
University of Pittsburgh, Departments of Bioengineering1, Cardiothoracic Surgery2, and Surgery3, 
McGowan Institute for Regenerative Medicine4, Center for Vascular Remodeling and Regeneration5

Department of Surgery, Section of Vascular Surgery, Washington University School of Medicine6

University of Pittsburgh Departments of 1Bioengineering, 2Surgery, 3Cardiothoracic Surgery, and 4Chemical & 
Petroleum Engineering, 5Clinical & Translational Sciences Institute, 6Center for Vascular Remodeling & Regeneration, 

and 7McGowan Institute for Regenerative Medicine, Pittsburgh, PA

3D-Printed Models of Porous Tubular Tissue 
Engineering Scaffold for Optimization of Cell Seeding

Jason L. Zheng1, Timothy K. Chung1, and David A. Vorp1,2,3,4,5,6,7

Future Work

Acknowledgements

Introduction
§ Coronary heart disease (CHD) contributes to nearly 

half of the 840,000 deaths caused by cardiovascular 
disease each year1.

§ Surgical interventions for CHD involve the use of 
autologous blood vessels as grafts to bypass 
blockages in the coronary arteries2,3.

§ Unfortunately, graft failure can occur due to 
compliance mismatch between the coronary artery 
and the new vascular graft2,3.

§ Tissue engineered vascular grafts (TEVGs), 
however, can potentially overcome the limitations 
faced by autologous grafts. Conclusions
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• Scaffolds with varying pore sizes (125-500 μm), lengths, 
and pore connectivity were designed and 3D-printed.

• Light microscopy was used to verify formation of 
surface pores.

o 125 μm pores were vastly occluded (figures a-b)

o Increased pore size often led to decreased 
occlusion (figures c-d)

o Effective post-processing (alcohol rinsing, UV 
curing, etc.) also contributed to higher print quality

Methods
Step 1: Derive and run parametric equations through in-house 
MATLAB code to generate a spatial coordinates list for plotting 
cube centroids (cubes will become pores of the scaffold)

Objective
Design and 3D-print reproducible models of 
porous tubular TEVG scaffolds with varying 

properties to optimize stem cell seeding.

Results

Step 2: Plot 2 base layers 
of cubes in Rhino3D 

Step 3: Copy cube stacks 
along z-axis 

Step 4: Encase cube stacks 
with a hollow cylinder of the 
same height

Step 5: Use 
Boolean 
Difference to 
create 
scaffolds of 
varying 
heights, pore 
sizes, and 
interior pore 
networks

350 μm pores

Step 6: Print final scaffold designs 
using a Formlabs Form 2 SLA 3D-
printer with clear photopolymer 
resin

Step 7: Post-process printed 
scaffolds and analyze using 
different imaging techniques

500 μm pores

Scaffold imaging using light microscopy (figures a-d) and 
micro-computed tomography (micro-CT) (figures e-f)

(a)
Top of a 125 μm pore scaffold

(c) 250 μm

Top of a 250 μm pore scaffold
(d) 250 μm

Side of a 250 μm pore scaffold

(b)
Side of a 125 μm pore scaffold

125 μm

• Scaffolds with minimal surface pore occlusion were 
further examined using multi-photon microscopy and 
micro-CT to investigate interior lattice pore networks.  

o Multi-photon microscopy allowed for limited 
sample penetration and was not utilized to a 
great extent (data not shown).

o Micro-CT, however, provided in-depth scans of 
the entire sample (figure e).

o Image contrast of the reconstructed geometries 
revealed that no interior pore networks were 
present (solid inside), which was consistent for 
all scaffolds scanned with micro-CT (figure f).

(e)Entire 500 μm pore scaffold

(e)
(f)

Radial-longitudinal cross-section 
of a 500 μm pore scaffold 

(f)

• The SLA 3D-printer was able to print scaffolds with 
open surface pores in the 250-500 μm size range.

• However, our goal to reliably 3D-print the desired 
interior lattice geometries was not met due to the 
limited resolution of our 3D-printer.

• Nonetheless, micro-CT has proven to be a useful tool 
for assessing porosity, pore size, and pore distribution.

• The immediate goal is to print existing scaffold designs 
using the new Formlabs Form 3 SLA 3D-printer, which 
has higher printing resolution.

• Optimization of our custom rotational cell seeding 
device will be done using the printed scaffolds if the 
desired interior lattice geometries are consistently 
reproducible.
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