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Foreword

Biomaterials have received considerable attention over the last thirty years as a
means of treating diseases and easing suffering. The focus of treatment is no longer
in conventional passive devices but rather a combination of device-integrated bio-
materials and the necessary therapeutic treatment. Biomaterials have found applica-
tions in approximately 8,000 various kinds of medical devices that have been used
in repairing skeletal systems, returning cardiovascular functionality, replacing or-
gans, and repairing or returning senses. Even though biomaterials have had a pro-
nounced impact in medical treatment, a need still exists to be able to design and
develop better polymer, ceramic, and metal systems along with the ability to charac-
terize and test their properties. This book is the first in a long time to point out such
need and to give students a clear picture of how to approach such subjects.

The two authors take a fresh approach to the problem. They focus on a thor-
ough materials analysis that does not take shortcomings on mechanical properties,
structure or molecular analysis, but at the same time offers a thorough presentation
of biological considerations in a succinct way.

Polymeric biomaterials originated as off-the-shelf materials that clinicians were
able to use in solving a problem—dialysis tubing was originally made of cellulose
acetate, vascular grafts were fabricated from Dacron, and artificial hearts were
molded from polyurethanes. However, these materials did not possess the chemical,
physical, and biological properties necessary to prevent further complications.
Thus, recent advances in synthetic techniques have allowed these properties to be
imparted on biomaterials that help to alleviate the accompanying biocompatibility
issues. This becomes so clear in this book!

Much consideration is given to the design of a material for a specific applica-
tion. Certain properties of the material must be controlled so as to perform the nec-
essary function and elicit the appropriate response. These properties can be tailored
to the specific need by carefully controlling the structural characteristics, modifying
the surface properties, and employing biomimetic characteristics in the material de-
sign. Biomimetic principles are gaining widespread acceptance in the development
of biomaterials, especially for drug delivery, regenerative medicine, and nanotech-
nology. The use of protein moieties and protein-like components on the surface or in
the bulk of synthetic materials contacting biological systems has certain advantage
over traditional systems. The authors are to be congratulated for pointing this out.

This book will be a successful text because it recognizes that biomaterials are
first and foremost materials! The authors provide a refreshing approach to the med-
ical aspects of biomaterials. It has exceptionally lucid chapters on Cell/Materials
and Protein/Materials interactions. The students will finally understand immunolo-
gy when they read Chapter 12. And thrombosis, one of the most important prob-
lems of biomaterials, is simply expertly presented in Chapter 13.

This textbook is a comprehensive fundamental text that will undoubtedly be-
come a staple in biomaterials education. It addresses the right amount of knowledge
and will fill a major gap in the field of biomaterials science. Professors Temenoff and
Mikos have made a great service to the field.

Nicholas A. Peppas, Sc.D.

Fletcher S. Pratt Chair of Chemical Engineering,
Biomedical Engineering, and Pharmacy
University of Texas at Austin
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Preface

Intersect: to share a common area (Merriam-Webster Dictionary)

Although this book is entitled Biomaterials: The Intersection of Biology and
Materials Science, we believe that this field has evolved over approximately the past
fifty years from the intersection of multiple disparate viewpoints, including materi-
als science, biology, engineering, and clinical, business, and regulatory perspectives.
With this history, the multidisciplinary nature of biomaterials is inescapable. As ed-
ucators in this field, we have taken on the particular challenge of preparing students
with a broad range of backgrounds to address the complex issues associated with
designing and implementing new biomedical devices.

With this in mind, we set out to write a balanced and cohesive textbook that
would introduce fundamental concepts of biomaterials to undergraduate engineer-
ing majors in their second year of study or later. Given this target audience, the text
assumes basic knowledge of chemistry and physics, but does not require in-depth
exposure to more complex mathematical concepts such as partial differential equa-
tions, or any knowledge of cell biology or biochemistry.

After an overview of the scope of the biomaterials field, Chapter 1 reviews basic
chemical principles required to understand the forces underlying the material struc-
tures introduced in Chapter 2. Chapters 3 and 4 provide more information about
physical and mechanical properties of the main classes of biomaterials (metals, ce-
ramics, and polymers). Throughout these sections, material classes are compared
and contrasted to further student knowledge of how each may be optimal for differ-
ent applications. After discussion of how materials are “built up” from their sub-
units, in Chapters 5 and 6, we turn to how these materials are “torn down”
(degraded) in the body and how processing parameters affect key material proper-
ties, such as degradation and mechanical strength.

Chapters 7 and 8 are both the physical and intellectual centers of this text as they
represent contact between the materials science and the biological concepts in the
book. Topics covered in these chapters include surface modification techniques and
their effects on protein adsorption. Chapter 9 relates how cells react to these adsorbed
proteins in general, before leading into a discussion of particular cell responses (acute
inflammation and wound healing) in Chapters 10 and 11. No depiction of biological
response to implanted materials would be complete without a discussion of immune
response and hypersensitivity (Chapter 12), thrombosis (Chapter 13) and infection,
tumorigenesis, and pathologic calcification (Chapter 14).

To maintain a balanced discussion, the fourteen chapters in this book were pur-
posefully divided into seven chapters on materials science, and seven chapters on the
biological response. Continuing the spirit of “intersection,” characterization meth-
ods and regulatory issues were not written as insular sections, but rather included
throughout book as appropriate.



xxii

Preface

The twenty-first century will surely present even greater challenges to the bio-
materialist in integrating ever more complex biological knowledge into the design
of improved materials. We believe that exploration of overlap between these dis-
parate fields is essential and hope that this book provides a first step for many
future biomaterialists in discovering vital intersections of their own.
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