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Clinical Evaluation Report 

Manufacturer’s statement on the clinical data used to affix the CE marking 
 

Reviscon 1% and Reviscon Plus 1.6% are intended to be used for the relief of pain and stiffness 
of the knee joint and other synovial joints in patients with degenerative and traumatic changes to 
the synovial joint. Reviscon 1% and Reviscon Plus 1.6% are each wholly absorbed sterile 
viscosupplements composed of sodium hyaluronate that is implanted by injection into the 
synovial space of the synovial joint and are therefore Class III medical devices within the scope 
of MDD 93/42/EC. The sodium hyaluronate contained in Reviscon 1% and Reviscon Plus 1.6% 
supplements the sodium hyaluronate found naturally in the synovium but which has been 
depleted by the onset of osteoarthritis. 
 
Clinical evaluation to demonstrate compliance with Essential Requirements 1 and 6, MDD 
93/42/EC Annex I is demonstrated by compilation and critical evaluation of scientific literature 
relevant to synovial viscosupplementation as required by Annex X 1.1 and EN ISO 14630:2009 
Non-active surgical implants-General requirements 7.3 Clinical evaluation; Implants shall 
undergo clinical evaluation based on: a) a critical review of the relevant scientific and clinical 
literature relating to the safety, the performance, the design characteristics and the intended use 
of the implant, or demonstrably similar implants. Guidance has been taken from MEDDEV.2.7/1 
Evaluation of Clinical Data: A Guide for Manufacturers and Notified Bodies. 
 
Due to the requirements of MEDDEV 2.7/1 Rev.4, Jun 2016, the clinical evaluation is actively 
updated: 

 When the manufacturer receives new information from PMS that has the potential to 
change the current evaluation; 

 If no such information is received, then 
- at least annually if the device carries significant risks or is not yet well established; or 
- every 2 to 5 years if the device is not expected to carry significant risks and is well 

established, a justification should be provided. 
Depending on the explanation above; if there is a significant risk or when the manufacturer 
receives new information about the device, this report will be updated immediately. Otherwise, 
this report will be updated every 2 years. 
 

There are no differences between Reviscon 1% and Reviscon Plus 1.6% and other predicate 
sodium hyaluronate synovial viscosupplement devices currently approved for use in Turkey and 
in countries world-wide, which achieve the same intended purpose as Reviscon 1% and 
Reviscon Plus 1.6% that might significantly affect its clinical safety and performance. 
 
A post-marketing clinical investigation is planned to confirm the safety and performance of 
Reviscon 1% and Reviscon Plus 1.6% in the general patient population. 
 
Introduction 

Reviscon 1% and Reviscon Plus 1.6% are class III medical devices with the intended purpose of 
the relief of pain and stiffness of the knee joint and other synovial joints in patients with 
degenerative and traumatic changes to the synovial joint. 

The medical devices are each presented as a pre-filled glass syringe containing a sterile implant 
solution for administration into the synovial space of the joint of patients with mild to moderate 
osteoarthritis of the joint or traumatic changes to the joint. Reviscon 1% implant solution consists 
of 2.0ml sterile 1% sodium hyaluronate in phosphate buffered saline and Reviscon Plus 1.6% 
implant solution consists of 2.0ml sterile 1.6% sodium hyaluronate in phosphate buffered saline 
and is wholly absorbed within the joint following implantation by intra-articular injection. Each is 
contained in a ready to use single use pre-filled syringe with a Luer lock 6% fitting to ensure the 
secure connection of a needle with standard fittings. The needle is not supplied. 
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The pre-filled syringe is packaged in a Tyvek lidded blister pack. The blister pack is contained in 
a cardboard carton with the Information for Use leaflet. The packaged product is sterilised using 
ethylene oxide so that the outer surface of the pre-filled syringe is sterile enabling aseptic 
handling during the injection procedure. 

The Information for Use leaflet describes a dosage regime for Reviscon 1% of three to five intra-
articular injections each one week apart and for Reviscon Plus 1.6% of up to three intra-articular 
injections each one week apart of the implant solution into the synovial space of the joint. Several 
joints may be treated simultaneously and treatment cycles may be repeated. 

The sodium hyaluronate in the implant solution is designed to supplement the sodium 
hyaluronate in the synovium which is normally present at a concentration of ~ 2 to 4 mg/ml in a 
healthy joint but depleted, both in concentration and molecular size, in an osteoarthritic knee 
joint. The technique of injecting the 2.0ml volume of implant solution temporally increases the 
space between the articulating joints releasing the pressure between the articulating surfaces 
and thereby brings relief from pain in the joint to the patient. The sodium hyaluronate combines 
with the naturally present sodium hyalronate in the synovial fluid and synovium membrane to 
facilitate lubrication of the articulating surfaces of the knee joint and, by protecting the joint from 
further damage, enables the natural regeneration of the synovial membrane prolonging the 
benefit derived from the medical device. 

The safety and performance of Reviscon 1% is confirmed by a controlled comparative clinical 
study comparing Adant, a predicate device approved for marketing in Turkey and saline 
placebo142. The performance of Reviscon Plus 1.6% is confirmed by a study on Euflexxa a 
predicate device approved for marketing in USA. 
 

Medical Device Rationale 

In the human body epithelial cells which are designed to withstand frequent mechanical trauma 
are protected by viscous glycoprotein layers (mucous secretions). Such cells can rapidly 
regenerate if destroyed mechanically, chemically or by heat damage. 

Synoviocytes, which are in the synovial membrane of the knee joint, respond to the normal wear 
and tear of the articulating surfaces of the knee joint to maintain the lubricating and structural 
components of the joint. When there is abnormal wear and tear due to physical trauma the 
synoviocytes respond rapidly to produce the chemical components to enable restructuring of the 
joint and remove the cell debris. 

If the synoviocytes are destroyed by the trauma or their activity is reduced by the effects of 
disease or ageing, response cannot be adequate to re-establish the normal function of the joint. 

The patient may initially not be aware of the damage that has been caused and following 
continued use of the compromised joint, further damage to the articulating surfaces can occur 
and pain in the joint will be experienced. 

A supplementation of the hyaluronan which is normally produced by the synoviocytes following 
removal of cell debris, will help to protect the damaged surfaces against further damage. 
Viscosupplementation enables the synoviocytes to regenerate and fulfil their role within the knee 
joint before the damage becomes too great for the natural processes to adequately respond to 
the initial damage of the joint. 

The mode of action of Reviscon 1% and Reviscon Plus 1.6% is: 

Lubricant minimise the mechanical damage caused by trauma to the 
articulating surfaces during normal movement. 

 

Tissue scaffold supplement the matrix within which the synovium is constructed 
and which is naturally produced during the healing process. 

 

Optimum environment for regeneration stabilise the pH and osmolality of the synovium thus 
                                                                  enabling the natural healing process to proceed. 
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The performance of such an implant solution is dependant on its mechanical properties and 
biocompatibility. Its viscosity, elasticity and pseudoplasticity are crucial if it is to function as a 
lubricant and be capable of being administered to the site of use without itself causing trauma to 
the synovial tissues. Lack of toxicity is also crucial as any inflammation or immunological reaction 
will negate any beneficial properties. 

 

Background 

The knee joint is a synovial joint consisting of many parts that work together to provide 
movement. Through age, trauma and repetitive strain the joint can become damaged leading to 
pain and dysfunction. 

The articular ends of the bones in the synovial joint are covered with a thin layer of hyaline 
cartilage, called articular cartilage. The cartilage absorbs shocks while providing a smooth 
surface so that the bone ends can easily glide across each other during movement. It is a 
smooth, glistening, bluish-white, gel-like substance, composed of 65-80% water, collagen, and 
proteoglycans including sodium hyaluronate, which forms the cartilage matrix. 

The bone beneath the cartilage, the subchondral plate, also absorbs shock helping to protect the 
bone. The bones of a synovial joint are held together by a joint capsule. It has two layers. The 
outer layer is composed of dense connective tissue which completely encloses the other parts of 
the joint. 

Ligaments, bundles of strong collagenous fibres, reinforce the joint capsule and also help in 
binding the articular ends of bones. They are relatively in-elastic and tighten when the joint is 
stressed preventing excessive movement. 

The inner layer of the joint capsule consists of a lining of loose connective tissue, the synovial 
membrane or synovium. It covers all the surfaces within a capsule except those covered by 
articular cartilage. It surrounds a closed sac called the synovial cavity. The surface area of the 
membrane can be increased by villi or folds. The membrane secretes synovial fluid into the joint. 
It is a clear, viscous liquid which also includes sodium hyaluronate, which provides a lubricant 
and nourishment to the joint. There is usually just enough fluid in a joint to cover the articulating 
surfaces with a thin film of fluid. There is only 0.5 ml or less of fluid in the knee. 

Muscles provide the force for movement and are critical for much of the shock absorption around 
a joint. Tendons attach the muscle to the bone, allowing for movement and acting as secondary 
joint stabilizers. 

Damage to any of these elements of the joint can result in arthritis; pain that occurs in a joint. 
Load bearing joints such as the knee and hip joint are particularly susceptible to arthritis but 
frequently used small joints can also be affected. 

As a consequence of repeated episodes of minor injury, wear or tear caused by certain 
occupations, sporting activities putting stress on the joint and through age the outer connective 
tissue wall of the bursa becomes thickened and there is an increased secretion of synovial fluid. 
This initial stage of osteoarthritis of the joint is described as mild to moderate osteoarthritis. If the 
wear and tear continues, long-lasting and severe trauma can result in the deposit of increasing 
amounts of fibrin of inflammatory origin which may become organised into strands and networks 
of bizarre shape. Functioning of the joint is severely impaired and the only course of effective 
treatment is the replacement of the joint. Each stage of osteoarthritis is accompanied by 
increasing levels of pain. If damage to the articulating surfaces continues the pain increases and 
the patient will seek treatment. 

 

Treatments available to patients at the onset of osteoarthritis have principally been to ameliorate 
the pain by administering analgesics or, in some cases, to make intra – articular 
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injections of corticosteoids. This enables the patient to remain mobile without discomfort and 
ensures that the musculature of the leg does not atrophy due to non-use. If the wear and tear of 
the joint does not continue then the natural regenerative process can return the joint to full stasis. 
There is however a risk that if no pain is experienced then further damage could be done to the 
joint and instead of recovery the osteoarthritis progresses. There is also a high risk of side effects 
with these treatments. 

The term “synovial” means synovial fluid and comes from the Greek syn- (together) and the Latin 
ovum (egg), referring to egg white (albumin). The “synovial space” is the space occupied by the 
synovial fluid and the “synovium” is the synovial tissue. 

Synovial tissue in the form of a membrane extends over the inner, non-load bearing parts of all 
synovial joints, lining the capsules and covering intra-articular structures such as ligaments, 
tendons and periosteum. Bursae and outpouchings of synovial joints have a comparable internal 
surface. 

Synovial membranes compose a surface layer of synoviocytes and underlying connective tissue. 
Synoviocytes are of different types and have immunological and phagocytosis functions. In 
normal synovial tissue the cells divide infrequently. However, in response to insults, ranging from 
direct injury and surgical trauma to bacterial and viral infection, DNA synthesis and mitotic activity 
increase quickly and dramatically. 

Synovial cells metabolise vigorously synthesising hyaluronate, sulphated glycosaminoglycans 
and link protein; it is probable that they manufacture lubrican which is a glycoprotein responsible 
for the boundary lubricating properties of synovial fluid. 

Sodium hyaluronate is an unbranched polysaccharide belonging to the glycosaminoglycan 
family. In solution this chemical adopts a structure which is very efficient at retaining water.  At a 
concentration 1.0 % w/v sodium hyaluronate the polymer matrix formed is viscous. The matrix 
also exhibits marked elastic properties, thus functioning as a typical shear-thinning viscoelastic 
material. 

Intra-articular injection of sodium hyaluronate into the synovial space of a knee joint in the early 
stages of osteoarthritis provides an alternative method of alleviating the pain. The implant 
supplements the hyaluronan which has been depleted by the condition of the joint and enables 
the natural regenerative process to proceed without further damage being done to the joint. 
There are no side effects as with the analgesics or corticosteroidal injections because the natural 
metabolic system is not being altered. 

There are many synovial viscosupplements currently marketed as medical devices ranging in 
composition from high concentration cross-linked sodium hyaluronate to low concentration low 
molecular weight sodium hyaluronate. 

High molecular weight sodium hyaluronate, as contained in Reviscon 1% and Reviscon Plus 
1.6%, supplements the remaining sodium hyaluronate in the joint both as a lubricant in the 
synovial fluid and as a matrix molecule in the synovial cartilage thereby providing support as a 
well as lubrication of the articular surfaces which reduces further wear and tear to the joint, 
facilitates regeneration and minimises pain. 

Sodium hyaluronate is a linear molecule of disaccharide units consisting of D-glucuronic acid and 
D-N-acetylglucosamine linked together by alternatin  β-1,4 and β-1-3, glycosidic bonds. The 
number of repeat disaccharides in a hyaluronan molecule can be 10,000 or more, a molecular 
mass of ~4 x 106 Daltons. In physiological solution the backbone of a sodium hyaluronate 
molecule is stiffened by a combination of the chemical structure of the disaccharide, internal 
hydrogen bonds and interactions with the solvent. Sodium hyaluronate has an expanded random 
coil molecular structure in physiological solutions which occupy a very large domain such that 
domains of individual molecules overlap each other at concentrations as low as 1mg/ml. 
Consequently small molecules such as water, electrolytes and nutrients can freely diffuse 
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through the open molecular structure but large molecules such as proteins will be partially 
excluded because of their hydrodynamic sizes in solution. Sodium hyaluronate chains 
continuously move in solution and the spaces within the domain continuously change in size. 
Therefore in principal all molecules can pass through a sodium hyaluronate network but with 
different degrees of retardation according to their hydrodynamic volumes. 

Sodium hyaluronate is present in all vertebrates and also the capsule of some strains of 
Streptococci, this latter being the source of the sodium hyaluronate incorporated in the medical 
device Reviscon 1%. 

Sodium hyaluronate is a major constituent of the extracellular matrixes in which most tissues 
differentiate and it is an essential component of many extracellular matrices in mature tissues. In 
some cases sodium hyaluronate is a major constituent as in the synovial joint fluid. In others it 
represents less mass of the tissue but serves as an essential structural element in the matrix. 
Sodium hyaluronate is present in the hyaline cartilage in sufficient quantity to fill the tissue 
volume in the absence of other constituents. However, aggrecan, a large chondroitin sulphate 
proteoglycan, is present in a much higher concentration, 25 to 50 mg/g, and sodium hyaluronate 
retains the aggrecan molecules in the matrix through specific protein- sodium hyaluronate 
interactions which mask the sodium hyaluronate. 

The metabolism of sodium hyaluronate is very dynamic. The chondrocytes in the cartilage 
actively synthesise and catabolise sodium hyaluronate through the lifetime of the tissue. In 
healthy tissue synthesis is balanced by catabolism thereby maintaining a constant concentration 
in the tissue. Metabolic studies have shown that the half life of a sodium hyaluronate molecule in 
cartilage is normally 2 to 3 weeks. Hyaluronan is synthesised by the synoviocytes which line the 
joint capsule of the knee and release it into the synovial fluid where it becomes a major 
constituent which contributes to the viscoelastic properties of the fluid which are essential for the 
effective lubrication of the articulating surfaces. 

Cartilage is a highly specialised tissue which forms the template of long bones during 
development and is retained in the adult in selected sites particularly on the weight bearing 
surfaces of articular joints. Chondrocytes are present but the major part of the tissue is a highly 
organised and expanded extracellular matrix. The biomechanical properties of cartilage are due 
to the composite structure of the extracellular matrix. This matrix contains a dense network of 
collagen fibrils, responsible for the form and tensile properties of the tissue, and a high 
concentration of proteoglycan, predominantly aggrecan, which draws water into the tissue by 
osmosis and exerts a swelling pressure on the collagen network. It is the retention of aggrecan in 
compressed form within the extensible collagen network that causes the swelling pressure and 
makes the tissue ideal for resisting compressive load with minimal deformation, thereby 
supporting its function as a tough load-bearing surface. Sodium hyaluronate plays a crucial role 
as the backbone for assembly of the aggrecan into large, soluble, multimolecular aggregates. 
 

The benefits of synovial viscosupplement medical devices comprising sodium hyaluronate of 
different concentrations and different molecular weights for the treatment of patients with 
degenerative joint disease are extensively reported in peer reviewed published literature. 
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Clinical data generated through review of published literature 
 

Methodology 

Identification, selection, collation and review of relevant published literature were carried out 
according to MEDDEV.2.7/1 Rev 4 Evaluation of Clinical Data, 6.1. Data generated through 
literature search and 6.2. Data generated through clinical experience. 

Scope of search: Synovial viscosupplementation using 1% sodium hyaluronate 2 x 106 Daltons 

Literature sources used to identify data: MEDLINE (via PubMed), MAUDE adverse event 
database and reference texts. 

MEDLINE is a comprehensive database of published clinical and scientific literature. It forms part 
of PubMed, a freely available, on-line database that is developed and maintained by the National 
Center for Biotechnology Information, at the U.S. National Library of Medicine, located at the 
National Institutes of Health. It comprises more than 19 million citations for biomedical articles 
from MEDLINE and life science journals. 

MAUDE is the US FDA‟s searchable Manufacturer and User Facility Device Experience 
database, comprising voluntary adverse event reports on medical devices approved for use in 
the US by FDA. There are many predicate synovial viscosupplements in the US including the 
predicate devices Euflexxa and Orthovisc. 

As appropriate, the bibliographies of retrieved articles where checked as sources for additional 
clinical data. 

Database search details: Key words included sodium hyaluronate, hyaluronic acid, hyaluronan 
and commercial brand names of predicate medical devices similar to Reviscon 1%, in 
conjunction with synovial joint, synovium, viscosupplement, intra-articular injection, Synovial 
viscosupplements and treatment of osteoarthritis 

Selection criteria for articles: Pre-clinical and clinical articles on synovial viscosupplementation 
use of 1% sodium hyaluronate were assessed for suitability, irrespective of date of publication. 
 

Objectives 

Objective 1: To establish that Reviscon 1% and Reviscon Plus 1.6% can achieve their intended 
purpose to relieve pain and stiffness of synovial joints. 

Relevant Information sought: 
Studies on osteoarthritis and the ageing synovial joint. 
Materials demonstrated to be appropriate for synovial viscosupplementation 
Clinical data evaluation, investigation on products for synovial viscosupplementation Injectable 
hyaluronan for synovial viscosupplementation without any other critical ingredients 
Post-marketing information on injectable sodium hyaluronate for synovial 
viscosupplementation. 

Objective 2: To establish that the benefits of implanting Reviscon 1% are greater than the 
adverse effects. 

Relevant Information sought: 
Clinical data evaluation, investigation on injectable hyaluronan for synovial 
viscosupplementation without any other critical ingredients; 
Post-marketing information on injectable hyaluronan for synovial viscosupplementation. 
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Synovial viscosupplement medical devices closely similar to Reviscon 1% and Reviscon Plus 1.6% that are approved for use in 
Turkey by entry on the Türkiye İlaç ve Tıbbi Cihaz Ulusal Bilgi Bankası 

Product number Product name 
Presentation Sodium hyaluronate Company name 

8698823984007 Syaloset %1.6 Sodyum Hiyaluronat 
Çözeltisi-Intra artiküler 
enjeksiyon 

1.6% Sodium Hyaluronate 
Solution -intraarticular injections 

Rooster comb 500,000 - 730,000 
Daltons Vial and sterile syringe 

Akson İlaç Ve Tibbi Ürünler 
Sanayi Ticaret Limited Şirketi 

8430433000018 Adant 25 mg/2.5 ml Sodyum 

hyaluronat İntra-artiküler 
Enjeksiyon 

25 mg / 2.5 mL intra- 

articular injections of sodium 
hyaluronate 

Streptococcus 

zooepidermicus 900,000 Da 
Er-Kim İlaç Sanayi Ve Ticaret 
Anonim Şirketi 

8033661800681 Hyalubrix İntra-artiküler enjeksiyon için 
Hyalüronik asit sodyum tuzu 
çözeltisi içeren kullanıma 
hazır enjektör 

Pre-filled syringe containing a 
solution of 1.5%. hyaluronic acid 
sodium salt for Intra-articular 
injection 

Bacterial > 1500 kDa Assos İlaç Kimya Gid A Ürünleri 
Üretim Ve Ticaret A.Ş. 

8680487140042 Orthoflex 
Forte 

Sodyum Hyaluronat (30 mg / 
2ml) İntra-Artiküler 
Enjeksiyon İçin Kullanıma 
Hazır Enjektör 

Sodium Hyaluronate (30 mg/2 ml) 
Intra-Articular Injection Syringes 
Ready for Use 

Bacterial 2.0 - 2.9 million Daltons Atlantis İlaç Sanayi Ve Ticaret 
Limited Şirketi 

8039638950373 Sinovial 
Forte 

1.6% 32mg/2ml 1.6% 32mg/2ml Bacterial 0.8 - 1.2 
million Daltons 

Ibsa İlaç Sanayi Ve Ticaret 
Limited Şirketi 

8699296800177 Mixorion 1.6% intraartiküler 1.6% intra-articular  Orion İlaç İç Ve Diş 
Paz.San.Tic.Ltd.Şti 

8698887320322 O_Plus Hyaluronate de sodium 1,8 
1ml 

1ml 1.8% sodium hyaluronate  Ak Akin İlaç Sanayi Ticaret 
Limited Şirketi 

8906025530275 Biovisc Ortho 
PFS 

2ml, İntra-artiküler kullanım 
için Sodyum 
Hiyaluronat Solüsyonu 

2ml prefilled syringe, Sodium 
Hyaluronate for 
Intra-articular use 

 Medica Global Medikal İlaç 
Sanayi Ticaret İthalat Ve 
İhracat Limited Şirketi 

8680110790408 Flexcel XL 1% 20mg/2ml   Virtual Trutrends Teknolojik Bilgi 
Ve İletişim Sistemleri Sanayi 
Dan. Eğitim Ve Tic. Ltd. Şti. 

4711155866828 Flexvisc Sinovyal Sıvı Takviyesi   Pharmaline Sağlik Hi Zmetleri 
Tic.Ltd.Şti 

8680131750016 ViscoPlus %1,0 - 2ml Sodyum 
Hyalüronat 

1,0% 2ml Sodium Hyalüronate Bacterial Vefa İlaç Sanayi Ve Ticaret 
Limited Şirketi. 
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Comparison of the intended purpose, presentation and composition of currently marketed products with Reviscon 1% and Reviscon 
Plus 1.6% 
 

 
Product name 

Sodium 
Hyaluronate 
source 

 
Concentration 

Molecular weight 
x 106 Daltons 

 
Dosage regiment 

 
Intended purpose 

 
Reviscon 1% 

 
Bacterial 

10mg/ml 20mg 
(2ml) 

 
2.5 to 3 

Up to 5 injections 
each one week 
apart 

For the relief of the pain and stiffness of the knee joint and other synovial joints in 
patients with degenerative and traumatic changes to the synovial joint 

Reviscon Plus 
1.6% 

 
Bacterial 

16mg/ml 32mg 
(2ml) 

 
2.5 to 3 

Up to 3 injections 
each one week 
apart 

For the relief of the pain and stiffness of the knee joint and other synovial 
joints in patients with degenerative and traumatic changes to the synovial joint 

Adant Bacterial 10mg/ml 25mg 
(2.5ml) 

0.6 to 1.2 3 to 5 injections 
each one week 
apart 

Symptomatic relief of the pain of degenerative or traumatic synovial joint 
disorders, including the knee 

 
Euflexxa 

 
Bacterial 

10mg/ml 20mg 
(2ml) 

 
2.4 to 3.6 

Up to 3 injections 
each one week 
apart 

Treatment of pain in osteoarthritis of the knee in patients who have failed to 
respond adequately to conservative non-pharmacological therapy and simple 
analgesics e.g. acetaminophen. 

Fermathron Bacterial 10mg/ml 20mg 
(2ml) 

1 Up to 5 injections 
each one week 
apart 

Symptomatic relief of the pain of degenerative or traumatic synovial joint 
disorders, including the knee 

Hyalgan / Hyalart  
Avian 

10mg/ml 20mg 
(2ml) 

 
0.5 to 0.73 

3 to 5 injections 
each one week 
apart 

Treatment of pain in osteoarthritis of the knee in patients who have failed to 
respond adequately to conservative non-pharmacological therapy and 
simple analgesics e.g. acetaminophen. 

Neovisc 
NeoVisc R 

Bacterial 10mg/ml 0.8 
1.5 

3 to 5 injections 
each one week 
apart 

Symptomatic relief of the pain of osteoarthritis of the knee, shoulder or hip 

Ostenil Bacterial 10mg/ml 20mg 
(2ml) 

1.3 to 1.6 3 injections each 
one week apart 

Symptomatic relief of the pain of degenerative or traumatic synovial joint 
disorders, including the knee 

Supartz  
Avian 

10mg/ml 25mg 
(2.5ml) 

 
0.62 to 1.17 

3 to 5 injections 
each one week 
apart 

Treatment of pain in osteoarthritis of the knee in patients who have failed to 
respond adequately to conservative non-pharmacological therapy and simple 
analgesics e.g. acetaminophen. 

