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SCAFFOLD FOR CONNECTIVE TISSUE REPAIR

ABSTRACT OF THE DISCLOSURE

A connective tissue scaffold including opposed first and second anchoring
segments formed from a plurality of bioresorbable polymeric fibers oriented in a
direction substantially parallel to a longitudinal axis of the scaffold and a plurality of
bioresorbable polymeric fibers oriented in a direction substantially transverse to a
longitudinal axis of the scaffold. A central segment joins the first and second anchoring
segments and includes a plurality of bioresorbable polymeric fibers oriented in a

direction substantially parallel to the longitudinal axis of the scaffold. The scaffold can

also a tissue particle and/or biological component.
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SCAFFOLD FOR CONNECTIVE TISSUE REPAIR

FIELD OF THE INVENTION

This invention relates to prosthetic devices for repairing and replacing torn or

damaged connective tissue such as ligaments and tendons.

BACKGROUND OF THE INVENTION

The complete or partial detachment of ligaments, tendons or other soft tissues
from their associated bones within the body is a relatively common injury, particularly
among athletes. Such injuries generally result from excessive stresses being placed on
these soft tissues. For example, a tissue-detaching injury may occur as the result of an
accident such as a fall, overexertion during a work-related activity, during the course of
an athletic event, or in any one of many other situations and/or activities.

In the case of a partial detachment, commonly referred to under the general term
“sprain,” the injury will frequently heal itself, if given sufficient time, and if care is
taken not to expose the injury to any undue or extraordinary stress during the heaiing
process. If, however, the ligament or tendon is completely detached from its associated
bone or bones, or if it 1s severed as the result of a traumatic injury, partial or permanent
disability may result. Fortunately, a number of surgical techniques exist for re-attaching
such detached tissues and/or completely replacing severely damaged tissues.

One such techniqu.e involves the replacement of the detached tissue using
autogeneic tissue grafts harvested from elsewhere in the body. For example, an anterior
cruciate ligament in a human knee can be replaced and/or repaired using a patellar
tendon autograft or hamstring tendons. The patellar tendon is harvested with a bone
block from the tibia, using the center third of the patellar tendon, and bone block from
the patella. This graft has the advantage of having high initial strength and having bone
plugs that will facilitate fixation. These grafts are implanted by forming bone tunnels
through the tibia and/or femur at the points of normal attachment of the anterior cruciate
ligament. A patellar tendon graft, with a bone plug on each of its ends, is harvested and
sized to fit within the bone tunnels. Suture is then attached to the outer end of each bone

plug, and thereafter passed through the femoral and/or tibial bone tunnels. The femoral

plug and the tibial plug are then inserted into the appropriate bone tunnel behind the
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suture. Subsequently, the suture is drawn tight to position the bone plugs in the desired
location, and impart the desired degree of tension to the ligament graft. Finally. while
holding the bone plugs in position, interference screws, cross-pins or other fixation
devices are used to securely lock the bone plug in position. The hamstring tendon grafts
are implanted in a similar fashion.

While autogeneic tissue grafts have been successfully used to replace connective
tissue, the harvesting procedure, like any medical procedure, has associated risks. Two
primary concerns are tissue damage at the harvest site during the removal process and
donor site morbidity. Complications in harvest have sometimes resulted in patellar
fracture. In other cases, patellofemoral pain is observed due to donor site morbidity.
Yet, even when the harvesting procedure is successfully performed, the sample may not
provide a sufficient supply of tissue for a graft and/or the tissue may not have the desired
quality or consistency. In addition, even with a successful surgery, it is possible for
patients to rerupture the graft and require revision surgery. For these reasons, there is a
need for an alternative source for tissue grafts, which can provide the properties of an
autogenic tissue graft.

One example of an alternative graft is allograft tissue. The advantages of using
an allograft include elimination of donor site morbidity and decrease in operating time.
However, the graft has potential ability to transmit disease and elicit an immune
response. There is also a lack of consistency in mechanical properties of the graft and
the supply is limited.

For these reasons, there is a need to develop a connective tissue graft that is
terminally sterilized and made from synthetic materials or biologically-derived
materials. In the past, the initial results using synthetic prosthetic ligament devices
looked promising. However, the long term results, such as those that extend beyond one
year, showed the mechanical failure of the these devices. These prostheses have been
found to lack sufficient strength and durability to act as a permanent replacement for the
lifetime of the patient. Other prostheses, such as some made from synthetic materials,
have good physical properties, but can erode or cause bone erosion.

Despite existing technology and techniques, there remains a need for connective

tissue implants that can provide an approximation of the natural tissue to be replaced or

augmented.
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SUMMARY OF THE INVENTION |

The present invention generally provides a connective tissue scaffold including
opposed first and second anchoring segments formed of a plurality of bioresorbable
pdlymeric fibers oriented in a direction substantially parallel to a longitudinal axis of the
scaffold, and a plurality of bioresorbable polymeric fibers oriented in a direction
substantially transverse to a longitudinal axis of the scaffold. A central segment
positioned between the first and second anchoring segments is formed of a plurality of
bioresorbable polymeric fibers oriented in a direction substantially parallel to the
longitudinal axis of the scaffold. This structure creates sufficient void space in the
central segment to facilitate tissue ingrowth.

The longitudinally and transversely oriented fibers of the anchoring segments
can include binding regions where the longitudinal and transverse fibers are
interconnected, such as, for example by joining the fibers in a weave pattern. The
binding regions may be continuous, or they may be non-continuous such that one or
more areas of longitudinally oriented fibers are separated by one or more regions having
transversely oriented fibers interwoven with the longitudinally oriented fibers.

The anchoring segments of the present invention can further include eyelets
adjacent to the binding regions. The eyelets can be formed by the orientation of the
binding regions to form a loop-like or open area that facilitates fixation of the scaffold.

The longitudinal fibers of the of the central segment can run parallel to each
other without interconnecting. In addition the fibers of the central segment can be
loosely bundled in an annular pattern, such that a centrally formed space exists between
the annularly oriented fibers. Alternatively, the longitudinal fibers can be formed in a
braid pattern.

The fibers of the scaffold of the present invention are constructed of a
bioresorbable polymeric material such as polymers or copolymers formed from
monomers selected from the group consisting of lactide, glycolide, dioxanone, and
caprolactone.

In another embodiment of the present invention, the scaffold can further include
a biocompatible, bioresorbable material covering at least a portion of the first and
second anchoring segments and the central segment. The bioresorbable material can be

a biological material, for example a naturally occurring extracelluiar matrix (ECM)
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material. One such naturally occurring ECM, by way of example, is small intestine
submucosa. The bioresorbable material may also be formed over the first and second
anchoring segments and the central segment as a wrap, sleeve, or sheath.

In yet another embodiment, the scaffold of the present invention can include at

least one minced tissue particle that is associated with at least a portion of the scatfold.

such that the minced tissue particles includes an effective amount of viable cells that can
migrate out of the minced tissue particle and populate the scaffold. In addition to the at

least one minced tissue particle, the scaffold may include an adhesion agent and/or at

least one additional biological component.

The invention also provides methods of using the scaffold to repair or replace

connective tissue, such as ligaments and tendons.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of one embodiment of the connective tissue scaffold

of the present invention;

FIG. 2 is a schematic view of another embodiment of the connective tissue

scaffold;

FIG. 3 is a schematic view of another embodiment of the connective tissue

scaffold:

FIG. 4 is a perspective view of yet another embodiment of the connective tissue
scaffold;

FIGS. 5A — 5F are cross sectional views of representative central segments of the

connective tissue scaffolds of the present invention;

FIG. 6 1s schematic view of another embodiment of the connective tissue
scaffold of FIG. 3; and
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FIG. 7 is a perspective view of another embodiment of the connective tissue

scaffold of FIG. 4; and

FIGS. 8 and 9 are photomicrographs illustrating the results described in Example

DETAILED DESCRIPTION OF THE INVENTION

The tissue scaffold of the invention is usetul as an implant to replace or augment
damaged or torn connective tissue. This scaffold provides an approximation of the
natural tissue to be replaced or augmented. The scaffold should have initial mechanical
properties similar or greater than those of the native tissue and at the same time support
tissue ingrowth and regeneration. Overtime the implant will degrade and become
replaced by healthy and functional tissue.

The present invention generally provides a bioresorbable scaftold 10 for the
repair or replacement of connective tissue, such as ligaments or tendons. As shown in
FIG. 1, the scaffold 10 includes opposed first and second anchoring segments 12a, 12b
which can bind together the fibers of the scaffold and can also receive a tissue fixation
device for mating the scaffold 10 within a patient. The scaffold 10 also has a central
segment 14, positioned between the anchoring segments 12a, 12b, formed of a plurality
of bioresorbable polymeric fibers oriented in a direction substantially parallel to the
longitudinal axis of the scaffold.

The scaffold of the present invention is particularly advantageous in that it ts
preferably made of a bioresorbable polymeric material having sufficient strength to
substitute for a tendon or ligament, such as an ACL, and it further allows and encourages
regeneration of the failed connective tissue it replaces. In use, the scaffold provides a
resorbable, off-the-self replacement for connective tissue which encourages tissue
regeneration and results in a native replacement for damaged connective tissue without
the drawbacks of autograft implants, allograft implants, and permanent synthetic
replacements. Further, by providing an autograft substitute, the bioresorbable scaffold
of the present invention eliminates the risks associated with autograft harvesting

procedures.
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The anchoring segments 12a, 12b of the scaffold 10 of the present invention
preferably includes a plurality of fibers 16 oriented In a direction substantially parallel to
a longitudinal axis of the scaffold 10 and a plurality of fibers 18 oriented in a direction
substantially transverse to a longitudinal axis of the scaffold 10. In one embodiment. the
longitudinally oriented fibers 16 (“longitudinal’’) and transversely oriented
(“transverse’’) fibers 18 form binding regions 20a, 20b which bind together the scaffold
10 at its ends. In one embodiment, the longitudinal and transverse fibers 16. 18 of the
binding regions 20a, 20b form a weave pattern with the longitudinal and transverse
fibers 16, 18.

