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PARTICULATE CARTILAGE COMPOSITIONS, 
PROCESSES FOR THEIR PREPARATION AND 
METHODS FOR REGENERATING CARTILAGE 

FIELD OF THE INVENTION 

0001. This invention pertains to particulate cartilage 
compositions, processes for preparing particulate cartilage 
compositions and methods for regenerating articular carti 
lage. 

BACKGROUND OF THE INVENTION 

0002 Articular cartilage of higher animals, including 
man, has very limited potential for repair. Following injuries 
to articular cartilage, the cartilage generally does not repair 
itself because of its very limited capacity for regeneration. 
Repair is dependent on the extent and the depth of injury and 
the Surviving chondrocytes and normal articular cartilage 
matrix. In injuries involving Subchondral bone, there is no 
regeneration of the cartilage, but there is typically enlarge 
ment and progression of the lesion with associated pain. The 
ultimate goal of treatment of these lesions is restoration of 
the cartilage, but in most cases this is not achieved. 
0.003 Adult articular cartilage is not vascularized and, as 
Stated above, lacks the capacity to regenerate itself after 
Sustaining damage (Vangness, C. T., Jr. et al., Am. J. Orth. 
33, No. 25S: 29, 2004). When cartilage is cut, without 
involvement of subchondral bone, the defect often will 
persist for the duration of the individual’s life. 
0004 Treatment of articular cartilage defects may be 
either Surgical or non-Surgical. Several operative procedures 
are currently used to repair or remove damaged cartilage in 
order to prevent further destriction of the joint, decrease 
pain, and restore function. These include arthroscopic debri 
dement and lavage, Subchondral bone Stimulating proce 
dures, transplantation of chondrocytes or cartilage autografts 
and allografts and total knee arthroplasty. However, none of 
these produce regeneration of the native articular cartilage. 
0005 Arthroscopic abrasion arthroplasty was developed 
as an alternative to open debridement procedures. However, 
it is not a cartilage repair procedure, but rather merely 
removes frayed cartilage components as a palliative 
approach that may delay or defer unicondylar or total knee 
arthroplasty. The latter, replaces articular Surfaces with 
metal or polyethylene (or Similar plastic or ceramic) com 
ponents. This technique is irreversible and precludes any 
cartilage regeneration (Johnson, L. L., Clin. Orth. 391S: 
306-317, 2001). 
0006 Drilling of subchondral bone or microfracture of 
the same has been used to provide blood supply to fibro 
cartilage covering of Subchondral bone. However, this does 
not result in regeneration of articular hyaline cartilage. 
0007 Tissue and cartilage cell transplantation has the 
potential to produce cartilage repair at the expense of 
transplanted cells or intact cartilage. To achieve cartilage 
repair, transplanted cells and tissues must participate in the 
development of a permanent three-dimensional matrix. In 
addition, the cells and tissue must incorporate themselves 
within the host cartilage. 
0008. Several tissue transplantation techniques have been 
used to treat articular cartilage defects including autologous 
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chondrocytes or mesenchymal cells. Autologous chondro 
cyte transplantation involves removing a portion of normal 
articular cartilage from a non-weight bearing portion of the 
joint. The chondrocytes from this cartilage are Segregated 
and placed in tissue culture. The cells proliferate and pro 
duce an adequate number of chondrocytes for reimplanta 
tion. Subsequently, the original defect is debrided, covered 
with a periosteal cover (Crites, B. M., Cur. Opinions in 
Orthopaedics 15: 45, 2004). In the studies to date most 
Successful outcomes have been with circumscribed defects 
of the knee (Lindahl, A., et al., Novartis Found. Sympos. 
249: 175, 2003). This technique is limited by the size of the 
defect and by the amount of healthy cartilage that can be 
harvested from a given patient. It does not induce regenera 
tion of cartilage, but repopulated the defect with new cells 
from a different site. 

0009. Osteochondral grafts depend on the healing of the 
junctions between the graft and the recipient. A drawback of 
the technique is the necessity to anatomically match the 
curvature and size of the graft with the defect in the 
recipient. The technique does not produce regeneration of 
the native cartilage, but depends on obliterations of the 
defect either with autologous or allogeneic osteochondral 
grafts. 

