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Foreword

The synovial joint is truly one of nature’s marvels, providing our skeleton
with a nearly frictionless bearing surface that can withstand forces of several
times body weight for millions of loading cycles throughout life. To date,
no man-made joint has been able to approach these capabilities. While the
mammalian joint is clearly a highly complex biological and biomechanical
organ that includes multiple structures, tissues, and cells, it is the articular
cartilage—the tissue that lines the surfaces of synovial joints—that is funda-
mentally responsible for these unparalleled biomechanical properties.

Over the past century, our understanding of articular cartilage has grown
exponentially. Building upon early studies that characterized the anatomy
and histology of cartilage, scientists recognized its unique mechanical proper-
ties and function. By the mid-20th century, investigators had begun to develop
new methods to quantify the elastic and tribological properties of the tissue.
The 1960s and the 1970s were characterized by significant advances in the
characterization of the biochemical composition of cartilage, primarily the
proteoglycan and collagen components. With the development of the bipha-
sic theory for modeling cartilage mechanics in 1980, the next two decades saw
major breakthroughs in the understanding of the highly complex multiphasic,
viscoelastic, anisotropic, inhomogeneous, and nonlinear properties of the tis-
sue. Simultaneously, the study of cartilage development was revolutionized by
the ongoing breakthroughs occurring in molecular biology and genetics in the
1990s. By the beginning of the 21st century, scientists and engineers had made
tremendous strides in understanding how the incredibly complex composition
and structure of cartilage were responsible for its load-bearing properties.

However, as with any other precision machine, even slight imbalances of
the biological or biomechanical processes responsible for maintaining the
tissue can lead to cumulative and progressive changes over decades of use,
ultimately causing osteoarthritic failure of the joint. With the new depth of
understanding of cartilage development, mechanics, and biology, the fields
of tissue engineering and regenerative medicine have exploded in the effort
to develop new therapies for preventing or treating cartilage damage by
combining cells, biomaterials, bioactive molecules, and physical signals.
While there are currently no disease-modifying therapies available for treat-
ing osteoarthritis, such tissue engineering approaches hold tremendous
promise for the near future.

For the first time, the wealth of new knowledge in these areas is brought
together in a single volume. Articular Cartilage represents the most com-
prehensive text to date focusing on this tissue and provides a unique and
interdisciplinary approach that encompasses the breadth of basic science, bio-
engineering, translational science, and detailed methodologic approaches.

xxi



xXii Foreword

Chapter 1 broadly reviews the current state of knowledge on the struc-
ture and composition of different types of cartilage as well as the chondro-
cytes. In addition to presenting the molecular components of the tissue, this
chapter provides overviews of the biomechanical function and properties
of cartilage, as well as the structure—function relationships of the primary
constituents of the tissue and cells.

A critical step in understanding cartilage physiology, pathophysiology,
and regeneration is an understanding of the fundamental processes involved
in cartilage development, maturation, and aging. In Chapter 2, the current
state of knowledge of cartilage development is summarized, including the
sequences of growth and transcription factors necessary for proper cell-cell
and cell-matrix interactions required during the formation of the limb bud
and the subsequent formation of the synovial joint. This chapter also reviews
the changes that occur in the extracellular matrix and chondrocytes with
maturation and aging, under normal or pathologic conditions.

Chapter 3 focuses on the epidemiology, etiopathogenesis, and therapeutic
approaches for the major arthritides that affect cartilage and the synovial
joints, namely, cartilage injury, osteoarthritis, rheumatoid arthritis, and gout.
While these represent distinct disease processes, they are all characterized
by degeneration of the articular cartilage and, eventually, loss of joint func-
tion. In particular, significant emphasis is placed on the role of biomechanical
factors in the onset and progression of osteoarthritis. Furthermore, a review
of the (lack of) current therapeutic approaches for osteoarthritis or carti-
lage injury clearly reveals a substantial unmet need for disease-modifying
approaches to diseases that affect articular cartilage.

With recent evidence suggesting that over 10% of osteoarthritis may arise
due to joint injury;, it is clear that the development of new tissue engineering
approaches for cartilage repair or regeneration can have a significant impact on
this disease. Chapter 4 provides an up-to-date overview of the field of tissue
engineering as applied to articular cartilage repair. Different sections provide
highlights of recent advances in the classical “three pillars” of tissue engineering:
cell source, scaffold design, and external stimulation through the use of bioac-
tive molecules and mechanical bioreactors. The chapter also includes important
discussion of the relative advantages and potential limitations of different cell
ty pes, biomaterial scaffolds, bioactive molecules, and bioreactors.

One of the primary hindrances to the development of new therapies for joint
disease has been the lack of surrogate measures that provide valid, reliable, and
responsive readouts of disease severity or progression. Such biological markers,
or “biomarkers,” may include proteins, genes, noninvasive or invasive imag-
ing, or even biomechanical measures that reflect certain events in the disease
process. In other fields such as cardiology and infectious diseases, biomarkers
such as cholesterol levels, blood pressure, or antibody levels have served critical
diagnostic and therapeutic roles. Chapter 5 overviews a number of methods that
are used to assess the structure, composition, biology, and biomechanical func-
tion of articular cartilage. In addition to novel imaging methods such as MRI,
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such assessments may include histologic or immunohistochemical measures of
joint tissues, or direct measures of tissue function through biomechanical test-
ing. Due to the highly complex nature of cartilage, the proper determination of
tissue material-level properties often involves the use of mathematical modeling
that simulates the precise testing condition in tension, compression, shear, or
contact (ie,, tribological testing). Finally, this chapter also provides a summary
of different animal models and scoring systems that are often used for modeling
and assessing disease or repair processes, with a critical review of their relative
advantages and disadvantages.

With these issues in mind, Chapter 6 provides important discussion and
perspectives on many of the remaining challenges and opportunities in
the development and translation of new approaches for treating diseases
of articular cartilage. A variety of issues are discussed, including some of
the intrinsic characteristics of cartilage that appear to make repair of car-
tilage insuperable. In this light, alternative factors are discussed that may
influence the success of regenerative therapies for cartilage, such as potential
immunogenic responses. The ultimate success of such cell-based or biologic
therapies, however, is highly dependent on practical issues such as regula-
tory pathways, intellectual property concerns, the pathway to market, and
potential reimbursement. This chapter provides an important snapshot of
the ever-changing landscape of regulatory and commercial affairs for medi-
cal products for cartilage repair.

The final chapter of the text provides detailed working protocols for many
of the methods used to study articular cartilage. Beginning with standard
cell and tissue harvest and culture methods, the chapter also details several
culture methods, such as the use of 3D gels, that are commonly used for
chondrocyte culture or cartilage tissue engineering. Methods for cartilage
assessment via histology and immunohistochemistry are also provided.
Importantly, detailed methods are provided for protein and RNA extraction
from cartilage, which is generally more complex than other cells due to the
presence of significant amounts of extracellular matrix. Finally, detailed pro-
tocols for mechanical testing of cartilage are provided.

This thorough and comprehensive text seamlessly integrates concepts
of basic science, bioengineering, translational medicine, and clinical care
of articular cartilage. By revealing the wealth of knowledge we have accu-
mulated in this area, as well as exposing the tremendous opportunities for
advancement, Articular Cartilage provides a critical template for those seeking
to study one of the most complex tissues of the human body. Only through
this level of understanding will we eventually be able to develop new meth-
ods to diagnose, prevent, or treat diseases of articular cartilage.

Farshid Guilak, PhD

Laszlo Ormandy Professor of Orthopaedic Surgery
Duke University Medical Center

Durham, North Carolina
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