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Osteoarthritis of the knee 

• Anatomic and mechanical problem  
– Wearing down of cartilage 

 
• Biochemical problem 

– Changes in chondral and synovial homeostasis 



Mechanical 
• Chondral breakdown leads to: 

– Malalignment (unicompartmental – varus, 
valgus) 

– Increased subchondral stress 
• Sclerotic/cystic changes, bony edema  
• PAIN 

– Osteophyte formation 
• Loss of ROM and stiffness 



 Outerbridge (1961, patellar lesions) 
• Grade 0: Normal articular cartilage 
• Grade I: Softening and swelling of cartilage (chondromalacia) 
• Grade II: Fragmentation/fissuring of surface, diameter less than 1/2inch 
• Grade III: Fragmentation/fissuring to subchondral bone, area greater than 

   1/2inch 
• Grade IV: Exposed subchondral bone 
Insall Modification (1976, commonly used) 
• Grade I: Softening and swelling of cartilage 
• Grade II: Fibrillations 
• Grade III: Deep fissures extending to subchondral bone 
• Grade IV: Erosive changes with exposure of subchondral bone  
Noyes (1989) 
• Grade I: Chondromalacia  A) soft 

    B) softening with indentation 

• Grade II: Open lesion  A) half thickness fissures/fragmentation 
    B) full thickness 

• Grade III: Bone   A) bone exposed 
    B) bone cavity  



ARTICULAR CARTILAGE  
Outerbridge Classification 
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“Knee pain is the malady–not osteoarthritis” 
    – Hadler 

• Cartilage degeneration does not 
necessarily cause pain (articular cartilage 
has no pain receptors) 

• Subchondral pain is a late event 

Pain drives osteoarthritis treatment 

Reference: Hadler NM. Knee pain is the malady—not osteoarthritis. Ann Int Med. 
1992;116(7):598-599. 

• Synovial and capsular tissues are the  
primary sources of pain – not due to 

mechanical changes 
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The patient with OA of the knee presents with a clinical picture of pain in and around the knee that tends to worsen with weight bearing and improve with rest.  Other symptoms and signs include brief morning stiffness, mild tenderness on palpation, bony deformation, crepitus, and limitation of joint motion.1
Radiographs do not predict clinical symptoms.1-3  Patients with early OA may have normal joint radiographs; an abnormal radiograph may not correlate with the level of discomfort.2
Early changes are at the cellular and biochemical levels in the articular cartilage, which has no pain receptors. Pain gradually appears as synovitis, capsular thickening, and microfractures in subchondral bone occur.  Pain arises first in the synovial tissue, joint capsule, ligaments, tendons, and muscles, which all contain pain receptors.  Subchondral pain is a late event.1
Pain receptors (nociceptors) in the synovial tissue are the source of most OA pain.  They can be stimulated by inflammatory mediators that accompany OA pain at rest or by direct stimulation of pain receptors by joint movement.4
1Solomon L. Clinical features of osteoarthritis. In: Kelly WN, Harris ED, Ruddy S, Sledge CB, eds. Textbook of Rheumatology. Philadelphia, Pa: WB Saunders Company; 1981;89:1383-1393.
2Creamer P. Osteoarthritis. In: Wall PD, Melzack R, eds. Textbook of Pain. 4th ed. New York, NY: Churchill Livingstone; 1994:387-396.
3Hadler NM. Knee pain is the malady—not osteoarthritis. Ann Intern Med. 1992;116(7):598-599.
4Balazs EA, Denlinger JL. Viscosupplementation: a new concept in the treatment of osteoarthritis. J Rheumatol. 1993;20(suppl 39):3-9.



Biochemical problem 

• Chondrocyte and synovial changes in 
homeostasis 
 

• Most important in understanding 
current and future treatments of OA 



OA Disease Evolution – Stage I 
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Reference: Pelletier JP, Martel-Pelletier J, Howell DS.  Etiopathogenesis of osteoarthritis. In: 
Koopman WJ, ed. Arthritis and Allied Conditions: A Textbook of Rheumatology. 
Philadelphia, Pa: Lippincott Williams & Wilkins; 2001;2:2195-2215. 

Presenter
Presentation Notes
Slide 8
Maintenance of normal joint homeostasis involves a balanced process of matrix degradation and repair performed predominantly by the resident chondrocytes. Chondrocytes respond to cytokines, growth factors, and physical stimuli in a complex manner in order to maintain joint integrity. This schematic illustrates that in OA this balance is disrupted, and matrix degradation, mediated by proteolytic enzymes that are no longer balanced by protease inhibitors, results in the release of matrix fragments in the synovial space.1
1Pelletier JP, Martel-Pelletier J, Howell DS.  Etiopathogenesis of osteoarthritis. In: Koopman WJ, ed. Arthritis and Allied Conditions: A Textbook of Rheumatology. Philadelphia, Pa: Lippincott Williams & Wilkins; 2001;2:2195-2215.




OA Disease Evolution – Stage II 
Synovial 
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Reference: Pelletier JP, Martel-Pelletier J, Howell DS.  Etiopathogenesis of osteoarthritis. In: 
Koopman WJ, ed. Arthritis and Allied Conditions: A Textbook of Rheumatology. 
Philadelphia, Pa: Lippincott Williams & Wilkins; 2001;2:2195-2215. 
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In this arbitrary staging process, Stage II in the evolution of OA involves further fibrillation and erosion of the cartilage surface and the release of breakdown products into the synovial fluid. Synovial inflammation begins to play a more prominent role in the disease process and is secondarily related to multiple factors including microcrystals, mechanical stress, and matrix breakdown products, including neoepitopes resulting from collagenase activity. These matrix components are taken up by the macrophages in the synovial lining, thus promoting inflammation.1 
1Pelletier JP, Martel-Pelletier J, Howell DS.  Etiopathogenesis of osteoarthritis. In: Koopman WJ, ed. Arthritis and Allied Conditions: A Textbook of Rheumatology. Philadelphia, Pa: Lippincott Williams & Wilkins; 2001;2:2195-2215.