0010 Bone morphogenetic proteins (BMPs) have been 
implicated in cartilage repair, as have been other growth 
factors. However, to date, application of various BMPs to 
chondral defects has failed to produce full-thickness repair 
and regeneration. At best, partial healing of full-thickneSS 
articular cartilage defects have been reported in a dog. Most 
other Studies of articular cartilage regeneration have been 
performed on rodents, and none of these has produced 
complete articular cartilage regeneration. 

0011. The present invention provides for ameliorating at 
least Some of the disadvantages of the prior art. These and 
other advantages of the present invention will be apparent 
from the description as set forth below. 

BRIEF SUMMARY OF THE INVENTION 

0012. The invention provides particulate cartilage com 
positions for Stimulating chondrogenesis and producing car 
tilage regeneration comprising non-demineralized particu 
late articular cartilage having particle sizes distributed in the 
range of from about 60 microns to about 500 microns. In 
Some preferred embodiments, the non-demineralized par 
ticulate articular cartilage has particle sizes distributed in the 
range of from about 60 microns to about 250 microns. The 
particulate articular cartilage may comprise allogeneic car 
tilage, Xenogeneic cartilage or mixtures of allogeneic and 
Xenogeneic cartilage. 

0013 In accordance with another aspect of the invention, 
a process for preparing a particulate cartilage composition 
for Stimulating chondrogenesis and producing cartilage 
regeneration comprises grinding non-demineralized articu 
lar cartilage to particle sizes distributed within the range of 
from about 60 microns to about 500 microns, where the 
temperature of the non-demineralized articular cartilage 
during grinding does not exceed about 50 C. In Some 
preferred embodiments, the process includes grinding the 
non-demineralized articular cartilage to particle sizes dis 
tributed within the range of from about 60 microns to about 
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250 microns, where the temperature of the non-demineral 
ized articular cartilage during grinding does not exceed 
about 50 C. 

0.014. In accordance with a further aspect of the inven 
tion, a method for regenerating articular cartilage comprises 
administering to a cartilage defect a therapeutically effective 
amount of a cartilage composition comprising non-deminer 
alized articular cartilage having particle sizes distributed 
within the range of from about 60 microns to about 500 
microns. The method may also include administering one or 
more additional cartilage growth promoting factors. In Some 
embodiments, the inventive cartilage composition may be 
preSS-fit into a defect without the use of a cover to contain 
the material. 

0.015 Embodiments of the present invention provide 
many significant advantages over the prior art. For example, 
the present invention provides cartilage compositions with 
demonstrable chondrogenic activity. Compositions accord 
ing to the invention repeatedly and reliably induce new 
cartilage formation in defects in articular cartilage. The 
cartilage compositions show complete induced regeneration 
of articular cartilage defects, in a non-human primate model, 
the model closest to humans. When placed in a cartilage 
defect, the inventive cartilage compositions produce new 
cartilage growth congruitous with the articular Surface, even 
in defects involving subchondral bone. Furthermore, new 
cartilage formation may be initiated rapidly. In Some 
embodiments, new cartilage formation begins within two 
weeks and complete coverage of the defect may occur by 
Sixteen weekS. 

0016 Advantageously, the present invention also avoids 
the difficult process of extracting growth factors and pro 
teoglycans and/or Similar Substances from cartilage with 
various chemical agents. Additionally, the present invention 
produces effective cartilage compositions without deleteri 
ously altering the growth factors and other Substances 
present in the cartilage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIGS. 1a-1d show stages of healing of an osteoar 
ticular defect in the medial condyle of the femur of a baboon 
Versus a control defect. 

0.018 FIGS. 2a-2b show histological preparations of 
newly formed cartilage. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0019. In accordance with the present invention, particu 
late cartilage compositions for Stimulating chondrogenesis 
and producing cartilage regeneration comprise non-dem 
ineralized particulate articular cartilage. Articular cartilage 
may be obtained from the articular Surfaces of joints, Such 
as from distal femurs, proximal tibias, acetabulums, heads of 
femurs, and/or heads of radiuses. The cartilage may be 
removed, for example, with a Scalpel blade and is preferably 
removed down to subchondral bone, without removing 
bone. The articular cartilage for use in the present invention 
may include articular hyaline cartilage and/or fibrocartilage 
and may comprise allogeneic and/or Xenogeneic cartilage. 
0020. The articular cartilage is preferably non-deminer 
alized. Preferably, the cartilage is not Subjected to harsh 
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chemical treatments, which can alter the inherent natural 
properties of material within the cartilage. For example, the 
cartilage is preferably not Subjected to demineralization 
treatments Such as treatment with hydrochloric acid, ethyl 
ene diamine, and/or other demineralization agents. In Some 
embodiments, the non-demineralized articular cartilage may 
be Subjected to microbiological testing or Subjected to other 
testing protocols that do not deleteriously alter the cartilage. 

