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(57) ABSTRACT 

Constructs that are at least partially constructed of allograft 
cancellous bone are disclosed, along with cartilage particles 
that may be used with the constructs for repairing articular 
cartilage defects. A multi-piece construct includes a base 
member, a cap member and at least one pin that secures the 
cap member to the base member. The base member may be 
constructed of mineralized cancellous bone, and is used to 
replace the Subchondral bone removed when a Surgeon cuts a 
bore in the area of an adjacent cartilage defect. The base 
member includes a blind bore and first and second through 
going transverse bores in opposite sides of a wall of the base 
member. The cap member includes an upper section that has 
a thickness that is similar to that of a patient's Surrounding 
articular cartilage layer and a stem depending from the upper 
section that is dimensioned to be received in and by the blind 
bore of the base member. The stem includes a transverse 
through-going bore, which may be aligned with the trans 
verse through-going bores of the base member to receive the 
pin therein when the construct has been assembled. The cap 
member is at least partially formed of demineralized allograft 
cancellous bone, into which a mixture containing lyophilized, 
freeze-milled allograft cartilage particles may be infused for 
the repair of articular cartilage defects. The cartilage particles 
have a size within a range of from about 10 microns to about 
210 microns. 
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CANCELLOUS CONSTRUCTS, CARTILAGE 
PARTICLES AND COMBINATIONS OF 
CANCELLOUS CONSTRUCTS AND 

CARTILAGE PARTICLES 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part of (i) U.S. 
patent application Ser. No. 1 1/657,042 filed Jan. 24, 2007; (ii) 
U.S. patent application Ser. No. 12/043,001 filed Mar. 5, 
2008; (iii) U.S. patent application Ser. No. 12/328,306 filed 
Dec. 4, 2008; and (iv) U.S. patent application Ser. No. 12/079, 
629 filed Mar. 26, 2008, which is a divisional of U.S. patent 
application Ser. No. 10/960,960 filed Oct. 12, 2004, now 
abandoned; and also claims priority under 35 U.S.C. S 119(e) 
to (v) U.S. Provisional Patent Application Ser. No. 61/189, 
252 filed Aug. 15, 2008, and (i) U.S. Provisional Patent Appli 
cation Ser. No. 61/205,433 filed Jan. 15, 2009. This applica 
tion is also related to the following commonly owned patent 
applications: (a) U.S. Provisional Patent Application Ser. No. 
60/904.809 filed Mar. 6, 2007, and (b) U.S. Provisional Patent 
Application Ser. No. 60/996,800 filed Dec. 5, 2007. All of the 
foregoing related patent applications are incorporated by ref 
erence herein in their entirety. 

BACKGROUND OF THE INVENTION 

0002 Chondrogenesis is the process of growth and differ 
entiation of cartilage cells (chondrocytes), leading to the pro 
liferation of such cells and the development of a robust, 
specialized extracellular matrix Surrounding Such cells. Car 
tilage is the specialized matrix of chondrocytes and particular 
cartilage extracellular matrix components Surrounding Such 
chondrocytes. Disordered growth and repair of cartilage cells 
results in tissue with primarily fibrotic morphology, as 
opposed to the cartilage extracellular matrix resulting from 
normal growth and development of chondrocytes and having 
characteristic proteoglycan and collagen II components. 
0003 Articular cartilage injury and degeneration present 
medical problems to the general population which are con 
stantly being addressed by orthopedic Surgeons. Thousands 
of arthroplastic and joint repair procedures are performed 
every year in the United States, including total hip and total 
knee arthroplasties and open arthroscopic procedures to 
repair cartilaginous defects of the knee. 
0004 Reference is now made to FIG.1, which illustrates a 
knee joint having articular cartilage tissue forming a lining 
which faces the joint cavity on one side, and is linked to the 
subchondral bone plate by a narrow layer of calcified carti 
lage tissue on the other side. Articular cartilage consists pri 
marily of extracellular matrix with a sparse population of 
chondrocytes distributed throughout the tissue. Articular car 
tilage is composed of chondrocytes, type II collagen fibril 
meshwork, proteoglycans, and water. Active chondrocytes 
are unique in that they have a relatively low turnover rate and 
are sparsely distributed within the surrounding matrix. The 
collagens give the tissue its form and tensile strength and the 
interaction of proteoglycans with water gives the tissue its 
stiffness to compression, resilience and durability. The articu 
lar cartilage provides a low friction bearing Surface over the 
bony parts of the joint. If the lining becomes worn or damaged 
resulting in lesions, joint movement may be painful or 
severely restricted. Whereas damaged bone typically can 
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regenerate Successfully, articular cartilage regeneration is 
quite limited because of its limited regenerative and repara 
tive abilities. 
0005 Articular cartilage lesions generally do not heal, or 
heal only partially under certain biological conditions, due to 
the lack of nerves, blood vessels and a lymphatic system. The 
limited reparative capabilities of articular cartilage usually 
results in the generation of repair tissue that lacks the struc 
ture and biomechanical properties of normal articular carti 
lage. Generally, the healing of the defect results in a fibrocar 
tilaginous repair tissue that lacks the structure and biomedical 
properties of articular cartilage and degrades over the course 
of time. Articular cartilage lesions are frequently associated 
with disability and with symptoms Such as joint pain, locking 
phenomena and reduced or disturbed function. These lesions 
are difficult to treat because of the distinctive structure and 
function of articular cartilage. Such lesions are believed to 
progress to severe forms of osteoarthritis. Osteoarthritis is the 
leading cause of disability and impairment in middle-aged 
and older individuals, entailing significant economic, Social 
and psychological costs. Each year, osteoarthritis accounts 
for millions of physician visits and thousands of hospital 
admissions. 

BRIEF SUMMARY OF THE INVENTION 

0006. The present invention is directed towards a particu 
late allograft cartilage material, which may optionally be 
incorporated into an allograft cancellous bone construct, that 
exhibits improved chondrogenesis and decreased fibrous tis 
sue formation in both in vivo and in vitro environments. The 
cartilage defect repair material includes lyophilized, freeze 
milled allograft cartilage particles having a size within a 
range of from about 10 microns to about 210 microns. 
0007. A method of placing the aforementioned cartilage 
defect repair material in a cartilage defect site includes the 
steps of (a) cutting a patient's tissue to remove diseased 
cartilage from the cartilage defect site; (b) placing said carti 
lage defect repair material into the cartilage defect site; and 
(c) placing a cover over the placed cartilage defect repair 
material. 
0008. A method for making the aforementioned cartilage 
defect repair material includes the steps of lyophilizing 
allograft cartilage; and freezemilling the allograft cartilage so 
as to form cartilage particles. 
0009. A method of repairing articular cartilage includes 
the step of placing a therapeutically effective amount of the 
aforementioned cartilage defect repair material into a carti 
lage defect site, wherein, Subsequent to placement of the 
therapeutically effective amount of the cartilage defect repair 
material into the cartilage defect site, a greater percentage of 
repair tissue generated in the cartilage defect site is articular 
cartilage as compared to equivalent cartilage defect sites left 
untreated or treated with microfracture. 
0010. A construct according to the present invention 
includes a cap member that is at least partially derived from 
demineralized cancellous bone, and a base member having 
first and second ends. The base member includes a first bore 
extending into the base member from the first end in a gen 
erally axial direction, and a second bore extending generally 
transversely from an exterior wall of the base member to the 
first bore. The cap member includes an upper section and a 
stem depending from the upper section, wherein the stem is 
dimensioned to insertably engage the first bore such that the 
upper section is adjacent the first end of the base. The stem 
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includes a third bore extending generally transversely into the 
stem from an exterior surface thereof, wherein the third bore 
is alignable with the second bore when the stem is in engage 
ment with the first bore. The construct also includes at least 
one pin which is dimensioned to engage the second and third 
bores when the second and third bores are aligned, thereby 
securing the cap member to the base member. The cap mem 
ber includes a plurality of lyophilized, freeze-milled cartilage 
particles, at least a majority of which have a dimension, when 
dry, that does not exceed 210 microns. 
0011. Another construct according to the present inven 
tion includes a cap member that is at least partially derived 
from demineralized cancellous bone, and a base member 
having first and second ends, a first bore extending into the 
base member from the first end in a generally axial direction, 
a second bore extending generally transversely from an exte 
rior wall of the base member to the first bore, and a third bore 
extending generally transversely from the exterior wall of the 
base member to the first bore. The third bore is formed oppo 
site the second bore and is alignable with the second bore. The 
base member includes an upper annular edge adjacent the first 
end and the first bore, and an island formed in the so as to be 
Substantially concentrically positioned with respect to the 
upper annular edge, and to form an annular recess between 
the island and an interior wall of the base member adjacent the 
upper annular edge. The cap member includes an upper sec 
tion and a stem depending from the upper section. The stem is 
dimensioned to insertably engage the first bore, such that the 
upper section is adjacent the first end of the base, wherein the 
is hollow and includes a cavity formed therein which is 
dimensioned to receive the island therein. The annular recess 
of the base member is dimensioned to receive the stem 
therein. The stem includes a fourth bore extending generally 
transversely into the stem from an exterior surface thereof. 
The fourth bore is alignable with the second bore and the bore 
when the stem is in engagement with the first bore. The stem 
includes a fifth bore extending generally transversely into the 
stem from the exterior wall thereof. The fifth bore is formed 
opposite the fourth bore and alignable with the second bore 
and the third bore when the stem is in engagement with the 
first bore. The island includes a sixth bore which extends 
generally transversely between opposed exterior Surfaces of 
the island. The sixth bore is alignable with the second bore, 
the third bore, the fourthbore and the fifth bore when the stem 
is in engagement with the first bore. The construct also 
includes at least two pins which are dimensioned to engage 
the second bore, the third bore, the fourth bore, the fifth bore 
and the sixth bore when the second bore, the third bore, the 
fourth bore, the bore and the bore are aligned, thereby secur 
ing the cap member to the base member. The cap member 
includes a plurality of lyophilized, freeze-milled cartilage 
particles, at least a majority of which have a dimension, when 
dry, that does not exceed 210 microns. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The patent or application contains at least one draw 
ing executed in color, which includes a color photograph. 
Copies of this patent or patent application publication with 
color drawings will be provided by the Office upon request 
and payment of the necessary fee. 
0013 The present invention will be further explained with 
reference to the attached drawings, wherein like structures are 
referred to by like numerals throughout the several views. The 
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drawings shown are not necessarily to Scale, with emphasis 
instead generally being placed upon illustrating the principles 
of the present invention. 
0014 FIG. 1 is an anatomical illustration of a knee joint 
having articular cartilage in which a lesion has formed; 
0015 FIG. 2 is an exploded perspective view of a multi 
piece cancellous construct produced in accordance with an 
exemplary embodiment of the present invention; 
0016 FIG. 3 is a top perspective view of the multipiece 
construct of FIG. 2, as assembled; 
0017 FIG. 4 is a cross-sectional view of the multi-piece 
construct of FIG. 2 which has been placed in a bore of a 
cartilage defect area in a patient according to a method per 
formed in accordance with the present invention; 
0018 FIG.5 is a top plan view of a base member employed 
by the multi-piece construct of FIG. 2; 
0019 FIG. 6 is a side elevational view of a base member 
and a cap member employed by the multi-piece construct of 
FIG. 2, wherein the base member and cap member have been 
coupled; 
(0020 FIG. 7 is a side elevational view of the coupled base 
member and cap member of the multi-piece construct of FIG. 
2 in which the coupled base member and cap member have 
been rotated 90° from their position shown in FIG. 6; 
0021 FIG. 8 is a top perspective view of the base member 
employed by the multi-piece construct of FIG. 2; 
0022 FIG. 9 is a bottom perspective view of the cap mem 
ber employed by the multi-piece construct of FIG. 2; 
0023 FIG. 10 is a top plan view of the cap member of FIG. 
9; 
0024 FIG. 11 is a side elevational view of the cap member 
of FIG.9; 
0025 FIG. 12 is a side elevational view of the cap member 
of FIG.9 in which the cap member has been rotated 90° from 
its position shown in FIG. 11; 
0026 FIG. 13 is an exploded perspective view of a multi 
piece cancellous construct produced in accordance with 
another embodiment of the present invention; 
0027 FIG. 14 is an exploded perspective view of a multi 
piece cancellous construct produced in accordance with 
another embodiment of the present invention; 
0028 FIG. 15 is an exploded perspective view of a multi 
piece cancellous construct produced in accordance with 
another embodiment of the present invention; 
0029 FIG. 16 is a bottom perspective view of a cap mem 
ber employed by the multi-piece construct of in FIG. 15: 
0030 FIG. 17 is a top perspective view of the multipiece 
construct of FIG. 15, as assembled; 
0031 FIG. 18 is a schematic cross-sectional view, taken 
along lines X-X and looking in the direction of the arrows, 
of the multipiece construct of FIG. 17: 
0032 FIG. 19 is a top perspective view of a multi-piece 
cancellous construct produced in accordance with another 
embodiment of the present invention; 
0033 FIG. 20 is a top perspective view of a base member 
employed by the multi-piece construct illustrated in FIG. 19: 
0034 FIG. 21 is a top perspective view of a ring-shaped 
support member of the construct illustrated in FIG. 19: 
0035 FIG. 22 is a side elevational view of the construct 
illustrated in FIG. 19, as ambled; 
0036 FIG. 23 is a cross-sectional view, taken along line 
XI-XI and looking in the direction of the arrows, of the 
construct illustrated in FIG. 22. 
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0037 FIG. 24 is an exploded perspective view of a multi 
piece cancellous construct produced in accordance with 
another embodiment of the present invention; 
0038 FIG. 25 is a side elevational view of the construct 
illustrated in FIG. 24, as assembled; 
0039 FIG. 26 is a cross-sectional view, taken along line 
XII-XII and looking in the direction of the arrows, of the 
construct illustrated in FIG. 25. 
0040 FIG. 27 is a schematic illustration of an assembly of 
multiple cancellous constructs produced in accordance with 
another embodiment of the present invention; 
0041 FIG. 28 is side elevational view of a multi-piece 
cancellous construct produced in accordance with another 
embodiment of the present invention; 
0042 FIG. 29 is an exploded perspective view of the con 
struct illustrated in FIG. 28; 
0043 FIG. 30 is an exploded perspective view of a multi 
piece cancellous construct produced in accordance with 
another embodiment of the present invention; 
0044 FIG. 31 is a top perspective view of a one-piece 
cancellous construct produced in accordance with another 
embodiment of the present invention; 
0045 FIG. 32 is a schematic illustration of the one-piece 
construct of FIG. 31 as it is being inserted into a cartilage 
defect in accordance with a method performed in accordance 
with the present invention; 
0046 FIGS. 33A, 33B and 33C are top perspective views 
of three embodiments of a one-piece cancellous construct 
produced in accordance with another embodiment of the 
present invention; 
0047 FIGS. 34A and 34B are photographic depictions of 
the porosity of a demineralized component of a cancellous 
construct produced in accordance with an embodiment of the 
present invention; 
0048 FIG. 35 is a depiction of nanograms of endogenous 
TGF-31 per gram of cartilage particles isolated from said 
cartilage particles of several Subjects through guanidine HCl 
extraction and Subsequent dialysis; 
0049 FIG. 36 is a comparison of relative amounts (nano 
grams) of endogenous TGF-31 per gram of cartilage particles 
isolated from minced and freeze-milled cartilage through 
guanidine HCl extraction and Subsequent dialysis; 
0050 FIG. 37 is a depiction of picograms of endogenous 
FGF-2 per gram of cartilage particles isolated from freeze 
milled cartilage particles of several tissue donors through 
guanidine HCl extraction and Subsequent dialysis; 
0051 FIG.38 is a depiction of nanograms of endogenous 
BMP-2 per gram of cartilage particles isolated from freeze 
milled cartilage particles of several tissue donors through 
guanidine HCl extraction and Subsequent dialysis; 
0052 FIG. 39 is a depiction of nanograms of endogenous 
BMP-14 (GDF-5) per gram of cartilage particles isolated 
from freeze-milled cartilage particles of several tissue donors 
through guanidine HCl extraction and Subsequent dialysis; 
0053 FIG. 40 is a depiction of nanograms of endogenous 
IGF-1 per gram of cartilage particles isolated from freeze 
milled cartilage particles of several tissue donors through 
guanidine HCl extraction and Subsequent dialysis; 
0054 FIG. 41 is a view of newly synthesized articular 
cartilage from in Vivo experimentation, demonstrating infil 
tration of lacunae by chondrocytes; 
0055 FIGS. 42A and 42B are views of collagen immuno 
histochemistry staining for collagen II, a marker of articular 
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cartilage, showing that both cartilage particles and newly 
synthesized extracellular matrix stain positive for collagen II; 
0056 FIG. 43 is a pictorial depiction of a cancellous con 
struct, for example, of the type disclosed in the instant appli 
cation; 
0057 FIG. 44 demonstrates homogenous distribution of 
the cartilage particles in a cap portion of the construct, as 
indicated by positive proteoglycan (Safrainin O) staining; 
0058 FIGS. 45A-45H demonstrate relative chondrogen 
esis over a period of 24 weeks post-treatment: FIGS. 45A, 
45C, 45E, and 45G are Safrainin-O stained for proteoglycan 
assessment; FIGS. 45B, 45D. 45F, and 45Hare anti-collagen 
II stained for collagen II assessment; FIGS. 45A and 45B 
represent microfracture: FIGS. 45C and 45D represent an 
empty defect: FIGS. 45E and 45F represent a construct with 
out cartilage particles; and FIGS. 45G and 45H represent a 
construct in combination with (i.e., loaded with) freeze 
milled cartilage particles; and 
0059 FIGS. 46-48 are graphs of the distribution of the 
aspect ratios of cartilage particles that were derived from 
three tissue donors and Subjected to a particle size analysis. 
0060. While the above-identified drawings set forth pres 
ently disclosed embodiments, other embodiments are also 
contemplated, as noted in the detailed description. This dis 
closure presents illustrative embodiments by way of repre 
sentation and not limitation. Numerous other modifications 
and embodiments can be devised by those skilled in the art 
which fall within the scope and spirit of the principles of the 
presently disclosed invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0061. Detailed embodiments of the present invention are 
disclosed herein; however it is to be understood that the 
disclosed embodiments are merely illustrative of the inven 
tion that may be embodied in various forms. In addition, each 
of the examples given in connection with the various embodi 
ments of the invention is intended to be illustrative, and not 
restrictive. Further, the figures are not necessarily to scale, 
Some features may be exaggerated to show details of particu 
lar components. In addition, any measurements, specifica 
tions and the like shown in the figures are intended to be 
illustrative, and not restrictive. Therefore, specific structural 
and functional details disclosed herein are not to be inter 
preted as limiting, but merely as a representative basis for 
teaching one skilled in the art to variously employ the present 
invention. 

Cancellous Constructs 

0062 Cartilage repair constructs (e.g., scaffolds or 
implants) are disclosed herein. The term “construct’, as used 
hereinafter, is defined as a device that includes one or multiple 
components which are constructed from milled pieces of 
bone, or other biocompatible materials, wherein the device is 
intended to be implanted at the site of a tissue defect (e.g., an 
articular cartilage defect) to repair the defect. In one embodi 
ment, the constructs components are constructed of allograft 
cancellous bone. More particularly, most or all of the com 
ponents of the allograft constructs are preferably derived 
from dense allograft cancellous bone that may originate from 
proximal or distal femur, proximal or distal tibia, proximal 
humerus, talus, calceneus, patella, or ilium, which bones are 
received from a tissue donor and are stored frozen until pro 
cessing time, preferably at -70° C. Components of the con 
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structs may also be constructed of allograft cortical bone, 
and/or Xenograft bone when the same is properly treated, or 
other materials, as discussed below. Cancellous bone is pre 
ferred because its porous structure enables it to act as a natural 
matrix for receiving and retaining therein a mixture contain 
ing cartilage particles and various bioactive chondrogenic 
materials for the repair of articular cartilage defects, as dis 
cussed further below. Cancellous bone also acts as a conduit 
for tissue ingrowth and regeneration. 
0063. In one embodiment, the constructs may be prepared 
according to the following procedure: 
0064 (a) The frozen donor bone is allowed to thaw in 
warm USP water (i.e., water that is purified to have a sterility 
level in accordance with United States Pharmacopeia stan 
dards). Once thawed, the bone is processed, with the cancel 
lous bone tissue being cut therefrom into sheets or blocks. 
0065 (b) The cancellous bone blocks are flushed with 
high-pressure USP water in order to remove from the cancel 
lous bone blocks any lipids therein and the bone fragments 
and/or shavings produced during the cutting of the blocks. 
0066 (c) The cancellous bone blocks are placed in an 
agitating device, and treated with a detergent used in delip 
idization (e.g., Polysorbate 80) to further eliminate/minimize 
the lipid content of the blocks. After delipidization, the can 
cellous bone blocks are cleaned with USP water and dried. 
0067 (d) The cancellous bone blocks are soaked in USP 
water prior to milling. The blocks are milled into the desired 
shapes for the various components of the construct using a 
milling machine. 
0068 (e) After milling, the construct components are 
rinsed with USP water and trimmed. 
0069 (f) The finished construct components are then 
soaked in detergent (e.g., Polysorbate 80). 
0070 (g) Following the detergent soak, the construct com 
ponents are rinsed and soaked in USP water and dried. 
0071 (h) The construct components are then soaked in an 
antibiotic Solution (e.g., gentamicin) and rinsed and soaked in 
USP water and dried. 
0072 (i) At least some of the construct components (i.e., 
the base member and pins described below) are then soaked in 
detergent (e.g., Polysorbate 80). Following the detergent 
Soak, these construct components are rinsed and Soaked in 
USP water and dried. These construct components are then 
soaked in a hydrogen peroxide solution, and then rinsed and 
soaked in USP water and dried. 
0073 (i) At least one of the construct components (i.e., the 
cap member described below) is demineralized using tech 
niques known in the art, such as a soak in 0.6N HCl (or any 
other suitable dilute acid) for a period of time sufficient to 
attain a predetermined mineral content level (e.g., less than 
0.5% w/w residual calcium). Following demineralization, the 
demineralized construct component(s) is rinsed and cleaned 
with USP water. The demineralized construct component(s) 
may also be cleaned with a hydrogen peroxide Solution. The 
demineralization process is further discussed herein below in 
connection with specific construct component(s). 
0074 (k) The demineralized construct component(s) may 
be soaked in a buffered solution having a pH of 7.4 (e.g., 
Sorenson phosphate buffered saline (PBS) solution) or a simi 
lar or higher pH level to restore the pH of the demineralized 
construct component(s) a physiological level of about 7.0. 
Following the buffered solution soak, the demineralized con 
struct component(s) is rinsed and cleaned with USP water and 
dried. 
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0075 (1) The construct components are assembled, as fur 
ther described below. 

