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(57) ABSTRACT 

Aspects of the disclosure relate to synthetic tissue or organ 
scaffolds and methods and compositions for promoting or 
maintaining their structural integrity. Aspects of the disclo 
Sure are useful to prevent Scaffold damage (e.g., delamina 
tion) during or after implantation into a host. Aspects of the 
disclosure are useful to stabilize tissue or organ Scaffolds 
that include electrospun fibers. 
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METHODS AND COMPOSITIONS FOR 
PROMOTING THE STRUCTURAL 

INTEGRITY OF SCAFFOLDS FOR TISSUE 
ENGINEERING 

RELATED APPLICATIONS 

0001. This application is a divisional application of U.S. 
application Ser. No. 13/928.338 filed on Jun. 26, 2013, 
which claims priority under 35 U.S.C. S 119(e) to U.S. 
Provisional Application Ser. No. 61/664,710, filed on Jun. 
26, 2012; U.S. Provisional Application Ser. No. 61/771,777, 
filed on Mar. 1, 2013 and U.S. Provisional Application Ser. 
No. 61/786,830, filed on Mar. 15, 2013, all of which are 
herein incorporated by reference in their entirety. 

BACKGROUND 

0002 Tissue engineering can involve generating a syn 
thetic scaffold and seeding the scaffold to produce an engi 
neered tissue that can be implanted into a subject. Different 
techniques have been used for producing synthetic scaffolds, 
including nanofiber assembly, casting, printing, physical 
spraying (e.g., using pumps and Syringes), electrospinning, 
electrospraying, and other techniques for depositing one or 
more natural or synthetic polymers or fibers to form a 
scaffold having a suitable shape and size for transplanting 
into a Subject (e.g., a human Subject, for example, in need of 
a tissue or organ transplant). 

SUMMARY 

0003. In some embodiments, aspects of the disclosure 
relate to methods and compositions for promoting or main 
taining the structural integrity of scaffolds (e.g., synthetic 
scaffolds) used for tissue engineering. Scaffolds can be used 
to provide the shape and structural properties of a synthetic 
tissue or organ. A scaffold can be seeded (e.g., coated) with 
one or more different cell types prior to implantation into a 
host (e.g., a human host). A scaffold can be made from 
synthetic material, natural material (e.g., decellularized tis 
Sue or organ material), or a combination thereof. In some 
embodiments, a scaffold or portion thereof is nanofiber 
based, polymer-based, or a combination thereof. Scaffolds 
can include different components having different structural 
or Surface properties. Different components of a scaffold can 
provide structural support, flexibility, suitable properties for 
cell adhesion, etc., or a combination thereof. In some 
embodiments, different parts of a scaffold can have different 
shapes, different thicknesses, different Surface properties, or 
a combination thereof. In some embodiments, a scaffold is 
assembled from different components (e.g., sheets, ribs, etc.) 
that can be made of the same or different material. Aspects 
of the present disclosure relate to compositions and tech 
niques for maintaining the structural integrity of a scaffold 
that includes two or more different components and/or two 
or more separate layers of material. Methods and composi 
tions described herein can help prevent different components 
or layers from disassembling (e.g., delaminating) during 
cellularization or after implantation into a host. Composi 
tions and methods described herein can be used for scaffolds 
that include one or more components that are made using 
any suitable technique (e.g., by electrospinning, electro 
spraying, molding, casting, printing, by lithography, or any 
combination thereof). 
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0004. In some embodiments, aspects of the disclosure 
relate to physical techniques, chemical techniques, or a 
combination of physical and chemical techniques, that are 
useful for strengthening tissue scaffolds in order to prevent 
or reduce damage (e.g., delamination) during cellularization 
in vitro, during Surgical implantation into a recipient, and/or 
within the recipient after implantation. Accordingly, in some 
embodiments aspects of the disclosure relate to methods, 
compositions, and articles that are useful for producing 
artificial (e.g., synthetic) tissues, organs, or portions thereof 
that can be implanted into a host (e.g., a human host) to 
replace diseased or injured tissues, organs, or portions 
thereof. 

0005. In some embodiments, aspects of the disclosure 
relate to scaffolds that are used for tissue growth. In some 
embodiments, Scaffolds are synthesized having two or more 
layers of material (e.g., of the same type or of different 
types) and/or that incorporate one or more additional struc 
tures. 

0006. In some embodiments, a first layer of electrospun 
material is deposited on a Support that is used for making the 
scaffold (e.g., a mandrel), and one or more structures (e.g., 
components that provide structural Support within the Syn 
thesized scaffold) are applied to the first layer. In some 
embodiments, a further layer of electrospun material is 
deposited over the top to produce a synthetic material having 
one or more structures between two layers of electrospun 
material. The structure(s) also can be electrospun in some 
embodiments. However, the structure(s) can be made of any 
Suitable natural or synthetic material. In some embodiments, 
one or more structures provide structural Support for the 
synthetic scaffold. However, in some embodiments, one or 
more structures provide functional Support (e.g., by provid 
ing a channel that allows material to be delivered to the 
scaffold). 
0007 Aspects of the disclosure relate to methods, com 
positions, and devices that can be used to enhance the 
structural integrity of scaffolds having two or more layers of 
material and/or that incorporate one or more additional 
structures or other components. Aspects of the disclosure 
relate to methods, compositions, and devices that are useful 
to improve the mechanical integration of different and/or 
separate components and/or layers of a synthetic scaffold. 
0008 According to some aspects, a device is provided for 
placing one or more Support rings onto a scaffold. In some 
embodiments, the device comprises a spreader, having a 
handle, a hinge and a least two Support members confronting 
one another and forming a cavity, each of the Support 
members having a proximal end at the hinge and a distal end, 
in which the handle and Support members are positioned on 
opposites sides of the hinge, and in which the spreader is 
configured Such that operating the handle causes the at least 
two Support members to rotate in opposite directions about 
the hinge to manipulate the size of the cavity; at least two 
spreader blocks fitted at the distal ends of the support 
members, each of the at least two spreader blocks having a 
plurality of pockets; and a plurality of rings positioned 
within the spreader cavity, each ring being inserted into a 
pocket of the at least two spreader blocks, in which the 
pockets of the at least two spreader blocks are arranged to 
align the rings for providing structural Support for a syn 
thetic scaffold. In some embodiments, the device further 
comprises a positioning frame, wherein the at least two 
spreader blocks are inserted into an opening in the position 
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ing frame. In some embodiments, the device further com 
prises a pad positioned within the cavity of the spreader 
adjacent to the hinge and in contact with each ring. In some 
embodiments, the rings are U or C-shaped structures. In 
Some embodiments, the device further comprises a mandrel 
passing through the rings within the cavity. In some embodi 
ments, the mandrel is substantially covered with one or more 
layers of a synthetic scaffold material. In some embodi 
ments, the device is configured as depicted in FIG. 9A. 
0009 Scaffolds or portions thereof described herein can 
be used to generate synthetic organs or tissues or portions 
thereof, including but not limited to, respiratory tissues (e.g., 
tracheal, bronchial, esophageal, alveolar, and other pulmo 
nary or respiratory tissues), circulatory tissues (e.g., arterial, 
venous, capillary, and other cardiovascular tissue, for 
example, heart chambers of other heart regions or heart or 
cardiac valves or valve structures), renal tissue (for example 
renal pyramids of the kidney), liver tissue, cartilaginous 
tissue (e.g. nasal or auricular), skin tissue, and any other 
tissue or organ or portion thereof that is being engineered on 
a synthetic scaffold. 
0010. According to some aspects, a method of protecting 
the structural integrity of a synthetic tissue or organ scaffold 
is provided. In some embodiments, the method comprises 
providing a mechanical and/or chemical tether between two 
or more layers or components of a synthetic tissue or organ 
scaffold. In some embodiments, two or more layers of the 
synthetic tissue or organ Scaffold are layers of electrospun 
fibers. In some embodiments, one or more mechanical 
and/or chemical tethers are introduced during synthesis or 
assembly of the synthetic tissue or organ scaffold. 
0011 Scaffolds generated as described herein can be 
seeded with appropriate cell types to produce artificial 
tissues or organs or portions thereof for transplantation into 
a host. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1A illustrates a non-limiting example of a 
tissue scaffold into which a Suture pattern has been sewn; 
0013 FIG. 1B illustrates a non-limiting example of syn 
thetic tracheal ribs; 
0014 FIG. 1C illustrates a non-limiting example of syn 
thetic tracheal rib Sutured into a scaffold: 
0015 FIG. 2 illustrates a non-limiting example of a 
tethering structure applied to an end of a tubular tissue 
scaffold containing layers of fibers to prevent delamination; 
0016 FIG. 3 illustrates a non-limiting example of tissue 
scaffold fibers twisted or tied together to provide mechanical 
integration between the fibers; 
0017 FIG. 4 illustrates a non-limiting example of a 
single continuous structural component incorporated into 
two or more electrospun layers; 
0018 FIG. 5A illustrates a non-limiting example of a 
branched mandrel that can be used to form a scaffold; 
0019 FIG. 5B illustrates a non-limiting example of two 
different types of fiber deposited on a synthetic support; 
0020 FIG. 5C illustrates a non-limiting example of two 
streams of fiber being deposited via electrospinning from 
two nozzles; 
0021 FIG. 5D illustrates a non-limiting example of a 
noZZle depositing an electrospun material and another 
noZZle delivering a solvent or other material that promotes 
adhesion of the electrospun material to a Support component 
of a synthetic tissue scaffold: 
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0022 FIG. 6A illustrates a non-limiting example of a 
solution that is applied to a portion of the surface of a first 
synthetic element; 
0023 FIG. 6B illustrates a non-limiting example of a 
Solution applied to a portion of several synthetic elements; 
0024 FIG. 6C illustrates a non-limiting example of three 
structural components placed on a cylindrical Support; 
0025 FIG. 6D is a perspective view of an embodiment of 
a portion of a tissue scaffold component as disclosed herein 
showing fibers that are deposited (e.g., by electrospinning) 
into a layer having little or no dissolved solvent (e.g. 
polymer); 
0026 FIG. 6E is a cross-sectional view of FIG. 6D taken 
along the 6D-6D line of FIG. 6D; 
0027 FIG. 6F is a perspective view of an embodiment of 
a portion of a tissue scaffold component as disclosed herein 
showing fibers that are deposited (e.g., by electrospinning) 
into a layer of an amount of dissolved material (e.g., 
polymer) of a scaffold; 
0028 FIG. 6G is a cross-sectional view of FIG. 6F taken 
along the 6F-6F line of FIG. 6F: 
(0029 FIG. 7A is a side-view of a portion of a first 
embodiment of a Support structure Such as tracheal ribs as 
disclosed herein; 
0030 FIG. 7B is a cross-sectional view taken along the 
7A-7A line of FIG. 7A: 
0031 FIG. 7C is a side view of a portion of a second 
embodiment of a Support structure Such as tracheal ribs 
having a cross-sectional profile different from that of FIG. 
7A: 
0032 FIG. 7D is a cross-sectional view taken along the 
7C-7C line of FIG. 7C; 
0033 FIG. 8A illustrates a non-limiting example of a 
sheath on a cylindrical Support, and fiber being deposited 
onto the sheath; 
0034 FIG. 8B illustrates a non-limiting example of the 
sheath inside a synthetic scaffold after removal of the 
Support; 
0035 FIG. 9A illustrates a non-limiting example of a 
device that can be used to place one or more Support rings 
onto a scaffold (e.g., a tubular scaffold), in which are shown 
spreader blocks inserted into a positioning frame; 
0036 FIG.9B illustrates a non-limiting example of two 
spreader blocks positioned in a positioning frame resulting 
in an assembled device for placing one or more Support rings 
onto a scaffold; 
0037 FIG. 9C illustrates a non-limiting example of two 
spreader blocks with a ring array being lifted out of a 
positioning frame without falling off the extension feet of the 
spreader; 
0038 FIG. 10A illustrates a non-limiting embodiment of 
a scaffold having a plurality of compressible regions in an 
uncompressed State prior to compression; 
0039 FIG. 10B illustrates a non-limiting example where 
three compressible regions are compressed and maintained 
in a compressed State by an embodiment of a biodegradable 
lock; 
0040 FIG. 10C illustrates a non-limiting example where 
compressible regions expand when a biodegradable lock 
such as the embodiment of FIG. 10B breaks; 
0041 FIG. 11A illustrates a non-limiting example of a 
protective material (e.g., a durable fiber) spun or wrapped 
over a scaffold to cover a portion of the surface to reduce the 
Surface area that is Vulnerable to damage; 
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0042 FIG. 11B illustrates a non-limiting example of a 
solubilizing or adhesive chemical and/or an adhesive mate 
rial deposited in one or more regions to strengthen the 
connection between different fibers at the surface of a 
scaffold: 
0043 FIG. 11C illustrates a non-limiting example of a 
scaffold surface coated with a soluble material than can be 
dissolved and removed (e.g., washed away) when the scaf 
fold is conditioned for use (e.g., for cellularization); 
0044 FIG. 11D illustrates a non-limiting example where 
a cover is applied to a scaffold; 
0045 FIG. 11E illustrates a non-limiting example of a 
cross-section of a portion of a scaffold showing protrusions 
or brushes on the side that is contacted when the scaffold is 
manipulated; 
0046 FIG. 11F illustrates a non-limiting example of 
spot-welds on a synthetic tissue scaffold; 
0047 FIG. 11G illustrates a non-limiting example of 
Solvents or adhesives being applied with a syringe to fibers 
of a synthetic tissue scaffold: 
0048 FIG. 11H illustrates a non-limiting example of a 
tethering element looped through fibers of a synthetic tissue 
scaffold; and 
0049 FIG. 11I illustrates the tethering element of FIG. 
11H in position on an embodiment of the scaffold body as 
disclosed herein. 

