
© 2008 by Taylor & Francis Group, LLC

Nanotechnology 
and Tissue 

Engineering
The Scaffold



© 2008 by Taylor & Francis Group, LLC

Nanotechnology 
and Tissue 

Engineering
The Scaffold

Cato T. Laurencin, M.D., Ph.D.

Lakshmi S. Nair, Ph.D.



© 2008 by Taylor & Francis Group, LLC

CRC Press
Taylor & Francis Group
6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2008 by Taylor & Francis Group, LLC 
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works
Printed in the United States of America on acid-free paper
10 9 8 7 6 5 4 3 2 1

International Standard Book Number-13: 978-1-4200-5182-7 (Hardcover)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts have been 
made to publish reliable data and information, but the author and publisher cannot assume responsibility for the valid-
ity of all materials or the consequences of their use. The authors and publishers have attempted to trace the copyright 
holders of all material reproduced in this publication and apologize to copyright holders if permission to publish in this 
form has not been obtained. If any copyright material has not been acknowledged please write and let us know so we may 
rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or uti-
lized in any form by any electronic, mechanical, or other means, now known or hereafter invented, including photocopy-
ing, microfilming, and recording, or in any information storage or retrieval system, without written permission from the 
publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http://
www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 
978-750-8400. CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For orga-
nizations that have been granted a photocopy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for 
identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Nanotechnology and tissue engineering: the scaffold / [edited by] Cato Laurencin and Lakshmi Nair.
p.; cm.
Includes bibliographical references and index.
ISBN 978-1-4200-5182-7 (hardcover: alk. paper) 1.Tissue engineering. 2. Nanotechnology. 3. 
Biomedical materials. I. Laurencin, Cato T. II. Nair, Lakshmi. III. Title.
[DNLM: 1. Tissue Engineering--methods. 2. Nanostructures. 3. Nanotechnology. 4. Tissue 

Scaffolds. QT 37 N187 2008]

R857.T55N36 2008
610.284--dc22 2008013040

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com

http://www.copyright.com
http://www.copyright.com
http://www.taylorandfrancis.com
http://www.crcpress.com
http://www.copyright.com
http://www.copyright.com
http://www.crcpress.com
http://www.taylorandfrancis.com
http://www.copyright.com
http://www.copyright.com


© 2008 by Taylor & Francis Group, LLC

Dedication

To my wife Cynthia, and my children,
Ti, Michaela, and Victoria

To my husband Prem and my son Bharath



© 2008 by Taylor & Francis Group, LLC

Contents
Foreword .......................................................................................................................................... ix
Preface.............................................................................................................................................. xi
Editors ............................................................................................................................................ xiii
Contributors .................................................................................................................................... xv

SECTION I Importance of Scaffolds in Tissue Engineering

Chapter 1 Tissue Engineering: The Therapeutic Strategy
of the Twenty-First Century ........................................................................................ 3

Fan Yang, William L. Neeley, Michael J. Moore, Jeffrey M. Karp,
Anita Shukla, and Robert Langer

Chapter 2 Top–Down Analysis of a Dynamic Environment: Extracellular Matrix
Structure and Function .............................................................................................. 33

Mandana Veiseh, Eva A. Turley, and Mina J. Bissell

Chapter 3 Functions and Requirements of Synthetic Scaffolds in Tissue Engineering ............ 53

Tejas Shyam Karande and C. Mauli Agrawal

Chapter 4 Microfabrication Techniques in Scaffold Development............................................ 87

Christopher J. Bettinger, Jeffrey T. Borenstein,
and Robert Langer

SECTION II Effect of Nanostructures on Cellular Responses
and Tissue Regeneration

Chapter 5 Cell Response to Nanoscale Features and Its Implications
in Tissue Regeneration: An Orthopedic Perspective............................................... 123

Batur Ercan and Thomas Webster

Chapter 6 Surface Modification of Biomaterials at the Nanoscale:
Biomimetic Scaffolds for Tissue Engineering Applications ................................... 163

Duron A. Lee and Cato T. Laurencin

vii



© 2008 by Taylor & Francis Group, LLC

SECTION III Promising Nanofabrication Techniques
to Develop Scaffolds for Tissue Engineering

Chapter 7 Electrospun Polymeric Nanofiber Scaffolds for Tissue Regeneration .................. 199

Syam Prasad Nukavarapu, Sangamesh G. Kumbar,
Jonathan G. Merrell, and Cato T. Laurencin

Chapter 8 Structure and Mechanical Properties of Electrospun Nanofibers
and Nanocomposites.............................................................................................. 221

Eunice Phay Shing Tan and Chwee Teck Lim

Chapter 9 Electrospinning Techniques to Control Deposition and Structural
Alignment of Nanofibrous Scaffolds for Cellular Orientation
and Cytoskeletal Reorganization ........................................................................... 243

Joel K. Wise, Michael Cho, Eyal Zussman,
Constantine M. Megaridis, and Alexander L. Yarin

Chapter 10 Nanolithographic Techniques in Tissue Engineering............................................ 261

Benjamin Moody and Gregory S. McCarty

Chapter 11 Designer Self-Assembling Peptide Scaffolds for Tissue Engineering
and Regenerative Medicine ................................................................................... 283

