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Tissue engineering of various musculoskeletal or cardiovascular tissues requires scaffolds with
controllable mechanical anisotropy. However, native tissues also exhibit significant inhomogeneity in
their mechanical properties, and the principal axes of anisotropy may vary with site or depth from the
tissue surface. Thus, techniques to produce multilayered biomaterial scaffolds with controllable
anisotropy may provide improved biomimetic properties for functional tissue replacements. In this
study, poly(3-caprolactone) scaffolds were electrospun onto a collecting electrode that was partially
covered by rectangular or square shaped insulating masks. The use of a rectangular mask resulted in
aligned scaffolds that were significantly stiffer in tension in the axial direction than the transverse
direction at 0 strain (22.9  1.3 MPa axial, 16.1  0.9 MPa transverse), and at 0.1 strain (4.8  0.3 MPa
axial, 3.5  0.2 MPa transverse). The unaligned scaffolds, produced using a square mask, did not show
this anisotropy, with similar stiffness in the axial and transverse directions at 0 strain (19.7  1.4 MPa
axial, 20.8  1.3 MPa transverse) and 0.1 strain (4.4  0.2 MPa axial, 4.6  0.3 MPa, transverse).
Aligned scaffolds also induced alignment of adipose stem cells near the expected axis on aligned
scaffolds (0.015  0.056 rad), while on the unaligned scaffolds, their orientation showed more variation
and was not along the expected axis (1.005  0.225 rad). This method provides a novel means of
creating multilayered electrospun scaffolds with controlled anisotropy for each layer, potentially
providing a means to mimic the complex mechanical properties of various native tissues.

Introduction
Tissue engineering seeks to apply combinations of cells, biomaterial scaffolds, and bioactive molecules to enhance the repair or
regeneration of injured or diseases tissues. Despite many rapid
advances, challenges still remain with respect to the development
of functional replacements for tissues that primarily serve
a biomechanical role, such as musculoskeletal tissues.1 In this
regard, the mechanical properties of the biomaterial scaffold can
play an important role in the success of the engineered tissue not
only by providing structural support during early phases of tissue
regeneration, but also by influencing cell alignment, tissue
growth, and differentiation through physical interactions with
cells.2 In particular, recent studies suggest that the size and
orientation of nanoscale structures within a biomaterial scaffold
may have a significant influence on cell behavior and alignment.3–9
Therefore, the ability to define scaffold architecture at multiple
length scales may provide novel means of enhancing cell-based
tissue engineering.
Electrospun scaffolds have shown promise in the engineering of
many tissues, including cartilage, meniscus, tendon, bone, fat,
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heart valve, intervertebral disc, and muscle.5–7,10–16 The scaffolds
can be engineered to have controllable and versatile properties,
such as hollow fibers containing cells, controllable drug release, or
chemical functionalization.17–20 Electrospun scaffolds can be
produced using nearly any polymer, have controllable fiber
diameter, and support cell attachment and proliferation.21–24
Further, the nanoscale fiber size prompts a diminished foreign
body response in vivo, and has advantageous effects on the
phenotype of chondrocytes cultured on electrospun scaffolds.9,25–27
Because electrospinning of nanofibers onto a collecting plate
produces a randomly aligned scaffold, efforts to apply electrospun scaffolds to the mechanical requirements of various engineered tissues have focused on the introduction of mechanical
anisotropy (mechanical properties that vary with direction) into
the scaffold.8,16,28–30 In addition to the stiffness of the scaffold, the
alignment of nanofibers has even been shown to affect cell
alignment and phenotype, as well as the structure of the deposited extracellular matrix.3–5,8,28,31–33 Interest in anisotropic scaffolds is broad, including anisotropic woven scaffolds,34 and
methods to align electrospun fibers.11 Various techniques to
create anisotropy have been used and include moving the
collector electrode to physically pull the fibers into alignment,
typically by collecting fibers on a rapidly spinning
mandrel.8,29,30,35,36 This technique is successful in producing
highly anisotropic scaffolds for tissue engineering, but does not
directly allow the formation of multilayered scaffolds with
differing anisotropy; rather, individual aligned layers must be
removed and combined, or cultured to form a composite using
deposited extracellular matrix in vitro.37 Another method to align
fibers involves shaping the electrodes and interspersing insulators
This journal is ª The Royal Society of Chemistry 2010
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to collect the fibers that align across the insulating gap.38–40 This
method produces highly aligned fibers but is not suitable for
making thick scaffolds that are often required for tissue engineering. Further, current methods for creating anisotropy in
electrospun scaffolds are unable to imitate the unique properties
of individual layers of human tissue in the construction of each
layer of the scaffold. To better approximate the nano- and microscale architecture of different tissues, it is necessary to create
scaffolds with controlled mechanical anisotropy, so that the
properties of each layer can be independently controlled based
on the type of tissue being grown.
In this study, we developed a method for creating a multilayered electrospun scaffold, with each layer having its own
preferred fiber direction, without requiring lamination for
consolidation of the different layers. We used rectangular and
square insulating masks to control the geometry of the electric
field, which controls the alignment of the deposited fibers and
generates mechanical anisotropy in the resulting scaffold. We
analyzed fiber alignment, the tensile mechanical properties in two
orthogonal directions, and alignment of adipose stem cells when
cultured on the scaffolds.