DETAILED DESCRIPTION 

0050. In some embodiments, aspects of the disclosure 
relate to methods and compositions that are useful for 
strengthening the connection between two or more regions 
of a synthetic scaffold that is used for tissue engineering. In 
Some embodiments, a synthetic scaffold may include two or 
more different components that are assembled to form the 
scaffold, e.g., prior to cellularization and/or implantation. In 
Some embodiments, a synthetic scaffold includes two or 
more surfaces that are brought into contact with each other 
either as a consequence of the final three-dimensional con 
figuration of the scaffold (e.g., due to the presence of folds, 
etc.), or due to the synthetic techniques that are used to 
manufacture the scaffold. For example, a scaffold may be 
synthesized using a technique that involves several steps that 
result in two or more Surfaces being brought together (e.g., 
the application of a layer of electrospun material onto a 
portion of the scaffold that was previously made. Such as an 
earlier layer of electrospun material or a Surface of a 
different component that is being incorporated into the 
scaffold). In some embodiments, aspects of the disclosure 
relate to methods and compositions for strengthening the 
connection between different components or regions of a 
synthetic scaffold, for example where such strengthening 
enhances the structural integrity of the scaffold. 
0051. It should be appreciated that aspects of the disclo 
Sure can be used to enhance the structural integrity of 
different scaffold components having different shapes and 
sizes (e.g., planar structures Such as sheets of material, 
tubular structures, hollow structures, Solid structures, more 
complex structures, or combinations thereof, any of which 
can have one or more dimensions ranging from about 1 mm 
to about 50 cms, for example, or Smaller, intermediate, or 
larger sizes in different directions). 
0052. In some embodiments, aspects of the disclosure 
relate to methods for enhancing the integrity of synthetic 
organ constructs or natural organ constructs that are pro 
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duced using electrospun macro or nanofiber material, and/or 
other synthetic material (e.g., polymeric material, including 
but not limited to, polyethylene and/or polyurethane based 
polymers) to provide structural and/or functional compo 
nents of a tissue scaffold. 

0053. In current uses of electrospun materials for scaf 
folds, problems arise when a second layer of electrospun 
material is placed on top of first layer that has already been 
spun. One problem is that the second layer is separate and 
not physically attached so it can delaminate from the first 
layer, making the scaffold potentially unstable. This issue 
also arises when separate components made using other 
techniques are combined with each other and/or combined 
with electrospun components of a synthetic scaffold. 
0054 Problems arising from the presence of separate 
(e.g., not physically attached) fibers also can occur for 
structures that are produced using a technique that involves 
stopping the electrospinning (for example to place an addi 
tional material into the structure) and then restarting the 
electrospinning (for example to spin over the additional 
material). Again an unstable condition can exist with the two 
different electrospun layers being separate and not con 
nected, resulting in potential separation, or delamination, of 
the two layers. This separation can release the additional 
material (e.g., a trapped solid entity that was intended to be 
part of the electrospun structure) and jeopardize the integrity 
of the entire construct. In some embodiments, separate or 
weakly associated regions or layers of fibers can exist even 
When electrospinning is not stopped. For example, a con 
tinuous deposition of fibers can result in separate regions or 
layers if the pattern of deposition is such that a first region 
or layer is formed (e.g., electrospun and cured or set) before 
further fiber is deposited on the first region or layer (for 
example, if the complexity of the synthesis requires the 
sequential synthesis of several regions or layers before 
Subsequent regions or layers are added—even if the entire 
process involves continuous electrospinning). 
0055. Different approaches for enhancing the structural 
integrity of organ and tissue scaffolds (including, for 
example, electrospun structures) are described herein and 
illustrated by non-limiting FIGS. 1-11. In some embodi 
ments, methods can include physical or chemical tech 
niques, or a combination thereof. It should be appreciated 
that each of these techniques can be used alone to reduce the 
risk of structural failure. However, in some embodiments, 
one or more of these techniques may be combined as aspects 
of the invention are not limited in this respect. 
0056. In some embodiments, delamination or other struc 
tural problems can be reduced by sewing a physical Suture 
into a scaffold as illustrated in FIG. 1. FIG. 1A illustrates 
sutures (10) in a tubular scaffold (11) that includes support 
ribs (12) within a scaffold of fibers (e.g., electrospun nano 
fibers) (13). It should be appreciated that the sutures can be 
used to strengthen the connection (by providing a physical 
link) between a surface layer of fibers (shown) and one or 
more layers of fibers (not shown) beneath the surface layer. 
It should be appreciated that the pattern of sutures is not 
limiting and any suitable pattern can be used. In some 
embodiments, a Suture can be used to connect a structural 
component of a scaffold to a layer of synthetic material (e.g., 
a layer of polymers or fibers such as a layer of electrospun 
fibers). FIG. 1B illustrates a non-limiting embodiment of a 
structural component having a plurality of arcuate (e.g., 
C-shaped or U-shaped) members (14) connected to each 
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other by connecting members (15) to form a single continu 
ous Support component. This component can be used to 
support a tubular scaffold. However, it should be appreciated 
that other configurations of a Support component can include 
two or more Support features (e.g., each Support feature 
having an arcuate or non-arcuate, for example having an 
oval, ellipsoid, polygonal, square, rectangular, triangular, 
etc., frame shape) linked via connecting members of any 
Suitable size or shape (e.g., straight, curved, etc., or any 
combination thereof) to form a single frame (e.g., a spring 
like structure or any other suitable structure). It should be 
appreciated that in some embodiments, one or more portions 
of a structural component described herein can be made of 
a plastic, a metal, or any other material. In some embodi 
ments, a structural component has smooth edges, for 
example to reduce the risk of damaging adjacent tissue after 
implantation. In some embodiments, plastic material can be 
molded, for example injection molded. In some embodi 
ments, metal material can be molded or fabricated. In some 
embodiments, structural components can be coated (e.g., 
polymer coated). 
0057. It should be appreciated that a structural compo 
nent (e.g., a Support structure) can have any Suitable shape 
that provides a framework for Supporting other material or 
parts of a synthetic scaffold. In some embodiments, the size 
and shape of a Support component is designed to Support a 
scaffold for a synthetic tissue or organ of the same or similar 
size as the tissue or organ being replaced or Supplemented in 
a host (e.g., in a human transplant recipient). In some 
embodiments, a structural component has an arcuate struc 
ture (e.g., similar to the shape of a cartilage ring in an airway, 
e.g., in a trachea or in an esophagus). In some embodiments, 
a plurality of structural components are integrated into a 
synthetic scaffold. In some embodiments, a structural com 
ponent includes a plurality of arcuate members separated by 
connecting members, as illustrated in FIG. 1B, to form a 
single structural component having a plurality of structural 
members (e.g., arcuate members) that can be used instead of 
a plurality of structural components that are not connected. 
It should be appreciated that the structure in FIG. 1B is 
non-limiting. The structural members (e.g., arcuate mem 
bers) can have different radii, and can be circular, ovoid, 
ellipsoid, or other shape in side view. In some embodiments, 
the structural members can include one or more straight 
sections and have polygonal shapes in side view. It also 
should be appreciated that the connecting members can have 
any size or shape depending on the structural requirements 
of the scaffold. In some embodiments, the structural com 
ponent has a spiral, helical, or cork-screw shaped frame that 
provides continuous structural Support without any separate 
connecting members. FIG. 1C illustrates a non-limiting 
embodiment of a structural component of FIG. 1B placed on 
the outer surface of a tubular scaffold layer of a first material 
(e.g., a first layer of natural and/or synthetic material, for 
example an electrospun layer of material). In some embodi 
ments, the first layer is a layer of fibers deposited on a 
mandrel or other collector of an electrospinning device. 
Non-limiting examples of sutures (12) are illustrated. It 
should be appreciated that a further scaffold layer (e.g., a 
second layer of natural and/or synthetic material, for 
example a second electrospun layer of material) can be 
deposited on the assembled components illustrated in FIG. 
1B. It also should be appreciated that sutures can be used to 
attached other Support components (e.g., other structural 
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elements than can be linear, helical, or any Suitable shape as 
described herein) to one or more layers of synthetic material. 
A Suture can be used to strengthen the connection between 
separate components and/or layers of a synthetic scaffold. 
Different types of suture material and suture patterns can be 
used. In some embodiments, the Suture material is biocom 
patible and/or non-toxic. In some embodiments, the Suture 
material is durable. However, a biodegradable suture mate 
rial also can be used. It should be appreciated that the suture 
material can be natural or synthetic. Sutures can be formed 
from non-absorbable material Such as silk, nylon, polypro 
pylene, or other polymers, or cotton, or alternatively sutures 
can be formed from bio-absorbable material such as, but not 
limited to, homopolymers and/or copolymers of glycolide, 
lactide, p-dioxanone and e-caprolactone. It should be appre 
ciated that a Suture can be sewn using an automated tech 
nique, or using a robotic technique (e.g., under control of a 
human operator), or by an individual. In some embodiments, 
one or more sterile Sutures are added under Sterile condi 
tions. In some embodiments, a Sutured scaffold can be 
sterilized. 

0058. In some embodiments, a scaffold is produced with 
two or more layers having different percentages of two or 
more natural or synthetic material (e.g., polymers or fibers). 
In some embodiments, different gradient percent changes of 
polymeric material can be used during synthesis. This allows 
a continuous stream of fiber to be produced with varying 
polymer concentrations and/or different properties (e.g., 
different adhesive properties) to produce a continuous fiber 
that forms the different layers as opposed to the different 
layers being made from separate fibers (e.g., that are depos 
ited sequentially) that are Subsequently connected. In some 
embodiments, this can help stabilize a scaffold and reduce 
delamination between different layers. In some embodi 
ments, a mixture of different polymers or polymer percent 
ages can be used to allow for physical properties such as 
stretching. In some embodiments, stretching can be useful to 
simulate growth in a synthetic construct. In some embodi 
ments, different percent compositions can include a mixture 
of absorbable and permanent fibers, for example in a ratio 
that provides electrical conductivity, provides enhanced or 
reduced flexibility, allows for increased or reduced stretch 
ing, or a combination thereof. In some embodiments, a 
particular combination of fibers or polymers can be used to 
represent a predetermined physical state, for example at the 
time the mixture is spun or at a Subsequent time during 
cellularization or after implantation of the scaffold. In some 
embodiments, a predetermined physical state can provide 
one or more physiological cues for biological processes that 
occur during cellularization or Subsequent cell growth or 
differentiation. In some embodiments, the concentration 
and/or composition of an electrospun material can be altered 
by using two or more reservoirs of material (e.g., each 
reservoir having a different material and/or concentration of 
material) and altering the relative Volume from each reser 
voir that is deposited during electroSpinning. In some 
embodiments, an electrospinning device having two or more 
separate nozzles can be used, wherein each nozzle delivers 
a different material and/or concentration of material. Using 
Such a device, the concentration and/or composition an 
electrospun material can be altered by altering the Volume or 
material that is deposited from each nozzle at different (e.g., 
defined) locations on a scaffold being synthesized. 
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0059. In some embodiments, a solvent (e.g., a low con 
centration of solvent) or other solution can be applied to one 
or more components of a scaffold (e.g., sprayed over the 
scaffold or by soaking the scaffold or by painting certain 
parts with a brush or a roller) to promote cross linking of 
fibers to structural Support components (e.g., ribs). In some 
embodiments, the Support components (e.g., ribs) can have 
their surfaces modified. In some embodiments, the Surfaces 
can be softened using solvent. In some embodiments, the 
Surfaces can be produced with a rough or filamentous 
Surface (e.g., by spinning Small fibers onto one or more 
structural components such as synthetic tracheal ribs before 
assembly of the composite scaffold) that can help strengthen 
the connection between different layers and components of 
a scaffold. 