In the simplest form, the weave may be constructed such that transverse fibers 18
interlace with the longitudinal fibers 16 by alternating between one side of one
longitudinal fiber or group of fibers 16, and an opposite side of an adjacent longitudinal
fiber or group of fibers 16. The woven binding regions 20a, 20b may be constructed
from a variety of weave patterns which interconnect the longitudinal and transverse
fibers 16, 18. One skilled in the art will appreciate that the weave can be constructed
based on a number of patterns and can have a variety of characteristics such as weave
density, but preferably results in a weave sutficient to bind together the longitudinal and
transverse fibers 16, 18.

The transverse fibers can interlock the longitudinal fibers not only in one
direction but in two directions so that a three-dimensional woven structure is created.
The implant can consist of 40-99% substantially longitudinal direction filaments (x-
axis), 1-50% substantially transverse cross direction (y-axis) filaments, and 1-50%
substantially transverse z-direction filaments. The warp consists of longitudinal and z-
direction filaments and the weft consists of y-direction filaments. A woven structure is
desirable because of its wear and abrasion resistance properties. This characteristic is
important for ligament reconstruction as this graft is inserted through a bone tunnel
which has sharp edges that can scratch the graft.

In addition to weaving the longitudinal and transverse fibers 16, 18 together, the
binding regions 20a, 20b can be constructed in a variety of other ways. In one
alternative embodiment, at least some of the transverse fibers 18 can be wrapped around

the outside of the longitudinal fibers 16 to secure the longitudinal and transverse fibers

16, 18. For example, the transverse fibers 18 may be wrapped around the longitudinal




AR A A PR Y = Y gy v e Ly s = A

10

20

25

30

CA 02472702 2004-06-28

.7 -

fibers 16 to form a knot or whipping. One skilled in the art will appreciate that there are
a variety of ways to form a whipping such as, for example an American Whipping, a
Sailmaker’s Whipping, a West Country Whipping, etc. While the styles vary, whippings
work on the same principle; the transverse fiber (or fibers) 18 is tightly wound around
the longitudinal fibers 16, while the ends of the transverse fiber 18 are secured by a knot
or by tucking. Although a whipping is preferably formed by wrapping a transverse fiber
(or fibers) 18 around a bundle containing all the longitudinal fibers 16, the longitudinal
fibers 16 may be grouped into smaller bundles and whipped. In one embodiment, the
longitudinal fibers 16 may be whipped together in a large bundle and additional
whippings may be used adjacent to the large bundle. Further, the adjacent whippings
may include smaller bundles of the longitudinal fibers 16.

In yet a further embodiment, the longitudinal and transverse fibers 16, 18 of the
binding regions 20a, 20b may be interconnected by stitching. The longitudinal fibers 16
can be grouped into a bundle and the transverse fibers 18 can be repeatedly led through
the bundle and pulled tight to secure the binding regions 20a, 20b. Further, a three
dimensional weave may be simulated or replicated by sewing together two or more plies
of two-dimensional weaves. Braiding and/or knitting may also be used to interconnect
filaments. A person skilled in the art will appreciate that the transverse 18 and
longitudinal fibers 16 can be interconnected by a variety of other tec.iniques. In still
yet another embodiment, the fibers of the binding regions 20a, 20b may be
interconnected by physically bonding the longitudinal fibers 16 with the transverse
fibers 18, or physically bonding the fibers with another agent such as, for example, an
adhesive or a polymer. Filaments may also be bonded via thermal methods, including
but not limited to ultrasonic bonding, infrared bonding, laser bonding, or application of
the filaments to a heated electrical surface. Filaments may also be bonded via chemical
means, including but not limited to solvent bonding. Filaments may also be bonded the
application of suitable adhesives, including but not limited to those that are
bioabsorbable and non-bioabsorbable. Finally, combinations of the above techniques
may be used to interconnect or bond fibers or filaments. In addition, the fibers may be
interconnected as discussed above, and then physically bound to increase the mechanical

strength of the connection.
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Regardless of the method of interconnection, the binding regions 20a, 20b may
be broken down into several parts, such that the binding regions are not continuous. AS
illustrated in FIG. 1, for example, the binding regions 20a. 20b can alternate between
areas of interconnected longitudinal and transverse fibers 16, 18 and areas of only
longitudinal fibers 16. In another embodiment, illustrated in FIG. 2, each binding region
20a, 20b can be formed of continuous zones of longitudinal and transverse fibers 16. 18.

One property contributed by the interconnection of the longitudinal and
transverse fibers 16, 18 is that the binding regions 20a, 20b are preferably interconnected
to minimize laxity and achieve stiffness similar to that of native tissue. Elastic modulus
is a property that varies based on the identity of materials used to construct the fibers
and on the technique used to interconnect the longitudinal and transverse fibers 16, 18.
Preferably, for cruciate ligament repair, the stiffness of the binding regions 20a. 20b of
the graft is higher than 100 N/mm and preferably higher than 150 N/mm.

One function of the binding regions 20a, 20b is to enable the scaffold 10 to be
anchored within a patient, such as by receiving a tissue fixation device. A tissue fixation
device can affix or anchor the scaffold 10 by extending through the scaffold 10 and/or
creating an interference fit between the scaffold 10 and a tissue region. Exemplary
tissue fixation devices which can be used with the scaffold 10 of the present invention
include screws, sutures, staples, pins, buttons, and combinations thereof.

The binding regions 20a, 20b may be configured to form a receiving area 21 for
receiving a tissue fixation device as shown in F1G. 3. The receiving area 21 may be
created by the weaving, whipping, knitting, or stitching of the longitudinal and
transverse fibers 16, 18 to create an open area devoid of fibers or an areas of reduced
fiber density. In use, the tissue fixation device can then be pushed through a binding
region or binding regions to fix the scatfold to tissue.

In one embodiment, each anchoring segment 12a, 12b can include an eyelet 22 as
illustrated in FIG. 4. A suitable eyelet 22 can be formed by a group of fibers extending
from a binding region to create a loop 24 around an open area 26. Preferably, the open
area 26 of the eyelet 22 is appropriately sized to receive a tissue fixation device such as a

tissue fixation pin. The open area 26 of the eyelet 22 can be used alone or in

conjunction with a suture to tension the graft during fixation.
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In a preferred embodiment, at least one of the anchoring segments 12a, 12b will
be affixed within a bone tunnel, such as a femoral and/or a tibial bone tunnel. Therefore
the anchoring segments 12a, 12b should be suitably sized to fit within such a bone
tunnel. Preferably, the length of the anchoring segments 12a, 12b will be approximately
equal to or less than the length of a bone tunnel, for example in the range of about 10
mm to 80 mm, and more preferably in the range of about 20 mm to 60 mm. Similarly,
the diameter of the anchoring segments 12a, 12b should also be adapted to fit within a
bone tunnel. The diameter of the anchoring segments 12a, 12b can be in the range of
about 2 mm to 15 mm.

As noted above, the scaffold 10 of the present invention also has a central
segment 14 disposed between the anchoring segments 12a, 12b. The central segment 14
includes longitudinélly oriented fibers 28 which may or may not be interconnected. The
central segment 14 is intended to provide the functionality of the connective tissue
which it replaces. For example, if the scaffold 10 is used as a replacement for an
anterior cruciate ligament, the fibers 28 of the central segment 14 provide the properties
of the native ligament and have the properties to support tissue ingrowth.

The central segment 14 preferably has sufficient length to replace the connective
tissue for which it substitutes. A person skilled in the art will appreciate that the length
of the central segment 14 will vary depending on the size of the patient and the intended
use of the scaffold 10. For example, one skilled in the art wilil realize that the sizes will
vary greatly for use of this implant in anterior cruciate ligament repair, posterior cruciate
ligament repair or flexor tendon repair.

In one embodiment, the fibers 28 of the central segment 14 do not interconnect
with each other and run between the anchoring segments 12a, 12b in bundle of
substantially longitudinally ortented fibers 28. FIGS. 5A - 5F illustrate exemplary cross
sections of the central segment 14, such as, for example, an oval shape (FIG. 5A), a
circular shape (FIG. 5B), a rectangular shape (FIGS. 5C, 5D) and an irregular shape
(FIG. 5E). In addition, the longitudinal fibers 28 of the central segment may be tightly
packed F1G. 5D or loosely grouped FI1G. SE — SF.

Where the longitudinal fibers 28 of the central segment 14 are loosely grouped,

they may be oriented in an annular pattern such that collectively the longitudinal fibers

define a central space 30 as illustrated in FIG. 5F. The annular pattern may be formed in
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a variety of ways such as by imparting a slight twist to the longitudinal fibers 28 before
binding them in the binding regions 20a, 20b. An exemplary twist of the longitudinal
fibers 28 between the anchoring segments 12a, 12b may be in the range of about 0" and
720°.

The fibers 28 of the central segment 14 may alternatively be interconnected with
one another. For example, the longitudinal fibers 28 may be loosely braided or twisted
together along the central segment 14. A variety of braid patterns may be used. For
example the longitudinal fibers 28 of the central region 14 may be grouped into several
bundles and the bundles may be braided. The braid pattern preferably orients the fibers
28 of the central segment 14 in an organized pattern.

The interconnection of the fibers 28 of the central segment 14 are characterized
by increased flexibility with respect to the binding regions 20a, 20b. The improved
flexibility is due to the lower fiber density of the central segment 14 because the fibers
are not packed and restrained. The fibers preferably have some degree of motion,
especially under cyclic load, to move and allow void space or porosity to be created
within the central segment. Preferably, the minimum amount of void space will be’
approximately 14% by volume. The increased density of the binding regions 20a, 20b is
based on including not only longitudinal fibers 16 but also transverse fibers 18. and the
longitudinal and transverse fibers 16, 18 being tightly bound together, such as, for
example in a hexagonally close packed structure.

In addition to providing physical properties and functionality that mimics that of
a natural ligament or tendon. The central segment 14 provides a region that receives and
retains any tissue fragments, cells, or bioactives that may be incorporated into the
scaffold 10 to initiate regrowth and replacement of a natural ligament or tendon. The
lower fiber density allows tissue fragments or cells to be retained within the scaffold 10,
and to populate the scaffold 10. Where the fibers 28 of the central segment 14 are
configured in an annular pattern to form a central space 30, tissue fragments, cells or
bioactives may be seeded within the central space 30. The segments 12a and 12b can
also receive and retain tissue fragments, cells, or bioactives to enhance bone repair and
integration of graft with host tissue.

