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BIOMEDICAL PATCHES WITH SPATIALLY ARRANGED FIBERS
BACKGROUND

[0001] Numerous pathological conditions and surgical procedures result in substantial
defects in a variety of organs, tissues, and anatomical structures. In the majority of such cases,
surgeons and physicians are required to repair such defects utilizing specialized types of surgical
meshes, materials, and/or scaffolds. Unfortunately, the in vivo performance of known surgical
materials is negatively impacted by a number of limiting factors. For instance, existing synthetic
surgical meshes typically result in excessive fibrosis or scarification leading to poor tissue
integration and increased risk of post-operative pain. Simultaneously, known biologic materials
may induce strong immune reactions and aberrant tissue ingrowth which negatively impact
patient outcomes. Additionally, existing synthetic surgical meshes can create scarification, post-
operative pain, limited mobility, limited range of motion, adhesions, infections, erosion, poor
biomechanical properties, and/or poor intraoperative handling.

[0002] Nanofabricated or nanofiber meshes or materials composed of reabsorbable
polymer fibers tens to thousands of times smaller than individual human cells have recently been
proposed as a unique substrate for implantable surgical meshes and materials. Generally,
existing nanofiber materials tend to possess suboptimal mechanical performance compared to
known surgical meshes. Existing nanofiber materials do not possess the tensile strength, tear
resistance, and burst strength needed for numerous surgical applications or for basic
intraoperative handling prior to in vive placement. To combat this deficiency, known meshes are
formed using higher fiber densities as a means of improving mechanical strength. Yet,
utilization of such high-density meshes can decrease effective cellular ingrowth into the mesh,
decrease mesh integration with native tissue, and reduce the biocompatibility of the polymeric
implant. As a result, nanofiber materials with increased thickness and/or strength and favorable
cellular and/or tissue integration and biocompatibility is needed as well as a method for

producing nanofiber materials.

SUMMARY

[0003] In one aspect, there is provided a system for producing a structure including a plurality

of fibers, the system comprising:



la

a polymer collector having a predefined pattern, wherein the collector is charged at a first polarity;
and ‘

a spinneret configured to dispense a polymer, wherein the spinneret is charged at a second polarity
substantially opposite the first polarity such that polymer dispensed from the spinneret forms a plurality
of fibers on the predefined pattern of the fiber collector, wherein the predefined pattern is configured to

produce a structure with at least two fiber densities.



[0004] In one aspect, there is provided a method for producing a structure including a
plurality of fibers, the method comprising:

providing a collector with a predefined pattern;

charging the collector with a first polarity;

providing a spinneret, the spinneret configured to dispense a polymer on the provided collector;

charging the spinneret to a second polarity substantially opposite the first; and

dispensing a polymer on the collector, such that the polymer forms a plurality of fibers defining the
structure, wherein the structure has at least two densities formed by the plurality of fibers, wherein
providing a collector further comprises providing a collector such that the predefined pattern is
configured to produce a structure with at least two fiber densities.

[0005] In one aspect, there is provided a method for repairing a defect of a substrate, said
method comprising:

providing a substrate with a defect;
providing a structure formed from a plurality of polymeric fibers, the structure having a plurality of
densities;

applying the structure to the substrate, and coupling the structure to the substrate.

[0006] A method for producing a structure for use in repairing a defect in a substrate is
provided. The method includes providing a first layer formed by a plurality of polymeric fibers,
providing a second layer formed by a plurality of polymeric fibers, the second layer having a
plurality of densities, and coupling the first layer and the second layer together using a first
coupling process such that the first and second layers are configured to separate after at least one

of a predetermined time and an environmental condition.

[0007] A structure for use in repairing a defect in a substrate is provided. The structure
includes a first layer formed by a plurality of polymeric fibers and a second layer coupled to the
first layer using a first coupling process, the second layer having a plurality of densities formed
by a plurality of polymeric fibers, wherein the first and second layers are configured to separate

after at least one of a predetermined time and an environmental condition.
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[0008] A method for repairing a defect of a substrate is provided. The method includes
providing a substrate with a defect, providing a structure formed from a plurality of polymeric
fibers, the structure comprising a first layer formed by a plurality of polymeric fibers, and a
second layer coupled to the first layer, the second layer having a plurality of densities formed by
a plurality of polymeric fibers, wherein the first and second layers are configured fo separate
after at least one of a predetermined time and an environmental condition, and applying the

structure to the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The embodiments described herein may be better understood by referring to the

following description in conjunction with the accompanying drawings.
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{001G] FIG. 1is o Glagram lustrating an electrospinning system {or producing a siucture
of spatially arranged fibers,

(00117 PIG. 2 is a dingram of 2 collecior removed from the electrospinning system of FIG.
1 and having a plurality of fibers deposited thereon forming a patch.

{00121 FIG. 3 s ap illustration of a biomedical patch inchuding a plurality of spatially
arranged elecwospun {ibers deposited on a collecior shown in FIG. 1

{0013] FIG. 4 i another Hhustradon of 2 biomedical patch inchuding a plurality of spatially
arranged electrospun fibers deposited on a collector shown in FIG, 1.

{0014] FIG. § is an iHustration of a solid $iber spinneret shown in FIG, |

[00G13] FIG. 6 is an illustration of a co~axial fiber spinneret shown in FIG. 1.

[0016] FIG. 7 is an illustration of a nmiti-layer biomedical pach.

{0017] FIG. 8 is an illustration of a delamination of patches, such as the patch shown

FIG. 7, using various fision strengths over Gme.

TO018] FIGR. 9 and 10 are histological cross-sections of regeneraied dura repaired with

yuiti~-lamninar sanofiber material such as a patch shown i Fig. 8

[G019] fhgs. ifand 12 are hisic‘zogﬁzai cross-sections of regenerated dura repaired with
multi-laminar nanofiber material such as & patch shown in Fig. &

160201 Fig. 13 is an iiustration of o delamination of patches, such as the paich shown in
FIG. 7, using various fasion methods and sirengths over tinse,

{0021} FIG. 14 is g fowchart of an exemplary niethod 708 for producing a structure of
spatially arranged {ibers using sysiem 100 shown n FIG. L

{6922} FIG. 158 o fJowchart of an exemplary method 750 for fusing or coupling together

structures or paich layers produced by method 700 shown m FIG. 14,

{00231 FIG. 16 15 a flowehart of an exemplary method 860 for repairing a defectina

A v

be strocnures produced by methods 700 and 750 shown in FIGS. 14 and

DETAILED DESCRIPTION
[6024] Embodiments provided berein facilitate repairing biological tissue or reinforcing

o

bipmedical material with the oee of 3 biomedical patch tnchuding a plurality of fibers. Such
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fibers may bave a very small cross-sectional dismeter {2.g., fom 1-3000 nanomeiers) and,
aceordingly, may be referred 1o as nanofibers and/or microfibers, While blomedical patches are
described herein with reference to dura mater and use as a swrgical mesh, embodimenis described
may be apphed to any biological tissue. Moreover, although deseribed as biomedical patches,
structures with aligned fibers may be used for other purposes. Accordingly, embodiments

described are not limited to biomedical patches.

