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Tissue engineering combines the life sciences and engineering to enable the restoration, maintenance, or enhance-

ment of living organs and tissues. Most tissue engineering techniques utilize polymeric scaffold structures endowed with 
complex internal porous architectures and channels that provide sites for cell attachment and proliferation, and facilitate 
transport of cells, growth factors and biomolecular signals to promote tissue regeneration at an implantation site. The 
application of tissue engineering concepts for reconstructing complex anatomical structures requires novel approaches 
for designing and building complex, three-dimensional scaffolds incorporating gradients of biomaterials, growth factors, 
and porous architectures that can enable the simultaneous growth and regeneration of multiple tissues and tissue inter-
faces. We have developed such an approach combining an image-based design method and a solid freeform fabrication 
technique. The image-based design method uses computed tomography (CT) scans to create scaffold designs that repli-
cate anatomy while incorporating interior porous architectures. The solid freeform fabrication technique, based on selec-
tive laser sintering of polymeric powders, is then used to create scaffolds in polycaprolactone (PCL), a bioresorbable 
polymer.  Such scaffolds are now being tested in animal models for bone and cartilage regeneration in the temporoman-
dibular joint (TMJ) and in the spine. I will first describe the process for manufacturing geometrically accurate and me-
chanically strong PCL scaffolds. Next, I will present the results of a recently completed study in which PCL scaffolds for 
the mandibular condyle were loaded with autologous bone marrow and implanted in young (6-8 months of age) and old 
(4-8 years of age) minipigs for 1 and 3 months. The study indicates that engineered PCL scaffolds are capable of provid-
ing functional mechanical support and guiding tissue regeneration in a large animal model. Finally, I will present prelimi-
nary results of a study involving implantation of PCL scaffolds for intervertebral disc regeneration in minipigs. 
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