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Abstract 

Osteoarthritis (OA) leads to significant pain and disability. For pain relief, a tailored 

approach using non-pharmacological and pharmacological therapies is recommended. 

If adequate symptom relief is not achieved with acetaminophen, other 

pharmacological options include nonsteroidal anti-inflammatory drugs (NSAIDs), 

topical analgesics, intra-articular corticosteroids, and intra-articular hyaluronic acid 

(HA) viscosupplementation. Most of these therapies generally do not improve 

functional ability or quality of life, or are associated with tolerability concerns.  

In OA patients, concentration and molecular weight (MW) of HA are reduced, 

diminishing elastoviscosity of the synovial fluid, joint lubrication and shock 

absorbancy, and possibly anti-inflammatory, analgesic and chondroprotective effects.  

In knee OA, viscosupplementation with 3-5 weekly intra-articular HA injections 

diminishes pain and improves disability, generally within one week and for up to 3-6 

months, and is well tolerated. HAs have comparable efficacy as NSAIDs, with less 

gastrointestinal adverse events, and compared with intra-articular corticosteroids, 

benefits last generally longer. High MW hylans provide comparable benefits versus 

HA, albeit with an increased risk of immunogenic adverse events. In mild-to-

moderate hip OA, intra-articular injection of HA moderately improved pain and 

function, generally for up to 3 months with no serious adverse events. Efficacy in 

other joints is being evaluated.    

Viscosupplementation with intra-articular Sinovial
®
* injections (an HA of low-

medium MW) relieves pain and improves function in OA of the knee, and other joints 

including the carpometacarpal joint of the thumb and the shoulder. HA 

viscosupplementation, including use of Sinovial
®
, is a valuable treatment approach 

for OA patients, if other therapies are contraindicated or have failed. 

 

Key words: osteoarthritis, hyaluronic acid, viscosupplementation, viscoinduction 

*Other tradenames: Yaral
®
, Intragel

®
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Introduction 

Osteoarthritis (OA) is the most common form of arthritis [1] and is responsible for 

considerable clinical and economic burden as a result of reduced quality of life (due to 

pain, disability, loss of mobility and independence), increased use of health care 

resources, and lost of productivity. Although OA is essentially a broad clinical 

syndrome, it is characterised by the progressive loss of articular cartilage and 

chondrocytes within the synovial joints that manifests as chronic joint pain and 

functional limitation as a result of joint stiffness and progressive loss in the range of 

joint motion.  

It is reported to be the most common cause of long-term disability after chronic heart 

disease, with an estimated prevalence in adults of up to 16% in women and 25% in 

men.[2] Moreover, it is one of the most common causes of disability worldwide;[1] 

80% of patients with OA have some degree of movement limitation and 25% cannot 

perform activities of daily life.[3] 

The prevalence of OA increases with age; for those aged between 55–74 years, the 

estimated prevalence of OA of the hand is 70%, foot 40%, knee 10% and hip 3%.[2] 

Interestingly, below the age of 45, more men are affected than women, while over the 

age of 45, more women are affected than men.[2] It is not surprising then that 

demographic changes including longer life expectancy, higher levels of obesity and 

lower levels of physical fitness are increasing the burden and demand for OA-related 

health resources.[2] 

Any synovial joint may be affected by OA, but it is mainly seen in the weight bearing 

joints found in the knees, hands and hips.[1] Treatment options are primarily aimed at 

relieving the pain stemming from OA, yet many patients do not respond to 

management strategies involving non-pharmacological interventions, or are not able 

to tolerate analgesic/anti-inflammatory therapy due to tolerability concerns, especially 

in the elderly.[4, 5] 

Among the different treatment modalities available for the management of OA, 

viscosupplementation with hyaluronic acid (HA) is widely accepted in the clinical 

practice. 
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The objectives of this paper are to examine the rationale and the efficacy of intra-

articular HA products (in general) and of Sinovial
®
 (also known as Yaral

®
/Intragel

®
), 

in particular, in the management of OA. References included in this review were 

selected by non-systematic literature searches of PubMed and treatment guidelines. 

Pathology of OA 

OA is recognised as a metabolically active, dynamic process of degradation and 

synthesis involving all tissues of the affected joint including cartilage, bone, 

synovium, ligaments and muscle.[1] The pathological changes result from failure of 

the repair process of the synovial joints that is activated by joint damage, and includes 

loss of chondrocytes and cartilage matrix, and bone remodelling, leading to 

biomechanical joint failure.  

While the aetiology of OA is not completely understood, a number of risk factors are 

known to contribute including genetic, constitutional (obesity, age, gender, high bone 

density) and biomechanical (injury, occupational or recreational joint trauma, muscle 

weakness).[1] Some of these risk factors are modifiable or avoidable, such as 

environmental or lifestyle factors including obesity, muscle weakness and 

occupational or recreational joint trauma. Importantly, some may contribute to OA 

development (high bone density) while others are considered to be risk factors for 

disease progression and poor clinical outcome (low bone density).    

OA-related pain, the earliest and most consistent symptom of the disease is generally 

caused by the strain that irregular cartilage and the loss of joint structure puts on the 

adjacent ligaments, muscles, and connective tissues.[6] The demonstration of pain 

receptors in tissues around joints (but not in cartilage, menisci, and the synovial 

cavity) suggests an involvement in triggering pain and the release of inflammatory 

mediators (e.g., substance P).[6] 

 

Management Strategies 

To date, there is no a definitive cure for OA, hence the goals of treatment are focused 

on the relief of pain, maintenance and/or improvement in joint mobility, and in 

limiting functional impairment that impacts on an individual’s ability to perform 

activities of daily living (ADL). Both expert consensus and research evidence 
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contribute to the EULAR recommendations for the management of knee[7] and hip[8] 

OA. The optimal management of OA of the knee requires a combination of non-

pharmacological and pharmacological treatment modalities. Treatment should be 

tailored according to: knee risk factors (obesity, adverse mechanical factors, physical 

activity); general risk factors (age, comorbidity, polypharmacy); level of pain, 

intensity and disability; signs of inflammation (e.g., effusion); and the location and 

degree of any structural damage.[7] 

Non-pharmacologic management strategies such as regular patient education, weight 

reduction, use of orthotics, exercise and mechanical supports, are advocated for 

patients with mild symptoms.[7] Among the available pharmacologic options for the 

treatment of pain associated with OA of the knee, oral acetaminophen (paracetamol) 

is the first line therapy, and if favourable, is the preferred long-term oral analgesic. 

For patients in whom these measures do not provide adequate symptom relief, 

subsequent treatment options include topical application of a non-steroidal anti-

inflammatory drug (NSAID) or capsaicin, and systemic NSAIDs. In patients with an 

increased gastrointestinal risk (e.g., the elderly, those with ulcers), non-selective 

NSAIDs and gastroprotective agents, or selective COX-2 inhibitors should be 

considered. Administration of chondroitin sulfate, glucosamine sulphate, avocado-

soybean unsaponifiables (ASU), diacerin and hyaluronic acid, which mimic natural 

hyaluronan, have symptomatic effect and may also modify structure. Intra-articular 

administration of corticosteroids may be also considered, especially for flare of knee 

pain, accompanied by effusion. Failing conservative pharmacological options, 

surgical treatment may be considered, while alternative/complementary therapies  – 

e.g., acupuncture, have also been associated with benefits in OA.  