0076 (m) The assembled construct is then be subjected to 
a tissue processing protocol, including, for example, a Soak in 
ethanol (e.g., 70% SDA-3A ethanol). The assembled con 
struct is then rinsed with USP water and dried. 

0077 Modifications to the above construct preparation 
procedure may be made. 
0078. The construct components are then frozen at -20°C. 
to -100° C., preferably at -70° C., and lyophilized (i.e., 
freeze-dried) to reduce the water content to be within a range 
of about 0.1% to about 8.0%. The lyophilized construct com 
ponents are then secured in an appropriate moisture barrier 
package for long-term storage, whereby the lyophilized con 
struct components may be stored at room temperature for up 
to five years. Examples of moisture barrier packaging that 
may be used include a flexible foil laminate pouch and a high 
moisture barrier thermo formed tray heat sealed to the foil 
lidstock. The pouch may be made of materials that can be 
laminated with foil (e.g., PET, PE, LDPE, LLDPE, HDPE, 
Nylon), while the tray may be made of a laminate material 
(e.g., PETG/PCTFElaminate, PVC/PCTFElaminate, PETG/ 
COC laminate, PVC/COC laminate, COC/PCTFElaminate). 
To preserve the sterility of the construct components, pack 
aging with sterile barrier properties is used. The package may 
consist of more than one layer to facilitate the transfer of the 
construct components into the sterile field of an operating 
room or other sterile environments. 

0079 Alternatively, the construct components may be fro 
Zenat -20°C. to -100°C., preferably at -70°C., (i.e., without 
lyophilization), whereby the frozen construct components 
may be stored at the aforementioned temperature(s) for up to 
five years. The frozen construct components may be stored in 
a multiple-layered moisture barrier package to maintain Ste 
rility, as discussed above. 
0080. The construct components that have been processed 
and stored as described above are produced in various stan 
dard sizes (i.e., diameters and heights). The construct com 
ponents may be assembled prior to storage, and stored 
unloaded (i.e., without the addition of any Substance thereto), 
or with a lyophilized cartilage particle mixture and/or other 
Substances loaded therein, as discussed below. 
0081. In an embodiment, the assembled construct is 
shaped in the form of a cylinder, for easy insertion into bores 
cut into a patient to remove osteochondral defect areas, as 
explained hereinafter. The construct may also be formed in 
other shapes, such as rectangular, square and oval configura 
tions. 

I0082 Prior to a surgical articular cartilage repair proce 
dure, a Surgeon may pre-order a set of constructs for use in 
connection with the Surgery. During Surgery, a Surgeon 
selects one of the constructs having a diameter that matches 
the diameter of a cylindrical hole (i.e., a blind bore) that has 
been cut in the lesion or defect area of the host tissue (i.e., the 
Subchondral bone and the overlying articular cartilage) of a 
patient, and inserts the construct into the bore. The construct 
that is selected by the surgeon will have a diameter sized to 
facilitate an interference fit between the construct and a side 
wall of the bore. Alternatively, the diameter of the construct 
may be sized to facilitate a press-fit between the construct and 
the bore sidewall. Different embodiments of the construct and 
the associated Surgical implantation procedures are disclosed 
in the following sections and in the corresponding drawings. 
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0083. With reference to FIGS. 2-12, an embodiment of a 
multi-piece construct 20 is illustrated as having a base mem 
ber 22 and a cap member 30 that is held fixed in place in the 
base member 20 by a pin 40. In an embodiment, the outer 
diameter of the assembled construct 20 may be within a range 
from about 5 mm to about 35 mm, and its overall height may 
be within a range from about 5 mm to about 20 mm. This 
embodiment of the construct is also disclosed in U.S. patent 
application Ser. No. 1 1/657,042 filed Jan. 24, 2007; U.S. 
Provisional Patent Application Ser. No. 60/996,800 filed Dec. 
5, 2007; and U.S. patent application Ser. No. 12/328,306 filed 
Dec. 4, 2008, all of which are incorporated by reference 
herein in their entirety. 
I0084. Referring now to FIGS. 2-8, the base member 22 
may be constructed of mineralized cancellous bone (e.g., 
cancellous bone in its natural, undemineralized State contain 
ing approximately 60% mineral by weight or more). The 
cancellous bone of the base member 22 is used to replace the 
Subchondral bone removed when a Surgeon cuts abore in the 
area of an adjacent cartilage defect. The base member 22 is 
shaped in the form of a cylinder (see FIGS. 2, 3 and 8) for easy 
insertion into bores cut into the patient to remove osteochon 
dral defect areas. The base member 22 may also be formed in 
other shapes. 
0085. In an alternative embodiment, a portion and/or sur 
face of the base member 22 may be demineralized (the dem 
ineralization process is explained below). Such demineraliza 
tion of the base member 22 increases the osteoinductivity of 
the bone by increasing exposure of the growth factors in the 
base member 22. In other words, demineralization of a por 
tion of the base member 22 causes a patient's Surrounding 
Subchondral bone to more rapidly incorporate the base mem 
ber 22 after implantation. 
I0086) Referring now to FIGS. 2 and 5-8, the base member 
22 includes a blind bore 23 having a bottom surface 24. A first 
plurality of longitudinal through-going bores 25 extends from 
the bottom surface 24 through the base member 22 and ter 
minates in openings formed in a planar bottom end 26 of the 
base member 22 (see FIGS. 5-8). The base member 22 
includes an upper annular edge 27, which forms a seat for the 
cap member 30. The base member 22 also includes first and 
second through-going transverse bores 28, 29 in opposite 
sides of a wall of the base member 22. The transverse bores 
28, 29 extend through the exterior of the base member 22 
intermediate the upper annular edge 27 and the bottom sur 
face 24 of the blind bore 23, and intersect the blind bore 23. 
The transverse bores 28, 29 are also coaxial with respect to 
one another. 

0087. In one embodiment, the upper annular edge 27 
includes a second plurality of through-going bores 31, which 
are circumferentially positioned around the blind bore 23, and 
extend parallel to a central longitudinal axis of the base mem 
ber 22. The through-going bores 31 extend from the upper 
annular edge 27 to the bottom end 26 of the base member 22, 
forming openings in the bottom end 26. The through-going 
bores 25 and 31 have a smaller diameter than that of the blind 
bore 23, with a diameter that may be within a range of from 
about 0.5 mm to about 2.0 mm. The through-going bores 25 
and 31 facilitate the migration of blood throughout the con 
struct 20 to promote cartilage growth in the cap member 30 
and integration with the adjacent cartilage, and to promote 
bone growth in the base member 22 and integration with the 
adjacent bone. More particularly, blood from the bleeding 
Subchondral bone contains bone marrow, cells, nutrients and 
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other Substances that may aid in the incorporation of the 
components of the construct 20 in the bore and the remodel 
ing of both cartilage and bone tissue adjacent the construct 20. 
For example, stem cells contained in the bone marrow are 
capable of differentiation into chondrocytes, and can there 
fore promote cartilage growth in the cap member 30 when 
blood is directed through the through-going bores 25 and 31. 
Alternatively, the through-going bores 25, 31 can be omitted 
from the base member 22. 

I0088. The cancellous bone composition of the base mem 
ber 22 is similar to that of the surrounding subchondral bone. 
The cylindrical shape of the base member 22 provides 
mechanical support to the cap member 30, thereby enabling 
the construct 20 to act as a load-bearing construct. In addition, 
the cancellous bone of the base member 22 is porous, thereby 
enabling blood from the adjacent subchondral bone (see 
below) to permeate rapidly throughout the construct 20, pro 
viding the host cells necessary for healing. 
I0089. In one aspect of the invention, the cancellous base 
member 22 of the construct 20 presents a structural, osteo 
conductive matrix through which new bone is formed. The 
high degree of porosity of the cancellous bone allows for 
rapid penetration of blood, nutrients, and cells from the Sur 
rounding bleeding bone environment. This was observed dur 
ing implantation of the constructina critical sized in vivo goat 
osteochondral defect. 

0090 The porous, three-dimensional nature of the cancel 
lous bone also provides considerable surface area for cellular 
attachment throughout the construct 20, including in the base 
member 22. Bone healing occurs through a process of bone 
resorption followed by new bone formation. Here, the pres 
ence of the a cellular, non-demineralized bone of the base 
member 22 triggers a biologic response in which osteoclasts 
begin to break down the implanted bone matrix. This event 
then leads to the activation of osteoblasts, via paracrine sig 
naling, which starts to deposit new bone matrix. The final 
result of this ongoing remodeling is a de novo cancellous 
bone structure that is fully integrated into the subchondral 
bone at the defect site. 

0091 Reference is now made to FIGS. 9-12, in which the 
cap member 30 is illustrated. The cap member 30 includes a 
cylindrical upper section 32 that has a thickness that is similar 
to that of a patient's Surrounding articular cartilage layer (e.g., 
in a range of about 1.5 mm to about 7 mm). The uppersection 
32 includes an upper surface 33, an outer curved wall 34 and 
a lower surface 35 which is seated adjacent the upper annular 
edge 27 of the base member 22 when the components are 
mounted together (see FIGS. 3 and 4). The upper surface 33 
may be planar. Alternatively, the upper surface 33 may be 
milled to be curved (e.g., convex), so as to conform to the 
physiological curvature of the adjacent articular cartilage 
layer and/or the adjacent bone Surfaces of a joint (e.g., the 
knee). In alternative embodiments larger constructs may have 
a cap in ember that has multiple stem sections and a base with 
an inverse “female' pattern adapted to receive the stem sec 
tions. 

0092. With continued reference to FIGS. 9-12, an integral 
cylindrical stem 36 depends from the bottom surface 35 of the 
upper section 32, and is dimensioned so as to be received in 
and by the blind bore 23 of the base member 22. More par 
ticularly, the stem 36 has a length that is approximately equal 
to the depth of the blind bore 23 and a diameter that is 
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approximately equal to the diameter of the blind bore 23. 
Alternatively, the length of the stem 36 may be less than the 
depth of the blind bore 23. 
0093. In one embodiment, the stem 36 includes a trans 
verse through-going bore 37, which may be aligned with the 
transverse through-going bores 28, 29 of the base member 22 
to receive the pin 40 therein when the base member 22 and the 
cap member 30 have been assembled (see FIGS. 3 and 4). The 
pin 40 is cylindrically shaped in this embodiment, with a 
diameter that is slightly smaller than that of the transverse, 
through-going bores 28, 29, 37. In one embodiment, the 
diameter of the pin 40 is 2.5 mm. The pin 40 has a length that 
is approximately equal to the diameter of the base member 22. 
Alternatively, the length of the pin 40 may be slightly less 
than the diameter of the base member 22. 
0094. The pin 40 and the through-going bores 28, 29, 37 
may alternatively have other shapes (e.g., a square or trian 
gular cross-section). The through-going bores 28, 29.37 may 
alternatively have different configurations in the base mem 
ber 22 and cap member 30, respectively (e.g., horizontal, 
diagonal, etc.). In another embodiment, the construct may 
include more than one set of pins and through-going bores. 
Alternatively, a pin assembly (e.g., a multipiece pin) may be 
used. 

0.095. In one embodiment, and as illustrated in FIGS. 2-4, 
the pin 40 is inserted into the base member 22 through the 
transverse through-going bore 29, through the transverse 
through-going bore 37 of the cap member 30 and through the 
transverse through-going bore 28, to hold the cap member 30 
in place within the base member 22, and thereby secure the 
cap member 30 to the base member 22. In one embodiment, 
the pin 40 is made of cancellous bone. Alternatively, the pin 
40 may be made of cortical bone or even a synthetic material. 
The cap member 30 can also be secured to the base member 
22 by a staple, a Suture, a press-fit or an adhesive compound 
Such as a fibrin-based glue or the organic glues discussed 
herein. 
0096. In one embodiment, the cap member 30 is formed of 
demineralized allograft cancellous bone. As discussed above, 
the porous nature of cancellous bone enables it to serve as a 
natural matrix for receiving and retaining therein a mixture 
(e.g., a paste or gel) containing cartilage particles for the 
repair of articular cartilage defects. Embodiments of the car 
tilage particle mixture discussed below. 
0097. In one embodiment, the cap member 30 is deminer 
alized using techniques known in the art. For instance, the cap 
member 30 may be soaked in 0.6N HCl (or any other suitable 
dilute acid) for a period of time sufficient to attain a prede 
termined mineral content level (e.g., less than 0.5% w/w 
residual calcium). In another embodiment, physical and/or 
chemical methods may be utilized in order to accelerate the 
demineralization process. The Soak may be agitated and/or 
heated to accelerate the demineralization reaction. Following 
demineralization, the demineralized cap member 30 is rinsed 
and cleaned with USP water. The demineralized cap member 
30 may also be cleaned with a hydrogen peroxide solution. 
0098. In one embodiment, the cap member 30 is made of 
bone having reduced osteoinductivity, or of non-osteoinduc 
tive bone, which may be preferable when the regeneration of 
healthy cartilage is desired, rather than the regeneration of 
bone. In an embodiment, the demineralized cap member 30 
may be treated to reduce its osteoinductivity, or to render the 
bone non-osteoinductive, using techniques known in the art. 
For instance, an oxidizing agent such as a 3% hydrogen 
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peroxide Solution may be used to Soak the demineralized cap 
member 30 in order to reduce its osteoinductivity, or to render 
it substantially non-osteoinductive. In another embodiment, 
physical and/or chemical methods may be utilized in order to 
accelerate the process whereby osteoinductivity is reduced. 
Following the hydrogen peroxide Soak, the demineralized cap 
member 30 is rinsed and cleaned with USP water. Alterna 
tively, the reduction or inactivation of inherent bone osteoin 
ductivity may be accomplished by chemical or thermal treat 
ment, or by high energy irradiation. 
0099. In one embodiment, to restore the pH of the dem 
ineralized cap member 30 to a physiological level of about 
7.0, the demineralized cap member 30 may be soaked in a 
saline Solution (e.g., Sorenson phosphate buffered saline 
(PBS) solution) having a pH of 7.4, or in another buffered 
solution having a similar or higher pH level. The demineral 
ized cap member 30 is soaked in the PBS solution for a time 
sufficient to return it to a physiological pH level. In another 
embodiment, physical and/or chemical methods may be uti 
lized in order to accelerate the pH restoration process. Fol 
lowing the saline solution Soak, the demineralized cap mem 
ber 30 is rinsed and cleaned with USP water and dried. 
0100 Because demineralized cancellous bone is predomi 
nantly Type I collagen, the bone is sponge-like, elastic and 
deformable, exhibiting shape memory properties. As a result, 
the demineralized cap member 30, which is formed of porous 
cancellous bone, may more effectively receive and retain 
therein a in mixture (e.g., a paste or gel) containing cartilage 
particles for repair of articular cartilage defects. Further, the 
demineralized cap member 30 possesses mechanical proper 
ties that enhance its performance as an articular cartilage 
implant. More particularly, the sponginess of the demineral 
ized cap member 30 enables the upper surface 33 of its upper 
section 32 to conform to the natural curvature of the joint 
Surface. This facilitates the treatment of large cartilage 
defects without the risk that a “proud' edge (i.e., an edge that 
extends higher than the Surrounding articular cartilage layer) 
of the construct 20 will cause damage to the opposing joint 
Surface during articulation because the deformable, spongy 
demineralized cap member 30 will allow the proud upper 
Surface 33 to yield to the opposing joint Surface during articu 
lation. 
0101. In an alternative embodiment, only the upper sec 
tion32 of the cap member 30 is demineralized and the stem 36 
(or a portion thereof) remains mineralized. This alternate 
configuration enables the mineralized stem 36 to act as a rigid 
(e.g., non-spongy) core within the blind bore 23 of the base 
member 22 to provide further support for load bearing of the 
joint. 
0102. In one embodiment, the demineralized cap member 
30 (or portion thereof) is configured to promote healing of a 
patient's articular cartilage layer, while the distinct mineral 
ized base member 22 promotes healing of the underlying 
Subchondral bone, thereby providing a two-phase implant 
construction. In accordance with this configuration, the 
assembled construct 20 possesses a relatively uniform dem 
ineralized upper region, including the cap member 30, that is 
distinct from the mineralized base member 22. 

0103) In one embodiment, the components of the con 
struct 20 are assembled by inserting the stem 36 of the dem 
ineralized cap member 30 into the blind bore 23 of the base 
member 22 (see FIGS. 2-4). As explained above, the dem 
ineralized cap member 30 and the base member 22 may be 
positioned so that their respective through-going bores 37, 28 
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and 29 are aligned. The pin 40 is inserted into one end of the 
through-going bore 29 on one side of the base member 22 and 
pushed through the through-going bores 29, 37 and 28 until 
its leading end is flush with the opposite side of the base 
member 22. The assembled construct 20 is checked to ensure 
that the demineralized cap member 30 is secured within the 
base member 22. If the leading end of the pin 40 protrudes 
beyond the base member 22, it may trimmed (e.g., with sand 
paper) until the leading end is substantially flush with the side 
of the base member 22. The pin 40 may alternatively be 
formed to have a length that is shorter than the diameter of the 
base member 22 (see FIG. 4). 
0104. In one embodiment, the assembled construct 20 
may then be subjected to a tissue processing protocol, includ 
ing, for example, a soak in ethanol (e.g., 70% SDA-3A etha 
nol). The assembled construct 20 is then rinsed with USP 
water and dried. 
0105. In an embodiment, a cartilage particle mixture as 
described herein is then loaded into and/or applied to the 
assembled construct 20. For example, the mixture-loading 
may be performed according to the following protocol: 
0106 (1) freeze-milled allograft cartilage particles that 
were all processed from the same tissue donor are weighed 
and transferred to a small mixing jar, 
0107 (2) 0.78cc of phosphate buffer saline (PBS) solution 
are added for each 0.22 g of cartilage particles, and the Solu 
tion is stirred with a spatula to create a paste like mixture; 
0108 (3) the mixture is transferred to a 10 cc syringe and 
allowed to equilibrate for five to ten minutes, with a syringe 
cap preferably used to cover the tip of the Syringe and prevent 
the mixture from drying out; 
0109 (4) the assembled construct 20 is placed in a mix 
ture-loading fixture and a small portion of the cartilage par 
ticle mixture is dispensed onto the top of the assembled con 
struct 20 (e.g., the upper section 32 of the cap member 30); 
0110 (5) a large spatula is used to spread the cartilage 
particle mixture throughout the cap member 30; and 
0111 (6) excess mixture is wiped off and a smooth surface 

is created on the upper surface 33 and the outer curved wall 34 
of the cap member 30. 
0112 The quantity of cartilage particle mixture deposited 
onto the cap member 30 depends on a variety of factors that 
may be appreciated by those skilled in the art, including, for 
example, the dimensions of the cap member 30, the viscosity 
and density of the cartilage particle mixture, the anatomical 
and/or physical properties of the allograft tissues from which 
the cap member 30 and the cartilage particles are derived, etc. 
0113. In one embodiment, and as shown in FIG. 4, the 
construct 20 has a height that is substantially equal to the 
depth of a bore 12, wherein the base member 22 is supported 
by a bottom surface 19 of the bore 12. This type of load 
bearing Support protects the construct 20 from damage 
caused by micromotion at the interface of the bore 12 and 
construct 20, which may produce undesired fibrous tissue 
interfaces and Subchondral cysts. 
0114. In an alternative embodiment, the height of the con 
struct 20 may be less than the bore depth. In this embodiment, 
the base member 22 is supported by the sidewall of the bore 
12 due to the aforementioned interference fit within the bore 
12. This type of load-bearing Support also protects the con 
struct 20 from the aforementioned damage caused by micro 
motion at the interface of the bore 12 and construct 20. 
0115. In an embodiment, the surgical repair of a cartilage 
or osteochondral defect using the construct 20 may be per 
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formed according to the following operation. A Surgeon 
debrides (e.g., shaves away) the damaged or diseased portion 
of articular cartilage and the underlying Subchondral bone 
from an articular cartilage defect area DA, as shown in FIG. 4. 
A defect area bore 12 is cut in the patient's articular cartilage 
AC and underlying subchondral bone SB.The defect removal 
and bore creation may be performed using a flat-bottom drill. 
The subchondral bone SB that is exposed by the creation of 
the bore 12 may then be subjected to a microfracture proce 
dure, whereby the Surgeon uses an awl to create a number of 
small portals 17 in the subchondral bone SB, causing it to 
bleed into the bore 12. 