Suplasyn Bacterial 10mg/ml 20mg 
(2ml) 

0.5 to 0.73 3 to 6 injections 
each one week 
apart 

Replacement for synovial fluid following arthrocentesis 

Synject Bacterial 9 mg/ml 
18mg (2 ml) 

1 3 to 5 injections Symptomatic treatment of mild to moderate knee osteoarthritis. 
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The published literature selected was screened for inclusion of the following information to 
determine their relevance to the two objectives: 
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Identification of Data 
 

 
Article 

 
Subject 

 
Biocompat-
ibility 

 
Clinical 

Evaluation 

Clinical 
Investi- 
gation 

 
Post- 

Marketing 

Selected to meet 
objective 

1. Performance 
2. Safety 

Adams ME Atkinson MH Lussier AJ Schilz JI 
Siminovitch KA Wade JP Zummer M. 
Osteoarthritis & Cartilage 1995;3:213-226 

The role of viscosupplementation with Hylan G-F 20 
(Synvisc) in the treatment of osteoarthritis of the knee: a 
Canadian multicenter trial comparing Hylan G-F 20 
alone, Hylan G-F 20 with non-steroidal anti- inflammatory 
drugs (NSAIDs) and NSAIDs alone 

No Yes Yes No 1. Yes 
2. Yes 

Adams MEJ 
Rheumatol 1993 20 (Supple 39) 16-18 

An analysis of clinical studies of the use of crosslinked 
hyaluronan, Hylan, in the treatment of osteoarthritis. 

No Yes No No 1. Yes 
2. No 

Adams ME Lussier AJ Peyron JG Drug 
Safety2000;23(2):115-130 

A risk-benefit assessment of injections of hyaluronan and 
its derivatives in the treatment of osteoarthritis of the 
knee. 

Yes Yes Yes No 1. Yes 
2. Yes 

Åkermark C Berg P Björkman A Malm P. Clin 
Drug Invest 2002;22(3):157-166 

Non-animal stabilised hyaluronic acid in the treatment of 
osteoarthritis of the knee. 

No Yes Yes No 1. Yes 
2. Yes 

Altman R et al 
Arth Rheum 1986;29(8):1039-1049 

Development of criteria for the classification and 
reporting of osteoarthritis. 

No Yes No No 1. Yes 
2. No 

Altman RD 
Sem Arthritis Rheum 2000;30(2)Suppl1:11- 18 

Intra-articular sodium hyaluronate on osteoarthritis of the 
knee. 

No Yes No No 1. Yes 
2. Yes 

Altman RD 
Arch Intern Med 2002;162(21):2498-9 

Hyaluronate sodium injections for osteoarthritis: The 
truth. 

No Yes No No 1. Yes 
2. No 

Altman RD 
Curr Science 2004; 57-14 

Status of hyaluronan supplementation therapy in 
osteoarthritis. 

Yes Yes No No 1. Yes 
2. Yes 

Altman RD Rosen JE Bloch DA Hatoum HT 
Korner P. Semin Arthrits Rheum 2009;39(1):1-9 

A double-blind, randomized, saline controlled study of the 
efficacy and safety of EUFLEXXA for treatment of painful 
osteoarthritis of the knee, with an open-label 
safety extension (the FLEXX trial) 

No Yes Yes No 1. Yes 
2. Yes 

Altman RD Rosen JE Bloch DA Hatoum HT. 
Osteoarthritis Cartilage 2011;19(10):1169-75 

Safety and efficacy of retreatment with a bioengineered 
hyaluronate for painful osteoarthritis of the knee:results of 
the open-label extension study of the FLEXX trial. 

No Yes Yes No 1. Yes 
2. Yes 

Altman RD; Moskowitz R. 
J Rheumatol 1998;25:2203-12 

Intraarticular Sodium Hyaluronate (Hyalgan) in the 
Treatment of Patients with Osteoarthritis of the Knee: A 
Randomised Clinical Trial. 

No Yes Yes No 1. Yes 
2. Yes 
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American College of Rheumatology 
subcommittee on osteoarthritis guidelines. 
Arthritis Rheum 2000;43(9):1905-1915 

Recommendations for the medical management of 
osteoarthritis of the hip and knee. 

No Yes No No 1. Yes 
2. No 

Asari A et al 
Arch Histol Cytol 1998 May;61(2):125-35 

Molecular weight-dependant effects of hyaluronate on the 
arthritic synovium. 

Yes Yes No No 1. Yes 
2. Yes 

Aviad AD Houpt JB 
J Rheumatol 1994;21:297-301 

The molecular weight of therapeutic hyaluronan (sodium 
hyaluronate): How significant is it? 

No Yes No No 1. Yes 
2. Yes 

Ayral X. 
Balierre Best Prac Res Clin Rheumatol 2001: 
15(4):609-626 

Injections in the treatment of osteoarthritis. No Yes No No 1. Yes 
2. Yes 

Bagga H Brkhardt D Sanbrook P March L. J 
Rheumatol 2006;33:946-950. 

Long term effects of intraarticular hyaluronan on synovial 
fluid in osteoarthritis of the knee. 

Yes Yes No No 1. Yes 
2. Yes 

Balazs EA Denlinger JL. 
J Rheumatol 1993;(suppl 39)20:3-9 

Viscosupplementation: A new concept in the treatment of 
osteoarthritis. 

No Yes No No 1. Yes 
2. Yes 

Barrat JP Siviero P. 
Clin Drug Invest 2002;22:87097 

Retrospective study of outcomes in Hyalgan-treated 
patients with osteoarthritis of the knee. 

No Yes Yes No 1. Yes 
2. Yes 

Bannuru RR Natov NS Obadan IE Price LL 
Schmid CH McAlindon TE. 
Arthritis & Rheumatism 2009;61(12):1704- 
1711 

Therapeutic trajectory of hyaluronic acid versus 
corticosteroids in the treatment of knee osteoarthritis: A 
systematic review and meta-analysis. 

No Yes Yes No 1. Yes 
2. Yes 

Bayramoğlu M Karataş M Cetin N Akman N 
Sözay S Dilek A. 
Cli Rheumatol 2003;22:118-122 

Comparison of two different viscosupplements in knee 
osteoarthritis – a pilot study. 

No Yes Yes No 1. Yes 
2. Yes 

Bellamy N Campbell J Robinson V Gee T 
Bourne R Wells G. 
Cochrane Database Syst Rev 2005;(2): 
CD005321. 

Viscosupplementation for the treatment of osteoarthritis 
of the knee (Review). 

No Yes Yes No 1. Yes 
2. Yes 

Bellamy N Buchanan WW Goldsmith CH 
Campbell J Stitt LW. 
J Rheumatol 1988;15:1833-1840 

Validation study of WOMAC: A health status instrument 
for measuring clinically important patient relevant 
outcomes to anti-rheumatic drug therapy in patients 
with osteoarthritis of the hip or knee. 

No Yes No No 1. Yes 
2. No 
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Bellamy N Kirwan J Boers M Brooks P Strand 
V Tugwell P Altman R Brandt K Dougados M 
Lequesne M. 
J Rheumatol 1997;24(4):799-802 

Recommendations for a core set of outcome measures 
for future phase III clinical trials in knee, hip, and hand 
osteoarthritis. Consensus development OMERACT III. 

No Yes No No 1. Yes 
2. No 

Bjelle A Andersson T Granath K. Scand J 
Rheumatol 1982;12:133-138 

Molecular weight distribution of hyaluronic acid of human 
synovial fluid in rheumatic diseases. 

Yes Yes No No 1. Yes 
2. Yes 

Boettger MK Kümmel D Harrison A Schaible 
HG. 
Arthritis Res Ther. 2011;7;13(4):R110 

Evaluation of long-term antinociceptive properties of 
stabilised hyaluronic acid preparation (NASHA) in an 
animal model of repetitive joint pain. 

Yes No No No 1. Yes 
2. Yes 

Boutron I Tubach F Giraudeau B Ravaud P. 
JAMA 2003;290:1062-1070 

Methodological differences in clinical trials evaluating non 
pharmacological and pharmacological treatments of hip 
and knee osteoarthritis. 

No Yes No No 1. Yes 
2. Yes 

Brandt KD Block JA Michalski JP Moreland LW 
Caldwell JR Lavin PT. 
Clin Orthop 2001;385:130-143 

Efficacy and safety of intra-articular sodium hyaluronate 
in knee osteoarthritis. 

No Yes Yes No 1. Yes 
2. Yes 

Brandt KD Mazzuca SA. 
Arth Rheum 2005;52(11):3349-3359 

Lessons learned from nine clinical trials of disease- 
modifying osteoarthritis drugs. 

No Yes No No 1. Yes 
2. No 

Brandt KD Smith GN Simon LS. Arth Rheum 
2000;43(6):1192-1203 

Intra-articular injection of hyaluronan as treatment for 
knee osteoarthritis. 

No Yes No No 1. Yes 
2. Yes 

Brandt KD Radin EL Dieppe PA van de Putte L 
Ann Rheum Dis 2006;65:1261-1264 

Yet more evidence that osteoarthritis is not a cartilage 
disease. 

No Yes No No 1. Yes 
2. No 

Bunyaratavej N Chan K Subramanian N. J 

Med Assoc Thai 2001;84(Suppl 2):S576- S581 
Treatment of painful osteoarthritis of the knee with 
hyaluronic acid results of a multicenter Asian study. 

No Yes Yes No 1. Yes 
2. Yes 

Carraba M Paresce E Angelini M Re KA 
Torchiana EEM Perbellini A. 
Eur J Rheumatol Inflam 1995;15(1):25-31 

The safety and efficacy of different dose schedules of 
hyaluronic acid in the treatment of painful osteoarthritis of 
the knee with joint effusion. 

No Yes Yes No 1. Yes 
2. Yes 

Chevalier X Jerosch J Goupille P van Dijk N 
Luyten FP. Scott DL Bailleul F Pavelka K. Ann 
Rheum Dis 2010;69:113-119 

Single, intra-articular treatment with 6ml hylan G-F 20 in 
patients with symptomatic primary osteoarthritis of the 
knee: a randomised, multicentre, double-blind, placebo 
controlled trial 

No Yes Yes Yes 1. Yes 
2. Yes 
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Conrozier T. 
www.touchbriefings.com Fut Dir Surg 2006 91-
95 

Viscosupplementation for the treatment of knee and hip 
osteoarthritis pain – recent evidence and considerations 
and clinical practice. 

No Yes No No 1. Yes 
2. Yes 

Corrado EM Peluso GF Gigliotti S DeDurante 
C Palmieri D Savoia M Oriani GO Tajana GF. 
Eur J Rheumatol Inflam 1995;15(1)47-56 

The effects of intra-articular administration of hyaluronic 
acid on osteoarthritis of the knee: A clinical study with 
immunological and biochemical evaluations. 

Yes Yes Yes No 1. Yes 
2. Yes 

Creamer P Sharif M George E Meadows K 
Cushnaghan J Shinmei M Dieppe P. 
Osteoarth Cart 1994;2:133-140 

Intra-articular hyaluronic acid in osteoarthritis of the knee: 
an investigation into mechanisms of action. 

Yes Yes No No 1. Yes 
2. Yes 

Dagenais S. 
Issues in emerging health technologies 
CADTH;2006:94 

Intra-articular hyaluronic acid (Viscosupplementation) for 
knee osteoarthritis. 

No Yes No No 1. Yes 
2. No 

Dahlberg L; Lohmander LS; Ryd L. Arthritis 
Rheum 1994 Apr;37(4):521-8 

Intra-articular injections of hyaluronan in patients with 
cartilage abnormalities and knee pain. A one-year double 
blind, placebo-controlled study. 

No Yes Yes No 1. Yes 
2. Yes 

Day R Brooks P Conaghan PG Petersen M. J 
Rheumatol 2004;31:775-82 

A double blind, randomised, multicentre parallel group 
study of the effectiveness and tolerance of intra- 
articular hyaluronan in osteoarthritis of the knee. 

No Yes Yes No 1. Yes 
2. Yes 

Dervin GF. 
Geriat Aging 2003 6(8):20-24 

Management of the arthritic knee in older people. No Yes No No 1. Yes 
2. Yes 

DiNubile NA. 
Am J Med & Sports. 1999;1(IV):1-13 

The role of exercise in the treatment of osteoarthritis. No Yes No No 1. Yes 
2. Yes 

Diracoglu D Vurala M Baskenta A Dikicib F Aksoya 

C J 
Back & Musculoskel Rehab 2009;22:1-9 

The effect of viscosupplementation on neuromuscular control of 
the knee in patients with osteoarthritis 

Yes Yes Yes No 1. Yes 
2. Yes 

Disla E et al 
Arthritis Rheum 1999;42(6):1302-3 

Recurrent acute calcium pyrophosphate dehydrate 
arthritis following intra-articular hyaluronate injection. 

No Yes No Yes 1. Yes 
2. Yes 

Dixon AStJ Jacoby RK Berry H Hamilton EBD. 
Curr Med Res Opin 1988;11:205-213 

Clinical trial of intra-articular injection of sodium 
hyaluronate in patients with osteoarthritis of the knee. 

No Yes Yes No 1. Yes 
2. Yes 

Dougados M Nguyen M Listrat V Amor B. 
Osteo Cart 1993;1:97-103 

High molecular weight sodium hyaluronate (Hyalectin) 

in osteoarthritis of the knee: a 1 year placebo-controlled 
trial. 

No Yes Yes No 1. Yes 

2. Yes 

http://www.touchbriefings.com/
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Dougados M. 
Semin Arthritis Rheum 2000;30:19-25 

Sodium hyaluronate therapy in osteoarthritis: Arguments 
for a potential beneficial structural. 

Yes Yes No No 1. Yes 
2. Yes 

Felson DT. 
Arch Intern Med 2002; 162:245247 

Hyaluronate sodium injections for osteoarthritis. No Yes No No 1. Yes 
2. Yes 

Flugsrud GB Nordsletten L Espehaug B 
Havelin LI Meyer HE. 
Arth Rheum 2006;54(3):802-807 

The impact of body mass index on later total hip 
arthroplasty for primary osteoarthritis. 

No Yes No No 1. No 
2. No 

Flugsrud GB Nordsletten L Espehaug B 
Havelin LI Meyer HE. 
Acta Orthopaedica 2007;78(1):99-107 

The effect of middle-age body weight and physical 
activity on the risk of early revision hip arthroplasty. 

No Yes No No 1. Yes 
2. No 

Forster MC Straw R. 
The Knee 2003;10:291-293 

A prospective randomised trial comparing intra-articular 
Hyalgan injection and arthroscopic washout for knee 
osteoarthritis. 

No Yes Yes No 1. Yes 
2. Yes 

Foti C Cisari C Carda S Giordan N Rocco A 
Frizziero A Della Bella G. Eur J Phys Rehabil 

Med. 2011 Sep;47(3):407-15 

A prospective observational study of the clinical efficacy 
and safety of intra-articular sodium hyaluronate in 
synovial joints with osteoarthritis. 

No Yes No Yes 1. Yes 
2. Yes 

Frizziero L; Govoni E; Bacchini P. Clin Exp 
Rheumatol 1998;16:441-449 

Intra-articular hyaluronic acid in the treatment of 
osteoarthritis of the knee: Clinical and morphological 
study. 

Yes Yes Yes No 1. Yes 
2. Yes 

Genzyme www.fda.gov/ Synvisc Yes Yes Yes No 1. Yes 
2. Yes 

Ghosh P 
Sem Arth Rheum 1993;22(6) Suppl 1:1-3 

Osteoarthritis and hyaluronan – Palliative or disease- 
modifying treatment? 

No Yes No No 1. Yes 
2. Yes 

Ghosh P Guidolin D 
Sem Arthritis Rheum 2002;32(1):10-37 

Potential mechanism of action of intraarticular 

hyaluronan therapy in osteoarthritis: Are the effects 
molecular weight dependent? 

Yes Yes No No 1. Yes 
2. No 

Ghosh P Holbert C Read R Armstrong S. J 
Rheumatol 1995;(suppl 43)22:155-157 

Hyaluronic Acid (Hyaluronan) in experimental 
osteoarthritis. 

Yes Yes No No 1. Yes 
2. Yes 

Ghosh P Smith MM Burkhardt D Kipic B Swain 
M Cake M Read R 
2004 Pub Matrix Biology Institute 

Preclinical studies on the pharmacology of hyaluronan in 
relation to its application as an intra-articular therapy for 
the treatment of osteoarthritis. 

Yes No No No 1. Yes 
2. No 

Goldberg RL Huff JP Lenz ME Glickman P 
Katz R Thonar E. 
Arthritis Rheumat 1991;34(7):799-807 

Elevated plasma levels of hyaluronate in patients with 
osteoarthritis and rheumatoid arthritis. 

Yes Yes No No 1. Yes 
2. Yes 

http://www.fda.gov/
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Goldberg VM Buckwalter JA Osteoarth Cart 
2005;13:216-224 

Hyaluronans in the treatment of osteoarthritis of the knee: 
evidence for disease-modifying activity. 

Yes Yes No No 1. Yes 
2. Yes 

Goldberg VM Coutts RD. 
Clin Orthop 2004;419:130-137. 

Pseudoseptic reactions to Hylan viscosupplementation. Yes Yes No Yes 1. No 
2. Yes 

Goldberg VM Goldberg L. J Pain Res. 2010 
May 10;3:51-6 

Intra-articular hyaluronans: the treatment of knee pain in 
osteoarthritis. 

No Yes No No 1. Yes 
2. Yes 

Gomis A Pawlak M Balazs EA Schmidt RF 
Belmonte C. 
Arth Rheum 2004;50(1):314-326 

Effects of different molecular weight elasto-viscous 
hyaluronan solutions on articular nociceptive afferents. 

Yes Yes No No 1. Yes 
2. Yes 

Goorman SD Watanabe TK Miller EH Perry C. 
Arch Phys Med Rehabil 2000;81:479-483 

Functional outcome in knee osteoarthritis after treatment 
with Hylan G-F 20: A prospective study. 

No Yes Yes No 1. Yes 
2. Yes 

Gosh P Read R Armstrong S Wilson D 
Marshall R McNair P. 
Sem Arthritis Rheum 1993;22(6):18-30 

The effects of intra-articular administration of hyaluronan 
in a model of early osteoarthritis in sheep 1. Gait analysis 
and radiological and morphological studies. 

Yes Yes No No 1. Yes 
2. Yes 

Greene GW Banquy X Lee DW Lowrey DD Yu 
J Israelachvili JN. 
Proc Natl Acad Sci USA. 2011;108(13):5255-9 

Adaptive mechanically controlled lubrication mechanism 
found in articular joints. 

Yes No No No 1. Yes 
2. No 

Graf J Neusel E Schneider E Niethard FU. Clin 
Exp Rheumatol 1993;11:367-372 

Intra-articular treatment with hyaluronic acid in 
osteoarthritis of the knee joint: a controlled clinical trial 
versus mucopolysaccharide polysulfuric acid ester. 

No Yes Yes No 1. Yes 
2. Yes 

Grecomoro G La Sala F Francavilla G. Int J 
Tissue React 2001;XXIII(2):67-71 

Rheologic changes in the synovial fluid of patients with 
gonarthritis induced by intra-articular infiltration of 
hyaluronic acid. 

No Yes No No 1. Yes 
2. No 

Greenberg DD Stoker A Kane S Cockrell M 
Cook JL. 
Osteoarth Cart 2006;14:814-822 

Biochemical effects of two different hyaluronic acid 
products in a co-culture model of osteoarthritis. 

Yes No No No 1. Yes 
2. Yes 

Hacksur K Behar I Bar-Ziv Y Halperin N Segal 
D Eliaz N. 
Acta Biomater 2011;7(2):848-57 

The effect of hyaluronan injections into human knees on 
the number of bone and cartilage wear particles captured 
by bio-ferrography 

No Yes No No 1. Yes 
2. No 
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Hamburger MI Lakhanpal S Mooar PA Oster 
D. Semin Arthritis Rheum 2003;32(5):296-309 

Intra-articular hyaluronans: a review of product-specific 
safety profiles. 

Yes No No Yes 1. No 
2. Yes 

Hammesfahr JFR Knopf AB Stitik T. Am J 
Orthop 2003;32(6):277-283 

Safety of intra-articular hyaluronates for pain associated 
with osteoarthritis of the knee. 

Yes Yes No Yes 1. No 
2. Yes 

Henderson EB Smith EC Pegley F Blake DR. 
Ann Rheum Dis 1994;53:529-534 

Intra-articular injections of 750 kD hyaluronan in the 
treatment of osteoarthritis: a randomised single centre 
double-blind placebo-controlled trial of 91 patients 
demonstrating lack of efficacy. 

No Yes Yes No 1. Yes 
2. Yes 

Hochberg MC. 
Semin Arthritis Rheum 200;30(2)Suppl1:2-10 

Role of intra-articular hyaluronic acid preparation in 
medical management of osteoarthritis of the knee. 

No Yes No No 1. Yes 
2. Yes 

Hulmes DJS Marsden ME Strachan RK 
Harvey RE McInnes N Gardner DL. OsteArth 
Cart 2004 12;232-238 

Intra-articular hyaluronate in experimental rabbit 
osteoarthritis can prevent changes in cartilage 
proteoglycan content. 

Yes No No No 1. Yes 
2. Yes 

Huskisson EC Donnelly S. Rheumatol 
1999;38:602-607 

Hyaluronic acid in the treatment of osteoarthritis of the 
knee. 

No Yes Yes No 1. Yes 
2. Yes 

Jay GD. 
Conn Tissue Res 1992;28:71-88 

Characterization of a bovine synovial fluid lubricating 
factor. I. Chemical, surface activity and lubricating 
properties. 

Yes Yes No No 1. Yes 
2. No 

Jones AC Pattrick M Doherty S Doherty M. 
Osteoarth Cart 1995;3:269-273 

Intra-articular hyaluronic acid compared to intra-articular 
triamcinolone hexacetonide in inflammatory knee 
osteoarthritis. 

No Yes Yes No 1. Yes 
2. Yes 

Jordan KM et al. 

Ann Rheum Dis 2003;62:1145-1155 
EULAR Recommendations 2003: an evidence based 
approach to the management of knee osteoarthritis: 
Report of a task force of the standing committee for 
international clinical Studies including therapeutic trials 
(ESCISIT) 

No Yes No No 1. Yes 
2. Yes 

Jørgensen A Stengaard-Pedersen K Simonsen 
O Pfeiffer-Jensen M Eriksen C Pedersen NW 
Bødtker S Hørslev-Petersen K Snerum LØ 
Egund N Frimer-Larsen H. 
Ann Rheum Dis 2010;69(6):1097-102 

Intra-articular hyaluronan is without clinical effect in knee 
osteoarthritis: a multicentre, randomised, placebo- 
controlled, double blind study of 337 patients followed for 
1 year. 

No Yes Yes No 1. Yes 
2. Yes 
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Jubb RW Piva S Beinat L Dacre J Gishen P. 
Int J Clin Pract 2003;57(6):467-474. 

A one-year randomised placebo (saline) controlled 
clinical trial of 500-730 KDA sodium hyaluronate 
(Hyalgan) on the radiological change in osteoarthritis of 
the knee. 

No Yes Yes No 3. Yes 
4. Yes 

Kahan A Lleu P-L Salin L 
Joint Bone Spine 2003;70:276-281 

Prospective randomised study comparing the 

medicoeconomic benefits of Hylan GF-20 vs. 
conventional treatment in knee osteoarthritis. 

No Yes Yes No 1. Yes 
2. Yes 

Kaptchuk TJ Goldman P Stone DA Sason WB. 
J Clin Epidem 2000;53:786-792 

Do medical devices have enhanced placebo effects? No Yes No No 1. Yes 
2. Yes 

Karatay S Kiziltunc A Yildirim K Karafil RC 
Senel K 
Ann Clin Lab Sci 2004;34:330-335 

Effects of different hyaluronic acid products on synovial 
fluid levels of intercellular adhesion molecule-1 and 
vascular cell adhesion molecule-1 in knee osteoarthritis. 

No Yes Yes No 1. Yes 
2. Yes 

Karlsson J Sjögren LS Lohmander LS. 
Rheumatol 2002;41:1240-1248. 

Comparison of two hyaluronan drugs and placebo in 
patients with knee osteoarthritis. A controlled, 
randomised, double-blind, parallel-design multicentre 
study. 

Yes Yes Yes No 1. Yes 
2. Yes 

Kawano T Miura H Mawatari T Moro-Oka T 
Nakanishi Y Higaki H Iwamoto Y. 
Arth Rheum 2003;48(7):1923-1929 

Mechanical effects of the intra-articular administration of 
high molecular weight hyaluronic acid plus phospholipid 
on synovial joint lubrication and prevention of articular 
cartilage degeneration in experimental osteoarthritis. 

Yes Yes No No 1. Yes 
2. No 

Kelly MA Goldberg VM Healy WL Pagnano 
MW Hamburger MI. 
Orthoped 2003;26(10):1080-1081 

Osteoarthritis and beyond: A consensus on the past, 
present and future of hyaluronans in orthopedics. 

No Yes No No 1. Yes 
2. Yes 

Kirchner M Marshall D 
Osteoarthritis Cartilage 2006;14(2):154-162 

A double-blind randomised controlled trial comparing 
alternate forms of high molecular weight hyaluronan for 
the treatment of osteoarthritis of the knee. 

No Yes Yes No 1. Yes 
2. Yes 

Kirwan JR 
The Knee 2001;8:93-101 

Is there a place for intra-articular hyaluronate in 
osteoarthritis of the knee? 

No Yes No No 1. Yes 
2. Yes 

Kirwan JR Rankin E. 
Baillière‟s Clin Rheum 1997;11(4):769-794 

Intra-articular therapy in osteoarthritis. No Yes No No 1. Yes 
2. Yes 

Kirwan JR. 
Arthritis & Rheumatism 2004;50(1):1-4. 

The synovium in rheumatoid arthritis: evidence for (at 
least) two pathologies. 

No Yes No No 1. Yes 
2. Yes 
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Kolarz G Kotz R Bröll H Dunky A Landsiedl F 
Mayrhofer F Rainer F Ramach W Singer F 
Metz M. 
Eur J Rheumatol Inflam 1999;15(1):39-46 

Hyaluronic acid in the treatment of osteoarthritis of the 
knee joint: Interim results of a comparative clinical study. 

No Yes Yes No 1. Yes 
2. Yes 

Kongtawelert P Ghosh P Anal Bioch 
1990;185:313-318 

A method for the quantitation of hyaluronan (Hyaluronic 

acid) in biological fluids using a labelled avidin-biotin 
technique. 

