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Introduction: Methods of creating a scaffold for tissue 
engineering that allow for modification of properties such 
as pore size, porosity, and anisotropy are required for 
tissue engineering applications. The pore size and 
material stiffness have been shown to affect 
cardiomyocyte elongation.[1, 2] Phase inversion spray 
polymerization is a method for creating biocompatible 
scaffolds of controlled morphological and mechanical 
properties and we report here that in-process manipulation 
applied during polymer precipitation increases the 
stiffness of these types of scaffolds. [3] 
Methods: Scaffold Preparation. Tecoflex SG 80 
polyurethane was dissolved in DMAC. A 4% w/v solution 
of polyurethane was used for each of the experiments. 
Two separate spray nozzles (Excell ES4, Porter Cable, 
CA) were used to spray the material. [4] One nozzle was 
used to spray the polyurethane solution. The other nozzle 
was used to spray the nonsolvent. The nonsolvent was an 
ethanol (EtOH) and water solution, with EtOH 
concentrations ranging from 0-70%. The solution was 
sprayed onto a silicone substrate. The solutions were 
sprayed simultaneously from a distance of 10-15 cm until 
a porous mesh was visible on the substrate. Immediately 
following the spraying of the meshes, they were rinsed 
with water. Samples were then allowed to dry for 60 min 
and removed from the silicone substrate. Samples were 
then stretched to 200% of their initial length and allowed 
to completely dry at room temperature overnight. 
Mechanical testing. 10 mm x 5 mm strips of the sample 
were cut from the scaffold. These samples were tested in 
a tensile test appartaus. Cell culture and imaging. 3T3 
fibroblasts were grown in Dulbecco’s modified eagle 
medium (DMEM) with 10% fetal bovine serum, and 1% 
Penicillin-Streptomycin (Invitrogen, CA). Cells were 
passaged twice before they were seeded onto the 
polyurethane scaffold. Polyurethane scaffolds were 
sterilized with EtOH. Prior to cell seeding the samples 
were rinsed with sterile culture media. Scaffolds were 
seeded with 0.85 x 106 cells and the cells were allowed to 
attach for two hours. Following the attachment period, 
fresh media was added. Media was changed every 2-3 
days for 17 days. At 17 days, cells were stained with 
DAPI and FDA. Scanning electron microscopy (SEM). 
Samples were carbon coated and then imaged with a 
scanning electron microscope at magnifications of 20x, 
100x, 250x, 500x, and 1000x.  
Results: Mechanical Testing. The modulus of the 
material was calculated for various concentrations of  
EtOH in the nonsolvent. Increasing concentrations of 
EtOH in the nonsolvent resulted in less stiff meshes. 
(Figure 1) However, when the mesh was stretched after 
the initial precipitation period, the modulus increased 
when compared to the sample that was not stretched. Cell 
Culture and Imaging. After 17 days in culture, live cells  
as indicated by FDA staining were found covering the 
scaffold, and inhabiting the smaller pores, however they 

had not migrated into the larger void spaces. SEM 
imaging revealed a smooth, globular topography on all 
scaffolds. Scaffolds with greater than 50% EtOH used as 
the nonsolvent were shown to have an average pore size 
of roughly 80 µm. The scaffold that was stretched after 
the initial precipitation period showed microfiber 
alignment in the direction of the stretching, while the 
scaffolds that were not stretched showed no alignment. 
(Figure 2)   

Conclusion: We report here that alteration of the EtOH 
concentration in the nonsolvent can control phase-
inversion sprayed polyurethane scaffold variables such as 
pore size and mechanical properties. Fiber alignment can 
be altered by in-process techniques such as mechanical 
stretching. Future studies will further optimize and 
quantify the anisotropic character of this material in 
preparation for use as a provisional cardiac tissue 
engineering substrate.  
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Figure 1—(a) Scaffold prepared using 70 % EtOH as nonsolvent. (b) 
Scaffold prepared identically, and stretched post production. Microfibers 
are present in both scaffolds, however there is no apparent alignment in 
the sample that was not stretched while fibers tended to align along the 
direction of stretching in the stretched sample. Scale bars are 50 µm. 
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Figure 2—Stress strain data for various PU scaffolds. Increasing 
nonsolvent concentration of EtOH resulted in decreased moduli. In-
process stretching resulted in a drastically increased modulus (9.10 kPa) 
when compared with an identical sample that did not undergo stretching 
(2.29 kPa) 