 

Rationale for the Use of Hyaluronan Derivatives 

Function of Natural Hyaluronan 

Hyaluronan (also referred to as hyaluronic acid [HA] or sodium hyaluronate) is a 

highly viscous polysaccharide found in the extracellular matrix, particularly in soft 

connective tissues and is a major component of the synovial fluid and of cartilage.[9] 

Following synthesis in the joints by chondrocytes and synoviocytes, HA is released 
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into the synovial space and accumulates on cartilage and ligament surfaces. Belonging 

to the family of glycosaminoglycans, the HA molecule is composed of 1000s of 

repeating disaccharide units (N-acetylglucosamine and glucuronic acid) to form a 

long polysaccharide chain of varying length with a high molecular weight (3−4 x 10
6
 

Da) that when fully hydrated, occupies a large spherical domain. In addition to its 

elastic and viscous properties, this physical presence of HA supports its significant 

role in maintaining the rheological homeostasis of the synovial fluid in the joint, and 

also contributes to lubrication, shock absorption, elasticity, hydration and nutrition for 

the joint tissue.  

The normal concentration of HA in the synovial fluid of the human knee is about 2.5–

4.0 mg/mL (with an estimated total concentration of 48 mg/knee); however, in 

pathological conditions, both the concentration (estimated to be halved, 12 

mg/ml)[9] and molecular weight of HA are reduced resulting in synovial fluid of 

lower elasticity and viscosity, with a consequent impact on the joint.[10]. 

Injection of Exogenous Hyaluronan Derivatives 

Intra-articular injections of HA (i.e., viscosupplementation) are approved worldwide 

for the treatment of pain associated with OA of the knee. The aim of HA treatment is 

to reduce pain and improve physical function by supplementing the viscosity and 

elasticity of synovial fluid which are reduced in OA.[7, 11] Most commercial 

preparations of HA have the same structure as endogenous HA, although high 

molecular weight products containing cross-linked HA molecules (hylans) have also 

been engineered (e.g., hylan G-F 20 has a MW of 6,000kDa) to achieve greater 

elastoviscosity and intra-articular dwell-time.[1]  

The exact mechanism of action of injected HA is not well understood; however, it is 

believed that several mechanisms contribute to the clinical effects achieved with HA 

in the treatment of OA.[12-14] In addition to a purely mechanical effect due to the 

viscosity of the products (restoration of visco-elastic properties of the synovial fluid: 

cushioning, lubrication, elasticity), intra-articular HA viscosupplementation is thought 

to provide a range of biological actions including anti-inflammatory, analgesic, 

anabolic, and chondroprotective effects that reduce pain and disability and improve 

joint function.[12-14] 
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The term viscoinduction has been coined to describe the phenomenon of the clinical 

benefits of HA exceeding that of a physical lubricant/cushioning effect alone. 

Viscoinduction ensures that clinical efficacy is maintained for several months despite 

the half-life of intra-articular HA being only a few days. 

It has been suggested that exogenous HA induces endogenous HA synthesis, possibly 

stimulating the regenerative process within the joint.[15] Indeed, in vitro, in studies of 

synoviocytes from joints of subjects with OA, exogenous HA was associated with de 

novo synthesis of HA [15] 

HAs may also have structure-modifying actions and may, therefore, have benefits on 

the disease process; however, this effect is still a matter of debate as currently, there is 

minimal evidence to support a role of HA in OA disease modification.[7] 

HA agents are generally administered as a weekly injection over a course of 3 to 5 

weeks, and although they have a slower onset of action relative to steroid treatment, 

the pain relief obtained generally lasts longer − for up to several months.[7] 

Commercially available HA derivatives 

A number of different preparations of HA are currently available in Europe and USA 

(Table 1).[5, 14, 16-19] Each is produced from either rooster combs (avian type) or by 

recombinant technology (biofermentation) and differs by molecular weight and hence 

residence time in the joint, and rheological properties.[5, 14, 16-19]  

Treatment Guidelines 

HA therapy is recommended in the American College of Rheumatology (ACR) and 

European League of Arthritis & Rheumatism (EULAR) guidelines for the 

management of patients with hip or knee OA, and is advocated for use in those 

patients who have not responded to other therapies (as discussed above).[7, 8, 20, 21]  

However, in an effort to minimise cardiovascular, gastrointestinal (ulcers, bleeding) 

and renal safety concerns with COX-2 selective and other non-selective NSAIDs, and 

to maximise HA efficacy, other authors propose using an HA earlier in the treatment 

paradigm for knee OA, and in general as part of a comprehensive treatment 

strategy.[18] 

A Cochrane meta-analysis of 76 trials (including 40 placebo-controlled trials of HA or 
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hylan) showed that viscosupplementation is effective in OA of the knee with 

beneficial effects on pain, function and patient global assessment, especially at the 5 

to 13 week post-injection period when pain and function were improved from baseline 

by 28%−54% and 9%−32%, respectively. However, the analysts reported that as there 

was marked variability between different HAs on different outcome parameters, 

especially at different time points, conclusions could not be drawn regarding the 

relative value of each HA product.[22] Although in general, the efficacy of HAs was 

comparable with NSAIDs, benefits were of longer duration with HAs compared with 

intra-articular corticosteroids. Few adverse events were reported with the use of HAs, 

and overall it was surmised that within the constraints of the trial designs (some used 

small sample size), there were no major safety concerns. 

 

Overview of Sinovial
®
 

Sinovial
®
 (sodium hyaluronate) is a non-modified HA, a linear polymer composed of 

the disaccharide units N-acetyl-D-glucosamine and Na-D-glucuronate, linked by 

glycosidic bonds. It is classified as a medical device; it is a 0.8% physiological 

solution of HA (16mg/2ml) in sodium chloride  in a ready to use sterile syringe for 

intra-articular injection.[23] HA is obtained by biofermentation and undergoes a 

stringent purification process (in the absence of chemical modification) to produce a 

highly purified, non-pyrogenic polymer of a defined molecular weight (800–1200 

kDa) that is completely free from animal proteins.[23] 

Sinovial
®
 is indicated in patients undergoing joint replacement and/or 

supplementation of synovial fluid damaged following degenerative joint disease or 

trauma; currently, it is used mainly in the knee.[24] 

In clinical studies, administration of Sinovial
®
 resulted in a marked reduction in pain, 

improvement of joint mobility, and decreased use of rescue medication (see later 

section).[12, 24, 25] Importantly, the effects of Sinovial
® 

are evident from the first 

injection (out of a cycle of 3 to 5) and last up to 6 months, suggesting a long-lasting 

carry-over effect of the treatment.[12, 24, 25] 

Sinovial
® 

is also available in other ready-to-use formulations;[23] a higher 

concentration formulation, Sinovial
®
 Forte 1.6% (32mg/2ml) for major joint 
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lubrication and during an acute attack in active OA, and a lower volume formulation, 

Sinovial
®
 Mini 0.8% (8mg/1ml) for ultrasound-guided infiltration of small joints, e.g. 

for treatment of rhizarthrosis (OA in the base of the thumb), tenosynovitis (wrist 

tendonitis), or trigger finger. 

Main Differentiating Points from Other HA Derivatives 

Molecular Weight 

HAs of various molecular weights are available (Table 1). Low molecular weight 

HAs consist of long unbranched chains of natural HA, not chemically modified, e.g. 

Sinovial
®
 (800-1200 kDa) and Hyalgan

®
 (500-730 kDa). High molecular weight HAs 

consist of chemically modified cross-linked HA chains (hylans), e.g., Synvisc
®
 (6,000 

kDa). 

