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Biodegradable Polymer Scaffolds for Tissue Engineering
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Lisa E. Freed1, Gordana Vunjak-Novakovic1, Robert J. Biron1, Dana Burton Eagles2, Daniel C. Lesnoy2, Sandra K. Barlow2, Robert Langer1  - Show less +3 more•Institutions (2)
Massachusetts Institute of Technology1, Mansfield University of Pennsylvania2

01 Jul 1994-Nature Biotechnology
TL;DR: The scaffold induced chondrocyte differentiation with respect to morphology and phenotype and represents a model cell culture substrate that may be useful for a variety of tissue engineering applications.

...read moreread less

Abstract: Synthetic polymer scaffolds designed for cell transplantation were reproducibly made on a large scale and studied with respect to biocompatibility, structure and biodegradation rate. Polyglycolic acid (PGA) was extruded and oriented to form 13 μm diameter fibers with desired tenacity. Textile processing techniques were used to produce fibrous scaffolds with a porosity of 97% and sufficient structural integrity to maintain their dimensions when seeded with isolated cartilage cells (chondrocytes) and cultured in vitro at 37°C for 8 weeks. Cartilaginous tissue consisting of glycosaminoglycan and collagen was regenerated in the shape of the original PGA scaffold. The resulting cell-polymer constructs were the largest grown in vitro to date (1 cm diameter × 0.35 cm thick). Construct mass was accurately predicted by accounting for accumulation of tissue components and scaffold degradation. The scaffold induced chondrocyte differentiation with respect to morphology and phenotype and represents a model cell culture substrate that may be useful for a variety of tissue engineering applications.
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Gordana Vunjak-Novakovic1, Lisa E. Freed1, Robert J. Biron1, Robert Langer1•Institutions (1)
Massachusetts Institute of Technology1

01 Mar 1996-Aiche Journal
TL;DR: Turbent mixing significantly improved the biochemical compositions and altered morphologies of the cartilage constructs, which were the thickest ones cultured to date in vitro and an important parameter for the cultivation of tissue-engineered cartilage.

...read moreread less

Abstract: Cartilage constructs were grown using isolated chondrocytes and biodegradable polymer scaffolds made of fibrous polyglycolic acid in the form of 1-cm-dia × 5-mm-thick discs. The scaffolds were seeded in a mixed cell suspension and cultured for up to 8 weeks under static or mixed tissue culture conditions in petri dishes and spinner flasks. Turbulent mixing significantly improved the biochemical compositions and altered morphologies of the cartilage constructs, which were the thickest ones cultured to date in vitro. Constructs from mixed cultures were more regular in shape and contained up to 70% more cells, 60% more sulfated glycosaminoglycan, and 125% more total collagen when compared to constructs from static cultures. Mixing also induced the formation of an outer capsule with multiple layers of elongated cells and collagen fibrils around the inner tissue phase, while statically grown constructs consisted of round cells embedded in cartilaginous matrix. Mixing during cell seeding and tissue culture is thus an important parameter for the cultivation of tissue-engineered cartilage in a range of sizes, shapes and compositions for a variety of clinical applications (e.g., fibrous cartilage for reconstructive surgery or articular cartilage for joint resurfacing).
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Mass transfer studies of tissue engineered cartilage.
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P.M. Bursac1, Lisa E. Freed, Robert J. Biron, Gordana Vunjak-Novakovic•Institutions (1)
Massachusetts Institute of Technology1

01 Jan 1996-Tissue Engineering
TL;DR: The kinetics of mass transfer and the regeneration of tissue components were studied for cell-polymer constructs cultured in orbitally mixed petri dishes as a result of cell proliferation, regeneration of the cartilaginous matrix, and scaffold degradation.

...read moreread less

Abstract: Tissue engineered cartilage can be grown in vitro using isolated cartilage cells and biodegradable polyglycolic acid scaffolds. In the present study, the kinetics of mass transfer and the regeneration of tissue components (i.e., cells, glycosaminoglycan, and collagen) were studied for cell-polymer constructs cultured in orbitally mixed petri dishes. Over 6 weeks of cultivation, the composition and morphology of the constructs changed toward an increasingly compact tissue structure as a result of cell proliferation, regeneration of the cartilaginous matrix, and scaffold degradation. Overall rates of mass transfer were determined for disk shaped constructs (10 mm in diameter x 5 mm thick) exposed to a small volume of a well mixed solution of tracer molecules, i.e., glucose and dextran with molecular weights of 180 Da and 4400 Da, respectively. The kinetics of mass transfer between the construct and the solution was assessed from measured time profiles of tracer concentration in the solution and physical construct properties. Mass transfer parameters (e.g., kinetic constants of tracer uptake, partition coefficients) were calculated numerically by solving the material balance equations over the time of tracer diffusion. Mass transfer rates of glucose and dextran decreased over cultivation time in parallel with the accumulation of tissue components in cell-polymer constructs.
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Journal Article•DOI•
Scaffolds in tissue engineering bone and cartilage.
[...]