0060. In some embodiments, a tethering structure (e.g., a 
ring or seal) can be applied to one or both ends of a tubular 
structure (or other structure) containing two or more layers 
of fibers (e.g., nanofibers) to prevent delamination, as illus 
trated in FIG. 2. In some embodiments, the tethering struc 
ture physically holds the edges or ends, or portions thereof, 
of two or more layers of synthetic material together. In some 
embodiments, the tethering structure can have clips, ridges, 
slots, or other physical features that can be used to physi 
cally attach to an edge, end, or portion thereof, of one or 
more layers (e.g., 2 or more) of synthetic material, or one or 
more other scaffold components, or a combination thereof. 
The tethering structure can be of any suitable material, 
including, but not limited to, metal, plastic, other polymeric 
material, or any combination thereof. In some embodiments, 
the tethering structure is autoclavable. 
0061. In some embodiments, one or more tethering struc 
tures can be used to mechanically associate two or more 
layers or different components of a scaffold by penetrating 
the two or more layers (e.g., crossing through the two or 
more layers) and having a fastening feature (e.g., a broader 
member or cap that can be placed at either end of a thinner 
penetrating member) to keep the layers together. In some 
embodiments, tethering structures can be rivets, Snaps, but 
tons, grommets, staples or pins or other structures that can 
penetrates two or more layers and mechanically connect 
them. In some embodiments, a plurality of tethering mem 
bers may be used to mechanically stabilize to or more layers 
of material (e.g., electrospun material). In some embodi 
ments, a surface (e.g., an end Surface of the broader member 
or cap) of a tethering structure has one or more physical or 
chemical features (e.g., it is etched, porous, has another 
physical Surface property that is compatible with cell growth 
and/or is coated with one or more growth factors) if it will 
be exposed on a surface of a scaffold that is to be cellular 
ized. In some embodiments, a Surface (e.g., an end Surface) 
of a tethering structure is shaped to avoid sharp edges or 
other features that could damage the scaffold or Surrounding 
tissue after implantation. 
0062. In some embodiments, fibers that are not cova 
lently connected can be twisted or tied (e.g., as illustrated in 
FIG. 3) to strengthen their connection or association within 
a scaffold. In some embodiments, the twisting or tying can 
be performed at set intervals during synthesis. In some 
embodiments, the twisting or tying can form a knot-like 
structure that can help hold separate fiber strands together. 
Other methods for connecting fibers to strengthen their 
connection or association within a scaffold are disclosed 
herein. 
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0063. In some embodiments, different layers of fibers can 
be interwoven by interweaving one or more fibers during 
synthesis to increase the mechanical integration between 
different regions of a scaffold. In some embodiments, a 
collector (e.g., a mandrel) and or one or more nozzles that 
are used in an electrospinning process can be mounted on a 
pivot or other movable Support (e.g., a robotic arm) that can 
be used to control the relative orientation of the collector and 
the nozzle(s). By altering the relative orientation of the 
collector and noZZle(s) during electrospinning (e.g., in X, y, 
and/or Z planes) a proportion of the polymers being depos 
ited can be interwover or entangled thereby providing 
increased mechanical integration. In some embodiments, an 
increase of 1% or more (e.g., 5%, 10%, 25%, or more) of the 
extent of fiber entanglement can lead to improved structural 
stability. 
0064. In some embodiments, one or more structural com 
ponents are inserted within an electrospun fiber material. For 
example, a continuous structural component that spans a 
length of a scaffold can be inserted within an electrospun 
nanofiber material. In some embodiments, the continuous 
element can be incorporated (e.g., captured by electrospin 
ning) into two or more layers or regions (e.g., formed by 
electrospun fibers that are not connected). It should be 
appreciated that the continuous element can have any Suit 
able shape (e.g., a coiled or approximately coiled shape as 
shown in FIG. 4 or any other shape as described herein. A 
continuous structural element can be generally elongate 
(e.g., long and thin, for example in the form of a string, fiber, 
tape or similar structure) and shaped to match the general 2 
or 3 dimensional shape or contours of the synthetic material 
it is intended to support. However, the structural element can 
have other shapes including portions that are in the forms of 
discs or sheets or other more complex shapes. A structural 
element can be made of any Suitable material, including, but 
not limited to, a metal, a plastic, a natural material, a fiber 
(e.g., an electrospun fiber), any suitable polymer, or any 
other material, or any combination thereof (e.g., a coated 
material. Such as a metal coated with a plastic, resin, and/or 
other polymer). In some embodiments, a structural element 
is autoclavable. Typically, a structural component is more 
rigid or less elastic or compliant than a non-structural 
component of a scaffold. In some embodiments, a structural 
component is made of the same material as a non-structural 
component, but is thicker in one or more dimensions than 
the non-structural component. For example, the non-struc 
tural component may be a sheet whereas a structural com 
ponent may be a linear and/or arcuate Support structure that 
is thicker than the sheet (for example, a rib of an airway 
scaffold). In some embodiments, a structural component is 
made of or includes one or more different materials than the 
non-structural component. It should be appreciated that the 
reference to structural and non-structural components indi 
cates that a function of the structural component is to 
provide Support for one or more non-structural components. 
Non-structural components can nonetheless contribute to the 
structural stability of a scaffold, and can also serve a 
structural role of providing support for cellularization for 
example. 
0065. In some embodiments, one or more structural com 
ponents (e.g., a continuous Support structure) provide a 
backbone that can be shaped to Support a tubular structure 
(see FIG. 4 for example), for example a tubular scaffold that 
is used to produce a synthetic airway. As used herein, the 
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term “tubular” or “tube-shaped” refers to objects having 
cavities with any cross-sectional shape, including for 
example and not limited to rounded shapes (e.g., oval, 
circular or conical), quadrilateral shapes, regular polygonal 
or irregular polygonal shapes, or any other suitable shape. 
Accordingly, this term is not intended to be limited to the 
generally circular cross-sectional profile of the exemplary 
tubular cavities illustrated in certain figures. 
0.066. In some embodiments, one or more structural com 
ponents (e.g., a continuous Support structure, for example a 
synthetic framework or backbone or a plurality of rings or 
other structural components as described herein) can be 
incorporated into a micro or nanofiber structure to create a 
tubular structure that can have the shape of a trachea and be 
used as a basis for a tracheal implant. However, one or more 
structural components (e.g., a continuous Support structure) 
can have any appropriate shape and can form the backbone 
of an electrospun structure for other organs. In some 
embodiments, a continuous component provides greater 
Support and tissue integrity than a plurality of separate 
Supports (e.g., rings or ribs) that are not connected to each 
other. In some embodiments, one or more structural com 
ponents illustrated in FIG. 1 or FIG. 5 can be clipped over 
a tubular scaffold (e.g., a first layer of electrospun material 
on a collector Such as a mandrel). In some embodiments, the 
structural component can be attached to the first layer using 
a technique described herein and/or a second layer of 
material can be electrospun over it to form a composite 
scaffold. 

0067. In some embodiments, one or more structural com 
ponents (e.g., a continuous Support structure, for example, a 
coiled backbone) can be electrically conductive, non-elec 
trically conductive, or include a combination of conductive 
and non-conductive portions. In some embodiments, the 
continuous Support component (e.g., coiled backbone) can 
be a metallic or polymeric structure. In some embodiments, 
the continuous Support structure (e.g., coiled backbone) can 
be made up of multiple materials. In some embodiments, the 
continuous Support structure (e.g., coiled backbone) can 
include coated and/or non-coated portions. 
0068. In some embodiments, an electrically conductive 
Support component (e.g., coiled backbone) is an integral part 
of an electrospun macro or nanofiber tubular synthetic organ 
structure (e.g., vessel, airway, for example an esophagus or 
trachea, or gut, for example a stomach or intestine, etc., or 
any portion thereof). In some embodiments, the continuous 
Support component (e.g., coiled backbone) is selectively 
electrically charged (e.g., during synthesis of the scaffold, 
for example, during electrospinning). In some embodiments, 
the charge is positive, negative, alternating, biphasic, pulsed, 
ramped, etc., or a combination thereof. In some embodi 
ments, the amplitude and profile of an electric charge or 
current on one or more portions of a conductive Support 
component can be adjusted or programmed (e.g., using a 
controller connected to a computer). In some embodiments, 
the charge is selectively controlled and/or maintained in 
order to alter the bonding properties of electrospun macro or 
nanofiber layers which come into contact with the Support 
component (e.g., backbone). In some embodiments, the 
purpose of this selective control is to improve binding of 
electrospun fibers to the Support component and thereby 
reduce the likelihood (e.g., through bonding) of delamina 
tion of electrospun nanofiber layers deposited on an organ or 
tissue scaffold (e.g., a tubular synthetic organ Scaffold). 
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0069. In some embodiments, the continuous support 
structure (e.g., coiled backbone) is an electrically conductive 
backbone that serves as the electrospinning mandrel for the 
purpose of creating an electrospun nanofiber scaffold (tubu 
lar synthetic organ structure) on the conductive structural 
element. However, it should be appreciated that in this 
context, the conductive structural element is retained within 
the scaffold (unlike a mandrel that is removed after the 
scaffold is formed on the mandrel via electrospinning). In 
some embodiments, the electrical characteristics of the 
structural component (e.g., backbone) are tuned to control 
the deposition of electrospun nanofibers anywhere along the 
entire dimension of the tubular synthetic organ scaffold. In 
some embodiments, the electrical characteristics of the 
structural component (e.g., backbone) are tuned to provide 
deposition of electrospun macro or nanofibers which can be 
uniform, differential, alternating, mixed, aligned, non 
aligned etc. In some embodiments, the deposition is utilized 
to create an electrospun nanofiber tubular synthetic organ 
structure with specific mechanical or biological properties 
including: tensile strength, rotation, compression, range of 
motion, bending, resistance, compliance, degrees of free 
dom, gas permeability, pore size, cellular engraftment, dif 
ferentiation, proliferation, infiltration, angiogenesis, vascu 
larization, etc., or any combination thereof. 
0070. In some embodiments, aspects of the invention 
relate to an electrospun nanofiber tubular synthetic organ 
structure having one or more structural components (e.g., a 
continuous support component, for example, a coiled back 
bone, or two or more structural rings or ribs, etc.) that each 
possess integrated micro and/or nano features that can 
combine (e.g., attach to) with complementary counterpart 
micro and/or nano features of the electrospun nanofiber 
layers that are contacted, thereby enhancing the bonding 
properties between the one or more structural components 
and the electrospun fibers (e.g., nanofibers). In some 
embodiments, one or more layers may include a layer of 
electrospun nanofibers below a structural component (e.g., a 
coiled backbone), above it, or both below and above. These 
layers can possess complementary counterpart micro and/or 
nano features to those possessed by the coiled backbone. In 
Some embodiments, the complementary counterpart micro 
and/or nano features are of a hook and loop configuration. In 
Some embodiments, the complementary counterpart micro 
and/or nano features are of a tab and slot configuration, a ball 
and Socket configuration, a tongue and groove configuration, 
or any other complementary structural configuration as 
aspects of the invention are not limited in this respect. 
0071. In some embodiments, aspects of the invention 
relate to an electrospun nanofiber tubular synthetic organ 
structure comprising one or more Support components (e.g., 
a coiled backbone) that possesses integrated micro and/or 
nano features that can anchor, attach, or bind to the elec 
trospun macro or nanofiber layer(s) they contact. In some 
embodiments, the layers can include a layer of electrospun 
macro or nanofibers on a first side of a Support component 
(e.g., the coiled backbone), a second side of the Support 
component, or both. In some embodiments, the layers them 
selves act as permissive substrates for the anchoring, attach 
ment, or binding of the Support component (e.g., coiled 
backbone) they contact. 
0072. In some embodiments, aspects of the invention 
relate to an electrospun nanofiber tubular synthetic organ 
structure constructed using a single continuous electrospun 
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nanofiber (as opposed to using separate nanofibers) in order 
to promote structural integrity. In some embodiments, a 
separate Support component is incorporated into the organ 
structure. In some embodiments, the Support component is 
incorporated during electroSpinning without stopping the 
electrospinning process (thereby maintaining a single con 
tinuous fiber which reduces the problem of delamination). In 
Some embodiments, the electrospinning process is slowed 
rather than stopped. In some embodiments, the process is 
slowed using a concerted Software control of two or more 
(e.g., all) adjustable electroSpinning parameters and the 
location (e.g., rotational position on the Support) and/or 
timing of the change in speed can be triggered by an encoder 
on the rotating motor (e.g., mandrel motor) to allow the 
exact position (e.g., rotational position) of the Support (e.g., 
mandrel) to be identifiable, and, in Some embodiments, 
communicated to the software. In some embodiments, the 
purpose of slowing the electrospinning process is to allow a 
software controlled robot to place one or more support 
structures (e.g., backbone elements) onto a partially com 
pleted electrospun nanofiber tubular synthetic organ struc 
ture. In some embodiments, this placement is facilitated by 
using an encoder. In some embodiments, an encoder can be 
an electrical device and/or an electrically detectable device 
that is placed at one or more defined positions on a mandrel. 
In some embodiments, an encoder can be a physical or 
optically detectable feature (e.g., a protrusion, or other 
physical feature, or a reflective material, a barcode, a color, 
or other optically detectable feature) that is located at one or 
more positions on a collector (e.g., a mandrel). In some 
embodiments, an encoder is an RFID device. It should be 
appreciated that the encoder should be located on the 
collector (e.g., mandrel) at a position that does not interfere 
with detection when one or more scaffold layers are on the 
collector. In some embodiments, an encoder is placed at one 
or both ends of a collector in an area that is not covered by 
a polymer during synthesis. However, in some embodi 
ments, an encoded can be placed under an area that will be 
covered by polymer if the signal from the encoder can still 
be detected. 