The terms “longitudinal” and “transverse”, as used herein, indicate the overall

direction in which the fibers (16, 18, 28) are traveling, and include substantially
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longitudinal and transverse fibers such as those shown in FIGS. 3 — 4. Acceptable
variation from the longitudinal and transverse orientation include, by non-limiting
example, those variations created by interconnecting the fibers or imparting the fibers
with a twist. For example, a longitudinal fiber extending from one end of the scaffold to
the other may dip and rise as it encounters other fibers in a braid or weave, but overall
the fiber extends in the longitudinal direction and travels on a path substantially parallel
to adjacent fibers traveling in the longitudinal direction.

The scaffold is preferably made of a biocompatible, bioresorbable material so
that after implantation into a patient to replace or repair connective tissue, the scaftold
gradually degrades over time. When first implanted, the scaffold preferably has a tensile
strength and elastic modulus similar to that of native connective tissue, such as, for
example a ligament. The preferred tensile strength of the scatfold for an anterior
cruciate ligament or a posterior cruciate ligament in the longitudinal direction 1s between
about SO0N and 4000N, and more preferably, between about 1000N and 2500N. The
preferred stiffness of the scaffold is between about 5O0N/m and 300N/m, and more
preferably, between about 100N/m and 200N/m. As the fibers of the scaffold resorb and
are replaced by natural tissue, the strength of the fibers may diminish. Therefore, the
resorption profile of the scaffold should be sufficiently long to reinforce and provide
structure to tissue during the regeneration process. A person skilled in the art can
determine a suitable resorption profile, depending on the desired use of the scaffold, and
can tailor the resorption pfofile by varying the materials used to construct the scatfold.
Preferably, the scaffold has a slow resorption profile, such that resorption requires at
least three months, preferably more than six months, and even more preferably, at least
ten months.

In one embodiment of the present invention, the fibers of the scaffold can be
formed from a biocompatible polymer. A variety of biocompatible polymers can be
used to make the fibers according to the present invention including synthetic polymers,
natural polymers or combinations thereof. As used herein the term “*synthetic polymer”
refers to polymers that are not found in nature, even if the polymers are made from
naturally occurring biomaterials. The term “natural polymer” refers to polymers that are
naturally occurring. In embodiments where the fibers of the scaffold include at least one

synthetic polymer, suitable biocompatible synthetic polymers can include polymers
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selected from the group consisting of aliphatic polyesters, poly(amino acids),
copoly(ether-esters), polyalkylene oxalates, polyamides, tyrosine derived
polycarbonates, poly(iminocarbonates), polyorthoesters, polyoxaesters, polyamidoesters.
polyoxaesters containing amine groups, poly(anhydrides), polyphosphazenes.
polyurethanes, poly(ether urethanes), poly(ester urethanes). poly(propylene fumarate).
poly(hydroxyalkanoate) and blends thereof. Suitable synthetic polymers for use in the
present invention can also include biosynthetic polymers based on sequences found in
collagen, elastin, thrombin, silk, keratin, fibronectin, starches, poly(amino acid), gelatin,
alginate, pectin, fibrin, oxidized cellulose, chitin, chitosan, tropoelastin, hyaluronic acid,
ribonucleic acids, deoxyribonucleic acids, polypeptides, proteins, polysaccharides,
polynucleotides and combinations thereof.

For the purpose of this invention aliphatic polyesters include, but are not limited
to, homopolymers and copolymers of lactide (which includes lactic acid, D-,L- and meso
lactide); glycolide (including glycolic acid); e-caprolactone; p-dioxanone (1,4-dioxan-2-
one); trimethylene carbonate (1,3-dioxan-2-one); alkyl derivatives of trimethylene
carbonate; 8-valerolactone; B-butyrolactone; y-butyrolactone; e-decalactone;
hydroxybutyrate; hydroxyvalerate; 1,4-dioxepan-2-one (including its dimer 1,5,8,12-
tetraoxacyclotetradecane-7,14-dione); 1,5-dioxepan-2-one; 6.6-dimethyl-1,4-dioxan-2-
one; 2,5-diketomorpholine; pivalolactone; a, a diethylpropiolactone; ethylene carbonate;
ethylene oxalate; 3-methyl-1,4-dioxane-2,5-dione; 3,3-diethyl-1,4-dioxan-2,5-dione;
6,6-dimethyl-dioxepan-2-one; 6,8-dioxabicycloctane-7-one and polymer blends thereof.
Additional exemplary polymer or polymer blends include, by non-limiting example, a
polydioxanone, a polyhydroxybutyrate-co-hydroxyvalerate, polyorthocarbonate, a
polyaminocarbonate, and a polytrimethylene carbonate. Aliphatic polyesters used in the
present invention can be homopolymers or copolymers (random, block, segmented,
tapered blocks, graft, triblock, etc.) having a linear, branched or star structure.
Poly(iminocarbonates), for the purpose of this invention, are understood to include those

polymers as described by Kemnitzer and Kohn, in the Handbook of Biodegradable

Polymers, edited by Domb, et. al., Hardwood Academic Press, pp. 251-272 (1997).
Copoly(ether-esters), for the purpose of this invention, are understood to include those

copolyester-ethers as described in the Journal of Biomaterials Research, Vol. 22, pages
993-1009, 1988 by Cohn and Younes, and in Polymer Preprints (ACS Division of
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Polymer Chemistry), Vol. 30(1), page 498, 1989 by Cohn (e.g., PEO/PLA).
Polyalkylene oxalates, for the purpose of this invention, include those described in U.S.
Patent Numbers 4,208.,511; 4,141,087; 4,130,639; 4,140,678: 4.105,034; and 4.2035.399.
Polyphosphazenes, co-, ter- and higher order mixed monomer based polvmers made
from L-lactide, D,L-lactide, lactic acid, glycolide, glycolic acid, para-dioxanone,

trimethylene carbonate and e-caprolactone such as are described by Allcock in The

Encyclopedia of Polymer Science, Vol. 13, pages 31-41, Wiley Intersciences, John
Wiley & Sons, 1988 and by Vandorpe, et al in the Handbook of Biodegradable

Polymers, edited by Domb, et al., Hardwood Academic Press, pp. 161-182 (1997).
Polyanhydrides include those derived from diacids of the form HOOC-CgHg ~O-

(CHy)m-0-CgH4-COOH, where “m” is an integer in the range of from 2 to 8, and

copolymers thereof with aliphatic alpha-omega diacids of up to 12 carbons.
Polyoxaesters, polyoxaamides and polyoxaesters containing amines and/or amido groups
are described in one or more of the following U.S. Patent Nos. 5,464,929, 5,595,751,
5,597,579; 5,607,687; 5,618,552, 5,620,698; 5,645,850; 5,648,088; 5,698,213;
5,700,583; and 5,859,150. Polyorthoesters such as those described by Heller in
Handbook of Biodegradable Polymers, edited by Domb, et al., Hardwood Academic
Press, pp. 99-118 (1997).

As used herein, the term “glycolide” is understood to include polyglycolic acid.

Further, the term “lactide” is understood to include L-lactide, D-lactide, blends thereof,

and lactic acid polymers and copolymers.

Elastomeric copolymers are also particularly useful in the present invention,
including, but are not limited to, elastomeric copolymers of e-caprolactone and glycolide
(including polyglycolic acid) with a mole ratio of e-caprolactone to giycolide of from
about 35:65 to about 65:35, more preferably from 45:55 to 35:635; elastomeric

copolymers of g-caprolactone and lactide (including L-lactide, D-lactide, blends thereof,

and lactic acid polymers and copolymers) where the mole ratio of e-caprolactone to
lactide is from about 35:65 to about 65:35 and more preferably from 45:55 to 30:70 or
from about 95:5 to about 85:135; elastomeric copolymers of p-dioxanone (1,4-dioxan-2-
one) and lactide (including L-lactide, D-lactide, blends thereof, and lactic acid polymers

and copolymers) where the mole ratio of p-dioxanone to lactide is from about 40:60 to
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about 60:40; elastomeric copolymers of g-caprolactone and p-dioxanone where the mole

ratio of e-caprolactone to p-dioxanone is from about from 30:70 to about 70:30:
elastomeric copolymers of p-dioxanone and trimethylene carbonate where the mole ratio
of p-dioxanone to trimethylene carbonate is from about 30:70 to about 70:30:
elastomeric copolymers of trimethylene carbonate and glycolide (including polyglvcolic
acid) where the mole ratio of trimethylene carbonate to glycolide is from about 30:70 to
about 70:30; elastomeric copolymers of trimethylene carbonate and lactide (including L-
lactide, D-lactide, blends thereof, and lactic acid polymers and copolymers) where the
mole ratio of trimethylene carbonate to lactide is from about 30:70 to about 70:30: and

blends thereof. Examples of suitable biocompatible elastomers are described in U.S.

Patent No. 4,045.418.

In one embodiment, the elastomer is a copolymer of 35:65 e-caprolactone and
glycolide, formed in a dioxane solvent. In another embodiment, the elastomer is a

copolymer of 40:60 g-caprolactone and lactide. In yet another embodiment, the
elastomer is a 50:50 blend of a 35:65 copolymer of e-caprolactone and glycolide and

40:60 copolymer of e-caprolactone and lactide.

The fibers of the present invention can, optionally, be formed from a
bioresorbable or bioabsorbable material that has the ability to resorb in a timely fashion
in the body environment. The differences in the absorption time under in vivo

conditions can also be the basis for combining two different copolymers when forming

the fibers of the present invention. For example, a copolymer of 35:65 e-caprolactone

and glycolide (a relatively fast absorbing polymer) can be blended with 40:60 ¢-

caprolactone and L-lactide copolymer (a relatively slow absorbing polymer) to form a
biocompatible fiber. Depending upon the processing technique used, the two
constituents can be either randomly inter-connected bicontinuous phases, or the
constituents could have a gradient-like architecture with a well integrated interface
between the two constituent layers.