{00251 In operation, biomedical patches provided heredn facilitate cell growth, provide
reinforcernent, and may be referved to as “membranes,” “scaffolds,” “matrices.” “meshes”,
“implants”, or “substrates.” Biomedical paiches with varving densities, as described herein, may
promote significadly faster heabing and/or regeneration of tissue such ag the dura mater than
existing patches constructed using conventional designs.

{63026] Dura mater is a membranous connective Hissue compriging the outermost laver of
the meninges surrovading the brain and spinal cord, which covers and supports the dueal sinuses.
Surgical meshs are often needed during neuroswrgical, orthopedic, or reconstiructive surgical

3

procedures to repair, expand, reinforce, or replice the incised, damaged. or resecied dura mater,

{00277 Althoagh raany efforts have been made, the challenge to develop a seltable surgical
raesh for dursal repair bas been piet with Timited suceess. Autografis {e.g., fascia latg, tomporalis
fageia, and pericranivm) are preferable because they do not provoke severe inflammatory or
iramunologic reactions. Potential drawbacks of antografis inchude the difficulty in achieving a
watertight closure, formation of scar tissue, mesufficient availability of graft materials 1o close
farge dural defects, increased risk of infection, donor site morbidity, and the need foran

3

additional operatve site. Allografts and xenografi matenials are often associated with adverse
effects such as graft dissolution, encapsalation. foreign body reaction, wwmunclogical reaction,
contraciure, scarring, adhesion formation, and toxicity-induced side effects from
immanosnppressive regunens. Lyophilized human dura mater as a dural substitute has also been
reporied as a source of wanamitiable diseases, specifically involving prions, such as Croutzfeldt-

Jakob disease.

{GO28] It terms of synthetic surgical mesh materials, non-absorbable synthetic polymers,
such as silicone and expanded polytetrafluorocthylene (ePTFE), often cause serious
comphcations that may inclade indection of granclation tissue formation duc to thetr chirome
i

stinwlation of the foreign bady response. Natural absorbable polvmers, including collagen,

g

fibrin, and cellulose, may present a risk of infection and disense transmission. As a result,

synthetic absorbable polyroers such as poly (3-hydroxybutyrate-co-3-hydroxyvaleraie (FHBV),
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poly (lactic acid} (PLA), polyglycolic acid (PGA), poly (lactic-co-giveolic acid) (PLGA), PLA-

Can

PCL-PGA ternary copolymers, and hydroxyethyimethacrylate hiydrogels have secently attracte
attention as bindegradable implant materials for dural repair. Methods and systems described
herein may be practiced with these materials and/or any biomedical polymer whether the

polymer 5 non-absorbable or absorbable, or synthetic in origin,

{0029 In order to facilitate wuccessful regeneration and/or repair of the dura mater
following surgery, a synthetic surgical mesh or blomedical patch should promote: 1) adhesion of
dural fibroblasts (the primary cell type preseut in the dura) to the sarface of the biomedical patch;
iy nugration of dural fibroblasts from the periphery of the biomedical patch o the cenier of the
patch; 1) reinforcement of replacement of existing tissues; iv) rinimal invoune response; v)
water tight closure of the dural membrane / dura mater: vi) mechanical support of the native
dural post-operatively and dui‘iﬁg tissue regeneration ! neoduralization, vil} rapid closure of the
dural defoct; and vill) increased case of use,

—\

{0030] Electrospinning is an enabling technigue which can produce nanoscale {ihers froma
farge number of polymers. The electrospun nanofibers are typically coliected as a randomly-
oriented, nonwoven mat. Uniaxially or radially aligned arravs of nanofibers can also be obtained
under certain conditions. However, waditional nanofiber scaffolds may lack the optimal

rechanical and bislogical propertics necessary for some blomedical or surgical applications

post-operatively.

{00311 In order {6 increase the strength of nanofiber scaffolds, custom fabrication of
seaffolds inio particular patterns would be highly advantageous. Additionally, multiple layers of
nanofiber materials fusedicoupled together in 8 manner that allows for a purposefid degradation
of the lavers can also provide strength winle allowing for cellular penetration and/or tissue

ntegration.

{00321 Many polymers are available for use in electrospinning. In some embodiments
deseribed herein, nanofibers for dura sebstitates are produced as the electrospun polymer from
poiy (s~caprolactone) (FCLY, an FDA aporoved, semicrystaliine poiyestezr that can degrade via

3

hvdrolysis of its ester Hinkages under phvsiciogical conditions with nomonic degradation
producis. This polymer has been extensively utilized and studied in t}m uman body as s
material for fabrication of deug delivery carviers, sutures, or adbesion barriers. As desenbed
herein, clectrospun POL nanofibers may be nsed to geperate scatfolds that are wseful as surgical

meshes.
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[6033] Embodiments provided heretn factiiiate producing 2 novel type of ariificial tissus
substitide inchuding a polymeric nanofiber nuatenial, which is fornied through a novel method of
electrospinning. This polymeric material inchudes non-woven nancfibers (e.g., fibers baving a
diameter of 1-3000 nanometers) which are arranged or organized and aligned into patterns both

within and across a material sheet,

[0034] FIG. 1 is a diagram Ulustrating a perspective view of an exeroplary electrospinning
system 100 for producing a stucture of spaually arranged or organized fibers. Systam {06
mucludes a collecior 105 with a predetermined pattern 118 inchuding a plorabity of rewnforcoment
features 112, Systeon 100 also ncludes a spinneret 120,

[0033] System 1006 is configured to create an elecinie potential between one or more

collectors 103 and one or more spinmerels 120, In one embodiment, collector 105 and features
112 are configured to be electrically charged at a first amplitude andior polarity. For example,
collector 105 and featares 112 may be eletincally coupled to one or more power supplies 130 via
one or more conductors 135, Bower supply 130 is configured to charge collector 103 and
features 112 at the first amplinde and/or polarity via conductor 135