0073. In some embodiments, the construction process is 
facilitated by using an electrospinning mandrel to tune the 
mechanical and biological properties of the electrospun 
nanofiber tubular synthetic organ structure, obviating the 
need for the insertion of one or more backbone elements. 

0074. In some embodiments, aspects of the invention 
relate to using simultaneous multi-fiber (e.g., 2 fiber) elec 
trospinning with dense fibers (e.g., PET fibers) used for 
Support components (e.g., ribs of a tracheal scaffold) and 
more elastic fibers (e.g., PU or blended PET/PU) for spaces 
between the Support components. In some embodiments, 
Support components (e.g., ribs) are made by oscillating back 
and forth the angular rotation of the mandrel (e.g., approxi 
mately 270 degrees, however other angles may be used) 
during deposition of the fiber. In some embodiments, as 
many syringe nozzles as ribs (e.g., between 6 and 10, or 
more or less) may be used. In some embodiments, one or 
more nozzles can be moved stepwise along the longitudinal 
axis of a mandrel. In some embodiments, after a small mass 
of rib material is built up (e.g., between one hundredth and 
one fifth of total rib mass) for one or more ribs (e.g., all ribs), 
the posterior wall of the scaffold and the inter rib spaces can 
be covered in a layer of more elastic material (e.g., a blend 
of between 100% PU and 50% PU/50% PET). This process 
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of delivering a structural component by spinning or by 
depositing a polymer (e.g., biological or inorganic) provides 
the ability to deliver the component and cure with a curing 
stimulant (e.g., light or heat) to improve the structural 
integrity of the resulting scaffold. In some embodiments, a 
plurality of layers can be applied. In some embodiments, the 
fibers at each level can be attached to or incorporated into a 
polymer feature. Accordingly, a scaffold spun material can 
be embedded into the structural feature thereby reducing or 
eliminating delamination of the fibers. This process can be 
used to produce a scaffold made of a single mass of fibers, 
thereby reducing the delamination between layers of mate 
rials used in current scaffolds, while maintaining a radially 
strong but longitudinally flexible tracheal scaffold. 
0075. It should be appreciated that this technique also 
could be used for other organs, particularly tubular organs, 
for example the gastro-intestinal tract, and for other organs 
requiring scaffolds with varying mechanical properties (e.g., 
heart, bone, liver, or kidney). In some embodiments, the 
same technique can be used with longitudinal ribs rather 
than radial ribs, for example for esophageal scaffold con 
struction. In some embodiments, this technique can be used 
to differentiate fibers into horizontal and vertical designs, for 
example to simulate natural tissues (e.g., Smooth or striated 
or slanted or bundled). In some embodiments, these designs 
can serve as cues (e.g., simulating biological cues) for the 
cells being deposited to properly differentiate. In some 
embodiments, these designs are useful to stabilize a syn 
thetic construct. 

0076. In some embodiments, in order to obtain fibers 
having appropriate structural properties (e.g., flexibility and/ 
or elasticity), the fibers can be exercised (e.g., exposed to 
repeated flexing, twisting, extending, and/or compressing) to 
increase the compliance of the fiber material (e.g., so that 
stiff materials become compliant). In some embodiments, 
the fibers can be exercised during synthesis of a scaffold 
component (e.g., structural element) or other synthetic mate 
rial. In some embodiments, a scaffold component or other 
synthetic material can be designed and/or produced to have 
a restricted bending radius (e.g., using an exterior shielding 
for example with a desired bend radius or anchor stitch to 
limit the flexibility of the polymer). This can be useful, for 
example, to allow for a desired flexibility or other structural 
property to be imparted to a material during synthesis, but 
wherein the flexibility or other structural property does not 
change Subsequently or during use (e.g., after it is incorpo 
rated into a synthetic scaffold). In some embodiments, 
excerising involves exposing a scaffold element to repeated 
horizontal and/or vertical forces that do not exceed the 
breaking point of the polymer (or other scaffold material). In 
Some embodiments, a restricted bend radius can be useful 
for scaffolds that are used for hollow tissue and/or solid 
tissue (e.g., airways, lungs, veins, heart, heart valve, liver, 
kidney, etc.) or portions thereof. 
0077. In some embodiments, the structural integrity of a 
scaffold can be improved by combining different compo 
nents that have compatible (e.g., similar or identical) flex 
ibilities and/or other physical properties that also are com 
patible with the structural or physical requirements in the 
host after implantation. In some embodiments, a technique 
of exercising synthetic fibers to obtain a desired fiber 
characteristic can be useful to protect the integrity of a 
scaffold by providing elements having Sufficient structural 
flexibility (e.g., even when using natural ridged materials). 
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This technique also can be used to modify the properties of 
certain polymers or other materials that are acceptable for 
use in a Subject (e.g., physiologically acceptable and/or 
approved by a regulatory agency) even if the polymers or 
other materials do not inherently have the appropriate flex 
ibility or other physical property that may be desired for use 
in a synthetic organ or tissue scaffold. In some embodiments, 
a desirable level of flexibility can be based on structural 
properties that are important for an engineered tissue or 
organ after implantation into a recipient. In some embodi 
ments, a target level of flexibility can be obtained by 
exercising synthetic fibers, measuring the resulting flexibil 
ity, and repeating the exercising and measuring steps if 
necessary until a desired level of flexibility is obtained. In 
Some embodiments, the physical properties (e.g., flexibility) 
of two or more different components in a synthetic scaffold 
can be matched (e.g., to be within 0-25%, for example about 
0-5%, 5-10%, 10-15%, 15-20%, or about 20-25% of each 
other) in order to reduce or avoid delamination or other 
structural failure of an engineered tissue or organ due to 
different components of the scaffold having different physi 
cal properties (e.g., different flexibilities). 
0078. In some embodiments, a scaffold material may be 
exercised to impart sufficient flexibility to allow for expan 
sion or stretching (e.g., to allow for growth of a synthetic 
tissue or organ after implantation). In some embodiments, a 
synthetic organ or tissue may expand in response to one or 
more internal cues provided by the body of a host and/or one 
or more external cues or stimuli (e.g., electrical and/or 
pressure cues, and/or other external cues). 
0079. In some embodiments, one or more structural com 
ponents (e.g., ribs or other Support structures) can be 
molded, and fibers can be spun or woven around the 
component(s). In some embodiments, the structural compo 
nent(s) include Small anchors (e.g., filamentous, fibrous, or 
hair-like anchors, for example having a diameter of several 
1-5 nm and a length of 5-50 nm, however other sizes also 
can be used for example larger or Smaller diameters or 
lengths) that help connect the structures to the electrospun or 
woven material. 

0080. In some embodiments, a heated mandrel can be 
used to melt (e.g., partially melt) one or more layers of fibers 
that are electrospun thereby promoting their connection by 
fusing them. In some embodiments, this technique can be 
used to reduce subsequent delamination of different fibers. 
In some embodiments, a heat Source can be used to melt 
(e.g., partially melt) regions of one or more scaffold com 
ponents (regardless of how they are made) during or after 
their assembly to form the scaffold. This also can be useful 
to reduce Subsequent disassociation (e.g., delamination) of 
separate scaffold components. 
0081. In some embodiments, two or more streams of 
fibers are provided (e.g., during an electrospinning process). 
In some embodiments, a first stream is continuous and a 
second stream is intermittent (e.g., Spitting Small fibers). 
This is illustrated in FIG. 5. FIG. 5A illustrates an example 
of a branched structure that can be used to form a scaffold. 
The branched structure can be a branched mandrel or other 
collector that can be used for electroSpinning to deposit one 
or more fibers. FIG. 5B illustrates two different types of fiber 
(51, 52) that were deposited on the branched structure of 
FIG.S.A. 

0082 FIG. 5C illustrates a non-limiting embodiment of a 
technique for depositing two different types of fiber using 
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two nozzles. In some embodiments, fibers deposited in a 
second stream can provide different adhesive or structural 
properties that can be incorporated into the fiber being 
deposited by a first stream. FIG. 5C illustrates a continuous 
and an intermittent stream. However, it should be appreci 
ated that two continuous streams of different material or two 
intermittent streams of different material also can be used. 
By combining the two fibers during synthesis, Subsequent 
separation or delamination can be reduced. In some embodi 
ments, three or more (e.g., 3-5, 5-10, or 10-15 or more) 
different streams can be used (e.g., including any combina 
tion of intermittent and continuous streams of different 
material). It should be appreciated that 2 or more different 
streams can be deposited simultaneously (or sequentially or 
a combination thereof) using an electrospinning device that 
includes 2 or more nozzles each independently controlled 
and connected to different reservoirs of material. FIG. 5C 
illustrates a non-limiting embodiment of two streams of fiber 
(55, 56), one of which is intermittent (producing, for 
example, shorter fibers), being deposited via electrospinning 
from two nozzles (53, 54). The fibers are illustrated as being 
deposited onto a scaffold support component (59) that is 
placed on a first scaffold layer (58) that was previously 
deposited on a mandrel (57). It should be appreciated that 
the first scaffold layer also can be produced using a single 
stream of material or a combination of two or more different 
streams of material (e.g., from two or more different 
nozzles). In some embodiments, co-electrospinning with 
short fibers (e.g., using an intermittent stream) can increase 
the mechanical strength of a scaffold. In some embodiments, 
short polymer fibers can create connections between longer 
electrospun fibers. In some embodiments, shorter fibers can 
physically intertwine longer electrospun fibers (e.g., in a 
tracheal scaffold) so that the resulting scaffold has fewer 
separate layers and the layers are mechanically connected to 
form a thicker layer. In some embodiments, the shorter fibers 
can be wet fibers to increase the adhesion between the fibers, 
and/or between the fibers and structural components (e.g., 
ribs in a tracheal scaffold). 
0083. In some embodiments, delamination of different 
components of a scaffold can be reduced or avoided by 
applying a material that promotes adhesion or coherence 
between the different components (e.g., during synthesis). 
FIG.5D illustrates a non-limiting example where one of two 
nozzles (511) deposits an electrospun material (513) (e.g., 
fiber, for example a nanofiber) and the other nozzle (510) 
delivers a solvent (512) or other material (e.g., an adhesive 
or cross-linker) that promotes adhesion of the electrospun 
material to the support component (514). However, it should 
be appreciated that other techniques can be used to apply a 
solvent or other material to promote adhesion between two 
or more separate layers or components of a tissue or organ 
scaffold. In some embodiments, a structural component 
(e.g., a frame for example as illustrated in FIG. 1) is coated 
with one or more solvents prior to being placed on a scaffold, 
for example prior to being Snapped onto a first scaffold layer. 
In some embodiments, a solvent can be sprayed on (e.g., 
electrosprayed). In some embodiments, the structural com 
ponent, or a portion thereof (for example the portion that is 
going to contact another scaffold component) can be dipped 
in solvent or otherwise coated with solvent prior to being 
added to a scaffold during assembly. The coated solvent 
helps fibers stick to the structural component(s) (e.g., ribs) 
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and may create chemical and/or physical bonds between 
different components of a scaffold. 
0084. In some embodiments, a solution may be applied to 
a portion of a surface of a first synthetic material in order to 
promote adhesion between that portion of the first synthetic 
material and a portion of a second synthetic material that is 
applied or contacted to the first material. FIG. 6 illustrates a 
non-limiting embodiment of a solution applied to one or 
more surfaces of a first synthetic material. FIG. 6A shows a 
non-limiting embodiment of a solution 60 that is applied to 
a portion of the surface of a first synthetic element. FIG. 6B 
illustrates the solution applied to a portion of several Syn 
thetic elements 60a, 60b, 60c. Each synthetic element can be 
a structural Support component (e.g., an artificial cartilage 
ring that is made of synthetic and/or natural material). The 
Solution can help promote adhesion of a second material to 
the first material. In some embodiments, the first material is 
a structural component placed on a Support (e.g., a mandrel) 
and the second material is a fiber that is electrospun onto the 
first material. In some embodiments, the structural compo 
nent is placed directly on the mandrel. However, in some 
embodiments, an initial layer of electrospun material is 
deposited on the mandrel prior to the structural component. 
As a result, application of the second material over the 
structural components produces a multi-layered scaffold 
having one or more structural components placed between 
two layers of electrospun material. It should be appreciated 
that the two layers on either side of the structural compo 
nents can include the same types of electrospun fibers or 
different types of electrospun fibers. FIG. 6C illustrates a 
non-limiting embodiment of three structural components 
placed on a cylindrical Support (e.g., on a first layer of 
electrospun material on the cylindrical Support), wherein at 
least a portion of each structural component is coated with 
the solution. The solution can promote adhesion of the fibers 
to the structural components (e.g., the fibers stick preferen 
tially to the first material as the fibers pass over the region 
that is coated with a solution during electrospinning). It 
should be appreciated that a solution also could be applied 
to the first layer (or regions of the first layer) of material 
before the structural components are placed or electrospun 
on it in order to promote adhesion or prevent Subsequent 
delamination. In some embodiments, the resulting scaffold 
can be an airway scaffold (e.g., an esophageal or tracheal 
scaffold) or a portion thereof, or a portion of a tubular region 
of a scaffold for another tissue or organ. However, it should 
be appreciated that similar techniques can be used for other 
Organs. 

