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CHAPTER 1: ARTICULAR CARTILAGE IN HEALTH AND DISEASE

Summary.

Findings.

Application.

Allan J. Lepine, Michael G. Hayek
Pages 8-17

Nutritional management of articular cartilage health requires an understanding of the changes that
normally occur during life, as well as the alterations caused by disease or injury.

= Components of articular cartilage extracellular matrix
— Proteoglycans — comprised of various glycosaminoglycans
— Hyaluronan
— Chondroitin sulfate and dermatan sulfate
— Heparan sulfate
— Keratan sulfate
— Collagen
= The ability of articular cartilage to respond to compressive stress depends on the characteristics
and interrelationships between proteoglycans and collagen
= Significant structural changes occur during the maturation of articular cartilage
— Amounts and proportions of collagen types change
— Proteoglycans become smaller and enriched with keratan sulfate
— Result of aging changes is a reduced ability to withstand normal joint functioning forces
= Three types of articular cartilage damage
— Microdamage or blunt trauma
— Chondral fractures
— Osteochondral fractures
= Osteoarthritis — noninflammatory degenerative joint disease
— Changes in proteoglycan amounts and ratios
— Matrix degradation often exceeding synthesis
— Cytokine release stimulates production of degradation enzymes and suppresses protein
biosynthesis in chrondrocytes
= Nutritional management of articular cartilage health
— Eicosanoid production can be manipulated by dietary fatty acids and thereby assist
in inflammation management
— Dietary glucosamine and chondroitin sulfate may help increase cartilage biosynthesis
and decrease degradation

Dietary fatty acids and chondroprotective nutrients such as chondroitin sulfate and glucosamine
may be useful in maintaining joint health and managing joint injury or disease.

CHAPTER 2: THE BENEFIT OF WEIGHT MANAGEMENT IN DOGS WITH JOINT PROBLEMS

Summary.

Findings.

Mark A. Tetrick, Joseph A. Impellizeri, Peter Muir
Pages 18-21

An observable improvement in lameness can be achieved when overweight dogs lose body weight.

= Lameness severity was significantly influenced by weight loss in overweight dogs with hip
osteoarthritis and lameness
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Findings.
(continued)

Application.

= Rapid or prolonged increases in blood glucose and, therefore, insulin secretion may promote
greater weight gain and fat deposition. Specially formulated foods containing a blend of barley
and grain sorghum may help improve glucose tolerance and stabilize blood glucose levels in
overweight dogs

= Dietary carnitine addition resulted in lower fat mass and greater lean body tissue in dogs during
weight loss

= Diets containing chromium tripicolinate may lead to an improvement in glucose tolerance and
blood glucose stability in overweight pets

Weight loss can influence lameness severity. Achieving weight loss in dogs can be facilitated by
the use of specially formulated diets containing carnitine, chromium tripicolinate, and a blend of
barley and grain sorghum.

CHAPTER 3: PHYSICAL THERAPY FOR DOGS WITH JOINT DISEASE

Summary.

Findings.

Application.

Darryl L. Millis
Pages 22-27

Joint disease is a common problem in dogs. Patients with osteoarthritis (OA) can have restricted
activity, limited ability to perform, pain and discomfort, and decreased quality of life. Physical
therapy can enhance or supplement other treatments for OA.

= Although mechanical stress can cause biochemical, histological and biomechanical changes in
articular cartilage, a lifetime of regular low-impact exercise in dogs with normal joints did not
cause significant alterations
= Older dogs may be more vulnerable to articular cartilage changes from mechanical stress than
younger dogs
= The goals of therapeutic exercise should be to reduce body weight, increase joint mobility, and
reduce joint pain through the use of low-impact weight-bearing exercises designed to strengthen
supporting muscles
= Exercise should be performed only after correction of major OA risk factors, such as joint
instability or obesity
= The ideal exercise program is one that provides sufficient benefits without causing discomfort
= Initially, antiinflammatory drugs should not be administered prior to exercise so that the proper
level of exercise can be determined
= Suggested exercise methods include swimming, controlled exercise on a leash, and treadmill walking
= Physical agents that can be useful aids in physical therapy include:
— Superficial heat modalities
— Cryotherapy
— Massage
— Ultrasound
— Neuromuscular Electrical Simulation
= Progress should be documented to assist in further treatment decisions and help maintain the dog
owner’s enthusiasm for the program

