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Multiscale aspects of mechanical properties of biological materials have developed into
an emerging area of research with impact in a broad range of disciplines ranging from
medicine to materials science, defining a biomateriomics approach that facilitates a new
paradigm in understanding the interplay of structure and function. Mechanical properties
of biological materials are critical for virtually all physiological processes and cover all the
scales, from the molecular to the macroscale, and provide access to mechanistic under-
standing and engineering design of novel tools for disease diagnosis, disease treatment and
biomaterials development or for the transfer of biologically inspired materials and struc-
tures. The integrated use of simulation and experiment can address key challenges in this

field and will result in new tools for the analysis and synthesis of complex materials.

© 2011 Published by Elsevier Ltd

This special issue of the journal of the Mechanical Behavior
of Biomedical Materials contains papers that investigate multi-
scale aspects of mechanical properties of biological materi-
als. Some of the articles relate to work presented in a special
session that was organized as part of the 3rd International Con-
ference on Mechanics of Biomaterials & Tissues, held December
13-17, 2009 in Clearwater Beach, Florida, USA. The contribu-
tions broadly focus on multiscale modeling and experimen-
tation of protein materials and other biological systems and
demonstrate the importance of fundamental mechanistic in-
sight at multiple time- and length-scales to arrive at a sys-
tematic understanding of distinct materials and structures in
biology, in the context of both physiological and disease states
and for the development of de novo biomaterials. These efforts
have emerged as an exciting field in which the combination of
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biology, materials science and engineering facilitates break-
throughs in fundamental and applied research.

To demonstrate the importance of a multiscale view of bi-
ological materials, Fig. 1 depicts a visualization of multiscale
hierarchical structure of an example protein material (spider
silk), a summary of multiscale modeling and experimental
tools, and an analogy to the hierarchical structure of music.
In protein materials, multifunctional materials are created via
the formation of hierarchical structures composed of simple,
abundant and repeating elements such as amino acids (Fig. 1,
left). The integrated view of properties at multiple scales
provides an enhanced functionality of biological materials,
despite the reliance few distinct building blocks. Similar as in
protein materials, in music (Fig. 1, right), universal elements
such as basic wave forms or a set of available instruments are
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Fig. 1 - Illustration of multiscale hierarchical structure of protein materials, a summary of multiscale modeling and
experimental tools, and an analogy to music (figure adapted from M. Buehler, Nano Today, Vol. 5, pp. 379-383, 2010). In
protein materials (left for the example of spider silk), multifunctional materials are created via the formation of hierarchical
structures. The integrated view of properties at multiple scales provides an enhanced functionality of biological materials,
despite the reliance few distinct building blocks. Similar as in protein materials, in music (right), universal elements such
as basic wave forms or a set of available instruments are used in hierarchical assemblies to provide macroscale
functionality, and eventually a particular orchestral sound (e.g. a symphony). Universality tends to dominate at smaller
levels, whereas diversity is found predominantly at larger, functional levels. The integrated use of computational and
experimental methods at multiple scales provides a powerful approach to elucidate the scientific concepts underlying the

materiomics paradigm (center).

used in hierarchical assemblies to provide macroscale func-
tionality, and eventually a particular orchestral sound (e.g. a
symphony). Universality tends to dominate at smaller levels,
whereas diversity is found predominantly at larger, functional
scales. The integrated use of computational and experimental
methods at multiple scales provides a powerful approach to
elucidate the scientific concepts that define biomateriomics.

The papers included in this special issue cover various
areas of multiscale analysis of molecules, biocrystals, cells
and tissues, including:

e Mechanical design principles of arthropod exoskeletons
(D. Raabe et al.),

Atomistic-level structure and mechanics of cross-links in
collagen nanofibrils (M. Buehler et al.),

Coarse-grained modeling of sickle hemoglobin fibers (G.
Lykotrafitis et al.),

Brownian dynamics simulations of charged polymers on
curved surfaces (. Wang et al.),

e Multiscale mechanics of stem cell adhesion (S. Li et al.),
e Parametric studies to elucidate design principles of

artificial nacre (H. Espinosa et al.),
Structure and mechanics of curly patterns in hair (C. Xi et
al.).

By focusing on the interactions between the scales, the

e Mechanical properties of hydroxyapatite crystals (A. application of mechanics to biological materials has three
Zamiri et al.), major impacts:
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e Understanding, interpreting and predicting experimental

phenomena pertaining to physiological mechanisms via a

bottom-up material description that starts at the level of

chemistry.

Understanding the mechanisms of injury and disease by

probing how structural changes, such as genetic muta-

tions, cracks and other imperfections alter mechanical
properties by providing a materials science foundation to
disease mechanisms.

e Demonstrating how disparate material scales can be
integrated in order to form the next generation of
biologically inspired materials with novel properties,
for applications ranging from biomaterials, regenerative
medicine to low-energy and green materials.

Many exciting research opportunities exist in particular to
understand how structure and properties are related at mul-
tiple scales, and aiming at the identification of universal con-
cepts that are found across scales, tissues and species. The
development of material models that incorporate multiple
length- and time-scales, associated validation experiments,
theoretical concepts and numerical simulations will eventu-
ally result in a set of tested approaches to probe multiscale
mechanics.

I hope that readers will greatly enjoy reading the papers
included in this issue, and that it may stimulate much future
research in this field of study. I would like to sincerely thank
all authors for the willingness to participate in this project
and for the careful preparation of papers.