0085. In some embodiments, the first synthetic material 
may be a structure, for example a Support structure, that is 
being incorporated into a scaffold for a synthetic organ or 
tissue. In some embodiments, the structure is a rib on a 
tracheal scaffold. However, the structure may be any struc 
ture (e.g., any support structure) that is being incorporated 
into a scaffold for any synthetic organ or tissue. In some 
embodiments, the second material is an electrospun material 
that is being deposited onto the first material (e.g., the 
Support structure). However, techniques described herein 
may be used for any material being incorporated into a 
synthetic scaffold as aspects of the disclosure are not limited 
to electrospun nanofiber-based scaffolds. 
0.086. In some embodiments, a solution, Suspension, gel. 
cream, powder, or combination thereof, can be applied to the 
Surface of a first scaffold component in order to promote 
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adhesion or other form of physical attachment to a second 
scaffold component. In some embodiments, a solution is an 
aqueous solution that is useful to promote adhesion between 
the first and second material. In some embodiments, the 
Solution is a solvent or adhesive (e.g., a biologically com 
patible solvent or adhesive). In some embodiments, the 
Solution is hexafluoroisopropanol or chloroform. In some 
embodiments, the solution contains one or more cross 
linkers. In some embodiments, the Solution is capable of 
solubilizing one or more components of the first and/or the 
second material. It also should be appreciated that a gel or 
paste having similar properties also may be used as aspects 
of the disclosure are not limited in this respect. In some 
embodiments, a curing polymer (e.g., a solution of curing 
polymer) can be used. Any Suitable polymer can be used 
(e.g., polyethylene, nylon, a biopolymer, etc.). Curing can 
involve any suitable technique including UV exposure, heat, 
or other technique. 
I0087. The solution may be applied using any suitable 
technique, including spraying, painting, depositing using 
one or more rollers or pads, or any other technique that can 
be used to deposit the solution on the first material (e.g., 
structure). 
I0088. In some embodiments, one or more sprayers or 
other delivery devices can be used to deposit one or more 
structural elements (e.g., one or more rings on a synthetic 
airway). In some embodiments, the same or separate sprayer 
(s) can be used to deposit a curing polymer at appropriate 
positions. In some embodiments, an encoder or other device 
that provides information about the rotational position of a 
mandrel can be used to guide the sprayers to deposit 
different materials in the correct location and order on a 
Support (e.g., on a mandrel). 
I0089. In some embodiments, the solution is applied dur 
ing rotation of an electrospinning device. For example, a 
Support structure placed on a mandrel may be rotating and 
a solution (e.g., a solvent) may be applied to predefined 
portions of the rotating Support structure prior to depositing 
an electrospun nanofiber onto the Support structure. In some 
embodiments, the pattern or location of deposition of the 
Solution onto a rotating Support structure can be determined 
by Synchronizing the deposition process with the rotation of 
the mandrel (e.g., using a mark or register on the mandrel 
that controls the timing of deposition). However, it should be 
appreciated that the Solution can be applied to a Support 
structure that is not in motion (e.g., not spinning). This 
technique also can be used in conjunction with any synthetic 
structure and is not limited to a Support structure on a 
mandrel. 

0090. In some embodiments, a solution may be applied to 
the entire Surface of a structure (e.g., a Support structure) in 
order to promote adhesion with a second material. However, 
in some embodiments, the solution is applied only to a 
portion of the structure (for example, as illustrated in FIG. 
6) to promote preferential adhesion of the second material to 
one or more defined regions of the structure. Accordingly, 
these techniques can be used to enhance the attachment 
strength between different materials in a synthetic scaffold 
that is used for organ or tissue engineering. It should be 
appreciated that in Some embodiments, a gel, Suspension, 
cream, powder, or combination thereof, or other form of 
material can be used to promote adhesion or physical 
attachment instead of or in addition to a solution. 
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0091. In some embodiments, instead of, or in addition to, 
applying a separate Solution between different scaffold com 
ponents, either or both of first or second materials being 
connected can be provided in a form (e.g., in combination 
with an appropriate solution) that promotes their adhesion. 
0092. In some embodiments, the material (e.g., a poly 
mer) for a scaffold component such as a Support component, 
for example a rib of an airway scaffold, can be provided in 
combination with a solvent to generate a thicker layer of 
dissolved or melted (e.g., partially dissolved or partially 
melted) material that can be attached to fibers that are 
deposited onto the scaffold component (e.g., by electrospin 
ning) FIG. 6D illustrates a non-limiting embodiment (right 
hand panels) of a cross-section showing fibers that are 
deposited (e.g., by electrospinning) into a layer of dissolved 
material (e.g., polymer) of a scaffold component. The left 
hand panel illustrates an example where less or no solvent is 
used or where only a small amount of solvent is deposited 
on the surface of the scaffold component. This illustrates that 
fewer fibers are tightly associated with the scaffold compo 
nent in the left-hand panel. The thicker layer of dissolved 
material in the right-hand panel results in a thicker layer of 
material (e.g., polymer) for the fiber to get caught in. This 
results in a stronger attachment of fibers to the scaffold 
component and consequently a stronger scaffold that is less 
prone to delamination. In some embodiments, a scaffold 
component (e.g., a structural component) can be made using 
an electrospinning polymer Solution that is less than 75% 
(e.g., about 70% or less, about 50% or less, or about 25% or 
less) polymer/solvent by Volume. In some embodiments, a 
solvent includes or is HFIP. However, other solvents or 
combinations of solvents also may be used. In some embodi 
ments, a polymer mixture for electrospinning is between 
about 50% PET and 100% PET. In some embodiments, the 
polymer mixture is 50% PET and 50% PU. In some embodi 
ments, the polymer mixture is 100% PET. However, it 
should be appreciated that other polymer mixtures can be 
used. 

0093. In some embodiments, the physical integration of 
two or more different layers or components of a scaffold can 
be enhanced by depositing them and/or otherwise bringing 
them into contact before the material of one or both has set 
or cured. For example, a first material (e.g., a sheet or layer 
of a polymer, or a structural component) may be deposited 
and a second material (e.g., a sheet or layer of polymer, or 
a structural component) may be deposited on the first 
material before the first material has set or cured. This can 
be accomplished using any Suitable technique. In some 
embodiments, the second material is applied rapidly before 
sufficient time has elapsed for the first material to set or cure. 
In some embodiments, the first material is provided as a 
dilute preparation or a wet preparation to slow down the 
process of setting or curing. In some embodiments, the first 
material is not exposed to curing or setting condition, agents, 
and/or stimulants prior to application of the second material. 
It should be appreciated that one or more of these techniques 
can be used and/or combined with other suitable techniques. 
In some embodiments, a series of different materials, layers, 
and/or components of a scaffold can be applied using these 
techniques alone or in combination with any other tech 
niques described herein. 
0094. In some embodiments, the size and shape of dif 
ferent scaffold components can be used to promote structural 
integrity. In some embodiments, the size and shape of a first 
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structure (e.g., a Support structure Such as a synthetic tra 
cheal ring or rib) can be optimized to promote adhesion of 
a second material to the first structure. For example, when an 
electrospun nanofiber is deposited onto a first structure (e.g., 
a Support structure Such as a synthetic tracheal ring or rib), 
adhesion between the two materials is enhanced when the 
first structure has a low profile (e.g., a low cross-sectional 
profile). By way of example, low profile structures include, 
but are not limited to, structures having flat or substantially 
flat Surfaces, as well as structures having Surface features, 
Such cylindrical portions, rounded portions, or other shaped 
portions, in which the features have sufficiently large radii of 
curvature so as to facilitate or enable adhesion between two 
materials. In some embodiments, a structural component 
(e.g., a rib) that has a low cross-sectional profile is flatter or 
more ribbon-like than a structural component with a rela 
tively higher cross-sectional profile. For example, FIG. 7 
illustrates non-limiting embodiments of different cross-sec 
tional profiles of a Support structure (e.g., a rib of a tracheal 
scaffold or other scaffold). In FIG. 7A, support structure (70) 
is shown in side view with a higher profile in the left panel 
than in the right panel. FIG. 7B shows the relative cross 
sectional profiles, with section 1 illustrated in the left panel 
and section 2 illustrated in the right panel. The feature (e.g., 
the structural rib) having a higher profile illustrated in the 
left panel provides less contact area between layers. In FIG. 
7B, the extent of deposition of fibers 75 is lower on the 
flanking sides of the Support structure (in the gray shadowed 
areas on either side of the structure in the left panel). In 
contrast, increased deposition is obtained on a Support 
structure that has a lower cross-sectional profile (see right 
panel of FIG. 7B). As a result, the strength of the attachment 
between the nanofibers and the support structure is lower for 
the support structure illustrated in the left panel of FIGS. 7A 
and 7B. This can result in a higher risk for detachment or 
delamination. In some embodiments, a profile that promotes 
adhesion has a height:width ratio (of the cross-sectional 
profile) of less than 1:1 (e.g., between 1:1.1 and 1:10, for 
example around 1:1 and 1/3). Accordingly, the profile of a 
synthetic structure (e.g., a rib or ring or other Support 
structure) that is being coated with fibers (e.g., electrospun 
nanofibers) can be designed to reduce the size of the gap 
between the fibers and the sides of the synthetic structure. 
This can increase the area of contact and adhesion between 
the fibers and the synthetic structure, thereby promoting 
structural integrity. In some embodiments, the Surface tex 
ture of a synthetic structure also can be modified to promote 
adhesion with fibers that are being deposited. For example, 
notches, etches, or other Surface depressions or protrusions, 
or a combination thereof, can be used to promote fiber 
attachment. 

0.095 However, it should be appreciated that in some 
embodiments, the space between the structure and the sec 
ond material (e.g., as illustrated in the gray flanking regions 
in the left panel of FIG. 7B) can be used (e.g., if the 
attachment strength is otherwise Sufficient). For example, 
the space may be filled with a further material (e.g., a 
hormone, growth factor, or other material that may be useful 
to promote cell growth, differentiation, or other properties 
on a synthetic scaffold). 
0096. In some embodiments, a sheath is placed between 
a Support (e.g., a mandrel) and a synthetic material (e.g., 
synthetic scaffold) that is being assembled or produced on 
the Support (e.g., by electrospinning fibers onto the Support). 
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A sheath can be useful to prevent adhesion to the support by 
one or more of the materials (e.g., fibers) that is being 
deposited. In some embodiments, the sheath can be helpful 
to remove the Support (e.g., mandrel) after assembly or 
synthesis of a synthetic scaffold is complete without signifi 
cantly disrupting or damaging the integrity of the synthetic 
scaffold. In some embodiments, the sheath can then be 
removed from the synthetic scaffold by pealing it off or by 
stretching or otherwise deforming the sheath along one 
direction (e.g., the along the length of a tubular structure) 
such that the radius or width of the sheath shrinks thereby 
disconnecting it from the synthetic scaffold that is on the 
outer surface of the sheath. 

0097. In some embodiments, a sheath is designed to 
conform to the shape of the structure it is covering (e.g., a 
mandrel). In some embodiments, the sheath is an elastic or 
otherwise deformable structure. The sheath can be made of 
any Suitable elastic, polymeric, and/or other synthetic or 
natural material. In some embodiments, the sheath includes 
one or more electrically conducting materials so that current 
can flow from/to the mandrel to allow fibers (e.g., nanofi 
bers) to be electrospun onto the exposed surface of the 
sheath. 