Physical rehabilitation is a valuable, but underused part of the management of dogs with OA. It
can be used in combination with nutritional, medical, and surgical management to reduce pain and
lameness and improve quality of life.
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CHAPTER 4:
PATHOPHYSIOLOGY AND DIAGNOSIS OF INTERVERTEBRAL DISK DEGENERATION

Takayoshi Miyabayashi
Pages 28-31

Summary. Intervertebral (V) disk disease is a common neurological condition in dogs that causes pain and
motor dysfunction. The age-related degeneration of 1V disks in dogs cannot be avoided but it may
be possible to delay the process. Research in chondrocyte metabolism and its relationship in
degeneration should help in finding ways to maintain canine 1V disk health for as long as possible.

Findings. = Intervertebral disks have two distinct components, which work together to act as a shock absorber
= Anulus fibrosus — stretches evenly to distribute force
= Nucleus pulposus — contains proteglycans that can hold high water content
= Degenerative changes of canine IV disks with age are unavoidable
— Loss of proteoglycans is initial step
— Eventually fissures form within the anulus fibrosus
— Nucleus pulposus protrudes through fissures
— IV disk space narrows
— Spondylosis deformans develops around vertebral end-plates
— End-plate sclerosis and malalignment may develop
— All IV disk tissues herniate from the IV disk space
— Further bony remodeling at end-plates
— Finally, protruded nucleus pulposus undergoes endochondral ossification.
= As dogs live longer, more severe degenerative changes may be observed that may be confused with
discospondylitis or neoplasia, even though the associated motor dysfunction is minor
= MRI is the diagnostic method of choice in human radiology but plain radiography and
myelography are still the most commonly used imaging methods in diagnosis of 1V disk disease in
veterinary medicine
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CHAPTER 5: BALANCED MANAGEMENT OF OSTEOARTHRITIS IN COMPANION ANIMALS

Steven A. Martinez
Pages 32-37

Summary.  No single treatment will adequately manage osteoarthritis (OA) in all dogs. A combination of three
treatment components should be considered when medically managing a dog with OA: 1) weight
control, 2) exercise/activity, 3) pharmacological/disease-modifying osteoarthritic drugs. Exclusion of
one or more of these components from a treatment protocol will usually result in an overall poorer
clinical response.

Findings. = Weight Control

— Obesity is a major risk factor for the development of OA

— Achieving weight control can be challenging

— Dogs with OA that inhibits movement cannot utilize consumed or stored fat efficiently

— Dogs with underlying endocrine disorders have a tendency to maintain body fat even
on a reducing diet

— Estimations of dog’s ideal weight and energy requirements are often inaccurate

— Owners may not be willing to be proactive in helping dogs reduce weight

— All weight-control programs should include an exercise program

= Exercise

— Controlled exercise is an important aspect in the management of OA in dogs

— High-impact activities may over-stress damaged joints and increase inflammation

— Low-impact activities are thought to reduce loads on an OA joint and result in less
discomfort for patient while maintaining good muscle strength/mass and joint function

= Pharmocologics

— The primary goal of the pharmacological management of OA is to relieve the patient
of discomfort associated with joint movement

— Toxicity concerns are present with long-term, chronic therapy with NSAIDs; therefore,
they probably should be administered only on a PRN basis, especially for the dog that
has only intermittent discomfort due to OA.

— Glucosamine and chondroitin sulfate reportedly have a positive effect on cartilage
matrix; they enhance proteoglycan production and inhibit catabolic enzyme production
or activity in arthritic joints

Application. Osteoarthritis can be a debilitating diseases for dogs; however, new concepts in a balanced
management of OA can result in an acceptable quality of life for the OA patient. Medical
management must be considered beyond pharmacological treatment to include a balance with
exercise/activity and weight control management. Failure to consider this treatment “triad”
concept will usually result in a poorer clinical response to therapy and quality of life as perceived
by the owner of the arthritic dog.
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Articular
Cartilage In
Health and
Disease

Allan J. Lepine, PhD
Michael G. Hayek, PhD

Research and Development Division
The lams Company, Lewisburg, Ohio, USA

INTRODUCTION

Understanding the changes in the physiologic and
morphologic relationships of articular cartilage during
normal life stages, as well as during more dramatic events
such as joint trauma or disease, can allow for the
application of nutritional management to minimize
negative outcomes. Nutritional interventions can include
managing growth in those breeds prone to joint problems,
decreasing incidence and symptoms of obesity, and
providing nutrients such as omega-3 fatty acids and
chondroprotective agents that aid the inflamed or
damaged joint. A review of the structure and function of
articular cartilage is important in order to better
understand the control and management of companion
animal joint health.
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STRUCTURE AND FUNCTION
OF ARTICULAR CARTILAGE