{00361 Tt the embodiment lustrated 1o Fig. 1, collecter 16§ inclades pattern 1O that 1sa
grid pattern formed by res 112 such that collector 105 is substantially rectangular. In other
embodiments, collector 105 may have any shape mcluding, but not limited to, circular, elliptical,
ovular, square, and/or riangular. Tn one embodiment, featires 112 include ribs 114, scams 116,

%

and surfaces 118 configured 1o receive and/or collect polymer fibers, In one embodiment, rib
114 is subsiantially cvlindrical and has & circumference bebween Sum - 100cm, seam 116148
substantially rectangular having a thickuess between Sume- 1800m, and surface 118 is a filling of
a void or feature space 119 formed between ribs 114 and/or seams 116, In one embodimer,
surface 5 thickness hetween Sum ~ [Oem. 1o the exemplary embodiment, features 112 are
made fabricated from at least a portion of metallic substance, incloding, but not lirmted v steel,
alurninum, in, copper, sibver, zold, platinum, and any alloy or muixture thereof In one
embodiment, featres 112 include a coating applied to collector 103, Coatings can inciude, but
are not limiied to anodization, chenical coatings, material coatings {conduciive or non-
condueetive), and gradieni coatings that faciliate the creation of continuous gradients of {ibera,
However, it should be noted that features 112 {e.g., ribs 114, seams 116, and surface 118y can

have any shape and be {abricated from any matenal that facilitates producing patches as

disclosed horein
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{0037] In the exemplary embodiment, pattern 110 is formed by spatially organizing
featuires 112, Io one embodiment, features 112 {e.g., nbs 114 and scams {16} are interconnected
at nodes 115 such that a featore space 119 is forreed between features 112 in the range of 10 um
and 10 om. In one embodiment, patiern 110 includes a plarality of spaces 119 such that multiple
varying distances are formed between features 112, 1t should be noted that patiern can be
formed to be symmetrical, repeating, and asymmmeirical. In the exemplary emnbodiment, the
shape of collector 105 enables the momedical patch formed on collector to include additional
support and/or reinforcenment properties. Such additional support and/or reinforcement

i

propertics are achieved by creating high density fiber deposition areas on charged featares 112

and having low density fiber deposition areas over feature spaces 119,

{00381 For cxample, a diamond shaped collector 108 inclnding a dlamond shaped amray

03

ams

pattorn 110 enableg a &iamond—shapcd paich o be pradeced og the diamond shaped collector

¥

U

1o have different mechanical properties from a rectangular-shaped or a cirsular-shaped paich
sueh as, but not limited to, tensile strength, tear resistance, ferminal sirain, faihire mechanisms or
rates, and/ot condrolied anisotropic properties, such as greater sivength in one axig relative

another.

{0039] In one emhodiment, pattern 110 defines a collector plane 127 and spinnerst 120 s
arthogonally offset from the cellector plane 127 at a variable distance. For example, spinneret

(\aﬂ

120 may be orthogonally offset from the collector plane {27 at a distance of 80 micrometers o
100 centimeters, Altematively, spitmerst 120 can be offset from collector 105 in any manner
that facilitates creating paiches as described herein, inchuding but not limited to, horizontal and
diagonal or skew.

3

{G04G] Spinnerst 120 is configired to dispense a polymer 140 while electrically charged at
a second amplitude and/or polarity opposite the first amplitude and/or polarity. As shown in
FY3. 1, spinmeret 12018 elecurically coupled 0 one or more power supplies 130 by one or more
conduciors 145, Powsr supply 130 15 configured to charge one or meore spinnerets 120 at the
second amplitude and/or polarity via conductor 145, In some embodiments, power supphies 130
provides a direct current and/or static or time variant ‘m}tage {e.., between | - 30 kilovelis), In
one embodiment, conductor 143 is charged positively, and collector 103 iz also charged
pasitively, In all eobodiments, power supply 130 is configured to allow adjustmaent of a current,

a voltage, and/or & power

{0041 In one embodiment, spinneret 126 15 coupled to a dispensing mechanism 130

containing polvmer 140 in a liguid solution form. In such an embodiment, dispensing
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mechanism 150 is opsrated maneally by a dispensing pump 155, Aliernatively, dispensing
mechamism 130 can be operated amomatically with any mechamism configured (o dispense

anofibers as described berein, In the exemplary embodiment, spinneret 120 includes a metallic
needle having an aperture between 10 micrometers and 3 millimeters in diameter for dispensing

nanofibers.

{00421 As dispensing reechanism 150 pressurizes polymer 140, spinneret 120 dispenses
polymer 140 as @ jet or siream {60, In one embodiment, stweam {66 is dispensed tu a horizontal
or sideways strear from spinneret 128, Stream 160 bas a diameter approximately equal to the
aperfure diameter of spinnerct 120, Stream 160 descends toward collector 105 fhrming a Tavior
cone. For example, stream 160 may fall downward ander the mnfleence of gravity and/or may be
atiracted downward by charge distributed on the fibers and on features 112, As stream 160

descends, polymer 140 forms one or more sohid polymeric fibers 165, In the exemplary

L

embodinerd, fibers 163 are solid, however it should be noted that fibers 165 can have any
structure including by not limited to, core or shell, porous, co-axial, and co-axial, Alternatively,
solymer 140 deposition can be acconplished by any other fiber deposition method including but
not limited to, solvent electrospinning, force electrospinning, melt electrospinning, exirusion,

and melt blowing,

{0043] In scane embodinnents, & mask 164 compaosad of a conducting or non-condusting
material is applied to collector 103 o manipuiate deposition of fibers 163, For examiple, mask
164 may be positioned between spinneret 120 and collecior 105 such that no fibers 165 are
daposited on collector 105 beneath mask 164, Moreover, mask 164 may be used as a tine-
variant mask by adjusting its posiiion between the spinmeret and the collector while spinneret
126 dispenses polymer 140, facilitating spatial variation of fiber density on collector 103, While
mask 164 18 shown as ciraudar, mwask 164 may have any shape (e.g., rectangudar or semi-circular)
and size suitable for use with system 100, Alernatively, or in addition, deposition of fibers 165
on collector 105 may be manipulated by adjusung the position of collector 183 with respect 1o
spinneret 120 or by spatially varying the electrical potential applied betweoen the spinperet 128

and/or the electrodes making up the collector 103, For example, positioning one side of collector

23 mny cause more fbers 165 1o be deposited on that side than

kS

103 directly beneath spinneret
eposited on the opposite side of collector 103 in 3 Gaussian distribution. To modulate the

spatial distribunon of Sbers forming on collector 105, in some embodiments, a focusing device

13% is utilized to focus fiber deposition in a particular special region. In such sn embodiment,

focusing device 138 18 charged with a polarity similar to spinneret 120 and includes an apertore
&

allowing {iber deposition 0 occur substantially in the space under the aperture. Focusing device
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138 may have any geomstry that allows for receipt of nanofibers from spinngret 120 and

deposition of the reecived nanofibers ondo collector 105 as desenibed here

[00447 FIG. 2 is a dingram of coliector 103 removed from elecirospinning system 100
(shown in FIG. 1) and having a plurality of fibers 163 deposited thercon forming a pateh 170
Fibers 165 are orfented such that they correspond to the position of features 112 {shown in FIG.
1.