0098 FIG. 8 illustrates a non-limiting example of a fiber 
(e.g., a macro or nanofiber) being deposited on a sheath. In 
FIG. 8A, sheath (82) is shown on a cylindrical support (e.g., 
a mandrel) (80), and fiber (84) is being deposited onto sheath 
(82). FIG.8B illustrates the sheath inside a synthetic scaffold 
formed by fiber (84) after removal of support (80). The 
sheath is shown stretched so that its radius is reduced and it 
disconnects from the scaffold. It should be appreciated that 
Support (80) can be a collector (e.g., a mandrel) or other 
structure that is used to form a scaffold but that is not 
integrated into the scaffold, and is removed from the scaffold 
prior to cellularization and/or prior to implantation. 
0099. A sheath can be made of or include a woven 
material and/or a polymer and/or any other Suitable material. 
In some embodiments, a sheath is made of or includes one 
or more electrically conductive materials. Non-limiting 
examples of electrically conductive materials include, but 
are not limited to, conductive metals (e.g., silver, copper, 
annealed copper, gold, aluminum, calcium, tungsten, Zinc, 
nickel, lithium, iron, platinum, tin, lead, titanium, manganin, 
constantan, mercury, nichrome, carbon (amorphous)); con 
ductive plastics; conductive or anti-static powders/agents 
(e.g., the EP1/EP2/EP3/EP4 series available commercially 
from Noelson Chemicals); conductive glass powder (e.g., 
the EG series available commercially from Noelson Chemi 
cals); conductive mica powder (e.g., the EC-300 series 
available commercially from Noelson Chemicals); conduc 
tive titanium dioxide (e.g., EC-320 series available com 
mercially from Noelson Chemicals); conductive barium 
sulfate (e.g., the EC-340 series available commercially from 
Noelson Chemicals); conductive ATO powder (e.g., the 
EC-360 series available commercially from Noelson Chemi 
cals); conductive zinc oxide (e.g., the EC-400 series avail 
able commercially from Noelson Chemicals); conductive 
polyaniline (e.g., the EC-600 series available commercially 
from Noelson Chemicals); conductive carbon or black/ 
conductive graphite (e.g., the EC-380/EC-390 series avail 
able commercially from Noelson Chemicals); high conduc 
tive carbon powder (e.g., the EC series available 
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commercially from Noelson Chemicals), and/or carbon 
nanotubes (e.g., the EC-700 series available commercially 
from Noelson Chemicals). 
0100. In some embodiments, one or more structural com 
ponents (e.g., 2-20, 2-5, 5-10, 10-15, 15-20, or more) can be 
incorporated into a synthetic scaffold (e.g., onto a first layer 
of an electrospun scaffold) using a device that guides the 
placement of the Support structure(s) without significantly 
disrupting or damaging the structure of the scaffold (e.g., of 
the first layer of the scaffold). In some embodiments, a 
device can be used to align and place a plurality of structural 
elements onto a synthetic scaffold during synthesis. In 
addition to reducing damage to an existing synthetic scaf 
fold, the correct alignment of a plurality of structural ele 
ments can help promote the correct assembly of a complete 
scaffold and enhance the Subsequent integrity of the scaffold 
(e.g., by reducing delamination or other structural failure of 
the assembled scaffold during or after implantation into a 
Subject). 
0101 FIG. 9 illustrates a non-limiting example of a 
device that can be used to place one or more Support rings 
onto a scaffold (e.g., a cylindrical scaffold). In some embodi 
ments, support rings are not closed circles, but are arcuate 
(e.g., U or C-shaped) open structures. In some embodiments, 
the ends of the U or C-shaped structures are in close 
proximity when the structure is not stretched or strained. 
However, the shape of the U or C-shaped structures and the 
distance between the ends of each structure depends on the 
intended use of the rings. In some embodiments, the rings 
(94) are used to provide a synthetic structural rib for a 
synthetic airway scaffold (e.g., a synthetic tracheal scaffold). 
In FIG. 9A, spreader blocks (96) are inserted into position 
ing frame (98). Synthetic rings (94) are inserted into pockets 
of spreader blocks (96). The pockets are at predetermined 
positions to align the rings (94). A pad (92) is fixed to the 
spreader (90) immediately below the flexible hinge (91) 
web. The pad (92) can be a silicone sponge rubber pad, or 
made of any other suitable material. The device is assembled 
with the rings (94) by lowering the spreader over rings such 
that the four extension feet slip downward into the matching 
cutouts at each end of each spreader block (96). As a result, 
the sponge rubber contacts the top of each ring (94) as the 
spreader extension feet (95) become fully inserted in the 
spreader blocks (96). In some embodiments, the two 
spreader blocks (96) can be positioned in a positioning 
frame (98) resulting in an assembled device (99) as illus 
trated in FIG. 9B. In some embodiments, by applying light 
pressure to the spreader handle (93) (e.g., by Squeezing the 
sides of the spreader handle (93)) the two spreader blocks 
(96) with the ring array can be lifted out of the positioning 
frame (98) without falling off the four extension feet (95) of 
the spreader (90) (as illustrated in FIG. 9C). Squeezing the 
spreader (90) handles (93) further will separate the spreader 
blocks (96) (and spread the rings) such that the assembly 
may be placed over a mandrel to which a first layer of 
electrospun fiber has been applied. The assembled device 
(99) can be centered and lowered to bring the inside top of 
each ring in contact with the topside outer diameter of the 
electrospun fibers on the mandrel. In some embodiments, 
pressing the spreader (90) down further will cause the rings 
(94) to compress into the pad (92) (e.g., a pad made of 
silicone, a silicone sponge, or a rubber material, etc.). Since 
the spreader blocks (96) are held fixed by engagement with 
the four spreader extension feet (95), compressing the rings 
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(94) into the silicone pad (92) effectively pulls each end of 
each ring (94) out of the pockets in the spreader blocks (96). 
As a result, the spreader blocks (96) can be released by all 
of the ring ends simultaneously, and the spreader blocks (96) 
can fall away or be removed from the spreader extension feet 
(95). When the spreader blocks (96) are released, the uncon 
strained rings (94) are free to Snap back to their arcuate (e.g., 
circular) profile and wrap themselves around the electrospun 
fiber. Maintaining the pressure on the spreader handles (93) 
allows the spreader (93) to be lifted off the mandrel and ring 
assembly without disturbing the ring placement. In some 
embodiments, the resulting mandrel and ring assembly can 
be further processed by depositing a further layer of fibers 
(e.g., electrospun fibers) over the rings (94). It should be 
appreciated that the Support components (e.g., rings) can 
have a size that is identical or similar to a tracheal or 
esophageal ring of a recipient of the scaffold. This size can 
be different depending on whether the recipient is a small 
mammal (e.g., a mouse), a human, or a larger mammal, or 
other organism. However, Support components (e.g., ring or 
rib) can range in size from several mm (e.g., 1-2, 2–5, 5-10) 
to several cm (e.g., 1-2, 2–5, 5-10) inner diameter or smaller 
or larger. In some embodiments, the cross-sectional dimen 
sions (e.g., width and height) of the Support component can 
independently be around 1-10 mm or Smaller or larger (e.g., 
10-25 mm or larger). 
0102. It should be appreciated that one or more device 
components described herein may be optional and/or inte 
gral to an alignment device in some embodiments. It should 
be appreciated that an alignment device can be provided in 
different configurations that allow a plurality of structural 
elements (e.g., arcuate, or ring-shaped elements) to be 
placed onto a synthetic scaffold. It also should be appreci 
ated that components of an alignment device can be made of 
any suitable material (e.g., including one or more plastics, 
metals, polymers, and/or other material, for example any 
suitable material that is autoclavable). 
0103) In some embodiments, a scaffold may need to 
change size after implantation. For example, a scaffold 
implanted into a child or adolescent Subject may need to 
expand in one or more directions as the Subject grows. In 
Some embodiments, a scaffold includes one or more expand 
able regions. In some embodiments, one or more regions are 
compressed prior to implantation and released after implan 
tation (e.g., in response to one or more natural or added 
cues). FIG. 10 illustrates a non-limiting embodiment of a 
scaffold that can be compressed prior to implantation in a 
subject and subsequently extended after implantation. FIG. 
10A illustrates a non-limiting embodiment of a scaffold 
having a plurality of compressible regions (100). FIG. 10B 
illustrates a non-limiting embodiment where 3 compressible 
regions are compressed and maintained in a compressed 
state by lock (110). In some embodiments, lock (110) is 
biodegradable and degrades after implantation thereby 
releasing the compressed regions and allowing the scaffold 
to expand. A non-limiting illustration of a scaffold in its 
expanded region is depicted in FIG. 10C after at least one 
biodegradable lock brakes allowing the scaffold to expand in 
the body. It should be appreciated that other locks can be 
used (e.g., ones that require an external cue or a physical 
intervention to be released at an appropriate time). In some 
embodiments, a compressed scaffold can be implanted with 
out a lock. For example, in Some embodiments, a com 
pressed scaffold is maintained in a compressed State by the 
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body of the subject at the site of implantation, but is slowly 
released as the body of the subject grows. It should be 
appreciated that the force required to compress the scaffold 
(and the resulting force that the compressed scaffold exerts 
on a body at the site of implantation) can be specified and be 
Sufficiently low to prevent damage at the site of implantation 
by designing and producing a scaffold having Suitable 
structural properties. 
0104. In some embodiments, a scaffold can include one 
or more regions having different elasticities, for example to 
allow more elastic regions to expand more readily, for 
example in daily use after implantation, and/or due to 
growth of the patient. 
0105. In some embodiments, the surface or a portion of 
the surface of a synthetic scaffold can be covered or 
strengthened in order to protect it after synthesis and before 
implantation. In some embodiments, one or more non 
limiting techniques illustrated in FIG. 11 can be used to 
protect the surface of a synthetic scaffold. In some embodi 
ments, it is beneficial to protect the scaffold surface to 
prevent damage or degradation (including delamination or 
partial delamination, loosening or other damage of fiber 
materials, deactivation of Surface properties, etc., or any 
combination thereof) that could occur during manipulation 
of the scaffold (for example during cellularization or other 
procedures prior to implantation). In some embodiments, 
one or more techniques illustrated in FIG. 11 can be used to 
protect the Surface of a scaffold from Scratches, pulling, 
tearing, contamination, chemical spills, or other damage that 
can occur when the scaffold is touched or otherwise manipu 
lated. This can be useful to maintain Surface characteristics 
that promote cell adhesion or growth. It should be appreci 
ated that techniques illustrated in FIG. 11 can be used with 
electrospun scaffolds and also with scaffolds produced using 
any other method (e.g., by molding, casting, printing, or 
lithography, or any combination thereof, including combi 
nations with electrospinning). 
0106. In FIG. 11A, a protective material (e.g., a durable 
fiber) is spun or wrapped over the scaffold to cover a portion 
of the surface to reduce the surface area that is Vulnerable to 
damage. In certain embodiments of the scaffold as illustrated 
in FIG. 11A, the spin material employed can exhibit char 
acteristics of non-shedding. The material can be deposited in 
any suitable pattern. In FIG. 11B, a solubilizing or adhesive 
chemical (e.g., hexafluoroisopropanol, other hexanes, or 
other solvents or adhesives) and/or an adhesive material 
(e.g., fibrin or other adhesive material) is deposited (e.g., 
sprayed, painted, printed, dabbed, or otherwise deposited) in 
one or more regions to strengthen the connection between 
different fibers at the surface of the scaffold. It should be 
appreciated that the chemical or material can be deposited in 
any suitable pattern that does not interfere with subsequent 
uses (e.g., Subsequent cellularization) as aspects of the 
disclosure are not limited in this respect. IN the embodiment 
depicted in FIG. 11B, the solubilizing or adhesive material 
can be sprayed or dabbed to create anchor points. In FIG. 
11C, a scaffold surface is coated with a soluble material than 
can be dissolved and removed (e.g., washed away) when the 
scaffold is conditioned for use (e.g., for cellularization). In 
Some embodiments, the soluble material is a Sugar. How 
ever, any suitable soluble material can be used as aspects of 
the invention are not limited in this respect. FIG. 11D 
illustrates a non-limiting embodiment where a cover is 
applied to the scaffold. The cover can include a pattern or 
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design that provides a protective relief that reduces the 
exposure of the scaffold Surface to potentially damaging 
contact. In some embodiments, a pattern of ridges, bumps, 
brushes, or other structures can be used to protect the 
scaffold surface from contact when the scaffold is manipu 
lated. For example, the pattern can be designed such that the 
ridges, bumps, brushes, or other structures will be contacted 
when the scaffold is manipulated without the underlying 
Surface being significantly damaged yielding a reduced 
Surface area design. FIG. 11E illustrates a non-limiting 
embodiment of a cross-section of a portion of a scaffold 
showing bumps or brushes on the side that is contacted when 
the scaffold is manipulated. 
0107. In some embodiments, synthetic scaffolds are pro 
vided for growing tissues or organs. In some embodiments, 
fibers from different layers are attached together using 
physical techniques (e.g., Sutures, welding, for example 
micro welding Such as micro-ultrasound welding, or laser 
welding, or any other Suitable form of welding) and/or 
chemical techniques (e.g., one or more solvents, cross 
linking agents, etc., or any combination thereof). In some 
embodiments, physical welding (e.g., micro ultrasound or 
laser welding) may be used to attach together fibers from 
different layers of a synthetic scaffold. In some embodi 
ments, different patterns can be used to weld multiple layers 
of fibers at a single point (e.g., a point of less than 1.8 mm 
in size). FIG. 11F illustrates a first layer (110) and a second 
layer (111) of a synthetic scaffold (113), in which welding 
(e.g., micro ultrasound or laser welding) has been used to 
create micro welds (112) that attach the second layer (111) 
(e.g., a layer of electrospun fibers) to the first layer (110) to 
form a synthetic scaffold (113). In this way, FIG. 11F 
illustrates a pattern of welds joining the first layer (110) and 
the second layer (111). Any suitable pattern of micro welds 
(112) may be used to join layers in a synthetic scaffold to 
eliminate delamination problems of the layers. For example, 
the weld patterns may be a point Source, diamond shape, 
random or chaotic patterns or other Suitable pattern. It 
should be appreciated that similar techniques can be used to 
connected other scaffold components (e.g., structural com 
ponents) to each other or to one or more layers of material 
(e.g., electrospun material). In some embodiments, welding 
is only done on an edge or end of a mulitlayer scaffold. In 
Some embodiments, welding at one or more ends or edges of 
a scaffold (e.g., at one or both ends of a tubular scaffold) has 
a pattern that is two-dimensional (e.g., a 'W' pattern or 
other two-dimensional pattern) so that if a portion of the 
scaffold is removed (e.g., excised), for example to test one 
or more properties of a scaffold, or during Surgical implan 
tation, some of the welding remains with the scaffold that is 
being implanted (for example the excision of one or more 
ends or edges does not remove all of the welding). 
0108. As depicted in FIG. 11G, in some embodiments, 
chemical solvents or adhesives or polymers (e.g., air or other 
curable setting polymers) that are capable of wetting Sur 
faces or layers to fuse or adhere together can be added (e.g., 
by injection with a syringe or other delivery device (114)) 
during or after the fabrication process. 
0109 As depicted in FIG. 11H in some embodiments, a 
string, Suture or other fastening or tethering element (115) 
can be looped through fibers (111) and secured at one or 
more ends of a synthetic scaffold (113). In some embodi 
ments, the String, Suture or other fastening element may be 
secured by melting a knot or placement of a chemical dot 
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Such that the String or Suture remains fixed at the end and 
does not unravel, for example. In some embodiments, the 
string, Suture or other fastening element is a natural fiber 
(e.g., a silk fiber). In some embodiments, the string, Suture 
or other fastening element is a synthetic fiber (e.g., a nylon 
fiber). In some embodiments, the string, Suture or other 
fastening element is biodegradable and/or biocompatible. It 
should be appreciated that any of these techniques can be 
used independently or together. 
0110. It should be appreciated that these techniques can 
be used to assemble unique organ features, for example, by 
establishing for an organ a structure and using the methods 
to bind layers of material together, as well as in some 
embodiments to build micro or macro features of an organ. 
For example, in Some embodiments, a synthetic organ with 
kidney function may be constructed that has a well or 
channel or other cavity made for nephrons by bending a 
polymer sheet and using one of the attachment techniques 
disclosed herein to fuse or connect the pieces together. In 
Some embodiments, the methods may be applied for Syn 
thetic organ fabrication. In some embodiments, the attach 
ment methods may be applied for adding (or attaching) 
synthetic components of an organ to natural organs, for 
example, where there may be a section of an natural organ 
that is to be reconstructed. 

