo-car‘tilage, said space holding thermo-reversible gel 
(SHTG) deposited into said cavity as a sol at temperatures 
betWeen about 5 to about 25° C., Wherein Within said cavity 
and at the body temperature said SHTG converts from the 
?uidic sol into a solid gel and in this form SHTG holds the 
space for subsequent introduction of the neo-cartilage cul 
tured ex vivo, and provides protection against cell and 
blood-borne agents migration into the cavity from the sub 
chondral space and from the synovial capsule and Wherein 
its presence further provides a substrate for and promotes in 
situ formation of a de novo super?cial cartilage layer 
covering the cartilage lesion; 

[0027] e) depositing a second layer of a second biologi 
cally acceptable sealant over the cartilage lesion; 

[0028] f) removing said SHTG by cooling said lesion to 
change SHTG into sol; 

[0029] f) depositing said neo-cartilage cultured ex vivo 
into the cavity formed betWeen tWo layers of sealants and 
under the de novo formed super?cial cartilage layer; 

[0030] g) removing said SHTG or TRGH from the cavity 
after the neo-car‘tilage integration into a native cartilage 
under the formed super?cial cartilage layer by cooling said 
lesion to from about 5 to about 15° C. to convert the solid 
gel into ?uidic sol and removing said sol or, in alternative, 
leaving said SHTG or TRGH to disintegrate and be removed 
naturally. 
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[0031] 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 com 
prising steps: 

[0032] a) preparing an intact and discreet piece of neo 
cartilage by culturing autologous or heterologous chondro 
cytes ex vivo, suspending said cultured chondrocytes in a 
thermo-reversible gelation hydrogel (TRGH) and Warming 
said suspension of chondrocytes to temperature above 30° 
C. in order to convert TRGH into a solid gel and subjecting 
the solid gel to the algorithm of the invention; 

[0033] b) introducing a ?rst and a second layer of a ?rst 
and a second biologically acceptable sealant into a cartilage 
lesion; 

[0034] 
sol state; 

c) cooling said TRGH/neo-cartilage to 5-l5° C. to 

[0035] d) depositing said neo-car‘tilage suspended in the 
TRGH into a cavity formed betWeen tWo layers of sealants 
as a sol at temperatures betWeen about 5 to about 25° C. 
Wherein, Within said cavity and at the body temperature, said 
TRGH converts from the sol state into the solid gel and in 
this state provides protection for and enables integration of 
deposited neo-car‘tilage into a native surrounding cartilage 
and Wherein the presence of TRGH further provides a 
substrate and promotes in situ formation of de novo super 
?cial cartilage layer covering the cartilage lesion; 

[0036] e) leaving said TRGH in the lesion until its disin 
tegration or, in alternative, removing said TRGH from the 
cavity as a sol by cooling said lesion to temperature betWeen 
5 and 15° C. after the neo-car‘tilage integration and forma 
tion of super?cial cartilage layer; and 

[0037] d) evaluating incorporation of said neo-car‘tilage 
into a surrounding native cartilage. 

[0038] Still 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: 

[0039] a) preparing neo-cartilage or a neo-cartilage con 
taining construct comprising autologous cultured chondro 
cytes incorporated into a gel or thermo-reversible gel matrix 
support ex vivo and subjected to the algorithm of the 
invention; 

[0040] b) introducing a ?rst layer of a ?rst biologically 
acceptable sealant into a cartilage lesion; 

[0041] c) depositing said construct or said neo-car‘tilage 
over the ?rst layer of the ?rst sealant; and 

[0042] d) depositing a layer of a second biologically 
acceptable sealant either over the neo-car‘tilage construct or 
the neo-car‘tilage deposited into a cartilage lesion and cov 
ering the lesion With said second sealant, Wherein in time 
said neo-cartilage is integrated into the native cartilage and 
Wherein the presence of the neo-cartilage construct and the 
second sealant promotes in situ formation and groWth of de 
novo super?cial cartilage layer covering the cartilage lesion. 