0116. Next, the surgeon may modify the size and/or shape 
of the construct 20 for implantation into the bore 12. For 
example, the surgeon may chamber the bottom end 26 of the 
base member 22 to facilitate insertion of the construct 20 into 
the bore 12. The bottom end 26 of the base member 22 may 
also be trimmed by the surgeon at this time to shorten the 
height of the construct 20, thereby matching the construct 20 
to the depth of the bore 12, if the bore depth is less than the 
original height of the construct 20. 
0117 Still referring to FIG. 4, the construct 20 is then 
implanted into the bore 12 in a dry (i.e., lyophilized) state. An 
inserter device may be used to place the construct 20 into the 
bore 12. In order to expedite this step, the surgeon may be 
provided with an inserter device in which the construct 20 has 
been removably secured prior to surgery. Alternatively, the 
construct 20 may be inserted into the bore 12 by using a tamp 
and a mallet. Once inserted, the construct 20 is re-hydrated by 
the bleeding from the Surrounding host tissue (e.g., the carti 
lage AC and the subchondral bone SB). The construct 20 may 
also be re-hydrated by the bleeding bone portals 17 if the 
Surgeon performed the aforementioned microfracture proce 
dure. The construct 20 may also be rehydrated in a solution 
Such as Saline prior to implantation. 
0118. The height of the construct 20 may determine its 
placement in the bore 12, and, hence, the position of the upper 
surface 33 in relation to surface of the adjacent cartilage AC. 
The construct 20 may be placed in the bore 12 so that the 
upper surface 33 of the cap member 30 is substantially flush 
with a surface CS of the patient’s adjacent articular cartilage 
AC to form a smooth, continuous load-bearing Surface, as 
illustrated in FIG. 4. The bottom end 26 of the base member 
22 may be supported by a bottom surface 19 of the bore 12. 
Alternatively, the construct 20 may be placed so that the upper 
surface 33 is slightly higher than the surface CS of the adja 
cent cartilage AC, so as to be proud in relation thereto. The 
construct 20 may also be placed so that the upper surface 33 
is slightly lower than the surface CS of the adjacent cartilage 
AC, thereby providing a space, or pocket, for tissue growth 
therewithin. A cartilage particle mixture may also be placed 
in Such space or pocket. The cartilage particle mixture pro 
motes chondrocyte (and/or other cellular) migration into (i.e., 
from the adjacent cartilage AC), attachment and proliferation 
in the bore 12, and enhances tissue integration between the 
cap member 30 and the adjacent articular cartilage AC. The 
cartilage particle mixture, which may contain freeze-milled 
cartilage particles, can be in the form of a paste or gel, and is 
described in greater detail below. 
0119 The construct 20 may have a diameter that is sub 
stantially equal to the diameter of the bore 12. in order to 
create an interference fit therebetween (e.g., an interference 
fit with the sidewall of the bore 12). Alternatively, the con 
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struct 20 may have a diameter that is larger than the diameter 
of the bore 12, in order to create a press-fit therein. 
0120 Various adhesive materials may be used, for 
example, to seal the cartilage particles in the construct 20 and 
to prevent synovial fluid infiltration, and/or, for example, to 
affix the construct 20 in place within the bore 12 post-implan 
tation. These adhesive materials include Suitable organic glue 
materials that can be found commercially, including fibrin 
based sealants derived from human and/or bovine plasma, 
such as TISSEEL(R) (Baxter International, Inc., USA), CROS 
SEAL(R) (Johnson & Johnson, USA) and BIOGLUE(R) (Cry 
olife, Inc., USA); a fibrin-based adhesive, such as TISSU 
COLR) (Immuno AG, Austria), Adhesive Protein (Sigma 
Chemical, USA), Dow Corning Medical Adhesive B (Dow 
Corning, USA); a tissue adhesive consisting of collagen 
derived particles and topical thrombin, such as FLOSEAL(R) 
(Baxter International, Inc.); a combination of polyethyleneg 
lycol polymers that have the ability to chemically bond to 
each other, as well as to tissue surfaces, such as COSEAL(R) 
(Angiodevice International GMBH Corporation, Switzer 
land); fibrinogen thrombin, elastin, collagen, casein, albu 
min, keratin, and/or adhesive compounds and/or organic 
glues and the like. 
0121 Affixation means such as, for example, Sutures, 
Staples and/or screws may also be used to seal the cartilage 
particles in the construct 20 and to prevent synovial fluid 
infiltration, and/or to affix the construct 20 in place within the 
bore 12 post-implantation. The construct 20 may also be 
press-fit within the bore 12. 
0122. It is envisioned that cells may be inserted into the 
cap member 30 before the construct 20 is implanted into the 
defect area DA. Alternatively, cells may be inserted into the 
entire construct 20. Such cells may be added during implan 
tation of the construct 20 instead. The cells may also be added 
after implantation. Such cells include bone marrow cells, 
stem cells, progenitor cells and chondrocytes. Such cells may 
be allogeneic. The cells may alternatively be autologous. The 
cellular density of the cells in the construct is atherapeutically 
effective density. This mixture can also support the chondro 
genic-stimulating factors discussed herein. Such factors are 
described, for example, in U.S. patent application Ser. No. 
12/010,984, filed Jan. 31, 2008, which is incorporated herein 
by reference in its entirety. 
0123. In another embodiment, the cap member 30 may be 
loaded with the cartilage particles (e.g., in a mixture) 
described herein. In another embodiment, the cap member 30 
may be loaded with the cartilage particles described herein, 
and then an exogenous growth factor and/or endogenous 
growth factor activator may be added to the cap member 30 
and/or incorporated into the cartilage particles. In another 
embodiment, the cap member 30 may be loaded with the 
growth factors and/or the activators described herein. In 
another embodiment, the cap member 30 that has been loaded 
with growth factors may be subsequently loaded with carti 
lage particles. In another embodiment, the cartilage particles 
previously equilibrated with activated and/or exogenous 
growth factors may be Subsequently added to the construct 
20. 

0.124. The construct 20 may also be modified to include 
regionally-specific chondrogenic and osteogenic regions in 
the cap member 30 and the base member 22, respectively. 
More particularly, the cap member 30 may incorporate carti 
lage particles (e.g., in a mixture) and/or chondrogenic growth 
factors, as described herein, and the base member 22 may 
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incorporate demineralized bone matrix and/or osteogenic 
growth factors. Alternatively, as growth factor activity is often 
context-dependent, a single growth factor having environ 
mentally-specific activity may be incorporated in both the 
base member 22 and the cap member 30. In another embodi 
ment, any combination of chondrogenic and/or osteogenic 
growth factors may be employed. 
0.125. Another embodiment of a multi-piece cancellous 
construct 60 is illustrated in FIG. 13. This embodiment is also 
disclosed in U.S. Provisional Patent Application Ser. No. 
60/996,800 filed Dec. 5, 2007, and U.S. patent application 
Ser. No. 12/328,306 filed Dec. 4, 2008, both of which are 
incorporated by reference herein in their entirety. At least 
Some of the modifications in the dimensions and the Surgical 
insertion of the construct 20 described above may be made in 
connection with the construct 60 as well. 

0.126 The construct 60 includes a base member 62 having 
a blind bore 63, a pair of coaxial, transverse through-going 
bores 64a, 64b, and an upper annular edge 65 having a plu 
rality of through going bores 66. The construct 60 also 
includes a cap member 67 having a stem 68 with a transverse 
through-going bore 70 therein, and a pin assembly 72. The 
base member 62 and the cap member 67 are constructed in the 
same manner and from the same materials as the base member 
22 and the cap member 30, respectively, of the construct 20 
illustrated in FIGS. 2-12, and are assembled in substantially 
the same way in relation to each other. The pin assembly 72 
includes first and second end pinportions 74,76, respectively, 
and a centerpin portion 78. Alternatively, a single pin may be 
used with the construct 60. In another embodiment of the 
construct 60, the upper annular edge 65 of the base member 
62 does not include the through-going bores 66. 
I0127. Upon assembly of the construct 60, the stem 68 of 
the cap member 67 is inserted into the blind bore 63 of the 
base member 62. The stem 68 may be arranged so that the 
transverse through-going bores 64a, 64b of the base member 
62 and the through-going bore 70 of the stem 68 are axially 
aligned to receive the pin assembly 72 therein. The centerpin 
portion 78 is inserted into the through-going bore 64b of the 
base member 62 and through the through-going bore 70 of the 
stem 68 so as to secure the cap member 67 to the base member 
62. The first end pin portion 74 is then inserted into the 
through-going bore 64a until it abuts the end of the centerpin 
portion 78 adjacent to it. The second end pinportion 76 is then 
inserted into the through-going bore 64b until it abuts the 
opposite end of the centerpin portion 78 (e.g., the end oppo 
site the first end pin portion 74). The end pinportions 74,76 
remain within the through-going bores 64a, 64b of the base 
member 62 and retain the centerpin portion 78 therein and in 
the through-going bore 70 of the stem 68. The pin assembly 
72 is preferably used in larger constructs (e.g., having a diam 
eter greater than 12 mm), for which the construction of a 
single pin of adequate length may be difficult or impractical. 
I0128. Another embodiment of a multi-piece cancellous 
construct 20 is illustrated in FIG. 14 and includes a modified 
arrangement of the elements of the construct 20 illustrated in 
FIGS. 2-12. More particularly, a cylindrically shaped base 
member 122 includes an annular shoulder 124. An integral 
stem 126 extends upwardly from the base member 122 and 
has a smaller diameter than that of the base member 122. The 
stem 126 includes a transverse through-going bore 128. The 
construct 120 also includes a cylindrical cap member 130 
having a blind bore 132 dimensioned to receive the stem 126 
therein. The cap member 130 also includes a transverse 
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through-going bore 134, which intersects the blind bore 132. 
The stem 126 includes an upper surface 136, which is pref 
erably planar and dimensioned to fit against an interior end 
surface of the blind bore 132 of the cap member 130. At least 
Some of the modifications in the dimensions and the Surgical 
insertion of the construct 20 described above may be made in 
connection with the construct 120 as well. This embodiment 
is also disclosed in the aforementioned U.S. Provisional 
Patent Application Ser. No. 60/996,800 filed Dec. 5, 2007 and 
U.S. patent application Ser. No. 12/328,306 filed Dec. 4, 
2008, both of which are incorporated by reference herein in 
their entirety. 
0129. Still referring to FIG. 14, the cap member 130 is 
positioned on the stem 126 to receive same and so that the 
transverse bores 128, 134 are axially aligned to receive a pin 
138 therein. The pin 138 holds the cap member 130 and the 
base member 122 together in a fixed relationship, operating 
like the corresponding components of the construct 20 illus 
trated in FIGS. 2-12. An upper surface 140 of the cap member 
130 may be planar, so as to form a smooth continuous Surface 
with the Surrounding articular cartilage layer of the patient. 
Alternatively, the upper surface 140 may be milled the curved 
(e.g., convex), so as to conform to the physiological curvature 
of the adjacent articular cartilage layer and/or the adjacent 
bone surfaces of a joint (e.g., the knee). The cap member 130 
is made of demineralized cancellous bone, whereas the base 
member 122 is preferably made of mineralized cancellous 
bone. 

0130. In another embodiment, the cap member 130 maybe 
loaded with the cartilage particles (e.g., in a mixture) 
described herein. In another embodiment, the cap member 
130 may be loaded with cartilage particles described herein, 
and then an exogenous growth factor and/or endogenous 
growth factor activator may be added to the cap member 130 
and/or incorporated into the cartilage particles. In another 
embodiment, the cap member 130 may be loaded with the 
growth factors and/or the activators described herein. In 
another embodiment, the cap member 130 that has been 
loaded with growth factors may be subsequently loaded with 
cartilage particles. In another embodiment, the cartilage par 
ticles previously equilibrated with activated and/or exog 
enous growth factors may be subsequently added to the con 
Struct 120. 

0131 The assembled construct 120 is placed within a bore 
to replace an excised cartilage defect in a similar manner as 
that described above for the construct 20. The height of the 
construct 120 may determine its placement in a bore formed 
in the defect area of a patient, and, hence, the position of the 
upper surface 140 in relation to surface of the patient's adja 
cent articular cartilage. The construct 120 may be placed in 
the bore so that the upper surface 140 of the cap member 130 
is substantially flush with the surface of the patient's adjacent 
articular cartilage to form a smooth, continuous load-bearing 
surface. A bottom end of the base member 122 may be sup 
ported by a bottom surface of the bore. Alternatively, the 
construct 120 may be placed so that the upper surface 140 is 
slightly higher than the Surface of the adjacent cartilage, so as 
to be proud in relation thereto. The construct 120 may also be 
placed so that the upper surface 140 is slightly lower than the 
Surface of the adjacent cartilage, thereby providing a space, or 
pocket, for tissue growth therewithin. A cartilage particle 
mixture may also be placed in Such space or pocket. The 
cartilage particle mixture promotes chondrocyte (and/or 
other cellular) migration into (i.e., from the adjacent carti 
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lage), attachment and proliferation in the bore, and enhances 
tissue integration between the cap member 130 and the adja 
cent articular cartilage. The cartilage particle mixture, which 
may contain freeze-milled cartilage particles, can be in the 
form of a paste or gel, and is described in greater detail below. 
0.132. The construct 120 may have a diameter that is sub 
stantially equal to the diameter of the bore, in order to create 
an interference fit therebetween (e.g., an interference fit with 
the sidewall of the bore). Alternatively, the construct 120 may 
have a diameter that is larger than the diameter of the bore, in 
order to create a press-fit therein. Any of the Suitable organic 
glue materials described above may be used to keep the con 
struct 120 fixed in place in the bore. 
I0133. The construct 120 may also be loaded with the 
aforementioned cartilage particle mixture and/or one or more 
of the additives described herein in connection with the other 
embodiments of the construct. Demineralized bone matrix, 
growth factors, cells grown outside of the patient's body 
and/or one or more of the other biological Substances 
described herein may also be incorporated into the construct 
2D. 

0.134 Reference is now made to FIGS. 15-18, which illus 
trate another embodiment of a multi-piece cancellous con 
struct 220. This embodiment is well-suited for large con 
structs (e.g., having a diameter of 15 mm or greater), which 
are utilized for the repair of more extensive articular cartilage 
lesions and defects. At least some of the modifications in the 
dimensions and the Surgical insertion of the construct 20 
described above may be made in connection with the con 
struct 220 as well. 
0.135 The construct 220 includes a base member 222, a 
cap member 224 and two pins 226, 228, all of which fit 
together to minimize the open interior space within the con 
struct 220, as further explained below. Alternatively, one pin 
may be used with the construct 220. 
I0136. Referring now to FIGS. 15, 17 and 18, the base 
member 222 is formed in a cylindrical shape, and is con 
structed of mineralized cancellous bone. Alternatively, a Sur 
face and/or portion of the base member 222 may be deminer 
alized, as discussed above in connection with the construct 20 
illustrated in FIGS. 2-12. The base member 222 includes an 
upper annular edge 230 and a blind bore 231 contained 
therein. The blind bore 231 contains a cylindrical island 232 
that is formed concentrically with respect to the upper annular 
edge 230. An annular recess 234 is formed within the bore 
231 between the cylindrical island 232 and an inner wall 236 
of the base member 222, adjacent the upper annular edge 230. 
An upper surface 238 of the island 232 lies parallel to and 
below a horizontal plane defined by the upper annular edge 
230. The base member 222 also includes first and second 
transverse bores 239, 240 in opposite sides of the inner wall 
236 that extend through to an exterior surface of the base 
member 222, and are coaxial with each other. The island 232 
also includes a through-going transverse bore 241 that is 
axially aligned with the transverse bores 239, 240. 
I0137 Referring to FIGS. 15, 16 and 17, the cap member 
224 of the construct 220 includes a disc-shaped upper section 
242 having an upper Surface 244, a lower Surface 246 and an 
integral sleeve-like cylindrical stem 248 which depends from 
the lower surface 246. The cap member 224 is formed of 
demineralized allograft cancellous bone having a calcium 
content less than 0.5% w/w residual calcium. The deminer 
alization process described above may also be employed in 
connection with this embodiment. 



US 2009/03 19045 A1 

0.138. In an alternative embodiment, the cap member 224 
may have a mineralized region, Such as the sleeve-like stem 
248, and a demineralized region, such as the upper section 
242. This alternative configuration enables the mineralized 
sleeve-like stem 248 to act as a rigid (e.g., non-spongy) core 
within the annular recess 234 of the base member 222 to 
provide further support for the load bearing of the joint. 
0.139. With reference to FIGS. 15, 16 and 18, the sleeve 
like stem 248 includes a wall 250 with inner and outer diam 
eters D1, D2, respectively, and a cylindrical cavity 252 con 
tained in the wall 50. The inner wall diameter D1 is slightly 
larger than the diameter of the island 232. Further, the depth 
of the cylindrical cavity 252 is approximately equal to the 
height of the island 232, so that the island 232 may be 
received therein. Moreover, the annular recess 234 of the base 
member 222 has a diameter that is slightly larger than the 
stem wall outer diameter D2, so as to receive the sleeved like 
stem 248 therein. 
0140. As illustrated in FIGS. 17 and 18, the cap member 
224 is placed on top of the base member 222 with the sleeve 
like stem 248 being inserted into the annular recess 234 of the 
base member 222, and the island 232 being simultaneously 
inserted into the cylindrical cavity 252 of the cap member 
224. Once the base member 222 and the cap member 224 have 
been assembled, the lower surface 246 of the upper section 
242 of the cap member 224 abuts the upper annular edge 230 
of the base member 222. The base member 222 and the cap 
member 224 may be dimensioned so that a minimal amount 
of open space is contained within the cylindrical cavity 252 
and the annular recess 234. This structural arrangement pro 
vides a more solid Support for load bearing of the joint. 
0141. In another embodiment of the construct 220, the 
base member 222 includes a plurality of through-going bores 
(not shown) formed in the in the upper annular edge 230, in 
the upper surface 238 of the island 236, or in both. The 
plurality of through-going bores in the construct 220 may 
facilitate blood migration throughout the construct 220, to 
promote cartilage growth in the cap member 224 and in the 
adjacent cartilage, and bone growth in the base member 222 
and the adjacent bone, as described above in connection with 
the construct 20. 

0142. Referring again to FIGS. 15-18, the stem wall 250 
includes two transverse bores 254, 256 formed in opposite 
sides thereof. After placing the cap member 224 on the base 
member 222, the transverse bores 254, 256, which are 
coaxial, may be aligned with the transverse bores 239, 240 of 
the base member 222, and with the transverse bore 241 of the 
island 232, to receive the cylindrical pins 226, 228 therein, 
and to hold the cap member 224 in place within the base 
member 222, thereby securing the cap member 224 to the 
base member 222. The pin 226 is inserted through the trans 
verse bores 239,254 and 241 (on one side of the base member 
222), and the pin 228 is inserted through the transverse bores 
240, 256 and 241 (on an opposite side of the base member 
222) until the adjacent ends of each of the pins 226, 228 abut 
each other in the approximate center of the transverse bore 
241 of the island 232 (see FIG. 18). The cap member 224 may 
also be secured to the base member 222 by a staple, a suture, 
a press fit or an adhesive compound Such as fibrin based glue. 
0143. The assembled construct 220 is placed within a bore 
to replace an excised cartilage defect in a similar manner as 
that described above for the construct 20. The height of the 
construct 220 may determine its placement in a bore formed 
in the defect area of a patient, and, hence, the position of the 
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upper surface 244 of the cap member 224 in relation to sur 
face of the patient's adjacent articular cartilage. The construct 
220 may be placed in the bore so that the upper surface 244 is 
substantially flush with the surface of the patient's adjacent 
articular cartilage to form a smooth, continuous load-bearing 
surface. A bottom end of the base member 222 may be sup 
ported by a bottom surface of the bore. Alternatively, the 
construct 220 may be placed so that the upper surface 244 is 
slightly higher than the Surface of the adjacent cartilage, so as 
to be proud in relation thereto. The construct 220 may also be 
placed so that the upper surface 244 is slightly lower than the 
Surface of the adjacent cartilage, thereby providing a space, or 
pocket, for tissue growth therewith in. A cartilage particle 
mixture may also be placed in Such space or pocket. The 
cartilage particle mixture promotes chondrocyte (and/or 
other cellular) migration into (i.e., from the adjacent carti 
lage), attachment and proliferation in the bore, and enhances 
tissue integration between the cap member 224 and the adja 
cent articular cartilage. The cartilage particle mixture, which 
may contain freeze-milled cartilage particles, can be in the 
form of a paste or gel, and is described in greater detail below. 
0144. The construct 220 may have a diameter that is sub 
stantially equal to the diameter of the bore, in order to create 
an interference fit therebetween (e.g., an interference fit with 
the sidewall of the bore). Alternatively, the construct 220 may 
have a diameter that is larger than the diameter of the bore, in 
order to create a press-fit therein. Any of the Suitable organic 
glue materials described above may be used to keep the con 
struct 220 fixed in place in the bore. 
0145 The construct 220 may also be loaded with the 
aforementioned cartilage particle mixture and/or one or more 
of the additives described herein in connection with the other 
embodiments of the construct. Demineralized bone matrix, 
growth factors, cells grown outside of the patient's body 
and/or one or more of the other biological Substances 
described herein may also be incorporated into the construct 
220. 