Scaffold Properties 
0111. It should be appreciated that aspects of the inven 
tion are useful for enhancing the stability and/or structural 
integrity of any scaffold, for example a scaffold based on 
electrospun fibers. 
0.112. In some embodiments, one or more scaffold com 
ponents can be thin sheets, cylinders, thick ribs, Solid blocks, 
branched networks, etc., or any combination thereof having 
different dimensions. In some embodiments, the dimensions 
of a complete and/or assembled scaffold are similar or 
identical to the dimension of a tissue or organ being 
replaced. In some embodiments, individual components or 
layers of a scaffold have Smaller dimensions. For example, 
the thickness of a nanofiber layer can be from several nm to 
100 nm, to 1-1000 microns, or even several mm. However, 
in some embodiments, the dimensions of one or more 
scaffold components can be from about 1 mm to 50 cms. 
However, larger, Smaller, or intermediate sized structures 
may be made as described herein. 
0113. In some embodiments, scaffolds are formed as 
tubular structures that can be seeded with cells to form 
tubular tissue regions (e.g., tracheal, bronchial, or other 
tubular regions). It should be appreciated that a tubular 
region can be a cylinder with a uniform diameter. However, 
in Some embodiments, a tubular region can have any appro 
priate tubular shape (for example, including portions with 
different diameters along the length of the tubular region). A 
tubular region also can include a branch or a series of 
branches. In some embodiments, a tubular scaffold is pro 
duced having an opening at one end, both ends, or a plurality 
of ends (e.g., in the case of a branched scaffold). However, 
a tubular scaffold may be closed at one, both, or all ends, as 
aspects of the invention are not limited in this respect. It also 
should be appreciated that aspects of the invention may be 
used to produce Scaffolds for any type or organ, including 
hollow and solid organs, as the invention is not limited in 
this respect. In some embodiments, aspects of the invention 
are useful to enhance the stability of scaffold or other 
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structures that include two or more regions or layers of fibers 
(e.g., electrospun nanofibers) that are not physically con 
nected. 

0114. In some embodiments, a scaffold is designed to 
have a porous Surface having pores ranging from around 10 
nm to about 100 micron in diameter that can promote 
cellularization. However, it should be appreciated that pores 
of other sizes also can be included. In some embodiments, 
a surface layer of a scaffold is synthesized using fibers that 
include one or more dissolvable particles that can be dis 
Solved during or after synthesis (e.g., by exposure to a 
Solvent, an aqueous solution, for example, water or a buffer) 
to leave behind pores the size of the dissolvable particles. In 
Some embodiments, the particles are included in the polymer 
mix that is pumped to the nozzle of an electrospinning 
device. As a result the particles are deposited along with the 
fibers. In some embodiments, the electrospinning procedure 
is configured to deposit thick fibers (e.g., having an average 
diameter of several microns, about 10 microns, and thicker). 
In some embodiments, if the fibers are deposited in a dense 
pattern, one or more fibers will merge prior to curing to form 
larger macrostructures (e.g., 10-100 microns thick or more). 
In some embodiments, these macrostructures can entangle 
two or more layers of fibers and or portions (e.g., fibers) 
from two or more different components of a scaffold thereby 
increasing the mechanical integrity of the scaffold. In some 
embodiments, when Such macrostructures are formed (e.g., 
via electrospinning as described herein) at one or more 
stages during scaffold synthesis (e.g., to connect two or more 
layers and/or components), the Surface of the macrostructure 
(s) can be treated (e.g., etched or made porous using 
dissolvable particles as described herein) in order to provide 
a surface suitable for cellularization. 

0115. In some embodiments, one or more components of 
a scaffold (e.g., a structural component Such as a rib or a 
single continuous Support structure) can function as a deliv 
ery device for a drug or other compound. In some embodi 
ments, the one or more components can be coated and/or 
include one or more reservoirs of a drug or other compound 
(e.g., one or more growth factors that promote cell growth 
and/or differentiation, a therapeutic drug or compound, an 
immunomodulatory drug or compound, a drug or compound 
that acts on the scaffold or a portion thereof, a drug or 
compound that acts on the circulatory system of the host, a 
drug or compound that promotes vascularization and or 
other tissue growth in the host, or other drug or compound, 
or any combination thereof). 
0116. In some embodiments, a drug or compound is 
delivered by elution from a coating, impregnation, or Surface 
treatment of a scaffold component. In some embodiments, a 
drug or compound is delivered by liquid injection from a 
reservoir within a scaffold component. In some embodi 
ments, a drug or compound is delivered from one or more 
reservoirs (e.g., bladders) in a scaffold component. It should 
be appreciated that the one or more reservoirs can deliver 
similar or different volumes of one or more different drugs 
or compounds. In some embodiments, a drug or compound 
is delivered by immediate release, delayed release, extended 
release, or a combination thereof. 
0117. In some embodiments, the amount of flexible scaf 
fold material (e.g., the slack) between two or more structural 
components (e.g., rings) or between structural members 
(e.g., arcuate members) of a single continuous structural 
component can be used to determine the mechanical prop 
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erties (e.g., tensile strength, elongation, rotation, compres 
Sion, range of motion, bending, resistance, compliance, 
degrees of freedom, elasticity, or any other mechanical 
property, or a combination thereof) of a complete synthetic 
tissue or organ structure. 
0118. In some embodiments, a frame (e.g., a single 
continuous structure as described herein) or a portion 
thereof, is maintained under stress (e.g., tensional, elonga 
tion, rotational, or other stress, or any combination thereof) 
as one or more scaffold layers are applied (e.g., via electro 
spinning). It should be appreciated that Subsequent release 
or other modulation of these properties at the end of the 
fabrication process can determine the final amount of mate 
rial between structural elements and thus the final mechani 
cal properties. In some embodiments, the types and/or 
amount of stress that is applied can be adjusted (e.g., 
dynamically) during fabrication of a scaffold. In some 
embodiments, one or more adjustments are computer con 
trolled (e.g., based on data collected about the scaffold 
during the fabrication process). 

Support/Mandrel 

0119. In some embodiments, a scaffold (e.g., a scaffold 
having two or more layers) can be produced using a Support 
(e.g., a solid or hollow Support) on which the scaffold can be 
formed. For example, a Support can be an electrospinning 
collector, for example a mandrel, or a tube, or any other 
shaped support. It should be appreciated that the Support can 
have any size or shape. However, in Some embodiments, the 
size and shape of the Support is designed to produce a 
scaffold that will support an artificial tissue of the same or 
similar size as the tissue being replaced or Supplemented in 
a host (e.g., trachea or other airway portion, blood vessel, 
liver or kidney region, or other tissue or organ). It should be 
appreciated that a mandrel for electroSpinning should have 
a conductive Surface. In some embodiments, an electrospin 
ning mandrel is made of a conductive material (e.g., includ 
ing one or more metals). However, in some embodiments, an 
electrospinning mandrel includes a conductive coating (e.g., 
including one or more metals) covering a non-conductive 
central Support. In some embodiments, the Surface of an 
electrospinning mandrel includes a pattern of different levels 
of conductivity (e.g., due to a pattern of different amounts of 
one or more metals on the Surface of the mandrel). This can 
be used to produce a pattern of different amounts of fiber 
deposition (with more fiber being deposited on regions of 
higher conductivity). In some embodiments, the Surface 
conductivity of a mandrel can be adjusted to produce 
different patterns for different applications. By altering the 
amount of fiber that is deposited in different areas on the 
mandrel, a pattern of different thicknesses can be produced 
without requiring separate layers or components to be con 
nected to form a desired three dimensional scaffold having 
an appropriate pattern of thin and thick regions (e.g., cor 
responding to different functional and structural require 
ments for a scaffold). 

Fibers 

I0120 In some embodiments, scaffolds comprise one or 
more types of fiber (e.g., nanofibers). In some embodiments, 
scaffolds comprise one or more natural fibers, one or more 
synthetic fibers, one or more polymers, or any combination 
thereof. It should be appreciated that different material (e.g., 
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different fibers) can be used in methods and compositions 
described herein. In some embodiments, the material is 
biocompatible so that it can Support cell growth. In some 
embodiments, the material is permanent (e.g., PET), semi 
permanent (e.g., it persists for several years after implanta 
tion into the host, or rapidly degradable (e.g., it is resorbed 
within several months after implantation into the host). 
0121. In some embodiments, the scaffold contains or 
consists of electrospun material (e.g. macro or nanofibers). 
In some embodiments, the electrospun material contains or 
consists of PET (polyethylene terephthalate (sometimes 
written poly(ethylene terephthalate)). PET is a thermoplastic 
polymer resin of the polyester family. PET consists of 
polymerized units of the monomer ethylene terephthalate, 
with repeating C10H8O4 units. Depending on its processing 
and thermal history, polyethylene terephthalate may exist 
both as an amorphous (transparent) and as a semi-crystalline 
polymer. The semicrystalline material might appear trans 
parent (particle size.<500 nm) or opaque and white (particle 
size up to a few microns) depending on its crystal structure 
and particle size. Its monomer (bis-B-hydroxyterephthalate) 
can be synthesized by the esterification reaction between 
terephthalic acid and ethylene glycol with water as a byprod 
uct, or by transesterification reaction between ethylene gly 
col and dimethyl terephthalate with methanol as a byprod 
uct. Polymerization is through a polycondensation reaction 
of the monomers (done immediately after esterification/ 
transesterification) with water as the byproduct. In some 
embodiments, the electrospun material contains or consists 
of polyurethane (PU). In some embodiments, the electro 
spun material contains or consists of PET and PU. 
0122. In some embodiments, the artificial scaffold may 
consist of or include one or more of any of the following 
materials: elastic polymers (e.g., one or more polyurethanes 
(PU), for example polycarbonates and/or polyesters), acry 
lamide polymers, Nylon, resorbable materials (e.g., PLGA, 
PLA, PGA, PCL), synthetic or natural materials (e.g., silk, 
elastin, collagen, carbon, gelatin, chitosan, hyaluronic acid, 
etc.) or any combination thereof. In some embodiments, the 
scaffold may consist of or include addition polymer and/or 
condensation polymer materials such as polyolefin, polyac 
etal, polyamide, polyester, cellulose ether and ester, poly 
alkylene Sulfide, polyarylene oxide, polysulfone, modified 
polysulfone polymers and mixtures thereof. In some 
embodiments, the scaffold may consist of or include poly 
ethylene, polypropylene, poly(Vinylchloride), polymethyl 
methacrylate (and other acrylic resins), polystyrene, and 
copolymers thereof (including ABA type block copolymers), 
poly(vinylidene fluoride), poly(vinylidene chloride), poly 
vinylalcohol in various degrees of hydrolysis (e.g., 87% to 
99.5%) in cross-linked and non-cross-linked forms. In some 
embodiments, the scaffold may consist of or include block 
copolymers. In some embodiments, addition polymers like 
polyvinylidene fluoride, Syndiotactic polystyrene, copoly 
mer of vinylidene fluoride and hexafluoropropylene, poly 
vinyl alcohol, polyvinyl acetate, amorphous addition poly 
mers, such as poly(acrylonitrile) and its copolymers with 
acrylic acid and methacrylates, polystyrene, poly(vinyl chlo 
ride) and its various copolymers, poly(methyl methacrylate) 
and its various copolymers, and PET (polyethylene 
terephthalate (sometimes written poly(ethylene terephtha 
late))) can be solution spun or electrospun and combined 
with any other material disclosed herein to produce a 
scaffold. In some embodiments, highly crystalline polymers 
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like polyethylene and polypropylene may be solution spun 
or combined with any other material disclosed herein to 
produce a scaffold. 