OA Disease Evolution – Stage III 
Synovial 

Membrane 

Cartilage 

Subchondral Bone 

Synovial Fluid 

Reference: Pelletier JP, Martel-Pelletier J, Howell DS.  Etiopathogenesis of osteoarthritis. In: 
Koopman WJ, ed. Arthritis and Allied Conditions: A Textbook of Rheumatology. 
Philadelphia, Pa: Lippincott Williams & Wilkins; 2001;2:2195-2215. 

Anabolism 

Catabolism 
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In the latter stage of the disease, stage III, catabolism markedly outweighs the process of matrix repair (anabolism). In this stage, the phagocytosis of matrix degradation products by the synovial macrophages is related to a chronic inflammation of the synovium, which, in turn, results in the local synthesis of more proteases and pro-inflammatory cytokines. These proteases and cytokines released by synovial macrophages diffuse through the synovial fluid to the cartilage and induce additional matrix breakdown by direct macromolecular proteolysis. The cytokines stimulate the chondrocyte to synthesize more proteases. At this stage, the chondrocytes are hypersensitive to cytokine stimulation because of an increased expression of cell surface receptors.  Cell apoptosis and necrosis can also be seen. The process results in a vicious feedback cycle with matrix degradation leading to inflammation, which, in turn, stimulates further degradation. Throughout the process, biomechanical factors play an increasingly detrimental role.1
1Pelletier JP, Martel-Pelletier J, Howell DS.  Etiopathogenesis of osteoarthritis. In: Koopman WJ, ed. Arthritis and Allied Conditions: A Textbook of Rheumatology. Philadelphia, Pa: Lippincott Williams & Wilkins; 2001;2:2195-2215.



The Role of Inflammation in OA 
• Inflammation secondary to cartilage 

degradation 
• Morphological changes in OA synovium 

– Usually mild to moderate 
– At times comparable to rheumatoid arthritis  
– Characterized by increased numbers of: 

• Inflammatory mononuclear cells 
• Activated T-cells and B-cells 

Reference: Pelletier JP, Martel-Pelletier J, Abramson SB. Osteoarthritis, an inflammatory disease: 
potential implication for the selection of new therapeutic targets. Arthritis Rheum. 2001;44(6):1237-
1247. 
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Synovial inflammation often associated with OA is believed to be a secondary process related to the destruction of cartilage and the release of cartilage breakdown products and their subsequent release into the synovial fluid.
The morphological changes in the OA synovium include1:
	– Mild to moderate synovitis that is at times comparable to rheumatoid arthritis 	(RA). 
	– An increase in the number of inflammatory mononuclear cells and activated 	lymphocytes in the sublining tissue.
1Pelletier JP, Martel-Pelletier J, Abramson SB. Osteoarthritis, an inflammatory disease: potential implication for the selection of new therapeutic targets. Arthritis Rheum. 2001;44(6):1237-1247.



Functions of Hyaluronic Acid (HA) 
in the Normal Joint 

• Hyaluronic acid (HA) plays a key role in 

homeostasis of the normal joint 

– Macro-homeostasis – the rheological environment 

– Mini-homeostasis – the fluid environment 

– Micro-homeostasis – the chemical environment 

Reference: Adams ME. Viscosupplementation as articular therapy. In: Laurent TC, ed. The 
Chemistry, Biology, and Medical Applications of Hyaluronan and its Derivatives. London, 
England: Portland Press, Ltd; 1998:243-253.  
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Hyaluronic acid (HA) plays an important role in the normal homeostasis of the joint. There are three discrete levels of activity: macro-homeostasis, or the maintenance of the normal rheological environment involved dominantly in joint lubrication and shock absorption; mini-homeostasis, or the fluid environment; and finally, micro-homeostasis, or the chemical environment. Each of these levels of function will be discussed separately.1
1Adams ME. Viscosupplementation as articular therapy. In: Laurent TC, ed. The Chemistry, Biology, and Medical Applications of Hyaluronan and its Derivatives. London, England: Portland Press, Ltd; 1998:243-253. 





Macro-homeostasis:  
HA in Synovial Fluid (SF) 

• Highly influences intercellular matrices of joint  
soft tissues 

• Unique combination of elasticity and viscosity 
• Hyaluronan responsible for elastoviscous 

properties 
• Elastoviscosity critical for joint function 
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The joint interior has four elements—articular cartilage, synovial tissue, intra-articular ligaments, and synovial fluid.1
Synovial fluid (SF) permeates the tissues of the joint and significantly influences the nature of the intercellular matrix around chondrocytes, nociceptors, and synovial cells.1,2 
Synovial fluid exhibits marked elastoviscous properties due to its hyaluronan content.1  The properties of the hyaluronan allow SF to dissipate energy through viscous flow or to behave like an elastic body, depending on the force applied to the joint.1
1Balazs EA. The physical properties of synovial fluid and the special role of hyaluronic acid. In: Helfet AJ. Disorders of the Knee. 2nd ed. Philadelphia, Pa: JB Lippincott Company; 1982:61-74.
2Balazs EA, Denlinger JL. Viscosupplementation: a new concept in the treatment of osteoarthritis. J Rheumatol. 1993;20(suppl 39):3-9.





JOINT FLUID  
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This slide sets the stage for a description of joint fluid and its function.  Suggested explanation: A thick and elastic joint fluid is present in a healthy knee.  This fluid acts as both a cushion and a lubricant.  It can be found between the cartilage-covered bones and infiltrates the cartilage and other tissue in the joint.
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This slide demonstrates that the joint fluid in an arthritic knee does not have the same lubricating and cushioning ability as the fluid in a healthy knee.  Mention that as a result of this diminished cushioning and lubricating ability, tissue surfaces and pain receptors are insufficiently protected.