In an exemplary embodiment, the fibers of the present invention are made from a
95:5 copolymer of lactide and glycolide such asPANACRYL, available from Ethicon,

Inc.
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In one embodiment. it i1s desirable to use polymer blends to form fibers which
transition from one composition to another composition in a gradient-like architecture.
Scaffolds having this gradient-like architecture are particularly advantageous in tissue
engineering applications to repair or regenerate the structure of naturally occurring tissue
such as cartilage (articular, meniscal, septal, tracheal, auricular, costal, etc.), tendon,
ligament, nerve, esophagus, skin, bone, and vascular tissue. Clearly, one skilled in the
art will appreciate that other polymer blends may be used for similar gradient eftects, or
to provide different gradients (e.g., different absorption profiles, stress response profiles,
or different degrees of elasticity). For example, such design features can establish a
concentration gradient for the suspension of minced tissue associated with the prostheis
of the present invention, such that a higher concentration of the tissue fragments is
present in one region of the scaffold (e.g., an interior portion) than in another region
(e.g., outer portions).

The gradient-like transition between compositions can also be oriented in the
radial direction of the fibers. For example, some of the fibers of the scaftfold may be co-
extruded to produce a fiber with a sheath/core construction. Such fibers are comprised
of a sheath of biodegradable polymer that surrounds one or more cores comprised of
another biodegradable polymer. Fibers with a fast-absorbing sheath surrounding a
slower-absorbing core may be desirable for extended support.

In another embodiment, the fibers can be made of a bioabsorbable glass.
Bioglass, a silicate containing calcium phosphate glass, or calcium phosphate glass with
varying amounts of solid particles added to control resorption time are examples of
materials that could be spun into glass fibers and used for the reinforcing material.
Suitable solid particles that may be added include iron, magnesium, sodium, potassium,
and combinations thereof.

In embodiments where the fibers includes at least one natural polymer, suitable
examples of natural polymers include, but are not limited to, fibrin-based materials,
collagen-based materials, hyaluronic acid-based materials, glycoprotein-based materials,
cellulose-based materials, silks and combinations thereof. By way of nonlimiting
example, the biocompatible scaffold 10 can be constructed from a collagen-based small

intestine submucosa.

- - -
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In another embodiment of the present invention, a biocompatible ceramic

material can be incorporated into the anchoring segments 12a and 12b of the scaffold.
Suitable biocompatible ceramic materials include, for example, hydroxyapatite, o.-

tricalcium phosphate, B-tricalcium phosphate, bioactive glass, calcium phosphate,
calcium sulfate, calcium carbonate, xenogeneic and allogeneic bone material and
combinations thereof. Suitable bioactive glass materials for use in the present invention
include silicates containing calcium phosphate glass, or calcium phosphate glass with
varying amounts of solid particles added to control resorption time. Suitable compounds
that may be incorporated into the calcium phosphate bioactive glass include, but are not
limited to, magnesium oxide, sodium oxide, potassium oxide, and combinations thereof.

One skilled in the art will appreciate that the selection of a suitable material for
forming the biocompatible fibers of the present invention depends on several factors.
These factors include in vivo mechanical performance; cell response to the material in
terms of cell attachment, proliferation, migration and differentiation; biocompatibility;
and optionally, bioabsorption (or bio-degradation) kinetics. Other relevant factors
include the chemical composition, spatial distribution of the constituents, the molecular
weight of the polymer, and the degree of crystallinity.

In a further embodiment of the present invention, the scaffold 10 can include
bioresorbable fibers of difterent compositions. The fibers may be selected to create a
complementary mixture of fibers having different properties, or fibers having a different
composition may be added to the scaffold 10 to perform a specific job, such as for
example, cell adhesion. In one embodiment, the longitudinal fibers can be constructed
of a different material from the transverse fibers, and preferably have a longer resorption
profile.

In addition to the longitudinal and transverse bioresorbable fibers, the scaffold of
the present invention can further include at least one sample of viable tissue that is
associated with at least a portion of the scaffold. The term “viable,” as used herein,
refers to a tissue sample having one or more viable cells. Virtually any type of tissue
can be used to construct the tissue repair scaffolds of the present invention. Preferably,
the tissue used is selected from cartilage tissue, meniscal tissue, ligament tissue, tendon
tissue, skin tissue, bone tissue, muscle tissue, periosteal tissue, pericardial tissue,

synovial tissue, nerve tissue, fat tissue, kidney tissue, bone marrow, liver tissue, small
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intestine tissue, bladder tissue, pancreas tissue, spleen tissue, intervertebral disc tissue.
embryonic tissue, periodontal tissue, vascular tissue, blood and combinations thereof.
The tissue used to construct the tissue scaffolds can be autogeneic tissue, allogeneic
tissue, or xenogeneic tissue.

Where the scattold 10 is useful for ligament or tendon repair, the tissue
incorporated into the central segment is preferably bone-free tissue selected from the
group consisting of tendon tissue, ligament tissue of the same type that is to be repaired,
ligament tissue of a different type than the tissue that is to be repaired, synovial tissue,
periosteal tissue, cartilage tissue, meniscus tissue, fascia, skin, and combinations thereof.
In one embodiment, bone tissue fragments may be is applied to the anchoring segments
12a, 12b. For example, during the formation of the tibial and femoral bone tunnels for
cruciate repair, an instrument, i.e. a coring reamer, can be used to harvest the bone from
the site. This cored bone then can be used in its entirety or in fragments and placed
alongside the anchoring segments 12a, 12b.

The tissue can be obtained using any of a variety of conventional techniques,
such as for example, by biopsy or other surgical removal. Preferably, the tissue sample
is obtained under aseptic conditions. Once a sample of living tissue has been obtained,
the sample can then be processed under sterile conditions to create a suspension having
at least one minced, or finely divided, tissue particle. The particle size of each tissue
fragment can vary, for example, the tissue size can be in the range of about 0.1 and 30
mm”, but preferably the tissue particle is less than 10 mm”>. The shape of the tissue
fragments do not need to be 1sotropic (i.e., cubic or spherical), instead the tissue
fragments can be in the form of strips or sheets of tissue such that one dimension of the
tissue 1s equal to or less than Imm in thickness.

Preferably, the minced tissue has at least one viable cell that can migrate from
the tissue fragment onto the scaffold. More preferably, the tissue contains an effective
amount of cells that can migrate from the tissue fragment and begin populating the
scaffold 10. In an optional embodiment, the minced tissue fragments may be contacted
with a matrix-digesting enzyme to facilitate cell migration out of the extracellular matrix
surrounding the cells. The enzymes are used to increase the rate of cell migration out of

the extracellular matrix and into the scaffold. Suitable matrix-digesting enzymes that
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can be used in the present invention include, but are not limited to, collagenase.
chondroitinase, trypsin, elastase, hyaluronidase, petidase, thermolysin and protease.

In one embodiment, the minced tissue particles can be formed as a suspension in
which the tissue particles are associated with a physiological buffering solution.
Suitable physiological buftering solutions include, but are not limited to, saline.
phosphate buffer solution, Hank’s balanced salts, Tris buffered saline. Hepes buffered
saline and combinations thereof. In addition, the tissue can be minced in any standard
cell culture medium known to those having skill in the art, either in the presence or
absence of serum. Prior to depositing the suspension of minced tissue on the scaffold or
at the site of implantation, the minced tissue suspension can be filtered and concentrated,
such that only a small quantity of physiological buffering solution remains in the
suspension to prevent the tissue particles from drying out, and the minced tissue
particles can be directly applied to the scaffold or site of implantation. Preferably, the
minced tissue particles are loaded at a concentration in the range of approximately 1 to
100 mg/cm?, and more preferably in the range of about 1 to 20 mg/cm”.

The suspension of minced living tissue can be used to create a connective tissue
scaffold according to the present invention by depositing the suspension of living tissue
upon the scaffold, such that the tissue and the scaffold become associated. Preferably.
the tissue is associated with at least a portion of the scaffold. Additionally, the scaffold
can be implanted in a subject immediately, or alternatively, the tissue seeded scaffold
can be incubated under sterile conditions for a duration and under conditions that are
effective to maintain the viability of the tissue sample. In embodiments where the
construct is incubated, the incubation conditions can vary, but preferably, the scaffold is
incubated for a duration in the range of 1 hour to 6 weeks, and more preferably between
about 1 week and 6 weeks, at a temperature in the range of about 20 to 40 °C, and in an
atmosphere containing between about 5 and 10 % carbon dioxide (CO;) and high
humidity, e.g., approximately 100% humidity.

A kit can be used to assist in the preparation of the tissue scaffold of the present
iInvention. According to the present invention, the kit includes a sterile container that
houses one or more biocompatible scaffolds, a harvesting tool for collecting the living
tissue sample from a subject, and one or more reagents for sustaining the viability of the

tissue sample. Suitable reagents for sustaining the viability of the tissue sample include
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a physiological solution, such as for example, saline, phosphate buffering solution.,
Hank’s balanced salts, standard cell culture medium, Dulbecco’s modified Eagle’s
medium, ascorbic acid, HEPES, nonessential amino acid, L-proline, fetal bovine serum.
autologous serum, and combinations thereof. The kit can also include a processing tool
for dividing the tissue into minced tissue particles, or alternatively. the harvesting tool
can be adapted to collect the tissue sample and to process the sample into finely divided
tissue particles. The kit can, optionally, also include a delivery device for transferring
the scaffold from the sterile container to a subject for implantation.

A biological component may, optionally, be incorporated within the tissue
scaffolds of the present invention. Preferably, the biological component is incorporated
within, or coated on, the scaffolds disclosed above. In embodiments where the
biological component is coated onto the scaffold, the biological component is preferably
associated with at least a portion of the scaffold. By way of nonlimiting example, the
biocompatible scaffold can include an adhesion agent for anchoring the suspension of
minced tissue fragments to the scaffold. Preferably, the adhesion agent is an anchoring
agent, a cross-linking agent (i.e., chemical or physical), and combinations thereof.