Synovial Joints

Synovial joints (diarthroses) are composite structures
consisting of articular cartilage, a joint capsule filled with
synovial fluid, and underlying osseous structures (Figure 1).
A physiologically normal synovial joint provides a virtually
wear-resistant and friction-free articulating surface that can
withstand considerable compressive, tensile, and shear
forces. Cells that line the synovial membrane of the joint
capsule produce synovial fluid, a clear and viscous
substance. Synovial fluid serves as a protective barrier by
providing lubrication to the opposing articular surfaces and
preventing contact between surfaces. It also supplies
nutrients to the cells of the articular cartilage and removes
waste products. Without an adequate protective barrier,
rapid joint degeneration can occur when forces, especially
weight bearing forces, are applied.
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Figure 1. Basic structure of the synovial joint. (Used with permission.
Lepine AJ. Structure and function of articular cartilage. In: Reinhart GA,
Carey DP, eds. Recent Advances in Canine and Feline Nutrition,
Vol. 111: 2000 lams Nutrition Symposium Proceedings. Wilmington,
OH: Orange Frazer Press, 2000; 481-494.)

Components of the Articular Cartilage
Extracellular Matrix

Proteoglycans. Proteoglycans, a primary component
of the articular cartilage extracellular matrix, are comprised



of numerous glycosaminoglycan chains that are covalently
linked to a central core protein (Figure 2). Glycosa-
minoglycans are repeating disaccharide units in which one
of the saccharides in each disaccharide is generally a
sulfated amino sugar.

Four primary glycosaminoglycans associated with
proteoglycans are: (1) hyaluronan, (2) chondroitin sulfate
and dermatan sulfate, (3) heparan sulfate, and (4) keratan
sulfate. These glycosaminoglycans are distinguished by the
specific sugar residues included, the type of linkage
between these residues, and the number and location of
sulfate groups.t Hyaluronan is a repeating disaccharide of
glucuronate and N-acetyl glucosamine and is the only
glycosaminoglycan that is nonsulfated. Chondroitin sulfate
is a repeating disaccharide of glucuronate and N-acetyl
galactosamine; dermatan sulfate is derived from
chondroitin sulfate by the epimerization of glucuronate to
iduronate. Keratan sulfate is a disaccharide of galactose
and N-acetyl glucosamine; heparan sulfate contains
iduronate and N-acetyl glucosamine. While the majority of
these glycosaminoglycans are covalently bound to a core

GLYCOSAMINOGLYCAN (GAG) CHAINS ‘
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NHCOCH,

Hyaluronan

Core Protein

protein to form proteoglycans, hyaluronan does not bind to
a core protein.

Aggrecan, the most common and well-defined
proteoglycan in articular cartilage, is comprised of a core
protein to which as many as 100 glycosaminoglycan chains
are attached. The attachment to the core protein is at a
serine residue and is stabilized by a link tetrasaccharide.
While the majority of the glycosaminoglycans in aggrecan
are chondroitin sulfate and keratan sulfate, they are not
randomly attached to the core protein but are located
within specific binding regions. This generally results in
aggrecan having a greater chondroitin sulfate content than
keratan sulfate since the keratan sulfate-rich binding
region is located closer to the NH; terminal end of the
core protein while a larger, chondroitin sulfate-rich
binding region is more distal.2

Aggrecan is generally found as a large aggregate with
as many as 200 aggrecan molecules covalently bound to a
single hyaluronan molecule.3 This linkage to hyaluronan is

Chondroitin Sulfate
Chains

Keratan Sulfate

Chains

s ) )
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> %& %/
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Figure 2. Proteoglycan, one of the 2 main classes of the articular cartilage extracellular matrix, is a complex structure formed by glycosaminoglycan
(GAG) chains covalently linked to core proteins, which are then bound to form the proteoglycan, aggrecan. (Used with permission. Lepine AJ.
Structure and function of articular cartilage. In: Reinhart GA, Carey DP, eds. Recent Advances in Canine and Feline Nutrition, Vol. 111:
2000 lams Nutrition Symposium Proceedings. Wilmington, OH: Orange Frazer Press, 2000; 481-494.)
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