The efficacy of intra-articular HA injections may be dependent, in part, on the 

viscoelastic properties of the HA injected, this being a function of its molecular 

weight.[9, 13] It was initially suggested that an HA with a higher molecular weight 

may provide improved clinical benefits.[26-29] However, clinical studies have 

generally not shown this (as discussed below), and although results of a meta-analysis 

of 22 studies by Lo et al. suggested greater effects with HA of higher molecular 

weight, the heterogeneity of the included trials limited the validity of such a definitive 

conclusion.[28]  

In addition, other evidence, including results from large animal models of OA shows 

that HAs with molecular weight between 500-1000 KDa are more effective than high 

molecular weight HAs in reducing synovial inflammation and for restoring the 

rheological properties of synovial fluid.[30] Also, several preclinical studies 

evaluating joint-structure modification in animal models of OA have reported 

advantages of using HAs of molecular weight in the low- to mid-range as they can 

access diseased tissue more easily, suggesting potential for disease modification.[14] 

Furthermore, some studies show no difference in efficacy but an overall risk: benefit 

profile favouring lower molecular weight HAs.[31-33] In a post-hoc analysis of a 

randomised head-to-head study of hylan G-F 20 versus bioengineered high weight 

hyaluronic acid (Bio-HA), there was no significant difference in response with either 

treatment (63% vs 71% ; p=0.10) and both were generally well tolerated; however, 

the incidence of effusions was greater with hylan G-F 20.[32] Similarly, the meta-
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analysis of Reichenbach et al.[31] evaluated 13 randomised trials in 2,085 patients 

comparing hylan with HA in the treatment of OA of the knee. When all the trials were 

considered, the pooled effect size favoured hylan (−0.27); however, the heterogeneity 

of these trials was considerable, and a further analysis of the more robust studies 

showed a negligible effect size. Moreover, a safety analysis demonstrated a 2-fold 

increased risk of local adverse events (pain, swelling or warming to severe 

inflammation) and flares with hylan. 

Thus, a likely explanation for the lack of definitive correlation between HA molecular 

weight and therapeutic effect may be that the mechanism of action of HA for relief of 

OA symptoms is an interplay between mechanical and biological effects. In vitro 

studies have shown that HA has chondroprotective,[34] and anti-inflammatory and 

structure-modifying effects in synoviocytes through down-regulation of gene 

expression for various cytokines, aggrecanase-2 and other enzymes;[35] effects 

thought to occur via CD44-mediated metabolic modulation.[34-36] In addition, the 

enduring clinical efficacy (months) of intra-articular HA compared with its relatively 

short half-life may also be accounted for by CD44-mediated metabolic modulation. 

Source of hyaluronan 

Sinovial
®
 is obtained by biofermentation, which ensures that the product is pure and 

free of potentially allergenic animal proteins.[23] Other HAs/hylans, e.g. 

Hyalgan
®

and Synvisc
®
 are obtained by extraction from rooster combs (containing 

avian proteins) and, therefore, may have an increased risk of immunogenicity.[17] 

In contrast with HAs, cross-linked hylan G-F 20 use has been associated with 

infrequent but dramatic pseudoseptic acute local reactions.[37-39] The incidence 

(8−27%) and characteristics of pseudosepsis (i.e., severe acute inflammatory reactions 

that are clinically distinct from local inflammatory reactions) with the use of Hylan 

from reports published up to 2003 (4 clinical and 5 case studies) were collated by 

Goldberg and Coutts.[39] Characteristics included severe inflammation of the joint, 

often associated with significant cellular effusion and pain generally occurring within 

24−72 hours post intra-articular hylan injection; first occurrence after exposure to 

second or third injection of first course, or post first injection of a repeat course; and 

generally not self-limiting but requiring clinical intervention. Despite a lack of 

understanding of both the aetiology of pseudosepsis and the long-term effects of these 
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local immunological reactions in the knee, such events would be expected to incur 

addition socio-economic costs.  

Further evidence for the potential increased immunogenicity with hylan comes from a 

meta-analysis (discussed above) that showed no superior effectiveness of hylan over 

HA in the treatment of OA of the knee, but rather an increased risk of local adverse 

events.[31] It is established that cross-linked proteins are relatively more 

immunogenic. In addition, it has been proposed that contaminating chicken proteins 

and other components of rooster combs potentially present during the cross-linking 

process of hylans could result in the production of novel epitopes that may induce 

pseudosepsis in sensitised subjects.[39] 

 

Clinical Evidence for Hyaluronan Derivatives 

Knee OA 

The efficacy of intra-articular HA or hylan in the relief of pain and improvement in 

joint function in patients with OA of the knee (of varying severity, Larsen grade I-V) 

has been shown in numerous controlled and observational clinical studies (Table 2, 3, 

4).  

In placebo-controlled trials (some used a negligible concentration of HA in the 

vehicle solution to maintain a viscous appearance) of intra-articular HA, superior and 

sustained relief of pain and functional ability were generally shown in the absence of 

safety and tolerability concerns, with effects seen from as early as 1 week after the 

first injection, and generally at week 3, then lasting up to 6 months (Table 2). Various 

preparations of HA and dosing schedules (35 consecutive once-weekly injections) 

were used in these trials, and concomitant analgesic therapy was permitted in some 

studies. Carrabba et al. showed that 3 or 5 once-weekly intra-articular HA injections 

were superior to a single injection, providing relief of symptoms for up to 2 months 

(Table 2).[40] Longer-term (up to 52 weeks) functional improvement was seen with a 

course of 4 weekly injections,[41] and Listrat et al. showed that with an increased HA 

dosing schedule (9 injections over 9 months), there was less structural deterioration at 

1 year compared with control,[42] providing evidence of a delay in progression of 

structural deterioration in the knee with HA. 
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In non comparative trials, both a rapid onset of action (one week after injection)[43] 

and subsequent symptom relief with a second cycle of treatment (6 months after the 

first) that was comparable to that obtained with the first cycle was shown.[44] 

In trials of HA versus active treatment, efficacy was comparable with NSAID 

therapy,[45] and of longer duration than that of corticosteroid treatment,[46] findings 

that are in agreement with those of the Cochrane review discussed above.[22] In one 

large study [45], not only HA was superior to placebo for reduction in pain (from 

426 weeks), it was also as effective as twice daily naproxen (from 426 weeks) with 

significantly fewer gastrointestinal adverse events. The investigators concluded that 

HA is an effective therapeutic alternative to NSAIDs for patients not responding to 

non-pharmacologic therapy and non-opiate analgesics, especially for those with a 

history of NSAID intolerance, e.g. the elderly or patients with active ulcer 

disease.[45] In a study in patients with inflammatory OA of the knee, although there 

was a high dropout rate, it was shown that HA provided similar efficacy as 

corticosteroid treatment for relief of pain over the first 4 weeks, while during the 6-

month follow-up period, patients remaining in the study had greater pain relief with 

HA.[46] 

Trials of hylan preparations for OA of the knee are few and have been mostly limited 

to 12-weeks duration (Table 3). In one study, hylan was superior to saline control for 

pain relief and for increasing mobility,[47] while in another study, both hylan alone, 

and as adjunct to NSAID therapy was as effective as continuous NSAID therapy, 

although the incidence of adverse events was greater with hylan.[48] One small study 

showed intra-articular hylan was superior to NSAID therapy,[49] while in another, 

hylan was as effective as corticosteroid treatment, but was associated with an acute 

local reaction causing the affected patient to withdraw.[50] 