Yes No No No 1. No 
2. Yes 

Kopp S Carlsson GE Haraldson T Wenneberg 
B. 
J Oral Maxillofac Surg 1987;45:929-935 

Long-term effect of intra-articular injections of sodium 
hyaluronate and corticosteroid on temporomandibular 
joint arthritis. 

No Yes Yes No 1. Yes 
2. Yes 

Kotevoglu N Iyibozkurt PC Hiz O toktas H 
Kuran B. 
Rheumatol Int 2006;26:325-330 

A prospective randomised controlled clinical trial 
comparing the efficacy of different molecular weight 
hyaluronan solutions in the treatment of knee 
osteoarthritis. 

No Yes Yes No 1. Yes 
2. Yes 

Kotz R Kolarz G. 
Am J Orthop 1999;28(11):5-7 

Intra-articular hyaluronic acid: Duration of effect and 
results of repeated treatment cycles. 

No Yes Yes No 1. Yes 
2. Yes 

Krasnokutsky S Samuals J Abramson 
Bull NYU Hosp Joint Dis 2007;65(3):222-228 

Osteoarthritis in 2007. No Yes No No 1. Yes 
2. No 

Leardini G Mattara L Franceschini M Perbellini 
A. 
Clin Exp Rheumatol 1991;9:375-381 

Intra-articular treatment of knee osteoarthritis. A 
comparative study between hyaluronic acid and 6- methyl 
prednisolone acetate. 

No Yes Yes No 1. Yes 
2. Yes 

Lee PB Kim YC Lim YJ. 
J Int Med Research 2006;34:77-87 

Comparison between high and low molecular weight 
hyaluronates in knee osteoarthritis patients: open-label, 
randomised, multicentre clinical trial 

No Yes Yes No 1. Yes 
2. Yes 

Lequesne MG; Mery C; Samson M; Gerard P 
Scandinivian J Rheumatology 1987;65: 85-89 

Indexes of severity for Osteoarthritis of the Hip and Knee. 
Validation – Value in Comparison with Other 
Assessment Tests. 

No Yes No No 1. Yes 
2. No 

Listrat V Ayral X Patarnelo F Bonvarlet J-P 
Simonnet J Amor B Dougados M. 
Osteoarthritis Cartilage 1997 May;5(3):153- 60 

Arthoscopic evaluation of potential structure modifying 
activity of hyaluronan (Hyalgan) in osteoarthritis of the 
knee. 

No Yes Yes No 1. Yes 
2. Yes 

Lo GH LaValley M McAlindon T Felson DT 
JAMA 2003;290(23):3115-3121 

Intra-articular hyaluronic acid in treatment of knee 
osteoarthritis. A meta-analysis. 

No Yes No No 1. Yes 
2. Yes 
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Lohmander LS et al. 

Ann Rheum Dis 1996;55(7):424-431 
Intra-articular hyaluronan injections in the treatment of 
osteoarthritis of the knee: a randomised, double blind, 
placebo controlled multicentre trial. 

No Yes Yes No 1. Yes 
2. Yes 

Loughlin J Dowling B Mustafa Z Chapman K. 
Arth Rheum 2002;46(6):1519-1527 

Association of the interleukin-1 gene cluster on 
chromosome 2q13 with knee osteoarthritis. 

No Yes No No 1. No 
2. No 

Lussier A et al. 

J Rheumatol 1996; 23: 1579-1585 

Viscosupplementation with Hylan for the treatment of 

Osteoarthritis: Findings from Clinical Practice in Canada. 

No Yes No Yes 1. Yes 
2. Yes 

MacLean CH; Knight K; Paulus H; Brook RH; 
Shekelle PG 
J Rheumatol 1998;25:2213-8 

Costs Attributable to Osteoarthritis. No Yes No No 1. Yes 
2. No 

Magilavy D Polisson R Parenti D. Rheumatol 
2003;42:1262-1276 

Re: Karlsson et al Comparison of two hyaluronan drugs 
and placebo in patients with knee osteoarthritis. A 
controlled, randomised, double-blind, parallel-design 
multicentre study 

No Yes No No 1. Yes 
2. No 

Maheu E. 
Eur J Rheumatol Inflam 1995;15(1):17-24 

Hyaluronan in knee osteoarthritis: A review of the 
clinical trials with Hyalgan. 

No Yes No No 1. Yes 
2. Yes 

Maheu E Zaim M Appelboom T Jeka S Trc T 
Berenbaum F Maasalu K Berenbaum F. 
Clin exp Rheumatol 2011;29(3):527-35 

Comparative efficacy and safety of two different 
molecular weight (MW) hyaluronans F60027 and Hylan 
G-F20 in symptomatic osteoarthritis of the knee (KOA). 
Results of a non-inferiority, prospective, randomised, 
controlled trial 

No Yes No No 1. Yes 
2. Yes 

Maneiro E deAndres MC Fernandez-Sueiro JL 
Galdo F Blanco FJ. 
Clin Exp Rheumatol 2004;22:307-312. 

The biological action of hyaluronan on human 
osteoarthritic articular chondrocytes: The importance of 
molecular weight. 

Yes Yes No No 1. Yes 
2. No 

Manek NJ 
Mayo Clin Proc. 2001;76:533-539 

Medical management of osteoarthritis. No Yes No No 1. Yes 
2. Yes 

Manek NJ Lane NE 
Am Fam Physician 2000;61:1795-804 

Osteoarthritis: current concepts in diagnosis and 
management. 

No Yes No No 1. Yes 
2. Yes 

Marshall KW 
Foot Ankle N Am 2003; 8: 221-232 

Intra-articular hyaluronan therapy. Yes Yes No No 1. Yes 
2. Yes 

Marshall KW. 
Curr Opin Rheumatol 2000;12:468-474 

Intra-articular hyaluronan therapy. Yes Yes No No 1. Yes 
2. Yes 
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Marshall KW. 
J Rheumatol 1998;25(11):2056-2058. 

Viscosupplementation for osteoarthritis: Current status, 
unresolved issues and future directions. 

No Yes No No 1. Yes 
2. No 

Mathieu P Conrozier T Vignon E Rozand Y 
Rinaudo M. 
Clin Orthop Relat Res 2009;467:3002-3009 

Rheologic behaviour of osteoarthritic synovial fluid after 
addition of hyaluronic acid 

Yes No No No 1. Yes 

2. No 

McDonald C Hantel S Strohmeier M. J Clin 
Res 2000;3:41-50 

A randomised, controlled study to compare the 
performance and safety of two sources of sodium 
hyaluronate given as a viscosupplement by intra- 
articular injection to patients with osteoarthritis of the 
knee 

No Yes Yes No 1. Yes 
2. Yes 

Mehta DP Shodhan K Modi RI Ghosh PK. Curr 
Sci 2007;92(2):209-213 

Sodium hyaluronate of defined molecular size for treating 
osteoarthritis. 

No Yes No No 1. Yes 
2. No 

Migliore A Tormenta S Masssfra U Carloni E 
Padalino C Iannessi F Alimonti A Martin LS 
Granata M. 
OsteoArth Cart 2005;13:1126-1127 

Repeated ultrasound-guided intra-articular injections of 
40 mg of Hyalgan may be useful in symptomatic relief of 
hip osteoarthritis. 

No Yes Yes No 1. Yes 
2. Yes 

Milas M Rinaudo M Roure I Al-Assaf S Phillips 
GO Williams PA. 
Biopolymers 2001;59:191-204 

Comparative rheological behavior of hyaluronan from 
bacterial and animal sources with cross-linked 
hyaluronan (Hylan) in aqueous solution. 

Yes No No No 1. Yes 
2. No 

Miller EH. J 
Am Acad Orthop Surg 2001;9(2):146-147 

Viscosupplementation: Therapeutic mechanisms and 
clinical potential in osteoarthritis of the knee. 

No Yes No No 1. Yes 
2. Yes 

Miltner O Schneider U Siebert CH Niedhart C 
Niethard FU. 
Osteoarth Cart 2002;10:680-686 

Efficacy of intraarticular hyaluronic acid in patients with 
osteoarthritis-a prospective clinical trial. 

No Yes Yes No 1. Yes 
2. Yes 

Navarro RA Soifer TB Treating the pain of OA. 
Orth Tech Rev 2002;4(6): 
www.orthopedictechreview.com 

The efficacy and safety of the three injection regimen of 
sodium hyaluronate for pain associated with osteoarthritis 
of the knee are explored. 

No Yes No No 1. Yes 
2. Yes 

Navarro-Sarabia F et al 
Am J Med Genet C Semin Med Genet. 2011 
Nov 15;157C(4):288-304 

A 40-month multicentre randomised placebo controlled 
study to assess the efficacy and carryover effect of 
repeated intra-articular injections of hyaluronic acid in 
knee osteoarthritis: the AMELIA project. 

No Yes Yes No 1. Yes 
2. Yes 

http://www.orthopedictechreview.com/
http://www.ncbi.nlm.nih.gov/pubmed/22002956


VSY 
Biotechnology 

Reviscon 1% Reviscon Plus 1.6% 
Clinical Evaluation  

Version 2.0, January 2018 

 

21/82 
 

  

 

 
Article 

 
Subject 

 

Biocompat- 
ibility 

 

Clinical 
Evaluation 

Clinical 
Investi- 
gation 

 

Post- 
Marketing 

Selected to meet 
objective 

1. Performance 
2. Safety 

Neuland HG Duchstein HJ Abstract 8
th
 Int 

Congress ISMST 
Osteochondral repopulation with the help of intermittent 
extracorporal shockwaves and simultaneous intra- 
articular application of hyaluronan 

No Yes No No 1. Yes 
2. Yes 

Neustadt DH 
Clin Exp Rheumatol 2003;21:307-311 

Long-term efficacy and safety of intra-articular sodium 
hyaluronate (Hyalgan) in patients with osteoarthritis of 
the knee. 

No Yes Yes No 1. Yes 
2. Yes 

Neustadt D Caldwell J Bell M Wade J Gimbel 
J. 
J Rheumatol 2005;32:1928-36 

Clinical effects of intra-articular injection of high 
molecular weight hyaluronan (Orthovisc) in osteoarthritis 
of the knee: a randomised, controlled, 
multicenter trial. 

No Yes Yes No 1. Yes 
2. Yes 

O‟Connor MI. 

J Am Acad Orthop Surg 2007;15(suppl 1):S22-
S25 

Sex differences in osteoarthritis of the hip and knee No Yes No No 1. Yes 
2. No 

Olsen EB Trier K Jørgensen B Brok K-E 
Ammitzbøll T. 
Acta Orthop Scand 1991;62(4):323-326 

The effect of hyaluronic acid on cartilage in the 
immobilized rabbit knee. 

Yes Yes No No 1. Yes 
2. Yes 

Osborne RH Chapman AB McColl GJ J Pharm 
Pract Res 2002;32:276-281 

Management of osteoarthritis in older people. No Yes No No 1. Yes 
2. Yes 

Ottaviana RA Wooley P Song Zheng Markel 
DC. 
Bone Joint Surg 2007;89-A(1):148-157 

Inflammatory and immunological responses to 
hyaluronan preparations. 

Yes No No No 1. No 
2. Yes 

Pavelka K Trč T Karapaš K Moster R Audy P 
Hrazdíra L Mačák M Šustek P. 
Acta Chir Orthop Traum 2002;69:302-307 

Intra-articular sodium Hyaluronate (Hyalgan) in the 
treatment of patients with osteoarthritis of the knee: 
Findings from clinical practise in Czech Republic. 

No Yes Yes No 1. Yes 
2. Yes 

Pavelka K Uebelhart D. 
Osteoarthritis Cartilage 2011;19(11):1294-300 

Efficacy evaluation of highly purified intra-articular 
hyaluronic acid (Sinovial) vs hylan G-F20 (Synvisc) in the 
treatment of symptomatic knee osteoarthritis. A 
double-blind, controlled, randomised parallel-group non- 
inferiority study. 

No Yes Yes No 1. Yes 
2. Yes 

Pelletier J-P Martel-Pelletier J. 
J Rheumatol 1993;(suppl 39)20:19-24 

The pathophysiology of osteoarthritis and the 
implication of the use of hyaluronan and Hylan as 
therapeutic agents in viscosupplementation. 

Yes Yes No No 1. Yes 
2. Yes 

Petrella RJ Cogliano A 
Phys & Sports Med. 2004;32(7): 

Intra-articular hyaluronic acid treatment for golfer‟s toe. Yes Yes Yes No 1. Yes 
2. Yes 
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Petrella RJ DiSilvestro MD Hildebrand C. Arch 
Intern Med 2002;162(3):292-298 

Effects of hyaluronate sodium on pain and physical 
functioning in osteoarthritis of the knee: a randomised, 
double-blind, placebo-controlled clinical trial. 

Yes Yes Yes No 1. Yes 
2. Yes 

Petrella RJ Petrella M. 
J Rheumatol 2006;33:951-6 

A prospective, randomised, double-blind, placebo 
controlled study to evaluate the efficacy of intraarticular 
hyaluronic acid for osteoarthritis of the knee. 

No Yes Yes No 1. yes 
2. Yes 

Petrella RJ Cogliano A Decaria J. Clin 
Rheumatol 2008 Jan 17 Epub 

Combining two hyaluronic acids in osteoarthritis of the 
knee: a randomised, double-blind, placebo-controlled 
trial. 

Yes Yes Yes No 1. Yes 
2. Yes 

Peyron JG. 
J Rheumatol 1993;20 Suppl 39:10-15 

Intra-articular hyaluronan injections in the treatment of 
osteoarthritis: State-of-the-art review. 

No Yes No No 1. Yes 
2. Yes 

Pham T LeHenanff A Ravaud Ph Dieppe P 
Paolozzi L Dougados M. 
Ann Rheum Dis 2004;63:1611-1617 

Evaluation of the symptomatic and structural efficacy of a 
new hyaluronic acid compound, NRD101, in comparison 
with diacerein and placebo in a 1 year 
randomised controlled study in symptomatic knee 
osteoarthritis. 

No Yes Yes No 1. Yes 
2. Yes 

Phillips GO. 
„The Chemistry, Biology and Medical 
Applications of hyaluronan and its derivatives‟ 
Ed TCLaurent 1998;72: 93-111 

Degradation of hyaluronan systems by free radicals. Yes Yes No No 1. Yes 
2. No 

Pietrogrande V Melanotte PL D‟Agnolo B Ulivi 
M Beigni GA Turchetto L Pierfederici P 
Perbellini A. 
Curr Therap Research 1991;50(5):691-701 

Hyaluronic acid versus methylprednisolone intra- 
articularly injected for the treatment of osteoarthritis of 
the knee. 

No Yes Yes No 1. Yes 
2. Yes 

Pritchard CH Sripada P Bankes PF Smith DG 
Schneider D. 
J Musculoskeletal Res. 2002; 6(3&4):197-205 

A retrospective comparison of the efficacy and tolerability 
of sodium hyaluronate and Hylan G-F 20 in the treatment 
of osteoarthritis of the knee. 

Yes Yes No No 1. Yes 
2. Yes 

Puhl W Bernau A Greiling H Kopcke W 
Pforringer W Steck KL Zacher J Scharf HP. 
Osteoarthritis and Cartilage 1993; 1: 233-241 

Intra-articular sodium hyaluronate in osteoarthritis of the 
knee: a multicentre, double blind study. 

No Yes Yes No 1. Yes 
2. Yes 

Punzi L. 
Clin Exp Rheumatol 2001;19:242-246 

The complexity of the mechanisms of action of 
hyaluronan in joint diseases. 

Yes Yes No No 1. Yes 
2. Yes 

Quan H Lafreniere R Johnson D. Canadian J 
Surg 2002;45(1):34-42 

Health service costs for patients on the waiting list. No Yes No No 1. Yes 
2. No 
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Qvistgaard E Kristoffersen H Terslev L 
Danneskiold-Samsøe B Torp-Pedersen S 
Bliddal H. 
Osteo Cart 2001;9:512-517 

Guidance of intra-articular injections in the knee and hip 
joints. 

No Yes No No 1. Yes 
2. Yes 

Raynauld J-P Torrance GW Band PA 
Goldsmith CH Tugwell P Walker V Schultz M 
Bellamy N (Part 1 of 2): clinical results. 
Osteo Cart 2002;10:506-517 

A prospective, randomised, pragmatic, health outcomes 
trial evaluating the incorporation of Hylan G-F 20 into the 
treatment paradigm for patients with knee 
osteoarthritis 

No Yes Yes No 1. Yes 
2. Yes 

Román JA Chismol J Morales M Donderis JL 
Clin Rheumatol 2000;19:204-206 

Intra-articular treatment with hyaluronic acid. 
Comparative study of Hyalgan and Adant 

No Yes Yes No 1. Yes 
2. Yes 

Ronchetti IP Guerra D Taparelli F Boraldi F 
Bergamini G Mori G Zizzi F Frizziero L. 
Rheumatol 2001;40:158-169 

Morphological analysis of knee synovial membrane 
biopsies from a randomised controlled clinical study 
comparing the effects of sodium hyaluronate (Hyalgan) 
and methylprednisolone actetate (Depomedrol) in 
osteoarthritis. 

Yes Yes No No 1. Yes 
2. Yes 

Sabaratnam S Arunan V Coleman PJ Mason 
RM Levick JR. 
J Physiol 2005;1:567(Pt2):569-581 

Size selectivity of hyaluronan molecular sieving by 
extracellular matrix in rabbit synovial joints 

Yes No No No 1. Yes 
2. Yes 

Sakakibara Y Miura T Iwata H Kikuchi T 
Yamaguchi T Yoshimi T Itoh H. 
Clin Orthop 1994;299:282-292. 

Effect of high-molecular weight sodium hyaluronate on 
immobilised rabbit knee. 

Yes Yes No No 1. Yes 
2. Yes 

Sala SF DeMiguel RE 
Eur J Rheumatol Inflam 1995;15(1):33-38 

Intra-articular hyaluronic acid in the treatment of 
osteoarthritis of the knee: A short term study. 

No Yes Yes No 1. Yes 
2. Yes 

Salk RS Chang TJ D‟Costa WF Soomekh DJ 
Grogan KA. 
J Bone & Joint Surg 2006;88-A(2):295-302 

Sodium hyaluronate in the treatment of osteoarthritis of 
the ankle: a controlled, randomised, double-blind pilot 
study. 

No Yes Yes No 1. Yes 
2. Yes 

Scale D Wobig M Wolpert W. 
Curr Therap Res 1994;55(3):220-232 

Viscosupplementation of osteoarthritic knees with Hylan: 
a treatment schedule study. 

No Yes Yes No 1. Yes 
2. Yes 

Scali JJ 
Eur J Rheumatol Inflam 1995;15(1):57-62 

Intra-articular hyaluronic acid in the treatment of 
osteoarthritis of the knee: A long term study. 

No Yes Yes No 1. Yes 
2. Yes 

Schiavinato A Lini E Guidolin D Pezzoli G Botti 
P Martelli M Cortivo R DeGalateo A 
Abatangelo G. 
Clin Orthop 1989;241:286-299 

Intra-articular sodium hyaluronate injections in the Pond-
Nuki experimental model of osteoarthritis in dogs. II 
Morphological findings. 

Yes No No No 1. Yes 

2. Yes 
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Schumacher HR. 
Arth Rheum 2003;49(3):413-420 

Aspiration and injection therapies for joints. No Yes No No 1. Yes 
2. Yes 

Shiedlin A Bigelow R Christopher W Arbabi S 
Yang L Maier RV Wainwright N Childs A Miller 
RJ. 
Biomacromolecules 2004;5(6):2122-2127 

Evaluation of hyaluronan from different sources: 
Streptococcus zooepidemicus, rooster comb, bovine 
vitreous and human umbilical cord. 

Yes No No No 1. No 

2. Yes 

Supartz www.fda.gov Summary of Safety and Effectiveness Data Yes Yes Yes No 1. Yes 
2. Yes 

Tahiri L Benbouazza K Amine B Hajjaj- 
Hassouni N. Clin Rheumatol 
2007;26(11):1977-9 

Acute pseudoseptic arthritis after viscosupplementation 
of the knee: a case report. 

No Yes No Yes 1. Yes 
2. Yes 

Tamir E Robinson D Koren R Agar Halperin N. 
Clin Exp Rheumatol 2001;19:265-270 

Intra-articular hyaluronan injections for the treatment of 
osteoarthritis of the knee: A randomised, double-blind, 
placebo controlled study. 

No Yes Yes No 1. Yes 
2. Yes 

Tascioglu F Oner C 
Clin Rheumatol 2003;22:112-117 

Efficacy of intra-articular sodium hyaluronate in the 
treatment of knee osteoarthritis 

Yes Yes Yes No 1. No 
2. Yes 

Toh EM Prasad PS Teanby D. The knee 
2002;9:321-330 

Correlating the efficacy on roentgenological examination. Yes Yes No No 1. Yes 
2. Yes 

Torrance GW Raynauld JP Goldsmith CH 
Bellamy N Band PA Schultz M Tugwell P. 
Osteo Cart 2002;10:518-527 

A prospective, randomised, pragmatic, health outcomes 
trial evaluating the incorporation of Hylan G-F 20 into the 
treatment paradigm for patients with knee 
osteoarthritis (Part 2 of 2): economic results. 

No Yes No No 1. Yes 
2. Yes 

Towhead TE Hochberg MC. 
Sem Arth Rheumat 1997;26(5):755-770 

A systematic Review of randomised controlled trials of 

pharmacological therapy in osteoarthritis of the knee, 
with emphasis on trial methodology. 

No Yes No No 1. Yes 
2. Yes 

Uebelhart D Williams JM. 
Curr Opin Rheumatol 1999;11(5):427-435 

Effects of hyaluronic acid on cartilage degradation. Yes Yes No No 1. Yes 
2. Yes 

Ueno Y et al 

Jpn Pharmacol Ther 1995;23(8):313-332 
Investigation on result of use after launch of Artz and Artz 
Dispo. Evaluation on the efficacy safety and utility in the 
medication for osteoarthritis of the knee and periarthritis 
of the shoulder. 

No Yes No No 1. Yes 
2. Yes 

Uthman I Raynauld J-P Haraoui B. Postgrad 
Med J 2003;79:449-453 

Intra-articular therapy in osteoarthritis No Yes No No 1. Yes 
2. Yes 

http://www.fda.gov/
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Vad VB Bhat AL Sculco TP Wickiewicz TL. 
Arch Phys Med Rehabil 2003;84:634-637 

Management of knee osteoarthritis: Knee lavage 
combined with Hylan versus Hylan alone. 

No Yes Yes No 1. Yes 
2. Yes 

Waddell DD Cefalu CA Bricker DeWC. Curr 
Med Res Opin 2003;19(6):499-507 

An open-label study of a second course of Hylan G-F 

20 for the treatment of pain associated with knee 
osteoarthritis. 

No Yes Yes No 1. Yes 

2. Yes 

Wang CT Chang CJ Lin YT Hou SM. 
J Bone & Joint Surgery. 2004;86A(3):538-545 

Therapeutic effects of hyaluronic acid on osteoarthritis of 
the knee. 

No Yes No No 1. Yes 
2. Yes 

Watterson JR Esdaile JM 
J Am Acad Orthop Surg 2000;8:277-284 

Viscosupplementation: Therapeutic mechanisms and 
potential in osteoarthritis of the knee. 

No Yes No No 1. Yes 
2. No 

Wen DY Am Fam Physician 2000;62:565-
70,572 

Intra-articular hyaluronic acid injections for knee 
osteoarthritis. 

No Yes No No 1. Yes 
2. Yes 

Wobig M Bach G Beks P Dickhut A 
Runzheimer J Schwieger G Vetter G Balazs E. 
Clin Therap 1999;21(():15491562 

The role of elastoviscosity in the efficacy of 
viscosupplementation for osteoarthritis of the knee: A 
comparison of Hylan G-F 20 and a lower molecular 
weight hyaluronan. 

No Yes Yes No 1. Yes 
2. Yes 

Wobig M Dickhut A Maier R Vetter G. Clin Ther 
1998;20(3)410-423 

Viscosupplementation with Hylan G-F 20: A 26-week 
controlled trial of efficacy and safety in the osteoarthritic 
knee. 

No Yes Yes No 1. Yes 
2. Yes 

Wu JJ; Shih LY; Hsu HC; Chen TH. Chung 
Hua I Hsueh Tsa Chih (Taipei) 
Chin Med J 1997;59(2):99-106 

The double-blind test of sodium hyaluronate (ARTZ) on 
osteoarthritis knee. 

No Yes Yes No 1. Yes 
2. Yes 

Wykes PR Funk L. 
Osteo Cart 2004;12(Suppl B):126-127 

Peri-operative intrabursal Viscoseal (Hyaluronan) in 

arthroscopic shoulder surgery – a randomised controlled 
prospective trial. 

Yes Yes No No 1. Yes 
2. No 

Yu JS Goodwin D Salonen D Pathria MN 
Resnick D Dardani M Schweitzer M. AJR 
1995;164:135-139 

Complete dislocation of the knee: spectrum of associated 
soft-tissue injuries depicted by MR imaging. 

No Yes No No 1. Yes 
2. No 

Yustin D Kryshtalskyj B Galea A. J Orofacial 
Pain 1995;9:375-379 

Use of Hylan G-F 20 for viscosupplementation of the 
temporomandibular joint for the management of 
osteoarthritis: A case report. 

No Yes No No 1. Yes 
2. Yes 
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Zhang W et al 

Osteoarthritis and cartilage 2007;15(9):981- 
1000 

OARSI recommendations for the management of hip and 
knee osteoarthritis, Part I: Critical appraisal of existing 
treatment guidelines and systematic review of 
current research evidence. 

No Yes No No 1. Yes 
2. Yes 

Zhang W et al 

Osteoarthritis and cartilage 2008;16:137-162 

OARSI recommendations for the management of hip 

and knee osteoarthritis, Part II: OARSI evidence-based, 
expert consensus guidelines. 