0021 Additionally, the articular cartilage is not subjected 
to any physical treatments that may demineralize and/or 
alter the inherent natural properties of the cartilage. For 
example, the articular cartilage is preferably not Subjected to 
elevated temperatures, e.g., temperatures greater than about 
50° C., that may diminish the chondrogenic activity of the 
cartilage. However, the articular cartilage may be preserved, 
e.g., freeze-dried, frozen, and/or dried, after being removed 
from the joint. One preferred method of preserving articular 
cartilage is freeze-drying. 

0022. The composition includes non-demineralized car 
tilage particles preferably having a distribution of particle 
sizes. The articular cartilage particles may have sizes dis 
tributed within the range of from about 60 microns to about 
500 microns, more preferably distributed in the range of 
from about 60 microns to about 250 microns. Some com 
positions, according to the present invention, may include 
cartilage particles having particle sizes of less than about 
250 microns, i.e., cartilage powder. Some compositions may 
include cartilage particles having a distribution of particle 
sizes in the range of from about 250 microns to about 500 
microns, i.e., cartilage granules. In Some embodiments, the 
composition may comprise a combination of cartilage pow 
der and cartilage granules. 

0023 Cartilage compositions according to the present 
invention may be produced by grinding non-demineralized 
articular cartilage to produce particles having the preferred 
distribution of particle sizes. The cartilage may be in the 
form of dry cartilage, freeze-dried cartilage, frozen cartilage, 
wet cartilage or mixtures thereof. In one preferred embodi 
ment, the cartilage is freeze-dried. For example, pieces of 
cartilage obtained from the articular Surface of one or more 
joints is washed in Several changes of normal Saline, blotted 
dry, and frozen rapidly, e.g., at 10 C./min or faster, in the 
vapor phase of liquid nitrogen (about -150° C.) or alterna 
tively in the liquid phase of liquid nitrogen (about -196° C). 
After being frozen, the cartilage is preferably rapidly placed 
directly on the shelves of a freeze-drying apparatus main 
tained at about -40° C. to about -50° C. (the condenser 
being cooled to from about -70° C. to about -80 C.). A 
vacuum level of less than about 100 millitorr is preferably 
maintained in the freeze-drying chamber during the freeze 
drying cycle. The freeze-drying cycle may last an average of 
about 5 days. During the initial 30-45 minutes of the cycle, 
the cartilage warms from the initial frozen temperature (e.g., 
about -150° C) to the temperature of the freeze-drying 
chamber (e.g., about -40° C.), after which it is maintained 
at about -40° C. for the remainder of the cycle. Preferably, 
the moisture content of the cartilage is reduced to from about 
4 to about 5%. Overdrying is preferably avoided, as this may 
result in the irreversible alterations of collagen and pro 
teoglycan Structures. At the end of the freeze-drying cycle, 
the chamber is warmed to room temperature, the vacuum 
released and the freeze-dried cartilage is removed. 
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0024. The non-demineralized articular cartilage may be 
ground using any Suitable grinding apparatus. For example, 
any grinding apparatus capable of grinding dry, hard, brittle 
material in Seconds, Such as turbo mills, disc mills, toothed 
disc mills, jet mills or other Similar apparatuses are Suitable. 
0.025 Preferably, grinding is performed under conditions 
that preclude raising the temperature of the non-demineral 
ized articular cartilage to a level that may diminish the 
chondrogenic activity of the composition. For example, 
grinding is preferably performed without raising the tem 
perature of the articular cartilage above about 50 C. In some 
embodiments, grinding is preferably performed without 
raising the temperature of the cartilage above about 40 C. 
The temperature of the articular cartilage may be measured 
in any Suitable manner. For example, thermocouples may be 
used to monitor the temperature of the cartilage directly, e.g., 
by measuring the temperature of the cartilage immediately 
after grinding, or indirectly, e.g., by measuring the tempera 
ture of the metal in the grinding mill. Continuous grinding 
in conventional grinding mills for 3-5 minutes can raise the 
temperature of the material to 70° C. or above. However, 
operating a grinding mill intermittently may preclude an 
undesirable rise in temperature. In one embodiment, freeze 
dried pieces of cartilage, 1-4 mm in size, may be ground in 
a grinding mill operating intermittently for 20-30 Second 
intervals. 