[0045] Patch 170 is ilustrated with a small quantity of fibers 165 in FIG, 2 forclarity. In
some embodiments, patch 170 mchedes thousands, tens of thousands, hundreds of thousands, or
mote fibers 165, disivibuted on collector 105, Even with millions of fibers 1653, patch 170 retains
vrediciable propertios such as being fiexible and/or pliable. As such, the predictable properties
facilitate the application of patch 170 o uneven biclogical tissue surfaces, such as the surface of

the dura mater,

{60461 The alignment of fibers 165 Hlustrates a patch 170 with varyving deunsities. Patch
176 enables reraforcement or structural integrily to be provided in predetermained locations. For

-
7
/

example, a larger deposition of fibers occurs in various locations, such as portion 167, which
provide stroctural retnforcoment. Accordingly, system 100 epables the oreation of customized

materials 170 for individual biomedical or clinical and non-clinical applications.

(00471 1o the exernplary embodiment, fibers 165 have a dlameter of 1-3000 nanometers. In
one embodiment, fibers have a diameter of approximately 220 nanometers (¢.g., 215 nmto 225
nmy. 1t should be noted that the diameter of the fibers 105, thickness of the patch 170, and/or
fiber dengity within the pamh 174 may affect the durability {e.g., tensile strength suture pullout
strength, conformability, efc)) of patch 1700 As guch, the diameter of the fibers 163, thickness of
the patch 170, and/or fiber density within the patch 170 can be selected according to the
requirements of the end application of the material. Patch 170 may be produced with various
mechamical properties by varving the thickness and/or the fiber density, spaual patteming,
polyvmer s:.smp'osi{ion, andfor mumber of lavers of the patch {70 by operating electrospinning
sysiern 100 for refatively longer or shorter durations, changing the polyvmeric solution, changing
the chendical composition, changing collector 103, changing collector design, and/or changing

the manner of fiber deposition,

[6048] Fig, 3 is an illustration 305 of a patch 170 including a piumiity of electrospun fibers
deposited on collestor 105 and Fig. 4 is an lusiration 405 of a paich 170 incleding s pharality of
clectrospun fibers deposited on collector 103, In the exemplary embodiment, collectors 105

respectively provide an increased deposinon of fibers on and substanual near features 112, Such
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additional support and/or retaforcement properties are achieved by creating high density fiber
deposttion areas on charged featares 112 and having low density fiber deposition areas over
feature spaces 119, ¥t should be noted that collector 105 can include any pattern or canhination
of patterns such as the grid pattern shown in Fig. 3 and the hexagonal or honeyeomb patier

shown in Fig. 4.

[0049] Reforing to FI(S. 1-4, fibers 165 may be solid, core/shell, co-axial, or porous. In
some embodiments, the size and/or structure of fibers 165 is determined by the design andior
size of spronevet 120, and/or polymer solution which includes viscosity, solvent or method of
preparation of the solution, voltage or electric charge, distance between spinneret 120 and
collector 105, and rate of deposivon. FIG. § is an ilustration of 3 sohd fiber spmmeret 120A.
Solid fiber spinneret 1204 includes a truncated conical body 180 defining a conter line 182, Ata
dispensing end 154, body 180 includes an apnudus 156, Avnalus 186 defines 3 otradar apertare
1964, throogh which polymer 140 may be dispensed. Fibers 165 produced with salid fiber

sproneret 120A have a solid composition.

{00301 FIG. 6 is an illustration of a co-axial fiber spinneret 1208, Like solid fiber
spinneret 120A, co-axial fiber spinneret 1208 mncludes a funcated comical body 1480 with an
annulas 186 at # dispensing end 184, Co-axial fber spinneret 1208 also includes a central bady
188 positioned within anmudus 186, Anralug 186 and central bady 1848 define an ammulay
aperture 1908, Accordingly, when polymer 140 15 dispensed by co-axial fiber spinperet {208,
fibers 165 have a co-axial compositing, with an exterior wall surtounding a cavity. The exterior

1 re

ther 163 dispensed by co-axial fiber spinneret 1208 defines an outer diameter

=

vall of a
corresponding to the fnner diameter of asmudus 156 and an inner dlameter corresponding to the
diameter of central body 188B. Accordingly, the outer diameter and inner diameter of co~axial

fibers 165 may be adjusted by adjusting the diameters of annulus 186 and contral body 1888,

[0051] Fiber spinoerets 120A and 1208 facilitate 10corporating & substance, such as a

biological agent, growth facior, and/or a drug {e.g., a chemotherapentic substance), info ;323{0}1

3 &N
170, For exampie, the substance may be c§¢pasite{§ within a cavity defined by co-axial fbers 168
of paich 170, In one embodiment, polymer 140 35 ied (o create porous and/or serai-soluble

fibers 163, and the substance is dispensed from the cavity through fibers 165, In another
embodiment, polymer 140 is degradable, and the substanse is dispensed as fibers 165 degrade in
vive. For example, fibers 165 may be configured to degrade within a second 1o 1 second to 12
months, In one embodiment, a burst release of the substance occurs upos ey Mo a sysien

and an chution occurs over a predetermined period of time. The degradation rate of polymer 140
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nay be manipulated by any loading and/or release method such as adjusting a ratic of constitpent
polymers within polvmer 140, loading the agent imto the bulk of the material, functionalizing the

agent fo the surface of the fibers, and/or releasing the agent by degradation of the polymer or by
diffusion of the agent from the polymer. In another embodiment, 3 subsiance is delivered by
solid fibers 165, For example, a solid fiber 165 may be created from a polymer 140 including
the substance in sohition. As solid fiber 165 degrades, the substance is released into the

surrcunding tissue,

{00521 As shown in FEIS. § and 6, annolos 186 is perpendicular to center line 182, Inan
altornative embodiment, annubus 186 15 oblique {e.g., oriented at an acute or obtuse angle) with
respect o center line 182, The cutside diameter of fibers 165 may be determived by the inside
diameter of annulus 186