Electrospinning 

I0123. In some embodiments, aspects of the invention 
relate to structures that are produced via electrospinning. 
Electrospun material can be used for a variety of applica 
tions, including as a scaffold for tissue engineering. Methods 
of electrospinning polymers are known in the art (see, e.g. 
(Doshi and Reneker. Electrospinning process and applica 
tion of electrospun fibers. J Electrostat. 1995; 35:151-60.: 
Reneker DH, Chun I. Nanometer diameter fibers of polymer 
produced by electrospinning Nanotechnology. 1996; 7:216 
23; DZenis Y. Spinning continuous fibers for nanotechnol 
ogy. Science. 2004; 304:1917-19; or Vasita and Katti. Nano 
fibers and their applications in tissue engineering. Int J. 
Nanomedicine. 2006: 1 (1): 15-30). Electrospinning is a 
versatile technique that can be used to produce either 
randomly oriented or aligned fibers with essentially any 
chemistry and diameters ranging from nm scale (e.g., around 
15 nm) to micron Scale (e.g., around 10 microns). 
0.124. In some embodiments, electrospinning and elec 
trospraying techniques used herein involve using a high 
Voltage electric field to charge a polymer Solution (or melt) 
that is delivered through a nozzle (e.g., as a jet of polymer 
Solution) and deposited on a target Surface. The target 
Surface can be the Surface of a static plate, a rotating drum 
(e.g., mandrel), or other form of collector surface that is both 
electrically conductive and electrically grounded so that the 
charged polymer Solution is drawn towards the Surface. 
0.125. In some embodiments, the electric field employed 
is typically on the order of several kV, and the distance 
between the nozzle and the target Surface is usually several 
cm or more. The solvent of the polymer solution evaporates 
(at least partially) between leaving the nozzle and reaching 
the target surface. This results in the deposition of polymer 
fibers on the surface. Typical fiber diameters range from 
several nanometers to several microns. The relative orien 
tation of the fibers can be affected by the movement of the 
target surface relative to the nozzle. For example, if the 
target Surface is the Surface of a rotating mandrel, the fibers 
will align (at least partially) on the Surface in the direction 
of rotation. In some cases, the nozzle can be scanned back 
and forth between both ends of a rotating mandrel. This can 
produce a mesh of fibers that forms a cylinder covering at 
least a portion of the surface of the mandrel. 
I0126. In some embodiments, the size and density of the 
polymer fibers, the extent of fiber alignment, and other 
physical characteristics of an electrospun material can be 
impacted by factors including, but not limited to, the nature 
of the polymer solution, the size of the nozzle, the electrical 
field, the distance between the nozzle and the target surface, 
the properties of the target surface, the relative movement 
(e.g., distance and/or speed) between the nozzle and the 
target Surface, and other factors that can affect solvent 
evaporation and polymer deposition. 
I0127 Having thus described several embodiments with 
respect to aspects of the inventions, it is to be appreciated 
various alterations, modifications, and improvements will 
readily occur to those skilled in the art. Such alterations, 
modifications, and improvements are intended to be part of 
this disclosure, and are intended to be within the spirit and 
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Scope of the invention. Accordingly, the foregoing descrip 
tion and drawings are by way of example only. 
0128. The indefinite articles “a” and “an,” as used herein 
in the specification and in the claims, unless clearly indi 
cated to the contrary, should be understood to mean “at least 

99 
O 

0129. The phrase “and/or, as used herein in the speci 
fication and in the claims, should be understood to mean 
“either or both of the elements so conjoined, i.e., elements 
that are conjunctively present in Some cases and disjunc 
tively present in other cases. Other elements may optionally 
be present other than the elements specifically identified by 
the “and/or clause, whether related or unrelated to those 
elements specifically identified unless clearly indicated to 
the contrary. Thus, as a non-limiting example, a reference to 
“A and/or B.’ when used in conjunction with open-ended 
language Such as "comprising can refer, in one embodi 
ment, to A without B (optionally including elements other 
than B); in another embodiment, to B without A (optionally 
including elements other than A); in yet another embodi 
ment, to both A and B (optionally including other elements); 
etc 

0130. As used herein in the specification and in the 
claims, 'or' should be understood to have the same meaning 
as “and/or” as defined above. For example, when separating 
items in a list, 'or' or “and/or shall be interpreted as being 
inclusive, i.e., the inclusion of at least one, but also including 
more than one, of a number or list of elements, and, 
optionally, additional unlisted items. Only terms clearly 
indicated to the contrary, such as “only one of or “exactly 
one of.” or, when used in the claims, “consisting of.” will 
refer to the inclusion of exactly one element of a number or 
list of elements. In general, the term 'or' as used herein shall 
only be interpreted as indicating exclusive alternatives (i.e. 
“one or the other but not both') when preceded by terms of 
exclusivity, such as “either,” “one of.” “only one of.” or 
“exactly one of.” “Consisting essentially of when used in 
the claims, shall have its ordinary meaning as used in the 
field of patent law. 
0131. As used herein in the specification and in the 
claims, the phrase “at least one.” in reference to a list of one 
or more elements, should be understood to mean at least one 
element selected from any one or more of the elements in the 
list of elements, but not necessarily including at least one of 
each and every element specifically listed within the list of 
elements and not excluding any combinations of elements in 
the list of elements. This definition also allows that elements 
may optionally be present other than the elements specifi 
cally identified within the list of elements to which the 
phrase “at least one' refers, whether related or unrelated to 
those elements specifically identified. Thus, as a non-limit 
ing example, “at least one of A and B (or, equivalently, “at 
least one of A or B,” or, equivalently “at least one of A and/or 
B’) can refer, in one embodiment, to at least one, optionally 
including more than one, A, with no B present (and option 
ally including elements other than B); in another embodi 
ment, to at least one, optionally including more than one, B. 
with no A present (and optionally including elements other 
than A); in yet another embodiment, to at least one, option 
ally including more than one, A, and at least one, optionally 
including more than one, B (and optionally including other 
elements); etc. 
0.132. In the claims, as well as in the specification above, 

99 & all transitional phrases such as "comprising,” “including.” 
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99 &g 99 & “carrying,” “having,” “containing,” “involving,” “holding. 
and the like are to be understood to be open-ended, i.e., to 
mean including but not limited to. Only the transitional 
phrases "consisting of and "consisting essentially of shall 
be closed or semi-closed transitional phrases, respectively, 
as set forth in the United States Patent Office Manual of 
Patent Examining Procedures, Section 2111.03. 
0.133 Use of ordinal terms such as “first,” “second, 
“third,' etc., in the claims to modify a claim element does 
not by itself connote any priority, precedence, or order of 
one claim element over another or the temporal order in 
which acts of a method are performed, but are used merely 
as labels to distinguish one claim element having a certain 
name from another element having a same name (but for use 
of the ordinal term) to distinguish the claim elements. 

1. A method of enhancing the mechanical properties of a 
synthetic or natural tubular organ scaffold, the method 
comprising: 

integrating a continuous Support structure within a tubular 
Structure. 

2. The method of claim 1, wherein the support structure 
is a coiled structure. 

3. The method of claim 1, wherein the support structure 
is captured within an electrospun nanofiber structure. 

4. The method of claim 1, wherein the support structure 
or fiber is electrically conductive. 

5. The method of claim 1, wherein the support structure 
is non-electrically conductive. 

6. The method of claim 5, wherein the support structure 
is a metallic or polymeric structure. 

7. (canceled) 
8. (canceled) 
9. (canceled) 
10. An electrospun organ Support structure comprising an 

electrically conductive Support structure, and at least one 
electrospun layer. 

11. The organ support structure of claim 10, wherein the 
electrically conductive Support structure is coiled. 

12. The organ support structure of claim 10, wherein the 
conductive Support structure is selectively electrically 
charged. 

13. The organ support structure of claim 12, wherein the 
charge is positive, negative, alternating, biphasic, pulsed, or 
ramped. 

14. The organ support structure of claim 12, wherein the 
charge is selectively controlled/maintained in order to alter 
the bonding properties of electrospun nanofiber layers which 
come into contact with the conductive Support structure. 

15. The organ support structure of claim 10, wherein the 
conductive Support structure serves as the electrospinning 
mandrel for the purpose of creating an electrospun nanofiber 
tubular synthetic organ structure. 

16. The organ Support structure of any of claim 12, 
wherein the electrical characteristics of the conductive Sup 
port structure are tuned to control the deposition of electro 
spun nanofibers anywhere along the entire dimension of the 
tubular synthetic organ structure. 

17. The organ support structure of claim 12, wherein the 
electrical characteristics of the conductive Support structure 
are tuned to provide deposition of electrospun nanofibers 
which is uniform, differential, alternating, mixed, aligned, or 
non-aligned. 

18. The organ support structure of claim 17, wherein the 
deposition creates an electrospun nanofiber tubular synthetic 

s 
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organ structure with specific mechanical or biological prop 
erties including: predetermined tensile strength, rotation, 
compression, range of motion, bending, resistance, compli 
ance, degrees of freedom, gas permeability, pore size, cel 
lular engraftment, differentiation, proliferation, infiltration, 
angiogenesis, vascularization properties. 

19. An electrospun nanofiber tubular synthetic organ 
structure comprising an integrated micro and/or nano-fea 
ture that combines with a complementary counterpart micro 
and/or nano features of one or more electrospun nanofiber 
layers. 

20. The organ structure of claim 19, wherein the one or 
more layers include a layer of electrospun nanofibers below 
a Support structure, above it or both; and the one or more 
layers possess complementary counterpart micro and/or 
nano features to those on the Support structure. 

21. The organ structure of claim 20, wherein the comple 
mentary counterpart micro and/or nano features are of a 
hook and loop configuration, a tab and slot configuration, a 
ball and socket configuration, or a tongue and groove 
configuration. 

22. The organ structure of claim 20, wherein the support 
structure comprises integrated one or more micro and/or 
nano-features that anchor/attach/bind to the electrospun 
nanofiber layers that it contacts. 

23. The organ structure of claim 20, wherein the layers act 
as permissive substrates for the anchoring/attachment/bind 
ing of the coiled backbone that they contact. 

24. The organic structure of claim 10 further comprising 
at least one electrospun nanofiber tubular synthetic organ 
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region composed of a single continuous electrospun nano 
fiber in contact with one or more Support structures. 

25. A method of producing an electrospun nanofiber 
tubular synthetic organ structure having a single continuous 
electrospun nanofiber and one or more Support structures, 
the method comprising integrating the one or more Support 
structures during synthesis without stopping the electrospin 
ning process, whereon a software controlled robot places the 
one or more Support structures onto a partially completed 
electrospun nanofiber tubular synthetic organ structure dur 
ing the electrospinning process. 

26. (canceled) 
27. (canceled) 
28. The method of claim 25, the placement is facilitated 

by use of an encoder on the collector. 
29. (canceled) 
30. (canceled) 
31. (canceled) 
32. (canceled) 
33. A method of enhancing structural stability of a syn 

thetic scaffold having a layer of electrospun synthetic fiber 
material applied to a synthetic structure, wherein the method 
comprises providing a synthetic structure having a low 
profile and applying a synthetic material to the synthetic 
structure, wherein the low profile of the synthetic structure 
has a height:width ratio that is lower than 1. 

34. (canceled) 
35. (canceled) 


