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There has been recent rapid growth in research activity
at the interface of materials science and biology. One
exciting field at this interface is the topic of this focus
issue: the study of the mechanical behavior of biological
systems, or the way that naturally occurring materials
respond to mechanical forces and deformations.

The study of biomechanics is not new. The pioneer-
ing work of “The Father of Biomechanics,” Professor
Y.C. Fung,'™ helped establish the field as an autono-
mous scientific discipline within the broader field of bio-
engineering. For many years, the discipline has included
investigations at predominantly macroscopic length
scales, including the description of whole-body motion,
experiments on the mechanical responses of organs and
tissues, and the development of continuum-based consti-
tutive laws to describe tissue behavior.

Biological materials are not continuous media but are
composites consisting of living components (cells) in a
nonliving extracellular matrix (ECM) that is built and
remodeled by the cells.* The ECM has functions that are
inherently mechanical, providing a framework for hold-
ing and protecting cells. In addition, the ECM itself can
be a composite material with multiple phases including
any number of organic and inorganic constituents. The
complexity of natural materials can be quite astonishing,
with many levels of hierarchical structure over a range of
length scales. Biological materials are dynamic; there
exists great potential for changes in the tissue hierarchy
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with growth and development or with disease because of
the action of live cells.

Due in part to the hierarchical organization of natural
materials, the mechanical response can vary depending on
the length-scale of observation. Most cells are 1-10 pm
in size, but structural ECM components, including indi-
vidual tropocollagen molecules and bone mineral
platelets, are much smaller. Especially at fundamental
length-scales, there is dramatic structural heterogeneity
in natural materials due to distributions in shape, size,
composition, and mechanical properties of the constitu-
ents. Interfacial effects may also play a large role in the
local mechanical response. Thus, biological materials
naturally fit within the scope of ‘“nanomaterials,” al-
though organ-level components (e.g., a thigh bone) can
be many orders of magnitude larger. Great scope there-
fore exists for experiments at both very small (nano-
meter) length-scales and multi-scale investigations incor-
porating higher levels of organization.

Recent advances in biology and medicine, including
genomics’ and proteomics,® have resulted in an increased
interest in understanding biological systems at molecular
(ECM) and cellular levels. This has been paralleled by a
shift of focus in biomechanics to increasingly smaller
length-scales. With this shift has come the application of
materials science techniques, many developed for prob-
ing materials at the atomic and molecular scale, to the
study of biological systems. The introduction of materi-
als science techniques to the study of biomechanics has
also been associated with the application of materials
science philosophy to biological problems: focus has
shifted subtly from purely mechanical explorations to
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investigations concerned with structure-property rela-
tionships. New and developing subspecialties have ap-
peared, including multi-scale theoretical modeling of
hierarchical biological structures, nanoindentation and
nanotribology of biological materials, nanomechanics of
individual biological constituents, single cell mechanics,
and examination of bioadhesion and biolubrication.

Advances in understanding of both the structure and
mechanical response of natural materials can directly
influence the generation of engineered biomimetic ma-
terials. There exists great potential for mimicry in both
biological applications (e.g., tissue replacement) and
nonbiological applications (e.g., composites for space
travel). Biomimesis also includes exciting developments
involving novel materials processing techniques aimed at
the generation of hierarchical and complicated structures.

This focus issue begins with a series of invited review
articles examining the state of the art in three different
fields of study. First, Suresh reviews the effects of a
group of hereditary and infectious diseases on the struc-
tural and mechanical response of human red blood cells.
In the process, a paradigm for the materials science of
biology is presented: the relationship between structure,
properties, and disease. In the second review, Ager,
Balooch, and Ritchie present a comprehensive discussion
of the fracture behavior of bone. Fundamental aspects of
mechanism are explored in considering how bone frac-
ture properties are altered in aging and disease. Finally,
Angker and Swain examine the measurement of dental
tissue properties by nanoindentation. In addition to basic
structure-properties relationships for different tissue
types, the implications for restorative dentistry are con-
sidered. In each of the three reviews, changes are found
in the mechanical properties of biological materials with
disease, demonstrating the potential utility of mechanical
assays for diagnostic purposes.

The focus issue continues with contributed papers, in
which a large number of different materials science tech-
niques are used for mechanical characterization of a wide
range of biological and biomimetic systems. The tech-
niques used for characterization include (but are not lim-
ited to) indentation and nanoindentation, deformation by
optical tweezers, scanning probe techniques, spectros-
copy, electron microscopy, and both analytical modeling
and computational modeling methods. The investigations
presented here include the study of a wide variety of
different mechanical properties, including elastic and

plastic deformation, viscous flow, fracture, and adhesion.
A range of material length-scales have been studied.
These studies serve to demonstrate that mechanical re-
sponses can be highly sensitive to structural organization
in natural and nature-mimicking materials. Subtle
changes in structure due to disease or environmental
changes can dramatically alter the behavior. Such studies
not only reveal mechanical information about the mate-
rials but also enhance understanding of their biology and
chemistry.

The editors wish to thank the Materials Research So-
ciety for embracing this field—research at the intersec-
tion of materials science and biology—through a series
of recent MRS Symposia on the topic of biological sys-
tem mechanics.””® We especially thank Dr. Gordon Pike,
the JMR Editor-in-Chief, for allowing us to pursue this
focus issue; we thank also the JMR staff, especially
Eileen Kiley and Linda Baker, for technical assistance
through all aspects of the project. Finally, we thank the
many participants in this issue, including contributors
representing a wide range of research topics and review-
ers from many backgrounds for their efforts in this issue
and, more generally, for their efforts in this growing
field.

REFERENCES

1. Y.C. Fung: Biomechancs: Motion, Flow, Stress and Growth
(Springer-Verlag, New York, 1990).

2. Y.C. Fung: Biomechanics: Mechanical Properties of Living Tis-
sues, 2nd ed. (Springer-Verlag, New York, 1993).

3. Y.C. Fung: Biomechanics: Circulation, 2nd ed. (Springer-Verlag,
New York, 1997).

4. B. Alberts, A. Johnson, J. Lewis, M. Raff, K. Roberts, and
P. Walter: Molecular Biology of the Cell, 4th ed. [Garland Science
(Taylor and Francis), New York, 2002].

5. O.G. Vukmirovic and S.M. Tilghman: Exploring genome space.
Nature 405, 820 (2000).

6. B. Domon and R. Aebersold: Mass spectrometry and protein
analysis. Science 312, 212 (2006).

7. Mechanical Properties of Bioinspired and Biological Materials,
edited by C. Viney, K. Katti, F-J. Ulm, and C. Hellmich (Mater.
Res. Soc. Symp. Proc. 844, Warrendale, PA, 2005).

8. Structure and Mechanical Behavior of Biological Materials, ed-
ited by P. Fratzl, W.J. Landis, R. Wang, and F.H. Silver (Mater.
Res. Soc. Symp. Proc. 874, Warrendale, PA, 2005).

9. Mechanical Behavior of Biological and Biomimetic Materials,
edited by A.J. Bushby, V.L. Ferguson, C-C. Ko, and M.L. Oyen
(Mater. Res. Soc. Symp. Proc. 898E, Warrendale, PA, 2006).

1870 J. Mater. Res., Vol. 21, No. 8, Aug 2006