Synovial Fluid Elastoviscosity 
                                                Dynamic Moduli at 2.5 Hz 

                             Elasticity       Viscosity  
                              (Pa)                 (Pa)  

Normal 

(18- to 27-year-olds; n=16)            117 ± 13           45 ± 8 

 

Osteoarthritic (n=11)                         8 ± 5                5 ± 3 
 

Reference: Balazs EA. The physical properties of synovial fluid and the special role of hyaluronic acid. In: 
Helfet AJ. Disorders of the Knee. 2nd ed. Philadelphia, Pa: JB Lippincott Company; 1983:61-74. 
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The SF in the pathologic joint has considerably lower rheologic properties than that in the healthy joint.  The elasticity and viscosity of the fluid are significantly lower in the OA joint.1,2
1Balazs EA. The physical properties of synovial fluid and the special role of hyaluronic acid. In: Helfet AJ. Disorders of the Knee. 2nd ed. Philadelphia, Pa: JB Lippincott Company; 1983:61-74.
2Balazs EA, Watson D, Duff IF, et al. Hyaluronic acid in synovial fluid. I. Molecular parameters of hyaluronic acid in normal and arthritis human fluids. Arthritis Rheum. 1967;10:357-376.




Molecular Weight, Elasticity, and Viscosity1-7 

Comparison of Rheologic Factors 
Molecular 

Weight (millions 
daltons) 

Shock Absorption 
(elasticity Pa at 2.5 

Hz) 

Lubrication  
(viscosity Pa at 2.5 

Hz) 

Healthy, Young* Synovial 
Fluid 2,3 

 * In 18- to 27-year-olds  
4 - 5 117 45 

Osteoarthritic Synovial Fluid 
3,4 0.5 - 4 8 5 

SYNVISC® (Hylan G-F 20) 1 6 111 25 

Hyalgan® (Sodium Hyaluronate) 
5,6 0.6 - 0.7 0.6 3 

Supartz® (Sodium Hyaluronate) 
5,7 0.6 - 1 9 16 

References: 1. SYNVISC® (Hylan G-F 20) Product Information. 2. Balazs EA, Denlinger JL. Viscosupplementation: a new concept in the treatment of 
osteoarthritis. J Rheumatol. 1993;20(suppl 39):3-9. 3. Balazs EA, Denlinger JL. The role of hyaluronic acid in arthritis and its therapeutic use in: 
Peyron JG, ed. Osteoarthritis: Current Clinical and Fundamental Problems. France: Rueil-Malmaison, Laboratories Ciba Geigy; 1985:165-174. 4. 
Data on file, Genzyme Biosurgery.  5. Peyron JG. A new approach to the treatment of osteoarthritis: viscosupplementation. Osteoarthritis Cartilage. 
1993;1:85-87. 6. Hyalgan® Product Information, Sanofi Pharmaceuticals, Inc. 7. Supartz® Product Information, Seikagaku Corporation. 
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This chart compares the rheologic factors of SYNVISC® (Hylan G-F 20), healthy, young (e.g., 18- to 27-year-olds) SF, osteoarthritic SF, and sodium hyaluronate. SYNVISC® was specifically formulated to have rheological properties similar to the SF in a healthy, young adult knee.1
Note also how the two sodium hyaluronate products correlate rheologically to osteoarthritic SF.  The elasticity and viscosity of SF are significantly lower in the OA joint.2
1SYNVISC® (Hylan G-F 20) Product Information, Genzyme Biosurgery. 	
2Balazs EA, Denlinger JL. Viscosupplementation: a new concept in the treatment of osteoarthritis. J Rheumatol. 1993;20(suppl 39):3-9.
3Balazs EA, Denlinger JL. The role of hyaluronic acid in arthritis and its therapeutic use. In: Peyron JG, ed. Osteoarthritis: Current Clinical and Fundamental Problems. France: Rueil-Malmaison, Laboratories Ciba Geigy; 1985:165-174. 
4Data on file, Genzyme Biosurgery.
5Peyron JG. A new approach to the treatment of osteoarthritis: viscosupplementation. Osteoarthritis Cartilage. 1993;1:85-87.
6Hyalgan® Product Information, Sanofi Pharmaceuticals, Inc. 
7Supartz® Product Information, Seikagaku Corporation.



Left: Supartz® (sodium hyaluronate) 
MW 0.6-1 
 
Center: SYNVISC® (Hylan G-F 20) 
MW 6 million 
 
Right: Hyalgan® (sodium hyaluronate) 
MW 0.6-0.7  
 
 

Supartz is a registered trademark of Seikagaku 
Corporation. 
Hyalgan is a registered trademark of FIDIA S.p.A. 
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The changes in physical properties due to this cross-linking can be easily seen. From left to right are: Supartz® (sodium hyaluronate), with a molecular weight of 0.6-1, SYNVISC®  (Hylan G-F 20), with a molecular weight of 6 million, and Hyalgan® (sodium hyaluronate), with a molecular weight of 0.6-0.7. 









Hylans and hyaluronan 

• Cross-linked hyaluronan 
• Increased molecular weight (hylan A) or 

continuous molecular network (hylan B) 
• Higher elastoviscosity than purified 

hyaluronan 
• Longer tissue residence time 
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SYNVISC® (Hylan G-F 20) is a mixture of hylan A fluid (80% per volume) and hylan B gel (20% per volume).1
The average molecular weight of hylan A is higher than that of native hyaluronan in healthy young (e.g., 18- to 27-year-old) adults.2
The elastoviscous properties of the combined hylan A fluid and hylan B gel in SYNVISC® are similar to healthy SF in young adults.2
The cross-linking of the hyaluronan chains in hylan A and hylan B results in a longer residence time in the synovial space than native hyaluronan.2,3
1SYNVISC® (Hylan G-F 20) Product Information, Genzyme Biosurgery.  	
2Weiss C, Band P. Musculoskeletal applications of hyaluronan and hylan. Clin Pod Med Surg. 1995;12(3):497-517.
3Adams ME. An analysis of clinical studies of the use of crosslinked hyaluronan, hylan, in the treatment of osteoarthritis. J Rheumatol. 1993;20(suppl 39):16-18.