No Yes No No 1. Yes 
2. Yes 
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Relevance of the Data 

 

All products considered in this review are synovial viscosupplements composed of sodium 
hyaluronate and have relevant critical performance according to the expected clinical effect for 
the specific intended use. 

Reviscon 1% and Reviscon Plus 1.6% are intended to be used only by medical professionals in a 
clinical environment. Predicate synovial viscosupplements have similar specifications and design 
and have similar raw materials. 

The Reviscon 1% and Reviscon Plus 1.6% Instructions for Use leaflet supplied with the medical 
devices includes the information required to assure the safe and effective use of the synovial 
viscosupplements. 

The biological safety of Reviscon 1% and Reviscon Plus 1.6% is being demonstrated according 
to ISO 10993. 

Reviscon 1% and Reviscon Plus 1.6% are composed of a wholly absorbed sterile viscous 
material that is implanted by injection into the synovium and is therefore a Class III medical 
device within the scope of MDD 93/42/EC. The intended purpose of Reviscon 1% and Reviscon 
Plus 1.6% is to relieve pain and stiffness of the synovial joint in patients with degenerative and 
traumatic changes to the synovial joint. 

Characteristics: 
Viscosupplementation of the synovium Invasive through the surface of the body  
Implantable 
Wholly absorbed by the body  
Sterile, single-use 
Used only by medical professionals skilled in the procedures required for the treatment of 
patients seeking relief of the symptoms of mild to moderate osteoarthritis. 

Risk Evaluation: 
Assessment of the hazards and risks associated with the use of Reviscon 1% and Reviscon Plus 
1.6% has been carried out according to ISO 14971. VSY Biotechnology has concluded that the 
benefits are greater than the risks of using Reviscon 1% and Reviscon Plus 1.6% as intended. 
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Review of clinical performance data 
 

Examples of published clinical data on injectable hyaluronan devices for synovial viscosupplementation 

The first objective is to review published clinical data on intra-articular injection of sodium hyaluronate for evidence that the products Reviscon 1% and Reviscon Plus 1.6% are 
able to achieve their intended purpose to relieve pain and stiffness of synovial joints in patients with mild to moderate osteoarthritis. 
The second objective is to review the evidence in the literature that the benefits are greater than the risks of implanting Reviscon 1% and Reviscon Plus 1.6%. Safety aspects are 
italicised. 

LMW = Low molecular weight sodium hyaluronate ~1 x 10
6
 Daltons, HMW = High molecular weight sodium hyaluronate ~2.5 x 10

6
 Daltons, XMW = Cross linked sodium hyaluronate 

 

Article Products Testing Intended purpose achieved: Yes/No 
Adams ME Lussier AJ 
Peyron JG. Drug 
Safety 2000;23(2):115-
130 

Hyalgan - LMW 
ARTZ - LMW 
Synvisc - XMW 

Hyalgan trials: 

8 placebo-controlled trials 

3 comparative trials – corticosteroids 195 patient 

ARTZ trials: 

28 - 466 patients 

various trials, ranging from 4-8 weeks to 70 weeks, with varying 
numbers of injections 
Synvisc 

2 dose-ranging, placebo-controlled double-blind trials double-

blind, placebo-controlled, multicentre – 118 patients 

double-blind, multicentre, randomised, controlled trial – 
comparative to NSAIDs – 93 patients 

Yes. Hyalgan - 75-88% patients responded to Hyalgan in comparison to 30- 50% 
placebo. 5 month study – no significant advantage with HA, but reduced 
requirement for NSAIDs. 48 week trial – Hyalgan very effective compared to 
placebo for rest pain and mildly effective for pain on movement. One year open-
label study – at 7 weeks HA patients better for all parameters. At 1 yr – HA and 
control patients no different with respect to VAS pain at rest or after exercise, but 
were better by physician‟s global assessment and the Lequesne Index. Other 
trials referred to have previously been covered in this document. 

ARTZ - 50-84% ARTZ patients improved and about 20-38% were graded 
excellent. One study using multiple injections over 6 months showed 80% 
responders, but an average of 13.7 injections were used per patient. A 14 week 
trial showed a significant benefit of ARTZ as measured by the Lequesne index. 

Synvisc - statistically significantly better than placebo – 3 injections significantly 
better than 2. Effects still effective at 26 weeks. 2

nd
 trial = most efficacy outcome 

measures significantly improved after 1
st
 injection.  This increased and continued 

at least up to week 12. 3
rd

 trial – Synvisc group showed more improvement with 
respect to pain at rest in comparison to control and NSAID groups. – 3 injections 
of Synvisc were as good or better than continuous NSAID therapy, providing pain 
relief for more than 6 months. 

The incidence of AEs is low after local injections of hyaluronan, or Hylans. In 1 
report – rate of AEs – 27% - injection site pain. The only AEs of significance are 
transient local reactions in the injected joint, which are typically benign, short 
lived, and without sequelae. The mean prevalence of local AEs in controlled 
clinical trials is generally between 2-4% of the injections, and the frequency of 
AEs after control injections falls within the same range. On very rare occasions, 
an adverse reaction may be so sever as to mimic a joint infection, but these are 
self-limiting and don’t require surgical intervention. 
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Article Products Testing Intended purpose achieved: Yes/No 
Åkermark C Berg P 
Björkman A Malm 
P. Clin Drug Invest 
2002;22(3):157-166 

Durolane - XMW Multicentre 

Open tolerability study 

103 patients with osteoarthritis of the knee single intra-

articular injection 

3 month assessment 

53 treated patients 

second injection 6 months after first 1 month follow-up 

primary outcome measure frequency of device-related, 
unanticipated AEs 
VAS knee pain, swelling tenderness & heat sensation 

51 local reactions after 1st injection possibly related to product or injection 
technique, 7 of these were device-related and unanticipated. 

Altman RD; 
Moskowitz R. J 
Rheumatol 
1998;25:2203-12 

Hyalgan – LMW 5 weekly injections 

comparative – placebo and oral naproxen 26 weeks 

double-blind, double dummy, masked observer stratified 

parallel randomised multicenter 495 patients 

pain measured on 50 foot walk test – measured on 10cm 
VAS. Also measured – Western Ontario and McMaster 
Universities (WOMAC) Osteoarthritis Index 

 
 

Yes. Reduction of pain during 50 foot walk observed in all groups, with less 
pain in HA group than placebo group. At 26 weeks, more HA patients had 
slight pain or were pain-free in contrast to placebo treated or naproxen 
treated patients. The VAS level of pain in the HA group was lower than the 
naproxen group from week 4 – week 26. HA group was superior with respect 
to WOMAC pain and WOMAC physical function. HA group had lower mean 
WOMAC pain, stiffness, and physical function sub-scores than naproxen 
treated patients at week 26. 

Injection site pain resulted in 6 HA treated withdrawals – and one from each 
the naproxen and placebo groups. There was a significantly greater 
proportion of HA patients with complaints of injection site pain than with 
placebo or naproxen. Local skin AEs, headache, and pruritis revealed no 
statistically differences among the HA, naproxen and placebo groups. Only 
one case of severe knee swelling was associated with HA injection. GI AEs 
significantly more common in naproxen group. 14 naproxen patients 
discontinued prematurely. 162 patients did not complete study – roughly 
equal discontinuations in each treatment. One patient death – 80yr old 
woman with pre-existing cardiovascular disease died after a myocardial 
infarction. 
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Article Products Testing Intended purpose achieved: Yes/No 

Altman RD Rosen JE 
Bloch DA Hatoum HT 
Korner 
P. A double-blind, 
randomized, saline 
controlled study of the 
efficacy and safety of 
EUFLEXXA for 
treatment of painful 
osteoarthritis of the 
knee, with an open- 
label safety extension 
(the FLEXX trial) 
Semin Arthrits Rheum 
2009;39(1):1-9 

Euflexxa-HMW 
Placebo-saline 

3 weekly injections Euflexxa vs placebo double-blind, 

randomised multicenter 

588 patients 

26 weeks 

Primary:subject recorded pain measured on 50 foot walk 
test – measured on 100mm VAS. Secondary:ORSI 
responder index, Western Ontario and McMaster 
Universities (WOMAC) Osteoarthritis Index, patient global 
assessment, rescue medication, health-related quality of life. 

Yes. Five hundred eighty-eight subjects were randomized to either IA- BioHA 
(n = 293) or IA-SA (n = 295), with an 88% 26 week completion rate. No 
statistical differences were noted between the treatment groups at baseline. 
In the IA-BioHA group, mean VAS scores decreased by 25.7 mm, compared 
with 18.5 mm in the IA-SA group. This corresponded to a median reduction of 
53% from baseline for IA-BioHA and a 38% reduction for IA-SA. The 
difference in least-squares means was -6.6 mm (P = 0.002). Secondary 
outcome measures were consistent with significant improvement in 
Osteoarthritis Research Society International responder index, HRQoL, and 
function. Both IA-SA and IA-BioHA injections were well tolerated, with a low 
incidence of adverse events that were equally distributed between groups. 
Injection-site reactions were reported by 1 (<1%) subject in the IA-SA group 
and 2 (1%) in the IA-BioHA group. 
IA-BioHA therapy resulted in significant OA knee pain relief at 26 weeks 
compared with IA-SA. Subjects treated with IA-BioHA also experienced 
significant improvements in joint function, treatment satisfaction, and HRQoL 

Altman RD Rosen JE 
Bloch DA Hatoum HT. 
Safety and efficacy of 
retreatment with a 
bioengineered 
hyaluronate for 
painful osteoarthritis 
of the knee: results of 
the open-label 
extension study of the 
FLEXX trial. 
Osteoarthritis 
Cartilage 
2011;19(10):1169- 
75 

Euflexxa-HMW 
Placebo-saline 

3 weekly injections Euflexxa vs placebo double-blind, 

randomised multicenter 

588 patients 

26 weeks 

Primary:subject recorded pain measured on 50 foot walk 
test – measured on 100mm VAS. Secondary:ORSI 
responder index, Western Ontario and McMaster 
Universities (WOMAC) Osteoarthritis Index, patient global 
assessment, rescue medication, health-related quality of life 

Yes. The safety of repeated intra-articular injections of Euflexxa® (1% 
sodium hyaluronate; IA--BioHA) for painful knee osteoarthritis was 
demonstrated. 
Participants who completed the randomized, double-blind, 26-week FLEXX 
Trial comparing IA-BioHA to IA saline for knee osteoarthritis received three 
weekly IA-BioHA injections in a 26-week Extension Study. The Extension 
Study included 433 subjects, 219 who received IA-BioHA and 214 who 
received IA-SA during the FLEXX Trial. Safety results from the Extension 
Study indicated that 43.4% (188/433) of subjects had AEs, of which 4.8% 
(21/433) were deemed treatment-related AEs. Two AEs in the Extension 
Study led to discontinuation, and no joint effusion was reported. Patients who 
continued with IA-BioHA in the Extension Study maintained their 
improvement from baseline, with an average reduction in pain in the VAS 
score of -3.5 mm. Patients initially treated with IA-SA in the FLEXX Trial also 
had a reduction in VAS score of -9.0 mm. Secondary efficacy variables also 
improved during the Extension Study. 
Repeat injections of IA-BioHA were effective, safe, well tolerated, and not 
associated with an increase in AEs, such as synovial effusions. Additional 
symptom improvements were noted for subjects who received either IA- 
BioHA or IA-SA in the FLEXX Trial. 
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Article Products Testing Intended purpose achieved: Yes/No 
Bagga H Burkhardt D 
Sambrook P March L 
J Rheumatol 
2006;33(5):946-50 

Hylan GF-20 – 
XMW 

Open 

Mild to moderate osteoarthritis 3 weekly injections 

6 months 

Synovial fluid aspirated pre- & 3, 6 months HA 

concentration, viscosity & elasticity 

Yes. Statistically significant change from baseline in HA concentration & 

complex shear modulus at month 3. 
Results suggest one possible mechanism of action of viscosupplementation 
is to promote endogenous HA production. 

Bannuru RR Natov 
NS Obadan IE Price 
LL Schmid CH 
McAlindon TE. 
Arthritis & 
Rheumatism 
2009;61(12):1704- 
1711 

Hyaluronic acid 
Corticosteroids 

Metanalysis of published trials to compare the efficacy of 
intraarticular hyaluronic acid with corticosteroids for knee 
osteoarthritis 

Yes. From baseline to week 4, intraarticular corticosteroids appear to be 
relatively more effective for pain than intraarticular hyaluronic acid. By week 
4, the approaches have equal efficacy, but beyond week 8, hyaluronic acid 
has greater efficacy. 

Barrat JP Siviero P. 
Clin Drug Invest 
2002;22:87097 

Hyalgan - LMW Uncontrolled Retrospective Single-centre 

5 intra-articular injections 

249 patients with moderate to severe OA of the knee 18 

months 

therapeutic success defined as lack of total knee 
replacement surgery (TKR) or other significant intervention 
therapy during 6 month follow up, and improved pain relief 
and quality of life (QOL) 

Yes. 60.1% of knees judged successfully treated over 6 month follow-up 
period. 39.9% of knees were considered failures, because 20.3% required 
TKR and 19.6% required other intervention. The majority of patients were 
considered candidates for TKR prior to initiating Hyalgan® treatment. The 
successful patients were assessed for outcomes regarding the parameters of 
QOL and pain. After treatment with Hyalgan®, an improvement in pain at rest 
was observed in 50.3% of cases, in pain on walking in 68.2%, in pain on load 
in 68.6%, and in pain at night in 51.6%. QOL scores were improved in 67.3% 
of patients. Assessment of the use of drugs to treat OA before and after 
treatment with Hyalgan® indicated an improvement in terms of consumption 
or cessation of consumption in 20.7% of all cases evaluated. Taller patients, 
patients with less severe OA, and patients with patellofemoral compartment 
involvement showed the greatest pain relief and improvements in QOL. 

No serious adverse events were reported in this patient population. 
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Article Products Testing Intended purpose achieved: Yes/No 
Bayramoğlu M 
Karataş M Cetin N 
Akman N Sözay S 
Dilek. Cli Rheumatol 
2003;22:118-122 

Orthovisc – HMW 
&physical therapy  
Synvisc - XMW & 
physical therapy 
Physical therapy 

Single centre randomised assessment blinded 37 patients 

3 weeks assessment, 3 month follow-up 

3 weekly intra-articular injections 7 physical therapy Index of 
severity of osteoarthritis of the knee scores and muscular 
strength 

No. The aim was to assess whether patients would build stronger quadriceps 
muscles when they were relieved of pain and disability caused by 
osteoarthritis. This effect was not observed. However the results at 3 months 
follow-up might have been dependent on patient compliance with home 
exercises, which were reported by the subjects themselves. Longer follow-up 
and larger sample size might have given different results. 

Block et al 1999 Orthovisc - HMW 
Synvisc - XMW 

Summary of 3 studies:- 

1) double-blind, randomised, prospective, saline- placebo 
controlled. 226 patients, 3 weekly intra- articular injections of 
Orthovisc®, 27 weeks 

2) retrospective, 343 patients, Synvisc injections. One year 
follow-up of 110 patients with Orthovisc. 

3) prospective, 108 patients, 3 weekly Synvisc injections. 
Outcome measured by Hospital for Special Surgery Knee 
Rating (HSS) Scale, and the ability to avoid total knee 
replacement (TKR) surgery. 

Yes. Study 1 – significant pain relief, using WOMAC pain score, was 
demonstrated at 27 weeks vs. saline control. No HA-related serious AEs 
were noted, AEs at the injection site were 2% in the Orthovisc® group, and 
3% in the saline control group. 
Study 2 – Synvisc – patients experienced a reduction in pain or improvement 
in mobility in 65% of cases. There was an incidence of 5.2% of severe AEs – 
massive swelling and pain – resembled a septic event – required aggressive 
treatment including aspiration. The one-year follow-up results of 110 patients 
receiving Orthovisc® revealed a similar efficacy and the absence of severe 
AEs. 
Study 3 – treatment was found to be most effective in radiologic Grade III OA 
of the knee. 74.2% of patients with Grade III and IV OA avoided TKR for the 
duration of the study (1.3 yrs). Acute inflammatory reactions were observed in 
7.4% patients – 3 patients required a short course of systemic 
steroids as the effusion was not controlled by 5 days. 

Bragantini A Cassini 
M DeBastiani G 
Perbellini A. Clin 
Trials 
1987;24(4):333-340 

Hyalgan - LMW single-blind parallel 

55 patients 

3 weekly intra-articular injections 

2 dosage regimes – 40mg or 20mg 60 days 

spontaneous pain measured using a 10cm VAS, and 
walking and under load pain measured on a 1-5 point scale. 
Global assessment of response to treatment also made by 
patients and physician 

Yes. Active treatments equally highly effective in reducing pain. Both 
significantly superior to placebo. Spontaneous pain intensity decreased 
differently in the 2 HA groups compared with placebo group. Active 
treatments produced significantly better results than placebo in improving 
walking pain and pain under load. Both patients and investigator noted overall 
improvement which was statistically significant when active treatments 
compared to placebo group. Beneficial effects lasted more than 1 month, 

No severe adverse reactions observed. 4 patients, 2 treated with 40mg HA 
and 2 with 20mg HA experienced local pain and burning after each injection, 
which spontaneously decreased within a short time. No alterations of blood 
parameters after treatment were recorded.  No systemic or severe reactions 
requiring withdrawal from study were 
observed. 
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Article Products Testing Intended purpose achieved: Yes/No 
Brandt KD Block JA 
Michalski JP 
Moreland LW 
Caldwell JR Lavin PT. 
Clin Orthop 
2001;385:130-143 

Orthovisc - HMW 
Placebo - saline 

prospective multicenter randomised double-blind parallel-

group saline-controlled 226 patients 

27 weeks 

3 weekly intra-articular injections, 

assessment of efficacy by WOMAC index, patient and 
investigator global assessments, and pain on standing, pain 
after a 50-foot walk, and time to walk 50 feet. 

Yes.  In comparison to the control group, for patients whose WOMAC score 
for the contralateral knee was less than 12 at baseline, it was found that 
sodium hyaluronate injection resulted in improvement in WOMAC score, 
patient and investigator global assessments, and pain on standing from 
weeks 7 to 27. 58% of patients treated with HA achieved a 5-unit or greater 
improvement in mean pain score from weeks 7 – 27, compared with 40% of 
control patients.  Nearly twice as many patients treated with HA as with saline 
(30% vs. 17% respectively) achieved a net improvement of at lease 7 units. 
The 6-month durability of symptom relief after intraarticular sodium 
hyaluronate injection occurred despite rapid clearance (24 to 48 hours) of 
radiolabelled sodium hyaluronate from the joint. 

There were no serious adverse events. Few side affects were attributed to 
treatment, with no differences between groups. The incidence of injection site 
reactions was low. 

Brandt KD Michalski J 
Block JA Caldwell JR. 
Pub 1999 © Anika 
Therapeutics, Inc 

Orthovisc - HMW Summary of 5 studies 

1) 30 patients, randomised, double-blind, saline- controlled, 
10 weeks, 3 weekly intra-articular injections. 

2) 40 patients, randomised, open-label, controlled, 8 
weeks, 2 weekly intra-articular injections plus physical 
therapy, or physical therapy alone. 

3) 50 patients, randomised, double-blind, saline- controlled, 
48 weeks, 3 weekly intra-articular injections, then 4

th
 dose at 

6 months. Patients were followed for 1 year. 

4) 40 patients, randomised, open-label, controlled study, 15 
weeks, 3 weekly intra-articular injections, compared to 
betamethasone. 

5) 226 patients, randomised, multicenter, double-blind, 
saline-controlled, 27 weeks, 3 weekly intra-articular 
injections. 

Yes. These studies showed short-term (1-3 weeks after 1
st
 injection) and 

long-term (up to 6 months) patient benefits - reductions in the Western 
Ontario and McMaster Universities Index (WOMAC) for pain, stiffness, and 
function, and improvements in daily activity and mobility scores, compared 
with intra-articular saline injection, intra-articular corticosteroid injection, or 
physical therapy. Further, a reduction in acetaminophen use accompanied 
Orthovisc® treatment. In the 3

rd
 study, the advantage of Orthovisc over saline 

was maintained throughout the 1-yr study. In the 4
th
 study, although intra-

articular bethamethasone was more effective than Orthovisc in the short-term 
(week 3), the long-term benefit of Orthovisc was found to be superior to that 
of bethamethasone. 

Orthovisc is well tolerated, and there were no serious complications 
observed. In the second study, there were 2 local reactions, pain and swelling 
– these were resolved within 24 hours of injection. In the multicenter trial, AEs 
at the injection site occurred in 3% of those patients receiving saline and only 
2% of those patients receiving Orthovisc. The low occurrence of adverse 
events (AEs) has given Orthovisc a strong 
safety profile. 
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Article Products Testing Intended purpose achieved: Yes/No 
Bunyaratavej N Chan 
KM Subramanian N. J 
Med assoc Thai 
2001;84 Suppl 
2:S576-81 

Hyalgan - LMW 4 weekly intra-articular injections multicenter 

placebo-controlled randomised 

double-blind (masked observer) 

efficacy parameters assessed – pain on movement, day 
pain, night pain, pain on touch, joint 
circumference, intake of paracetamol, overall efficacy 
judgement by investigator and patient. 

Yes. Hyalgan patients had decreased pain, increased mobility of the joint 
after 49 days compared to placebo. Pain on movement, day pain and 
morning stiffness decreased in both groups, but clear trend in favour of HA 
group. Pain on movement showed rapid decline in both groups – greater with 
Hyalgan group. The other efficacy parameters showed similar trends. 

Both treatments were well tolerated. No local or systemic adverse events 
related to the treatment were observed. 

Chevalier X Jerosch J 
Goupille P van Dijk N 
Luyten FP. Scott DL 
Bailleul F Pavelka K.. 
Ann Rheum Dis 
2010;69:113-119 

Hylan G-F 20 
Synvisc-XMW 

multicenter placebo-controlled randomised 

double-blind (one injector/one blinded observer) single intra-

articular injection 

253 patients 

primary; change from baseline over 26 weeks in WOMAC 
index A pain 

secondary WOMAC A1 and C patient global assessment, 
OARSI responder rates. 

Yes. This placebo-controlled study demonstrated that, in patients with knee 

osteoarthritis, a single 6 ml intra-articular injection of hylan G-F 20 is safe and 
effective in providing statistically significant, clinically relevant pain relief over 
26 weeks, with a modest difference versus placebo 

Dahlberg L 
Lohmander L Ryd L 
Arthritis Rheum 
1994;37(4):521-8 

Supartzl - LMW 
Placebo - saline 

controlled randomised single centre 

52 patients with cartilage fissures 5 weekly intra-articular 

injections 

assessments at 2,4,13,26 & 52 weeks 

isokinetic quadriceps & hamstring strength, QPR evaluation 

primary efficacy – VAS subjective total knee function, pain in 
knee, range of motion & activity level 

Yes but no difference. At follow-up visits both groups had improvement from 
baseline; however there was no difference between groups in any of the 
relevant variables at any time point. 
The effects of intra-articular hyaluronan do not differ significantly from those 
of placebo in patients with knee pain and cartilage disease. 

Forster MC Straw R. 
Knee 2003; 
10(3):291-3 

Hyalgan - LMW 38 patients – with symptomatic knee OA without mechanical 
symptoms 

randomised 

comparative – arthroscopic washout 5 weekly intra-articular 

injections 

Assessed pre-intervention, 6 weeks, 3 months, 6 months & 
1 year – 10cm VAS pain score, the Knee 

Society function score, and the Lequesne index 

Yes. No significant difference between groups at all stages. There was no 
significant difference in VAS, FS or LI between the two groups at 6 weeks, 3 
months, 6 months or 1 year. The results were better in the Hyalgan group in 
terms of function but not pain, but this did not reach statistical significance. 
2 patients noticed pain at the injection site following 1 injection. 
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Article Products Testing Intended purpose achieved: Yes/No 
Frizziero L; Govoni E; 
Bacchini P. 
Clin Exp Rheumatol 
1998;16:441-449 

Hyalgan - LMW open 

single centre biopsy blinded 

40 patients with inflammatory knee osteoarthritis 5 weekly 

intra-articular injections 

VAS pain & function 

Arthroscopic & morphological assessments 6 months 

Yes. At 6 months microarthroscopic evaluation showed no change compared 
to baseline in 60% patients, 32.5% patients showed improvement in grading 
&/or extension of cartilage lesions & 7.5% worsened condition. Also 
statistically significant reduction in the synovial inflammation (p=0.001) These 
results confirmed by morphological exam. of cartilage & synovial membrane. 
statistically significant reconstitution of the superficial amorphous layer of the 
cartilage (p=0.0039), an improvement in the chondrocyte density (p=0.0001) 
with a significant increase in the synovial repair process (p=0.0001) 
Significant & long lasting improvement in pain & joint mobility after HA 
treatment. Joint effusion when present was reduced. The treatment was 
well tolerated. 
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Article Products Testing Intended purpose achieved: Yes/No 
Hochberg, 2000 Hyalgan - LMW 

Artz - LMW 
Synvisc - XMW 

Literature review of randomised, controlled trials Hyalgan® 

trial 1: 
Double-blind 
Placebo-controlled 34 patients 
3 weekly IA injections Hyalgan® trial 2: 
Placebo controlled 
63 patients 
up to 11 injections 23 weeks 

 
Artz trial: Randomised Double-blind Placebo-controlled 

Multicenter 
5 weekly injections 

 
Synvisc trial: Multicenter 102 patients 
comparative – NSAIDs randomised 

Yes. Clinical trials show HA therapy results in improvement in knee pain and 

function that is superior to placebo and comparable to NSAIDs. 
Significant improvement lasting from 3-8 weeks for spontaneous pain 
intensity, pain on touch, under load and while walking. 

Trial 2 – significant improvement in symptom scores and activity assessment 
in the HA-treated patients throughout the first 11 weeks. Also reduction in 
pain at rest from week 5 to week 23. 