Akihiro Horii, Xiumei Wang, and Shuguang Zhang

SECTION IV Applications of Nanostructured Scaffolds
in Biology and Medicine

Chapter 12 Nanotechnologies in Neural Tissue Engineering .................................................. 295

Vivek Mukhatyar, Julie Yeh, and Ravi Bellamkonda

Chapter 13 Nanotechnologies for Cardiovascular Tissue Engineering.................................... 311

Kristen A. Wieghaus and Edward A. Botchwey

Chapter 14 Nanostructures for Musculoskeletal Tissue Engineering ...................................... 329

Susan Liao, Casey K. Chan, and Seeram Ramakrishna

viii



© 2008 by Taylor & Francis Group, LLC

Foreword
I am delighted to write the foreword for Nanotechnology and Tissue Engineering: The Scaffold
edited by Professor Laurencin and Dr. Nair. This book will be extremely useful as a reference source
for all those working in the area of biomaterials, tissue engineering, and bio-nanotechnology.
Today, science and technology at the nanoscale is capable of providing unprecedented understand-
ing, control, and manipulation of matter at the atomic and molecular level. Nanotechnology has
already had a significant impact on modern medicine through the development of novel targeted
therapies, diagnostic and imaging techniques, as well as by providing novel strategies to repair and
regenerate tissues. Nanofabrication techniques have opened the door toward developing unique
structures, which would be of great value in regenerative medicine, by giving us the ability to mimic
biological structures with molecular level precision, and thereby controlling or modulating cellular
functions. The present work is timely and provides a fine summary of the present status of bio-
nanotechnology aimed toward developing biomimetic scaffolds for tissue regeneration. The attrac-
tion of the book lies in the judicious combination of concise and comprehensive chapters covering
the fundamentals of ideal scaffolds for tissue engineering, cellular behavior toward nanostructures,
and state-of-the-art nanofabrication techniques for developing biomimetic nanostructures for tissue
engineering. The collection of 14 chapters written by experts in their fields from different parts of
the world presents an excellent overview of the subject for a wide audience. In my opinion, the book
will provide a valuable resource to the field of bio-nanotechnology and tissue engineering.

C.N.R. Rao
Honorary President of Jawaharlal Nehru Centre for

Advanced Scientific Research, India

Distinguished Visiting Professor, Department of Materials,
University of California, Santa Barbara
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Preface
The aim of Nanotechnology and Tissue Engineering: The Scaffold is to provide a state-of-the-art,
comprehensive account of research in the rapidly emerging areas of tissue engineering and nano-
technology. The tremendous advances in bio-nanotechnology during the past decade have signifi-
cantly impacted the area of tissue engineering, opening up new avenues to realize the dream of
regenerative medicine. This book is a natural presentation of the marriage of nanotechnology and
tissue engineering, an emerging technology which has the potential to revolutionize medicine in the
near future. The content of each chapter is written with a detailed background as the book covers a
multidisciplinary area with audiences from various fields of professions ranging from engineers,
clinicians, and scientists to graduate students and senior undergraduate students. The chapters also
provide an extensive bibliography for the reader who wants to explore the subject to a greater depth.

The book is organized into 14 chapters, carrying the reader through the fundamentals of tissue
engineering, comprehensive analysis of the unique cellular responses toward nanostructured mater-
ials, emerging nanofabrication techniques, and state-of-the-art reviews on the exciting break-
throughs using nanostructures in engineering three major tissues of the human body: neural,
vascular, and musculoskeletal. Each of the 14 chapters is subindexed and titled so that the book
can easily be used as a reference source.

We have chosen to present the materials under four sections: Section I clearly emphasizes the
importance of scaffolds in tissue engineering. This section includes four chapters. Chapter 1
presents a broad overview of the area of tissue engineering and sets the stage for the rest of
the book. Chapter 2 vividly presents the structure and functions of the extracellular matrix, the
structure which tissue engineers are attempting to recreate using novel technologies. Chapter 3
discusses the functions and requirements of synthetic scaffolds for engineering tissues and Chapter 4
reviews the various microfabrication techniques currently being investigated for developing tissue
engineering scaffolds. Section II is meant to emphasize the effect of nanostructures on cellular
responses and tissue regeneration. Chapter 5 presents an in-depth discussion of the current literature
on cellular responses toward nanostructured materials. Chapter 6 provides an overview of the
various nanoscale biological surface modifications of biomaterials to improve cellular responses.
Section III presents an overview of some of the most promising nanofabrication techniques to
develop scaffolds for tissue engineering. Chapters 7 through 9 give a comprehensive account of the
process of electrospinning and its versatility as a fabrication technique to form tissue engineering
scaffolds. Chapter 10 discusses the various lithographic techniques toward developing nanostruc-
tured scaffolds for tissue engineering. Chapter 11 presents self-assembly as a unique fabrication
method for developing biologically active scaffolds for accelerated tissue regeneration. Section IV
provides an overview of some of the applications of nanostructured scaffolds in biology and
medicine. Chapter 12 discusses the applications of nanostructured materials in neural tissue
engineering, Chapter 13 in cardiovascular tissue engineering, and Chapter 14 in musculoskeletal
tissue engineering.

It is our hope that all the chapters, written by eminent experts in the field, will provide a platform
to better understand the impact of nanotechnology in the area of tissue engineering and regenerative
medicine.

Cato T. Laurencin
Lakshmi S. Nair
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