0146 FIGS. 19-23 illustrate another embodiment of a 
construct 310 that may be formed by milling a cancellous 
bone cylinder into an unbalanced barbell-shaped body 312 
including a cap member 314 having a lower annular edge 315 
and an upper surface 317, a cylindrical stem 316, and a 
cylindrical base member 318 having an upper annular edge 
319. In one embodiment, the cap member 314, stem 316 and 
base member 318 are integrally formed as one piece. The cap 
member 314 is demineralized according to the method dis 
cussed above, while the stem 316 and the base member 318 
remain mineralized. At least Some of the modifications in the 
dimensions and the Surgical insertion of the construct 20 
described above may be made in connection with the con 
struct 310 as well. This embodiment is also disclosed in U.S. 
patent application Ser. No. 12/043,001 filed Mar. 5, 2008 and 
in U.S. Provisional Patent Application Ser. No. 60/904.809 
filed Mar. 6, 2007, both of which are incorporated by refer 
ence herein in their entirety. 
0147 The diameter of the assembled construct310, and of 
the cap member 314 and the base member 318, may be within 
a range from about 5 mm to about 35 mm. The stem 316 
preferably has a diameter that is approximately half as large 
as the diameter of the base member 318. The cap member 314 
is milled to have a height, or thickness, that is similar to the 
thickness of human articular cartilage (e.g., approximately 3 
mm). In this embodiment, the base member 318 has a height 
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that is greater than that of the cap member 314, with a ratio 
that is preferably in a range from about 3:2 to about 6:1. 
0148 Reference is now made to FIG. 21, which illustrates 
a ring-shaped member 320 that includes an aperture 322 
having a diameter approximately equal to the diameter of the 
stem316. Alternatively, the aperture 322 may have a diameter 
that is slightly greater than the diameter of the stem 316. The 
diameter of the aperture 322 may alternatively be within a 
range of from 10% to 40% larger than the diameter of the stem 
316. The ring-shaped member 320 has an outer diameter that 
is approximately equal to the diameter of the cap member 314 
and to the diameter of the base member 318. The ring-shaped 
member 320 also includes upper and lower surfaces 324,326, 
respectively. 
014.9 The ring-shaped member 320 is preferably con 
structed of mineralized allograft cancellous bone. Alterna 
tively, the ring-shaped member 320 may be constructed of 
partially demineralized cancellous bone (e.g., wherein the 
demineralization processing of the cancellous bone of the 
ring-shaped member is abbreviated). The ring-shaped mem 
ber 320 may be also constructed of allograft cortical bone or 
Xenograft bone, as long as the same have been decellularized. 
The ring-shaped member 320 may also be constructed of 
ceramics or one or more known biocompatible polymers. 
0150. Prior to assembly, the cap member 314 may be dem 
ineralized by placing it in dilute acid (e.g., 0.6NHCl) accord 
ing to the protocol discussed above until the bone contains 
less than 0.5% w/w residual calcium. The stem 316 and base 
member 318 are kept out of the dilute acid and remain min 
eralized, as indicated by a line L1 in FIG. 23. The deminer 
alized bone of the cap member 314 is predominantly Type I 
collagen, which is sponge like, elastic and deformable. 
0151. Following demineralization, the cap member 314 
may be further cleaned and treated to restore its pH to a 
physiological level of about 7.0, as described above in con 
nection with the construct 20. The demineralized cap member 
314 may also be treated to reduce its osteoinductivity, or to 
render it Substantially non-osteoinductive, as described 
above. 

0152 The spongy and deformable nature of the deminer 
alized cap member 314 allows it to be deformed and inserted 
through the center aperture 322 of the ring member 320 
during assembly of the construct 310. More particularly, the 
cap member 314 is deformed by compressing (i.e., squeez 
ing) it to have a dimension Smaller than the diameter of the 
center aperture 322. The cap member 314 is then inserted 
through the center aperture 322 in its compressed, Smaller 
form. After being pushed through the center aperture 322, the 
cap member 314 is allowed to decompress, and then returns to 
its original shape and dimensions. Upon assembly of the 
ring-shaped member 320 and the base member 312, the lower 
surface 326 of the ring-shaped member 320 abuts the upper 
annular edge 319 of the base member 318, while the upper 
surface 324 of the ring-shaped member 320 abuts the lower 
annular edge 315 of the cap member 314. The assembled 
construct 310, as illustrated in FIGS. 19 and 22, includes a 
relatively uniform demineralized portion including the cap 
member 314, and a distinct mineralized portion including the 
base member 318 and the ring-shaped member 320. The 
ring-shaped member 320 serves as a uniform demarcation 
that physically divides the demineralized and mineralized 
portions of the assembled construct 310, whose two-piece 
construction eliminates the need to use one or more pins to 
secure the assembled construct components to each other. 
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0153. After the construct 310 has been assembled, freeze 
milled cartilage particles may be added to the cap member 
314 in a manner similar to the methoddescribed in connection 
with the constructs disclosed above. The cartilage particles 
may be combined with a biocompatible carrier and/or a 
growth factor. The open cancellous structure of the cap mem 
ber 314 may be loaded with cartilage particles and/or on or 
more other bioactive additives described herein. The con 
struct310 may also be infused with endogenous and/or exog 
enous growth factors, or endogenous growth factor activators, 
many of which are described herein. 
0154 The assembled construct310 is placed within a bore 
to replace an excised cartilage defect in a similar manner as 
that described above for the construct 20. The height of the 
construct 310 may determine its placement in a bore formed 
in the defect area of a patient, and, hence, the position of the 
upper surface 317 in relation to surface of the patient's adja 
cent articular cartilage. The construct 310 may be placed in 
the bore so that the upper surface 317 of the cap member 314 
is substantially flush with the surface of the patient's adjacent 
articular cartilage to form a smooth, continuous load-bearing 
surface. A bottom end of the base member 318 may be sup 
ported by a bottom surface of the bore. Alternatively, the 
construct 310 may be placed so that the upper surface 317 is 
slightly higher than the Surface of the adjacent cartilage, so as 
to be proud in relation thereto. The construct310 may also be 
placed so that the upper surface 317 is slightly lower than the 
Surface of the adjacent cartilage, thereby providing a space, or 
pocket, for tissue growth therewithin. A cartilage particle 
mixture may also be placed in Such space or pocket. The 
cartilage particle mixture promotes chondrocyte (and/or 
other cellular) migration into (i.e., from the adjacent carti 
lage), attachment and proliferation in the bore, and enhances 
tissue integration between the cap member 310 and the adja 
cent articular cartilage. The cartilage particle mixture, which 
may contain freeze-milled cartilage particles, can be in the 
form of a paste or gel, and is described in greater detail below. 
0155 The construct 310 may have a diameter that is sub 
stantially equal to the diameter of the bore, in order to create 
an interference fit therebetween (e.g., an interference fit with 
the sidewall of the bore). Alternatively, the construct310 may 
have a diameter that is larger than the diameter of the bore, in 
order to create a press-fit therein. Any of the Suitable organic 
glue materials described above may be used to keep the con 
struct 310 fixed in place in the bore. 
0156 Reference is now made to FIGS. 24-26, which illus 
trate another embodiment of a construct 410 having a base 
member 412 and a cap member 414. At least some of the 
modifications in the dimensions and the Surgical insertion of 
the construct 20 described above may be made in connection 
with the construct 410 as well. 

0157. The base member 412 is formed in a cylindrical 
shape, and is constructed of mineralized allograft cancellous 
bone. Alternatively, the base member 412 may be partially 
demineralized (as described above), and/or may contain a 
region of cortical bone. Because cortical bone is more dense 
and stronger than cancellous bone, including a region of 
cortical bone reinforces the base member 412, to provide the 
construct 410 with additional support for load bearing of the 
joint. The cortical bone of the base member 412 is preferably 
Surface-demineralized (e.g., partially demineralized along its 
outer surface), which facilitates the incorporation of the con 
struct 410 into the surrounding subchondral bone tissue. 
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0158. The base member 412 includes an upper annular 
edge 416 and a blind bore 418, which extends into the base 
member 412. The blind bore 418 includes a cylindrical proxi 
mal portion 420 and an adjoining cylindrical distal portion 
422 (e.g., the proximal and distal portions 420, 422 commu 
nicate with each other), wherein the terms “proximal’ and 
“distal are used in relation to an upper surface of the cap 
member 414, as discussed below. The diameter of the distal 
portion 422 of the blind bore 418 is greater than the diameter 
of the proximal portion 420, the purpose of which is discussed 
below. 

0159. With continued reference to FIGS. 24-26, the cap 
member 414 of the construct 410 includes a disc-shaped 
upper section 424 having upper and lower Surfaces 426, 428, 
respectively, and an integral stem 430, which depends from 
the bottom surface 428. The cap member 414 is preferably 
formed of demineralized cancellous allograft bone. Deminer 
alization of the cap member 414 may be performed using the 
method discussed above, Such that the demineralized cancel 
lous bone thereof has a residual calcium content less than 
0.5% W/w. 

0160 The stem 430 includes a cylindrical proximal por 
tion 432 and an adjoining cylindrical distal portion 434. 
wherein the terms “proximal’ and “distal are again used 
inflation to the upper surface 426 of the cap member 414. The 
diameter of the distal stem portion 434 is greater than the 
diameter of the proximal stem portion 432 (see FIG. 24). 
Moreover, the distal stem portion 434 is dimensioned so as to 
closely fit within the distal portion 422 of the blind bore 418 
(i.e., the height and diameter of the distal stem portion 434 are 
slightly smaller than, or equal to, the height and diameter of 
the distal bore portion 422, respectively). Similarly, the proxi 
mal stem portion 432 is dimensioned to closely fit within the 
proximal portion 420 of the blind bore 418 (i.e., the height 
and diameter of the proximal stem portion 432 are slightly 
Smaller than, or equal to, the height and diameter of the 
proximal bore portion 420, respectively). These relative 
dimensions are selected so as to facilitate the secure intercon 
nection of the base and cap members 412, 414, as discussed 
below. 

0161. Once the cap member 414 has been demineralized, 
it is spongy and deformable with shape memory properties, 
thereby allowing the distal stem portion 434 thereof to be 
squeezed through the proximal bore portion 420 to assemble 
the construct 410. More particularly, the distal stem portion 
434 is deformed by compressing it to have a dimension 
smaller than the diameter of the proximal bore portion 420 of 
the base member 412. The distal stem portion 434 is then 
inserted through the proximal bore portion 420 in its com 
pressed, Smaller form. After being pushed through the proxi 
mal bore portion 420 and into the distal bore portion 422, the 
distal stem portion 434 is allowed to decompress, where up or 
it returns to its original shape and dimensions and conforms to 
the distal bore portion 422 (see FIGS. 25 and 26). The distal 
stem portion 434 is thereby locked into place within the distal 
bore portion 422, resisting movement in the proximal direc 
tion through the proximal bore portion 420 because the diam 
eter of the proximal bore portion 420 is smaller than the 
diameter of the distal stem portion 434. Upon assembly, the 
base and cap members 412, 414 afford a well-defined, uni 
form separation between the respective mineralized and dem 
ineralized portions of the construct 410, as illustrated in 
FIGS. 25 and 26. More particularly, the assembled construct 
410 includes a relatively uniform demineralized portion 
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including the cap member 414, and a distinct mineralized 
portion including the base member 412, thereby physically 
dividing the demineralized and mineralized portions of the 
assembled construct 410. The interconnecting base member 
412 and cap member 414 also eliminate the need to use one or 
more pins to secure the assembled construct components to 
each other. 

0162 The assembled construct 410 is placed within a bore 
to replace an excised cartilage defect in a similar manner as 
that described above for the construct 20. The height of the 
construct 410 may determine its placement in a bore formed 
in the defect area of a patient, and, hence, the position of the 
upper Surface 426 in relation to Surface of the patient's adja 
cent articular cartilage. The construct 410 may be placed in 
the bore so that the upper surface 426 of the cap member 
upper section 424 is substantially flush with the surface of the 
patient's adjacent articular cartilage to form a smooth, con 
tinuous load-bearing Surface. A bottom end of the base mem 
ber 412 may be supported by a bottom surface of the bore. 
Alternatively, the construct 410 may be placed so that the 
upper surface 426 is slightly higher than the surface of the 
adjacent cartilage, so as to be proud in relation thereto. The 
construct 410 may also be placed so that the upper surface 426 
is slightly lower than the Surface of the adjacent cartilage, 
thereby providing a space, or pocket, for tissue growth there 
within. A cartilage particle mixture may also be placed in 
Such space or pocket. The cartilage particle mixture promotes 
chondrocyte (and/or other cellular) migration into (i.e., from 
the adjacent cartilage), attachment and proliferation in the 
bore, and enhances tissue integration between the cap mem 
ber 414 and the adjacent articular cartilage. The cartilage 
particle mixture, which may contain freeze-milled cartilage 
particles, can be in the form of a paste or gel, and is described 
in greater detail below. 
0163 The construct 410 may have a diameter that is sub 
stantially equal to the diameter of the bore, in order to create 
an interference fit therebetween (e.g., an interference fit with 
the sidewall of the bore). Alternatively, the construct 410 may 
have a diameter that is larger than the diameter of the bore, in 
order to create a press-fit therein. Any of the Suitable organic 
glue materials described above may be used to keep the con 
struct 410 fixed in place in the bore. 
0164. The construct 410 may also be loaded with the car 
tilage paste and or one or more of the additives described 
herein. Demineralized bone matrix, growth factors, cells and/ 
or one or more of the other biological substances described 
herein may also be incorporated into the construct 410. 
(0165 Reference is now made to FIG. 27, which illustrates 
another embodiment according to the present invention as an 
assembly 510 of two interconnected constructs 512 and 514. 
The individual constructs 512, 514 may be structurally simi 
lar to any of the constructs discussed herein. The constructs 
512, 514 may be formed to interconnect in a dovetailed 
arrangement 516. Other types of connection arrangements 
are possible. The assembly 510 may include more than two 
individual construct, and may be used to repair large and/or 
irregularly shaped (e.g., elongate) articular cartilage defects. 
(0166 Reference is now made to FIGS. 28 and 29, which 
illustrate another embodiment of a construct 610 including a 
base member 612, a cap member 614 and a sleeve member 
616. At least some of the modifications in the dimensions and 
the surgical insertion of the construct 20 described above may 
be made in connection with the construct 610 as well. 
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0167. The base member 612 is formed in a cylindrical 
shape, and includes a blind bore 613. The base member 612 is 
constructed of mineralized cancellous bone. The cap member 
614 includes a disc-shaped upper section 618 having an upper 
Surface 620 and a lower Surface (not shown), and an integral 
stem 622 which depends from the lower surface of the upper 
section 618 (see FIG. 29). The cap member 614 is formed of 
demineralized cancellous allograft bone. Demineralization of 
the cap member 614 may be performed using the method 
discussed above, Such that the demineralized cancellous bone 
thereofhas a residual calcium content less than 0.5% w/w. 

(0168 With continued reference to FIGS. 28 and 29, the 
sleeve member 616 is formed of cortical bone. Because cor 
tical bone is more dense and stronger than cancellous bone, 
the sleeve member 616 reinforces the base member 612, to 
provide the construct 610 with additional support for load 
bearing of the joint. The cortical bone of the sleeve member 
616 is preferably surface-demineralized (e.g., partially dem 
ineralized along its outer Surface), which facilitates the incor 
poration of the construct 610 into the surrounding subchon 
dral bone tissue, as discussed above in connection with 
corresponding components of the other embodiments of the 
construct. The sleeve member 616 includes a plurality of 
apertures 624 formed therein to facilitate the flow of blood 
and other physiological fluids towards the base member 612 
after the construct 610 has been implanted. 
0169. The assembled construct 610 is placed within a bore 
to replace an excised cartilage defect in a similar manner as 
that described above for the construct 20. The height of the 
construct 610 may determine its placement in a bore formed 
in the defect area of a patient, and, hence, the position of the 
upper surface 620 of the upper section 618 in relation to 
Surface of the patient's adjacent articular cartilage. The con 
struct 610 may be placed in the bore so that the upper surface 
620 is substantially flush with the surface of the patient's 
adjacent articular cartilage to form a Smooth, continuous 
load-bearing surface. A bottom end of the base member 612 
may be supported by a bottom surface of the bore. Alterna 
tively, the construct 610 may be placed so that the upper 
surface 620 is slightly higher than the surface of the adjacent 
cartilage, so as to be proud in relation thereto. The construct 
610 may also be placed so that the upper surface 620 is 
slightly lower than the Surface of the adjacent cartilage, 
thereby providing a space, or pocket, for tissue growth there 
within. A cartilage particle mixture may also be placed in 
Such space or pocket. The cartilage particle mixture promotes 
chondrocyte (and/or other cellular) migration into (i.e., from 
the adjacent cartilage), attachment and proliferation in the 
bore, and enhances tissue integration between the cap mem 
ber 614 and the adjacent articular cartilage. The cartilage 
particle mixture, which may contain freeze-milled cartilage 
particles, can be in the form of a paste or gel, and is described 
in greater detail below. 
0170 The construct 610 may have a diameter that is sub 
stantially equal to the diameter of the bore, in order to create 
an interference fit therebetween (e.g., an interference fit with 
the sidewall of the bore). Alternatively, the construct 610 may 
have a diameter that is larger than the diameter of the bore, in 
order to create a press-fit therein. Any of the Suitable organic 
glue materials described above may be used to keep the con 
struct 610 fixed in place in the bore. The cap member 614 may 
be secured to the base member 612 by one or more pins, as 
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described in connection with the above constructs, and/or by 
use of a staple, a Suture, a press-fit or an adhesive compound 
Such as fibrin based glue. 
0171 The construct 610 may also be loaded with the car 
tilage paste and/or one or more of the additives described 
herein. Demineralized bone matrix, growth factors, cells and/ 
or one or more of the other biological substances described 
herein may also be incorporated into the construct 610. 
0172 Another embodiment of a multi-piece cancellous 
construct 650 is illustrated in FIG. 30. At least some of the 
modifications in the dimensions and the Surgical insertion of 
the construct 20 described above may be made in connection 
with the construct 650 as well. 
(0173 The construct 650 includes a base member 652 hav 
ing a blind bore 654, a pair of coaxial, transverse through 
going bores 656, 658, and an upper annular edge 660. The 
construct 650 also includes a cap member 662 having a stem 
664 with a transverse through-going bore 666 therein, and a 
pin 670. The base member 652, cap member 662 and pin 668 
are constructed in the same manner and from the same mate 
rials as the base member 22, cap member 30 and pin 40 
respectively, of the construct 20 illustrated in FIGS. 2-12, and 
are assembled in Substantially the same way in relation to 
each other. In addition, the construct 650 includes an annular 
support member 670 having a central opening 672 therein. In 
one embodiment, the annular support member 670 is made of 
cortical bone, which may be partially and/or surface-dem 
ineralized. The annular support member 670 may also be 
made of one or more synthetic materials. 
0.174. The annular support member 670 may be in the form 
of a ring structure or washer, and is inserted between the cap 
member 662 and the base member 652, so as to abut the upper 
annular surface 660 of the base member 652 and a lower 
surface of the cap member 662 (i.e., a lower annular surface of 
the cap member 662 adjacent the stem 664). The annular 
support member 670 provides additional support to the con 
struct 650. The annular support member 670 may include 
holes cut through multiple planes thereof. 
(0175 Upon assembly of the construct 650, the stem 664 of 
the cap member 662 is inserted through the central opening 
672 of the annular support member 670 into the blind bore 
654 of the base member 652. The stem 664 may be arranged 
so that the transverse through-going bores 656, 658 of the 
base member 652 and the transverse through-going bore 666 
of the stem 664 are axially aligned to receive the pin 670 
therein. The pin is inserted into the transverse through-going 
bores 656, 658 of the base member 652 and through the 
transverse through-going bore 666 of the stem 664, so as to 
secure the cap member 662 to the base member 652, and to 
secure the annular support member 670 between the cap 
member 662 and the base member 652. 