Artz trial – After 20 weeks, both groups improved compared with baseline, but 
no difference between groups. When treatment groups stratified by age, it 
was found that the HA treated patients over 60 were significantly improved 
compared with controls in terms of pain, activity, algofunctional index, and 
global evaluations. 

Long-term study showed that during the 1-year follow-up period, the HA 
group required less supplementary local therapies. A long term trial with 
Hyalgan® found a significant advantage for the HA group in terms of quality 
of life and structural progression of the disease. 

Synvisc trial – at 12 weeks, Synvisc treatment was at least as efficacious as 
continuous NSAID therapy for reducing pain – at 26 weeks both groups 
treated with Synvisc reported significantly less plain than the NSAID group. 

HA is generally well tolerated. Drawback – need for series of 3 to 5 weekly 
injections. Most common AEs are injection site reactions – tend to be minor. 
Systemic reactions are uncommon and serious reactions occur 
even less frequently. 

Jones AC Pattrick M
 Doherty S 
Doherty M. Osteoarth 
Cart 1995;3:269-273 

Hyalgan - LMW 
Triamcinolone 
hexacetonide 

comparative randomised double-blind 

63 patients with bilateral symptomatic knee osteoarthritis 
with effusion 

5 weekly HA or 1 20mg TH followed by 4 saline 
(placebo) intra-articular injections 

6 months 

Assessment weekly during treatment & monthly thereafter 
Principal outcome – VAS pain on selected activity. 

Inconclusive. High drop-out rate & intention to treat analysis failed to 
demonstrate statistically significant differences between groups. In patients 
remaining in the study significantly less pain was experienced by the HA 
group during the 6 month follow-up period. Other parameters showed a 
similar trend in favour of HA but it was not possible to show a statistically 
significant difference between groups. 

Therefore HA may be a useful additional therapy for symptomatic knee 
osteoarthritis and may have long duration of action. 
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Article Products Testing Intended purpose achieved: Yes/No 
Jørgensen A 
Stengaard- Pedersen 
K Simonsen O 
Pfeiffer-Jensen M 
Eriksen C Pedersen 
NW Bødtker S 
Hørslev- Petersen K 
Snerum LØ Egund N 
Frimer-Larsen H. Ann 
Rheum Dis 
2010;69(6):1097- 
102 

Hyalgan-LMW 
Saline Placebo 

multicentre randomised 

placebo-controlled double-blind 

337 patients with knee osteoarthritis 

5 weekly HA or saline (placebo) intra-articular injections 

1 year 

Primary time to recurrence 

Secondary, LFI, VAS pain on walking 50m, paracetamol 
consumption, patients‟ global assessment, Nottingham 
health profile, joint effusion and number of responders. 

No. Time to recurrence showed no significant treatment effect (ITT analysis, 
p=0.26). Change from baseline in LFI and VAS pain 50 m for the ITT 
population showed no treatment effect. Paracetamol consumption, patients' 
global assessment, responder rates and AE displayed no significant 
difference between treatment groups, analysed by both ITT and PP. 
Treatment compliance was 95% in the hyaluronan group and 99% in the 
placebo group. No safety problems were registered. 
In patients fulfilling the ACR criteria for osteoarthritis of the knee with 
moderate to severe disease activity (LFI > or = 10), five intra-articular 
injections of hyaluronan did not improve pain, function, paracetamol 
consumption or other efficacy parameters 3, 6, 9 and 12 months after the 
treatment 

Jubb RW Piva S 
Beinat L Dacre J 
Gishen P. Int J Clin 
Pract 2003;57(6):467- 
474. 

Hyalgan - LMW One-year Randomised Double-blind Masked-observer 

multicenter Placebo controlled Parallel group 

Structural changes measured by joint space narrowing 
(JSN) and reduction in joint space width (JSW) 

Also assessed pain on walking (VAS), knee pain (6- point 
scale), investigator and patient global impression of efficacy, 
LI and the SF-36 health survey questionnaire 

3 weekly intra-articular injections – repeated twice at 4- 
monthly intervals 

408 patients 

Yes. Patients with radiologically milder disease at baseline and receiving HA 
had significantly reduced JSN compared with placebo. In patients with 
radiologically more severe disease there was no difference in JSN between 
the two treatments. HA provided some incremental pain relief during the 
52weeks. At weeks 11, 35 and 52, HA was shown to be significantly superior 
to placebo.  More patients had improved compared with placebo at week 11 
and week 35 in the results of pain measured on the categorical scale. HA 
was more likely to be judged fair, good or excellent, and less likely useless or 
poor, than placebo by the investigators. In the SF-36 questionnaire the only 
significant difference was in favour of the HA group in terms of the vitality 
scale. 96% of patients continued taking analgesic/NSAIDs throughout the 
study, with no difference between groups. 
A similar number of patients dropped out from each group, leaving 319 to 
finish the study. There was no statistically significant difference between the 
groups with respect to reason for discontinuation. At least one AE was 
reported by 84% of placebo patients and 89.9% of HA patients. There were 
no differences between groups in frequency and severity. Most of the events 
were mild to moderate in intensity. The most common AEs in both groups 
were local effects – swollen joint, site injection pain. 14 patients in placebo 
and 27 in HA group experienced serious AEs – these were deemed non-drug 
related. One patient died of myocardial infarction. 
Although in this one-year study no overall treatment effect was seen those 
with radiologically milder disease at baseline had less progression of joint 
space narrowing when treated with HA 
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Article Products Testing Intended purpose achieved: Yes/No 
Kirchner M Marshall 
D. Osteoarthritis 
Cartilage 
2006;14(2):154-162 

Euflexxa - HMW 
Synvisc - XMW 

prospective multicentre randomised 

controlled double-blind 321 patients 

12 weeks 

3 weekly intra-articular injections 

Primary effectiveness – 5 questions in 
WOMAC measured on VAS. 
Secondary full WOMAC, patient‟s 
global assessment of treatment & 
consumption of escape medication. 

Yes. Statistically significant & clinically important improvements from baseline (P<0.0001) in both 
groups. At clinical endpoint Euflexxa group mean improvement 29.9mm (62% improvement from 
baseline) compared to 28.4 mm (55% improvement from baseline) for Synvisc. The one-sided 95% 
upper confidence boundary for the treatment difference was 2.4mm which met the prospective 
criteria for non-inferiority. Euflexxa group had mean improvement of 27.3mm in full WOMAX index 
(59% improvement from baseline) compared to 25.9% for Synvisc. 
Statistically significant difference between groups in global assessment. Approx. 94% reported 
some degree of satisfaction with treatment &  approx. 80% were either satisfied or very satisfied. 
Statistically significant difference across all categories favouring Euflexxa (P=0.03). 

Kirwan JR Rankin 
E. Baillière‟s Clin 
Rheum 
1997;11(4):769-794 

General overview 
of intra-articular 
therapies in OA 

Intra-articular glucocorticoids – 
randomised controlled trials 

Intra-articular radiotherapy 

Efficacy of viscosupplementation – HA 
– placebo controlled and non-placebo 
controlled 

Yes. Animal models of OA – intra-articular HA has been shown to be protective – articular cartilage 
of HA injected joints showed less damage than in saline injected joints. Also, the osteoid volume of 
the HA group was lower than the saline injected group. 
Rabbit knee immobilisation model – immobilization without simultaneous HA gave rise to more 
marked degenerative changes than when HA was given at the same time. Improvement in gait of 
sheep whose operated joints were injected with HA. 
3 placebo controlled studies show benefits at 3-8 weeks, 5-23 weeks and 9-13 weeks. No 
difference in one placebo-controlled study – but only measured outcome at 5 weeks and 5 months. 
One study found a benefit at 5 and 8 weeks against methylprednisolone. Intra-articular HA had 
greater efficacy than placebo from about 1 month to about 6 months after treatment. 
Relatively few AEs. 3 concerns – post-injection flare, long term joint damage and infection. An 
increase in pain, stiffness or swelling during the 
24 hours following intra-articular injection has been noted. AEs of intra- articular HA are local. 

Kotevoglu N 
Iyibozkurt PC Hiz O 
toktas H Kuran B. 
Rheumatol Int 
2006;26:325-330 

Hylan G-F 20 Low 
MW hyaluronan 
Placebo saline 

Prospective, controlled Double-blind, 

randomised 59 patients 

3 intra-articular injections 

WOMAC patient (PGA) & physician 
(PhGA) global assessments 

Evaluated at 1, 3 & 6 months 

 

Yes. In all groups the WOMAC pain score significantly different from the 
baseline value; neither treatment group was significantly different from placebo group, but total pain 
score was significantly better than baseline for both of HA groups at end month 6 (p<0.05). Greater 
improvement in WOMAC physical function score in HA and Hylan G-F 20 after month 1 & remained 
significant until end month 6 (p<0.01). Placebo group physical function scores worse after end 
month 1; scores end month 6 no different from baseline. WOMAC scores of HA groups improved 
with injection 1 & significantly better than placebo until end (p < 0.001). All groups PGA scores 
improved after injection 1. At end of month 6 all groups similar, treatment groups significantly better 
than placebo (p < 0.05) & all significantly better than at baseline (p < 0.05). PhGA scores similar in 
all groups until after injection 3. LMW HA group was slightly better than controls at month 1 & 3 but 
all similar at month 6. Placebo group seemed worse but not statistically significant. LMW HA may 
be more efficacious that HMW in treating OA 
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Article Products Testing Intended purpose achieved: Yes/No 
Kotz R Kolarz G. 
Am J Orthop 
1999;28(11):5-7 

Hyalgan - LMW open-label 

multicentre 

108 patients 

5 weekly intra-articular injections 

12 months 

evaluation of pain according to VAS 

Yes. For the 59 patients who were observed for 12 months after the 1
st
 treatment cycle, evaluation 

of pain showed significant improvements lasting 12 months, with pain during load, pain at rest, and 
duration of walking ability. Patients who required a 2

nd
 treatment cycle showed a further 

amelioration. Significant improvements were also seen in knee function and in global evaluations 
by both patient and investigators. Knee function also improved in patients who completed the 12-
month follow up. Relief of symptoms was seen as early as 4 weeks after treatment in 68% of 
patients.  In 55% of these patients, relief was maintained until the end of the 12-month follow up. 

35 patients discontinued the study before the end of the 12-month follow- up. 119 instances of AEs 
were recorded. The most frequent were back pain (16.8%), injection site reaction (11.8%), and 
injection site pain (6.7%). 
4 instances of joint effusion were also observed. 

Lee PB Kim YC Lim 
YJ. 
 Comparison 
between high and 
low  
 molecular 
weight hyaluronates
   in knee 
osteoarthritis 
patients:   open- 
label, randomised, 
multicentre clinical 
trial. J  Int 
 Med 
Research 
2006;34:77-87 

HMW vs LMW open-label multicenter 

157 patients with grade I-III OA of 1 or 
both knees- total 118 knees. 

3 weekly intra-articular injections of 
HMW vs 5 weekly intra-articular 
injections of LMW 

12 weeks 

Overall weight bearing pain, patient 
assessment VAS, WOMAC-Likert 
score, physical examination, frequency 
& amounts of rescue medication 
evaluated at baseline, 1, 6 & 12 
weeks. 

Yes. Changes in weight-bearing pain VAS scores were not significantly different between groups. 
Both groups showed a significant reduction in pain from baseline (P < 0.0001). Mean pain 
reduction from baseline to 12 weeks after the final injection was approximately 26 mm (P < 0.0001) 
with HMW and 27 mm (P < 0.0001) LMW. Both groups showed significant improvements in all 
WOMAC-Likert scores (pain, function and stiffness) from baseline throughout follow-up (P < 
0.0001), no differences were observed between the group. Overall knee joint pain improvements 
were noted in both groups according to patient and investigator global assessments during follow-
up; although no significant inter-group difference was found. Close correlation was found between 
data reported by patients and those reported by investigators (correlation coefficient = 0.809 – 
0.954, P = 0.000). The major signs of OA (including swelling, tenderness and range of motion in 
target knee joints [flexion]) were improved in both groups (P < 0.0001). The numbers of patients 
who had taken paracetamol as a rescue medication during the study were calculated. In the HMW 
group, 39 patients (52%) used paracetamol (mean total dosage per patient 23 295 ± 22 601 mg) 
and in the LMW group, 39 patients (56%, mean total dosage per patient 30 073 ± 39 731 mg). 
Patients who did not receive paracetamol as a rescue medication during the study period showed 
significantly higher weight-bearing pain relief than those who had taken rescue medication more 
than once. Net changes in weight-bearing pain scores (100-mm VAS) from baseline to week 12 
after the final injection were 33 ± 22 mm (mean ± SD) and 20 ± 22 mm (mean ± SD) in patients 
who did not take or who took paracetamol respectively, in the HMW group (P = 0.008). 
Corresponding results in the LMW group were 38 ± 23 mm (mean ± SD) and 19 ± 26 mm (mean ± 
SD), respectively (P = 0.002). 

23 patients (31%) in the HMW group and 25 (35%) in the LMW group reported one or more 
adverse events that were judged to be possibly related to HA administration. The most common 
adverse event in both groups was pain at the injection site, affecting 23 patients (31%) in the HMW 
group and 24 (34%) in the LMW group. One patient experienced myalgia, one urticaria, and one 
pruritus in each of the 2 groups. In addition, in the HMW group, one patient had arthrosis and one 
had high-sensitivity C-reactive protein (hs-CRP) elevation. In the LMW group, three showed 
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paraesthesia, oneleg pain, one calf pain, one contact dermatitis and one leucopenia. All events 
resolved without any complication by the be study related and resolved spontaneously with no 
complications end of the study (12 weeks after the final injection). In both treatment groups, a small 

number of patients showed clinically significant 

Lee PB Kim YC Lim 
YJ. 
 Comparison 
between high and 
low  
 molecular 
weight hyaluronates
   in knee 
osteoarthritis 
patients:   open- 
label, randomised, 
multicentre clinical 
trial. J  Int 
 Med 
Research 
2006;34:77-87 

HMW vs LMW open-label multicenter 

157 patients with grade I-III OA of 1 or 
both knees- total 118 knees. 

3 weekly intra-articular injections of 
HMW vs 5 weekly intra-articular 
injections of LMW 

12 weeks 

Overall weight bearing pain, patient 
assessment VAS, WOMAC-Likert 
score, physical examination, frequency 
& amounts of rescue medication 
evaluated at baseline, 1, 6 & 12 
weeks. 

Yes. Changes in weight-bearing pain VAS scores were not significantly different between groups. 
Both groups showed a significant reduction in pain from baseline (P < 0.0001). Mean pain 
reduction from baseline to 12 weeks after the final injection was approximately 26 mm (P < 0.0001) 
with HMW and 27 mm (P < 0.0001) LMW. Both groups showed significant improvements in all 
WOMAC-Likert scores (pain, function and stiffness) from baseline throughout follow-up (P < 
0.0001), no differences were observed between the group. Overall knee joint pain improvements 
were noted in both groups according to patient and investigator global assessments during follow-
up; although no significant inter-group difference was found. Close correlation was found between 
data reported by patients and those reported by investigators (correlation coefficient = 0.809 – 
0.954, P = 0.000). The major signs of OA (including swelling, tenderness and range of motion in 
target knee joints [flexion]) were improved in both groups (P < 0.0001). The numbers of patients 
who had taken paracetamol as a rescue medication during the study were calculated. In the HMW 
group, 39 patients (52%) used paracetamol (mean total dosage per patient 23 295 ± 22 601 mg) 
and in the LMW group, 39 patients (56%, mean total dosage per patient 30 073 ± 39 731 mg). 
Patients who did not receive paracetamol as a rescue medication during the study period showed 
significantly higher weight-bearing pain relief than those who had taken rescue medication more 
than once. Net changes in weight-bearing pain scores (100-mm VAS) from baseline to week 12 
after the final injection were 33 ± 22 mm (mean ± SD) and 20 ± 22 mm (mean ± SD) in patients 
who did not take or who took paracetamol respectively, in the HMW group (P = 0.008). 
Corresponding results in the LMW group were 38 ± 23 mm (mean ± SD) and 19 ± 26 mm (mean ± 
SD), respectively (P = 0.002). 

23 patients (31%) in the HMW group and 25 (35%) in the LMW group reported one or more 
adverse events that were judged to be possibly related to HA administration. The most common 
adverse event in both groups was pain at the injection site, affecting 23 patients (31%) in the HMW 
group and 24 (34%) in the LMW group. One patient experienced myalgia, one urticaria, and one 
pruritus in each of the 2 groups. In addition, in the HMW group, one patient had arthrosis and one 
had high-sensitivity C-reactive protein (hs-CRP) elevation. In the LMW group, three showed 
paraesthesia, oneleg pain, one calf pain, one contact dermatitis and one leucopenia. All events 
resolved without any complication by the be study related and resolved spontaneously with no 
complications end of the study (12 weeks after the final injection). In both treatment groups, a small 

number of patients showed clinically significant 
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Article Products Testing Intended purpose achieved: Yes/No 
Listrat V Ayral X 
Patarnelo F Bonvarlet 
J-P Simonnet J Amor 
B Dougados M. 
Osteoarthritis 
Cartilage 1997 
May;5(3):153-60 

Hyalgan - LMW randomised prospective single-centre non-blind 

1 year 

39 patients 

intra-articular injections for relief from pain and 
functional disability in osteoarthritis patients vs 
conventional therapy 

3 cycles of 3 weekly injections 

pain VAS, functional impairment, LI, quality of life, 
arthritis impact measurement scale (AIMS) and 
structural outcome were measured. Requirement 
for concomitant therapy also noted. 

Yes. Statistically significant difference between groups in favour of Hyalgan was found 
in the quality of life assessment. Lower extent of structural deterioration in hyaluronan 
group. The between groups difference for the SFA scoring system and overall 
assessment using the VAS were significantly significant in favour of Hyalgan. 

1 patient in hyaluronan group did not continue the course as he was free from pain. 8 
out of the 20 hyaluronan patients reported pain during or immediately after injection for 
at lease 1 of the 9 injections, for a total of 17 events. Pain was limited to the moment 
of injection or lasted for a few minutes after injection. 

Supported existing data concerning symptomatic effect of intra-articular injections of 
Hyalgan in osteoarthritis of the knee and suggests that repeated intra-articular 
injections of Hyalgan might delay the structural 
progression of the disease. 

Maheu E. 
Eur J Rheumatol 
Inflam 1995;15(1): 
17-24 

Hyalgan - LMW Review of several clinical trials: Most parallel, 

randomised trials 

6 comparative trials – 3 times single-blind design, 3 
times double-blind 

1 trial study of relationship between no. of 
injections and efficacy 

2 pilot studies – Hyalgan in treatment of painful 
shoulder and OA of hip. 

Preliminary pilot study – disease-modifying action 
of HA in knee OA 

Efficacy on pain measured using a Visual Analogue 
Scale (VAS) and on functional impairment in 
activities of daily living 

Yes. 3-5 weekly Hyalgan injections significantly improve pain and functional status in 
patients with knee OA. Also significant improvement in joint effusion on hyaluronan 
treated patients. This result was correlated with significant decreases in pain and the 
Lequesne functional index. 
Fewer HA patients required corticosteroid injections. HA was also shown to be more 
superior than Orotein and Arteparon, other intra-articular treatments. 

Effects last up to 6 months, and even one year in some patients. HA has been proven 
to be more beneficial than corticosteroids and is well tolerated. One trial claimed to 
demonstrate lack of efficacy oh hyaluronan as there were no differences between HA 
and placebo groups at 5 week and 5 month evaluations. However lack of power in 
study due to a number of factors. Dose effect trial – a significant superiority of HA (3 or 
5 injections) on pain and Lequesne index. 

7 premature interruptions of the treatment due to adverse events – in 6 cases 
withdrawal was due to transient painful reaction and swelling. There was one case of 
haemarthrosis associated with signs of inflammation after one injection. Most of the 
AEs are minor and transient local side effects – painful post-injection reaction 
occurring in 1-2% of patients. All AEs resolved spontaneously in 1-3 days. No 
systemic AEs observed. 
Instances of headache, fever and aphotosis in one trial judged to be unrelated to 
treatment. 
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Article Products Testing Intended purpose achieved: Yes/No 
Maheu E Zaim M 
Appelboom T Jeka S 
Trc T Berenbaum F 
Maasalu K 
Berenbaum F. 
Clin exp Rheumatol 
2011;29(3):527-35 

Structovial – HMW 
Hylan G-F20 - 
XMW 

Prospective, randomised multi-centre 

double-blind, active controlled, parallel-group non-inferiority 

24 weeks 

276 patients 

intra-articular injections for relief from pain and functional 
disability in osteoarthritis patients 

3 injections each one week apart 

Primary-change Lequensne index score change over 24 
weeks. 

Secondary – painVAS, quality of life, patients‟ & physician‟s 
global assessment, rescue medication 
consumption and OMERACT-OARSI responders rate. 

Yes. 276 patients were analysed in the full analysis dataset (FAS), 236 in the 

Per Protocol dataset (PP). In the main efficacy analysis (PP), the difference 
of the LFI score change over 24 weeks between Structovial (- 4.67 (0.27)) 
and Hylan G-F20 (-4.54 (0.28)) was 0.132 [95%CI: -0.598, 
0.861] which met the predefined non-inferiority margin. Analyses of 
secondary efficacy criteria showed clinically relevant improvements of all 
outcomes at W24 for each treatment on both PP/FAS populations. 
Changes of LFI score between baseline and W24 were -5.73 in the 
Structovial and -5.57 in the Hylan G-F20 group (PP dataset). Few local 
reactions were reported: 3.6% of patients in each group. 
Structovial and Hylan G-F20 were equally effective in reducing functional 
impairment and relieving pain in KOA patients, and well-tolerated 

McDonald C Hantel S 
Strohmeier M. 
J Clin Research 
2000;3:41-50 

Fermathron - 
LMW 
Hyalart - LMW 

randomised observer-blind multicenter comparative 233 

patients 

intra-articular injections for symptom modifying effects in 
patients with osteoarthritis 

5 weekly injections, then followed-up for 3 months total 
lequesne index (LI) and use of escape medicine, visual 
analogue scale, haematology and blood chemistry 
parameters were all measured. Visual analogue scale (VAS) 
pain assessment also carried out. 

Yes. The two products were similar in performance. In both groups there was 
a statistically significant reduction in LI between visit 2 and 9. Both groups 
showed a reduction in consumption of paracetamol during the study. Both 
groups showed reduction in limp. Pain, as assessed by VAS, was also 
reduced in both groups. 

Clinically significant benefits were maintained for up to 6 months after the last 
injection, with only 9 patients in each group requiring additional therapy to the 
study knee. 

Both sources of HA were well tolerated. 41 adverse events (AEs) were 
attributed to causality of administration of the product – most frequent 
symptom was knee joint pain. 4 serious AEs – none related to administration 
of HA. One episode of fever reported (reason unknown). 

No statistically significant differences between the performance of 
Fermathron™ and the comparator. 
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Article Products Testing Intended purpose achieved: Yes/No 
Moskowitz et al 

2001 

Meta-Analysis Medline search on preclinical effects of HA in OA 

>100 publications 

Yes. Letter to the journal states the following - More than 90% of publications have 
shown that HA has potentially beneficial effects on OA. Treatment with HA leads to an 
improvement in SF viscosity. Studies have demonstrated an effect of hyaluronans on 
stimulation of proteoglycan synthesis, inhibition of catabolic breakdown, decreased 
prostaglandin formation/secretion, and decreased superoxide radical activity. Placebo 
arms were utilised in multiple HA studies, with superior responses demonstrated in HA-
treated compared with placebo-treated patients. 
Several clinical trials indicate that intra-articular injection of HA results in relief of joint 
pain in patients with knee OA, and this effect may last for months. Hyaluronans 
represent a recommended alternative in the treatment of OA of the knee, as defined in 
the published American College of Rheumatology guidelines. The journal replies that 
although some patients exhibit striking benefit after intraarticular injection of Hylans, 
whether this is attributable to something other than a placebo response is 
unclear. They state that the methodology in the published clinical trials is, in many 
cases, flawed. 
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Article Products Testing Intended purpose achieved: Yes/No 
Navarro-Sarabia F et 
al A 40-month 
multicentre 
randomised placebo 
controlled study to 
assess the efficacy 
and carryover effect 
of repeated intra- 
articular injections of 
hyaluronic acid in 
knee osteoarthritis: 
the AMELIA project. 
Ann Rheum Dis 2011 
Am J Med Genet C 
Semin Med Genet. 
2011 Nov 
15;157C(4):288- 
304 

Adnant – LMW 
Placebo – saline 
solution 

randomised 

comparative against placebo multicenter 

to assess efficacy & carry-over effect of repeated injections 

306 patients 

intra-articular injections for symptom modifying effects in 
patients with osteoarthritis 

four cycles of 5 weekly injections, with follow-up 6 months 
after 1

st
 & 2

nd
 cycles & 1 year after 3

rd
 & 4

th
 cycles 

assessment by OARSI 2004 responder criteria and use of 
escape medicine. Adverse events recorded for safety. 

Yes. This study assessed the efficacy and safety of repeated intra-articular 
injections of HA in knee osteoarthritis patients and showed a symptomatic 
relief of pain and an improvement in function and patient global assessment 
during a follow-up period of 40 months. At the end of the study, the 
percentage of responders according to OARSI 2004 criteria was 22% higher 
in the HA group than in the placebo group (p=0.004). 
Overall, the use of rescue medication during the study was low. Although the 
mean paracetamol consumption was 23% lower in the HA group, the 
differences were not statistically significant, probably due to the high data 
dispersion. The way of controlling rescue medication use was a study 
limitation because it was not delivered in hand but the patients were asked at 
every assessment visit about the frequency and doses of consumption. 
Consequently there was insufficient recording and an inherent inaccuracy. 
However the logistic regression analysis concluded that the use of rescue 
medication did not interfere with the assessment of the clinical outcome. 