{60531 FIG. 7 is an dlusiration of a nmlti-layer biomedical patch 435, Parch 433 includes a
biomedical patch layer with 3 pluraltty of syrmrseirical spatially organized fibers 42C and a
biomedical patch layer with a plurality of spatially crganized fibers having varying densities 423
such as increased density portions 430, As shown in FIG. 7, biomedical patch layvers 420 and
425 are combined (e.g., fused, joined, adhered, overlaid) to produce mulii-layer biomedical paich
435 with reinforcement fiber lavers. It should be noted that any combination, number, or type of
fiber Jayers runy be combined tu create blomedical paich 435, Combining the patches, especiafly
ayers 420 and 425, facilitates pmvidmg a hiomedical patc‘n that promotes celt migraaion oa
strength) than a biomedical patch having mﬁy stax;dard__ mﬁdom‘sy-o*"am?cd fibers. Tt should be
noied that patch 435 can be formed of layers having various densities and/or thicknesses (both
mdividually and collectvely), fiber organizations, polymer compositions, surface coatings, and

types of concentrations of agents and/or drags.

{0054} In some embodiments, mudtiple bomedical patch lavers 410-423 may be combined
o create & multi-fayer biomedical patch, For example, referring 1o FIGR. 1-4, after depostiing a
first set of fibers on collector 103, one may wait for the first set of fibers 165 (o solidify
carapletely or cure and then deposit a second set of fibers 185 on sollecior 103, The second set
of fibers 163 may be deposited directly over the fivst set of fibers 165 on collector 103,
Aleraatively, the first set of fibers 163 may be removed from collector 103, and the second set
of fibers 165 may be deposited on conductive surface 162 and/or collector 133 and then removed
and adhersd/overlaid on the first set of fibers 165, Such embodimente facilitate increased

stractural or mechanical reinforeement of the patch in predetermined locations, and added spatial
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conirol of coll rogration/activity imparted by the lavers 2-dimensionally and stacked s 3-

dimensionally. In some embodimenis, a non nanefiber wtermediate layer {e.g., hydrogel or

polyvaenic seaffold ) may be disposed between biorpadical patch lavers 400 and/or blomedical

patch layers 410,

{0055) In the exemplary embodiment, mdividual avers are fused or coupled together such
that the layers delaminate or separate under specific covironmental or temporal conditions. Such
controlled delamination results 1n mupamization of mechanical stability of the nanofiber muaterial
and the biological interaction {e.g. cellolar ingrowth, tssue wtegration, cellular exponure, etc.)
between adjacent layers of nanofibers. In the exemplary embodiment, the process of fusing or
coupling layers mcludes, e i3 not Iimited to, hesting, applving mechanical stress/pressure,

applying an adhesive, chemical processing, cross-linking, and functionslization,

{B036] In one embodiment, adjacent lavers are similarly or variably fused, adhered, or
jomned such that each layer delaminates or separates af a substantally similar rate within patch
435, Alernatively, lavers can be fused together with variable methods such that each ayer
delaminates at different rates. FIG. & tlustrates delamination of patches 440, 445, and 430 with
varicus fusion strengths over time. In the exemplary embadiment, a low strength adhesion 4585,
such as but not limited {o mild-chemical weatment or crosslinking, low-pressure physical
lamination, or low-temperature therual processing, 1s used to fuse layers of patch 440 together
Stniilarly, a moderaie strength adhesion 460 such as but not limiied © moderate chemical
crosshnking, prolonged thermal processing, moderate mechanioal entanglement, application of

1oderate adhesives, or ligh-pressure physical lamination is used to fuse the lavers of patch 445

+
i

and a high strength adhesion 463, such as bet not Hmited (o extensive chemical erogslinking,

exiensive high-lemperature thermal processing, exiensive mechanical entanglement, fiber
miterweaving o knitting, or application of ageressive adhesives is used to fuse lavers of paich
450 together. In the exemplary embodiment, a separation 470 of patches 440, 445, and 4530 is
shown after a short increment of time, such as, but not limited to 1 day ~ 30 days and a
separaiion 475 of patches 440, 445, and 450 is shown after a long increment of time, such as, but
not mited to 30 days — 3 vears. As is shown, paich 449 is substartially sepmeated 470 after a
short period of time acting as an acoeleraied separation, patch 445 is substantially separated 475
after the fong peried of time acting as a delayed separation, and patch 450 provided substantially
no separation.

{60577 FHGS. % and 10 are histological cross-sections 300 and 502 of dura mater repaired

o~

with multi-laminar nanofiber material such as patch 440 shown in FIG. 8. Referring to FIG. 3,
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patch 440 is shown as being tnserted inio dura 504 two weeks post-operatively. Regenerative
dural tssue (Mneodura”™) 304 s demonstrated extending on and around the implanted nanofiber
material 440, Regenerative dural fibroblasts are also shown to have penetrated the bulk of the
nanofiber material 440, demonsirating progressive cellularization of the aplanted nanofiber
constract. Two weeks foliowing traplantation of the multi-layer nanofiber material 440 no
defamination is noted upon hisiological examination of the explanted tissue. The nanofiber
material 440 1 observed as & homogencons block of material with fow to moderate ecllular
ingowth, vet no singular nanofiber layer or separation of nanofiber layers is observed. FIG. 10
tHostrates controlled delamination of patch 440 six weeks post-operatively and integration of the
paich within the native and/or regenerated dural tissue 504, Regenerative dural tissue

LR

{“neodury”) 504 15 demonstrated extending on and ground the mmplanted nanofiber material 440,
Additionally, regenerative dural tssue (Mosodura™) 18 demonsirated extending inbetwesn
delaminated lavers of the nanofiber material. Regenerative dural fibroblasts are shown to have
significantly penctrated the bulk of the sanofiber material 440, demonsirating robust
cellularization and integration of the implanied nanofiber construct. Delamination of individual
tayers of nanefibers within the tmplant construet 1s noted upon bistological examination of the
explanted tissue. The nanofiber material 440 is observed as two heterogenous layers of material
separated by a fhus laver of regenerated dural dsses extending along the adicimng surface of the
nanofiber monolavers. Evidence of controlied delamination of the implanted material post-
operatively is spectfically demonsirated by observation that mudtiple lavers of the msterdal

remain fused in proximity of sutures utilized to secure the material to the native tiss