Suitable anchoring agents include, but are not limited to, hyaluronic acid. fibrin
glue, fibrin clot, collagen gel, alginate gel, gelatin-resorcin-formalin adhesive, mussel-
based adhesive, dihydroxyphenylalanine (DOPA) based adhesive, chitosan,
transglutaminase, poly(amino acid)-based adhesive, cellulose-based adhesive,
polysaccharide-based adhesive, synthetic acrylate-based adhesives, platelet rich plasma
(PRP) gel, platelet poor plasma (PPP) gel, Matrigel, Monostearoyl Glycerol co-
Succinate (MGSA), Monostearoyl Glycerol co-Succinate/polyethylene glycol
(MGSA/PEG) copolymers, laminin, elastin, proteoglycans, and combinations thereof.

Suitable cross-linking agents include, for example, divinyl sulfone (DVS),
polyethylene glycol divinyl sulfone (VS-PEG-VS), hydroxyethyl methacrylate divinyl
sulfone (HEMA-DIS-HEMA), formaldehyde, glutaraldehyde, aldehydes, isocyanates,
alkyl and aryl halides, imidoesters, N-substituted maleimides, acylating compounds,
carbodiimide, hydroxychloride, N-hydroxysuccinimide, light (e.g., blue light and UV
Light), pH, temperature, and combinations thereof.

The biological components used in the present invention can also be selected

from among a variety of effectors that, when present at the site of injury, promote
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healing and/or regeneration of the affected tissue. In addition to being compounds or
agents that actually promote or expedite healing, the effectors may also include
compounds or agents that prevent infection (e.g., antimicrobial agents and antibiotics).

5 compounds or agents that reduce inflammation (e.g.. anti-inflammatory agents).
compounds that prevent or minimize adhesion formation, such as oxidized regenerated
cellulose (e.g., INTERCEED and Surgicel®, available from Ethicon, Inc.). hyaluronic
acid, and compounds or agents that suppress the immune system (e.g.,
Immunosuppressants).

10 By way of example, other types of effectors present within the scaffold of the
present invention can include heterologous or autologous growth factors, proteins
(including matrix proteins), peptides, antibodies, enzymes, platelets, glycoproteins,
hormones, cytokines, glycosaminoglycans, nucleic acids, anaigesics, viruses, virus
particles, and cell types. It is understood that one or more effectors of the same or

15 different functionality may be incorporated within the scaffold.

Examples of suitable effectors include the multitude of heterologous or
autologous growth factors known to promote healing and/or regeneration of injured or
damaged tissue. These growth factors can be incorporated directly into the scaffold, or
alternatively, the scaffold can include a source of growth factors, such as for example,

20 platelets. “Bioactive agents” include one or more of the following: chemotactic agents;
therapeutic agents (e.g., antibiotics, steroidal and non-steroidal analgesics and anti-
inflammatories, anti-rejection agents such as immunosuppressants and anti-cancer
drugs); various proteins (e.g., short term peptides, bone morphogenic proteins,
glycoprotein and lipoprotein); cell attachment mediators; biologically active ligands;

25 integrin binding sequence; ligands; various growth and/or differentiation agents and
fragments thereof (e.g., epidermal growth factor (EGF), hepatocyte growth factor
(HGF), IGF-I, IGF-II, TGF-8 I-111, growth and differentiation factors, vascular
endothelial growth factors (VEGF), fibroblast growth factors (FGF). platélet derived
growth factors (PDGF), insulin derived growth factor (IGF) and transforming growth

30 factors, parathyroid hormone, parathyroid hormone related peptide, bFGF; TGFB
superfamily factors; BMP-2; BMP-4; BMP-6; BMP-12; sonic hedgehog; GDF5; GDF6;
GDF8; MP52, CDMP1); small molecules that affect the upregulation of specific growth

factors; tenascin-C; hyaluronic acid; chondroitin sulfate; fibronectin; decorin:
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thromboelastin; thrombin-derived peptides; heparin-binding domains; heparin; heparan
sulfate; DNA fragments and DNA plasmids. Suitable effectors likewise include the
agonists and antagonists of the agents noted above. The growth factor can also include
5 combinations of the growth factors listed above. In addition, the growth factor can be
autologous growth factor that is supplied by platelets in the blood. In this case, the
growth factor from platelets will be an undefined cocktail of various growth factors. If
other such substances have therapeutic value in the orthopaedic field, it is anticipated
that at least some of these substances will have use in the present invention, and such

10 substances should be included in the meaning of “bioactive agent’ and ‘““bioactive
agents” unless expressly limited otherwise.

“Biologically derived agents” include one or more of the following: bone
(autograft, allograft, and xenograft) and derivates of bone; cartilage (autograft, allograft
and xenograft), including, for example, meniscal tissue, and derivatives; ligament

13 (autograft, allograft and xenograft) and derivatives; derivatives of intestinal tissue
(autograft, allograft and xenograft), including for example submucosa; derivatives of
stomach tissue (autograft, allograft and xenograft), inciuding for example submucosa;
derivatives of bladder tissue (autograft, allograft and xenograft), including for example
submucosa; derivatives of alimentary tissue (autograft, allograft and xenograft),

20 including for example submucosa; derivatives of respiratory tissue (autograft, allograft
and xenograft), including for example submucosa; derivatives of genital tissue
(autograft, allograft and xénograft), including for example submucosa; derivatives of
liver tissue (autograft, allograft and xenograft), including for example liver basement
membrane; derivatives of skin tissue; platelet rich plasma (PRP), platelet poor plasma,

25 bone marrow aspirate, demineralized bone matrix, insulin derived growth factor, whole
blood, fibrin and blood clot. Purified ECM and other collagen sources are also intended
to be included within “biologically derived agents.” If other such substances have
therapeutic value in the orthopaedic field, it is anticipated that at least some of these
substances will have use 1n the present invention, and such substances should be

30 included in the meaning of “biologically-derived agent” and “biologically-derived
agents” unless expressly limited otherwise.

“Biologically derived agents” also include bioremodelable collageneous tissue

matrices. The expressions “bioremodelable collagenous tissue matrix™ and “naturally
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occurring bioremodelable collageneous tissue matrix” include matrices derived from
native tissue selected from the group consisting of skin, artery, vein, pericardium, heart
valve, dura mater, ligament, bone, cartilage, bladder, liver, stomach, fascia and intestine,
whatever the source. Although “naturally occurring bioremodelable collageneous tissue
matrix” 1s intended to refer to matrix material that has been cleaned, processed.
sterilized, and optionally crosslinked, it is not within the definition of a naturally
occurring bioremodelable collageneous tissue matrix to purify the natural fibers and
reform a matrix material from purified natural fibers.

The proteins that may be present within the scaffold can include proteins that are
secreted from a cell or other biological source, such as for example, a platelet, which is
housed within the scaffold, as well as those that are present within the scaffold in an
isolated form. The isolated form of a protein typically is one that is about 55% or
greater in purity, i1.e., isolated from other cellular proteins, molecules, debris, etc. More
preferably, the isolated protein is one that is at least 65% pure, and most preferably one
that is at least about 75 to 95% pure. Notwithstanding the above, one skilled in the art
will appreciate that proteins having a purity below about 55% are still considered to be
within the scope of this invention. As used herein, the term “protein™ embraces
glycoproteins, lipoproteins, proteoglycans, peptides, and fragments thereof. Examples
of proteins useful as effectors include, but are not limited to, pleiotrophin, endothelin,
tenascin, fibronectin, fibrinogen, vitronectin, V-CAM, I-CAM, N-CAM, selectin,
cadherin, integrin, laminin, actin, myosin, collagen, microfilament, intermediate
filament, antibody, elastin, fibrillin, and fragments thereof.

Glycosaminoglycans, highly charged polysaccharides which play a role in
cellular adhesion, may also serve as effectors according to the present invention.
Exemplary glycosaminoglycans useful as effectors include, but are not limited to,
heparan sulfate, heparin, chondroitin sulfate, dermatan sulfate, keratan sulfate,
hyaluronan (also known as hyaluronic acid), and combinations thereof’

The scaffold of the present invention can also have cells incorporated therein.
Suitable cell types that can serve as effectors according to this invention include, but are
not limited to, osteocytes, osteoblasts, osteoclasts, fibroblasts, fibrochondrocytes, stem
cells, pluripotent cells, chondrocyte progenitors, chondrocytes, endothelial cells,

macrophages. leukocytes, adipocytes, monocytes, plasma cells, mast cells, umbilical
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cord cells, stromal cells, mesenchymal cells, epithelial cells, myoblasts, tenocytes.
ligament fibroblasts, neurons, and bone marrow cells, synoviocytes, embryonic stem
cells; precursor cells derived from adipose tissue; peripheral blood progenitor cells; stem
célls isolated from adult tissue; genetically transformed cells; a combination of
chondrocytes and other cells; a combination of osteocytes and other cells; a combination
of synoviocytes and other cells; a combination of bone marrow cells and other cells; a
combination of mesenchymal cells and other cells; a combination of stromal cells and
other cells; a combination of stem cells and other cells; a combination of embryonic
stem cells and other cells; a combination of precursor cells isolated from adult tissue and
other cells; a combination of peripheral blood progenitor cells and other cells; a
combination of stem cells isolated from adult tissue and other cells; and a combination
of genetically transformed cells and other cells. If other cells are found to have
therapeutic value in the orthopaedic field, it is anticipated that at least some of these
cells will have use in the present invention, and such cells should be included within the
meaning of “cell” and “cells” unless expressly limited. Cells typically have at their
surface receptor molecules which are responsive to a cognate ligand (e.g., a stimulator).
A stimulator is a ligand which when in contact with its cognate receptor induce the cell
possessing the receptor to produce a specific biological action. For example, in response
to a stimulator (or ligand) a cell may produce significant levels of secondary
messengers, like Ca+2, which then will have subsequent effects upon cellular processes
such as the phosphorylation of proteins, such as (keeping with our example) protein
kinase C. In some instances, once a cell is stimulated with the proper stimulator, the cell
secretes a cellular messenger usually in the form of a protein (including glycoproteins,
proteoglycans, and lipoproteins). This cellular messenger can be an antibody (e.g.,
secreted from plasma cells), a hormone, (e.g., a paracrine, autocrine, or exocrine
hormone), a cytokine, or natural or synthetic fragments thereof.