0026. After each grinding cycle, the cartilage may be 
sieved. The cartilage may be sieved through sieves of 100 to 
500 microns. Sieving may be used to Separate cartilage into 
cartilage powder (i.e., particle sizes of less than 250 
microns) and cartilage granules (i.e., particle sizes of 250 to 
500 microns). Grinding may be repeated until the desired 
distribution of particles sizes is obtained. 
0027. The present invention also provides a method for 
regenerating articular cartilage. Therapeutically effective 
amounts of cartilage composition comprising non-deminer 
alized articular cartilage having particle sizes distributed 
within the range of from about 60 microns to about 500 
microns may be administered at the Site of a cartilage defect. 
The cartilage composition may be implanted at the articular 
Surface and packed into the defect. Advantageously, in Some 
embodiments, the cartilage composition may be packed into 
the defect with the use of an overlying cover. 
0028. Without wishing to be bound to any theory, it is 
believed that compositions, according to the invention, 
including non-demineralized particulate cartilage, release 
cartilage growth factor(s) or other Substances that induce 
regeneration of articular cartilage. The three-dimensional 
shape of the particles and multiple Surfaces, as well as the 
inventive particle sizes and distributions, enhance diffusion 
of the cartilage growth factor(s) or other Substances from the 
particles. Furthermore, the absence of harsh chemical treat 
ments and avoidance of elevated temperatures during pro 
cessing facilitates the production of particles having high 
chondrogenic activity. 
0029. The following example further illustrates the 
invention but, of course, should not be construed as in any 
way limiting its Scope. 

EXAMPLE 

0030 This example demonstrates the chondrogenic 
activity of the inventive composition in frilly immunocom 
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petant non-human primates. Full thickneSS cartilage defects 
measuring 10 mmx10 mm were created in the medial 
condyles of the animals. The defects were densely packed 
with the cartilage composition according to the present 
invention and were compacted with a tamp. The animals 
were examined two, Six, and Sixteen weeks post transplan 
tation and the joints were re-explored. FIGS. 1a-1c are 
photographs taken at two, Six, and Sixteen weeks, respec 
tively. Specimens were also taken and were fixed in 10% 
formalin-Earle's balanced salt Solutions. Paraffin sections 
were cut and stained with homotoxylin and eosin, PAS, 
Romanowski-Giemsa and Safrainin-O stains. FIGS. 2a and 
2b illustrate the specimens taken (100x) at Six and sixteen 
weeks, respectively. 

0031. As seen in FIG. 1a, at two weeks post transplan 
tation, granulation tissue is present in the center of the defect 
and new cartilage is present at the edge of the defect. At Six 
weeks post transplantation (FIG. 1b), new cartilage is 
formed from the edges of the defect and granulation tissue 
is no longer present. FIG. 1b also shows the inventive 
cartilage composition covered with a translucent membrane 
in the center of the defect. FIG. 2a further illustrates the 
normal morphology of the hyaline cartilage at Six weeks. At 
Sixteen weeks post transplantation, as Seen in FIG. 1c, the 
defect is completely healed and covered with congruous 
normal appearing cartilage. A Section of the newly formed 
cartilage taken at Sixteen weeks is shown in FIG.2b, and the 
normal appearing hyaline cartilage can be seen. As a com 
parison, FIG. 1d illustrates a control, where the defect was 
left untreated. AS Seen in the Figure, no evidence of healing 
is visible and the defect has become larger due to additional 
fragmentation of the cartilage. 