Materials and methods
Electrospinning
Poly(3-caprolactone) (PCL) (Mn ¼ 42,500, Mw ¼ 65,000) (Sigma
Aldrich, St. Louis, MO) was dissolved at 15% (w/v) in a solvent
of 70% (v/v) dichloromethane (Sigma Aldrich, St. Louis, MO)
and 30% ethanol at room temperature overnight. The PCL
solution was pumped with a syringe pump (Cole-Parmer
Instrument Co., 74900-00, Vernon Hills, IL) through a blunt-tip
25 gauge needle with a round focusing cage (3 cm diameter, 4 mm
above end of needle tip) at 4 ml/h across a 14 cm gap with 20 kV
applied (Gamma High Voltage Research, Ormond Beach, FL)
for 7 min. The pump was turned off at this time and the system

Fig. 1 (A) Electrospinning apparatus. The copper collector electrode is
covered by a rubber insulating mask with a 25 cm2 aperture. (B, C)
Scaffolds on collector electrode with insulating masks in situ. (B) Rectangular mask and scaffold. Note the small amount of fibers collected on
the mask. (C) Square mask and scaffold. Scale bar ¼ 5 cm.
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was given 4 min to stop electrospinning due to the residual
pressure in the pump. The collecting electrode was a 12.5 cm
square flat copper plate, with a polysiloxane rubber insulating
mask placed on top (Fig. 1). The rubber masks were 13.2 cm
square, 0.16 cm thick, with a 25 cm2 opening cut in the center.
One mask had a square aperture (5 cm  5 cm) (producing what
we have termed ‘‘unaligned scaffolds’’), and the other had
a rectangular aperture (10 cm  2.5 cm) (producing what we
have termed ‘‘aligned scaffolds’’), such that the two masks have
exposed surfaces that are equal in area.
Mechanical testing
Scaffolds were tested in tension in both the axial (parallel with
the long axis of the rectangular mask or a given side of the square
mask) and transverse directions (orthogonal to the axial direction). Scaffolds were prepared for mechanical testing by prewetting with PBS (pH 7.4). Because PCL is hydrophobic,
samples were initially submerged in ethanol, and then graduated
concentrations of ethanol/PBS until the samples were left in PBS
overnight. Samples were cut with a dog-bone shaped die that had
a central section 1 mm wide and 10 mm long. Tensile tests were
performed in a universal testing machine (Bose EnduraTEC
SmartTest, Eden Prairie, MN) with a 2 gf tare load at 0.1%
strain/s, with strain data gathered using a digital camera (Sony
XCD-X700, Tokyo, Japan) every 1 s. Thickness was calculated
using an adjacent section of the scaffold and the camera, using
digital callipers in Vision Builder (National Instruments, Austin,
TX). True stress was determined by dividing the force by the
cross-sectional area of the specimen, corrected for narrowing in
width (Fig. 3). All other data and calculations employed engineering stress and infinitesimal strain. A minimum of 11–13
scaffolds were tested from each group in each direction, for
a total of n ¼ 47 scaffolds.
Fiber alignment measurement
The fast Fourier Transform (FFT) was used to analyze fiber
orientation in the scaffolds, based on a modification of the
technique reported previously.41–43 One to three 6 mm punches
were taken from each scaffold, at least 0.5 cm away from the
edges. Using a scanning electron microscope (SEM) (FEI XL30
ESEM, Hillsboro, OR), at least 3 images of random, non-overlapping locations away from the edge were taken of each punch,
yielding 4–9 images each scaffold (n ¼ 8-9 specimens per group)
at 1000x magnification. Scaffolds were sputter-coated with gold
and palladium (Desk IV, Denton Vacuum, Moorestown, NJ)
before imaging. Image analysis was performed in MATLAB
(MathWorks, Natick, MA) as follows: Images were cropped to
a square, thresholded using Otsu’s method, and then masked
with a radial gradient to gray before a 2D fast Fourier Transform
was applied. Pixel intensities were summed along the radius of
the power spectrum, with bilinear interpolation, at intervals of
1 , then normalized by area and recentered on 0. Peaks due to
pixel edges were automatically removed by replacing the data
from the 5 on either side of 0 with a linear interpolation
between the averages of the next 5 on either side. This was
repeated at 90 . Profiles from each image of the same punch were