Head-to-head trials of intra-articular HA versus hylan are also few (Table 4). In the 

first trial, a small 12-week study, significantly greater pain relief with hylan than a 

lower-molecular-weight hyaluronan was shown (p<0.05).[29] Notably, one 

uncontrolled study in patients with advanced OA of the knee (candidates for total 

knee replacement) showed similar improvements at 1-year of follow-up with both HA 

and hylan;[51] however, a 1-year placebo-controlled trial failed to show any 

significant difference in treatment effect between intra-articular placebo, HA or 

hylan.[52] 
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Hip OA 

OA of the hip is the second most common form of arthritis after OA of the knee, and 

is also a source of chronic pain, functional impairment and disability, especially in the 

elderly. Viscosupplementation with intra-articular HA has also been studied in OA of 

the hip, although to a lesser extent. There is some difficulty and potential danger 

associated with intra-articular injection of the hip (guided by fluoroscopy or 

ultrasound) due to the anatomical features of the hip joint and its locality in relation to 

the femoral neurovascular structure. Of note, the ease and safety of sonographically-

guided intra-articular HA injections for OA of the hip has been shown.[53]   

A number of recent reviews[5, 19, 54] and a meta-analysis[55] have provided an 

overview of studies to date of viscosupplementation with HA in hip OA. There is 

some evidence that efficacy may be greater in cases of less radiographic changes of 

hip OA,[56] and may last up to 3 months post first injection with sustained benefits 

with further injections.[57] 

Among eight trials evaluated in a systematic review, only 2 were controlled leading to 

the conclusion that lack of control groups, small sample size, variable dosing, short 

follow-up (36 months) and variability in outcome measures limited valid 

recommendations, although symptomatic relief for pain and function was evident in 

some studies,[58] with efficacy generally seen at 1 month post injection.[55] These 

studies used 15 injections of either low[59] or high[58] molecular weight HA, and 

no marked between-treatment differences in clinical efficacy were apparent. 

Results of available controlled trials have also been inconclusive. One study showed 

no significant difference between HA (3 injections), saline and corticosteroid use at 3 

month follow-up, despite some level of clinical benefit with corticosteroid and HA 

use.[59] Findings from an uncontrolled study by Conrozier et al.[60] suggested that a 

single injection of HA was efficacious in hip OA; however, a recent, randomised, 

placebo-controlled trial in 85 patients showed no significant difference between 

placebo and a single intra-articular injection of HA for reduction in pain at 3 month 

follow-up.[61] Clearly, large well-controlled trials of HA in hip OA are warranted. 
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Shoulder pain 

Several studies have provided preliminary support regarding the safety and the 

clinical efficacy of HA injections for the treatment of persistent shoulder pain. A 

number of shoulder pain aetiologies were evaluated, including osteoarthritis,[62, 63] 

rotator cuff tear,[64, 65] periarthritis,[66] Duplay’s disease with or without 

osteoarthritis,[67] and frozen shoulder (adhesive capsulitis)[68, 69] in which US-

guided intrarticular injections might offer advantages over a blind technique.[70] 

In a randomised, double-blind, parallel-design, phosphate-buffered saline solution-

controlled study, Blaine et al.[65] showed that sodium hyaluronate (500 to 730 kDa) 

was effective and well tolerated for the treatment of osteoarthritis and persistent 

shoulder pain refractory to other standard nonoperative interventions. 

However, additional well-controlled comparative trials are needed to identify the most 

effective interventions in patients with persistent shoulder pain of different aetiology. 

Other joints 

The feasibility of viscosupplementation with intra-articular HA in joints other than the 

knee and hip is under investigation, reviewed previously elsewhere[5]. Surprisingly, 

although the ankle bears considerable weight and is more frequently injured than any 

other joint in the body, the prevalence of symptomatic OA of the ankle is an estimated 

9 times lower than that of the knee or hip.[71] Small studies to date on the use of 

intra-articular HA in patients with OA of the ankle have shown benefits compared 

with placebo for up to 3[72] or  6 months[73], comparable functional improvement as 

that attained with exercise therapy[71], and symptom relief for up to 12 months in an 

uncontrolled trial.[74] 

Currently, there are few treatment options for OA of the thumb. Notably, serum levels 

of HA have been reported to be increased in erosive compared with non-erosive OA 

of the hand, suggesting its utility as a surrogate marker for radiographic progression 

of OA of the hand.[75] A preliminary small study in 16 patients with OA in the 

trapeziometacarpal joint showed reductions in pain (maximal at 5 months) with 5 

weekly injections of intra-articular HA.[76] Among subsequent randomised studies in 

similar populations, one in 52 patients showed that both HA and corticosteroid 
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treatment were effective in reducing pain, although HA was more effective in 

improving some fine hand functions for up to 6 months.[77] Although one open-label 

study in 40 female patients with trapeziometacarpal joint OA showed corticosteroid 

treatment was superior to 3 weekly injections of HA in reducing pain and improving 

hand function,[78] another randomised study in which 56 patients received 3 weekly 

intra-articular injections showed maximum pain relief at week 2 or 3 with steroid 

treatment, and at week 26 with HA which thus showed superior long-term 

improvements.[79]  

A preliminary study of viscosupplementation with HA in OA of the elbow,[80] has 

been exploratory, while one study in patients with OA of the jaw[81] showed superior 

results compared with corticosteroid injections; further studies are warranted. 

Limitations of Clinical Evidence  

Results of systematic reviews and meta-analyses are contradictory, e.g., in knee 

OA[22, 28, 82-85] and hip OA.[54] These have varied regarding the extent of the 

clinical benefit of various HA products.[86] The discrepancy in data might be due to 

differences in study design (e.g., some studies were uncontrolled, small and permitted 

the use of rescue analgesia), clinical endpoints used, evaluation methods and absence 

of intention-to-treat analysis, patient populations, as well as study drugs/regimens 

used. Clearly, randomised, controlled trials with larger patient numbers and longer 

follow-up times are required to confirm promising preliminary data (particularly in 

non-knee OA) and to identify the characteristics of patients most likely to benefit 

from this treatment, i.e., in terms of age, disease severity, etc.. 

One of the limitations of HA therapy is that it can be difficult to ensure that the intra-

articular injections are actually given into the joint capsule; ultrasound has been used 

to guide HA administration in hip and hand OA.[53, 57, 87] 

 

Clinical Evidence for Sinovial
® 

To date, several clinical studies have demonstrated the tolerability and efficacy of 

Sinovial
® 

in the management of OA of the knee. A 24-week, prospective, 

longitudinal, open-label, tolerability and efficacy study evaluated 5 once-weekly 
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intra-articular injections of Sinovial
®
 in 63 patients (26 males/37 females of mean age 

60 [range 2983] years and weight 81±12 kg) with chronic primary or secondary knee 

OA (of not >12 months old and with a Kellgren and Lawrence radiographic grade of 

IIIV) and a baseline 0100 mm VAS score of >30 mm.[24] The most frequently 

reported adverse event was pain and/or a burning sensation at the injection site (with 

18 of 310 injections). Only four other adverse events were considered to be probably 

or very probably related to treatment. These occurred at an incidence of 1.3% of all 

injections and in 6.3% of all treated patients, and were generally mild and transient 

(tension in knee lasting 2 days, vasovagal collapse on injection lasting 5 minutes, and 

a skin haematoma at injection site lasting 7 days) or moderate in intensity (fever and 

diarrhoea lasting 67 hours). In the efficacy analysis, the total score for the self 

administered Westminster Ontario and McMaster Universities (WOMAC) OA Index 

Questionnaire was significantly reduced from 4.0 at baseline, to 3.6 at week 2 

(p=0.0011) and progressively until week 6 (2.6; p<0.0001), and was sustained until 

week 24 (2.4; p<0.0001) (figure 1). WOMAC subscore analysis showed a similar 

trend for reduction in pain, stiffness, and physical function, with statistical 

significance versus baseline first seen at weeks 4, 6 and 6, respectively, for these 

scores. 