The number of patients who experienced at least one adverse event was the 
same in both treatment groups, with an overall frequency of 83.0%. Twenty-
two patients (11 in each group) experienced a total of 29 related adverse 
events. Most of them were related to the study intervention, such as local 
bleeding, pain of mild intensity or allergic reaction, none of them was serious. 
The frequency and types of related adverse events are summarised in table 3 
. During the overall study period, there were no abnormalities in vital signs, 
clinical findings or laboratory parameters that could be considered as being 
related to the treatment. At the end of the study, 513 and 487 cycles were 
administered in the HA and placebo groups, respectively, providing a rate of 
0.029 related adverse events per 
cycle in both groups 

http://www.ncbi.nlm.nih.gov/pubmed/22002956
http://www.ncbi.nlm.nih.gov/pubmed/22002956
http://www.ncbi.nlm.nih.gov/pubmed/22002956
http://www.ncbi.nlm.nih.gov/pubmed/22002956
http://www.ncbi.nlm.nih.gov/pubmed/22002956


VSY 
Biotechnology 

Reviscon 1% Reviscon Plus 1.6% 
Clinical Evaluation 

Version 2.0, January 2018 

 

46/82 
 

 
 

 

Article Products Testing Intended purpose achieved: Yes/No 
Neustadt DH. Clin 
Exp Rheumatol 
2003;21(3):307-11 

Hyalgan - LMW prospective open study 

5 weekly intra-articular injections 76 patients (92 knees) 

patients assessed by physical examination and assessment 
of pain by VAS. Quality of life was also assessed by 
measuring Activities of Daily Living (ADL) before and after 
therapy 

Yes. 13 patients had a repeat treatment course. 72% of patients achieved 
>50% improvement (reduction in VAS score) for 1 year or longer. 9% of 
patients failed to achieve >50% improvement for any period of time. Only 3 
patients (3.8%) did not demonstrate any clinical benefit. QOL effects 
frequently showed improvement. The duration of response exceeded 2 years 
in some patients. The mean duration of response was 9 0.5 months. 
TKR surgery was avoided or significantly delayed in 15/19 patients who were 
considering surgery prior to the injections. 10/15 knees improved after a 
repeat treatment course. Hyalgan was effective in the majority of patients with 
Kellgren grade 2 and 3 OA – clinical improvement was observed in 71% and 
62% respectively, whereas 42% of patients with grade 4 OA exhibited clinical 
improvement. Overall, 50% of patients reduced their analgesic intake. 

Local adverse events were minor and infrequent, and included brief post- 
injection pain, minor bruising at the injection site, rare headache, and nausea. 
No patient withdrew from the series of injections before completion because 
of AEs. No systemic adverse effects were noted during the 1-2 year follow 
up. 

Intra-articular articular sodium hyaluronate was an effective and safe 
treatment for pain in difficult-to-treat patients with moderate to severe OA of 
the knee. 

Neustadt D Caldwell J 
Bell M Wade J 
Gimbel J. J 
Rheumatol 
2005;32:1928-36 

Orthovisc - HMW randomised arthrocentesis controlled multicentre 

372 patients with knee OA: 
128 - O4 4 weekly HMW injections 
120 - O3A 3 weekly injections + arthocentesis 124 - A4 
arthrocentesis (control) 

assessment of efficacy was by proportion patients with 20% 

relative & 50mm absolute improvement over baseline of 
WOMAC pain score 200mm & <400mm in 
index knee & <150mm in colateral knee at weeks 
8,12,16,22 weeks 

O4 versus A4 approached but not significant difference: 20%of O4 patients 

had improvement in WOMAC at week 8 compared to 62% of A4 patients. 
More O4 patients had 40% improvement in WOMAC pain score compared to 

A4. 
The effectiveness of the 3 injection regimen was masked by possible placebo 
effect from the needle procedure in the A4 control group. No differences 
between groups for adverse events. 
Conclude that HMW hyaluronan is safe and seems to be effective in the 
treatment of mild to severe OA of the knee. 
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Article Products Testing Intended purpose achieved: Yes/No 
Pavelka K Trč T 
Karapaš K Moster R 
Audy P Hrazdíra L 
Mačák M Šustek 
P. Acta Chir Orthop 
Traum 2002;69:302-
307 

Hyalgan - LMW multicenter prospective open observational 601 patients 

5 weekly intra-articular injections 

outcome measures – pain at rest and on walking, patient‟s 
global assessment of therapy, LI, consumption of NSAIDs 

17 weeks 

Yes. Patients improved in all outcome measures in week 5 and this remained 
constant until week 17. The patients judged activity level as better or much 
better for 78% of treated knees in week 5 and 85.7% in week 17. The mean 
consumption of rescue NSAIDs dropped from 4 days/week before treatment 
to 1 day/week during and after Hyalgan therapy. 

No severe side effects reported. Injection site pain occurred in 6.8% patients 
and in 1.45% for injection, and resulted in 1.4% withdrawal. Hyalgan provided 
good clinical benefits and acceptable safety profile in current medical 
practise. The consumption of NSAIDs dropped considerably and therefore 
contributed to favourable cost/benefit ratio of 
Hyalgan therapy. 

Pavelka K Uebelhart 
D. Osteoarthritis 
Cartilage 
2011;19(11):1294- 

300 

Sinovial-LMW 
Synvisc-XMW 

Double-blind Controlled 

Randomised, parallel group Non-inferiority 

381 patients 

3 weekly intra-articular injections 

Primary: improvement in mean WOMAC pain subscore from 
baseline to final visit week 26. acceptable margin for non-
inferiority 8mm. 

6 months 

Yes. At week 26, WOMAC pain subscores decreased by a mean of 32.5 for 
both Sinovial and Synvisc. These results met prespecified criteria for non-
inferiority for both the Intent-to-Treat and Per-Protocol populations. There 
were no statistically significant differences between groups at 26 weeks, 
although Sinovial-treated patients tended to have a slightly better outcome for 
select variables, as they did at earlier time-points, some of which reached 
statistical significance. Both hyaluronic acid preparations were well-tolerated, 
with no statistically significant differences in tolerability profile between 
groups. 
Sinovial and Synvisc treatments were found to be equivalent, both in terms of efficacy 
and safety 

Petrella RJ Petrella 
M. 
J Rheumatol 
2006;33:951-6 

20mg/ml sodium 
hyaluronate - 
LMW 
Saline 

prospective, 

randomised, double-blind, controlled 106 patients 

3 weekly injections & further 3 weekly injections primary 

efficacy-WOMAC for knee pain at week 3 secondary 

efficacy-WOMAC at weeks 6 & 12 

Yes. After 3 weeks of study treatment both treatment groups showed 
improvements in knee function the HA group showing a greater improvement 
compared to placebo in WOMAC knee pain score (p<0.01). The HA group 
showed greater (p<0.05) in overall WOMAC & VAS pain at week 3. Results 
from all other secondary at weeks 6 & 12 were similar & not statistically 
significant between groups. 
Intraarticular HA was superior to placebo in improving knee pain and function, 
with no difference between 3 or 6 consecutive injections for the primary 
efficacy assessment. 
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Article Products Testing Intended purpose achieved: Yes/No 
Román JA Chismol J 
Morales M Donderis 
JL 
Clin Rheumatol 
2000;19:204-206 

Hyalgan - LMW 
Adant - HMW 

comparative 

49 patients diagnosed with gonarthrosis blind 

randomised 

8 weekly intra-articular injections subjective assessment by 

patients 

Yes and No. Overall the efficacy was deemed as being good or excellent in 
40.8% of cases. Efficacy with Adant at 3 months after treatment was greater 
than with Hyalgan (50% versus 21.1%). Maximum improvement observed at 
5 weeks in 75.4%, at 3 months in 22.4% and at 6 months in 2%. 73.5% of 
cases were fair or with no clinical response at 6 months. No modifications 
found for analgesic/anti-inflammatory drug consumption. 

Adverse effects consisted of pain in the infiltration side – 8 patients had 
painful infiltrations – 6 with Adant and 2 with Hyalgan. The relative risk of 

suffering a painful injection was almost twice as great with Adant, related to 
the greater viscosity. No dropouts occurred. 

Ronchetti IP Guerra D 
Taparelli F Boraldi F 
Bergamini G Mori G 
Zizzi F Frizziero L. 
Rheumatol 
2001;40:158-169 

Hyalgan - LMW 
Depomedrol 

randomised controlled comparative open-label 

5 weekly intra-articular injections 

patients examined by arthroscopy and light and electron 
microscopy before and 6 months after treatment 

Yes. Arthroscopy revealed a significant decrease in inflammatory score after 
both treatments. Hyalgan treatment was effective in reducing the number and 
aggregation of lining synoviocytes and the number and calibre of the vessels. 
Both treatments decreased the number of hypertrophic and to increase the 
number of fibroblast-like lining cells, to decrease the number of 
macrophages, lymphocytes, mast cells and adipocytes, and to decrease 
oedema, and to increase the number of fibroblasts and the amount of 
collagen. The effect was more evident in primary OA. There was an 
improvement in macroscopic characteristics, cellularity and the number of 
vessels after both treatments, in both primary and secondary OA. Both 
treatments increased the percentage of specimens showing 
monolayer/bilayer lining cells – the increase was statistically significant in the 
Hyalgan group, especially in primary OA. Hyalgan was more active than 
Depomefrol in reducing cell clustering. 

25 patients did not finish the treatments and/or did not attend the final 
evaluation, 19 refused the second arthroscopy and 7 refused the second 
biopsy. No cases of adverse reactions were noted with either treatment. 
Laboratory variables of blood and urine were not significantly affected by 
treatments. 
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Article Products Testing Intended purpose achieved: Yes/No 
Tamir E Robinson D 
Koren R Agar 
Halperin N. 
Clin Exp Rheumatol 
2001;19:265-270 

BioHy - HMW 3.0

 0.6 x 10
6
 

Daltons 

single blind 

initial randomised placebo controlled 

49 patients with idiopathic OA 25 – 5 weekly 
injections BioHy 
24 – 5 weekly injections placebo 

weeks 1,2,3,4,6,12,20 

pain at rest & during activity, stiffness & physical 
function as assessed by MODEMS. Active range 
of motion 

Yes. BioHy treated patients on average experienced progressive relief at rest or when 
performing normal activities which required stress on the tested joint, as the study 
progressed from week 0 to week 12. They also experienced less knee stiffness after 
periods of inactivity during this period. By comparison the average responses of 
placebo-treated patients were generally unchanged during the evaluation period. 
Though these changes were not statistically different and the small sample size and free 
allowance for taking pain medication interfered in the evaluation of the treatment, the 
performance of BioHy suggested a favourable trend in decreased pain. 
BioHy was well tolerated and no HA-related adverse events were found. 

Tascioglu F. Öner 
C. Clin Rheumatol 
2003;22:112-117. 

Orthovisc - LMW 
6- 
methylprednisol 
one acetate 

prospective 

open-labelled (because of differences in viscosity) 

randomised 

parallel group controlled 

60 patients with Grade II to III knee OA 30 – 3 
weekly injections Orthovisc 
30 – 3 weekly injections 6-MPA 

weeks 1,2,3,4, & 3, 6 months 

pain at rest & load bearing by VAS, Lequesne 
functional index and active range of knee flexion. 

Yes. A significant decrease in VAS scores for pain at rest, at weight bearing and pain on 
walking, and in Lequesne index was found in both groups at week 4 when compared to 
baseline and there were no significant differences between the two groups. However at 
the third month improvement in all pain scores and Lequesne index was found in favour 
of Orthovisc. At sixth month no significant difference was found. Improvement in pain 
was accompanied by an increase in joint flexion at week 4 and month 3 in both groups. 
Both treatments were well tolerated. 
Conclude that both Orthovisc and 6-methylprednisolone acetate treatments provide 
clinically significant improvement & demonstrated that Orthovisc has a long-term 
beneficial effect in patients with knee osteoarthritis. 

Toh EM Prasad PS 
Teanby D. The knee 
2002;9:321- 
330 

Orthovisc - LMW prospective 60 patients 

clinical improvement measured using WOMAC 
index. X-rays of knees also studies by blind 
observer 

3 weekly intra-articular injections patients followed 
up for 12 weeks 

Yes and No. There was a significant amount of improvement in patients with a minor 
loss of medial and lateral joint space in all outcome measures. Minimal changes in tibial 
spine and global appearance also indicated a positive outcome in stiffness, pain and 
overall improvement. This paper suggests that patients with moderate to severe 
osteoarthritic changes in joint space on roentological examination would not significantly 
benefit from intra-articular knee viscoelastic supplementation. On overall analysis with 
WOMAC scoring, the severity of tibial spine changes, joint space loss and global 
osteoarthritic change is strongly related to the outcome, whilst there is a weak 
association with subchondral cyst formation. 35% of patients reported either an 
unchanged or worsened symptomatology. The authors admit the study is limited and 
also that the use of roentgenological criteria can be unreliable. They state that there 
were no confounding factors in the study, and a better understanding of other factors 
that may influence the efficacy of treatment may be obtained in a larger multicenter 
study. 
1 patient withdrew due to an adverse gastrointestinal reaction to the initial injection. 

 

HA= sodium hyaluronate QPR = Questor Precision Radiography 
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Examples of published biocompatibility and clinical data on the safety of injectable hyaluronan devices for synovial 
viscosupplementation 

 
Article Products Testing Safety of injectable viscosupplement demonstrated YES/NO 
Shiedlin A Bigelow R 
Christopher W Arbabi 
S Yang L Maier RV 
Wainwright N Childs 
A Miller RJ. 
Biomacromolecules 
2004;5(6):2122- 
2127 

Hyaluronan from 
different sources: 
Streptococcus 
zooepidemicus, 
bovine vitreous, 
rooster comb, 
bovine vitreous 
and human 
umbilical cord. 

Comparison of measured impurities and biological 
activity. 

It was demonstrated that nucleic acid and protein content was highest in human 
umbilical cord and bovine vitreous hyaluronan and lowest in bacterial and rooster 
comb hyaluronan. Macrophages exposed to human umbilical cord hyaluronan 
produced significantly higher amounts of TNF- alpha relative to control or bacterial 
derived hyaluronan. 
As viscosupplements are derived from bacterial and rooster comb hyaluronan this 
study provides evidence of their safety relative to animal derived 

McDonald et al 

2000 
Fermathron Hyalart Randomised Observer-blind Multicenter Comparative 

233 patients 

intra-articular injections for symptom modifying effects 
in patients with osteoarthritis 

5 weekly injections, then followed-up for 3 months 

Total Lequesne index (LI) and use of escape 

medicine, visual analogue scale, haematology and 
blood chemistry parameters were all measured. 
Visual analogue scale (VAS) pain assessment also 
carried out. 

Yes. The two products were similar in performance. In both groups there was a 
statistically significant reduction in LI between visit 2 and 9. Both groups showed a 
reduction in consumption of paracetamol during the study. Both groups showed 
reduction in limp. Pain, as assessed by VAS, was also reduced in both groups. 

Clinically significant benefits were maintained for up to 6 months after the last 
injection, with only 9 patients in each group requiring additional therapy to the study 
knee. 

Both sources of HA were well tolerated. 41 adverse events (AEs) were attributed to 
causality of administration of the product – most frequent symptom was knee joint 
pain. 4 serious AEs – none related to administration of HA. One episode of fever 
reported (reason unknown). 

No statistically significant differences between the performance of Fermathron and 
the comparator. 
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Article Products Testing Safety of injectable viscosupplement demonstrated YES/NO 
Kirwan JR Rankin 
E. Baillière‟s Clin 
Rheum 
1997;11(4):769- 794 

General overview 
of intra-articular 
therapies in OA 

Intra-articular glucocorticoids – randomised 
controlled trials 

Intra-articular radiotherapy 

Efficacy of viscosupplementation – HA – placebo 
controlled and non-placebo controlled 

Yes. Animal models of OA – intra-articular HA has been shown to be protective – 
articular cartilage of HA injected joints showed less damage than in saline injected 
joints. Also, the osteoid volume of the HA group was lower than the saline injected 
group. 
Rabbit knee immobilisation model – immobilization without simultaneous HA gave rise 
to more marked degenerative changes than when HA was given at the same time. 
Improvement in gait of sheep whose operated joints were injected with HA. 
3 placebo controlled studies show benefits at 3-8 weeks, 5-23 weeks and 9-13 weeks. 
No difference in one placebo-controlled study – but only measured outcome at 5 
weeks and 5 months. One study found a benefit at 5 and 8 weeks against 
methylprednisolone. Intra-articular HA had greater efficacy than placebo from about 1 
month to about 6 months after treatment. 
Relatively few AEs. 3 concerns – post-injection flare, long term joint damage and 
infection. An increase in pain, stiffness or swelling during the 
24 hours following intra-articular injection has been noted. AEs of intra- articular HA 
are local. 

Moskowitz et al 
2001 

Meta-Analysis Medline search on preclinical effects of HA in OA 

>100 publications 

Yes. Letter to the journal states the following - More than 90% of publications have 
shown that HA has potentially beneficial effects on OA. Treatment with HA leads to an 
improvement in SF viscosity. Studies have demonstrated an effect of hyaluronans on 
stimulation of proteoglycan synthesis, inhibition of catabolic breakdown, decreased 
prostaglandin formation/secretion, and decreased superoxide radical activity. Placebo 
arms were utilised in multiple HA studies, with superior responses demonstrated in 
HA-treated compared with placebo-treated patients. 
Several clinical trials indicate that intra-articular injection of HA results in relief of joint 
pain in patients with knee OA, and this effect may last for months. Hyaluronans 
represent a recommended alternative in the treatment of OA of the knee, as defined in 
the published American College of Rheumatology guidelines. The journal replies that 
although some patients exhibit striking benefit after intraarticular injection of Hylans, 
whether this is attributable to something other than a placebo response is 
unclear. They state that the methodology in the published clinical trials is, in many 
cases, flawed. 
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Post Marketing Surveillance 
 

The FDA MAUDE (Manufacturer and User Facility Device Experience database) was reviewed for adverse events reports. Examples of reports of adverse 
events: 

 
Product 
Name 

Report Date Adverse Event Description Manufacturer Response 

SYNVISC  04/21/2017 This unsolicited case from (b)(6) was received on 21- apr-2017 and 24-apr-2017 (information 
processed together with clock start date of 21-apr-2017) from a patient. This case concerns a male 
patient (age unspecified) who received treatment with synvisc injection and the same day, the 
patient was unable to walk; after 3 hours, patient was weak at one knee and after unknown latency 
patient experienced pain on the leg, was unable to sleep, inflammatory values (crp) had been 108 
mg/l and fluid aspirated from the knee/ fluid in the knee. No relevant medical history, concomitant 
medications and past drug were reported. On (b)(6) 2017 (at 08:30 a. M), the patient received 
treatment with synvisc injection (2 ml) (lot number and expiration date: not reported) once in both the 
knees for gonarthrosis at the health center. The same day, three hours after the injection the patient 
became weak at one knee. The patient was still unable to walk (latency: 0 days). On (b)(6) 2017, the 
patient went to the emergency department where 2x50 ml of fluid was aspirated from the knee. At 
the time of reporting, the patient still felt that there was fluid in the knee (latency: unknown). It was 
reported that the inflammatory values [i. E c-reactive protein (crp)] had been 108 mg/l (latency: 
unknown). Patient reported that for two nights the pain on the leg had been severe and the patient 
had been unable to sleep (latency: unknown). Laboratory tests (unspecified) were taken from the 
patient and the next week the results would reveal whether there was a bacterial infection in the 
knee. Action taken: unknown. Corrective treatment: 2x50 ml fluid aspirated for fluid aspirated from 
the knee/ fluid in the knee; not reported for rest of the events. Outcome: not recovered for all the 
events. A pharmaceutical technical complaint (ptc) was initiated with global ptc number: (b)(4) 
(results pending). Seriousness criterion: important medical event of unable to walk.  

Pharmacovigilance comment: sanofi company 
comment dated 26-apr-2017: this case concerns a 
patient who received treatment with synvisc injection 
and three after the injection patient one knee became 
weak and was unable to walk. The event has been 
assessed as related to the suspect product on the 
basis of close temporal proximity. However, due to 
lack of information regarding patient medical history, 
technique of injection administration, past drugs and 
concurrent conditions complete medical assessment 
of the case is difficult. 

SYNVISC 04/17/2017 This unsolicited case from united states was received on 17-apr-2017 from a patient. This case 
concerns a (b)(6) female patient who received treatment with synvisc injection and later after 
unknown latencies was unable to walk and had more pain of her right knee. No relevant medical 
history, concomitant medications and concurrent conditions were reported. Patient had previously 
received a satisfactory regimen of synvisc (9 years ago). The provider was said to have injected the 
medication at the same location, with all three shots. On (b)(6) 2017, patient initiated treatment with 
synvisc injection, at a dose of 2 ml, weekly (route, batch/lot and expiration date not provided) in right 
knee for osteoarthritis of right knee. On (b)(6) 2017, patient received the second synvisc injection. It 
was reported that the most painful episode was the second injection in which the medication was 
injected on the top part of knee. On an unknown date in 2017, after unknown latency, patient was 
unable to walk for two days after the second injection, due to the torturous pain she was 
experiencing. On (b)(6) 2017, patient received the third synvisc injection. On an unknown date in 
2017, after unknown latency, patient had more pain of her knee after the regimen, than prior to the 
regimen. It was reported that the provider injected the medication in three different locations on her 
knee. The patient was now scheduled for an magnetic resonance imaging (mri). Corrective 

Pharmacovigilance comment: (b)(4) comment dated 
21-apr-2017: this case concerns a patient who 
received treatment with synvisc three series injection 
for osteoarthritis and later experienced knee pain 
because of which patient was unable to walk. On the 
basis of plausible temporal relationship and site of 
reaction the causal role of suspect product cannot be 
excluded in occurrence of the event. Furthermore, 
due to lack of information regarding technique of 
injection and patient medical history, concomitant 
medications and past drugs complete medical 
assessment of the case is difficult. 
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treatment: not reported for both events. Outcome: unknown for both events. A pharmaceutical 
technical complaint (ptc) was initiated and results were pending for the same. Seriousness criteria: 
important medical event for unable to walk.  

ORTHOVISC 
INJ 15MG/ML 

04/21/2017 Pt admitted to the hospital for k92. 2- gastrointestinal hemorrhage, from (b)(6).  

GENVISC 850 

 

01/19/2017, 

12/16/2016 

Health care provider (hcp) reported to ae assessor that the pt. Received the 1st left knee injection of 
genvisc 850 on (b)(6) 2016. On (b)(6) 2016 the pt. Presented to clinic having difficulty walking and 
with a left knee effusion. Past history includes severe osteoarthritis knees bilaterally, diabetes, and 
increased pain using stairs. The pt. Was seen for an initial evaluation on (b)(6) 2016 with pt. Rated 
pain at 6 out of 10. The pt. Received the 1st genvisc 850 left knee injection on (b)(6) 2016. Pt. 
Received the 1st genvisc 850 right knee injection on (b)(6) 2016. On (b)(6) 2016 the pt. Presented to 
clinic having difficulty walking, left knee pain, left knee swelling and reduced range of motion. The pt. 
Was diagnosed with a left knee effusion with 17 cc. Of clear fluid pulled from the knee with no further 
testing. The pt. Was admitted into the hospital, dates and time unknown. The treatment included 
taking the pt. To the operating room (or) to "wash" the knee out",a culture was done and antibiotics 
were administered. The culture indicated the presence of (b)(6) in the blood; source unknown no 
(b)(6) was found in the knee joint. Possible sources of the (b)(6) during the knee injection procedure 
are the open community bottles of omnipaque and/or lidocaine used in the procedure. Another 
possible source was the room during the knee injection procedure if an aseptic technique was not 
followed. The effusion, combined with the (b)(6) cultured in the pt's. Blood are likely contributing 
factors to the reported difficulty walking, reduced range of motion and swelling. Genvisc 850 
injection cannot be excluded as a contributing factor to the left knee effusion. This case will be 
closed as serious due to the report of the left knee effusion, hospitalization, antibiotics and or 
procedure "washing the knee out". The (b)(6) is involved in investigating the clinic for possible 
contamination. (b)(6)concluded that the single use omnipaque vials were the source of the 
contamination. (b)(6) recommended "remediation guidelines" to the clinic. This case will be closed 
without further follow-up from ae assessor. If additional information becomes available, the case will 
be reopened for further investigation. 

 

SYNVISC 04/04/2016 This case is cross referenced with cases: (b)(4) and (b)(4) (cluster). This unsolicited device case 
from (b)(6) was received on (b)(6) 2016 from an orthopedic surgeon. This case involves a (b)(6) 
years old female patient who started treatment with synvisc on (b)(6) 2016. And presented with 
recurrent pseudogout. The patient received synvisc injection 12 months ago and had positive 
outcome with no adverse events. On (b)(6) 2016, the patient started treatment with intra-articular 
synvisc injection at a dose of 2 ml weekly (batch/lot number: 5rsa002b and expiration date: not 
provided) for osteoarthritis. After the first injection, the patient had severe synovitis i. E. Pain and 
swelling that subsided 2 days later. However, synovitis reoccurred after the patient returned for 
second injection on (b)(6) 2016 and third injection on (b)(6) 2016. It was reported that the surgeon 
diagnosed it was an active reaction, pseudogout. Action taken: no action taken. Corrective 
treatment: not reported. Outcome: recovered/ resolved. A pharmaceutical technical complaint (ptc) 
was initiated and results were pending for the same. Seriousness criteria: important medical event.  