[0043] Another aspect of the current invention is a neo 
cartilage construct suitable for implantation into a cartilage 
lesion in situ. 
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[0044] Yet another aspect of the current invention is a 
neo-car‘tilage construct implanted under one or betWeen tWo 
layers of biologically acceptable sealants Within a cartilage 
lesion. 

[0045] Still another aspect of the current invention is a 
neo-car‘tilage construct implanted in situ into a cartilage 
lesion betWeen tWo layers of sealants Wherein a ?rst sealant 
is deposited at the bottom of a cartilage lesion and the 
second sealant is deposited over the implanted construct on 
the top of the cartilage lesion and Wherein the second sealant 
leads to formation and groWth of super?cial cartilage layer 
Which seals said cartilage lesion. 

[0046] Another aspect of the current invention is a method 
for fabrication of a three-dimensional neo-car‘tilage con 
struct of the invention comprising steps of: 

[0047] 
[0048] b) harvesting a piece of cartilage from a donor for 
isolation of chondrocytes; 

[0049] 

a) preparing a support matrix structure; 

c) culturing and expanding the chondrocytes; 

[0050] d) suspending the expanded chondrocytes in a 
suspension ?uid; 

[0051] e) incorporating said suspended chondrocytes into 
said matrix; and 

[0052] f) propagating said chondrocytes into tWo or three 
dimensional neo-car‘tilage construct using the algorithm of 
the invention. 

[0053] Still another aspect of the current invention is a 
method for generation of an autologous type of neo-car‘tilage 
construct by generating a carrier support for autologous 
chondrocytes cultured into neo-car‘tilage Wherein said sup 
port is a biologically acceptable cell-carrier thermo-revers 
ible polymer gel or a ther'mo-reversible gelation hydrogel 
(CCTG, TRGH or VITROGEN®), Wherein said neo-car‘ti 
lage is suspended Within the CCTG and Wherein a resulting 
CCTG/neo-car‘tilage or TRGH/neo-cartilage or a suspension 
thereof is injected into the cartilage lesion. 

[0054] Still another aspect of the current invention is a 
method for generation and maintaining integrity of the 
lesion cavity for the introduction of neo-cartilage, a neo 
cartilage gel, a neo-cartilage suspension or neo-car‘tilage 
construct from a synovial capsule and for blocking the 
migration of subchondral and synovial cells and cell and 
blood products into said cavity and for providing a substrate 
for a formation of super?cial cartilage layer overgroWing the 
lesion by introducing a biologically acceptable space-hold 
ing thermo-reversible gel (SHTG) into a cleaned lesion for 
a duration of culturing autologous chondrocytes into neo 
cartilage before introducing said neo-cartilage or neo-car‘ti 
lage construct or suspension into the lesion. 

[0055] Still another aspect of the current invention is a 
method for treatment of damaged, injured, diseased or aged 
cartilage by utiliZing any of the methods listed above to 
implant the neo-car‘tilage construct into the lesion. 

BRIEF DESCRIPTION OF DRAWINGS 

[0056] FIG. 1 shoWs a construct comprising neo-cartilage. 
FIG. 1A is a schematic draWing of the sponge made of 
sol/gel shoWing the distribution of chondrocytes Within the 

Jan. 10, 2008 

collagen sponge. FIG. 1B is a micrograph of the actual 
neo-car‘tilage construct held in the forceps having 4 mm in 
diameter and thickness of 1.5 mm. Seeding density of the 
construct is 300,000 chondrocytes per 25 ul of collagen 
solution (12,000,000 cells/ml). 

[0057] FIG. 2A shoWs a diagram of hydrostatic pressure 
culture system. FIG. 2B shoWs a TESS culture processor 
unit. 

[0058] FIG. 3A is a graph representing S-GAG accumu 
lation in cell constructs subjected to static atmospheric 
(control) or cyclic hydrostatic pressure (test). FIG. 3B is a 
photomicrograph of Safranin-O staining for S-GAG on 
para?in sections in 18 days subjected to static pressure. FIG. 
3C is a photomicrograph of Safranin-O staining for S-GAG 
on paraf?n sections in cell constructs subjected to cyclic 
hydrostatic pressure for 6 days folloWed by 12 days of static 
pressure. 