averaged, and then the profiles from each punch of the same
J. Mater. Chem., 2010, 20, 8962–8968 | 8963
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scaffold were averaged to get an overall profile for each scaffold.
Data were normalized to show actual angle of alignment relative
to the expected angle of alignment.
The data was analyzed in two ways. First, the average height of
the profile for the 15 on either side of the expected orientation
was designated the Fiber Alignment Index, with higher values
meaning that the fibers within a scaffold were more aligned in the
expected direction. Second, the profile from each scaffold was fit
using MATLAB to a sinusoid of the form y ¼ A*sin(2x + p/2 +
B) where A and B were the amplitude and phase shift,
respectively, to examine the degree and direction of alignment
without constraining analysis to the expected direction.
Multilayer scaffolds
Multilayer scaffolds consisted of more than one layer of scaffold
being produced using the rectangular mask in the same way as
above, with each layer having a different mask orientation from
the preceding layer. After 7 min of electrospinning to produce the
first layer, the insulating mask was rotated 90 relative to
the collecting electrode and attached scaffold, without stopping
the electrospinning process. Scaffolds were produced with
2 layers and evaluated for fiber alignment as above.
Cell alignment
Single layer scaffolds were cut to a round shape with a small
straight edge in the expected alignment direction, then treated
with 4 M NaOH for 18 h to increase hydrophilicity before rinsing
and sterilizing in ethanol with UV light. The scaffolds were then
soaked with ethanol, then PBS, then incubated with fetal bovine
serum (Zen-Bio, Research Triangle Park, NC) overnight at
37  C. These prepared scaffolds were then seeded with passage
5 adipose stem cells at 200,000 cells/cm2.44,45 The constructs were
cultured with expansion medium consisting of Dulbecco’s
Modified Eagle’s Medium: Nutrient Mixture F-12 (Gibco,
Grand Island, NY), 10% fetal bovine serum (Zen-Bio, Research
Triangle Park, NC), 1% penicillin-streptomycin (Invitrogen,
Carlsbad, CA), 5 ng/ml recombinant human epidermal growth
factor (Roche Diagnostics, Indianapolis, IN), 1 ng/ml recombinant human basic fibroblastic growth factor (Roche Diagnostics,
Indianapolis, IN), and 0.25 ng/ml transforming growth factor-b1
(R&D Systems, Minneapolis, MN) for 4 days before being
stained with Syto 13 nuclear stain (Invitrogen, Carlsbad, CA)
and imaged on a 510 confocal laser scanning microscope (Carl
Zeiss MicroImaging, Thornwood, NY). Images were analyzed in
MATLAB by fitting an ellipse to each nucleus and calculating
the orientation of the major axis relative to the expected angle.

Results
Gross morphology of electrospun PCL scaffolds
The scaffolds produced by the masked electrospinning process
were affected by the shape of the aperture in the insulating mask
used for their production (Fig. 1). The square mask produced
circular scaffolds with edges just touching all four sides of the
mask, while the rectangular mask produced scaffolds that were
elliptical, touched only the two long sides of the mask, and had
only a few fibers that were deposited directly on the mask. The
scaffolds were otherwise similar in gross morphology and
appeared similar by scanning electron microscope (Fig. 2). The
mean thickness of the scaffolds used for mechanical testing was
0.35  0.02 mm for the aligned scaffolds and 0.30  0.02 mm for
the unaligned scaffolds (p ¼ 0.11).
Tensile testing
Aligned scaffolds (produced using a rectangular mask) displayed
distinct mechanical anisotropy, while the unaligned scaffolds
(produced using a square mask) did not (Fig. 4). The aligned
scaffolds were stiffer in the axial direction than the transverse
direction at 0 strain (22.9  1.3 MPa axial, 16.1  0.9 MPa
transverse; p < 0.0005), and at 0.1 strain (4.8  0.3 MPa axial,
3.5  0.2 MPa transverse; p < 0.001) (n ¼ 12, 13). The unaligned
scaffolds did not show this difference, with similar stiffness in the

Fig. 2 Scanning electron micrographs of scaffolds produced using (A)
rectangular mask (aligned scaffold) and (B) square mask (unaligned
scaffold). Expected axis is horizontal. (1000 magnification. Scale bar ¼
50 mm.)