(0176). In another embodiment, a construct includes a base 
member formed of cancellous and cortical bone, with the 
cortical bone portion reinforcing the base member to provide 
the construct with additional support for load bearing of the 
joint. For example, the cortical bone portion may form a core 
of the base member, with a surrounding, outer portion thereof 
formed of cancellous bone. Other components and/or por 
tions of the construct may also be constructed of cortical 
bone. 

0177. In another embodiment, a construct includes at least 
one component (e.g., a base member, a cap member or both) 
that has one or more synthetic Support members. The Syn 
thetic Support member is formed of one or more biocompat 
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ible materials. In an alternative embodiment, a construct 
includes a base member formed of cancellous bone and a cap 
member formed of a biocompatible, bioabsorbable synthetic 
material. 
0.178 An alternative method according to the present 
invention involves the use of the constructs disclosed above 
for replacing one or more tissue plugs removed from non 
load-bearing areas (or areas of lesser load-bearing) of the 
articular cartilage layer during an autologous transplant pro 
cedure (e.g., mosaic plasty or osteochondral allograft transfer 
system (OATS)). In other words, the constructs may be used 
in a “backfill capacity to replace the healthy articular carti 
lage and underlying Subchondral bone that has been removed 
from the non-load-bearing area of a patient's joint and 
implanted into a bore to repair a cartilage defect in the load 
bearing area of the joint. Also, following a mosaic plasty 
procedure involving the implantation of multiple plugs of the 
patient's transplanted healthy articular cartilage tissue into 
the bore, Small constructs may be inserted into the gaps 
formed in between the implanted tissue plugs to eliminate 
Such gaps in the mosaic plasty site. Elimination of these gaps 
restores a more uniform articular cartilage Surface at the 
defect repair site, which in turn enhances the load-bearing 
mechanical Support at the site. 
0179. In the embodiments of the present invention that are 
discussed below, one-piece scaffold-like constructs are dis 
closed. The construct may be formed by cutting demineral 
ized cancellous bone into disc-like or cylindrical shapes (as 
described below) using a biopsy punch, cork borer, or other 
boring tool. Alternatively, the bone may be cut into the desired 
shapes prior to demineralization. The bone may alternatively 
be cut to form constructs having other shapes, including rect 
angular, square, and oval configurations. Alternatively, a Sur 
geon may be provided with the sheets or blocks of deminer 
alized cancellous bone from which to cut the desired 
constructs during Surgery. 
0180. The demineralized cancellous bone constructs may 
be freeze-dried for long-term storage. The constructs may 
also be terminally sterilized via gamma irradiation. Prior to 
usage, the construct may be re-hydrated in Saline solution. 
The construct may also be inserted in a dry (i.e., lyophilized) 
state. Upon re-hydration, the construct will exhibit shape 
memory and regain its original Volumetric dimensions. 
0181 An embodiment of the scaffold like cartilage repair 
construct of the present invention is shown in FIG. 31 and 
designated by reference number 710. The construct 710 
includes a disc 712 made of demineralized cancellous bone, 
which is sponge-like, elastic and deformable, as noted above. 
Demineralized cancellous bone is deformable, thereby facili 
tating insertion of the construct 710 into a cartilage defect, as 
well as the infusion of cartilage particles into the demineral 
ized cancellous bone, and provides mechanical Support at the 
defect site. As discussed above, the properties of cancellous 
bone (e.g., its porosity) enable it to act as a natural matrix for 
receiving and retaining therein a mixture containing cartilage 
particles and various bioactive chondrogenic materials for the 
repair of articular cartilage defects. Cancellous bone also acts 
as a conduit for tissue ingrowth and regeneration. 
0182 Still referring to FIG. 31, the disc 712 is dimen 
Sioned so as to replace damaged or diseased cartilage in the 
repair of cartilage thickness defects (the related Surgical 
repair methods are described below). More particularly, the 
disc 712 has a thickness (or height) which is similar to that of 
the portion of the cartilage layer containing the damaged or 

Dec. 24, 2009 

diseased cartilage and the adjacent cartilage layer (e.g., 
within a range of about 1.5 mm to about 7 mm). 
0183 The disc 712 may be dimensioned so as to have a 
diameter which is approximately the same as that of a carti 
lage defect site, or a Surgically created bore formed to excise 
the damaged or diseased cartilage tissue. The disc 712 may be 
secured within the bore by an interference fit produced when 
the outer edges of the disc 712 abut the bore walls. The disc 
712 may also or alternatively be secured within the bore using 
Sutures, staples, pins and/or a bioadhesive glue, as described 
above in connection with the other construct embodiments 
disclosed herein. The arrangement of the disc 712 secured 
within the bore promotes load-bearing mechanical Support at 
the bore. 

0.184 Another embodiment of a scaffold-like construct 
714 is illustrated in FIG. 32. The construct 71 may be dimen 
Sioned so that it includes a disc 716 having a larger diameter 
than that of a bore 718 (e.g., up to 25% larger than the bore 
diameter), The disc 716 is made of demineralized cancellous 
bone, and is compressed along its horizontal plane (as shown 
by Arrows A) until a dimension of the disc 716 (e.g., diameter, 
width, etc.) is Smaller than the corresponding dimension of 
the bore 718. The compressed disc 716 is inserted into the 
bore 718 (as shown by Arrow B) and the compressive force is 
removed so that the disc 716 expands outwardly until the 
outer edges of the disc 716 abut the walls 720 of the bore 718, 
producing a secure press fit between the compressed disc 716 
and the bore walls 720. This arrangement also promotes load 
bearing mechanical support at the bore 718. 
0185. Multiple cartilage repair constructs may be used to 
treat a large cartilage defect. More particularly, two or more 
of the constructs discussed above may be arranged adjacent 
each other within a bore to repair a large cartilage defect. For 
example, two or more constructs may be arranged side-by 
side, or top-to-bottom (e.g., one on top of the other). These 
constructs are tightly packed together within the bore in order 
to fill the bore and secure the constructs therein. 
0186 Reference is now made to FIGS. 33A, 33B and 33C, 
which illustrate three other embodiments in the form of inte 
gral one-piece, two-phase constructs. These two-phase con 
structs are used when a portion of the patient's subchondral 
bone adjacent the cartilage defect is also Surgically removed, 
resulting in the need to replace both the excised layer of 
cartilage and the underlying Subchondral bone. Each of these 
two-phase constructs is discussed individually below. 
0187. Referring to FIG.33A, an integral (e.g., one-piece) 
two-phase construct 722a is illustrated. The construct 722a 
includes a demineralized cancellous bone cap 724a and a 
mineralized cancellous bone base 726.a. The cap 724a has a 
thickness that is similar to that of a patient's adjacent cartilage 
layer (e.g., in a range of from about 1.5 mm to about 7 mm). 
The base 726.a may have a height equal to the depth of the 
subchondral bone portion of the bore. Alternatively, the base 
726.a may be shorter than the depth of the subchondral bone 
portion of the bore. The cap 724a and the base 726.a have the 
same diameter. The base 726.a retains its osteoinductive prop 
erties, and may therefore be secured within the subchondral 
bone adjacent the cartilage defect, for the purpose of anchor 
ing the construct 722a in the subchondral bone. 
0188 Reference is now made to FIG. 33B, which illus 
trates another integral two-phase construct 722b that includes 
a demineralized cancellous bone cap 724b and a mineralized 
cancellous bone base 726b. The cap 724b has a thickness 
matching that is similar to that of a patient's adjacent cartilage 



US 2009/03 19045 A1 

layer (e.g., in a range of from about 1.5 mm to about 7 mm). 
The base 726b may have a height equal to the depth of the 
subchondral bone portion of the bore. Alternatively, the base 
726b may be shorter than the depth of the subchondral bone 
portion of the bore. The base 726b has a smaller diameter than 
that of the cap 724b, which necessitates the removal of less 
Subchondral bone during implantation Surgery. The base 
726b also retains its osteoinductive properties, and may there 
fore be secured within the subchondral bone adjacent the 
cartilage defect for the purpose of anchoring the two-phase 
construct 722b in the subchondral bone. 

0189 In another embodiment, the base 726b can be con 
structed of demineralized cancellous bone. A Surgeon may be 
able to compress the base 726b to facilitate its insertion into a 
bore, in an operation similar to that disclosed above in con 
nection with the construct 714 illustrated in FIG. 32. 

0190. In another embodiment, the two-phase construct 
722b may include two or more (i.e., multiple) bases 726b (not 
shown) depending from the cap 724b. The multiple bases 
726b may be inserted into a corresponding number of bores 
formed in a defect area or areas in a patient's tissue (i.e., 
articular cartilage and adjacent subchondral bone) to repairan 
osteochondral defect. A Surgeon may form the multiple bores 
in the patient's tissue by using a template with openings that 
correspond in number, size and position to the multiple bases 
726b. Alternatively, a surgeon may form the multiple bores 
using a punch having a pattern that corresponds in number. 
size and position to the multiple bases 726b. 
(0191 Reference is now made to FIG. 33C, which illus 
trates another integral two-phase construct 722c. The con 
struct 722c includes a demineralized cancellous bone cap 
724c and a mineralized cancellous bone base 726c. The cap 
724c has a thickness similar to that of the adjacent cartilage 
layer (e.g., in a range of from about 1.5 mm to about 7 mm). 
The base 726c may have a height approximately matching the 
depth of the subchondral bone portion of the bore. Alterna 
tives, the base 726c may be shorter than the depth of the 
subchondral bone portion of the bore. The base 726c has a 
smaller diameter than that of the cap 724c, which necessitates 
the removal of less Subchondral bone during implantation 
surgery. Further, the base 726c is tapered, and is formed to 
include a thread 728 for facilitating the implantation and the 
secure fit of the base 726c within the subchondral bone por 
tion of the bore. As with the other two-phase constructs dis 
closed above, the base 726c retains its osteoinductive prop 
erties, and may therefore be secured within the subchondral 
bone adjacent the cartilage defect for the purpose of anchor 
ing the construct 722c in the subchondral bone. 
0.192 Any of the constructs disclosed above or any portion 
(s) thereof (e.g., the demineralized portion of the constructs) 
may be supplemented with at least one bioactive component 
Such as a mixture including freeze-milled allograft cartilage 
(e.g., particulate cartilage), as disclosed herein, as well as 
exogenous and/or endogenous growth factors and/or endog 
enous growth factor activators and allogenic or autologous 
cells. The cartilage particle mixture may be in the form of a 
paste or a gel, as described herein. 
0193 The cartilage particle mixture may be injected into 
the construct and/or spread onto each Surface of the construct. 
A spatula, or similar instrument, may be used to spread the 
cartilage particle mixture onto the construct Surfaces and 
press the mixture into the construct openings, thereby facili 
tating the incorporation of cartilage particles into the con 
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struct. Alternatively, the cartilage particle mixture may only 
be added to the upper surface of the construct to form a 
distinct surface layer. 
0194 The two-phase constructs discussed above may also 
be modified to include regionally-specific chondrogenic and 
osteogenic regions in the respective caps and bases. More 
particularly, the cap (724a, 724b or 724c) of the construct 
may incorporate a cartilage particle mixture and/or chondro 
genic growth factors, and the base (726a, 726b or 726c) of the 
construct may incorporate demineralized bone matrix and/or 
osteogenic growth factors. 
0.195 The following operation may be used to perform a 
Surgical repair of a cartilage defect using a single-phase dem 
ineralized bone construct (such as those illustrated in FIGS. 
31 and 32). The surgeon debrides the damaged or diseased 
portion of cartilage from an articular cartilage surface, and 
creates a defect site, bore (i.e., a depression or divot) in this 
surface. In the embodiments of the construct discussed above, 
the bore is shaped into a cylinder or disc by boring through the 
cartilage immediately Surrounding the debrided cartilage. 
Based on the patient's anatomy and the extent of tissue dam 
age or disease, a Surgeon determines the specific dimensions 
of the bore (e.g., depth and diameter). The subchondral bone 
that is exposed by the creation of the bore may then be 
Subjected to a microfracture procedure, whereby the Surgeon 
uses an awl to create a number of Small portals in the Surface 
of the subchondral bone, causing it to bleed into the bore. 
0196) Next, the surgeon may modify the size and/or shape 
of the construct for implantation into the bore. For example, 
the surgeon may chamfer the lower end of the base of the 
construct to facilitate insertion of the construct into the bore. 
0197) The single-phase construct is then implanted in the 
bore in a dry (i.e., lyophilized) state. An inserter device may 
be used to place the construct within the bore. In order to 
expedite this step, the Surgeon may be provided with an 
inserter device in which the construct has been removably 
secured prior to Surgery. 
0198 The height of the aforesaid single-phase construct is 
approximately the same as the thickness of the cartilage layer 
removed to create the bore (e.g., the depth of the bore). The 
construct is preferably positioned such that its upper Surface 
is substantially flush with the surface of the adjacent cartilage 
of the articulating joint. Alternatively, the construct may be 
placed to be proud or slightly higher than the adjacent carti 
lage. The construct may also be placed so that the upper 
Surface is slightly lower than the adjacent cartilage, which 
provides space for tissue growth between the construct and 
the cartilage surface. 
0199. If the construct has a larger dimension (e.g., diam 
eter, width, etc.) than the corresponding dimension of the bore 
(see above and FIG. 32), the construct is compressed so as to 
decrease such dimension until it is smaller than the bore 
dimension. The compressed construct is then inserted into the 
bore, after which the compressive force is removed, and the 
construct expands within the bore until its outer edges abut 
the bore walls to produce a secure press fit between the 
compressed construct and the bore walls. 
0200 Shortly after implantation, blood from the microf 
ractured subchondral bone flows into the pores of the con 
struct, rehydrating and expanding the construct so that it is 
locked into place within the bore. Various adhesive materials 
may be used to better secure the construct within the bore and 
entrap blood from the bleeding bone within the construct. 
Such adhesive materials include, for example, suitable 
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organic glue materials that can be found commercially, 
including fibrin-based sealants derived from human and/or 
bovine plasma, such as TISSEEL(R) (Baxter International, 
Inc., USA), CROSSEAL(R) (Johnson & Johnson, USA) and 
BIOGLUE(R) (Cryolife, Inc., USA); a fibrin-based adhesive, 
such as TISSUCOLR) (Immuno AG, Austria), Adhesive Pro 
tein (Sigma Chemical, USA), Dow Corning Medical Adhe 
sive B (Dow Corning, USA); a tissue adhesive consisting of 
collagen-derived particles and topical thrombin, Such as 
FLOSEAL(R) (Baxter International, Inc.), a combination of 
polyethyleneglycol polymers that have the ability to chemi 
cally bond to each other, as well as to tissue surfaces, such as 
COSEAL(R) (Angiodevice International GMBH Corporation, 
Switzerland); fibrinogen thrombin, elastin, collagen, casein, 
albumin, keratin, and/or adhesive compounds and/or organic 
glues and the like. 
0201 Affixation means such as, for example, sutures, 
Staples and/or screws may also be used to better secure the 
construct within the bore and entrap blood from the bleeding 
bone within the construct post-implantation. The construct 
may also be pressfit within the bore. 
0202 The surgical repair of a cartilage defect using a 
two-phase construct (such as those illustrated in FIGS. 33A. 
33B and 33C) may also be initiated by debriding the damaged 
or diseased portion of cartilage from an articular cartilage 
Surface, and creating a defect site, or bore, in this surface. The 
bore is shaped into a cylinder or disc by boring through the 
cartilage immediately Surrounding the debrided cartilage, 
and also boring into the subchondral bone beneath the carti 
lage defect. Based on the patient's anatomy and the extent of 
tissue damage or disease, a Surgeon determines the specific 
dimensions of the bore (e.g., depth and diameter). Because 
the bore extends into the subchondral bone, no microfracture 
procedure is performed on the surface of the subchondral 
bone. However, the penetration of the subchondral bone 
causes bleeding, and the blood produced may also flow into 
the construct to rehydrate and expand it, thereby locking the 
construct in place within the bore. 
0203 The surgeon may then modify the size and/or shape 
of the two-phase construct for implantation into the bore. For 
example, the Surgeon may trim a lower end of the bottom 
mineralized portion of one of the two-phase constructs (e.g., 
an end that is farthest from the top demineralized portion) to 
fit into a bore having a depth that is less than the height of the 
construct. The Surgeon may also chamfer the lower end of the 
bottom mineralized portion to facilitate insertion into the 
bore. The construct is then implanted into the bore to occupy 
both the cartilage portion and the subchondral bone portion 
thereof. 
0204 The height of the cap portion of the two-phase con 
struct is similar to the thickness of the cartilage layer removed 
to create the bore (e.g., the depth of the bore). The construct 
may be positioned such that the upper Surface of the cap is 
substantially flush with the surface of the patient's adjacent 
cartilage to form a smooth, continuous load-bearing Surface. 
Alternatively, the construct may be placed so that the upper 
Surface slightly higher than the adjacent cartilage surface, so 
as to be proud in relation thereto. The construct may also be 
placed so that the upper Surface is slightly lower than the 
adjacent cartilage, thereby providing a space, or pocket, for 
tissue growth therewithin. A cartilage particle mixture may 
also be placed in Such space or pocket. The cartilage particle 
mixture promotes chondrocyte (and/or other cellular) migra 
tion into (i.e., from the adjacent cartilage), attachment and 
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proliferation in the bore, and enhances tissue integration 
between the construct and the adjacent articular cartilage. The 
cartilage particle mixture, which may contain freeze-milled 
cartilage particles, can be in the form of a paste or gel, and is 
described in greater detail below. 
0205 The methods disclosed above may also include one 
or more steps of Supplementing the construct with one or 
more of the bioactive components discussed herein. For 
example, prior to implantation of the construct, cartilage par 
ticle mixture may be injected into the construct and/or spread 
onto one or more Surfaces of the construct. Any one or more 
of the other bioactive components discussed herein may also 
be added to the construct. The bioactive component(s) may be 
added to the construct in a hydrated or dehydrated state prior 
to insertion into the bore. The bioactive component(s) may 
also be added to the construct during implantation, or after 
wards. Organic glues (such as those listed above) may be 
applied to the Surface of the construct following implantation 
of supplemented constructs, in order to better retain the addi 
tional bioactive components. 
0206. Another method according to the present invention 
involves the use of the two-phase constructs disclosed above 
for replacing one or more tissue plugs removed from non 
load-bearing areas (or areas of lesser load-bearing) of the 
articular cartilage layer during an autologous transplant pro 
cedure (e.g., mosaic plasty or osteochondral allograft transfer 
system (OATS)). In other words, the constructs may be used 
in a “backfill capacity to replace the healthy articular carti 
lage and underlying Subchondral bone which has been 
removed from the non-load-bearing area of a patient's joint 
and implanted into a bore to repair a cartilage defect in the 
load-bearing area of the joint. Moreover, following a mosaic 
plasty procedure involving the implantation of multiple plugs 
of the patient's transplanted healthy articular cartilage tissue 
into the bore, Small constructs may be inserted into the gaps 
formed in between the implanted tissue plugs to eliminate 
Such gaps in the mosaic plasty site. Elimination of these gaps 
restores a more uniform articular cartilage surface at the 
defect repair site, which in turn enhances the load bearing 
mechanical Support at the site. 
0207. The constructs described herein may be processed 
using any one or more of the processing methods described 
herein (e.g., demineralization methods, tissue cleaning, car 
tilage particle and/or paste forming and application methods, 
and/or any method of combining Such constructs with carti 
lage paste and/or particle materials). 

Cartilage Particles 
0208. In one embodiment, the cartilage particles described 
herein are administrable as a stand-alone therapeutic treat 
ment. 