[0059] FIG. 4 illustrates effect of cyclic and constant 
hydrostatic pressure on production of S-GAG (FIG. 4A) and 
DNA (FIG. 4B). 

[0060] FIG. 5A shoWs S-GAG accumulation in cell con 
structs under continued culture conditions of static culture 
(control), medium perfusion (COMPa), cyclic hydrostatic 
pressure (Cy-HP) combined With medium perfusion (con 
trol) and constant hydrostatic pressure combined With 
medium perfusion (constant-HP). FIG. 5B illustrates DNA 
content at day 6 and day 18 in cells constructs submitted to 
static conditions (control), medium perfusion only 
(COMPa), cyclic hydrostatic pressure (Cy-HP) and constant 
hydrostatic pressure (constant-HP). 

[0061] FIG. 6A is a photomicrograph of Safranin-O stain 
ing for S-GAG on para?in sections in 18 days cell constructs 
subjected to static atmospheric pressure. FIG. 6B is a 
photomicrograph of Safranin-O staining for S-GAG on 
para?in sections in cell constructs subjected to cyclic hydro 
static pressure for 6 days folloWed by 12 days of static 
pressure. FIG. 6C is a photomicrograph of type II collagen 
immunohistochemistry on paraf?n sections in 6 days cell 
constructs subjected to static atmospheric pressure. FIG. 6D 
is a photomicrograph of type II collagen immunohistochem 
istry on paraf?n sections in cell constructs subjected to 
cyclic hydrostatic pressure for 6 days. 

[0062] FIG. 7A is a graph illustrating effect of the medium 
perfusion ?oW rate on cell proliferation (DNA content) by 
cell constructs subjected to a medium ?oW rate of either 
0.005 or 0.05 ml/min. FIG. 7B illustrates effect of How rate 
on production of S-GAG. 

[0063] FIG. 8 shoWs accumulation detected histologically 
by toluidine S-GAG blue staining after 15 days culture 
submitted to perfusion (FIG. 8A), cyclic hydrostatic pres 
sure (FIG. 8B) and constant hydrostatic pressure (FIG. SC). 

[0064] FIG. 9 illustrates effect of loW oxygen tension on 
S-GAG production (FIG. 9A) and cell proliferation (FIG. 
9B). 
[0065] FIG. 10A shoWs an arthroscopic observation of the 
control empty defect site 2 Weeks after creating empty 
defect. FIG. 10B shoWs an arthroscopic observation of the 
porcine neo-car‘tilage (Porcine-NeoCar‘tTM) implant site 2 
Weeks after the implantation. 
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[0066] FIG. 11 shows the control lesion Without treatment 
With porcine neo-cartilage Where the proliferation of ?bro 
cartilage Within the defect site is clearly visible after 4 
months. FIG. 11A shoWs a defect site vis-a-vis subchondral 
bone With a site of formation of ?brocartilage. FIG. 11B 
shoWs a defect site synovium and synovial migration. FIG. 
11C shoWs the defect site and formation of ?brocartilage. 

[0067] FIGS. 12A and 12B shoWs integration of porcine 
neo-cartilage into the lesion Within the host’s cartilage after 
3 months. FIG. 12C shoWs the regenerated hyaline-like 
cartilage in the porcine neo-cartilage implanted site. FIG. 
12D shoWs the integration betWeen the porcine neo-cartilage 
and the host cartilage laterally and at the subchondral bone. 

[0068] FIG. 13A shoWs S-GAG production in cell con 
structs subjected to cyclic hydrostatic pressure and to ato 
mospheric pressure (control) With medium perfusion. FIG. 
13B shoWs DNA content in cell constructs subjected to 
cyclic and constant hydrostatic pressure With medium per 
fusion. 