Statistical analysis
All data were expressed as mean  standard error of the mean.
Rayleigh’s test of uniformity and all other statistics for phase
shift data were performed using the Circular Statistics Toolbox
for Matlab. The variances of phase shift were compared using an
F-test. Mechanical data were analyzed with a 2 factor ANOVA,
while fiber alignment data were analyzed with a one-way
ANOVA. Fisher’s post-hoc test was used for all ANOVA
data. Significance was reported at the 95% confidence interval
(a ¼ 0.05).
8964 | J. Mater. Chem., 2010, 20, 8962–8968

Fig. 3 True stress v. stretch curves for representative scaffolds. Note
that the axial and transverse unaligned curves are almost superimposed
and the aligned scaffolds show higher stress and stiffness in the axial
direction compared to the transverse direction.

This journal is ª The Royal Society of Chemistry 2010

Downloaded by Duke University on 10 June 2011
Published on 20 September 2010 on http://pubs.rsc.org | doi:10.1039/C0JM01880E

View Online

Fig. 4 Tangent moduli at (A) 0 strain and (B) 0.1 strain for scaffolds tested in axial and transverse directions. Aligned scaffolds are stiffer in the
axial direction. (** p < 0.0005 for 0 strain, p < 0.001 for 0.1 strain.) Unaligned scaffolds, axial and transverse directions not different: p ¼ 0.54 for
0 strain, p ¼ 0.70 for 0.1 strain. * Denotes that aligned transverse modulus is different from all other groups, p < 0.05. (Mean  SEM.)

axial and transverse directions at 0 strain (19.7  1.4 MPa axial,
20.8  1.3 MPa transverse; p ¼ 0.54) and 0.1 strain (4.4  0.2
MPa axial, 4.6  0.3 MPa, transverse; p ¼ 0.70) (n ¼ 11 per
group). The scaffolds displayed a strain-softening or yielding
response characterized by linear regions at 0 strain, decaying to
a lower modulus linear region at high strain (Fig. 3).
Fiber alignment
The aligned scaffolds exhibited a higher Fiber Alignment Index
(0.97  0.16) than the unaligned scaffolds, where it approximated 0 (0.11  0.15) (p < 0.0005) (Fig. 5A,B). Aligned scaffolds
showed a trend towards exhibiting better fits to a sine curve (R2 ¼
0.52  0.09) than the unaligned scaffolds (R2 ¼ 0.30  0.09) (p ¼
0.076). Aligned scaffolds also showed greater amplitude (0.73 
0.15) than the unaligned scaffolds (0.42  0.12) (p ¼ 0.087)
(Fig. 5C), and smaller phase shifts (0.26  0.16 rad vs. 1.08  0.42
rad for unaligned) with a much smaller range (p < 0.05) and
higher mean vector magnitude (0.88 vs. 0.29 for unaligned)
(Fig. 5D). The phase shift values fit a von Mises distribution for
the aligned scaffolds (p < 0.0005), but not for the unaligned
scaffolds (p ¼ 0.53).
Multilayer fiber alignment
Multilayered scaffolds showed more alignment in the top layer
(Fiber Alignment Index: 1.98  0.16) than single-layered aligned
scaffolds (p < 0.0001) (Fig. 5B). The sine curves showed higher
amplitude (1.69  0.07) than the single layered aligned scaffolds
(0.73  0.15, p < 0.0001). The top layer of the multilayered
scaffolds showed phase shift of 0.01  0.13 with a mean vector
magnitude of 0.96, and conformed to a von Mises distribution
(p < 0.001).
Cell alignment
Nearly all of the cells cultured on the single layer scaffolds had an
elliptical nucleus (scaffolds had 92.7  0.5% of nuclei with an
aspect ratio greater than 1.5), and most scaffolds had a principal
direction of cell alignment, with more cells being oriented in one
This journal is ª The Royal Society of Chemistry 2010