SYNVISC® (Hylan G-F 20)  
• Elastoviscosity similar to that of the synovial 

fluid of healthy 18- to 27-year-olds 
• Designed as a synovial fluid prosthetic device 
• A series of three injections can provide pain 

relief for months 
• Generally well tolerated in trials and clinical 

practice 

Reference: Weiss C, Band P. Basic principles underlying the development of viscosupplementation for the 
treatment of osteoarthritis. J Clin Rheumatol. 1999;5:S2-S11. 
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SYNVISC® (Hylan G-F 20) is the only viscosupplementation product specifically formulated to have rheological properties similar to the SF in a healthy, young* adult knee.1  
The function of SYNVISC® is to serve as SF prosthesis for use in viscosupplementation therapy in the treatment of osteoarthritis.1-3
* In 18- to 27-year-olds.
1Weiss C, Band P. Basic principles underlying the development of viscosupplementation for the treatment of osteoarthritis. J Clin Rheumatol. 1999;5:S2-S11.
2Balazs EA, Denlinger JL. Clinical uses of hyaluronan.  In: Evered D, Whelan J, eds.  The Biology of Hyaluronan (Ciba Foundation Symposium/143).  Chichester, England: John Wiley & Sons; 1989:265-280.
3Balazs EA. The physical properties of synovial fluid and the special role of hyaluronic acid. In: Helfet AJ, ed. Disorders of the Knee. 2nd ed. Philadelphia, Pa: JB Lippincott Company; 1982:61-74.




Left: Supartz® (sodium hyaluronate) 
MW 0.6-1 
 
Center: SYNVISC® (Hylan G-F 20) 
MW 6 million 
 
Right: Hyalgan® (sodium hyaluronate) 
MW 0.6-0.7  
 
 Supartz is a registered trademark of Seikagaku 

Corporation. 
Hyalgan is a registered trademark of FIDIA S.p.A. 

Molecular weight,  
viscosity and  
elasticity  
are not the  
only factors . . . . 
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The changes in physical properties due to this cross-linking can be easily seen. From left to right are: Supartz® (sodium hyaluronate), with a molecular weight of 0.6-1, SYNVISC®  (Hylan G-F 20), with a molecular weight of 6 million, and Hyalgan® (sodium hyaluronate), with a molecular weight of 0.6-0.7. 









HA Mini-Homeostasis 

• Intrinsic autoregulatory function 

– Regulates lymphatic flow  

– Regulates diffusion of nutrients 

– Regulates diffusion of waste products 

Reference: Adams ME. Viscosupplementation as articular therapy. In: Laurent TC, ed. The 
Chemistry, Biology, and Medical Applications of Hyaluronan and its Derivatives. London, 
England: Portland Press, Ltd; 1998:243-253.  
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Hyaluronic acid (HA) plays a major role in the fluid phases of the joint including the synovial fluid phase, the gel phase of the synovium, and the gel phase of the cartilage. At this level of homeostasis maintenance, HA regulates lymphatic flow as well as the diffusion of both nutrients and waste products throughout the joint.1 
1Adams ME. Viscosupplementation as articular therapy. In: Laurent TC, ed. The Chemistry, Biology, and Medical Applications of Hyaluronan and its Derivatives. London, England: Portland Press, Ltd; 1998:243-253. 




HA Micro-Homeostasis 
• Effective free-radical scavenger 
• Protects chondrocytes and synoviocytes 

from degradative enzymes, chemical agents, 
and toxins 

• Stabilizes cell membranes 
• Desensitizes sensory receptors 
• Auto-regulatory maintaining environment 

for normal HA synthesis 
Reference: Adams ME. Viscosupplementation as articular therapy. In: Laurent TC, ed. The 
Chemistry, Biology, and Medical Applications of Hyaluronan and its Derivatives. London, 
England: Portland Press, Ltd; 1998:243-253.  
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In addition to maintaining the rheological properties of the joint as well as the fluid environment, HA also plays a very important role in the maintenance of the micro environment of the joint. As an effective free radical scavenger, HA in the normal joint provides protection from oxygen derived free radicals and, via gel filtration properties, HA protects synoviocytes and chondrocytes from degrading enzymes, chemicals, and toxins. HA also stabilizes cell membranes, and desensitizes sensory receptors in the joint and, consequently, pain perception. And finally, HA plays an important auto-regulatory function in that high molecular weight HA stimulates the appropriate synthesis of normal HA.1
1Adams ME. Viscosupplementation as articular therapy. In: Laurent TC, ed. The Chemistry, Biology, and Medical Applications of Hyaluronan and its Derivatives. London, England: Portland Press, Ltd; 1998:243-253. 





Viscosupplementation 

• Replaces pathologic synovial fluid 
 

• Supplements elasticity and viscosity 
 

• Reduces pain, improves mobility and 
protects cartilage 
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Synovial fluid (SF) in the pathologic joint does not have the same elastic and viscous properties as SF of the healthy joint.  Therefore, the lubricating and shock absorbing effects of hyaluronan in the joint space and intercellular matrix are diminished.1
Current OA treatment focuses on decreasing pain with analgesics and anti-inflammatory drugs. Viscosupplementation improves the physiological environment in the osteoarthritic joint by reestablishing shock absorption and lubrication to the cartilage and soft tissues that it bathes and permeates1,2. Thus, it directly addresses the tissues that are the source of the OA pain.1,3
Viscosupplementation improves the elastoviscous environment of the collagen fibrous network, the cells, and the nociceptors.1
1Balazs EA, Denlinger JL. Viscosupplementation: a new concept in the treatment of osteoarthritis. J Rheumatol. 1993;20(suppl 39):3-9.
2Peyron JG.  A new approach to the treatment of osteoarthritis: viscosupplementation. Osteoarthritis Cartilage. 1993;1:85-87.
3Wobig M, Dickhut A, Maier R, et al.  Viscosupplementation with Hylan G-F 20: a 26-week controlled trial of efficacy and safety in the osteoarthritic knee. Clin Ther. 1998;20:410-423.



Indications for 
Viscosupplementation 

Indicated for the treatment of pain in 
osteoarthritis of the knee in patients who 

have failed to respond adequately to 
conservative nonpharmacologic therapy 

and simple analgesics, e.g., 
acetaminophen 
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SYNVISC® (Hylan G-F 20) was approved by the FDA in 1997; a careful reading of the indication statement shows how and when it can be used for relief of pain due to osteoarthritis of the knee.1  It should be noted that SYNVISC® is the only FDA-approved �3-injection viscosupplement with up to 6 months of efficacy. 
1SYNVISC® (Hylan G-F 20) Product Information, Genzyme Biosurgery. 