Further evidence lends support to the tolerability and efficacy of Sinovial
® 

in a real-

life scenario. A retrospective observational study conducted in patients with knee OA 

suggested that the intra-articular injection of Sinovial
®
 is associated with improved 

knee function, less pain and less need for pain medications [88]. In total, 408 patients 

(146 men and 262 women; mean age: men, 63 years, women 67 years [range: 26-92 

years]) were included in the study; 65.4% of them presented OA symptoms for > 2 

years. Overall, knee function was judged as “better” or “much better since injection 

by 64.5% of patients and 68.3% of physicians. At study enrolment, 8 months after 

injection (mean time), 44.3% of patients considered their knee pain to be “low” or 

“null” during the day and 76.4% during the night. Moreover, in the 10 months after 

the administration of Sinovial
®
, NSAIDs were prescribed in only 31% of the 113 

patients treated with these drugs during the 2 months prior to injection. Local adverse 

events were reported in 4% of patients, whereas no systemic adverse events were 

observed. 

Another retrospective observational study, conducted in 40 (12 male and 28 female) 
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patients with primary or secondary symptomatic OA of the knee showed that a cycle 

of 5 once-weekly injections of Sinovial
®
 was well tolerated and reduced pain and 

rescue medication use.[12] The mean age of the study population was 58 years (range: 

1882 years) and patients had experienced OA for a mean duration of 4.2 (range 

2.59.3) years that was predominantly diagnosed as of mild to moderate severity, but 

was more severe in 3 patients. The rates of good/excellent overall judgement of 

general tolerance to treatment, as assessed by both investigator and patient was 95% 

at week 5 and increased to 97.5% at week 7. Injection site pain (slight to moderate 

burning sensation) that was reported by 40% of patients was most frequently reported 

at the first injection, and generally resolved after a few minutes. There was a complete 

absence of systemic or serious adverse events. Mean Lequesne’s Algo-Functional 

Index score decreased from baseline (7.9) by 40% after only 3 injections and by 59% 

at the 7 week assessment (figure 2); reductions in scores for pain level correlated with 

these results. In addition, use of rescue medication (NSAID or paracetamol) was 

progressively and markedly reduced from baseline to week 7.  

A course of 3 intra-articular weekly injections of Sinovial
®
 0.8% (16 mg/2ml) 

(n=183) was shown to be non-inferior to 3 intra-articular weekly injections of 

Synvisc
®
 (Hylan G-F 20) (16 mg/2ml) (n=171) in a recent 26-week double-blind, 

randomised, multicentre, parallel-group study in 354 patients with moderate-to-severe 

symptomatic OA of the knee.[89] The study population was predominantly female 

(74%), of mean age 64 (range 42-80) years, and weight 75 kg. The preliminary 

analysis showed that mean improvement on the WOMAC index pain subscore 

(measured on a 0−100 mm VAS scale) from baseline to 6 months did not differ 

significantly (p=n.s.) between the Sinovial
®

- (−33.5 [−59.9%]) and the Synvisc
®
-

treated groups (−34.5 [62.2%]) (figure 3). In addition, global tolerance, as assessed by 

both patients and the investigator, was rated as good/very good in more than 95% of 

patients in both groups (p=n.s.). One serious adverse event (gonarthritis) related to the 

treatment with Synvisc
® 

was reported. 

Data on the use of Sinovial
®
 in joints other than the knee are also available. In an 

open-label, uncontrolled, efficacy study, 42 patients (38 female, mean age 65 years) 

with OA of the thumb randomly received 1, 2, or 3 once-weekly intra-articular 

injections of Sinovial
®
 1ml into the carpometacarpal joint of the thumb under 

fluoroscopic guidance.[25] Improvements in pain and function were seen as early as 1 
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month and were sustained at 3 months. There was no significant difference between-

treatment for improvements in pain (VAS) and function (Dreiser index), indicating no 

notable dose effect over the 3 month study duration. However, reduction in pain 

(mean baseline VAS score was 58) was significant at 3 month assessment compared 

with baseline and month 1 for patients that received 2 (p=0.01 for both) or 3 

injections (p≤0.002). This was not seen for the 1 injection cohort. Although 

improvements in function were seen in all groups from baseline to month 3, statistical 

significance was not shown. Sinovial
®
 was generally well tolerated with moderate 

pain, swelling, heat and redness, or any combination of these events, occurring in 

about 30% of all cases, but these events were mostly resolved in less than 3 hours, or 

2 days in a few cases.   

Recently a clinical prospective trial on 100 consecutive patients was performed in 

order to analyse the efficacy and safety of Sinovial
® 

in subsets of patients with 

persistent shoulder pain of different artiology (subacromial bursitis, partial-thickness 

rotator cuff tear, full-thickness rotator cuff tear without osteoarthritis and rotator cuff 

arthropathy).(Gigante et al., in press) Results showed that Sinovial
®
 was effective and 

well tolerated in all subsets of patients. Moreover, and differing from other 

studies,[65] in this experience hyaluronan injections were effective also in patients 

who experience persistent shoulder pain without established OA. 

Preliminary evidence also suggests that the use of Sinovial
® 

Mini 0.8% (8mg/1ml) in 

ultrasound-guided infiltration of small joints in patients with rhizarthrosis, 

tenosynovitis or trigger finger is helpful in alleviating painful symptoms and 

improving functionality.[90](Dr Callegari, unpublished observation) In an Italian real-

life experience, conducted in a specialised centre, 270 patients (58 males; mean age: 

56.5 years [range 30-83 years]) affected by rhizarthrosis were treated with this 

therapeutic strategy between 2004 and 2009.(Dr Callegari, unpublished observation) 

Rhizarthrosis was bilateral in 228 patients. A pilot analysis of this sample (n=20; 

patients with symptomatic OA of the hand other than rhizarthrosis, those receiving 

steroids or HA in the 6 months prior to the analysis and those with grade IV 

rhizarthrosis were excluded) evaluated articular pain (VAS score), joint mobility, and 

hand strength (grip strength, lateral pinch and tip pinch) at baseline and three months 

after the injection of Sinovial
® 

Mini. Overall, all parameters improved (Table 5), even 

if a statistical analysis was not performed due to the small sample size. Eighteen out 
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of 20 patients rated the treatment as “very satisfactory” and 2 as “moderately 

satisfactory”. In another pilot analysis on the same sample, patients received (a) 

maintenance Sinovial
®
 Mini injections 4 and 8 months after the first administration; 

(b) maintenance injection only 8 months after the first administration; or (c) no 

maintenance injection (n=10 in each group; the same exclusion criteria of the above-

described pilot analysis). The evaluation of pain in the year following the first 

administration suggested that the injection of Sinovial
®
 Mini every 4 months may 

result in greater maintenance of pain relief overall (Table 6).(Dr Callegari, 

unpublished observation) Further studies are ongoing in the same centre to evaluate 

the effectiveness of Sinovial
® 

Mini 0.8% in ultrasound-guided infiltration of other 

small joints. 

 

Conclusion 

OA is a major cause of chronic pain, disability and reduced quality of life. 

Furthermore, the clinical and economic burden of OA is significant, and is increasing 

due to demographic changes, longer life expectancy, higher levels of obesity, and 

reduced levels of physical fitness. 