{00581 FIGS, 11 and 12 are histological cross-sections 506 and 508 of regenerated dura
reparred with nulti-landnar nanofiber material such as pateh 450 shown in FIG. 3. Reforring t©
FIG. 11, patch 450 1¢ shown as being inserted into dura 504 two weeke post- operatively.
Regenerative dural tissue (“neodura™ 504 is demonstrated extending on and around the
mmplanted nanofiber material 450, Regenerative dural fibroblasie are also shown to hav
penetrated the bidk of the nanofiber matertal 430, demonstrating cellularization of the implanted
nanofiber constract. No delmmination is noted gpon histological examination of the explanted
fissue. The nanofiber material 450 is observed as a homogeneous block of material with low to
moderate cellular ingowth, vet no sms_uim wgaofiber layer or separation of sanofiber fayers is
observed. FIG. 12 sHustrates that the high strength adhesion has enabled layers of patch 450 to
remamn substantally fused together s1x week post-operatively as dural tissue 504 regenerated
arcund patch 450, Regenerative duzal tssue ("neodura”™ 304 15 sgain demonstrated exiending on

and around the mnplanted nanofiber matenal 430, Dural fibroblasts substanually penetrate the



WO 2014/046669 PCT/US2012/056548

14

tudk of the nanofiber material 430, demonstrating robust cellularization of the inplanted
nastofiber construct. Unlike nanofiber paich 449, no delamination of nanofiber paich 450 is noted
upon histological examination of the explanted tissoe following chronic implastaton. The
nanofiber material 450 15 observed as a secwre composite matensal demonsivating cellular

ingowth yet no separation or observation of singular nanofiber layers.

{0039] FIG. 13 Ulustrates separation of layers within paiches 600, 602, and 604 at varying
rates. Each patch 600, 602, and 804 includes a first layer 606, a sccond layer, 608, a thivd layer
610, and & fourth laver 612, It should be noted thai while paiches 600, 602, and 604 are shown
with four favers, patches can be fabricated to have any number of layers. Referring to paich 600,
low strength adhesion 455 i¢ used 1o fuse lavers 606, 608, and 610 together and high swength

adhesion 465 is used o fuse layers 610 and 612 together. After a shott time peried, a separation

v

-

614 of layers 606, 608, and 610 has ocowred and Iayers romain substanually fosed together, As
shown in patch 602, moderate strengil adhesion 460 is used o fuse togetber layers 606 and 604,
while high strength adhesion 465 is used to fuse togather lavers 808, 616, and 612, A separation
£16 of lavers 606 and 608 cocurs afier a long poriod of time while substantially no separation

ocours between layers 608, 610, and 512, Refernog to patch 604, & lugh sirength achesion 463 is

used bebween layers 606, 608, 610, and 612 such that substantially no separation vogurs between

the s JYCTS.

{0607 A multi-layered biomedical patch may be useful for dural grafis as well as other
iissue engineering applications. Sequential lavers of fibets can be created with varying orders
{e.g., radially gligned, reinforced. or randomly odiented), densities (e.g., low, high, or mixture of
fiber density), patterns or reinforcement, and cornpositions {polymer), which may allow speoifi
wypes of cells to infilirate and populaie select layers of the artificial biomedical pawch, For
example, biomedical patches containing a high fiber density generally prohibit celbdar nugration
and infilration, while biomedical paiches containing a low fiber density generally enhance
celivlar migration and infiltration. Such addinonal support andfor reinforcement properties are
achicved by creating high density fiber deposition that discourages cellular pencaation and

having low density fiber deposivion areas that promote celhular penetration and/or ingrowth.

{0061 Overall, the ability to form mudti-lnvered fiber niaterials, as described herein, may
be extremely beneficial 1o the construction of biomedical patches desigoed to recapimnlate the
natural multi-laminar structure of not ouly dura mater, but also other biological tissues such as
skin, heart valve keaflets, pericardium, and/or any other biclogical tissue. Furthermore, one or

more layvers of a biomedical paich may be fabricated from bioresorbable polymers such that the
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resulting nancfiber materials fully reserb following implantation. Manipulation of the chemical
compostiion of the polymers utilized o fabricate these scalfolds may further allow for specific

candrel of the rate of degradation and/or resorption of a bicmedical patch following irapiantation.

{60621 FH5. 14 s a flowcehart of an exemplary method 700 for producing a structure of
spatially organized fibers uaing syatem 100 shown in FIG. 1. While one embodinent of method
706 is shown in FIG, 14, it s conteroplated that any of the operations ilhustraied may be omitied
and that the operations mayv be performed 1n & different order than is shown. In the exenmplary

mbodiment, method 700 inchudes electrically charging 705 collector 103 at a first amplitude
and/or polarity {e.g., negatively charging or grounding). Spinneret 126 is electrically charged

71O at a second amplitade and/or polarity opposite the frst amphitude and/or polarity {e.g.,

e

positively charged). A polymer {o.g., 2 Houid polymer} is dispensed 715 from spioneret (20, In

-
I

the exemplary embodiment, dispensed 718 polymers are collected 720 o colicotor 165 to form a
plavality of polymeric fibers on or substastially near features 112 that creates a structhwre or

patch. After the dispensed 613 polymers are collected 720 and a structure is created, the

structure may vadergo post-processing 725, Such post-processing 728 can wnchude, but is no

Hnsited o, lamination, layer stacking, coupling and/or fusing, chemically treating, and applying a

biological agent, growth facior, and/or drug.

{6063] FIG. 15 18 a flowchart of an exemplary method 750 for fusing or coupling together
stractures or patch layers produced by method 700 shown in FIG. 14, Method 750 includes
providing 755 a first, second, and third patch faver. First patch layer is coupled 760 (0 second
patch laver using a first coupling technique. The coupled 760 first and second lavers are then
coupled 765 to the third patch laver using 5 second coupling techuigue different than the fost
coupling techrique. In the exemplary embodiment, coupling techniques, inciude bt are not
famnted to, heating, applying mechanical stress/pressure, chemical processing, cross-linking, and
functionalization. While method 750 tHustrates a Brst patch layer coupled to a second patch
fayer, # should be noted that muliiple lavers (e.g., 3, 5, 6,) can be coupled toget
simuliancously.  Additionally, the process may be repeated o add layvers to structures produced

by method 730,

{0064] FIG. 14 s g fowchart of an exemplary method 808 for repairing a defect of 3
sabstrate using a siructurs produced by methods 700 and 750 shown in FIGS. 14 and 15, Tnone
embodiment, method 800 includes providing 803 a substrate substance with 2 defect. The defect
may include a void, tissue defect, injury, insult, and/or any other condition resulting in

diminished function of biological tissue. In the exemplary crabodiment, the subsirate is
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biological tissue, Alfernatively, the substrate can be any substrate ncluding it not Hiited to,
Gitravon media, textiles, membrane media, and coatings, In one embodiment, the defect
provided 803 inclodes a void created by surgical incisian o provide access o an underlying
tissue {e.g., a tumon). In another embodiment, a void is created 803 by excising necrotic tissae
{(2.g., skin celis). In the exemplary embodiment, one or more patches capable of covering the
defect are sefected 810, For example, a plurality of biomedical patches may be selected 810 for
a large andfor conuplex {e.g., iregudarly shaped) defect. In the exemplary embodiment, a
biomedical patch having a dlameter greater than the damster of an approximately ciroular defect
is selected 810G, Alternatively, 2 patch is selected 810 and custornized, pre-operation or intra-
operation, ¢ it the defect. Tt should be noted that any size, shape, and/or geaetry of siructure

may be used m the selection 816 of the patch.