SYNVISC® Plus Appropriate  
Care (AC) vs. AC Alone1,2  

• 3 injections, 1 week apart of SYNVISC® 

plus AC vs. AC alone 
• Prospective 
• Randomized 
• Multicenter 
• Pragmatic 

 
References: 1. Raynauld J-P, Torrance GW, Band PA, et al. A prospective, 
randomized, pragmatic, health outcomes trial evaluating the incorporation of 
hylan G-F 20 into the treatment paradigm for patients with knee osteoarthritis 
(part 1 of 2): clinical results. Osteoarthritis Cartilage. 2002;10:506-517. 2. Data on 
file, Wyeth Pharmaceuticals. 
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	A total of 255 patients with knee OA were enrolled by rheumatologists or orthopaedic 	surgeons in a 1-year, prospective, randomized, multicenter, pragmatic trial.1 Patients were 	randomized to Appropriate Care plus SYNVISC® (Hylan G-F 20) n=127, or Appropriate 	Care without SYNVISC® (AC) n=127.2 Data were collected at clinic visits at baseline and by 	telephone at 1, 2, 4, and 6 months.1,2 Evaluation measured disease-specific outcomes and 	health-related, quality-of-life end points.1 An analysis was completed post-hoc for the �	6-month data.2  
	Treatment regimens: All patients received appropriate care as determined by their 	physicians. 	“Appropriate Care” was defined as the preferred management strategy of a 	treating physician who was encouraged to follow the 1995 American College of 	Rheumatology guidelines for treatment of knee OA.3  The only treatment difference was 	that for one group, no viscosupplementation was allowed. The other group was 	administered SYNVISC® in a series of 3 intra-articular injections at 1-week intervals.1
		1Raynauld J-P, Torrance GW, Band PA, et al. A prospective, randomized, pragmatic, health outcomes 			trial evaluating the incorporation of hylan G-F 20 into the treatment paradigm for patients with knee 			osteoarthritis (part 1 of 2): clinical results. Osteoarthritis Cartilage. 2002;10:506-517.
		2Data on file, Wyeth Pharmaceuticals. 
		3Hochberg MC, Altman RD, Brandt KD, et al. Guidelines for the medical management of osteoarthritis.  			Part II. Osteoarthritis of the knee. Arthritis Rheum. 1995;38:1541-1546.



Appropriate Care  
Physicians were free to establish appropriate care; they were 
encouraged, however, to use the 1995 American College of 
Rheumatology Treatment Guidelines for OA of the knee.1   
“Appropriate care” could include any combination of  

• Analgesics 
• NSAIDs 
• Corticosteroid injections 
• Education and counseling 
• Weight loss 
• Joint rest 
• Heat or ice 
• Assistive devices 
• Physical therapy 
• Arthroscopy 
• Total joint replacement 

Reference: 1. Hochberg MC, Altman RD, Brandt KD, et al. Guidelines for the 
medical management of osteoarthritis. Part II. Osteoarthritis of the knee. Arthritis 
Rheum. 1995;38:1541-1546. 
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	Participating physicians selected, for each patient, their preferred management strategy of 	appropriate care. Appropriate care, as seen in this slide, was broadly defined. Although 	physicians were free to establish appropriate care, they were encouraged to use the 	American College of Rheumatology Treatment Guidelines for OA of the knee (1995).1
	Viscosupplements such as SYNVISC®  (Hylan G-F 20) were added to the 2000 American 	College of Rheumatology Treatment Guidelines for OA of the knee after nonpharmacologic 	modalities and acetaminophen have failed.2 
	This early placement is consistent with the SYNVISC® label: SYNVISC® is indicated for the 	treatment of pain in osteoarthritis (OA) of the knee in patients who have failed to respond 	adequately to conservative nonpharmacologic therapy and simple analgesics, e.g., 	acetaminophen.	
		1Hochberg MC, Altman RD, Brandt KD, et al. Guidelines for the medical management of osteoarthritis.  			Part II. Osteoarthritis of the knee. Arthritis Rheum. 1995;38:1541-1546.
		2American College of Rheumatology Subcommittee on Osteoarthritis Guidelines. Recommendations 			for the medical management of osteoarthritis of the hip and knee. Arthritis Rheum. 2000;43:1905-1915. 



 SYNVISC® Plus Appropriate Care 
(AC) Was More Effective Than AC 

Alone at 6 Months1,2  

References: 1. Data on file, Wyeth Pharmaceuticals. 2. Raynauld J-P, Torrance GW, Band 
PA, et al. A prospective, randomized, pragmatic, health outcomes trial evaluating the 
incorporation of hylan G-F 20 into the treatment paradigm for patients with knee osteoarthritis 
(part 1 of 2): clinical results. Osteoarthritis Cartilage. 2002;10:506-517.  
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	As shown above, there was 24% greater pain relief on the WOMAC™ pain scale when 	SYNVISC® (Hylan G-F 20) was part of the treatment regimen after 6 months, than when it 	was not.1 In fact, at 26 weeks, treatment with SYNVISC® plus AC had reduced the 	WOMAC™ pain score more than twice the amount below baseline as AC alone.1 A 	difference of at least 20% between treatment groups was established by the study 	investigators as the minimum to be considered clinically relevant.2   Therefore, both 	statistically and clinically relevant pain relief was achieved when SYNVISC® was 	incorporated into the treatment regimen. 
		1Data on file, Wyeth Pharmaceuticals. 
		2Raynauld J-P, Torrance GW, Band PA, et al. A prospective, randomized, pragmatic, health outcomes 			trial evaluating the incorporation of hylan G-F 20 into the treatment paradigm for patients with knee 			osteoarthritis (part 1 of 2): clinical results. Osteoarthritis Cartilage. 2002;10:506-517.