direction (Fig. 6). The aligned scaffolds showed a greater degree
of cell alignment than the unaligned scaffolds, with more cells
oriented close to the principal direction of alignment (standard
deviation 0.288  0.018 rad, compared to 0.496  0.029, p <
0.0005), and a larger mean vector magnitude (0.83  0.02,
compared to 0.50  0.06, p < 0.0005). The cell orientation in the
aligned scaffolds was close to the expected axis (0.015  0.056
rad), while in the unaligned scaffolds, it was not (1.005  0.225
rad) (different at p < 0.05). Additionally, the principal direction
of alignment for each scaffold varied less for the aligned scaffolds
than the unaligned scaffolds (p < 0.01).

Discussion
Our findings present a novel method for creating a multilayered
electrospun scaffold, with each layer having its own preferred
direction of fiber alignment in order to mimic human tissues. The
results of this study demonstrate that macroscopic shaped insulating masks can be used to create aligned multilayered scaffolds
with each layer having anisotropy in a different direction.
Mechanical anisotropy with approximately 30–40% difference in
stiffness is associated with increased fiber alignment, and alignment of adipose stem cells cultured on the surface.
Scaffolds produced using a rectangular insulating mask
showed a significant difference of approximately 35% in tensile
moduli in two orthogonal directions. Such anisotropy primarily
has been achieved in the past using rapidly spinning mandrels,
physically pulling the fibers into alignment.8,29,30,35,36 This spinning mandrel method can produce much higher levels of
anisotropy, which can exceed modulus ratios of 10 : 1 at high
spinning rates.5 The approach described here introduces lower
levels of anisotropy (approximately 35% difference in moduli),
but which are similar to those observed in native tissues. For
example, native articular cartilage possesses a similar level of
anisotropy as the scaffolds produced with our method described
here. The cartilage of the humeral head has a tensile modulus of
7.8 MPa in the direction of the split lines, and 5.9 MPa perpendicular to them. This difference of 32–35% stiffer in the split line
direction is maintained throughout the thickness of the cartilage
J. Mater. Chem., 2010, 20, 8962–8968 | 8965
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Fig. 5 Fiber alignment. (A) Average fast Fourier Transform profiles of aligned and unaligned scaffolds (n ¼ 8-9 scaffolds per group). (B) Fiber
Alignment Index for unaligned, aligned, and multilayer aligned scaffolds. All groups are different (p < 0.0005). (C) Sine curve constructed from mean fit
parameters, showing SEM of amplitude and phase shift. * amplitude of aligned greater than amplitude of unaligned (p ¼ 0.087). *** amplitude of
multilayer aligned greater than other groups (p < 0.0001). ** variance of unaligned phase shift greater than other groups (p < 0.05). (D) Fiber alignment
profiles for each unaligned, aligned and multilayer aligned scaffold, and means for each group. Note distribution of aligned and multilayer aligned
scaffolds near 0 phase shift and distribution of unaligned scaffold over a much greater phase shift range. Dotted line denotes the expected angle. All error
bars represent SEM.

and increased to 63% in the surface zone at 0.16 strain.46 The
aligned scaffolds presented here are 42% stiffer in the axial
direction at 0 strain and 34% stiffer at 0.1 strain, which is similar
to published values for cartilage.47 Though the level of anisotropy of the produced scaffolds is lower than in those made with
a spinning mandrel, the technique described here achieved
a comparable level of anisotropy to cartilage, while allowing
multiple directions of alignment in subsequent layers. Increasing
the aspect ratio or otherwise changing the shape of the insulating
mask could provide further anisotropy in the resulting scaffolds.
Furthermore, the process described may be particularly useful
for the engineering of tissues that display inhomogeneity in the
mechanical anisotropy with different layers, such as the anulus
fibrosus, which has successive layers with principal orientations
30 on either side of the spine’s transverse axis.37
The introduction of anisotropy to the scaffolds using the
described technique occurs through the increased alignment of
fibers in a preferred direction, similar to what has been reported
with other anisotropic electrospinning methods.5,41–43 This
8966 | J. Mater. Chem., 2010, 20, 8962–8968