0209. In one embodiment, the cartilage particles described 
herein are milled allograft cartilage particles. In one embodi 
ment, allograft cartilage particles are milled, e.g. by use of a 
freeze-milling (i.e., freezer-milling) process wherein the car 
tilage is cryogenically frozen, for example by use of a lique 
fied gas freezing agent (e.g., liquid nitrogen or liquid helium), 
and then ground into particles. 
0210. In one embodiment, a cartilage defect repair mate 
rial includes the aforementioned freeze-milled cartilage par 
ticles. In one embodiment, the cartilage defect repair material 
and the freeze-milled cartilage particles are sterile. 
0211. In another embodiment, the cap member of a con 
struct according to the present invention is infused with a 
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mixture, such as a paste or gel, that includes freeze-milled 
allograft cartilage particles. In one embodiment, the term 
“gel” refers to a mixture of freeze-milled cartilage in a bio 
compatible carrier having a viscosity which is less than and is 
less rigid than a mixture of freeze-milled cartilage referred to 
by the terms “putty” or “paste', and contains less cartilage by 
weight than putty or paste. The cartilage paste or gel compo 
nents are believed to provide the environmental and bio 
chemical cues to elicit a healing response from the cells. For 
example, paste or gel components such as proteoglycans, 
collagen type II and other extracellular matrix components 
and their substituents may be present in greater concentration 
and/or bioavailability as a function of the processing of 
freeze-milled cartilage (e.g., freeze-milling the cartilage may 
result in cartilage particles that are characterized as having 
greater exposure/bioavailability of different cytokines, 
growth factors, etc. to the Surrounding environment). These 
available factors may then exert effects on cells that have 
infiltrated the construct from the Surrounding host tissue and 
bleeding bone, synovium, etc. In one embodiment, the cells 
are chondrocytes. In one embodiment, the cells are capable of 
differentiation into chondrocyte lineage. In one embodiment, 
the cells are mesenchymal stem cells. Further examples 
include, without limitation, pluripotent stem cells; progenitor 
cells; mesenchymal stem and progenitor cells; Stromal cells; 
and cartilage stem cells. 
0212. The cartilage particles may be irregularly shaped, 
and are passed through a sieve having 212 micron (Lm) open 
ings. While at least one dimension of each of the particles will 
be 212 microns or smaller in order to fit through the sieve, 
certain other axis lengths of the same particles may be greater 
than 212 microns, rendering the particles unable to pass 
through the sieve openings in that particular orientation. Sev 
eral differently-sized cartilage particles are described in U.S. 
Pat. No. 7,067,123, and in U.S. patent application Ser. Nos. 
12/043,001; 11/657,042: 12/079,629; 10/960,960 and 
60/996,800, all of which are fully incorporated by reference 
herein in their entirety. 
0213. In one embodiment, the cartilage particles have a 
size (i.e., the aforesaid at least one dimension) within a range 
of from about 10 microns to about 210 microns (i.e., from 
about 0.01 mm to about 0.21 mm). Alternatively, the cartilage 
particles may have a size (i.e., the aforesaid at least one 
dimension) that is within a range of from about 10 microns to 
about 120 micron (i.e., from about 0.01 mm to about 0.12 
mm). The aforesaid at least one dimension of the cartilage 
particles may alternatively be less than or equal to 212 
microns; within a range of from about 5 microns to about 212 
microns; within a range of from about 6 microns to about 10 
microns; less than or equal to 5 microns; less than or equal to 
10 microns; or less than or equal to 100 microns. In one 
embodiment, the aforesaid at least one dimension of most of 
the particles is less than 100 microns. In another embodiment, 
the aforesaid at least one dimension of the cartilage particles 
has a mean and/or median value in the range of between 10 
microns and 200 microns. The small size of the cartilage 
particles can facilitate the increased exposure of, or release of 
various growth factors due to the increased aggregate Surface 
area of the particulate cartilage used, and can increase the 
capacity of the Surrounding and infiltrating cells to attach to 
the cartilage particles. 
0214. In another embodiment, the cartilage particle size 
may facilitate the stable infiltration of the porous, demineral 
ized portion of the construct by the cartilage particles. In one 
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embodiment, the cartilage particles are freeze-milled to a size 
that permits them to be inserted into and retained by the pores 
in the cancellous bone of the cap member while optimizing 
the packing density of the particles therein. 
0215. The porosity of the cap member and cartilage par 
ticle size and/or shape may synergistically facilitate retention 
of the cartilage particles within the construct. Other factors 
facilitating retention of the cartilage particles in the construct 
throughout a range of motion include, but are not limited to, 
construct porosity, cartilage particle size and/or shape, con 
struct and/or cartilage particle co-administered agents, mois 
ture content of the construct and/or cartilage particles, blood 
clotting processes in an area of bleeding bone or other tissue 
proximate to the inserted cartilage particles, and/or the degree 
to which the cap member is demineralized, which determines 
the relative conformability of the cap member. 
0216. Moreover, in one aspect of the invention the dem 
ineralized cancellous bone cap member acts as a porous scaf 
fold and provides sufficient structural support to withstand 
Subsequent mechanical loading. In another embodiment, the 
addition of the cartilage particles to the demineralized cap 
further increases the stiffness of the region so as to provide 
adequate stiffness to withstand loading. In another aspect of 
the invention, the demineralized cancellous bone cap is Suf 
ficiently conformable (with or without the addition of carti 
lage particles) so as to be insertable into a tissue defect with 
out significant damage to Surrounding or opposing tissues. In 
one embodiment, the pliability of the demineralized cancel 
lous bone prevents damage to surrounding or opposing car 
tilage Surfaces during loading and articulation, and allows the 
cap member to conform to the natural curvature of the joint 
Surface. 
0217. The cartilage particle gel or paste provides the envi 
ronment and necessary biochemical cues to elicit a healing 
response from the cells that have infiltrated the construct from 
the Surrounding host tissue, synovium and/or bleeding bone 
that undergoes blood clotting and other reparative processes. 
In one embodiment, these biochemical cues include the expo 
Sure to, or release of various growth factors, as discussed 
herein. 
0218. The cartilage particles are preferably derived from 
allograft cartilage. Such as allograft articular cartilage. For 
example, Such cartilage particles may be composed at least 
partially of collagen type II and proteoglycans, which may 
provide a non-cellular matrix to support cell attachment and 
to facilitate extracellular matrix production. The cartilage 
particles may also be derived from fibrous cartilage, or a 
combination of hyaline and fibrous cartilage. Alternatively, 
autograft or Xenograft cartilage may be used. 
0219. In an alternative embodiment, a gel or paste contain 
ing fibrous tissue particles (e.g., derived from meniscus, ten 
dons, ligaments, annulus of an intervertebral disc, etc.) may 
be used for repairing defects in fibrous tissues (e.g., meniscus, 
tendons, ligaments, annulus of an intervertebral disc etc.) For 
example, defects in a meniscus may be repaired using a paste 
mixture containing cartilage particles derived from meniscus 
tissues. 

0220. In another embodiment, any of a number of tissues 
(e.g. meniscus, tendons, ligaments, skin, fascia, periosteum, 
muscle, fat, nucleus pulpous of intervertebral disc etc.) may 
be freeze-milled and subsequently utilized in defect repair 
and/or genesis of similar or physiologically unrelated tissues. 
0221) The starting material from which the cartilage par 
ticles are derived may be lyophilized. In one embodiment, the 



US 2009/03 19045 A1 

starting material from which the cartilage particles are 
derived will have been lyophilized prior to freeze-milling, so 
that their water content may be within a range from 0.1% to 
8.0%. In another embodiment, the cartilage particles result 
ing from the freeze-milling process may be lyophilized again 
(i.e., re-lyophilized). In another embodiment, the cartilage 
particles resulting from the freeze-milling process may be 
rehydrated before re-lyophilization. In another embodiment, 
the cartilage particles resulting from the freeze-milling pro 
cess may be inserted into a construct, and relyophilized 
together with the construct. 
0222. The cartilage particles may range from about 15% to 
about 50%, by weight, of a gel or paste (in one embodiment, 
about 22%), and may be mixed with a biocompatible carrier, 
which constitutes the remaining weight of the gel or paste. 
The biocompatible carrier is preferably bioabsorbable. The 
carrier may have a composition that includes one or more of 
the following: phosphate buffered saline (PBS) solution, 
saline solution, sodium hyaluronate Solution (HA) (molecu 
lar weight ranging from 7.0x10 to 1.2x10'), hyaluronic acid 
and its derivatives, gelatin, collagen, chitosan, alginate, Dex 
tran, sterile water, carboxymethylcellulose (CMC), hydrox 
ypropyl methylcellulose, polymers, blood and/or plasma. 
0223) The cartilage particles can be freeze-milled to have 
various particle sizes, and the carrier can have different vis 
cosities, depending on the desired consistency of the gel or 
paste. The cartilage gel or paste can be deposited into the cap 
member, as described herein. The cartilage gel or paste 
enhances the tissue integration between the allograft con 
struct and adjacent host tissue. For example, the use of carti 
lage gel or paste in repairing an articular cartilage defect may 
result in the production of new, well-organized articular car 
tilage tissue, accompanied by a restored “tidemark’. 
0224. A method of placing the cartilage defect repair 
material (i.e., the cartilage particle mixture disclosed herein, 
including a bioabsorbable carrier) in a cartilage defect site 
may include the steps of (a) cutting a patient's tissue to 
remove diseased cartilage from the cartilage defect site; (b) 
placing the cartilage particle mixture into the cartilage defect 
site; and (c) placing a cover over the placed mixture. 
0225. A method of repairing articular cartilage according 
to the present invention may include the step of placing a 
therapeutically effective amount of the cartilage defect repair 
material (i.e., the cartilage particle mixture disclosed herein, 
including a bioabsorbable carrier) into a cartilage defect site, 
wherein, Subsequent to placement of the therapeutically 
effective amount of the cartilage defect repair material into 
the cartilage defect site, a greater percentage of repair tissue 
generated in the cartilage defect site is articular cartilage as 
compared to equivalent cartilage defect sites left untreated or 
treated with microfracture. The percentage of repair tissue 
generated may subsequently be assessed by relative uptake of 
safrainin-O and/or anti-collagen II staining materials by the 
repair tissue. The percentage of repair tissue generated may 
subsequently be assessed by relative uptake of Safrainino 
and/or anti-collagen II staining materials by the repair tissue. 

Endogenous And Exogenous Growth Factors 
0226. As discussed above, cartilage paste or gel compo 
nents are believed to provide the environmental and bio 
chemical cues necessary to elicit a healing response from the 
cells. For example, cartilage that has been freeze-milled may 
have greater exposure/bioavailability of different endog 
enous cytokines, growth factors, etc. relative to the Surround 
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ing environment. These may include, without limitation, at 
least native FGF-2, IGF-1, TGF-B (including TGF-B1), 
BMP-2, and BMP-14 (GDF-5). 
0227. The cartilage particles may be provided alone or 
optionally packaged with a construct, and may be provided to 
a medical practitioner without added cells or added growth 
factors. Such cartilage particles, whether alone or in combi 
nation with a construct, are themselves capable of supporting 
articular cartilage regeneration without the addition of further 
materials. 

0228. As noted herein, the cap member may also be loaded 
with one or more exogenous chondrogenic growth factor 
additives, including recombinant or native or variant growth 
factors of FGF-2, FGF-5, FGF-7, FGF-9, FGF-11, FGF-21, 
TGF-B (including TGF-B1), BMP-2, BMP-4, BMP-7, BMP 
14 (GDF-5), PDGF, VEGF, IGF-1, and bioreactive peptides 
such as Nell 1 (e.g., UCB1) and TP508. Additional growth 
factors which can be added include hepatocyte growth factor 
and platelet-derived growth factor. Other possible additives 
include human allogeneic or autologous chondrocytes, 
human allogeneic cells, human allogeneic or autologous bone 
marrow cells, human allogeneic or autologous stem cells, 
synovial cells, mesenchymal stem cells, pluripotent stem 
cells, mesenchymal stem and progenitor cells, stromal cells, 
cartilage stem cells, demineralized bone matrix, insulin, 
interleukin-1 receptor antagonist, Indian hedgehog, parathy 
roid hormone-related peptide, viral vectors for growth factor 
or DNA delivery, nanoparticles, platelet-rich plasma, fibrin 
clot, blood, bioabsorbable polymers, hyaluronic acid, bone 
marrow aspirate, Xenogeneic chondrocytes and mesenchymal 
stem cells, naked DNA, and RNA. Any one or more of the 
above-listed additives may be absorbed or combined with the 
constructs and/or the aforementioned cartilage particle mix 
ture, or may be added directly to the cartilage particles 
described herein. As an illustration, a chondrogenic growth 
factor may be adsorbed into a construct, or into the cartilage 
particle gel or paste added to the construct, or into both the 
construct and the cartilage particle gel or paste. 
0229. In one embodiment, the growth factor TGF-B is 
included as an activatable endogenous component and/or as 
an exogenous component (latent or active) in any of the 
embodiments disclosed herein. In another embodiment, any 
member of the growth factor family FGF and/or a natural or 
recombinant variant thereof is included (as an endogenous 
component and/or as an exogenous component) in any of the 
embodiments disclosed herein. 

0230. One description of a member of the FGF family's 
structure and physiological role (particularly relating to 
enhancing chondrogenesis and chondrogenesis lineage com 
mitment from mesenchymal stem cells) is found in the article 
“FGF-2 Enhances the Mitotic and Chondrogenic Potentials 
of Human Adult Bone Marrow-Derived Mesenchymal Stem 
Cells’ (L. A. Solchaga et al., Journal of Cellular Physiology 
203:398-409 (2005)), which is incorporated herein by refer 
ence in its entirety. In one embodiment, FGF-2 binding 
enhances chondrocyte proliferation. In one embodiment, 
FGF-2 binding enhances chondrocyte differentiation. In one 
embodiment, FGF-2 binding increases chondrocyte aggrega 
tion. In one embodiment FGF-2 binding increases develop 
ment of chondrocyte-mediated creation of extracellular 
matrix. In one embodiment, FGF-2 binding increases pro 
teoglycan synthesis. In one embodiment, FGF-2 binding 
mediates increased collagen type II/type I ratio as compared 
to control cells. In one embodiment, FGF-2 binding down 
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regulates MAP kinase activities. In one embodiment, FGF2 
binding inhibits MAP kinase activities. 
0231. In another embodiment, freeze-milled cartilage par 

ticles having at least one dimension that is 212 microns or less 
are combined with a phosphate buffered saline carrier and an 
exogenous fibroblast growth factor such as FGF-2 or a variant 
thereof in a therapeutically effective and/or efficacious dos 
age. This combination may be infused into the cap member of 
the construct using the protocol outlined above. In one 
embodiment, the freeze-milled cartilage particles preferably 
have at least one dimension within a range of from approxi 
mately 10 microns to approximately 212 microns. 
0232. In another embodiment, any member of the growth 
factor family BMP is included (as an endogenous component 
and/or as an exogenous component) in any of the embodi 
ments disclosed herein. One description of a member of the 
BMP family's structure and physiological role (particularly 
relating to initiating chondrogenesis and chondrogenesis lin 
eage commitment from mesenchymal stem cells) is found in 
the article “BMP2 initiates chondrogenic lineage develop 
ment of adult human mesenchymal stem cells in high-density 
culture” (B. Schmitt et al., Differentiation (2003) 71:567 
577), incorporated herein by reference in its entirety. In one 
embodiment, BMP2 may be co-administered with TGF-B3 so 
as to drive chondrocyte differentiation from MSCs (mesen 
chymal stem cells). In one embodiment, BMP2 may drive 
selective differentiation. In one embodiment, administration 
of BMP2 results in substantially no adipocyte or osteoclast 
cell differentiation. In one embodiment, BMP2 facilitates 
upregulation of COMP-type II collagen and cartilage oligo 
meric matrix protein synthesis. In another embodiment, 
BMP2 facilitates development of high density chondrocyte 
microenvironments, which may be important for cell-to-cell 
signaling so as to maintain chondrocyte lineage. 

Activation of Latent Endogenous Growth Fabrics 
0233. In one embodiment, the small size of the cartilage 
particles may facilitate increased activation of various latent 
forms of growth factors due to the increased aggregate and/or 
accessible Surface area of the cartilage particles used. 
Examples specific to TGF-B are herein described, but the 
mechanical, physical and/or chemical activation processes 
described herein are applicable to a wide range of latent 
endogenous growth factors. 
0234 TGF-B is synthesized and secreted as a biologically 
inactive or “latent complex. Activation must occur to release 
the mature, biologically active, form of TGF-B, for signal 
transduction. The mechanism of activation of latent TGF-B in 
vivo is still not completely understood. It may occur by local 
acidification at the site of action or by endogenous and/or 
exogenous enzymatic activity, and may also involve inte 
grins, thrombospondin, metalloproteases, plasmin, furin and 
other proteases. Latent TGF-B (L-TGF-B) can be activated in 
vitro by acid or alkaline solutions (pH 2 or pH 8, respec 
tively), exposure to heat (e.g., 100° C.), or by treatment with 
chaotropic agents and Substances like SDS (i.e., sodium 
dodecyl sulfate) and urea. In one embodiment, the molecular 
weight of TGF-B is reduced from 100 kD to 25 kD prior to or 
simultaneously with activation. 
0235 Various physiological substances have been 
reported to activate L-TGF-P in in vitro studies. Some 
examples are serine protease, plasmin, other proteases Such 
as endoglycosidase F. sialidase, neuraminidase, cathepsins B 
and D, calpain, and the glycoprotein, thrombospondin-1, all 
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of which can convert L-TGF-B to biologically active TGF-B. 
In one embodiment, TGF-B1 is cleaved from the C-terminus 
of a disulfide-linked dimer of pro-TGF-31 by a subtilisin-like 
pro-protein convertase protease. It is normally secreted as an 
inactive, or latent, complex. Although it is not always stated, 
the isoform most often described to be susceptible to the 
actions of the aforementioned substances is TGFB1. 
0236 Increased exposure, release, or activation of various 
growth factors may also be attributable to pH-mediated 
physical and/or chemical changes to the tissue. In another 
embodiment, such pH-mediated physical and/or chemical 
changes resulting in exposure, release, or activation of vari 
ous growth factors are attributable to an acidic pH (for 
example, pH 2). In another embodiment, Such pH-mediated 
physical and/or chemical changes resulting in exposure, 
release, or activation of various growth factors is attributable 
to an alkaline pH (for example, pH 8). 
0237 Increased exposure, release, or activation of various 
growth factors may also be attributable to temperature-medi 
ated physical and/or chemical changes to the tissue. In one 
embodiment, growth factor activation occurs at mammalian 
body temperature (e.g., 37° C.). In another embodiment, 
growth factor activation is inhibited at low temperatures (e.g., 
-40°C.) with a Subsequent measurable increase in growth 
factor structural stability. In one embodiment, the physiologi 
cal mechanism of release from latency is an important control 
for the regulation and localization of TGF-B activity. In one 
embodiment, proteolysis of latentTGF-3 is likely apart of the 
mechanism of release from latency. 
0238 Increased exposure, release, or activation of various 
growth factors may also be attributable to release of endog 
enous proteases and Subsequent protease-mediated physical 
and/or chemical changes to the tissue. In one embodiment, 
the endogenous protease is serine protease. In one embodi 
ment, the endogenous protease is a cathepsin. In one embodi 
ment, the endogenous protease is a sialidase. In another 
embodiment, the sialidase is a neuramidase. In another 
embodiment, the endogenous protease is an endoglycosidase. 
In another embodiment, the endoglycosidase is endoglycosi 
dase Fretinoic acid, and/or transglutaminase. 
0239 Increased exposure, release, or activation of various 
growth factors may also be attributable to the release of chao 
tropic agents and Subsequent physical and/or chemical 
changes to the tissue. Increased exposure, release, or activa 
tion of various endogenous growth factors may also be attrib 
utable to the mechanical disruption of the freeze-milled car 
tilage. In another embodiment, increased exposure, release, 
and/or activation of various growth factors is attributable to 
the mechanical disruption of the freeze-milled cartilage, 
resulting in increased exposure of cartilage proteoglycans 
and other cartilage components to the outside environment. 
0240 Increased exposure, release, or activation of various 
endogenous growth factors may also be attributable to lyo 
philization of the freeze milled cartilage, either before or after 
freezemilling. 
0241 Increased exposure, release, or activation of various 
endogenous growth factors may also be attributable to con 
version of one or more other growth factors from the latent 
Stage. 
0242 Growth factor effects may be context-dependent; 
e.g., a growth factor that would drive osteogenesis in a vas 
cularized environment will drive chondrogenesis in an avas 
cular environment. 
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0243 In one embodiment, the growth factor isoform often 
found to be susceptible to the actions of the aforementioned 
substances and/or manipulations is latentTGF-B1. In another 
embodiment, the growth factor isoforms often found to be 
Susceptible to the actions of the aforementioned substances 
and/or manipulations are L-TGF-32 and L-TGF-33. 

Activation Of Exogenous Growth Factors 
0244. The cartilage particle gel or paste can also contain 
exogenous growth factors and/or growth factor activators. 
The levels of these growth factors may be similar to or greater 
than the levels of endogenous growth factors in intact carti 
lage. Exogenous growth factors and/or growth factor activa 
tors can also be combined with the cartilage particles. In one 
embodiment, the cartilage particles are mixed with a growth 
factor in an aqueous vehicle, lyophilized and stored dry at 
room temperature. The cartilage particles/growth factor mix 
ture may alternatively be frozen. Alternatively, the cartilage 
particles/growth factor mixture may be used immediately. In 
one embodiment, particles containing chondrogenic growth 
factor(s) can be added to any portion of a construct according 
to the present invention, and particles containing osteogenic 
growth factor(s) can be added to any portion of the construct 
except for the demineralized cancellous cap member. 
0245. In one embodiment, the mixture containing the car 
tilage particles and growth factor can be lyophilized for Stor 
age. In one embodiment, the lyophilized cartilage particles 
and growth factor may have a residual water content that is 
within a range of from 0.1% to 8.0% by weight. 
0246. In another embodiment, the activatable exogenous 
growth factor can be any one of a variety of growth factors 
known to promote wound healing, cartilage and/or bone 
development (e.g., TGF-3). 
0247. In another embodiment, the activating agent used to 
solubilize the growth factor and/or adsorb it into the cartilage 
particles (or alternately to activate endogenous growth factors 
present in the freeze-milled cartilage particles) can be saline, 
water, PBS, Ringers, any agent capable of pH modification or 
proteolytic activity, etc. 
0248. In another embodiment, the resulting enhanced car 
tilage particles can contain levels of growth factors that are 
higher than the levels found in intact cartilage. In another 
embodiment, the cartilage particle mixture can be infused 
into all or part of the construct. If desired, the cartilage par 
ticle mixture can be infused primarily into the demineralized 
portion(s) of the construct. 
0249. In another embodiment, cells which have been col 
lected from the patient or grown outside of the patient can be 
inserted into the entire construct or into the demineralized 
portion(s) (e.g., the cap member) thereof before, during or 
after deposit of the construct into the defect area. Such cells 
include, for example, allogenic or autologous bone marrow 
cells, stem cells and chondrocyte cells. A therapeutically 
effective cellular density may be utilized. In one embodiment, 
the cellular density of the cells is preferably within a range 
from 10x10 to 5.0x10 cells/cc of cartilage particle paste or 
gel mixture. In another embodiment, the cellular density of 
the cells is preferably within a range from 5.0x10 to 1.0x10 
cells/cc of cartilage particle paste or gel mixture. 
0250 In another embodiment, any of the methods of the 
instant invention can be utilized to repair or stimulate growth 
of meniscus, muscle, tendons, ligaments, skin, periosteum 
and fat tissue. In another embodiment, meniscus, muscle, 
tendons, ligaments, skin, periosteum and/or fat tissue may 
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itself be particularized and subsequently utilized to repair 
analogous and/or nonanalogous tissues. 
0251. The following examples further illustrate aspects of 
the various embodiments of the present invention. 