Viscosupplementation vs. 
corticosteroid injection  

(cortisone shot) 
 
 



Physicians’ Perceptions:  
Pro-corticosteroids 

• Familiarity — long established in the 
treatment paradigm.1 

• Used to reduce pain and inflammation, 
especially in acute knee OA flare-ups1 

• Relatively fast-acting1 
• Familiarity with injection procedure 

– Needle placement accuracy is felt to be less 
critical than for viscosupplementation; being 
near the target can result in reasonable efficacy 
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Intra-articular corticosteroids are commonly administered to minimize knee OA pain and inflammation and, most often, to treat acute flare-ups. 
Corticosteroids are perceived to be fast-acting, with onset of duration occurring after several hours.1  To accelerate pain relief and minimize injection discomfort, local anesthetic is often added to the steroid suspension.  
Another perceived benefit of corticosteroid treatment is familiarity among physicians with the injection procedure.1 
The procedure is fairly straightforward and involves only a single injection.   Also, accuracy of needle placement with corticosteroid use is felt to be less critical to achieving efficacy due to its pharmacologic activity.
 
1 Schimmer BP, Parker KL.  Adrenocorticotropic hormone; adrenocortical steroids and their synthetic analogs; inhibitors of the synthesis and actions of adrenocortical hormones.  In: Gilman AG, consulting ed; Hardman JG, Limbird LE, eds-in-chief; Molinoff PB, Ruddon RW, eds.  Goodman & Gilman’s Pharmacological Basis of Therapeutics. 9th ed. New York, NY: McGraw Hill Book Co; 1996:1459-1484.



Physicians’ Perceptions:  
Anti-corticosteroids 

• Short duration of efficacy1 

• Can require frequent injections2,3 

• Frequent injections (>3 per year) may cause 
cartilage damage2,3 

• Local adverse effects 
– Post-injection flares4 
– Skin atrophy5 

– Osteonecrosis5 
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Corticosteroids are not always considered to be an appropriate treatment for OA and other inflammatory conditions due to a relatively short duration of efficacy1 and the requirement for frequent numbers of injections.2  Giving more than 3 corticosteroid injections per year is discouraged due to concerns about potential cartilage damage.3
Physicians may also view corticosteroids as inappropriate due to potential for post-injection flares, which occur at a rate of 2% to 5%.  Flares are defined as an acute, self-limiting synovitis.  Flares typically begin a few hours after injection and resolve within 12 to 48 hours.4
Other local adverse events associated with corticosteroid use can include skin atrophy as a result of improper technique, such as the deposit of steroid along the needle track and osteonecrosis.5


1 Schimmer BP, Parker KL.  Adrenocorticotropic hormone; adrenocortical steroids and their synthetic analogs; inhibitors of the synthesis and actions of adrenocortical hormones.  In: Gilman AG, consulting ed; Hardman JG, Limbird LE, eds-in-chief; Molinoff PB, Ruddon RW, eds. Goodman & Gilman’s Pharmacological Basis of Therapeutics. 9th ed. New York, NY: McGraw Hill Book Co; 1996:1459-1484.  
2 Manek NJ, Lane NE. Osteoarthritis: current concepts in diagnosis and management.  Am Fam Physician. 2000;61:1795-1804. 
3 Brandt KD. Osteoarthritis: In: Fauci AS, Braunwald E, Isselbacher KJ, Wilson JD, Martin JB, Kasper DL, Hauser SL, Longo DL, eds. Harrison’s Principles of Internal Medicine. 14th ed. New York, NY: McGraw-Hill Book Co; 1998:1935-1941. 
4 Gray GR, Gottlieb NL. Basic science and pathology: Intra-articular corticosteroids: an updated assessment.  In: Clinical Orthopaedics and Related Research.  JB Lippincott Co; 1982:235-263. 
5 Drug Facts and Comparisons. Adrenocortical steroids. St. Louis, Mo: Facts and Comparisons; 2000:310-332.



Viscosupplementation vs. an 
Intra-articular Corticosteroid 

• SYNVISC®: three 2-mL intra-articular 
injections, 1 week apart 

• Triamcinolone hexacetonide: 1 injection as 2 
mL of a 20-mg/mL suspension (40 mg) 

• U.S.-based 
• Multicenter, Prospective 
• Physician observer-blinded 
• 26 weeks 
• Reference: Data on file, Wyeth Pharmaceuticals. 
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This U.S.-based, multicenter, prospective, single-blind study had an observation period of 26 weeks.  The evaluating physician was blinded to the therapy the patient received.  The patients, dispensers, and injecting physicians were also instructed to maintain blinding to ensure integrity. 
The intent-to-treat population was 215 patients over 40 years old who needed NSAIDS or analgesics to control symptoms but did not have acute inflammation or large effusions.  Each criteria included a score of 2 or greater on the WOMAC™A1 question, and a score of 50 to 90 mm on a 100-mm visual analog scale (VAS) for both patient and investigator, despite NSAID/analgesic use.
The corticosteriod selected was triamcinolone hexacetonide, which was selected because of its relatively long average duration of effect. The dosage regimen of 40 mg is common in treatment of acute knee OA symptoms.
 
Reference: Data on file, Wyeth Pharmaceuticals. 




SYNVISC® (Hylan G-F 20) vs. an 
Intra-articular Corticosteroid 

Reference: Data on file, Wyeth Pharmaceuticals. 
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As you can see, the mean improvement from baseline in WOMAC™ A1 (which is pain when walking on a flat surface) over time showed that SYNVISC® (Hylan G-F 20) had a greater duration of effect than triamcinolone hexacetonide.  The pain-relieving effect of triamcinolone hexacetonide peaked at Week 4 and waned until study end.  SYNVISC® onset of efficacy started 1 week after 1st injection, peaked at Week 12, and continued until Week 26.  This curve closely matches the reduction in weight-bearing pain data I shared with you earlier (Wobig et al, slide 52) in the presentation, and appears to corroborate the efficacy profile of SYNVISC®.  Please note the robust P values at the designated primary analysis timepoints: Weeks 12 and 26.
  
Reference: Data on file, Wyeth Pharmaceuticals.



What to expect with 
viscosupplementation? 