The scaffold of the invention can also be used in gene therapy techniques in
which nucleic acids, viruses, or virus particles deliver a gene of interest, which encodes
at least one gene product of interest, to specific cells or cell types. Accordingly, the
biological effector can be a nucleic acid (e.g., DNA, RNA, or an oligonucleotide), a
virus, a virus particle, or a non-viral vector. The viruses and virus particles may be, or

may be derived from, DNA or RNA viruses. The gene product of interest is preferably
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selected from the group consisting of proteins, polypeptides, interference ribonucleic
acids (iIRNA) and combinations thereof.

Once the applicable nucleic acids and/or viral agents (i.e., viruses or viral
particles) are incorporated into the scaffold, and can then be implanted into a particular
site to elicit a type of biological response. The nucleic acid or viral agent can then be
taken up by the cells and any proteins that they encode can be produced locally by the
cells. In one embodiment, the nucleic acid or viral agent can be taken up by the cells
within the tissue fragment of the minced tissue suspension, or, in an alternative
embodiment, the nucleic acid or viral agent can be taken up by the cells in the tissue
surrounding the site of the injured tissue. One skilled in the art will recognize that the
protein produced can be a protein of the type noted above, or a similar protein that
facilitates an enhanced capacity of the tissue to heal an injury or a disease, combat an
infection, or reduce an inflammatory response. Nucleic acids can also be used to block
the expression of unwanted gene product that may impact negatively on a tissue repair
process or other normal biological processes. DNA, RNA and viral agents are often
used to accomplish such an expression blocking function, which is also known as gene
expression knock out.

One skilled in the art will appreciate that the identity of the biological component
may be determined by a surgeon, based on principles of medical science and the
applicable treatment objectives.

The biological component or effector of the scaffold can be incorporated before
or after manufacture of the scaffold, or betore or after the surgical placement of the
scaftold.

Prior to surgical placement, the scaffold can be placed in a suitable container
comprising the biological component. After an appropriate time and under suitable
conditions, the scaffold will become impregnated with the biological component.
Alternatively, the biological component can be incorporated within the scaffold by, for
example, using an appropriately gauged syringe to inject the biological agent(s) into the
scaffold. Other methods well known to those skilled in the art can be applied in order to
load a scaftfold with an appropriate biological component, such as mixing, pressing,

spreading, centrifuging and placing the biological component into the scaffold.

Alternatively, the biological component can be mixed with a gel-like carrier prior to
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injection into the scaffold. The gel-like carrier can be a biological or synthetic hydrogel.
including an alginate, a cross-linked alginate, hyaluronic acid, collagen gel. fibrin giue.
fibrin clot, gelatin-resorcin-formalin adhesive, mussel-based adhesive,
dihydroxyphenylalanine (DOPA) based adhesive, chitosan, transglutaminase,
poly(amino acid)-based adhesive, cellulose-based adhesive, polysaccharide-based
adhesive, synthetic acrylate-based adhesives, platelet rich plasma (PRP) gel, platelet
poor plasma (PPP) gel, Matrigel, Monostearoyl Glycerol co-Succinate (MGSA),
Monostearoyl Glycerol co-Succinate/polyethylene glycol (MGSA/PEG) copolymers,
laminin, elastin, proteoglycanspoly(N-isopropylacrylamide), poly(oxyalkylene). a
copolymer of poly(ethylene oxide)-poly(propylene oxide), poly(vinyl alcohol) and

combinations thereof.

Following surgical placement, a scaffold devoid of any biological component can
be infused with biological agent(s), or a scaffold that includes at least one biological
component can be augmented with a supplemental quantity of the biological component.
One method of incorporating a biological component within a surgically installed
scaffold is by injection using an appropriately gauged syringe.

The amount of the biological component included with a biocompatible scaffold
will vary depending on a variety of factors, including the size of the scaffold, the
material from which the scaffold is made, the density of the scaffold, the identity of the
biologically component, and the intended purpose of the tissue scaffold. One skilled in
the art can readily determine the appropriate quantity of biological component to include
within the scaffold for a given application in order to facilitate and/or expedite the
healing of tissue. The amount of biological component will, of course, vary depending
upon the 1dentity of the biological component and the given application.

In another embodiment, the scaffold can include an additional retaining element
that is placed over the tissue-laden scaffold. Preferably, in this embodiment, at least a
portion of the tissue suspension is associated with at least a portion of the outer surface
of the scaffold, such that the tissue suspension is “sandwiched” between the scaffold and
the retaining eilement. The retaining element can be formed from virtually any
biocompatible material, and in one embodiment, the retaining element can be formed
using tissue grafts, including grafts obtained from allogeneic tissue, autogeneic tissue,

and xenogeneic tissue, an additional biocompatible material selected from the
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biocompatible materials disclosed above, and combinations thereof. In another
embodiment, the retaining element can be a porous mesh, a porous mesh-like material,
such as for example, a knit, a weave, a nonwoven, or a thin, perforated elastomeric sheet
having pores or perforations to allow tissue ingrowth. The thin, perforated elastomeric
sheets are preferably constructed from collagen or silk or blends or copolymers of
polylactic acid (PLA), polyglycolic acid (PGA), polycaprolactone (PCL) and
polydioxanone (PDO). The type of retaining element used can vary according to the
desired tissue repair. By way of non-limiting example, in one embodiments for ACL
repair, the retaining element can be a mesh structure. In embodiments where the
retaining element is an allograft or an autograft, preferably the allograft or autograft is
selected from periosteum, perichondrium, iliotibial band or fascia lata, gracilis tendon,
semitendinosis tendon, patellar tendon, synovium and combinations thereof. In
embodiments where the retaining element is a xenograft, the xenograft is preferably
selected from the corresponding anatomical structure for small intestine, periosteum,
perichondrium, iliotibial band or fascia lata, gracilis tendon, semitendonous tendon,
patellar tendon, synovium, and combinations thereof. These retaining elements can be
placed over the scaffold 10, or alternatively, the retaining element can be affixed, such
as for example, by suturing or stapling, the scaffold 10 to act as a retaining element.
One skilled in the art will appreciate that additional processing of the retaining element,
such as for example, the placement of holes within the retaining element, may be
determined by a surgeon, based on principles of medical science and the applicable
treatment objectives.

In one embodiment, the retaining element is an electrostatically spun fabric
added to the scaffold to act as a barrier to hyperplasia and tissue adhesion, thus reducing
the possibility of postsurgical adhesions. The fabric barrier is preferably in the form of
dense fibrous fabric that is added to the scaffold. Preferably, the fibrous fabric is
comprised of small diameter fibers that are fused to the top and/or bottom surface of the
scaffold. This enables certain surface properties of the structure, such as porosity,
permeability, degradation rate and mechanical properties, to be controlled.

The composition, thickness, and porosity of the fibrous layer may be controlled
to provide the desired mechanical and biological characteristics. For example, the

bioabsorption rate of the fibrous layer may be selected to provide a longer or shorter
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bioabsorption profile as compared to the underlying scaffold. The fibrous layer may be
constructed from the biocompatible polymers discussed above. Additionally, the fibrous
layer may provide greater structural integrity to the composite so that mechanical force
may be applied to the fibrous side of the structure. In one embodiment the fibrous layer
could allow the use of sutures, staples or various fixation devices to hold the composite
in place. Preferably the thickness of the fibrous layer is in the range of about I micron
to 1000 microns.

In another preferred embodiment, the retaining element is constructed from a
naturally occurring extracellular matrix material (“ECM”), such as that found in the
stomach, bladder, alimentary, respiratory, urinary, integumentary, genital tracts, or liver
basement membrane of animals. Preferably, the ECM is derived from the alimentary
tract of mammals, such a cow, sheep, dogs, and most preferably from the intestinal tract
of pigs. The ECM is preferably, small intestine submucosa (*SIS”) which can include
the tunica submucosa, along with basilar portions of the tunica mucosa, particularly the
lamina muscularis mucosa and the stratum compactum.

For the purposes of this disclosure, it is within the definition of a naturally
occurring ECM to clean and/or comminute the ECM, or even to cross-link the collagen
fibers within the ECM. However, it is not within the definition of a naturally occurring
ECM to extract and purify the natural fibers and reform a matrix material from purified
natural fibers. Also, while reference is made to SIS, it 1s understood that other naturally

occurring ECMs are within the scope of this disclosure. Thus, as used herein, the terms

“naturally occurring extracellular matrix” or “naturally occurring ECM” are intended to
refer to extracellular matrix material that has been cleaned, disinfected, sterilized, and
optionally cross-linked.

Where SIS is used, a SIS graft 32 can be harvested in a variety of ways, as will
be understood by one skilled in the art. The resulting graft material can have a variety of
geometries and consistencies including for example, cotled, helical, spring-like,
randomized, branched, sheet-like, tubular, spherical, fragmented, fluidized, comminuted,
liquefied, foamed, suspended, gel-like, injectable, powdered, ground, and sheared. In a
preferred embodiment, the SIS graft 32 is prepared as a tubular or sheet-like shape

which can be used to cover the scaffold of the present invention.
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In one embodiment illustrated in FIGS. 6 — 7, a tubular ECM graft 32 (e.g., SIS)
IS used as a sleeve to cover at least part of the scaffold. Alternatively. a layer or layers
of a sheet-like ECM graft 32 may be wrapped around the exterior of the scaffold.

S  AECM graft 32, such as a SIS grafft, is particularly advantageous for use with
the present invention to provide a smooth exterior surface for easy insertion of the
scaffold into a bone tunnel without damaging the longitudinal and/or transverse fibers
and to protect minced tissue positioned on the fibers. The ECM graft 32 can cover at
least part of the scaffold and a minced tissue and/or a biological component could be

10 positioned between the ECM graft 32 and the scaffold The minced tissue and/or
biological component can be added prior to positioning the ECM graft 32, or the
scaffold and ECM graft 32 could be implanted and then the minced tissue and/or
biological component could be arthroscopically injected between the ECM graft 32 and
the scaffold. In one embodiment, minced ACL tissue and PRP are arthroscopically

15 injected between the ECM graft 32 and the scaffold .

In an alternative embodiment, the ECM may be mixed with the minced tissue or
biological component of the present invention, particularly where the ECM is injectable
or spreadable. In one embodiment, the ECM is used as a foam mixed with a minced
tissue and/or a biological component as discussed above.