directionality is relatively subtle and not noticeable by simple
observation (Fig. 2). The Fiber Alignment Index reported here
provides a means of simplifying the FFT data into a single
quantity (Fig. 5B). A positive value of the index indicates that
a group of scaffolds shows alignment along the expected direction, as in the aligned scaffolds (0.97  0.16). Because it represents the magnitude of the profile in the preferred direction after
the profile has been centered on 0, a group of scaffolds without
a preferred direction has an expected value of 0, as we see with
the unaligned scaffolds (0.11  0.15). However, the profiles from
unaligned scaffolds often display some degree of periodicity, and
averaging them together can obscure this. Therefore, we further
investigated how these scaffolds appear to display fiber alignment when examined individually.
Amplitude and phase shift values are more instructive than the
Fiber Alignment Index in understanding the fiber alignment in
individual electrospun scaffolds (Fig. 5C, 5D). Though the
amplitude was higher in the aligned scaffolds than in the unaligned
scaffolds, as expected, the amplitude in the unaligned scaffolds
This journal is ª The Royal Society of Chemistry 2010
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Fig. 6 Adipose stem cells (nuclei stained with Syto 13) cultured on (A) aligned and (B) unaligned scaffolds. Expected axis is horizontal. Scale bar ¼ 100
mm. (C, D) Cell orientation histograms from 6 (C) aligned and (D) unaligned scaffolds.

was not zero, showing that the unaligned scaffolds show some
degree of periodicity in their profiles. The phase shifts, which give
the preferred alignment angle, were grouped near the expected
alignment value of 0 for the aligned scaffolds, but were distributed
uniformly across the full possible range in the unaligned scaffolds
(Fig. 5D). Examining the mean for each type of scaffold demonstrates that the profiles of the unaligned scaffolds are not flat, but
do show a large variation in phase shift. This variation in phase
shifts in the unaligned scaffolds results in a flat line when scaffolds
from an entire group are averaged together (Fig. 5A). On the other
hand, the aligned scaffolds have a much narrower range of phase
shifts, causing the averaging of an entire group to preserve the
periodic shape. This explains why the Fiber Alignment Index is
near 0 for the unaligned scaffolds, but each scaffold does show
periodicity. This analysis provides insights into how fibers are
aligned in electrospun scaffolds. We have demonstrated that
electrospun scaffolds exhibiting mechanical isotropy tend to show
surface fiber alignment in an arbitrary direction. The fiber orientation in the aligned scaffold was consistent with the alignment of
the long sides of the rectangular insulating mask.
Fiber alignment occurs based on the orientation of attractive
forces generated by the shaped collector electrode. Previous work
has shown that fibers collected on a thin electrode surrounded by
insulators show orientation along the axis of the electrode.38 Our
This journal is ª The Royal Society of Chemistry 2010

results indicate that this effect persists when the elongated electrode is widened from less than 1 mm to 2.5 cm. The technique
described here allows this alignment due to an elongated electrode to be harnessed for use in a multilayered scaffold.
The multilayer scaffolds exhibited more pronounced alignment in the top layer than the single-layer scaffolds. Because the
bottom layer was manufactured in an identical way to the single
layered scaffolds, this data indicates that anisotropy can be
imparted by the rectangular mask even if the collector electrode
is partially covered by a previous layer. Further, this partial
coverage of the collector electrode is most likely the cause of the
increased fiber alignment in the top layer. As the second layer is
deposited, the central area is concealed by the previous layer,
forming an insulator between two exposed electrodes. An insulator between electrodes has been shown to align the fibers
between the electrodes.39,40
The differences between aligned and unaligned scaffolds were
also observed in the cell alignment studies (Fig. 6). Cells seeded
on the scaffold surfaces exhibited local regions of alignment, as
measured by the principal direction of the nuclei, in both aligned
and unaligned scaffolds. Aligned scaffolds showed a significant
mean cell orientation in the principal axis of alignment of the
scaffold, whereas unaligned scaffolds showed a smaller but
nonzero level of cell alignment in random directions.
J. Mater. Chem., 2010, 20, 8962–8968 | 8967
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In summary, this study provides proof-of-concept of a novel
method for creating multilayered anisotropic electrospun scaffolds for tissue engineering that may meet the mechanical needs
of tissue as well as influence the alignment of cultured cells. The
use of a rectangular insulating mask induces a preferential
alignment direction into scaffolds. Cells seeded onto these scaffolds also showed preferential alignment along the expected axis
of alignment of the insulating mask. Further studies are needed
to examine the growth and differentiation of cells on these
scaffolds as well as the influence of alignment on the long-term
mechanical properties of cell-seeded constructs.
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