{0063} 1o oue crabodiment, 3 substasce such as & growth factor andfor a drug {e.g., 4
chemotherapentic deug) is applied £15 to the binmedical patch. In the exemplary embodiment
growth factor and/or a drug 13 apphed 815 pre-operatively. However, it should be noted that
growth factor and/or a drog may be applied 813 at any time inchuding, but not Hmited to, intra-
operatively and post-operatively. In one embodiment, the blontedical patch may be immersed in

the substance o allow the substance 1o vcoupy a cavity within co-axial fibers of the biomedical
patch, dope the polymer conmprising the fibers in the biomedical patch, or coat the surface of the

fibers within the biomedical patch.

{0066} In the exeroplary crabodiment, the patch is applied 820t (e g, overlaid on) the
bioiogical tissue o cover, yepatr, reinforce, and/or fill at least a portion of the defect. For
example, the biomedical pateh may be applied 820 to dura mater tissue, cardiae tissue, andfor
any biological tissue including a defect. In one embodiment, the perimeter of the biomedical
paich exiends past the periimeter of the defoct, such that the entire defect is covered by the
biomedical patch. In some embodiments, the biomedical patch is coupled 823 to the bislogisal
fissue with a plurality of sutuwes, adhesive, and/or any other wmeans of attaching the biomedical
patch o the biological tissue {iday). I an alternative eonbodiment, the binmedical patch is
simply allowed 1o fuse to the biclogical tissue, such as by adhesion of biological cells 1o the
piomedical patch {onlayy, Inancther embodiment, bicmedical patch may be divectly coupled
the edge of the tissue with no overlap. In one embodiment, biomedical paich may be overlaid on
top of 8 wound/defect or njury covering the entivety of the defect or injury without filling the

defect.
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{00571 In one enbodiment, after the bivmedical patch is applied 820 and optionally
coupled 825 to the biological tissue, the biclogical tissue is covered 830, Akernatively, the paich

may be the {ferovinal covering. In such an embodiment, a backing that i3 either non-~permeable or

"3

crmeable may be coupled to the patch. In one embodiment, other tissue overlaying the defect
s . orvEyd Fn SN SR T ot ot 150 1% ] . 2 . R i ; -
(c.g., dernds and/or epidenmis) is repatred (e.g., sutured closed). In another embodiment, one ot
more protective layers are applied over the biclogical tissue. For example, a bandage may be
apphied to & skin graft, with or without a profective sebstance, such as a gel, an olotvent, and/or
an antibacterial agent. In one embodiment, the protective layer includes, but is not Himited 0, &
covering, film tissue, dressing, mesh, and nanofiber strustore, sach as an additional blomedical

patch, av described heretn,

{006%] Embodiments doscribed herein are operable with any surgical procedure invelving
the repai, replacemerd, or expansion of the dura mater, incluading, but not limied o, &
transphencidal procedure (.g., surgical removal of pituitary adencinas), various types of shull
base surgeries, and/or surgical removal of crandal or spinal tumors {e.g., meningiomas and/or
astrocytonaas). in one smbadiment, a biomedical pateh may be applied to a bone fracture {e.g.
complex fractare). In another embodiment, 8 biomedical paich may be applied to a defect m the
skin {e.z. a burn),

(0069 Moreaver, such embodiments provide a dura mater subsiifide, a biomedical patch
for a skin grafl (e.g., dermal or epidermal), a biomedical paich for tracheal repair, a scaffold for
an artificial heart valve feaflet, an artificial mesh for surgical repair of & gastrointestinal trast
¢.g., an abdominal hernia or an ulcer), an antificial mesh for surgical repair of cardiac defects
Embodiments described berein facilinate providing a cardise pateh of sufficient flexibiliy o
enable movement of the biomedical patch by a biclogical tissue (e .g., cardiomyocyies or cardiag
tissue, muscle, skin, connective tissue, intestingl tissue, stomack Hssue, bone, gastrointesunal
tract, and mucosa),

[0070]  In some embodiments, a biomedical paich has a thickness greater or less than a

thickness of the biole

ival tissue being repaired. Biomedical patches with spatially organized
polymeric fibers facilitate reducing the expense of tissue repaty, improving tissue healing tme,
and reducing or eliinating the risk of zoonotic infection, Maoreover, such biomedical patches
are relatively siraple to mamufacture, enabling customization of shape, size, and chemical
corgposition and tmproved avallability and non-tnpmmogemcity, Tn addiiion, blomedical
patches with spatially organized polymeric fibers exhibit excellent bandhing properties dus o
their cloth-like composition, eliminate the need for a second swgery wo harvest autologons grs

]

tizsue, and reduce the risk of contracture and adbhesion when mmparc—:é with known products.
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Additionally, the patches described berein facilitate reinforcement, butiressing, lataination,
and/or sealing in a vanety of applications such as but not limited o choical and non~clinical

apphications.

[6071] Although the foregoing description contains many specifics, these should not be
construed as Himuong the scope of the present disclosure, but merely as providing fHustrations of
some of the presently preferred embodiments, Similarly, other sobadiments of the invention
may be devised whick do not depart from the spint or scope of the present invention. For
example, while the illustrative examples have been used in with clinical applications, the above
described nanofiber structures can have non-clinucal application such as Hliration, textiles,
membrane techuology, and coatings. Featwres from different embodiments may be emploved in
combination. The scope of the invention is, therefore, indicated and limited only by the
appended claims and their legal equivalents, rather than by the foregoing description. All
additions, deletions, and modifications fo the invention as disclosed herein which fall within the

meaning and scope of the cladms are to be embraced thereby.

{00721 As used herein, an element or step recited in the singudar and procesded with the
word “a” or “an” should be understood as not excluding phural elemente or steps, unless such
exclusion is explicitly recited. Furthermore, references to “me embodiment” of the present
invention are not intended 1o be fnterpreted as exclading the existence of additional embaodimsents

that also incorporate the recnted featares.