0032 All references, including publications, patent appli 
cations, and patents, cited herein are hereby incorporated by 
reference to the same extent as if each reference were 
individually and Specifically indicated to be incorporated by 
reference and were Set forth in its entirety herein. 

0033. The use of the terms “a” and “an” and “the” and 
Similar referents in the context of describing the invention 
(especially in the context of the following claims) are to be 
construed to cover both the Singular and the plural, unless 
otherwise indicated herein or clearly contradicted by con 
text. Recitation of ranges of values herein are merely 
intended to Serve as a shorthand method of referring indi 
vidually to each Separate value falling within the range, 
unless otherwise indicated herein, and each Separate value is 
incorporated into the Specification as if it were individually 
recited herein. All methods described herein can be per 
formed in any Suitable order unless otherwise indicated 
herein or otherwise clearly contradicted by context. The use 
of any and all examples, or exemplary language (e.g., "Such 
as”) provided herein, is intended merely to better illuminate 
the invention and does not pose a limitation on the Scope of 
the invention unless otherwise claimed. No language in the 
Specification should be construed as indicating any non 
claimed element as essential to the practice of the invention. 

0034 Preferred embodiments of this invention are 
described herein, including the best mode known to the 
inventor for carrying out the invention. Of course, variations 
of those preferred embodiments will become apparent to 
those of ordinary skill in the art upon reading the foregoing 
description. The inventor expects skilled artisans to employ 
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Such variations as appropriate, and the inventor intends for 
the invention to be practiced otherwise than as Specifically 
described herein. Accordingly, this invention includes all 
modifications and equivalents of the Subject matter recited in 
the claims appended hereto as permitted by applicable law. 
Moreover, any combination of the-above-described ele 
ments in all possible variations thereof is encompassed by 
the invention unless otherwise indicated herein or otherwise 
clearly contradicted by context. 
What is claimed is: 

1. A particulate cartilage composition for Stimulating 
chondrogenesis and producing cartilage regeneration com 
prising non-demineralized particulate articular cartilage 
having a distribution of particle sizes within the range of 
from about 60 microns to about 500 microns. 

2. The particulate cartilage composition according to 
claim 1 wherein the non-demineralized particulate articular 
cartilage has a distribution of particle sizes within the range 
of from about 60 microns to about 250 microns. 

3. The particulate cartilage composition according to 
claim 1 wherein the non-demineralized particulate articular 
cartilage comprises chemically untreated non-demineralized 
particulate articular cartilage. 

4. The particulate cartilage composition according to 
claim 1 wherein the non-demineralized particulate articular 
cartilage comprises one of hyaline cartilage, fibrocartilage, 
and mixtures thereof. 

5. The particulate cartilage composition according to 
claim 1 wherein the non-demineralized articular cartilage 
comprises one of allogeneic cartilage, Xenogeneic cartilage, 
and mixtures thereof. 

6. A process for preparing a particulate cartilage compo 
Sition for Stimulating chondrogenesis and producing carti 
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lage regeneration comprising grinding non-demineralized 
articular cartilage to particle sizes distributed within the 
range of from about 60 microns to about 500 microns, 
wherein, during grinding, the temperature of the non-dem 
ineralized articular cartilage does not exceed about 50 C. 

7. The process for preparing a particulate cartilage com 
position according to claim 6 wherein, during grinding, the 
temperature of the non-demineralized articular cartilage 
does not exceed about 40 C. 

8. The process for preparing a particulate cartilage com 
position according to claim 6 wherein the non-demineralized 
articular cartilage is not chemically treated. 

9. The process for preparing a particulate cartilage com 
position according to claim 6 comprising grinding one of dry 
non-demineralized articular cartilage, freeze-dried non 
demineralized articular cartilage, frozen non-demineralized 
articular cartilage, wet non-demineralized articular cartilage, 
and mixtures thereof. 

10. The process for preparing a particulate cartilage 
composition according to claim 6 comprising grinding one 
of non-demineralized allogeneic cartilage, non-demineral 
ized Xenogeneic cartilage, and mixtures thereof. 

11. A method for regenerating articular cartilage compris 
ing administering the composition according to claim 1 to an 
articular cartilage defect. 

12. The method for regenerating articular cartilage 
according to claim 11 further comprising administering one 
or more additional cartilage growth promoting factors to the 
articular cartilage defect. 