[0069] FIG. 14 shoWs histological evaluation of cell con 
structs by Safranin-O. FIG. 14A shoWs S-GAG accumula 
tion at day 0 (initial). FIG. 14B shoWs accumulation of 
S-GAG on day 21 in cell constructs subjected to atmo 
spheric pressure (control). FIG. 14C shoWs accumulation of 
S-GAG on day 21 in cell constructs subjected to 7 days of 
cyclic hydrostatic pressure (Cy-HP#1) folloWed by 14 days 
of to atmospheric pressure. FIG. 14D shoWs accumulation of 
S-GAG on day 21 in cell constructs subjected to 14 days of 
cyclic hydrostatic pressure (Cy-HP#2) folloWed by 7 days of 
to atmospheric pressure. FIG. 14E shoWs accumulation of 
S-GAG on day 21 in cell constructs subjected to 7 days of 
constant hydrostatic pressure (Constant-HP) folloWed by 14 
days of atmospheric pressure. 

DEFINITIONS 

[0070] As used herein: 

[0071] “Chondrocyte” means a nondividing cartilage cell 
Which occupies a lacuna Within the cartilage matrix. 

[0072] “Isogenous chondrocytes” means clones of carti 
lage cell derived from one cell of division. Isogenous 
chondrocytes occur in clusters called isogenous nests. 

[0073] “Autologous chondrocytes” means chondrocytes 
isolated from a donor’s oWn healthy articular cartilage. 

[0074] “Heterologous chondrocytes” means chondrocytes 
derived from a donor of a different species or from a donor 
of the same species but not the recipient individual or a 
donor tissue that is derived from the recipient individual but 
is non-articular cartilage isolated from a cartilage of the 
different species. 

[0075] “Support matrix” means biologically acceptable 
sol-gel or sponge scaffold suitable for seeding expanded 
chondrocytes that provides a structural support for groWth 
and three-dimensional propagation of chondrocytes. The 
support matrix is prepared from such materials as Type I 
collagen, Type II collagen, Type IV collagen, gelatin, aga 
rose, cell-contracted collagen containing proteoglycans, gly 
cosaminoglycans or glycoproteins, ?bronectin, laminin, bio 
active peptide groWth factors, cytokines, elastin, ?brin, 
synthetic polymeric ?bers made of poly-acids such as poly 
lactic, polyglycolic or polyamino acids, polycaprolactones, 
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polyamino acids, polypeptide gel, copolymers thereof and 
combinations thereof. The gel solution matrix may be a 
polymeric thermo-reversible gelling hydrogel. The support 
matrix is preferably biocompatible, biodegradable, hydro 
philic, non-reactive, has a neutral charge and be able to have 
or has a de?ned structure. 

[0076] “Neo-cartilage” means an immature hyaline carti 
lage Wherein the ratio of extracellular matrix to chondro 
cytes is loWer than in mature hyaline cartilage. 

[0077] “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. 

[0078] “Autologous Cultured Neo-Cartilage” means a 
hyaline neo-cartilage tissue groWn ex vivo from chondro 
cytes isolated from a donor’s oWn healthy articular cartilage. 

[0079] “Neo-cartilage construct”, “NEOCARTTM” or 
“NeoCartTM” means a 3-dimensional structural composition 
comprising chondrocytes incorporated into a matrix support 
treated by or subjected to the algorithm of the invention. 
Neo-cartilage construct thus means a discrete piece of 
hyaline neo-cartilage formed from cultured chondrocytes for 
implantation into lesion of a damaged, aged or diseased 
cartilage Wherein, after implantation, the neo-cartilage is 
integrated into a native cartilage Within the lesion. Neo 
Cart® cartilage is manufactured by and is proprietary of 
Histogenics Corporation, Easthampton, Mass. 

[0080] “TESSTM<:> means Tissue Engineering Support 
System Which is available as TESS culture processor unit for 
culturing of chondrocytes prepared from arthroscopic 
biopsy samples. The unit permits changes in hydrostatic 
pressure, including cyclic hydrostatic pressure changes and 
controls other physical parameters such as temperature, gas 
concentration, medium perfusion rate and such other param 
eters as may be needed. Relevant detailed information is 
found in US. Pat. No. 6,432,713 B2, patent application Ser. 
No.: 09/895,162, Ser. No.: 09/895,161, PCT JPO1/01516, 
Japanese patent applications 2001-126543 and 2001 
261556, incorporated herein by reference. 