Many patients do not respond to management strategies involving non-

pharmacological interventions and analgesic/NSAID therapy. Viscosupplementation, 

via intra-articular injection of HA derivatives, appears to restore the physiological 

conditions of the joint, thus reducing pain and improving joint function. Several HA 

agents are currently available, although the current evidence is not sufficient to enable 

differentiation among the various products in terms of relative efficacy. 

HA side effects are generally limited to injection site reactions, although high 

molecular weight cross-linked hylans and products sourced from avian sources may 

be associated with infrequent but serious adverse reactions including pseudosepsis. 

Sinovial
®
 is indicated in patients undergoing joint replacement and/or 

supplementation of damaged synovial fluid following degenerative joint disease or 

trauma, and the available studies show it to be an effective and well tolerated therapy 

for improvement of OA pain and dysfunction. In addition, the reduced volume 

formulation (1ml) of Sinovial
®
 at a concentration of 0.8% is indicated for ultrasound-
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guided infiltration of small joints in patients with rhizarthrosis, tenosynovitis or 

trigger finger.  

Sinovial
®
 viscosupplementation, thanks to its pain relieving action and the proved 

functional improvement associated with the therapy, stands as a valuable treatment 

approach for patients with different forms of OA. 
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Table 1. Preparations of intra-articular hyaluronic acid (HA) and hylan available in 

Europe and/or the USA  

Tradename Concentratio
n (mg/ml) 

Generic 
name 

Source (type) Molecular 
weight 
(kDa) 

Adant
®
   25 mg/2.5 ml sodium 

hyaluronate 
Biofermentation 900 

Arthrum
®
 40 mg/2 ml sodium 

hyaluronate 
Biofermentation 2400 

Artz
®
/Supartz

®
 25 mg/2.5 ml sodium 

hyaluronate 
Rooster combs 
(avian) 

600-1200 

Coxarthrum
®
 75 mg/3 ml sodium 

hyaluronate 
Biofermentation 2400 

Durolane
®
 20 mg/3ml sodium 

hyaluronate 
Biofermentation n.a. 

Erectus
®
 n.a. n.a. n.a. 1100 

Euflexxa
®
 20 mg/2 ml sodium 

hyaluronate 
Biofermentation 2400-3600 

Fermathron
®
 20 mg/2 ml sodium 

hyaluronate 
Biofermentation 1000  

Go-On
® 

Go-On
®
 Mini 

25 mg/2.5 ml 

10 mg/1 ml 

sodium 
hyaluronate 

Biofermentation 800-1200 

Hyalart
®
 20 mg/2 ml sodium 

hyaluronate 
Rooster combs 
(avian) 

500-730 

Hyalgan
®
  20 mg/2 ml sodium 

hyaluronate 
Rooster combs 
(avian)  

500-730 

Hyalubrix
®
 30 mg/2 ml sodium 

hyaluronate 
Biofermentation >1500 

Intragel
® 

0.8%
 

Intragel
® 

1.6%
 

16 mg/2 ml 

32 mg/2 ml 

sodium 
hyaluronate 

Biofermentation 800-1200 

Jointex
® 

 

Jointex
®
 Starter 

16 mg/2 ml 

32 mg/2 ml 

sodium 
hyaluronate 

Biofermentation 800-1200 

MonoVisc
®
 20 mg/ml sodium 

hyaluronate 
Biofermentation, 
lightly cross-
linked 

n.a. 

NeoVisc
®
 20 mg/2ml sodium 

hyaluronate 
Biofermentation 1000 

Orthovisc
® 

 

Orthovisc
®
 mini 

30 mg/2 ml 

 

15 mg/1 ml 

high 
molecular 
weight 
hyaluronan 

Biofermentation/ 
chemical 
modification 

1100-2900 

 

1450
 

Ostenil
® 

 

Ostenil
®
 mini

 

 

20 mg/2 ml 

 

10 mg/ml 

sodium 
hyaluronate 

Biofermentation 1200  
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RenehaVis
®
 7 mg/0.7 ml + 

15.4 mg/0.7 ml  

sodium 
hyaluronate 

Biofermentation 1000 

2000 

Sinovial
®
  

Sinovial
®
 Mini 

Sinovial
®
 Forte 

16 mg/2 ml 

  8 mg/1 ml 

32 mg/2 ml 

sodium 
hyaluronate 

Biofermentation 800-1200 

SportVis
®
 12 mg/1.2 ml + 

 

sodium 
hyaluronate 

Biofermentation n.a. 

 

Suplasyn
® 

 

Suplasyn
® 

m.d. 

20 mg/2 ml 

 

7 mg/0.7 ml 

sodium 
hyaluronate 

Biofermentation 

 

 

 

500-730 

Synocrom
®
 

Synocrom
®
 mini 

Synocrom
®
 forte 

20 mg/2 ml 

10 mg/1 ml 

40 mg/2ml 

sodium 
hyaluronate 

Biofermentation 1600 

 

      2100 

Synvisc
® 

Synvisc
®
 One 

16 mg/2 ml 

48 mg/6 ml 

Hylan G-F 
20 

Rooster combs 
(avian) , cross-
linked 

6000 

Viscorneal-
ortho

® 
 

20 mg/ 2 ml sodium 
hyaluronate 

Rooster combs 
(avian) 

6000 

Yaral
® 

Yaral
®
 Mini

 

Yaral
®
 Forte

 

16 mg/2 ml 

  8 mg/1 ml 

32 mg/2 ml 

sodium 
hyaluronate  

Biofermentation 800-1200 
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Table 2. Clinical trials of intra-articular (IA) injections of hyaluronic acid (HA) in 

patients with osteoarthritis (OA) of the knee 

Study 
(design, 
duration) 

Patients 

(gender, 
mean age, 

weight) 

Intervention, number of 
once-weekly injections 

(n) 

Primary efficacy 
assessments 

Safety analysis 

HA vs PL 

Carrabba et 
al.[40] 

(db, r, pc, sc, 
6 mo) 

37M/63F 

60 yrs, 72 
kg 

HA
a
 20mg/2 ml 1x  (n=20) 

HA
a
 20mg/2 ml 3x  (n=20) 

HA
a
 20mg/2 ml 5 x (n=20) 

Knee athrocentesis (n=20) 

PL (n=20) 

Pain
b
 on movement/at 

rest, Lequesne index of 
severity for OA of the 
knee, joint mobility, and 
overall judgement of 
efficacy up to 60 days 
were significantly better in 
the 3 x and 5 x injection 
groups vs PL and 
athrocentesis (p<0.005) 

One transient local 
AE (pain post-
injection) in each 
group except PL; 
no relevant 
changes in 
laboratory 
parameters 

Dixon et 
al.[15] 

(db, r, pc, 23 
wks) 

29M/34F 

69 (4385) 
yrs, 75 

(42105) 
kg 

HA
a
 20mg/2 ml up to 11 

injections/23 weeks (n=33) 

PL (HA 0.25 mg /2.5 ml) 
up to 11 injections/23 
weeks (n=33) 

Significant reductions in 
joint pain

b
 at rest vs PL 

from week 523 and for 
pain

b
 on movement at wk 

5 (p<0.05 for both); no 
marked improvements in 
ADLs as only one joint 
treated in pts with 
polyarticular disease 

Well tolerated, 1 
case of 
haemarthrosis in 
HA group; no 
clinically significant 
changes in 
laboratory 
parameters 

Dougados et 
al. [41] 

(db, r, pc, mc, 
1 yr) 

