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Preface

This book, Biomaterial Mechanics, comes in a timely manner as the biomedical
field is realizing the importance mechanics plays in obtaining a successful
healthcare outcome. Thus when asked by the publishers if we could coedit a
book emphasizing the role of mechanics in biomaterials, we gladly accepted. This
book provides an overview of the fundamental mechanical principles of bioma-
terials and the types of biomaterials used in healthcare. Moreover, an overview
of elegant computational modeling approaches is presented with the applicable
insights toward the refinement of biomaterial mechanics and biocompatibility.

In the wake of new technological advancements, biomedical materials have
evolved in complexity and have played a crucial role in treating health ailments.
The success of the biomaterial relies on multifaceted mechanical and biologi-
cal interactions between the material and the host. Traditionally, materials were
considered nearly homogeneous and assumptions to simplify material properties
were appropriate, including assumptions that the materials only undergo small
strains and the change in strain is linearly proportional to the change in stress.
However, these assumptions are typically not appropriate when considering
biological tissues that may undergo large strains, directional dependencies, or
nonlinear stress—strain behavior. The first part of this book reviews mechanical
principles of biomaterials, including how to appropriately test and calculate the
mechanical properties of soft biological materials.

The next part of this book overviews the evolution of engineered biomateri-
als and implantable devices since 1950 when the field of biomaterials started to
blossom. The increasing degree of sophistication has enabled biomaterials today
to incorporate biological active components and dynamic behavior giving them
crucial roles in injury repair, diagnostics, biological screening, drug delivery,
and tissue engineering applications. There are many novel biomaterials on the
horizon, including smart materials, shape memory polymers, 3D-printed bio-
materials, and nanomaterials that have the potential to revolutionize healthcare
in the future. This part specifically reviews properties of metallic, polymeric,
nano, biological, and cancer-related biomaterials highlighting the key mechanical
discoveries that will enable the eventual design, synthesis, characterization, and
implantation of the optimal biomimetic material to treat a particular disease or
substitute a tissue or entire organ.

In addition to the advanced manufacturing processes, computational
modeling has allowed for a better understanding of how physical properties
affect biological performance, as well as the interplay between various physio-
mechano-chemical properties. The third part of this book highlights how
computational biomechanical models can advance the field of device design.
Modeling can enable time- and cost-efficient evaluations of fundamental
hypotheses and thus reduce the experimental search space, and aid investigators
in moving away from a purely empirical, trial-and-error approach toward
rational design. In this part, the authors give concrete examples, including
how computation modeling was used to determine optimal scaffold
geometry, stiffness, degradation rates, and production rates of vascular grafts.
Moreover, modeling can be used on a smaller scale to determine the molecular
physicochemical interactions in biological systems and between biomaterials.
More generally, a method called finite element analysis can be used to calculate
stresses within biomaterials and tissues and thus proves a useful tool in
evaluating the response of host tissue to an implanted biomaterial. In this part,
the authors present the general principles of FEA and highlight how it is useful in
evaluating the design and properties of cardiovascular stents. Overall, inclusive
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PREFACE

models that apply principles from engineering, material science, and biology will
help develop and understand the mechanics of new materials better.

In summary, new processing techniques have enabled the fabrication of bioma-
terials that are more biomimetic than ever before. It can even be argued that some
biomaterials have surpassed purely biomimetic materials. Moreover, advanced
computational modeling has allowed for a better understanding of how physi-
cal properties affect biological performance, as well as the interplay between
various physio-mechano-chemical properties. The ability to multiplex physical
and chemical design parameters among single and multiple materials will help
ensure compatibility and optimal performance of biomedical devices. It is an
exciting time to explore the various parameters that control the physio-mechano-
chemical properties of biomaterials. This book will help provide the background
knowledge needed to pursue such endeavors.

The authors of this book are leading experts of their respective content. Each
chapter is written independently of one another and can therefore be read
individually and not necessarily in sequence. However, the logical progression
of the book will provide interested readers with a comprehensive knowledge
on how to test and characterize the mechanical properties of biomaterials, the
types and mechanical properties of biomaterials used in the biomedical field,
the advantage and insights obtained through computationally modeling the
mechanical and biological interactions of biomaterials, and finally hypothesize
as to where the field of novel biomaterials is headed in the future. Personally,
as editors, we have learned a lot on each subject and expect the reader will also
learn many new facets of the evolving field of biomaterials. Please enjoy your
copy of Biomaterial Mechanics!

Heather N. Hayenga
University of Texas at Dallas
Richardson, Texas

Helim Aranda-Espinoza
University of Maryland
College Park, Maryland
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