Pharmacovigilance comment: sanofi company 
comment dated (b)(6) 2016: this case concerns a 
patient who received three injection series of synvisc 
for osteoarthritis in knee. It was reported that after 
each synvisc injection the patient experienced severe 
synovitis manifested as pain and swelling that lasted 
for a few days. The reporter mentioned that it was an 
active reaction of pseudogout. Based upon the clinical 
course of the patient it can be concluded that the 
product played a significant role in the causation of 
the events. However since there are no lab tests etc. 
To confirm the diagnosis of pseudogout a confirmed 
diagnosis cannot be established. Furthermore, the 
events of synovitis, pain and swelling are well 
documented after the use of synvisc. 
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SUPARTZ FX 02/15/2016 The injection physician was not willing to provide specific patient information. He stated that the 
patient was a female, (b)(6), in a severe stage of oa; the patient was not immunocompromised in 
any way. Patient has had many prior injections of supartz-over a years worth. In this series, the 
injections were a week apart (physician not willing to provide prior dates). Approx dates would be 
(b)(6) 2016. (b)(6) 2016 - she received the 4th supartz injection. Onset of symptoms were 
approximately a week later, maybe a little more. She complained of fever, warmth, pain in knee, and 
minimal swelling. Cultures grew (b)(6) infection. (b)(6) 2016- the physician treated the patient with a 
picc line iv with vancomycin and washout. (b)(6) 2016 - injection physician followed up with the 
patient afterwards and reports she is better. The physician is unsure of batch number. He stated it 
may be lot # 5g828n. Unsure if he purchased from the sales partner or a retail pharmacy. According 
to the market trace, lot # 5g828n may have been from a retail pharmacy. (b)(6) 2016 - according to 
the physician, the patient is recovering. 

This is a definitive report. The physician stated that he 
had a another patient with a similar but non-serious 
reaction which involved a (b)(6) male patient who had 
his first injection in this series the week prior (week 
prior to (b)(6) 2016). The onset of symptoms were 
about a week later. The culture did not grow (b)(6). 80 
cc was removed from his knee. The physician 
checked on his patient many times and says the 
patient is doing better and feels like he is recovered. 
The physician thought it was odd that another patient 
experienced a similar but non-serious reaction in such 
a short span of time, so he wondered if there was a 
relation. According to the manufacturer, there were no 
problems in the specification test results before the 
release and the records of manufacturing process for 
the reported lot. And also no deviation from the 
standard manufacturing process and environment. 
Furthermore, no adverse event has been reported 
from other facilities in the us except for this case, the 
(b)(6) infection was therefore not related to product 
quality. 

ORTHOVISC 03.09.2014 The physician reported his patient having severe pain one day post 1st orthovisc in both knees. The 
physician stated the patient left the office after th injection with no issues but the next day that the 
patient came in and was experiencing intense pain. The knees were not were not swollen, were not 
warm to touch, and did not have any redness but the skin did have a discoloration. 
Updated (b)(6) 2014: recap of information for patient injected with orthovisc on (b)(6) 2014. First time 
receiving ov. A (b)(6) year old female, insulin dependent diabetic, obese. First in series of orthovisc 
bilateral injections, no effusion, lateral approach, non- fat pad, under patella. Examined via us prior, 
no excess fluid. 
Single ov 2 cc injection per knee. Patient complained of severe pain and came back to clinic next 
day, (b)(6) 2014. No other symptoms, but pain. While in clinic, heart rate decreased, went into afib 
and brought to emergency. Updated: (b)(6) 2014: er at hospital has familiarity with patient and 
known heart issues, no afib though. No known etiology for her issues linked to ov. 
Physician's e-mail; "the patient was seen in er and physician stated she has a history of low heat 
rate and was not on afib, he examined knee and thought she was fine to be discharged. The patient 
was then seen in my office on friday (b)(6) 2014, a few days later for follow up and was doing much 
better. Less knee pain and rom was back. Knee exam by me was negative, no swelling, 
discoloration resolved, rom without pain, normal 
ambulation. ". 

The device was not available to be returned and the 
lot number is unknown. No further evaluation or 
investigation is possible. 

Euflexxa 18.02.2014 This serious spontaneous device report was received from an office staff on behalf of a physician in 
the united states. The patient, a (b)(6) female experienced increased heart rate [pulse 98], mild 
headache and increased blood pressure [180/120] after receiving the first euflexxa injection (1% 
sodium hyaluronate) (lot #: h14147a; expiration date: january 2015) in the right knee for 
osteoarthritis. Prior to receiving euflexxa injections, the pt received cortisone injections. On (b)(6) 
2014, the patient received the first injection along with a cortisone injection in the right knee for 
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osteoarthritis. Approx six hours later on the same day, she experienced increased heart rate [pulse 
98], mild headache and increased blood pressure [180/120]. The patient went to the emergency 
room (er) due to the symptoms and was kept overnight for observation. She did not receive a 
diagnosis from the hospital and it was unk what type of treatment was provided to the patient for the 
events. On (b)(6) 2014, the patient was discharged from the hospital. Euflexxa injections were 
discontinued after the first injection. At the time of reporting, the patient was feeling better but not 
completely recovered from the events. The emergency room physician related the events to the 
euflexxa injection. Also, the reporter from the treating physician's office stated that it was likely that 
the euflexxa injection contributed to the adverse events. Medical history was provided. 
Concomitant medication was provided. 

Euflexxa 29.08.2013 This serious spontaneous device report was rec'd from an office manager via physician in the united 
states. A (b)(6) old male pt experienced pseudosepsis (joint inflammation) and exacerbation of 
chronic renal insufficiency after receiving series of three euflexxa injections (1% sodium hyaluronate) 
in right knee for an unk indication. The pt had a history of renal insufficiency, arthroscopy of right 
knee in 2002 and left knee arthroscopy in 2005. Prior to receiving euflexxa injections, the pt did not 
have any visible infection noted in or around the knee. On (b)(6) 2013, the pt rec'd the third series of 
euflexxa injection (lot # g11260a, expiration date: 01 october 2013) 2ml in right knee and shortly 
after the pt was hospitalized. Prep used prior to knee injections were not reported. The admission 
diagnosis was possible septic knee secondary to injection of euflexxa. The pt was diagnosed with 
septic knee with methicillin sensitive staphylococcus aureus and exacerbation of chronic renal 
insufficiency. Upon an extended hospitalization stay (length of stay unspecified), the pt was 
discharged home with outpatient intravenous (iv) treatment (name, dose of iv treatment unspecified 
time. On an unk date, the pt was seen by the orthopedic surgeon and found that the pt did not have 
a septic knee but had pseudosepsis (joint inflammation) and osteoarthritis. The medical assistant 
stated that the pt did not come for his f/u visit. It was unk if pt continued treatment with euflexxa. At 
the time of this report, the pt was recovering from the pseudosepsis and the outcome of 
exacerbation of chronic renal insufficiency was unk. The physician reported that the causality 
between euflexxa injection and pseudosepsis was indefinitive. 
Medical history was reported. Concomitant medications info was not provided. Add'l info rec'd on 
(b)(4) 2014 from the physician. Deleted septic knee with methicillin sensitive staphylococcus aureus 
and added pseudosepsis (joint inflammation). Rptr 

causality provided. 

Company comments: causality for chronic renal 
insufficiency unrelated. This pt had chronic renal 
insufficiency prior to onset of ae. Causality for staph 
aureus septic infection unrelated due to has not been 
previously reported for this lot number of euflexxa is a 
common refractory bacteria, and in normal skin flora. 

ORTHOVISC 01.05.2013 Allergist reported a pt that presented an idiosyncratic or type b reactions to an orthovisc injection. Pt 
received the first and only othovisc to the right knee and within 30-40 minutes, the pt experienced 
reactions; upper respiratory discomfort, blood shot, irritated eyes and the sense that the atmosphere 
was gaseous; however, nothing at or near the injection site. Pt used eye drops and flushed eyes. 
The next morning eyes were swollen shut. 
The pt presented to his pcp who administered a steroid injection. On tuesday, (b)(6), the allergist 
tested the pt for reaction to orthovisc; skin application of orthovisc did not provoke any reaction, 
intramedial or intradermal injection of orthovisc diluted 1 to 1000 with saline, 1 to 100 and 1 to 10 
also did not provoke any reaction. However, an intradermal injection of orthovisc at full strength did 
within 15-20 minutes provoke the noted idiosyncratic reactions as witnessed by the allergist; a 
prednisone shot was administered which calmed the reaction. 
Update (b)(4) 2013: pre-existing medical conditions - osteoarthrisitis, pt is resolved. 

 

The device was not available to be returned and the 
lot number is unknown. No further evaluation or 
investigation is possible. 
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Euflexxa 08.10.2012 This serious spontaneous report was received from a pt's daughter in the united states. The pt, a 
(b)(6) female (b)(6), experienced a spike in blood pressure (240/149), flu-like symptoms, dizziness, 
nausea and headache after administration of the second euflexxa (1% sodium hyaluronate) injection 
for unk indication. On (b)(6) 2012, a pt's daughter reported her mother, while in the physician's 
office, experienced an event on (b)(6) 2012 with her second injector of euflexxa, received on that 
day. The pt's daughter reported that her mother had her initial dose on (b)(6) 2012. Upon receiving 
the second dose, the pt had an immediate onset of flu-like symptoms, dizziness, nausea, headache 
(ha) and a spike in her blood pressure. The pt does not have a past history of high blood pressure. 
The pt's daughter reported that the blood pressure reading was 240/149 and the physician gave the 
pt benadryl (unk amount), which helped. The pt was transported to the er 'just down the street' 
where she received epinephrine, more benadryl, morphine for her severe ha and blood pressure 
medication (unk drug/dosage) and had a ct scan to rule out stroke. The pt was admitted and 
subsequently discharged on (b)(6) 2012. At the time of the report, she was still experiencing blood 
pressure fluctuations. Medical history and concomitant medications: pt had no previous issues with 
blood pressure. She is negative for tobacco and alcohol use. The pt is a (b)(6). The only medication 
she takes is synthroid 50mg tabs x 2 daily, for a total dose of 100mg; the 100mg tabs contain yellow 
dye, to which she is allergic. Other allergies reported were: bactrim (hives), augmentin, (hives), 
celebrex and statins caused flank pain and "liver problems," if new significant info is received, re-
eval of the report will be performed 
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The FDA database was reviewed for recalls related with intraocular lens for the period 2010 to the present. Examples of reports of recalls: 
 

Product Name Date of Initiated by 

Firm 

Manufacturer Reason 

for Recall 
Action 

Abbott Healon EndoCoat Ophthalmic 

Viscosurgical Device 

3% sodium hyaluronate 

0.85 mL 30 mg/mL 

Sterile A Solution 

Sterile EO Packaging and Cannula 

Abbott Healon Duet Dual Pack 

0.55 ml OVD 

0.85 ml Healon EndoCoat OVD 

November 06, 2014  AMO has received complaints where the 
finger grip dislodged while depressing the 
syringe plunger. The finger grip dislodgement 
could result in the surgeon's hand 
unintentionally moving the cannula further 
than intended, resulting in potential trauma to 
the eye.  

Abbott Medical Optics issued an Urgent Advisory Notice dated November 4, 2014, 
to all affected customers. The letter identified the product, the problem, and the 
action to be taken by the customer. Customers were advised to consult the DFU 
that is distributed with each device, which contains important warning and 
precautions for use of the product. Customers were instructed to provide a copy of 
the Advisory Notice to surgeons and thsoe who need to be aware in their 
organization. Custommers with questions were instructed to call 877-266-4543.  
 

Bausch and Lomb 27G sterile cannula 

packed in the Bausch and Lomb 

Amvisc 1.2% Sodium Hyaluronate 

(Model 59051, 59081, 59051L, 59081L) 

and Amvisc Plus 1.6% Sodium 

Hyaluronate (Model 60081, 60051, 

60051L, 60081L) ophthalmic 

viscosurgical device. 

November 15, 2012 Some disposable cannulas (with 4-digit lot 
numbers) provided with the Amvisc or 
Amvisc Plus OVD are not properly engaging 
to the Luer-Lock on the Amvisc and Amvisc 
Plus sterile glass syringes. The cannulas 
may leak viscoelastic material or detach from 
the syringe during injection. In rare incidents, 
detachment has resulted in serious patient 
injury. 

The firm, Bausch & Lomb, initially notified their customers via telephone November 
14, 2012 and sent a follow-up letter entitled "URGENT VOLUNTARY PRODUCT 
RECALL AND FIELD CORRECTION" on November 15, 2012 to their customers. 
The letter described the product, problem and actions to be taken. The customers 
were instructed to quarantine the product; identify the affected cannulas; and 
complete and return the attached Recall and Field Correction Acknowledgment 
Form via Fax to (800) 822-8918 or email at: Luis.Leyva@bausch.com. Note: Based 
on your form selections, replacement cannulas will either be expedited directly to 
your facility or your Bausch & Lomb Sales Representative will contact you shortly to 
furnish replacements and properly dispose of the cannulas with 4-digit lot numbers 
in your product inventory.  

Beaver-Visitec International (Beaver-

Visitec) BD 1% OVD Sodium 

Hyaluronate, 10 mg/ml 1.0 mL. Sterile. 

Rx 

For Intraocular Use 

October 04, 2010  Finger flange on the BD 1% OVD syringe 
can disengage during cataract surgery and 
and may lead to injury. 

Beaver Visitec issued an Urgent: Field Safety Notice letter, dated 10/4/10 to direct 
accounts, identifying the affected product and informing users of the potential for 
the finger grip to disengage during use. The firm offers solutions as follows: Allow 
the finger grip to remain attached to the syringe and continue to use the product. 
Position the open side of the finger grip towards the palm to avoid detachment of 
the grip from the syringe. Remove the finger grip and continue to use the product. 
Return the unused product to Beaver-Visitec for reimbursement. 

Euflexxa (1% sodium hyaluronate).  

Pre-filled syringe, Rx only, 3 syringes 

per carton; Manufactured by Ferring 

Pharmaceuticals In, Parsippany, NJ 

07054; 

Manufactured by Bio-Technology 

General (Israel Ltd. Be er Tuvia, Kiryat 

Malachi 83104 Israel. 

April 16, 2010 Out of Specification results for molecular 
weight or viscosity through the established 
expiration date. 

Ferring Pharmaceuticals issued a "Medical Device Recall" notification dated April 
16, 2010 by Federal Express to all distributors, retail pharmacies and physicians 
who received the product. Consignees were asked to stop distribution, return 
affected product to the firm and fax a completed Product Inventory Form to the firm. 
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Equivalent Marketed products – published safety hazards 
 

Article Products/ Equivalence Clinical evaluation Conclusions 
Impact on 

Reviscon 1% Reviscon Plus 1.6% risk : 
benefit ratio 

Foti C Cisari C Carda 
S Giordan N Rocco A 
Frizziero A Della Bella 
G. 
Eur J Phys Rehabil 
Med. 2011 
Sep;47(3):407-15 

Hyalubrix-HMW 

    Same hyaluronan 
concentration 

    Same molecular weight HA 

    Same hyaluronan source 

    Different hyaluronan 
supplier 

Same intended use Same 
implantation site 

 
 

Prospective observational study 

Multi centre 

1266 patients with with 
radiologically diagnosed 
osteoarthritis 

3 weekly intra-articular injections 

Primary tolerability and details of 
usage of the intraarticular sodium 
hyaluronate syringe device. Self 
reported pain via VAS, motor 
function via Health assessment 
questionnaire, quality of life 
assessed using Euro QoL 
questionnaire Assessed at a 
follow-up visit two weeks after the 
third 
injection 

The study treatment was safe and well 
tolerated 
The study treatment reduced pain, 
improved mobility and increased quality of 
life in participants with osteoarthritis. 

No impact on the Reviscon risk/benefit 
ratio 
This post marketing study on Hyalubrix 
viscosupplement confirms the 
performance as intended and safety of 
sodium hyaluronate 1.3 to.2.0 10

6
 

Daltons. 
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Article Products/ Equivalence Clinical evaluation Conclusions 
Impact on 

Reviscon 1% Reviscon Plus 1.6% risk : 
benefit ratio 

Hamburger MI 
Lakhanpal S Mooar PA 
Oster D. 
Intra-articular 
hyaluronans: a review of 
product- specific safety 
profiles. 
Semin Arthritis Rheum 
2003;32(5):296-309 

Hyalgan-LMW 

    Same hyaluronan 
concentration 

    Same molecular weight HA 

    Same hyaluronan source 

    Different hyaluronan 
supplier 

Same intended use     
Same implantation 
site 
Supartz-LMW 

    Same hyaluronan 
concentration 

    Same molecular weight HA 

    Same hyaluronan source 

    Different hyaluronan 
supplier 

Same intended use     
Same implantation 
site 
Synvisc-XMW 

    Same hyaluronan 
concentration 

    Different molecular weight 
HA 

    Different hyaluronan source 

    Different hyaluronan 
supplier 

Same intended use     
Same implantation 
site 

The safety data for intra-articular 
sodium hyaluronate 
viscosupplements used for the 
treatment of knee osteoarthritis 
was reviewed. References were 
taken from Medline through to July 
2002; respective product 
information services and 
information from the searchable 
FDA Manufacturer and User 
Facility Device Experience 
Database were also used. 

All products demonstrated favourable 
safety profiles in clinical trials and 
practice compared to other standard 
therapies for management of 
osteoarthritis knee pain. The most 
common adverse event associated with 
sodium hyaluronate is mild injection site 
pain and swelling. Each product has had 
rare reports of pseudogout and 
anaphylactoid reactions. Product-specific 
adverse events, severe acute 
inflammatory reactions (pseudoseptic 
knee), in patients receiving Synvisc have 
been reported. One such patient 
developed antibodies to chicken proteins 
and hylan, suggesting an immunologic 
basis for the severe acute inflammatory 
reaction. Data from an animal study 
support a possible immunogenic 
difference between Synvisc and 
Hyalgan. 
Overall, HA therapy is a safe treatment 
for OA knee pain, although there may be 
interproduct variability in safety profiles. 

No impact on the Reviscon risk/benefit 
ratio 
There is information in the IFU on the 
side effects which may be experienced 
: 
“Following use of Reviscon Plus 1.6% 
patients may experience local 
symptoms in the joint being treated 
(pain, sensation of heat, reddening and 
swelling). The following adverse 
events have been reported for similar 
products: mild to moderate arthralgia, 
in rare cases skin rash, aseptic joint 
effusions, pruritis and muscular 
cramps. Further adverse events that 
have been observed in very rare cases 
are: allergic reactions, anaphylactic 
shock, hemarthrosis, phlebitis, 
pseudosepsis, severe acute 
inflammatory reaction (SAIR), 
nasopharyngitis, joint stiffness, 
tendonitis, bursitis, fever and myalgia.” 
The severe reactions have only been 
reported in crosslinked sodium 
hyaluronate extracted from rooster 
combs and therefore with a different 
composition to Reviscon. 



VSY 
Biotechnology 

Reviscon 1% Reviscon Plus 1.6% 
Clinical Evaluation 

Version 2.0, January 2018 

 

 

62/82 
 

 
 

 

Article Products/ Equivalence Clinical evaluation Conclusions 
Impact on 

Reviscon 1% Reviscon Plus 1.6% risk : 
benefit ratio 

Hammesfahr JFR 
Knopf AB Stitik T. 
Safety of intra- 
articular hyaluronates 
for pain associated 
with osteoarthritis of 
the knee. 
Am J Orthop 
2003;32(6):277-283 

Hyalgan-LMW 

    Same hyaluronan 
concentration 

    Same molecular weight HA 

    Same hyaluronan source 

    Different hyaluronan 
supplier 

Same intended use      
Same implantation 
site 
Supartz-LMW 

    Same hyaluronan 
concentration 

    Same molecular weight HA 

    Same hyaluronan source 

    Different hyaluronan 
supplier 

Same intended use      
Same implantation 
site 
Synvisc-XMW 

    Same hyaluronan 
concentration 

    Different molecular weight 
HA 

    Different hyaluronan source 

    Different hyaluronan 
supplier 
Same intended use Same 
implantation site 

Sodium hyaluronate (Hyalgan, and 
Supartz) and hylan G-F 20 
(Synvisc) are hyaluronans (HA) 
injected intra-articularly for pain 
relief in osteoarthritis of the knee. 
Each product has demonstrated a 
very favorable safety profile in 
clinical trials and practice. The 
most common adverse event 
associated with their use is mild 
injection site pain and swelling. 
Rare incidences of pseudogout 
and anaphylactoid reactions have 
been reported to be associated 
with their use. Occasionally, 
pseudosepsis, also known as a 
severe acute inflammatory reaction 
(SAIR) syndrome, has been 
reported to be associated with 
these products. 

Clinical and postmarketing data indicate 
that HA therapy is a safe treatment for 
osteoarthritis of the knee 

No impact on the Reviscon risk/benefit 
ratio 

1. This post marketing study on Hyalgan 
and Supartz viscosupplements confirms 
the performance as intended and safety 
of sodium hyaluronate 1.3 to.2.0 10

6
 

Daltons. 

2. There is information in the IFU on the 
side effects which may be experienced  
“Following use of Reviscon Plus 1.6% 
patients may experience local 
symptoms in the joint being treated 
(pain, sensation of heat, reddening and 
swelling). The following adverse 
events have been reported for similar 
products: mild to moderate arthralgia, 
in rare cases skin rash, aseptic joint 
effusions, pruritis and muscular 
cramps. Further adverse events that 
have been observed in very rare cases 
are: allergic reactions, anaphylactic 
shock, hemarthrosis, phlebitis, 
pseudosepsis, severe acute 
inflammatory reaction (SAIR), 
nasopharyngitis, joint stiffness, 
tendonitis, bursitis, fever and myalgia.” 
The severe reactions have only been 
reported in crosslinked sodium 
hyaluronate extracted from rooster 
combs and 
therefore with a different composition 
to Reviscon. 
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Article Products/ Equivalence Clinical evaluation Conclusions 
Impact on 

Reviscon 1% Reviscon Plus 1.6% risk : 
benefit ratio 

Tahiri L Benbouazza K 
Amine B Hajjaj- 
Hassouni N. 
Acute pseudoseptic 
arthritis after 
viscosupplement- ation 
of the knee: a case 
report. 
Clin Rheumatol 
2007;26(11):1977-9 

Curavisc-LMW 

    Same hyaluronan 
concentration 

    Same molecular weight HA 

    Same hyaluronan source 

    Different hyaluronan 
supplier 

Same intended use      
Same implantation 
site 

Intra-articular injections of HA are 
generally well tolerated; the most 
common adverse event associated 
with their use is an inflammatory 
reaction or a flare at the injection 
site. Naturally derived HAs have 
not been associated with 
pseudosepsis; we describe a case 
of severe arthritis mimicking acute 
septic arthritis after naturally 
hyaluronan. A 70-year-old woman 
had a medial femorotibial and 
patellofemoral compartment knee 
osteoarthritis. HA injection was 
indicated because of the 
persistence of a pain while walking 
and restricted ability to walk 100 m, 
as well as the installation of a 
flessum. She was admitted for an 
evaluation of a joint effusion 
occurring within 48 h after the first 
HA intra-articular injection (first 
course), with no fever or chills. 
Joint fluid was found to be cloudy 
and contained 24,000 cells/mm(3). 
A knee aspiration was performed 
to evaluate the possibility of a joint 
infection. 
The examination of synovial fluid 
under phase contrast and 
polarizing microscopes showed 
no crystals, and culture on 
standard media was negative. 

Acute septic arthritis was considered to 
be the most likely diagnosis, and 
probabilistic antibiotic therapy was 
started. The result of the bacteriological 
examinations also returned negative. 
The absence of general signs, 
particularly fever and chills, with fast 
effusion regression in less than 4 days 
did not plead in favor of a septic origin. 
In front of this beam of arguments, 
antibiotic therapy was stopped after 4 
days. The nonsteroidal anti-inflammatory 
drug (Nimésulide) was given. The clinical 
and laboratory test abnormalities were 
normalized within 2 weeks. Our case has 
the particularity to occur after using 
Curavisc, which is known as producing 
no allergenic reactions. 
Moreover, the described reaction 
occurred with the very first infiltration 
within the very first course. 

No impact on the Reviscon risk/benefit 
ratio 

There is information in the IFU on the 
side effects which may be experienced  
“Following use of Reviscon Plus 1.6% 
patients may experience local 
symptoms in the joint being treated 
(pain, sensation of heat, reddening and 
swelling). The following adverse 
events have been reported for similar 
products: mild to moderate arthralgia, 
in rare cases skin rash, aseptic joint 
effusions, pruritis and muscular 
cramps. Further adverse events that 
have been observed in very rare cases 
are: allergic reactions, anaphylactic 
shock, hemarthrosis, phlebitis, 
pseudosepsis, severe acute 
inflammatory reaction (SAIR), 
nasopharyngitis, joint stiffness, 
tendonitis, bursitis, fever and myalgia.” 
This is the first report of inflammation 
following injection of sodium hyaluronate 
from a bacterial source. 
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Studies on mode of action 
 

Article Test Material Testing Study findings 
Boettger MK Kümmel D 
Harrison A Schaible HG. 
Evaluation of long-term 
antinociceptive properties of 
stabilised hyaluronic acid 
preparation (NASHA) in an 
animal model of repetitive 
joint pain Arthritis Res Ther. 
2011;7;13(4):R110 

NASHA [Durolane]- 
XMW 
Hylan GF20 
[Synvisc]- XMW 
Hyalgan-LMW 

Methods: To induce transient joint pain episodes 
bradykinin and PGE2 were repetitively administered 
intra-articularly and unilaterally into rat knee joints 
during short anaesthesia. After establishment of the 
predrug nociceptive responses a single intra-articular 
injection of saline or NASHA at different concentrations 
was administered and pain responses to further 
bradykinin/PGE2 injections were monitored up to 56 
days after NASHA. The obtained effective dose was 
compared to clinically defined concentrations of Hylan 
GF20 and sodium hyaluronate. The primary outcome 
measures were primary mechanical hyperalgesia at the 
knee joint and pain-induced weight bearing. 