20 In one embodiment of the present invention, the scaffold is used in the treatment
of a tissue injury, such as injury to a ligament or tendon. Repairing such injuries
involves the steps of obtaining a sample of the damaged living tissue by any of the
variety of techniques known to those having skill in the art, processing that sample of
living tissue under sterile conditions, such as for example by cutting the tissue, to create

25 at least one minced, finely divided tissue particle, depositing the tissue sample upon the
scaffold, such that the tissue sample becomes associated with the scaffold, and placing
the scaffold in a desired position relative to the tissue injury. Repairing tissue injuries
may also involve placing the scaffold at the site of tissue injury and then depositing the
fine tissue particles onto the scaffold. The cells in the tissue particles associated with the

30 scaffold can migrate to the scaffold and begin proliferating and integrating with
surrounding tissue at the site of implantation, thereby repairing the tissue injury. This
method for repairing tissue injuries can include an additional, optional step. Prior to the

step of placing the scaffold in a desired position relative to the tissue injury, the scaffold
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and associated tissue particles can be incubated for a duration and under conditions
effective to allow cells within the tissue particles to migrate from the tissue and begin
populating the scaffold

The tissue samples used in the present invention are obtained from a donor
(autogeneic, allogeneic, or xenogeneic) using appropriate harvesting tools. The tissue
samples can be finely minced and divided into small particles either as the tissue 1s
collected, or alternatively, the tissue sample can be minced after it is harvested and
collected outside the body. In embodiments, where the tissue sample is minced after it is
harvested, the tissue samples can be weighed and then washed three times in phosphate
buffered saline. Approximately 300 to 500 mg of tissue can then be minced in the
presence of a small quantity, such as, for example, about 1 ml, of a physiological
buffering solution, such as, for example, phosphate buffered saline, or a matrix digesting
enzyme, such as, for example, 0.2 % collagenase in Hams F12. Mincing the tissue
divides the tissue into particles or small pieces of approximately Imm’. Mincing the
tissue can be accomplished by a variety of methods. In one embodiment, the mincing is
accomplished with two sterile scalpels using a longitudinal direction, and in another
embodiment, the tissue can be minced by a processing tool that automatically divides the
tissue into particles of a desired size. In one embodiment, the minced tissue can be
separated from the physiological fluid and concentrated using any of a variety of
methods known to those having skill in the art, such as for example, sieving,
sedimenting or centrifuging. In embodiments where the minced tissue is filtered and
concentrated, the suspension of minced tissue preferably retains a small quantity of fluid
in the suspension to prevent the tissue from drying out. In another embodiment, the
suspension of minced tissue is not concentrated, and the minced tissue can be directly
delivered to the site of tissue repair via a high concentration tissue suspension or other
carrier such as for example, a hydrogel, fibrin glue, or collagen. In this embodiment, the
minced tissue suspension can be covered by any of the biocompatible materials
described above to retain the tissue fragments in place.

The minced tissue can then be distributed onto the scaffold using a cell spreader
so as to cover the entire scaffold. The minced tissue can also be injected into the
scaffold. Optionally, the tissue particles can be adhered to the scaffolds using any of the

adhesive agents described above, such as, for example, fibrin glue or platelet rich
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plasma. In embodiments using fibrin glue or platelet rich plasma, an activator can be
used to form a clot or glue. An activator can be, but is not limited to, thrombin,
adenosine di-phosphate (ADP), collagen, epinephrine, arachidonic acid, Ristocetin,
calcium chloride and combinations thereof. Once the tissue particles and anv additional
agents have been deposited on the scaffold . the scaffold can then implanted

immediately, or alternatively, the scaffold can be cultured in virro for a duration and
under conditions sufficient to allow the cells in the tissue particles to migrate from the
tissue particles onto the scaffold. In an embodiment where the tissue repair scaffold is
incubated prior to implantation, the scaffold is preferably cultured in vitro for
approximately 1- 3 weeks in a fibroblast growth medium, such as for example, DMEM-
high glucose, supplemented with 20% fetal calf serum (FCS), 100 mg/ml penicillin, 100
mg/ml of streptomycin and 0.25 mg/ml of amphotericin B. In another embodiment, the
scaffold may be implanted and then the tissue particles and any addition agents may be
deposited onto the scaffold.

The methods of repairing tissue injuries using the tissue scaffolds according to
the present invention can be conducted during a surgical operation to repair the tissue
injury. Alternatively, the steps of processing the tissue sample to create minced, finely
divided tissue particles, depositing the tissue particles upon the scaffold, and/or
incubating the scaffold prior to implantation can be conducted at another. sterile location
prior to surgical placement of the scaffold relative to the site of injury.

As noted above, the biological component may be added to the scaffold during or
after manufacture of the scaffold or before or after the scaffold is installed in a patient.
An additional quantity of the biological component may be added after the scaffold is
installed. Once access is made into the affected anatomical site (whether by minimally
invasive, open or mini-open surgical technique), the scaffold can be affixed to a desired
position relative to the tissue injury. Once the scaffold is placed in the desired position,
It can be affixed by using a suitable technique. In one aspect, the scaffold can be affixed
by a chemical and/or mechanical fastening technique. Suitable chemical fasteners
include glues and/or adhesive such as fibrin glue, fibrin clot, and other known
biologically compatible adhesives. Suitable mechanical fasteners include sutures,
staples, tissue tacks, suture anchors, darts, screws, buttons, pins and arrows. It is

understood that combinations of one or more chemical and/or mechanical fasteners can
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be used. Alternatively. one need not use any chemical and/or mechanical fasteners.
Instead, placement of the scaffold can be accomplished through an interference fit of the
scaffold with an appropriate site in the tissue to be treated.

In embodiments where the scaffold is used to repair ligament tissue. the scaffold
can be used for tissue augmentation, or alternatively, as a stand-alone device. In
embodiments where the scaffold is used for augmentation, the scaffold can be used in
conjunction with any of a variety of standard, established repair techniques known to
those having skill in the art. In embodiments where the scaffold is used for
augmentation during ACL repair, surgeons currently use an autograft consisting of
ligament tissue, bone-patellar tendons, tendon-bone tendons, hamstring tendons, or
iliotibial band to repair tissue, and the scaffold of the present invention can be placed
either around the autograft, surrounded by the autograft, or alongside the autograft. In
embodiments where the tissue repair element is used as a stand-alone device, the
ruptured ligament can be removed and completely replaced by the scaffold, with the
ruptured ligament preferably providing source for minced tissue. The scaffold can then
be affixed to bone. In the case of ACL repair, one end of the scaffold can be stabilized
at the original origin site of the femur, while the other end can be placed at the original
insertion site on the tibia.

The following examples are illustrative of the principles and practice of this
invention. Numerous additional embodiments within the scope and spirit of the

invention will become apparent to those skilled in the art.

EXAMPLE 1

Native anterior cruciate ligament (ACL) tissue was excised from a goat knee and
the ACL was reconstructed using a ligament graft resembling that of the type shown in
FIG. 4. The graft was formed of PANACRL, a 95:5 copolymer of lactide and glycolide,
and was prepared for implantation by incorporating into the graft about 2 mi. of platelet
rich plasma (PRP). In one evaluation about 600 mg. minced ACL fragments (about 1
mm. in size) was also incorporated into the graft. The purpose of this study was to
evaluate the potential of synthetic scaffolds with autologous growth factors and/or
minced tissue to regenerate the ACL. The grafts were 3.5mm in diameter and the PRP

and the minced tissue were placed on the graft before insertion into the tibial and
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femoral bone tunnels. A VICRYL mesh was sutured around the PANACRYL graft and
minced tissue to help retain the tissue on the graft. Fixation of the device was achieved
on both the femoral and tibial side using a screw/washer system. After 12 weeks, the

ligament portion of the ACL was excised, preserved in 10% buffered formalin fixative,

and processed for histology. Histological sections were stained with Hematoxylin and
Eosin. FIG. 8 shows the implant that was formed of PANACRYL and PRP only in
which newly generated collagen is deposited along the fibers of the scaffold. FIG. 9
shows an image acquired under polarized light of a graft that was formed of
PANACRYL, PRP and minced tissue in which new collagen is formed between the

fibers and there is order within the new collagen as evidenced by birefringence.

EXAMPLE 2
A synthetic ACL graft of the type shown in FIG. 4 and formed of PANACRYL,

a 95:5 copolymer of lactide and glycolide, was tested mechanically in tension with a
gauge length of 8 inches and a strain rate of 1 inch/min. The stiffness was measured to
be 160 N/mm and the graft was found to have an ultimate tensile strength of 2600N.

One skilled in the art will appreciate further features and advantages of the
invention based on the above-described embodiments. Accordingly, the invention is not
to be imited by what has been particularly shown and described, except as indicated by
the appended claims. All publications and references cited herein are expressly
Incorporated herein by reference in their entirety.

What is claimed 1s:
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l. A connective tissue scaffold, comprising:

opposed first and second anchoring segments formed of a plurality of
bioresorbable polymeric fibers oriented in a direction substantially parallel to a
longitudinal axis of the scaffold and a plurality of bioresorbable polymeric fibers

oriented in a direction substantially transverse to a longitudinal axis of the scaffold: and

a central segment, adjoining the first and second anchoring segments.
formed of a plurality of bioresorbable polymeric fibers oriented in a direction

substantially parallel to the longitudinal axis of the scaffold.

2. The scaffold of claim 1, wherein the fibers are formed of a material selected from
the group consisting of a synthetic polymer, a natural polymer, , and combinations

thereof.

3. The scaffold of claim 1, wherein the fibers of the scaffold take longer than six

months to resorb when implanted in a biological system.

4. The scaffold of claim 1, wherein the fibers of the first and second anchoring

segments are joined in a weave pattern.

5. The scatfold of claim 4, wherein the weave pattern comprises one or more
regions having a plurality of longitudinally oriented fibers separated by one or more

regions having transversely oriented fibers woven with longitudinally oriented fibers.

6. The scaffold of claim 1, wherein the fibers of the central segment are joined in a

braid pattern.

7. The scaffold of claim 1, wherein the first and second anchoring segments

comprise a mesh.