[00731  This written description uses examples to disclose various emboediments, which
include the best mode, to enable any person sklled in the art to practice those embodiments,
including making and using any devices or systerns and performing any incorporaied methods.
The patentable scope 1s defined by the clatos, and may include other examples that sccor to

Fd
H

those skilled in the art. Such other examples are intended to be within the scope of

*

the claims if
they have structoral elements that do not differ from the Bteral language of the claimg, or (f they
ictude equivalent structural elements with insubstantial differences from the lgeral Innguages of

-

the clabms.
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WHAT IS CLAIMED IS:
1. A system for producing a structure including a plurality of fibers, the system comprising:
a polymer collector having a predefined pattern, wherein the collector is charged at a
first polarity; and
a spinneret configured to dispense a polymer, wherein the spinneret is charged at a
second polarity substantially opposite the first polarity such that polymer dispensed from the
spinneret forms a plurality of fibers on the predefined pattern of the fiber collector, wherein the

predefined pattern is configured to produce a structure with at least two fiber densities.

2. A system in accordance with claim 1, further comprising a power supply configure to

electrically charge the collector and the spinneret.

3. A system in accordance with claim 1, wherein the connector comprises a plurality of

features that are interconnected to form the predefined pattern.

4. A system in accordance with claim 3, wherein the features include at least one of a

plurality of ribs and a plurality of seams.

5. A system in accordance with claim 4, further comprising at least one surface positioned

within the interconnected features.

6. A system in accordance with claim 1, wherein the predefined pattern of the collector is

symmetrical.

7. A system in accordance with claim 1, wherein the predefined pattern of the collector is

not symmetrical,

8. A method for producing a structure including a plurality of fibers, the method comprising:
providing a collector with a predefined pattern;
charging the collector with a first polarity;
providing a spinneret, the spinneret configured to dispense a polymer on the provided
collector;
charging the spinneret to a second polarity substantially opposite the first; and
dispensing a polymer on the collector, such that the polymer forms a plurality of fibers
defining the structure, wherein the structure has at least two densities formed by the plurality of
fibers, wherein providing a collector further comprises providihg a collector such that the

predefined pattern is configured to produce a structure with at least two fiber densities.
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9. A method in accordance with claim 8, further comprising applying at least one of a

growth factor and a drug to the plurality of fibers.

10. A method in accordance with claim 8, further comprising chemically treating the plurality
of fibers.

11. A method in accordance with claim 8, wherein providing a collector further comprises
providing a collector including a plurality of features that are interconnected to form the

predefined pattern.

12. A method in accordance with claim 11, wherein providing a collector further comprise

providing a collector including at least one surface positioned within the interconnected features.

13. A method for repairing a defect of a substrate, said method comprising:
providing a substrate with a defect;
providing a structure formed from a plurality of polymeric fibers, the structure having
a plurality of densities;

applying the structure to the substrate, and coupling the structure to the substrate.
14. A method in accordance with claim 13, wherein the substrate is biological tissue.

15. A method in accordance with claim 13, wherein the structure is applied to at least one of

dura matter and cardiac tissue.

16. A method in accordance with claim 13, further comprising covering the substrate and

‘structure.

17. A method for producing a structure for use in repairing a defect in a substrate, the method
comprising:
providing a first layer formed by a plurality of polymeric fibers;
providing a second layer formed by a plurality of polymeric fibers, the second layer
having a plurality of densities; and
coupling the first layer and the second layer together using a first coupling process
such that the first and second layers are configured to separate after at least one of a

predetermined time and an environmental condition.

18. A method in accordance with claim 17, wherein using a first coupling process includes at
least one of heating, applying mechanical stress, applying mechanical pressure, applying a glue,

chemical processing, cross-linking, and surface functionalization.
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19. A method in accordance with claim 17, wherein providing a first layer further comprises

providing a first layer that is configured to be applied to biological tissue.

20. A method in accordance with claim 17, wherein providing a second layer further

comprises providing a second layer that is configured to be applied to biological tissue.

21. A method in accordance with claim 17, further comprising providing a third layer formed

by a plurality of polymeric fibers.

22. A method in accordance with claim 21, further comprising coupling the third layer to at
least one of the first layer and the second layer by a second coupling process that is different

from the first coupling process.

23. A method in accordance with claim 21, further comprising coupling the third layer to

least one of the first layer and the second layer by the first coupling process.

24, A method in accordance with claim 17, further comprising:
providing a backing that is at least one of permeable and non-permeable; and

coupling the backing to at least one of the first layer and the second layer.

25. A structure for use in repairing a defect in a substrate, the structure comprising:
a first layer formed by a plurality of polymeric fibers; and
a second layer coupled to the first layer using a first coupling process, the second layer
having a plurality of densities formed by a plurality of polymeric fibers, wherein the first and
second layers are configured to separate after at least one of a predetermined time and an

environmental condition.

26. A structure in accordance with claim 25, wherein the first coupling process includes at
least one of heating, applying mechanical stress, applying mechanical pressure, applying a glue,

chemical processing, cross-linking, and surface functionalization.

27. A structare in accordance with claim 25, wherein the first and second layer are configured

to be applied to biological tissue.

28. A structure in accordance with claim 25, further comprising a third layer that is coupled
to the first and second layers using a second coupling process different than the first coupling

Process,

29. A structure in accordance with claim 25, further comprising a third layer that is coupled

to the first and second layers using the first coupling process.
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30. A structure in accordance with claim 25, further comprising a backing that is coupled to
at least one of the first layer and the second layer, wherein the backing is coupled using a third

coupling process.

31. A structure in accordance with claim 30, wherein the backing is at least one of permeable

and non-permable.

32. A method for repairing a defect of a substrate, said method comprising:
providing a substrate with a defect;
providing a structure formed from a plurality of polymeric fibers, the structure
comprising a first layer formed by a plurality of polymeric fibers, and a second layer coupled to
the first layer, the second layer having a plurality of densities formed by a plurality of polymeric
fibers, wherein the first and second layers are configured to separate after at least one of a
predetermined time and an environmental condition; and

applying the structure to the substrate.

33. A method in accordance with claim 32, further comprising coupling the structure to the

substrate,
34. A method in accordance with claim 32, wherein the substrate is biological tissue.

35. A method in accordance with claim 32, wherein the structure is applied to at least one of

dura matter and cardiac tissue.

36. A method in accordance with claim 32, further comprising covering the substrate and

structure.