32M/78F 

68 yrs, 70 
kg 

HA
a
 20mg/2ml 4x (n=55) 

PL 4x (n=55) 

At wk 7, improvements 
from baseline in pain

b
 

after exercise (but not at 
rest) and functional 
impairment (Lequesne’s 
index) were significantly 
greater with HA vs PL 
(p=0.03 for both); at 52 
weeks, significant 
improvements in 
functional index were 
maintained (p<0.05) 

Minor and 
transient AEs, not 
considered 
treatment-related; 
no clinically 
significant changes 
in laboratory 
parameters 

Listrat et 
al.[42] 

(r, c, 1 yr) 

13M/26F 

62 yrs  

HA
a
 20mg/2ml 3 cycles of 

3x /3 mo = 9 in total (n=20)  

Control (n=19) 

Pain
b
 and functional 

impairment improved in 
both groups (NS); 
athroscopic parameters 
showed significantly less 
structural deterioration 
with HA vs control; QoL 
assessment significantly 
better with HA vs control 

at 1 yr (p0.05) 

Not done 

Lohmander et 
al.[91] 

(r, db, pc, mc, 
5 wks) 

106M/134F 

58 yrs, 79 
kg 

HA
c 
25mg/2.5ml (1%) 5x 

(n=96) 

PL (n=93) 

Lequesne algofunctional 
index, pain

b
, range of 

motion
b
, activity level

b
 and 

total knee function
b
 were 

improved from baseline 
with both HA and PL; 
stratification by age (>60 
years) and baseline 

No serious AEs; 
severity of injection 
site swelling 
greater with HA 
than PL (p=0.041); 
AEs led to 5 PL 
and 2 HA 
recipients 
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algofunctional index (>10) 
showed significantly 
greater improvements 
with HA vs PL (p<0.05) 

withdrawing prior 
to 5

th
 injection  

Puhl et al.[92] 

(r,db,pg,mc,14 
wks) 

71M/124F 

61 yrs, 75 
kg 

 

HA
d
 25 mg/2.5 ml 5x 

(n=95) 

Control (HA 0.25 mg /2.5 
ml) 5x (n=100) 

Compared with control, 
progressive and 
significant reduction in 
mean Lequesne Index of 
the severity of the knee 

joint from wk 314  
(p<0.025) 

Tolerability was 
good/very good in 
both groups (96% 
for both); 4 HA and 
5 control pts had a 
transient local AE 
(pain post-
injection); no 
between-group 
difference in 
laboratory 
parameters 

Wu et al.[93] 

(r, db, pc, mc, 
6 mo) 

83M/33F 

69 yrs,  

HA
d
 2.5 ml (1%) 5x (n=62) 

PL (n=54) 

 

Mean values for clinical 
symptoms and ADL were 
markedly improved with 
HA vs PL from wk 5; 
significant improvements 
with HA vs PL (p<0.05), 
especially for relief of 
motion pain and knee 
movement, with a peak at 
6 wks, improvements 
sustained up to 3 mo 

No side effects 
reported over 6 mo 
follow-up 

Non-comparative trials with HA 

Novaes et 
al.[43] 

(ol, mc, 5 wks) 

69M/296F 

65 yrs 

HA
e
 25mg/2.5ml 5x 

(n=296) 
Pain, stiffness and 
functional capacity were 
all progressively and 
significantly improved 

from baseline from wk 25 
(p<0.05) 

AEs in 3% of 
administrations 
included synovitis 
(n=5), pruritus (1), 
eczema (1), pain 
at injection site (3) 
and tendonitis (1)  

Petrella[44] 

(prospective, 
naturalistic, 
6.7 yrs) 

188M/349 
F 

68 yrs, BMI 
= 27 kg/m

2
 

HA
f
 (10 mg/ml/2 ml) 3x  

(n=537) 
Improvement (%) from 
baseline in self-paced 
40m walking pain

b
 was 

significant at visit 2, 3 and 
4 (81%; p<0.001) of the 
1

st
 series of injections, 

and at visit 6, 7 and 8 
(87%; p<0.001) of second 
series 6 mo after the 1

st
 

Few minor local 
AEs (pain and 
swelling)  

HA vs active treatment 

Altman et 
al.[45] 

(r, pc, 26 wks)  

143M/190F
; 

64 (4090) 
yrs, 89 Kg 

HA
a
 5x 20 mg/2 ml (n=105) 

PL (n=115) 

Naproxen 500mg bid PO 
(n=113) 

Pain
b
 during a 50 foot 

walk was less with HA vs 
PL from week 1 through 
26 (p<0.05 at wks 4, 5, 
12, 21) and maximally 
less at wk 26 (p=0.004) 

Pain was also less with 
HA vs naproxen from wk 

426 

Incidence of 
injection site pain 
greater with HA vs 
PL or naproxen  
(23% vs 13% and 
9%; p<0.001) that 
lead to study 
withdrawal from 
each group (6, 1, 
and 1); more GI 
AEs with naproxen 
vs HA and PL 
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(41% vs 29% and 
36%; p=0.087) 
leading to 14, 4 
and 4 withdrawals 

Jones et 
al.[46] 

(db, r, 6 mo) 

24M/39F 

71 yrs 

HA
a
 20 mg 5x (n=32) 

Triamcinolone 
hexacetonide (TH) 20 mg 
IA + 4x PL (n=31) 

Trend for less pain
b 

on 
activity, rest and at night 
in the HA than the TH 

group from wk 429 

High dropout 
rate,19 in the HA 
and 23 in the TH 
group  

a
 Hyalgan®, Fidia S.p.A., Italy  

b
 Assessed using 100 mm Visual Analogue Scales (VAS) 

c
 Artzal®, Astra Läkemedel, Sweden 

d
 ARTZ®, Seikagaku Co., Tokyo, Japan 

e
 Adant®, Meiji Seika Kaisha, Japan 

f
 Suplasyn®, Bioniche Life Sciences, Switzerland  

ADL = activities of daily living; db = double-blind; NSAID = non-steroidal anti-inflammatory drug; mc = 
multi-centre; mo = months; ol = open-label; pts = patients; pc = placebo-controlled; pg = parallel-group; 
PL = placebo; PO = per os;  r = randomised; sc = single-centre; wk = week; yr = year. 
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Table 3. Clinical trials of intra-articular (IA) injections of hylan in patients with 

osteoarthritis (OA) of the knee 

Study (design, 
duration) 

Patients 

(gender, 
mean age, 

weight) 

Intervention, 
number of once-

weekly injections (n) 

Primary efficacy 
assessments 

Safety analysis 

Hylan vs PL     

Wobig et al.[47] 

(r, db, mc, 12 
wks) 

38M/72F 

62 yrs, 76 
kg 

Hylan G-F 20
a 
2.0 ml 

(0.8%) 3x (n=52) 

Saline (n=54) 

Hylan G-F 20
a
 + 

Saline (n=4) 

Pain
b
 scores during weight 

bearing ( wk 326), at night 
rest, and during the most 
painful movement of  knee, in 
addition to treatment success 
at 12 wks, were all better with 
hylan vs control (p<0.01 for 
all) 

3 hylan recipients 
reported systemic 

reactions  itching, 
cramps, and 
haemorrhoids  

Hylan vs Comparator 

Adams et al.[48] 

(r, mc, pg, 26 
wks) 

36M/66 F 

61 (3576) 
yrs, 72 kg 

Hylan G-F 20
a
 2.0 ml 

3x (n=31) 

NSAID (n=34) 

NSAID + Hylan G-F 
20

a
  2.0 ml 3x (n=37) 