8. The scatfold of claim 1, wherein the fiber density of the central segment is less

that the fiber density of the first and second anchoring segments.
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9. The scaffold of claim 1, wherein the fibers of the central segment are oriented in

an annular pattern and a space is centrally formed between the annularly oriented fibers.

10.  The scaffold of claim 1, wherein the scaffold further includes a biocompatible.
bioresorbable material covering at least a portion of the first and second anchoring

segments and the central segment.

11.  The scaffold of claim 10, wherein the bioresorbable material is a biological

material.

12. The scaffold of claim 11, wherein the bioresorbable material is small intestine

submucosa.

13, The scaffold of claim 12, wherein the bioresorbable material is formed over the
first and second anchoring segments and the central segment as a wrap, sleeve, or

sheath.

14.  The scaffold of claim 1, further comprising at least one minced tissue particle
that is associated with at least a portion of the scaffold, wherein the at least one minced
tissue particle includes an etfective amount of viable cells that can migrate out of the

minced tissue particle and populate the scaffold.

5.  The scaffold of claim 14, wherein the at least one minced tissue particle
comprises a bone-free tissue type selected from the group consisting of tendon.
ligament, patellar tendon, anterior cruciate ligament, posterior cruciate ligament, medial
collateral ligament, lateral collateral ligament, periosteum, perichondrium, iliotibial band
or fascia lata, gracilis tendon, semitendinosis tendon, synovium, skin, and combinations

thereof.

16.  The scaffold of claim 14, wherein the at least one minced tissue particle

comprises a bone tissue type that is placed in the first and second anchoring segments of
the scatfold.
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17.  The scaffold of claim 14, wherein the scaffold further comprises an adhesion

agent.

18.  The scaffold of claim 17, wherein the adhesion agent comprises an anchoring
agent selected from the group consisting of hyaluronic acid, fibrin glue, fibrin clot.
collagen gel, gelatin-resorcin-formalin adhesive, mussel-based adhesive,
dihydroxyphenylalanine (DOPA) based adhesive, chitosan, transglutaminase,
poly(amino acid)-based adhesive, cellulose-based adhesive, synthetic acrylate-based
adhesives, platelet rich plasma (PRP) gel, plateiet poor plasma (PPP) gel, Matrigel.
Monostearoyl Glycerol co-Succinate (MGSA), Monostearoyl Glycero!l co-
Succinate/polyethylene glycol (MGSA/PEG) copolymers, laminin, elastin,

proteoglycans, and combinations thereof.

19.  The scaffold of claim 17, wherein the adhesion agent comprises a cross-linking
agent selected from the group consisting of divinyl sulfone (DVS), polyethylene glycol,
diviny! sulfone (VS-PEG-VS), hydroxyethyl methacrylate divinyl sulfone (HEMA-DIS-
HEMA), formaldehyde, glutaraldehyde, aldehydes, isocyanates, alky! and ary! halides,
imidoesters, N-substituted maleimides, acylating compounds, carbodiimide,
hydroxychlonde, N-hydroxysuccinimide, light, pH, temperature, and combinations

thereof.

20.  The scaffold of claim 14, wherein the at least one minced tissue particle

comprises autogeneic tissue.

21.  The scaffold of claim 1, wherein the bioresorbable polymeric fibers of the
scaffold are made from polymers or copolymers formed from monomers selected from

the group consisting of lactide, glycolide, dioxanone, and caprolactone.

22.  The scaffold of claim 21, wherein the bioresorbable polymeric fibers of the
scaffold are made from a copolymer having a ratio of monomers of about 95:5 lactide

and glycolide.
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23.  The scaffold of claim 1, wherein the bioresorbable polymeric fibers of the
scaffold are made from polymers or polymer blends selected from the group consisting
of aliphatic polyesters, a polylactide, a polygiycolide, a polydioxanone. a
polycaprolactone, a polyhydroxybutyrate, a polyhydroxybutyrate-co-hydroxyvalerate, a
polyorthocarbonate, a polyaminocarbonate, a polytrimethylene carbonate, poly(amino
acids), copoly(ether-esters), polyalkylene oxalates, polyamides, tyrosine derived
polycarbonates, poly(iminocarbonates), polyorthoesters, polyoxaesters, polyamidoesters.
polyoxaesters containing amine groups, poly(anhydrides), polyphosphazenes,
polyurethanes, poly(ether urethanes), poly(ester urethanes), poly(propylene fumarate),

poly(hydroxyalkanoate), and copolymers which incorporate monomers which form such

polymers.

24.  The scaffold of claim 1, wherein the biosynthetic polymers of the scaffold are
made from polymers or copolymers based on repeating units found in collagen, elastin,
thrombin, silk, keratin, fibronectin, starches, poly(amino acid), gelatin, alginate, pectin,
fibrin, oxidized cellulose, chitin, chitosan, tropoelastin, hyaluronic acid, ribonucleic
acids, deoxyribonucleic acids, polypeptides, proteins, polysaccharides, polynucleotides,

and combinations thereof.

25.  The scaffold of claim 1, wherein the scaffold comprises a ligament graft.
26.  The scaffold of claim 1, wherein the scaffold comprises a cruciate ligament graft.

27.  The scaffold of claim 14, wherein the scaffold further comprises at least one

additional biological component applied thereto.

28.  The scaffold of claim 27, wherein the at least one additional biological
component comprises heterologous or autologous growth factors, proteins, matrix
proteins, peptides, antibodies, antibiotics, anti-inflammatories, therapeutic agents,
chemotactic agents, cell attachment mediators, biologically active ligands, integrin
binding sequence, enzymes, cytokines, glycosaminoglycans, viruses, virus particles,

nucleic acids, analgesics, cells, platelets, and combinations thereof,
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29.  The scaffold of claim 1, further comprising an eyelet formed on opposed ends of

the first and second anchoring segment.

30. A connective tissue scaffold. comprising:

opposed first and second anchoring eyelets formed of a plurality of
bioresorbable polymeric fibers and defining an open area;

first and second binding regions adjacent the opposed first and second
eyelets, the first and second binding regions being formed of a plurality of bioresorbabie
polymeric fibers oriented in a direction substantially parallel to a longitudinal axis of the
scaffold and in a direction that is not substantially parallel to the longitudinal axis; and

a central segment, adjoining the first and second binding regions, formed
of a plurality of bioresorbable polymeric fibers oriented in a direction substantially

parallel to the longitudinal axis of the scaffold.

31.  The scaffold of claim 30, wherein the fibers of the first and second binding

regions are joined in a weave pattern.

32.  The scaffold of claim 30, wherein the scaffold further includes a biocompatible,
bioresorbable material covering at least a portion of the first and second binding regions

and the central segment.

33. The scaffold of claim 32, wherein the bioresorbable material is a biological

material.

34, The scaffold of claim 33, wherein the bioresorbable material is small intestine

submucosa.

35.  The scaffold of claim 33, wherein the bioresorbable material is formed over the
first and second anchoring eyelets, the first and second binding regions, and the central

segment as a wrap, sleeve, or sheath.
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36.  The scaffold of claim 30, further comprising at least one minced tissue particle
that is associated with at least a portion of the scaffold, wherein the at least one minced
tissue particle includes an effective amount of viable cells that can migrate out of the at

least one minced tissue particle and populate the scaffold.

37.  The scaffold of claim 36, where in the at least one minced tissue particle
comprises a bone-free tissue type selected from the group consisting of tendon,
ligament, patellar tendon, anterior cruciate ligament, posterior cruciate ligament, medial
collateral ligament, lateral collateral ligament, periosteum, perichondrium, iliotibial band

or fascia lata, gracilis tendon, semitendinosis tendon, synovium, skin and combinations

thereof.

38.  The scaffold of claim 36, wherein the at least one minced tissue particle

comprises a bone tissue type that is placed in the first and second anchoring segments of

the scaffold.

39.  The scaffold of claim 36, wherein the scaffold further comprises an adhesion

agent.

40.  The scaffold of claim 39, wherein the adhesion agent comprises an anchoring
agent selected from the group consisting of hyaluronic acid, fibrin glue, fibrin clot,
collagen gel, gelatin-resorcin-formalin adhesive, mussel-based adhesive.
dihydroxyphenylalanine (DOPA) based adhesive, chitosan, transglutaminase,
poly(amino acid)-based adhesive, cellulose-based adhesive, synthetic acrylate-based
adhesives, platelet rich plasma (PRP), Matrigel, Monostearoyl Glycerol co-Succinate
(MGSA), Monostearoyl Glycerol co-Succinate/polyethylene glycol (MGSA/PEG)

copolymers, laminin, elastin, proteoglycans, and combinations thereof.

41.  The scaffold of claim 39, wherein the adhesion agent comprises a cross-linking
agent selected from the group consisting of divinyl sulfone (DVS), polyethylene glycol
divinyl sulfone (VS-PEG-VS), hydroxyethyl methacrylate diviny! sulfone (HEMA-DIS-
HEMA), formaldehyde, glutaraldehyde, aldehydes, isocyanates, alkyl and ary! halides,
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imidoesters, N-substituted maleimides, acylating compounds. carbodiimide,
hydroxychloride, N-hydroxysuccinimide, light, pH, temperature, and combinations

thereotf.

42.  The scaffold of claim 30, wherein the bioresorbable polymeric fibers of the
scaffold are made from polymers or copolymers formed from monomers selected from

the group consisting of lactide, glycolide, dioxanone, and caprolactone.

43.  The scaffold of claim 42, wherein the bioresorbable polymeric fibers of the

scaffold are made from a copolymer having a ratio of monomers of about 95:5 lactide

and glycolide.

44,  The scaffold of claim 30, wherein the scaffold comprises a ligament graft.

45.  The scaffold of claim 44, wherein the scaffold comprises a cruciate ligament

graft.

46.  The scaffold of claim 36, wherein the scaffold further comprises at least one

additional biological component applied thereto.

47.  The scaftold of claim 46, wherein the at least one additional biological
component comprises heterologous or autologous growth factors, proteins, matrix
proteins, peptides, antibodies, antibiotics, anti-inflammatories, chemotactic agents, cell
attachment mediators, btologically active ligands, integrin binding sequence, enzymes,
cytokines, glycosaminoglycans, viruses, virus particles, nucleic acids, analgesics, cells,

platelets, and combinations thereof.
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