• What are the chances I will get better? 
• How is it given? 
• How many times and how often? 



Overall Response to  
Viscosupplementation 

Much Better 
35.0% 

Same 
21.4% Worse or  

Much Worse  
1.3% 

Better 
42.2% 

Reference: Lussier A, Cividino AA, McFarlane CA, et al. Viscosupplementation with hylan for the 
treatment of osteoarthritis: findings from clinical practice in Canada.  J Rheumatol. 
1996;23(9):1579-1585. 
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For overall response, the reviewers judged that the majority of the knees (77%) were either better or much better than their pretreatment condition after a course of SYNVISC® (Hylan G-F 20) treatment.1
Similarly, in regard to activity level, 76% of patients were judged to be better or much better than baseline after a course of treatment.1
1Lussier A, Cividino AA, McFarlane CA, et al. Viscosupplementation with hylan for the treatment of osteoarthritis: findings from clinical practice in Canada. J Rheumatol. 1996;23(9):1579-1585.





Severity of OA of the Knee: 
 Grade 1 (Mild) 
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Severity of OA of the Knee: 
 Grade 2 (Mild to moderate) 

Presenter
Presentation Notes
Explain that this slide shows an X-ray of a knee with the mildest stage of OA, also referred to as Grade 1. Please note the size of the joint space; point �out that it is the dark area between the bones where the cartilage lies.



Severity of OA of the Knee: 
 Grade 3 (Moderate to Severe) 



Severity of OA of the Knee: 
 Grade 4 (Severe) 



Viscosupplementation Across All 
Radiologic Grades 

 Medial x-ray Percent Better or  
  Grade Much Better   

 I 91  
 II 80  
 III 76  
 IV 58  

Reference: Lussier A, Cividino AA, McFarlane CA, et al. Viscosupplementation with hylan for the 
treatment of osteoarthritis: findings from clinical practice in Canada.  J Rheumatol. 
1996;23(9):1579-1585. 
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Data from the survey were analyzed to see if response to treatment is influenced by the radiographic grade of OA.  There was a significant trend that indicated that early- and intermediate-stage patients did better in response to the SYNVISC® (Hylan G-F 20) treatment than those with end-stage disease.1
Still, as shown from these data, 58% of stage IV patients did better or much better in response to SYNVISC® treatment.1 
Fifty-six percent (56%) of patients reported less analgesic use, and 45%, less NSAID use, after a course of SYNVISC®.1 
These data highlight an important aspect of treatment with SYNVISC®, specifically with regard to treatment expectations. Patients with less severe disease respond better to treatment than those with more severe OA of the knee. Therefore, both patient and treating physician should adapt treatment expectations in accordance with the disease severity. 
1Lussier A, Cividino AA, McFarlane CA, et al. Viscosupplementation with hylan for the treatment of osteoarthritis: findings from clinical practice in Canada. J Rheumatol. 1996;23(9):1579-1585.



 

Dosing and Administering  
SYNVISC® (Hylan G-F 20)  

• Prepare knee for 
injection 

• Aspirate joint fluid 
• Implant 

SYNVISC® 

Reference: SYNVISC® (Hylan G-F 20) Product Information, Genzyme Biosurgery. 
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The only viscosupplement that can provide up to 6 months of pain relief and increased mobility in a 3-injection regimen.1
SYNVISC® (Hylan G-F 20) comes packaged as 3 prefilled syringes containing the correct 2-mL dose.1
If it is not possible to aspirate joint fluid, intra-articular needle placement should be verified by other means.
Do not reuse the syringe.1
1SYNVISC® (Hylan G-F 20) Product Information, Genzyme Biosurgery.



 

Reference: SYNVISC® (Hylan G-F 20) Product Information, Genzyme Biosurgery. 

Dosing and Administering  
SYNVISC® (Hylan G-F 20)  

• Course of therapy: 3 intra-articular 
injections over 15 days 
– Day 1: 2 mL 
– Day 8: 2 mL 
– Day 15: 2 mL 
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	Strict aseptic administration technique must be followed.1 Do not use disinfectants containing quaternary ammonium salts, because hyaluronan may precipitate.1
	Spray or subcutaneous local anesthetics may be used to ease pain of injection; do not inject local anesthetics in synovial space.1
	Aspirate joint fluid; aseptically remove synovial fluid or effusion using a 10- to 22-gauge needle attached to an empty syringe.1 Any fluid or effusion in the joint will reduce the effectiveness of SYNVISC® (Hylan G-F 20).1 If you are unable to collect any fluid, make sure you are in the synovial space. SYNVISC® must be injected only into the synovial space and not into the surrounding tissue.1
 Aseptically remove SYNVISC® tip cap.1
 Exchange plastic syringe with SYNVISC® syringe while needle is still in the joint; ensure tight connection to luer lock. To ensure a tight seal and prevent leakage during administration, secure the needle tightly while firmly holding the luer hub.1
1SYNVISC® (Hylan G-F 20) Product Information, Genzyme Biosurgery.



Dosing and Administering  
Hyalgan® and Supartz® 

• Course of therapy: 5 intra-articular 
injections over 28 days 
 

   Hyalgan  Supartz 
• Day 1:   2 mL   2.5 ml 
• Day 8:   2 mL   2.5 ml 
• Day 15:  2 mL   2.5 ml 
• Day 21:   2 mL   2.5 ml 
• Day 28:   2 mL   2.5 ml 



Precautions and 
Contraindications 

• Side effects other than local pain/swelling 
reported rarely 

• Contraindicated in patients with known 
hypersensitivity to hyaluronan products 

• Use caution in patients allergic to avian 
proteins, feathers, or egg products; who have 
evidence of venous or lymphatic stasis in the 
leg to be treated; or who have severe 
inflammation in the knee joint to be treated 
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Note:  Side effects such as rash have been reported rarely.



When do I use 
viscosupplementation? 

• Stepwise approach to symptomatic OA 
 
– First:  NSAIDs, braces/orthotics, 

glucosamine, PT, analgesics, activity 
modification, etc.  