Example 1 

Measurement of Demineralized Construct Porosity 
0252. The percentage of porosity and average surface pore 
diameter of a cancellous construct demineralized cap mem 
ber according to the present invention can be determined 
utilizing a microscope/infrared camera and associated com 
puter analysis. The microscope/infrared camera was used to 
produce the images of FIGS. 34A and 34B, which provide a 
visual assessment of the porosity of the demineralized cap 
member of the constructs of the present invention. Such 
images were analyzed using Suitable microscopy and image 
analysis software, for example, Image Pro Plus. The number 
and diameter of pores and the relative porosity of a deminer 
alized cap member of the construct can be characterized using 
techniques known to those skilled in the art. 
0253) It is noted that the number and diameter of pores and 
the relative porosity of the demineralized cap members will 
vary from one tissue donor to another, and even within the 
tissue of one tissue donor, based on the anatomical and/or 
physical properties of the allograft cancellous bone from 
which the demineralized cap member is derived. 

Example 2 
Tissue Extraction and Particularization 

0254. A process of cartilage particle extraction may be 
applied to any of a number of different soft tissue types (for 
example, meniscus tissue). In one embodiment, cartilage is 
recovered from deceased human donors, and the tissue is 
treated with a soft tissue process. 
0255 Fresh articular cartilage is removed from a donor 
using a scalpel, taking care to remove the cartilage so that the 
full thickness of the cartilage is intact (excluding any bone). 
Removed cartilage is then packaged in double Kapak(R) bags 
for storage until ready to conduct chemical cleaning of the 
allograft tissue. In one example, the cartilage can be stored in 
the refrigerator for 24-72 hours or in the freezer (e.g., at a 
temperature of -70° C.) for longer-term storage. 
0256 Chemical cleaning of cartilage tissue is then con 
ducted according to method known by those skilled in the art. 
Subsequent to chemical cleaning, the cartilage is lyophilized, 
So as to reduce the water content of the cartilage tissue to 
within the range of about 0.1% to about 8.0%. 
0257 Subsequent to the initiallyophilization, the cartilage 

is freeze-milled, wherein the cartilage is frozen (for example, 
with liquid nitrogen as a freezing agent) and ground into 
particles. The cartilage particles are sieved, for example, 
through a 212 micron sieve. 
0258 Next, the lyophilized, freeze-milled cartilage par 
ticles are processed into a gel or paste through a combination 
of the freeze-milled cartilage particles with PBS. Exogenous 
growth factors are optionally added at this stage, and the 
cartilage particles/exogenous growth factor/PBS mixture is 
optionally left to equilibrate. Optionally, growth factor may 
be added to the cartilage particles without or prior to subse 
quent processing into a gel or paste. The gel or paste may be 
optionally lyophilized again Subsequent to the addition of 
growth factors. 
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0259. The cartilage particle gel or paste is then loaded into 
the demineralized portion of the construct (i.e., the deminer 
alized cap member of the construct, or a demineralized por 
tion of the cap member). The amount of cartilage particle gel 
or paste loaded into the demineralized portion varies, is char 
acterizable by any of a number of methods known to those of 
ordinary skill in the art, and is dependent at least on Such 
factors as the volume of the demineralized portion of the 
construct; the average pore size of the demineralized portion; 
the average porosity of the construct; and the average and 
median size of the cartilage particles within the cartilage gel 
or paste. 
0260 The cartilage particle gel- or paste-loaded construct 

is then packaged for a second lyophilization step. The carti 
lage particle gel- or paste-loaded construct is lyophilized and 
may then be provided for Surgery, or maintained for later use. 

Example 3 

Extraction of Proteins from Human Cartilage Using 
Extraction and Subsequent Dialysis 

0261. In another example, growth factors may be physi 
cally and/or chemically isolated from cartilage particles, and 
dialyzed using a Suitable agent. The growth factors are 
thereby isolated for Subsequent analysis and/or quantifica 
tion. In one embodiment, 0.3 g of cartilage particles were 
weighed out for each donor. The cartilage particles were 
transferred to tubes containing 5 ml of extraction Solution 
(4MGuanidine HCl in Tris HCl). The cartilage particles were 
incubated at 4°C. on an orbital shaker at 60RPM for 24 hours, 
followed by dialysis (8k MWCO membrane dialysis tube) in 
0.05M Tris HC1 or PBS for 15 hrs. at 4°C. The dialysis 
Solution was then replaced and the dialysis continued for 
another 8 hrs. at 4°C. The post-dialysis extracts were stored 
at -70° C. until the ELISA was run. 

Example 4 

Elisa Analysis of Endogenous Growth Factors in 
Cartilage Particles 

0262 The quantities and concentrations of various endog 
enous growth factors isolated from cartilage may be assessed 
utilizing ELISA technology. ELISA analysis may be con 
ducted using any available ELISA protocol, including, but 
not limited to, R&D System's ELISA kit and ProMega's 
TGF-BEmaxTM Immuno Assay System. 

Example 5 

Quantification of Endogenous Growth Factors 
Present in Freeze Milled Cartilage 

0263 0.3 g of freeze-milled cartilage particles were 
weighed out for each tissue donor. The cartilage particles 
were transferred to tubes containing 5 ml of extraction solu 
tion (4M Guanidine HCl in Tris HCl). The cartilage particles 
were incubated at 4°C. on the orbital shaker at 60 rpm for 24 
hrs, followed by dialysis (8k MWCO membrane dialysis 
tube) in 0.05M Tris HCl or PBS for 15 hrs at 4°C. The dialysis 
Solution was then replaced and the dialysis continued for 
another 8hrs at 4°C. The post-dialysis extracts were stored at 
-70° C. until the ELISA was run. Notably, the above protocol 
can also be utilized in order to determine the total endogenous 
growth factor concentration present in a device (i.e., con 
struct, scaffold, etc.) of the instant invention. FIG. 35 dem 
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onstrates the relative concentration of endogenous total TGF 
B1 found in freeze-milled cartilage particles of the present 
invention derived from various tissue donors. 

Example 6 

Increased Availability of Endogenous TGF-31 from 
Freeze-Milled Cartilage 

0264. In order to assess the relative amounts of endog 
enous TGF-31 accessible viaguanidine extraction, the guani 
dine extraction of endogenous TGF-31 from minced (e.g., not 
freeze-milled) cartilage pieces was compared to the guani 
dine extraction of TGF-31 from freeze-milled, processed car 
tilage particles. Increased amounts of endogenous TGF-31 
may be extractable from freeze-milled cartilage particles, as 
opposed to minced (e.g., not freeze-milled) cartilage pieces. 
This may be attributable to the increased surface area of the 
freeze-milled cartilage particles. For example, the fracture 
planes; three-dimensional shape of the particles; and resultant 
increased Surface area may enhance the release of the carti 
lage growth factor(s) or other Substances from the particles, or 
the accessibility of growth factors to surrounding cells. This 
may influence bioavailability of endogenous growth factors 
and activation of latent endogenous growth factors. Further 
more, the avoidance of elevated temperatures during process 
ing may facilitate the production of particles having high 
chondrogenic activity by facilitating Substantial preservation 
of extracellular matrix components. For example, preserva 
tion of the required tertiary or quaternary folding structures of 
endogenous growth factors or other proteins in tissue Sub 
jected to freeze-milling may occur. FIG. 36 provides an indi 
cation of the relative amounts of growth factor that were 
isolated from minced cartilage and from the freeze-milled 
cartilage particles of the present invention, respectively. 

Example 7 

Quantification of Total Endogenous FGF-2 Present 
in Freeze-Milled Cartilage Particles 

0265 FIG. 37 demonstrates the relative concentration of 
endogenous FGF-2 found in freeze-milled cartilage particles 
of the present invention that were prepared in accordance 
with Example 1 of the present invention and derived from 
various tissue donors. 

Example 8 

Quantification of Total Endogenous BMP-2 Present 
in Freeze-Milled Cartilage Particles 

0266 FIG. 38 demonstrates the relative concentration of 
endogenous BMP-2 found in freeze-milled cartilage particles 
of the present invention that were prepared in accordance 
with Example 1 of the present invention and derived from 
various tissue donors. 

Example 9 

Quantification of Total Endogenous GDF-5/BMP-14 
Present in Freeze-Milled Cartilage Particles 

0267 FIG. 39 demonstrates the relative concentration of 
endogenous GDF-5/BMP-14 found in freeze-milled cartilage 
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particles of the present invention that were prepared in accor 
dance with Example 1 of the present invention and derived 
from various tissue donors. 

Example 10 
Quantification of Total Endogenous IGF-1 Present in 

Freeze-Milled Cartilage Particles 
0268 FIG. 40 demonstrates the relative concentration of 
endogenous IGF-1 found in freeze-milled cartilage particles 
of the present invention that were prepared in accordance 
with Example 1 of the present invention and derived from 
various tissue donors. 
0269. As shown in the included tables and figures, freeze 
milled cartilage particles and minced cartilage retain a con 
centration of endogenous TGF-B1. Such concentration of 
TGF-B1 is more bioavailable in the freeze-milled particles 
described herein. Freeze-milled cartilage particles as 
described herein also retain a concentration of endogenous 
BMP-2: BMP-14/GDF-5; IGF-1; and FGF-2. 

Example 11 
Relative Efficacy of Various Cartilage Paste and 
Clinical Standard Methods in Particular Cartilage 

Reconstruction in Vivo (Microfracture) 
0270. An animal study was conducted using critical sized 
defects in Spanish goats to determine the cartilage healing 
potential of the three cartilage particle paste preparations 
listed in TABLE 1 below. Chondral defects were created on 
the medial femoral condyle (6 mm diameter) and trochlear 
sulcus (5 mm diameter) followed by microfracture and 
implantation of the cartilage paste. 

TABLE 1. 

# of 
Implant Procedure Splint Time Goats Study Time 

Particles in PBS Microfracture 3, 7, or 14 3 6 weeks 
days 

Particles in Hy Microfracture 3, 7, or 14 3 6 weeks 
days 

Particles in Hy + Microfracture 3, 7, or 14 3 6 weeks 
Insulin days 

0271 All of the animals exhibited some circumferential 
healing in one or more of the defects. This ranged from 0 to 
75% in the medial femoral condyle lesion areas being filled 
with repair tissue, and from 0 to 90% in the trochlear sulcus 
lesion areas being filled with repair tissue. 
0272. Histologically, it was observed that where the carti 
lage paste was retained in the defect, the repair tissue was 
positive for glycosaminoglycans (GAG) and collagen 11, 
which indicated the presence of articular cartilage. This 
occurred most frequently around the edges of the defect, 
where the cartilage paste had a better chance of staying in 
place. See FIG. 41 (demonstrating infiltration of lacunae by 
chondrocytes); FIGS. 42A-B (residual and new collagen type 
II, respectively, as visualized via immunohistochemistry). 

Example 12 
Comparative In Vivo Study of Articular Cartilage 
Regeneration of Induced Osteochondral Defects 

0273. An in vivo animal study was conducted on critical 
sized defects in Spanish goats, utilizing constructs Such as 
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disclosed herein combined with various cartilage particle 
preparations. FIG. 43 is a photographic depiction of a con 
struct such as disclosed herein and utilized in the study. FIG. 
44 depicts homogenous distribution of infused cartilage par 
ticles in a construct, as determined by Safrainin-o (proteogly 
can) staining. 
0274 TABLE 2 below details the content of each implant 
used in the study, each of which was assayed in duplicate (12 
and 24 weeks duration in vivo implantation). “MFX” refers to 
the microfracture procedure performed in the defect that was 
used as a control (i.e., without the implantation of constructs 
or cartilage particles). ACS” refers to “allograft cartilage 
scaffold, incorporating embodiments of both the cartilage 
particles and the constructs of the instant application. 

TABLE 2 

Splint Time Survival 
Group # Implant (days) # of Defects (weeks) # Goats 

1 Empty Defect 7 2 12, 24 2 
2 MFX Control 7 2 12, 24 2 
3 ACS No 7 2 12, 24 5 

Particles 
4 ACS 7 2 12, 24 5 

(0275 FIGS. 45A-H demonstrate improved and selective 
chondrogenesis when constructs and freeze-milled cartilage 
particles of the instant invention are used in conjunction. 
FIGS. 45A, 45C, 45E and 45G show tissues stained with 
Safrainin-O for proteoglycan assessment. FIGS. 45B, 45D. 
45F and 45H show tissues stained with anti-collagen II anti 
bodies. FIGS. 45A and 45B depict microfracture (Group 2): 
FIGS. 45C and 45D depict an empty defect (Group 1); FIGS. 
45E and 45F depict a construct without cartilage particles 
(Group 3); and FIGS. 45G and 45H depict a construct with 
infused freeze-milled cartilage particles. (Group 4). 
0276 Examples 13-16 below include data from a particle 
size analysis conducted on a sample of allograft cartilage 
particles from four different tissue donors in a dry state. An 
analysis of cartilage particles from the donors was also con 
duced after the particles were mixed with one of the following 
carriers: hyaluronic acid (Hy) paste, PBS and Ringers. The 
cartilage particles in the carriers were measured at 1 hour, 8 
hours and 24 hours. 

0277. The particle size analysis was conducted on a Mal 
vern MasterSizer Laser diffractor (Malvern Instruments Ltd., 
Worcestershire, United Kingdom) that calculated a volume 
distribution from the laser diffraction pattern. The raw scatter 
data was then processed using a complex algorithm resulting 
in an equivalent spherical diameter for the particles. The 
equivalent spherical diameter of an irregularly shaped object, 
Such as the particles, is the diameter of a sphere of equivalent 
volume as the object. 
0278. Of the dry cartilage particles that were analyzed, at 
least 95% of the particles had an equivalent spherical diam 
eter of less than 100 microns, while at least 90% of the 
particles had an equivalent spherical diameter of less than 60 
microns. The cartilage particles in the carriers had larger 
equivalent spherical diameters than those of the dry particles, 
which may have been attributable to the Swelling of the par 
ticles in the carriers and/or to the agglomeration of the par 
ticles when mixed with the carriers. Based on the results of the 
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analysis, the cartilage particles were concluded to have 
equivalent spherical diameters of less than 100 microns. 

Example 13 

Particle Size Analysis of Cartilage Particles (Donor 
#1) 

0279 Cartilage particles derived from a 30 year old male 
tissue donor were pre-weighed and sent to Particle Technolo 
gyLabs, Ltd. (Downers Grove, Ill.) for evaluation on the 
microscope using Image-Pro (Bethesda, Md.) analysis to 
determine their particle size dry. The cartilage was lyo 
philized and freeze-milled prior to evaluation. 0.2 grams of 
cartilage particles were set aside for dry analysis. 
0280 A total of 4.242 cartilage particles were analyzed. 
The equivalent spherical diameter of the particles ranged 
from less than 31.95 microns to 351.44 microns. According to 
the analysis, 2.59% of the particles had an equivalent spheri 
cal diameter greater than 95.85 microns, and 88.99% of the 
particles had an equivalent spherical diameter less than 31.95 
microns. The arithmetic mean equivalent spherical diameter 
was 26.06 microns. The median equivalent spherical diam 
eter was 11.30 microns. The mode equivalent spherical diam 
eter was 31.95 microns. The data is presented in Table 3 
below. 

TABLE 3 

Cartilage Particles Size Analysis Results for Donor #1 

Equivalent Spherical 
Volume (cubic microns) 

Cumulative% 
Indicated Size 

Equivalent Spherical 
Diameter (microns) 

88.99% 31.9S 17,095.24 
94.81% 63.9 136,633.6 
97.41% 95.85 461,282.74 
98.42% 127.8 1,093,068.8 
99.15% 159.75 2,135,300.9 
99.48% 191.69 3,689,107.1 
99.72% 223.64 5,857,379.7 
99.83% 255.59 8,744,550.3 
99.93% 28754 12,449,438 
100.00% 3.19.49 17,079,200 
100.00% 351.44 22,730,474 

Example 14 

Particle Size Analysis of Cartilage Particles (Donor 
#2) 

0281 Cartilage particles derived from a 50 year old female 
tissue donor were pre-weighed and sent to Particle Technol 
ogy Labs, Ltd. (Downers Grove, Ill.) for evaluation on the 
microscope using Image-Pro (Bethesda, Md.) analysis to 
determine their particle size dry. The cartilage was lyo 
philized and freeze-milled prior to evaluation. 0.22 grams of 
cartilage particles were set aside for dry analysis. 
0282. A total of 2,174 cartilage particles were analyzed. 
The equivalent spherical diameter of the particles ranged 
from less than 24.62 microns to 270.79 microns. According to 
the analysis, 3.5% of the particles had an equivalent spherical 
diameter greater than 98.47 microns, and 88.22% of the par 
ticles had an equivalent spherical diameter less than 24.62 
microns. The arithmetic mean equivalent spherical diameter 
was 24.04 microns. The median equivalent spherical diam 
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eter was 8.700 microns. The mode equivalent spherical diam 
eter was 24.62 microns. The data is presented in Table 4 
below. 

TABLE 4 

Cartilage Particles Size Analysis Results for Donor #2 

Equivalent Spherical 
Volume (cubic microns) 

Cumulative% 
Indicated Size 

Equivalent Spherical 
Diameter (microns) 

88.22% 24.62 7,814.82 
92.73% 49.23 62,518.57 
95.08% 73.85 211,000.19 
96.50% 98.47 500,148.59 
97.56% 123.08 976,376.67 
98.48% 147.70 1,687,316 
99.17% 172.32 2,679,550.8 
99.49% 196.93 3,999,970 
99.68% 221.55 5,695,462.5 
100.00% 246.17 7,812,917.4 
100.00% 270.79 10,399.223 

Example 15 
Particle Size Analysis of Cartilage Particles (Donor 

#3) 
0283 Cartilage particles derived from a 39 year old female 
tissue donor were pre-weighed and sent to Particle Technol 
ogy Labs, Ltd. (Downers Grove, Ill.) for evaluation on the 
microscope using Image-Pro (Bethesda, Md.) analysis to 
determine their particle size dry. The cartilage was lyo 
philized and freezer milled prior to evaluation. 0.2 grams of 
cartilage particles were set aside for dry analysis. 
0284. A total of 2,667 cartilage particles were analyzed. 
The equivalent spherical diameter of the particles ranged 
from less than 30.01 microns to 330.13 microns. According to 
the analysis, 2.32% of the particles had an equivalent spheri 
cal diameter greater than 90.04 microns, and 91.45% of the 
particles had an equivalent spherical diameter less than 30.01 
microns. The arithmetic mean equivalent spherical diameter 
was 23.36 microns. The median equivalent spherical diam 
eter was 10.61 microns. The mode equivalent spherical diam 
eter was 30.01 microns. The data is presented in Table 5 
below. 

TABLE 5 

Cartilage Particles Size Analysis Results for Donor #3 

Equivalent Spherical 
Volume (cubic microns) 

Cumulative% 
Indicated Size 

Equivalent Spherical 
Diameter (microns) 

91.45% 30.01 14,139 
95.84% 60.02 113,225.15 
97.68% 90.04 382,262.23 
98.65% 210.08 4,855,221.6 
99.21% 150.06 1,769,496.7 
99.59% 180.07 3,058,097.8 
99.65% 210.08 4,855,221.6 
99.74% 240.09 7,248,220.7 
99.89% 270.11 10,321,080 
100.00% 3OO.12 14,155,974 
100.00% 330.13 18,842,971 

Example 16 
Particle Size Analysis of Cartilage Particles (Donor 

#4) 
0285 Cartilage particles derived from a 77 year old male 
tissue donor were pre-weighed and sent to Particle Technol 
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ogy Labs, Ltd. (Downers Grove, Ill.) for evaluation on the 
microscope using Image-Pro (Bethesda, Md.) analysis to 
determine their particle size dry. The cartilage was lyo 
philized and freezer milled prior to evaluation. 0.22 grams of 
cartilage particles were set aside for dry analysis. 
0286 A total of 3,678 cartilage particles were analyzed. 
The equivalent spherical diameter of the particles ranged 
from less than 28.31 microns to 311.45 microns. According to 
the analysis, 0.6% of the particles had an equivalent spherical 
diameter greater than 84.94 microns, and 96.87% of the par 
ticles had an equivalent spherical diameter less than 28.31 
microns. The arithmetic mean equivalent spherical diameter 
was 15.45 microns. The median equivalent spherical diam 
eter was 10.01 microns. The mode equivalent spherical diam 
eter was 28.31 microns. The data is presented in Table 6 
below. 