[0081] “Sealant” means a biologically acceptable typically 
rapid-gelling formulation having a speci?ed range of adhe 
sive and cohesive properties. Sealant is thus a biologically 
acceptable rapidly gelling synthetic compound having adhe 
sive and/or gluing properties, and is typically a hydrogel, 
such as derivatiZed polyethylene glycol (PEG) Which is 
preferably cross-linked With a collagen compound, typically 
alkylated collagen. Examples of suitable sealants are tetra 
hydrosuccinimidyl or tetra-thiol derivatiZed PEG, or a com 
bination thereof, commercially available from Cohesion 
Technologies, Palo Alto, Calif. under the trade name 
CoSealTM, described in J. Biomed. Mater Res Appl. Biom 
alen, 58:545-555 (2001), or tWo-part polymer compositions 
that rapidly form a matrix Where at least one of the com 
pounds is polymeric, such as, polyamino acid, polysaccha 
ride, polyalkylene oxide or polyethylene glycol and tWo 
parts are linked through a covalent bond, as described in 
US. Pat. No. 6,312,725B1, herein incorporated by refer 
ence, and cross-linked PEG With methyl collagen, such as a 
cross-linked polyethylene glycol hydrogel With methyl-col 
lagen. The sealant of the invention typically gels and/or 
bonds rapidly upon contact With tissue, particularly With 
tissue containing collagen. 
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[0082] “First sealant” means a biologically acceptable 
tissue sealant Which is deposited at the bottom of the lesion. 

[0083] “Second sealant” means a biologically acceptable 
sealant Which is deposited above and over the neo-cartilage 
construct implanted into a lesion. The second sealant may or 
may not be the same as the ?rst sealant and is preferably a 
cross-linked polyethylene glycol hydrogel With methyl-col 
lagen. 

[0084] “Hydrostatic pressure” means pressure measured 
above the atmospheric pressure. 

[0085] “Cyclic hydrostatic pressure” or “Cy-HP” means 
the application of repeated, tWo or multiplicity periods of 
applied hydrostatic pressure Within a de?ned loading inter 
val Which creates a sine Wave form of measured pressure. 

[0086] “Constant hydrostatic pressure , constant-HP” or 
“CHP” means the application of a non-?uctuating or non 
cyclic pressure load over a period of time. 

[0087] “Loading” or “loading interval” means a period of 
applied cyclic hydrostatic pressure load folloWed by a return 
to atmospheric pressure Where no external pressure is 
applied. 

[0088] “Resting phase” means a variable length of time 
Wherein cells are maintained in culture at atmospheric 
pressure after exposure to or culturing under cyclic hydro 
static pressure. 

[0089] “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, ?brocartilage, tendon, and bone Within a support 
structure, such as multi-layered system, scaffold or collagen 
matrix or formation of super?cial cartilage layer. 

[0090] “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. 

[0091] “Thermo-reversible” means a compound or com 
position changing its physical properties such as viscosity 
and consistency, from sol to gel, depending on the tempera 
ture. The thermo-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 30° 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. 

[0092] “TRGH” means thermo-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 
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thermo-reversible gelation polymer (TGP), a high molecular 
Weight polymer of Which less than 5 Wt % is enough for 
hydrogel formation. 

[0093] “SHTG” means space holding thermo-reversible 
gel. 

[0094] “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. “GAG” means glycosaminoglycan. 

[0095] “S-GAG” means sulfated glycosaminoglycan. 

[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] “MPa” means MegaPascal. One MPa is equal to 
145 psi. 

[0099] “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. 

[0100] “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. 

[0101] “The algorithm” means variable de?ned condi 
tions, such as variable pressure or non-pressure conditions, 
variable perfusion rate, different medium, different cell 
density, different temperature, variable time, different oxy 
gen and carbon dioxide conditions, etc., to Which a cellular 
construct of neo-cartilage is subjected in order to convert it 
to a mature neo-cartilage construct. 

[0102] “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 l><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 
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; 100 N/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 












