• Why?  -  Knee hygiene 
 

– Second:  Injections 
• Visco +/- preceded by steroid injection 
• Visco +/- aspirations 



When I use Viscosupplementation  
beyond simple OA 

• Osteoarthritis and meniscal tears 
 

• Chondral defects / Contusions 
 

• Chondromalacia / early OA in the athlete 
 



Arthritis and meniscal tears 
• Case study #1: 

– 65 yr old overweight female 
– Pain (predominantly anterior), swelling, 

stiffness 
– Tenderness over medial and lateral facets 
– Mild tenderness over medial joint line 
– No mechanical symptoms 
– ? Other medical problems 
– Imaging: 

• Patellofemoral OA (grade 3-4) 
• Medial meniscal tear, non-displaced 



• Option #1 - Arthroscopy?  
Debridement/resection 
– Medial tenderness improved, still have anterior knee 

pain, stiffness and swelling 
– “Thanks for nothing doc” 

 
• Option #2 - Viscosupplementation first 

– Anterior knee pain and stiffness 95% resolved – 
“Great, thanks doc” 

– Medial knee tenderness and occasional swelling 
persists on/off 

– Will be back another day if meniscal symptoms 
develop/worsen 



Arthritis and meniscal tears 
• Case study #2: 

– 65 yr old overweight female 
– Pain (predominantly medial), swelling, 

stiffness 
– Tenderness over medial joint line 
– No mechanical symptoms 
– ? Other medical problems 
– Imaging: 

• Medial compartment OA (grade 2-3, small area 
of grade 4) 

• Medial meniscal grade III degenerative changes 

 



• Option #1 – Arthroscopy:  50% partial 
menisectomy 
– Swelling and stiffness slightly improved 
– Medial pain persists, slightly worse  

• “Thanks for nothing doc” 
• Why? Grade 3-4 chondral damage no longer protected by 

meniscus – increased subchondral stress 

• Option #2 – viscosupplementation + (lateral 
heel wedge or unloader brace) first 
– Swelling and stiffness slightly improved 
– Medial pain 75% improved 
– When becomes unlivable – arthroscopy vs. 

unicompartmental replacement 



Chondral defects 
 Outerbridge (1961, patellar lesions) 
• Grade II: Fragmentation/fissuring of surface, diameter less than 

1/2inch 
• Grade III: Fragmentation/fissuring to subchondral bone, area greater 

than 1/2inch 
• Grade IV: Exposed subchondral bone 

Insall Modification (1976, commonly used) 
• Grade II: Fibrillations 
• Grade III: Deep fissures extending to subchondral bone 
• Grade IV: Erosive changes with exposure of subchondral bone  

Noyes (1989) 
• Grade II: Open lesion 

 A) half thickness fissures/fragmentation 
 B) full thickness 

• Grade III: Bone 
 A) bone exposed 
 B) bone cavity  

 



 
 

 

Articular Cartilage Injury vs. Osteoarthritis 

• Articular cartilage injury  
 - acute, localized  
 - acute, generalized   
 - chronic, localized  
 - chronic, generalized 
 

• Osteoarthritis    
 - chronic, more generalized 
 - radiographic changes 



Generalized cartilage 
    injury - arthritis 



Localized cartilage injury – chondral defect 



Chondral defect 

Subchondral bruising 

Chondral fissuring 



Knee contusion may lead to cartilage 
surface contact and cartilage injury 

 
»Cartilage injury 

• Chondral contusion vs chondral defect 
 
– Chondral contusion = cartilage bruise 

• Typically resolves with non-operative treatment 
 

– Chondral defect = cartilage “pot-hole” 
• May not resolve with non-operative treatment 
• Surgical referral? 



 

Bone bruise 

Chondral defect 



• The larger the lesion 
the less protective 
effect on the adjoining 
cartilage, subchondral 
bone, and  “kissing 
surface” 

Chondral Pathology 



Chondral defects 
• Cartilage breakdown products 
• Synovial inflammation 
• Localized loss of mechanical viscoelastic 

properties 
– potential later generalized loss of viscoelastic 

properties as synovial fluid composition 
changes 

• Many chondral defects are not amenable to 
chondroplasty, microfracture, ACI, etc 
– but all are amenable to viscosupplementation 



Chondromalacia patella 
(cartilage injury) 

•  Chondromalacia: 
– Softening of the articular cartilage 
– A degenerative process 
– A pathologic diagnosis  
– May be idiopathic, but usually secondary to 

malalignment or instability 
 

– Sensitive cartilage 



Chondromalacia and arthritis 
Outerbridge (1961, patellar lesions) 
• Grade I: Softening and swelling of cartilage 

(chondromalacia) 
 

Insall Modification (1976, commonly used) 
• Grade I: Softening and swelling of cartilage 

 
Noyes (1989) 
• Grade I: Chondromalacia 

 A) soft 
 B) softening with indentation 

 



Cartilage Biomechanics 
Patello-femoral contact patterns: 

Femoral – tibial contact: 



 

chondromalacia 



Chondromalacia patella 

• What do we do with this beyond NSAID’s, 
PT, braces, activity modification, etc ? 

• There is no surgery for chondromalacia 
– ? lateral release 

• Will this progress to more advanced 
arthritis? 



Viscosupplementation for the athlete 
(laborer/policeman/fireman/etc.) 

• Pain with sport or activity only 
• Viscosupplementation eliminates or minimizes 

symptoms to allow participation in sport/activity 
• Does viscosupplementation alter the course of arthritis? 

– Decrease risk by increasing viscoelasticity and minimizing 
impact? 

– Increase risk by allowing increased participation in impact 
sports/activities? 

• Maybe answers after future studies 
• For now, athletes/workers make their own fully 

informed risk/benefit decisions 



Viscosupplementation: 
Other applications/indications 

• Hip, ankle, shoulder OA future indications 
– ?under flouroscopy 

 
• Chondromalacia future indication  

 
• Chronic painful shoulder future indication 

– tendinopathies 
 



Viscosupplementation: summary 

• Series of injections once per week for 3 or 5 
weeks 

• Can provide pain relief lasting months to 
years 

• Series can be repeated in six months if pain 
returns 



Thanks! 
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