TABLE 6 

Cartilage Particles Size Analysis Results for Donor #4 

Equivalent Spherical 
Volume (cubic microns) 

Cumulative% 
Indicated Size 

Equivalent Spherical 
Diameter (microns) 

96.87% 28.31 11,894.19 
98.69% 56.63 95,153.48 
99.40% 84.94 320,916.24 
99.76% 113.25 760,824.7 
99.84% 141.57 1486,143.2 
99.92% 16988 2,567,330 
99.95% 198.19 4,077,236.3 
99.97% 226.51 6,086,597.6 
99.97% 254.82 8,664,738.6 
100.00% 283.13 11,886,626 
100.00% 3.11.45 15,822,014 

Example 17 

Aspect Ratio Analysis of Cartilage Particles 

0287 Cartilage particles derived from three tissue donors 
were sent to Particle Technology Labs, Ltd. (Downers Grove, 
Ill.) for evaluation on the microscope using Image-Pro (Be 
thesda, Md.) analysis to determine the aspect ratio of the 
particles. The aspect ratio is the ratio of the longest dimension 
of a particle to the shortest dimension of a particle. The 
cartilage particles were freeze-dried (i.e., lyophilized), 
freeze-milled and sieved prior to evaluation. 
0288 For the first tissue donor, the aspect ration of the 
cartilage particles ranged from 1.0 to 6.77, with a mean aspect 
ratio of 1.68. For the second tissue donor, the aspect ratio of 
the cartilage particles ranged from 1.0 to 15.67, with a mean 
aspect ratio of 1.72. For the third tissue donor, the aspect ratio 
of the cartilage particles ranged from 1.0 to 5.42, with a mean 
aspect ratio of 1.57. 
0289 Cartilage particle size analysis was performed on 
three additional tissue donors (Donors A, B and C), as set out 
in Examples 18-20: 

Example 18 

Particle Size Analysis of Cartilage Particles (Donor 
A) 

0290 Cartilage particles derived from a tissue donor were 
evaluated at The Musculoskeletal Transplant Foundation 
(MTF) (Edison, N.J.) on the microscope using Image-Pro 

24 
Dec. 24, 2009 

analysis to determine their particle size and aspect ratio. The 
cartilage was lyophilized and freeze-milled prior to evalua 
tion. 
0291. The aspect ratio of the particles ranged from 1.0 to 
5.3. The arithmetic mean aspect ratio was 1.7. The data from 
the analysis performed on Tissue Donor #5 is presented in 
Tables 7 and 8 below, and a graph of the distribution of the 
aspect ratios of the particles (i.e., particle count VS. aspect 
ratio) is presented in FIG. 46. 

TABLE 7 

Cartilage Particles Size Analysis Results for Donor A 

Diameter - Diameter 
Particle Area Aspect Maximum Minimum Diameter 

(um) Ratio (um) (um) Mean (um) 

Minimum SO1.2 1.O 24.8 7.5 24.8 
Maximum 123357.1 5.3 760.9 259.9 430.1 
Mean 4014.3 1.7 76.9 41.3 59.4 
Std. Dev. 7766.2 O.6 59.8 23.8 39.9 
# Particles 2163 2163 2163 21 63 21 63 

TABLE 8 

Aspect Ratio Analysis Results for Donor A 

Range - Aspect- Count within 
Lower Limit Upper Limit Midpoint range 

1 1.15 1.08 167 
1.15 1.35 1.25 440 
1.35 2.03 1.69 1091 
2.03 2.71 2.37 378 
2.71 3.39 3.05 98 
3.39 4.06 3.73 37 
4.06 4.74 4.4 8 
4.74 S.42 S.O8 4 
S.42 6.1 5.76 O 

TOTAL: 2223 

Example 19 
Particle Size Analysis of Cartilage Particles (Donor 

B) 
0292 Cartilage particles derived from a tissue donor were 
evaluated at MTF (Edison, N.J.) on the microscope using 
Image-Pro analysis to determine their particle size and aspect 
ratio. The cartilage was lyophilized and freeze-milled prior to 
evaluation. 
0293. The aspect ratio of the particles ranged from 1.0 to 
4.9. The arithmetic mean aspect ratio was 1.7. The data from 
the analysis performed on Tissue Donor #6 is presented in 
Tables 9 and 10 below, and a graph of the distribution of the 
aspect ratios of the particles (i.e., particle count VS. aspect 
ratio) is presented in FIG. 47. 

TABLE 9 

Cartilage Particles Size Analysis Results for Donor B 

Diameter - Diameter 
Particle Area Aspect Maximum Minimum Diameter 

(um), Ratio (um) (um) Mean (um) 

Minimum SO1.2 1.O 24.8 7.5 24.8 
Maximum 1630096 4.9 729.9 287.1 467.4 
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TABLE 9-continued 

Cartilage Particles Size Analysis Results for Donor B 

Diameter - Diameter 

Particle Area Aspect Maximum Minimum Diameter 
(um) Ratio (um) (um) Mean (um) 

Mean 2950.2 1.7 68.0 37.3 53.0 

Std. Dev. 5770.6 O6 S1.9 17.1 32.4 

# Particles 2319 2319 2319 2319 2319 

TABLE 10 

Aspect Ratio Analysis Results for Donor B 

Range - Aspect- Count within 
Lower Limit Upper Limit Midpoint range 

1 1.15 1.08 242 
1.15 1.35 1.25 535 
1.35 2.03 1.69 1143 
2.03 2.71 2.37 324 
2.71 3.39 3.05 120 
3.39 4.06 3.73 2O 
4.06 4.74 4.4 9 
4.74 S.42 5.08 2 
S.42 6.1 5.76 O 

TOTAL: 2395 

Example 20 

Particle Size Analysis of Cartilage Particles (Donor 
C) 

0294 Cartilage particles derived from a tissue donor were 
evaluated at MTF (Edison, N.J.) on the microscope using 
Image-Pro analysis to determine their particle size and aspect 
ratio. The cartilage was lyophilized and freeze-milled prior to 
evaluation. 

0295 The aspect ratio of the particles ranged from 1.0 to 
5.9. The arithmetic mean aspect ratio was 1.7. The data from 
the analysis performed on Tissue Donor #7 is presented in 
Tables 11 and 12 below, and a graph of the distribution of the 
aspect ratios of the particles (i.e., particle count VS. aspect 
ratio) is presented in FIG. 48. 

TABLE 10 

Cartilage Particles Size Analysis Results for Donor C 

Diameter - Diameter 
Particle Area Aspect Maximum Minimum Diameter 

(um), Ratio (um) (um) Mean (um) 

Minimum SO1.2 1.O 24.8 1O.S 24.8 
Maximum 223824.9 5.9 959.9 262.9 600.3 
Mean 4276.3 1.7 78.8 42.6 61.2 
Std. Dev. 9218.1 O6 67.9 22.0 43.1 
# Particles 3122 3122 3122 3122 3122 
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TABLE 12 

Aspect Ratio Analysis Results for Donor C 

Range - Aspect- Count within 
Lower Limit Upper Limit Midpoint range 

1 1.15 1.08 307 
1.15 1.35 1.25 760 
1.35 2.03 1.69 1S60 
2.03 2.71 2.37 400 
2.71 3.39 3.05 124 
3.39 4.06 3.73 40 
4.06 4.74 4.4 11 
4.74 S.42 S.O8 4 
S.42 6.1 5.76 4 

TOTAL: 3210 

0296. In one embodiment of the present invention, the 
cartilage particles have an aspect ratio of less than 3:1. 
0297 While a number of embodiments of the present 
invention have been described, it is understood that these 
embodiments are illustrative only, and not restrictive, and that 
many modifications and/or alternative embodiments may 
become apparent to those of ordinary skill in the art. For 
example, any steps may be performed in any desired order 
(and any desired steps may be added and/or any desired steps 
may be deleted). Therefore, it will be understood that the 
appended claims are intended to coverall such modifications 
and embodiments that come within the spirit and scope of the 
present invention. 

1. A construct for repairing an articular cartilage defect, 
comprising: 

a cap member at least partially derived from demineralized 
cancellous bone, said cap member including a plurality 
of freeze-milled cartilage particles, at least a majority of 
which have a dimension, when dry, that does not exceed 
210 microns. 

2. The construct of claim 1, further comprising a base 
member having first and second ends, said base member 
including a first bore extending into said base member from 
said first end in a generally axial direction, and a second bore 
extending generally transversely from an exterior wall of said 
base member to said first bore, 

wherein said cap member includes an upper section and a 
stem depending from said upper section, said stem being 
dimensioned to insertably engage said first bore Such 
that said upper section is adjacent said first end of said 
base member, and said stem including a third bore 
extending generally transversely into said stem from an 
exterior surface thereof, said third bore being alignable 
with said second bore when said stem is in engagement 
with said first bore; and 

at least one pin which is dimensioned to engage said second 
bore and said third bore when said second bore and said 
third bore are aligned, thereby securing said cap member 
to said base member. 

3. The construct of claim 1, further comprising a base 
member having first and second ends, said base member 
including a first bore extending into said base member from 
said first end in a generally axial direction, a second bore 
extending generally transversely from an exterior wall of said 
base member to said first bore, and a third bore extending 
generally transversely from said exterior wall of said base 
member to said first bore, said third bore being formed oppo 
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site said second bore and alignable with said second bore, said 
base member including an upper annular edge adjacent said 
first end and said first bore, and an island formed in said bore 
So as to be substantially concentrically positioned with 
respect to said upper annular edge and to form an annular 
recess between said island and an interior wall of said base 
member adjacent said upper annular edge; 

wherein said cap member includes an upper section and a 
stem depending from said upper section, said stem being 
dimensioned to insertably engage said first bore, Such 
that said upper section is adjacent said first end of said 
base member, wherein said stem is hollow and includes 
a cavity formed therein, said cavity being dimensioned 
to receive said island therein, said annular recess of said 
base member being dimensioned to receive said stem 
therein, said stem including a fourth bore extending 
generally transversely into said stem from an exterior 
surface thereof, said fourth bore being alignable with 
said second bore and said third bore when said stem is in 
engagement with said first bore, said stem including a 
fifth bore extending generally transversely into said 
stem from said exterior wall thereof, said fifth bore being 
formed opposite said fourth bore and alignable with said 
second bore and said third bore when said stem is in 
engagement with said first bore; 

wherein said island includes a sixth bore which extends 
generally transversely between opposed exterior Sur 
faces of said island, said sixth bore being alignable with 
said second bore, said third bore, said fourth bore and 
said fifth bore when said stem is in engagement with said 
first bore; and 

at least two pins which are dimensioned to engage said 
second bore, said third bore, said fourth bore, said fifth 
bore and said sixth bore when said second bore, said 
third bore, said fourth bore, said fifth bore and said sixth 
bore are aligned, thereby securing said cap member to 
said base member. 

4. The construct of claim 1, further comprising a base 
member having first and second ends, said base member 
including a bore extending into said base member from said 
first end in a generally axial direction, said bore including a 
proximal portion and an adjoining distal portion, wherein a 
dimension of said distal bore portion is greater than a corre 
sponding dimension of said proximal bore portion; and 

wherein said cap member includes an upper section and a 
stem depending from said upper section, said stem 
including a proximal portion and an adjoining distal 
portion, wherein said distal stem portion is dimensioned 
so as to closely fit within said distal bore portion and said 
proximal stem portion is dimensioned so as to closely fit 
within said proximal bore portion, wherein said distal 
stem portion is deformable from an uncompressed state 
to a compressed state in which a dimension of said distal 
stem portion is Smaller than a dimension of said proxi 
mal bore portion and said distal stem portion is insert 
able through said proximal bore portion and into said 
distal bore portion, wherein said distal stem portion 
expands from said compressed state to said uncom 
pressed State, so that said dimension of said distal stem 
portion is greater than said dimension of said proximal 
bore portion, whereby said cap member is secured to 
said base member. 

5. The construct of claim 1, further comprising a base 
member having first and second ends, said base member 
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including a bore extending into said base member from said 
first end in a generally axial direction; 

a sleeve member derived from cortical bone, said sleeve 
member being dimensioned to receive said base member 
therein, 

wherein said cap member includes an upper section and a 
stem depending from said upper section, said stem being 
dimensioned to insertably engage said bore; and 

means for securing said cap member to said base member. 
6. The construct of claim 1, wherein said cap member is 

disc-shaped and has a height that is similar to the thickness of 
an articular cartilage layer in a mammalian joint. 

7. The construct of claim 1, further comprising a base 
member that is integrally connected to said cap member. 

8. A construct for repairing an articular cartilage defect, 
comprising: 

a base member having first and second ends, said base 
member including a first bore extending into said base 
member from said first end in a generally axial direction, 
and a second bore extending generally transversely from 
an exterior wall of said base member to said first bore; 

a cap member at least partially derived from demineralized 
cancellous bone and including an upper section and a 
stem depending from said upper section, said stem being 
dimensioned to insertably engage said first bore, Such 
that said upper section is adjacent said first end of said 
base, and said stem including a third bore extending 
generally transversely into said stem from an exterior 
surface thereof, said third bore being alignable with said 
second bore when said stem is in engagement with said 
first bore; and 

at least one pin which is dimensioned to engage said second 
bore and said third bore when said second bore and said 
third bore are aligned, thereby securing said cap member 
to said base member. 

9. The construct of claim 8, wherein said base member 
includes a fourth bore extending generally transversely from 
said exterior wall of said base member to said first bore, said 
fourth bore being formed opposite said second bore and 
alignable with said second bore and said third bore when said 
stem is in engagement with said first bore, wherein said at 
least one pin is dimensioned to engage said second bore, said 
third bore and said fourth bore when said second bore, said 
third bore and said fourth bore are aligned, thereby securing 
said cap member to said base member. 

10. The construct of claim 9, wherein said cap member is 
loaded with a plurality of freeze-milled cartilage particles 
having a size within a range from about 10 microns to about 
210 microns. 

11. The construct of claim 8, wherein said base member 
includes an upper annular edge adjacent said first end and said 
first bore, and an island formed in said first bore so as to be 
Substantially concentrically positioned with respect to said 
upper annular edge and to form an annular recess between 
said island and an interior wall of said base member adjacent 
said upper annular edge, 

wherein said base member includes a fourth bore extend 
ing generally transversely from said exterior wall of said 
base member to said first bore, said fourth bore being 
formed opposite said second bore and alignable with 
said second bore and said third bore when said stem is in 
engagement with said first bore, 

wherein said stem is hollow and includes a cavity formed 
therein, said cavity being dimensioned to receive said 
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island therein, said annular recess of said base member 
being dimensioned to receive said stem therein, said 
stem including a fifth bore extending generally trans 
versely into said stem from said exterior surface thereof, 
said fifth bore being formed opposite said third bore and 
alignable with said second bore and said fourth bore 
when said stem is in engagement with said first bore, 

wherein said island includes a sixth bore which extends 
generally transversely between opposed exterior Sur 
faces of said island, said sixth bore being alignable with 
said second bore, said third bore, said fourth bore and 
said fifth bore when said stem is in engagement with said 
first bore; and 

wherein said at least one pin includes first and second pins 
which are dimensioned to engage said second bore, said 
third bore, said fourth bore, said fifth bore and said sixth 
bore when said second bore, said third bore, said fourth 
bore, said fifth bore and said sixth bore are aligned, 
thereby securing said cap member to said base member. 

12. The construct of claim 11, wherein said cap member is 
loaded with a plurality of freeze-milled cartilage particles 
having a size within a range from about 10 microns to about 
210 microns. 

13. A cartilage defect repair material, 
comprising freeze-milled allograft cartilage particles hav 

ing a size within a range of from about 10 microns to 
about 210 microns. 

14. The cartilage defect repair material as claimed in claim 
13, wherein said cartilage particles are mixed with a biocom 
patible carrier, so as to form a mixture. 

15. The cartilage defect repair material as claimed in claim 
14, wherein said biocompatible carrier is a bioabsorbable 
carrier. 

16. The cartilage defect repair material as claimed in claim 
14, wherein said mixture includes an additive selected from 
the group consisting of a growth factor, human demineralized 
bone matrix, insulin, insulin-like growth factor-1, interleu 
kin-1 receptor agonist, hepatocyte growth factor, platelet 
derived growth factor, Indian hedgehog, transformative 
growth factor and parathyroid hormone-related peptide. 

17. The cartilage defect repair material as claimed in claim 
13, wherein said cartilage particles have a mean equivalent 
spherical diameter of about 26 microns. 

18. The cartilage defect repair material as claimed in claim 
30, wherein said cartilage particles are formed by freeze 
milling allograft cartilage Subsequent to lyophilization. 

19. The cartilage defect repair material as claimed in claim 
13, wherein said cartilage particles have an aspect ration of 
about 1.57. 

20. The cartilage defect repair material as claimed in claim 
30 wherein said cartilage particles are formed from allograft 
cartilage that has been lyophilized so as to reduce its water 
content to an amount within the range of from about 0.1% to 
about 8.0% by weight. 

21. A method of placing the cartilage defect repair material 
of claim 13 in a cartilage defect site, said method comprising 
the steps of: 

(a) cutting a patient's tissue to remove diseased cartilage 
from the cartilage defect site: 

(b) placing said cartilage defect repair material into the 
cartilage defect site; and 

(c) placing a cover over the placed cartilage defect repair 
material. 
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22. A method for making the cartilage defect repair mate 
rial of claim 30, said method comprising the steps of: 

lyophilizing allograft cartilage; and 
freeze-milling said allograft cartilage so as to form said 

cartilage particles. 
23. A method of repairing articular cartilage, comprising 

the step of: 
placing a therapeutically effective amount of the cartilage 

defect repair material of claim 13 into a cartilage defect 
site, wherein, Subsequent to placement of the therapeu 
tically effective amount of the cartilage defect repair 
material into the cartilage defect site, a greater percent 
age of repair tissue generated in the cartilage defect site 
is articular cartilage as compared to equivalent cartilage 
defect sites left untreated or treated with microfracture. 

24. The method of claim 23, wherein the percentage of 
repair tissue generated is Subsequently assessed by relative 
uptake of Safrainin-o and/or anti-collagen 11 staining materi 
als by the repair tissue. 

25. The construct of claim 1, wherein said cartilage par 
ticles are formed from allograft cartilage that has been lyo 
philized. 

26. The construct of claim 1, wherein said cap member 
includes demineralized bone matrix. 

27. The construct of claim 8, wherein said cap member 
includes demineralized bone matrix. 

28. The construct of claim 10, wherein said cartilage par 
ticles are formed from allograft cartilage that has been lyo 
philized. 

29. The construct of claim 12, wherein said cartilage par 
ticles are formed from allograft cartilage that has been lyo 
philized. 

30. The cartilage defect repair material as claimed in claim 
13, wherein said cartilage particles are formed from allograft 
cartilage that has been lyophilized. 

31. The cartilage defect repair material as claimed in claim 
13, wherein said cartilage defect repair material is sterile. 

32. The cartilage defect repair material as claimed in claim 
13, wherein said cartilage particles are devitalized. 

33. The method as claimed in claim 22, further comprising 
the step of lyophilizing said cartilage particles. 

34. The method as claimed in claim 33, further comprising 
the step of hydrating said cartilage particles before the per 
formance of said lyophilizing step. 

35. A construct for repairing an articular cartilage defect 
comprising: 

a disc derived from demineralized cancellous bone, said 
disc including a plurality of freeze-milled cartilage par 
ticles, at least a majority of which have a dimension, 
when dry, that does not exceed 210 microns. 

36. The construct of claim 35, wherein said disc includes 
demineralized bone matrix. 

37. The construct of claim 35, wherein said cartilage par 
ticles are formed from allograft cartilage that has been lyo 
philized. 

38. A construct for repairing an articular cartilage defect 
comprising: 

an integral one-piece, two phase construct including a 
demineralized cancellous bone cap and a mineralized 
cancellous bone base attached thereto. 

39. The construct of claim 38, wherein said demineralized 
cancellous bone cap includes demineralized bone matrix. 

40. The construct of claim 38, said demineralized cancel 
lous bone cap including a plurality of freeze-milled cartilage 
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particles, at least a majority of which have a dimension, when 42. A cartilage defect repair material, comprising allograft 
dry, that does not exceed 210 microns. cartilage particles having a size ranging from 0.01 mm to 0.21 

41. The construct of claim 40, wherein said cartilage par- . 
ticles are formed from allograft cartilage that has been lyo 
philized. ck 


