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KEY POINTS

e Quantitative magnetic resonance imaging can be used to noninvasively assess the composition

and ultrastructure of articular cartilage.

e Quantitative magnetic resonance imaging can be used in clinical practice to detect early cartilage

degeneration.

e Quantitative magnetic resonance imaging can be used in osteoarthritis research studies to monitor
disease-related and treatment-related changes in articular cartilage over time.

INTRODUCTION

Osteoarthritis is one of the most common chronic
medical conditions and is second only to cardio-
vascular disease as the leading cause of
disability in the United States.'™® Osteoarthritis
may be caused by idiopathic or posttraumatic
degeneration of articular cartilage. Characteristic
changes in articular cartilage occur during the
disease process including a decrease in the pro-
teoglycan content and disruption of the highly
organized collagen fiber network.®~'" Identifying
the sequence of events that occur during carti-
lage degeneration is essential for better under-
standing of the pathogenesis of osteoarthritis
and developing improved treatment options.
Quantitative magnetic resonance (MR) imaging
provides a noninvasive method to assess carti-
lage composition and ultrastructure. This article
reviews the role of quantitative MR imaging for

evaluating the articular cartilage of the knee joint,
which is one of the joints most commonly
affected by osteoarthritis.

CARTILAGE COMPOSITION AND FUNCTION

Articular cartilage is composed of chondrocytes,
which compose approximately 4% of the net
weight of the tissue, and an abundant extracellular
matrix. The extracellular matrix of cartilage con-
sists primarily of water, composing between 65%
and 85% of its net weight, and lower concentra-
tions of proteoglycan and type Il collagen.?3
Proteoglycan composes 3% to 10% of the net
weight of cartilage and allows the tissue to with-
stand high compressive forces during joint
loading. Collagen composes 15% to 20% of the
net weight of cartilage and is responsible for the
tensile strength of the tissue.'®'® Articular carti-
lage is devoid of lymphatics, blood vessels, and
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nerves, limiting its potential for healing and
repair.'® Thus, preservation of the cartilage macro-
molecular matrix is vital to joint health.

The macromolecular matrix of articular cartilage
is composed of type Il collagen organized in a
complex 3-dimensional orientation, which pro-
vides tensile strength and determines tissue
anisotropy.'* The articular surface is covered by
the lamina splendins; dense bundles of collagen fi-
bers lubricated by a proteoglycan called lubricin;
and synovial fluid, which allows for low friction
load transmission across the joint.’® The superfi-
cial zone of cartilage is composed of collagen fi-
bers and elongated chondrocytes orientated
parallel to the articular surface, whereas the mid-
dle zone is characterized by a random orientation
of collagen fibers intermixed with round chondro-
cytes. The deep zone of cartilage consists of thick
bundles of collagen fibers and elongated chondro-
cytes oriented perpendicular to the bone-cartilage
interface. The radially oriented collagen fibers in

the deeper layer of cartilage pass through the
calcified zone to attach to subchondral bone
(Fig. 1)."3

The major proteoglycan constituent of articular
cartilage is aggrecan, which is composed of a
core protein with alternating domains of the nega-
tively charged sulfated glycosaminoglycan side
chains keratan sulfate and chondroitin sulfate. Ag-
grecans are assembled into a macromolecular
structure of monomers, which are bound to a hya-
luronan backbone through a link protein. The core
protein of aggrecan consists of 3 globular domains
(G1, G2, and G3) and 3 interglobular domains.'®
The G1 domain resides on the N-terminus and in-
teracts with the link protein to attach aggrecan to
the hyaluronan backbone, whereas the G3 domain
is located at the C-terminus of the glycoprotein.
Located between the G2 and G3 domains are
the attachment domains, which link the keratan
sulfate and chondroitin sulfate side chains to the
core protein (Fig. 2)."”
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Fig. 1. Articular cartilage divided into its histologic zones. The image depicts the cellular structure and organiza-
tion as well as the collagen fiber orientation of cartilage from surface to bone. Note the randomness of collagen
fibers in the middle zone of cartilage. STZ, superficial zone. (Adapted from Xia Y. Averaged and depth-dependent
anisotropy of articular cartilage by microscopic imaging. Semin Arthritis Rheum 2008;37(5):317-27.)
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