Pain
b
 on motion with weight-

bearing, at rest, at night, 
restriction of activity and 
overall assessment of 
arthritic pain were all 
significantly improved vs 
baseline at wk 12 in all 
groups (p < 0.01); at 26 wks, 
improvements in the the 
hylan and the hylan + NSAID 
group were significantly 
better in some, and every 
evaluation, respectively, vs 
NSAID 

3 pts reported 
transient local 
reactions (2 were 
pain with warmth 
and effusion within 
24-hrs of injection) 
in the hylan group 
resulting in one 
study withdrawal 

Dickson et 
al.[49] 

(db, r, pc, pg, 
12 wks) 

73M/92F 

64 (3581) 
yrs   

Hylan G-F 20
a
 

(20mg/2 ml) 3x 
(n=53) 

Diclofenac 100 
mg/day + 3x 
athrocentesIs (n=55) 

Control: (n=57) 

Improvements from baseline 
in the WOMAC A score were 
significant with Hylan G-F 20 
vs control (33 vs 24; p=0.04) 
and diclofenac (33 vs 23; 
p=0.03), but not for 
diclofenac vs control (p=0.84)    

Significantly more 
systemic (48% vs 
22% and 11%) and 
GI adverse events 
(38% vs 12% and 
9%) with 
diclofenac vs 
Hylan G-F 20 and 
control (p<0.01 for 
both) 

Leopold et 
al.[50] 

(r, 6 mo) 

37M/43F 

65 yrs, 86 
kg 

Hylan G-F 20
a
 2.0 ml 

(0.8%) 3x (n=38) 

Betamethasone 
sodium phosphate-
betamethasone 
acetate 2ml (n=42) 

WOMAC scores improved 
from baseline in both groups 
(p<0.01); VAS scores 
improved from baseline with 
Hylan G-F 20-

 
but not with 

corticosteroid (p<0.01); no 
significant between-group 
difference on any scale 

One pt in the 
Hylan G-F 20

 

group withdrew 
due to an acute 
local reaction 
within 24-hrs of an 
injection 

a
 Synvisc®, Genzyme Biosurgery, US  

b
 Assessed using 100 mm Visual Analogue Scales (VAS) 

db = double-blind; mo = month; NSAID = non-steroidal anti-inflammatory drug; mc = multi-centre; pc = 
placebo-controlled; pg = parallel-group; PL = placebo; pt = patient; r = randomised; wk = week; yr = 
year.
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Table 4. Clinical trials of intra-articular (IA) injections of hyaluronic acid (HA) vs 

hylan in patients with osteoarthritis (OA) of the knee 

Study (design, 
duration) 

Patients 

(gender, 
mean age, 

weight) 

Intervention, number 
of once-weekly 
injections (n) 

Primary efficacy 
assessments 

Safety analysis 

HA vs Hylan 

Karatosun et 
al.[51] 

(r,db,1 yr) 

17M/75F 

61 yrs, BMI 
30 kg/m

2
 

 

HA
a
 3x (n=46) 

Hylan G-F 20
b
 2.0 ml 

(0.8%) 3x (n=46) 

At 1 yr, mean 
improvement in total 
Hospital for Special 
Surgery knee score was 
significantly greater than 
baseline with HA and 
hylan, both p<0.01 

No reported 
injection-related 
AEs 

Karlsson et 
al.[52] 

(r, db, pc, 1 yr)  

97M/143F 

71 yrs, 
80 kg 

HA
c
 2.5 ml (1%) 3x 

(n=72) 

Hylan G-F 20
b
 2.0 ml 

(0.8%) 3x (n=71) 

PL 3x (n=71) 

Weight-bearing pain
d
 

during the first 26 wks 
was similar with each 
treatment and PL; neither 
treatment alone showed a 
significantly longer 
duration of clinical benefit 

vs PL over 052 wks but 
when data from these 
groups was pooled, 
significance vs PL was 
shown (p=0.047) 

No treatment-
related AEs 

Wobig et al.[29] 

(db, r, mc, 12 
wks) 

34M/36F 

60 (22-88) 
yrs 

Hylan G-F 20
b
 2.0 ml 

(0.8%) 3x (n=38) 

 LMW HA
e
 (1%) 2.0 ml 

3x (n=32) 

Significant improvements 
in pain

d
 on weight-

bearing, most painful knee 
movement, and overall 
treatment response with 
Hylan G-F 20 vs LMW HA 
at wk 12 (p<0.05) 

No systemic AEs, 
more (NS) local 
AEs (pain/swelling) 
with Hylan G-F 20

 

vs LMW HA (1.8% 
vs 0.9%)  

a
 Orthovisc®, Anika, Biomeks, Turkey 

b
 Synvisc®, Genzyme Biosurgery, USA 

c
 Artzal®, Astra Läkemedel, Sweden 

d
 Assessed using 100 mm visual analogue scales (VAS) 

e
 Artzal®, Seikagaku, Kogyo Co. Ltd, Tokyo, Japan 

AE = adverse event; db = double-blind; LMW HA = Lower -molecular-weight hyaluronan; mc = multi-
centre; pc= placebo-controlled; PL = placebo; r = randomised; wk = week; yr = year.  
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Table 5. Pain (VAS score), joint mobility and hand strength in 20 patients with 

rhizarthrosis (grade I-III) before (baseline) and 3 months after the injection of 

Sinovial
® 

Mini 0.8% (8mg/1ml) in ultrasound-guided infiltration (Dr Callegari, 

unpublished observation) 

 

Parameter Baseline 3 months 

VAS score 68.1 25.4 

Joint mobility 

Radial abduction 

Palmar abduction 

Kapandji opposition 

 

12.3° 

10.8° 

4.0° 

 

65.3° 

54.5° 

7.3° 

Hand strength   

Grip strength (Kg) 

Lateral pinch (Kg) 

Tip pinch (Kg) 

16.4 

5.7    

2.7               

25.6 

11.8 

6.1 
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Table 6. Pain (VAS score), over a 12-month period, in 20 patients with rhizarthrosis 

(grade I-III) treated with a single injection of Sinovial
® 

Mini 0.8% (8mg/1ml) in 

ultrasound-guided infiltration and receiving (a) maintenance Sinovial
®
 injections 4 

and 8 months after the first administration (baseline); (b) maintenance injection only 8 

months after baseline; or (c) no maintenance injection (n=10 in each group) (Dr 

Callegari, unpublished observation) 

 
Maintenance 

treatment 
Baseline 3 months 6 months 12 months 

4 and 8 months 
after baseline 

67.8 25.2 25.1 25.6 

8 months after 
baseline 

68.1 25.4 45.1 35.5 

No 67.9 25.3 44.9 62.3 
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Fig. 1 Efficacy of 5 once-weekly intra-articular injections of Sinovial® on self-

administered WOMAC OA Index Questionnaire in a 24-week, open-label study in 63 

patients with osteoarthritis of the knee (mean  SEM, per protocol population[24] 

 

<<Permission obtained: reproduced from Fig 2/pg 1731 from Theiler and Bruhlmann 

2005[24] 
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Fig. 2 Efficacy of 5 weekly intra-articular injections of Sinovial® on Lequesne’s 

Algo-Functional Index in a 7-week, observational study in 40 patients with 

osteoarthritis of the knee[12] 

<<Permission obtained: reproduced from Fig.2/pg 70 Castellacci and Polieri 2004[12] 
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Fig. 3 Mean of WOMAC pain score from baseline to 6 months(data on file, IBSA) 
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