Dietmar W. Hutmacher1•Institutions (1)
National University of Singapore1

15 Dec 2000-Biomaterials
TL;DR: Research on the tissue engineering of bone and cartilage from the polymeric scaffold point of view is reviews from a biodegradable and bioresorbable perspective.
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Functional arteries grown in vitro.
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Laura E. Niklason1, Jinming Gao2, William M. Abbott, Karen K. Hirschi3, S. Houser4, Robert P. Marini, Robert Langer5  - Show less +3 more•Institutions (5)
Duke University1, Case Western Reserve University2, Baylor College of Medicine3, Harvard University4, Massachusetts Institute of Technology5

16 Apr 1999-Science
TL;DR: A tissue engineering approach was developed to produce arbitrary lengths of vascular graft material from smooth muscle and endothelial cells that were derived from a biopsy of vascular tissue, with patency documented up to 24 days by digital angiography.

...read moreread less

Abstract: A tissue engineering approach was developed to produce arbitrary lengths of vascular graft material from smooth muscle and endothelial cells that were derived from a biopsy of vascular tissue. Bovine vessels cultured under pulsatile conditions had rupture strengths greater than 2000 millimeters of mercury, suture retention strengths of up to 90 grams, and collagen contents of up to 50 percent. Cultured vessels also showed contractile responses to pharmacological agents and contained smooth muscle cells that displayed markers of differentiation such as calponin and myosin heavy chains. Tissue-engineered arteries were implanted in miniature swine, with patency documented up to 24 days by digital angiography.
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Polymeric scaffolds in tissue engineering application: a review
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Brahatheeswaran Dhandayuthapani1, Yasuhiko Yoshida1, Toru Maekawa1, D. Sakthi Kumar1•Institutions (1)
Toyo University1

11 Sep 2011-International Journal of Polymer Science
TL;DR: An overview of the different types of scaffolds with their material properties is discussed and the fabrication technologies for tissue engineering scaffolds, including the basic and conventional techniques to the more recent ones, are tabulated.

...read moreread less

Abstract: Current strategies of regenerative medicine are focused on the restoration of pathologically altered tissue architectures by transplantation of cells in combination with supportive scaffolds and biomolecules. In recent years, considerable interest has been given to biologically active scaffolds which are based on similar analogs of the extracellular matrix that have induced synthesis of tissues and organs. To restore function or regenerate tissue, a scaffold is necessary that will act as a temporary matrix for cell proliferation and extracellular matrix deposition, with subsequent ingrowth until the tissues are totally restored or regenerated. Scaffolds have been used for tissue engineering such as bone, cartilage, ligament, skin, vascular tissues, neural tissues, and skeletal muscle and as vehicle for the controlled delivery of drugs, proteins, and DNA. Various technologies come together to construct porous scaffolds to regenerate the tissues/organs and also for controlled and targeted release of bioactive agents in tissue engineering applications. In this paper, an overview of the different types of scaffolds with their material properties is discussed. The fabrication technologies for tissue engineering scaffolds, including the basic and conventional techniques to the more recent ones, are tabulated.
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Scaffold design and fabrication technologies for engineering tissues--state of the art and future perspectives.
[...]


Dietmar W. Hutmacher1•Institutions (1)
National University of Singapore1

01 Jan 2001-Journal of Biomaterials Science-polymer Edition
TL;DR: An overview of the various fabrication techniques of scaffolds is presented, beginning with the basic and conventional techniques to the more recent, novel methods that combine both scaffold design and fabrication capabilities.

...read moreread less

Abstract: Today, tissue engineers are attempting to engineer virtually every human tissue. Potential tissue-engineered products include cartilage, bone, heart valves, nerves, muscle, bladder, liver, etc. Tissue engineering techniques generally require the use of a porous scaffold, which serves as a threedimensional template for initial cell attachment and subsequent tissue formation both in vitro and in vivo. The scaffold provides the necessary support for cells to attach, proliferate, and maintain their differentiated function. Its architecture defines the ultimate shape of the new grown soft or hard tissue. In the early days of tissue engineering, clinically established materials such as collagen and polyglycolide were primarily considered as the material of choice for scaffolds. The challenge for more advanced scaffold systems is to arrange cells/tissue in an appropriate 3D configuration and present molecular signals in an appropriate spatial and temporal fashion so that the individual cells will grow and form t...
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The role of bioreactors in tissue engineering.
[...]


Ivan Martin1, David Wendt1, Michael Heberer1•Institutions (1)
University Hospital of Basel1

01 Feb 2004-Trends in Biotechnology
TL;DR: By enabling reproducible and controlled changes of specific environmental factors, bioreactor systems provide both the technological means to reveal fundamental mechanisms of cell function in a 3D environment, and the potential to improve the quality of engineered tissues.
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