Results: On day 1 after injection, all tested hyaluronan preparations 
showed an antinociceptive effect >50% compared to saline. Single 
injections of higher doses of NASHA (50, 75 and 100 μl) were 
antinociceptive up to 56 days. When injection volumes in rat knee joints 
were adapted to clinical injection volumes in humans, the 
antinociceptive effects of the cross-linked NASHA and Hylan GF20 had 
a longer duration than that of the non cross-linked sodium hyaluronate 
(with a slightly better effect of NASHA than Hylan GF20). 
Conclusions: In the bradykinin/PGE2 model of joint pain a single 
injection of all hyaluronan preparations provided significant 
antinociceptive effects compared to saline. It appeared that the duration 
of the antinociceptive effect of the cross-linked hyaluronan preparations 
NASHA and Hylan GF20 was more prolonged. In addition, the gel 
beads structure allowing only a slow release of hyaluronic acid 
(NASHA) may even enhance this prolonged antinociceptive effect. 

Diracoglu D Vurala M Baskenta 

A Dikicib F Aksoya C. 
The effect of 
viscosupplementation on 
neuromuscular control of the 
knee in patients with 
osteoarthritis. 
J Back & Musculoskel Rehab 
2009;22:1-9 

HMW-HA-Hylan G-F 
20 
Placebo-0.9% saline 

Objective: The aim of this study was to investigate the 
short-term effects of intra-articular injection of 
hyaluronan (Hylan G-F 20) on proprioception, isokinetic 
muscle force, self reported pain, and functional 
condition in patients with knee osteoarthritis (OA). 

Methods: 63 patients with stage II-III bilateral knee OA 
were included in this randomized, placebo controlled, 
and prospective study. Subjects were randomized with 
42 of them into the treatment group and 21 of them into 
the placebo group. Hyaluronan was intra- articularly 
injected into both knees of the subjects which were in 
the treatment group, whereas physiological saline was 
intra-articularly injected to the subjects which were in 
the placebo group. 
Proprioception and the isokinetic muscle force 

Results: Statistical analysis was performed on 120 knees of 60 patients 
completing the trial. The average absolute angular error (AAAE) value 
showing the proprioceptive error level in the treatment group was 
detected to be statistically significantly lower compared to placebo at 
the measurements performed after the 3rd injection (p = 0.02) and after 
one week (p = 0.01). While there was no inter-group difference in 
isokinetic measurements performed at 180 and 240◦/sec, a significant 
difference was detected at the measurement performed at 60◦/sec in 
favor of the treatment group (p = 0.02). Activity and resting VAS-pain 
values, WOMAC parameters (except theWOMAC stiffness) were 
detected to be significantly lower in the treatment group. Local adverse 
events were not reported in any patient. 

Conclusion: In this study, it was demonstrated that intra- articular 
injection of hyaluronan in patients with knee OA led to 
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Article Test Material Testing Study findings 
  measurement were performed. Visual analogue scale 

(VAS) and WOMAC scale were used to evaluate pain 
and physical function. 

a short-term increase in proprioception and isokinetic muscle force, and 
also significant improvements in the functional conditions of patients. 
Long-term studies are needed. 

Goldberg VM Goldberg L. 
Intra-articular hyaluronans: 
the treatment of knee pain in 
osteoarthritis. 
J Pain Res. 2010 May 
10;3:51-6 

Hyalgan - LMW 
Synvisc - XMW, 
Supartz – LMW 
Orthovisc - HMW 
Euflexxa - HMW 

The etiology of pain in osteoarthritis is multifactoral, and 
includes mechanical and inflammatory processes. Intra-
articular injections of hyaluronans (HAs) are indicated 
when non-pharmacological and simple analgesics have 
failed to relieve symptoms. The HAs appear to reduce 
pain by restoring both mechanical and biomechanical 
homeostasis in the joint. There are five FDA-approved 
injectable preparations of HAs: 
Hyalgan®, Synvisc®, Supartz®, Orthovisc ® 
and Euflexxa®. They all appear to relieve pain from 4 to 
14 weeks after injection and may have disease- 
modification properties. Although several randomized 
controlled trials have established the efficacy of this 
treatment modality, additional high quality randomized 
control studies with appropriate comparison are still 
required to clearly define the role of intra-articular HA 
injections in the treatment of osteoarthritis 

Pain is a central symptom of OA and requires an integrated approach to 
its treatment. Both nonpharmacological and pharmacological treatments 
offer the best chance for pain relief. Pharmacological treatments include 
NSAIDs, cox-2 inhibitors, opioids, anti-inflammatory creams and IA 
corticosteroids. IA corticosteroids have been shown to be effective in 
relieving pain during the first 2 weeks after treatment. IA HA injections 
have a longer onset of action and longer duration of effect. The exact 
mechanism of action is still to be delineated, although it is clear that IA 
HA reduces pain through its effect on peripheral pain receptors as well 
as an impact on the synovial tissue and its role in enhancing the 
viscoelastic properties of synovial fluid. Although there have been many 
studies, there still is a need for additional high quality, randomized 
control trials with placebos or comparators to clearly delineate the role 
of IA HA in the treatment of pain in OA. The use of IA HA in other joints 
requires additional well structured clinical studies. 

Greene GW Banquy X Lee 
DW Lowrey DD Yu J 
Israelachvili JN. 
Adaptive mechanically 
controlled lubrication 
mechanism found in articular 
joints. 
Proc Natl Acad Sci USA. 
2011;108(13):5255-9 

Porcine cartilage The lubricant properties of hyaluronic acid in the 
articular joint were investigated by enzymatically 
digesting the hyaluronic acid in cartilage tissue 
collected from porcine knee articular joints using 
hyaluronidase. Normal and friction forces measured 
before and after digestion of the hyaluronic acid were 
compared. 

Cartilage adapts the mechanism of lubrication according to the various 
loading and shearing conditions in the articulating joint by undergoing 
deformation which activiates and modulates the boundary lubrication 
properties of the surface hyaluronic acid molecules. 
The unstressed, uncompressed pore structure of cartilage contains 
collagen fibrils within which hyaluronic acid molecules, decorated with 
aggrecans and cross-linked with lubricans, are partially entangled and 
partially extended into the interfacial fluid. The hyaluronic acid 
molecules are not anchored to the fibrils but become so once a large 
normal load compresses the cartilage closing up the lateral pores in the 
collagen network while preserving the integrity of the axial pores. In this 
way, the deforming pore network, particularly 
that of the superficial zone, is able to mechanically “trap” nominally free 
hyaluronic acid molecules, immobilizing them at the surface and thus 
enabling an interfacial layer of hyaluronic 
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Article Test Material Testing Study findings 
   acid molecules to behave both as an elastohydrodynamic lubricant 

under low loads and as an “emergency” boundary lubricant when the 
cartilage has undergone severe deformation, as under high or 
prolonged static loading. 

Hacksur K Behar I Bar-Ziv Y 
Halperin N Segal D Eliaz N. 
The effect of hyaluronan 
injections into human knees 
on the number of bone and 
cartilage wear particles 
catered by bio- ferrography. 
Acta Biomater 2011;7(2):848-
57 

Euflexxa - HMW Osteoarthritis is characterized by degradation of 
cartilage and subchondral bone, releasing wear 
particles into the synovial fluid. Intra-articular injections 
of exogenous hyaluronan are often given to patients 
suffering from osteoarthritis in order to compensate for 
the reduction in the level of endogenous hyaluronan 
and to restore the rheological properties of the synovial 
fluid. The exact effect of these injections is still 
ambiguous. In this work bio-ferrography was used to 
capture magnetically labeled cartilage and bone debris 
from the synovial fluid in human knees before each of 
four injections (Euflexxa). The wear particles were 
counted and characterized microscopically and 
chemically. WOMAC, VAS, SF-36 and KS 
questionnaires indicated significant pain relief during 
the treatment, but suffered from inconsistency. 

Bio-ferrography showed a reduction in the concentration of both 
cartilage and bone particles, with a minimum after the third hyaluronan 
injection. The advantages of bio-ferrography as a primary assessment 
tool are discussed. The results indicate that while hyaluronan treatment 
may temporarily slow the wear rate to an extent beyond a placebo 
effect, it does not prevent joint degradation altogether 

Hulmes DJS Marsden ME 
Strachan RK Harvey RE 
McInnes N Gardner DL. Intra-
articular hyaluronate in 
experimental rabbit 
osteoarthritis can prevent 
chages in cartilage 
proteoglycan content. 
OsteArth Cart 2004 
12;232-238 

1% sodium 
hyaluronate 
2 x 10

6
 Daltons 

Phosphate buffered 
saline 

Objective – To determine the effects of intraarticular 
injections of high molecular weight sodium hyaluronate 
on the progression of articular cartilage degeneration in 
a rabbit partial medial meniscectomy model of 
osteoarthritis. 

Design – 6 teatment groups included normal, sham, 
operated and injected animals. Injections were weekly 
for 2 or 12 weeks beginning 4 weeks after surgery with 
either 1% HA or PBS. After assessment of gross 
morphologyserial adjacent blocks of full-depth articular 
cartilage were prepard from the tibial condyle for 
analysis of toal wate, hydroxyproline,DNA & 
proteoglycan (uronic acid) content, & ratio of 
galactosamine to glucosamine. Samples sub-divided 
into inner (medial) & outer (lateral) regions. 

Results – No morphological differences between joints injected with 
PBS and HA. Biochemically there were no differences in hydration, 
hydroxyproline or DNA content between the experimental groups. 
However HA did affect changes in proteoglycan content. Expressed per 
tissue dry weight, uronic acid content in the operated group injected 
with PBS for 2 weeks was lower than normal a result not evident in the 
HA group. After 12 weeks of PBS injections, uronic acid content (per dry 
weight) was higher than normal an effect again not seen in the 
corresponding HA injected group. The galactosamine: glucosamine 
ratio showed a reduction after 12 weeks of injections but no difference 
between PBS & HA injected groups. 
Conclusions – Once-weekly intraarticlar injection of high molecular 
weight HA can prevent changes in proteoglycan content in tibial 
condylar articular cartilage, compared to PBS injected controls, in the 
rabbit partial meniscectomy model of 
osteoarthritis 
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Article Test Material Testing Study findings 
Kawano T Miura H Mawatari 
T Moro-Oka T Nakanishi Y 
Higaki H Iwamoto Y. 
Mechanical effects of the 
intra-articular administration 
of high molecular weight 
hyaluronic acid plus 
phospholipid on synovial joint 
lubrication and prevention of 
articular cartilage 
degeneration in experimental 
osteoarthritis. Arth Rheum 
2003;48(7):1923-1929 

HMW-HA-1% 
sodium hyaluronate 
2 x 10

6
 Daltons 

CMW-HA-1% sodium 
hyaluronate 0.8 x 10

6
 

Daltons 
HMW-HA & 
phospholipid 

Objective – To examine in vivo the effects of a mixture of 
high molecular weight hyaluronic acid plus phospholipids 
on joint lubrication and articular cartilage degeneration. 
 

Methods – Experimental osteoarthritis of the right knee 
was induced by anterior cruciate & medial collateral 
ligament transaction in 40 rabbits. Animals were given 
8 weekly intraarticular injections of HMW-HA, CMW- HA 
or HMW-HA & phospholipid and were killed I week after 
the last injection. The remaining transacted right knees 
(OA group) and randomly selected non transected 
contralateral left knees (control group) were collected at 
the same time. Each group (n=10) was divided into 2, 
one being evaluated histologically & the other was tested 
for lubricating ability using the pendulum friction tester. 

Results – The injected knees had a tendency to demonstrate less 
damage to the articular cartilage compared with the OA group, and the 
histologic findings in all groups except for the HMW-HA & 
phospholipid group differed significantly from the control group. There 

was significant difference in the mean  SD friction coefficient 
between the control group and the OA group, HMW-HA & CMW-HA 
groups but not between the control group and the HMW-HA & 
phospholipid group. 
 

Conclusions – The friction test was demonstrated to be a suitable; 
there was no significant difference among the 3 injection groups, nor 
were they significantly superior to the OA group measure of boundary 
lubrication. 
Only the HMW-HA & phospholipid group showed no significant 
difference to the control group in both friction test & histological 
results. The authors speculate that the additional phospholipid 
maintained the phospholipid boundary bilayer on top of the articular 
surface and functioned as a boundary lubricant in the synovial joint 
and that it also had a protective effect against articular cartilage 
degeneration in vivo. 

Kongtawelert P Ghosh P. A 
method for the quantitation of 
hyaluronan (Hyaluronic acid) 
in biological fluids using a 
labelled avidin-biotin 
technique. 
Anal Bioch 1990;185:313- 
318 

Synovial fluid of 
Rheumatoid arthritic 
and osteoarthritic 
knees 

Objective – An improved method for the detection & 
quantification of Hyaluronan in biological fluids. 
 

Method – The principle on which the method is based is 
that HA binds strongly to a biotinylated HA binding 
protein (B-HABP) which was prepared form cartilage 
proteoglycans. HA was immobilised on polyvinyl chloride 
plates which had been pre-coated with poly-L- lysine. 
The sample or HA standards are added together with 
excess B-HABP. The B-HABP that binds to the 
immobilised HA is then incubated with the enzyme-
conjugated avidin & the colour which develops on 
addition of enzyme substrate is determined by light 
absorption using a microtitr plate reader 

Results – The assay is convenient, reliable & capable of measuring 
HA in solution at the pictogram level. HA levels in human sera & 
synovial fluid taken from volunteers & patients with rheumatoid 
arthritis & osteoarthritis 
 

Conclusion – The level of HA is elevated in rheumatoid arthritis, 
neoplastic diseases & liver diseases. Postulated that increased 
mobility of HA into the blood from the synovial space may be related 
to inflammation which enhances the permeability of the synovial 
membrane as well as increases in interstitial lymphatic drainage of 
HA. 
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Article Test Material Testing Study findings 
Mathieu P Conrozier T 
Vignon E Rozand Y Rinaudo 
M. 
Rheologic behaviour of 
osteoarthritic synovial fluid 
after addition of hyaluronic 
acid. 
Clin Orthop Relat Res 
2009;467:3002-3009 

Synovial fluid of 
osteoarthritic knees 
before and after 
addition of sodium 
hyaluronate 
viscosupplement 

Viscosupplementation is a symptomatic treatment of 
osteoarthritis (OA) intended to restore rheologic 
homeostasis of the synovial fluid by injecting hyaluronic 
acid intra-articularly. Despite the long history of this 
therapy, little is known about its mechanisms of action 
and differences between commercial preparations. We 
investigated the rheologic behaviour of OA synovial fluid 
with time, when stored at 4°C, before and after the 
addition of two hyaluronic acid commercial preparations 
(linear and cross-linked). Thirteen OA synovial fluids 
were stored at 4°C and assayed using steric exclusion 
chromatography, which allows hyaluronic acid to be 
separated from the remaining pool of proteins and its 
molecular weight and concentration to be determined 
without any pre-treatment and calibration. The synovial 
fluid rheology also was studied in vitro, before and after 
addition of two viscosupplements, over 6 weeks. 

The non-Newtonian behaviour of synovial fluid throughout follow up 
appears to be the result of loose interactions between proteins and 
hyaluronic acid. When mixed with the linear hyaluronic acid, synovial 
fluid becomes less non- Newtonian whereas the non-Newtonian 
behaviour was reinforced when mixed with the cross-linked hyaluronic 
acid. The rheology was nearly unchanged for all synovial fluids over 6 
weeks. Our preliminary trial shows it is possible to study synovial fluid, 
stored at 4°C, over a long time and suggests the enzymatic 
degradation of hyaluronic acid is negligible under these experimental 
conditions. 
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Discussion 
 

There is extensive published data on the performance and safety of synovial viscosupplements 
comprising sodium hyaluronate. It has been difficult to compare the performance results from 
these studies because of the many different methods of assessing the outcome. The initiative by 
OARSI to standardise assessment methods208 should make close comparisons possible in the 
future. Performance data generally favours the use of sodium hyaluronate injections over 
placebo though the difference in pain relief is not of high significance. There has been a negative 
report in a study91 comparing Hyalgan (LMW) with placebo. 
 

The safety profile of sodium hyaluronate viscosupplement injections is high. Adverse events 
reported in clinical investigations are pain and local swelling at the injection site, erythema at the 
injection site and stiffness in the index knee. These events do not persist after injection. Severe 
adverse incidents are rare but have been reported to occur after the first injection of a 
viscosupplement composed of bacterial sodium hyaluronate185 whereas prior to this report severe 
adverse events have only been reported2 with viscosupplements composed of avian sodium 
hyaluronate that has been partially chemically cross-linked to modify its performance as a 
viscosupplement. 
 

Studies to elucidate the mode of action of sodium hyaluronate to reduce pain have demonstrated 
that the antinociceptive effects of the cross-linked NASHA and Hylan GF20 had a longer duration 
than that of the non cross-linked sodium hyaluronate30 though the precise mechanism is still to 
be elucidated68. The role of sodium hyaluronate to modify the rheology of the synovial fluid is 
being studied132 by investigating the changes in the rheology of the synovium through age 
progression and disease states. The effect of sodium hyaluronate on the structure and function of 
cartilage within the articulated joint is also being investigated84. Results from these investigations 
will enable the design of the optimum viscosupplement. 
 

The protective effect of sodium hyaluronate ~2 x 106 Daltons as contained in Reviscon 1% and 
Reviscon Plus 1.6% in the synovial joint has been demonstrated in the rabbit model83. 
 

The performance of Reviscon 1% and Reviscon Plus 1.6% is demonstrated by clinical 
investigations reported in the literature34 on products of the same composition and which are 
used for the same intended purpose: 
 

Tamir186 carried out a placebo controlled in a single blind initial randomised study to determine 
the performance of BioHy 1% sodium hyaluronate ~2 x 106 Daltons produced by bacterial 
fermentation, same molecular weight and same concentration as Reviscon 1%. The results 
showed that BioHy provides relief for osteoarthritic patients without causing adverse effects 
although the study was not sufficiently powered to obtain statistically significant differences 
between the test and placebo treatment groups. 

Kopp106 compared the long term effect of Hylartil, 1% sodium hyaluronate 2 x 106 Daltons from 
an avian source with corticosteroid injections in 24 patients who had pain and tenderness to 
palpation in the temporomandibular joint. It was conclude that either treatment have a significant 
long-term effect on chronic arthritis of the TMJ. However sodium hyaluronate might be the 
preferred treatment due to least risk of side effects. 

Kirchner100 compared the safety and effectiveness of three weekly intra-articular injections of 
Euflexxa, 1% (sodium hyaluronate 2 x 106 Daltons), with Synvisc (Hylan G-F 20, molecular 
weight 6 x 106 Daltons) in 321 osteoarthritic patients. The effectiveness of Euflexxa was found to 
be non-inferior to Synvisc. The data suggested that Euflexxa has an improved benefit risk ratio to 
Synvisc. 
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Kawano97 investigated the effect on joint lubrication and articular cartilage degeneration of high 
molecular weight sodium hyaluronate and phospholipids in the rabbit. The injected knees had a 
tendency to demonstrate less damage to the articular cartilage with the addition of phospholipids 
enhancing the effect. 
 

Published data on the synovial viscosupplement Orthovisc35,144,187 is directly relevant to Reviscon 
Plus 1.6% because the concentration is closely similar; Reviscon Plus is composed of 2ml 1.6% 
sodium hyaluronate 2 x 106 Daltons whereas Orthovisc is composed of 2ml 1.5% sodium 
hyaluronate 2 x 106 Daltons. 

The performance and safety of Orthovisc (30mg sodium hyaluronate 2 x 106 Daltons) has been 
demonstrated in a multicentre, randomised double-blind parallel group saline controlled study35. 

The study was performed in ten study centres on 226 patients with idiopathic osteoarthritis, 
Kellgren-Lawrence grade II or III and significant pain (WOMAC pain score 13) in the index knee. 
Patients were excluded from the study if the collateral knee pain score was <13. Patients were 
randomised to receive either Orthovisc (114) or saline control (112). All patients received 
treatment in the index knee only. Treatment related changes were evaluated by a variety of 
clinically relevant measures: WOMAC pain, pain on standing, patient and investigator global 

assessments, WOMAC stiffness and function, pain after a 50- foot walk and time to walk 50 feet. 

In the per protocol population, composed of the 181 patients who completed a minimum of 15 
weeks in the study without any protocol violations, a statistically significant reduction in WOMAC 
pain in the index knee was observed when Orthovisc was compared with saline control at 
Week27 (p < 0.05). Because statistical significance was not routinely observed in the per protocol 
population at other time points, a retrospective subgroup analysis was performed. This analysis 
revealed that the severity of contralateral knee pain confounded the outcome measurements in 
the knee. Accordingly those patients with WOMAC pain scores <12 in the collateral knee were 
defined as the effectiveness population (n=135 patients). It was apparent that the extent of 
treatment efficacy in the index knee increased as the severity of WOMAC pain in the collateral 
knee decreased. Despite a smaller sample size than that of the per protocol population, a greater 
number of efficacy end points and treatment visits occurred in which significant benefit of 
Orthovisc treatment was observed compared to those patients receiving only saline (p < 0.05). 

Within the effectiveness population, both Orthovisc and saline injection resulted in statistically 
significant improvement from baseline WOMAC scores. Importantly, the magnitude of 
improvement favoured those patients injected with Orthovisc at all time points. Specifically, for 
WOMAC pain Orthovisc injection was significantly more effective than saline at Weeks 7, 11, 15 
and 27. A clinically significant benefit of Orthovisc was observed for index knee stiffness (p = 
0.03) and function (p< 0.04) at Week 11. Finally for time to walk 50 feet, intra-articular Orthovisc 
was significantly more effective than saline at Weeks 11 (p< 0.04) and 21 (p=0.04). 

Mean baseline patient and investigator global assessment scores, as well as pain on standing, 
were comparable in the two treatment groups. For all three end points, Orthovisc and saline 
injection both resulted in significant improvements from baseline scores from weeks 7 to 27. 
Orthovisc treatment was more effective than saline at Weeks 11 and 21 in both patient global 
assessment (p=0.006 and p=0.03 respectively) and the investigator global assessment (p = 0.01 
and p=0.04 respectively) The level of benefit provided by Orthovisc began by week 3, attained 
significance by week 11, and was sustained in both global assessment instruments through week 
27, but the differences were not statistically different at all intervals. Between treatment group 
differences in pain on standing were also observed despite similar pain scores at baseline. 
Significant differences favouring the Orthovisc group over the saline treatment group were 
observed for pain on standing at Weeks 11 (p=0.02) and 27 (p=0.02). Importantly a numerical 
advantage of Orthovisc over saline was observed for all end points at all study visits. 

The adverse event profiles for the two treatment groups were very similar. Adverse events at the 
injection site occurred in 3% of those patients receiving saline and only 2% of those patients 
receiving Orthovisc. This corresponds to an injection site reaction overall incidence of 1.5% for 
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saline injections and 1.2% for Orthovisc injections. Overall no adverse events were considered 
by the investigators to have limited the efficacy of intra-articular treatment. 

The most common adverse event reported in the two treatment groups was arthralgia; of the 64 
reported arthralgia events 33 (52%) were associated with the knees (23 in the collateral knee, 7 
in the index knee, 2 bilateral, 1 unknown). Importantly, only 3 instances of arthralgia (1 each in 3 
patients) were attributed to study treatment (Orthovisc n=1: saline n=2). There were no between 
treatment differences observed in vital signs or in laboratory results throughout the 27 week 
study. No serious adverse events were attributed to study treatment. 
 

The safety of Orthovisc was further evaluated in a follow-up study. A course of three injections of 
Orthovisc was administered to 26 patients who had received Orthovisc in the first study and to 30 
patients who had received saline in the first study. There was no difference in the adverse event 
profile between patients receiving Orthovisc for the first time and those receiving a second full 
course of Orthovisc treatment. 

Further studies confirm the safety and performance of Orthovisc: 

Tascioglu187 assessed the efficacy of intra-articular sodium hyaluronate by comparing the effect 
of 3 weekly intra-articular injections of Orthovisc with 3 weekly intra-articular injections of 6-
methylprednisolone acetate in sixty female patients. Assessments of Lequesne Index were made 
at week 4 and at months 3 and 6. The results showed that both series of injections provide 
clinically significant improvement and demonstrated that Orthovisc has a long-term beneficial 
effect in patients with knee osteoarthritis. 

Neustadt144 evaluated the performance and safety of Orthovisc in 372 osteoarthritic patients by 
comparing three treatments: 4 weekly injections of Orthovisc, 3 weekly Orthovisc injections 
followed by one artrocentesis or 4 arthrocentesis without injection. Improvement from baseline 
measured using the WOMAC pain score at weeks 8, 12, 16 and 22. The effectiveness of the 3 
injection procedure was masked by a possible placebo effect of the needle injection procedure. 
However findings indicated that Orthovisc is safe and seems to be effective in the treatment of 
mild to severe osteoarthritis of the knee. 

Conclusion 
 

Reviscon 1% and Reviscon Plus 1.6% are injectable hyaluronan products intended to 
supplement the synovium. Reviscon 1% and Reviscon Plus 1.6% have been demonstrated by 
analysis of clinical literature and post marketing experience of products with the same or similar 
intended purpose to be of benefit to patients with mild to moderate osteoarthritis for the relief of 
symptoms for a period up to 12 months. 
 

The safety of Reviscon 1% and Reviscon Plus 1.6% for repeat series of injections has been 
established through biocompatibility testing according to ISO 10993 Biological evaluation of 
medical devices Part 1: Evaluation and testing within a risk management process, analysis of 
clinical literature and post marketing experience of products with the same or similar intended 
purpose and/or containing the same principal ingredient; sodium hyaluronate manufactured from 
a bacterial source. 

The medical devices are to be marketed and sold for intra-articular injections to be performed 
only by healthcare professionals experienced in the administration of intra-articular injections. 
 

The information for use leaflet includes warnings and precautions to minimise the residual risks 
identified during risk assessment. 
 

A post-marketing clinical study is planned to confirm the safety and benefit of Reviscon 1% and 
Reviscon 1.6%. Post marketing surveillance to review all treatments using Reviscon 1% and 
Reviscon 1.6% will be on-going. 
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