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Abstract. – OBJECTIVE: Intra-articular hy-
aluronic acid (HA) injections for the symptom-
atic relief of pain have been available for treat-
ment since the 1980s. Practitioner experience 
and real-world evidence have been accumulat-
ed to suggest that HA injections are effective 
and well tolerated in patients. Treatment guide-
lines issued by different professional medical so-
cieties, however, do not point in a single direc-
tion. This appears mainly due to conflicting re-
sults of the proposed meta-analyses at least in 
part associated with a variability between differ-
ent HA preparations on different outcome param-
eters, suggesting that intra-articular HA products 
should not be treated as a group, as there are 
differences between them influencing both effi-
cacy and safety.  

PATIENTS AND METHODS: The present re-
view is focused on the quite relevant amount 
of preclinical and clinical studies (the first stud-
ies dating back to thirty years ago) concerning 
a specific HA-based preparation (500-730 kDa 
native HA) and supporting its use as a tool for 
intra-articular therapy. They also include com-
parative studies to other HA preparations.

RESULTS: The analysis of this experience al-
lows to define a specific profile for 500-730 kDa 
HA as a tool for the management of osteoarthri-
tis in terms of main mechanism of action, kinet-
ics features and interaction with joint tissues, 
subpopulation of patients expected to obtain 
the highest benefit from the treatment, safety 
issues and impact on disease-cost. 

CONCLUSIONS: The abovementioned fac-
tors may also represent useful criteria to better 
characterize the specificities of each HA-based 
preparation and to achieve a more stratified cat-
egorization of this class of therapeutic tools.
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Introduction

The idea that injections of hyaluronic acid (HA) 
into the joint cavity could reduce pain and improve 
mobility emerged at the beginning of the 1970s 
when studies were published showing that the use 
of HA as a therapeutic agent in osteoarthritis (OA) 
of the human knee1,2 was leading to statistically 
significant improvement in many functional vari-
ables of the articular joint. This proposal was based 
on the peculiar physicochemical properties of HA 
arising from its unique macromolecular structure, 
an exceptionally long chain (up to 30 μm) of re-
peating disaccharide units of N-acetylglucosamine 
and glucuronic acid. Despite the simplicity of its 
primary structure, this linear polysaccharide can 
adopt highly coiled conformations in solution lead-
ing to the formation of extensive macromolecular 
entanglements and networks that confer to HA 
solutions their characteristic rheological properties 
in terms of elasticity and viscosity. In the organism, 
the largest single reservoir of HA is the synovial 
fluid (SF) of the diarthrodial joints, where the HA 
molecules are mainly synthesized by the type B 
synoviocytes, releasing a polydispersed HA pop-
ulation with molecular weight (MW) in the range 
between 2·106 and 10·106 Da and concentrations of 
0.5-4 mg/mL3-5. The high concentration of HA in 
SF is essential for normal joint function, because 
HA confers to SF exceptional viscoelasticity and 
lubricating properties, responsible for shock absorp-
tion under conditions of high compression or shear, 
and lubrication in low load states. These unique 
non-newtonian rheological properties of HA not 
only reduce wear and attrition of articular cartilage 
during joint motion6-8 but also stabilize joints at 
low shear rates9. It is well known that joint arthrop-
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athies of traumatic and degenerative nature (such 
as osteoarthritis) are associated with a reduction of 
the molecular weight and concentration of hyal-
uronan in the synovial fluid. In fact, the presence 
of proinflammatory cytokines, free radicals and 
proteinases in the synovia can adversely affect 
the metabolism of the lining type B fibroblasts, 
leading to the biosynthesis of HA with abnormal 
MW, as has been shown by analysis of synovial 
fluid from pathologic joints5,7,10. In addition, HA 
also may be depolymerized by oxygen-derived 
free radicals11 and intracellularly by hyaluroni-
dases, and other glycosidases from synoviocytes 
and leukocytes in the synovium12,13. The decline 
in HA molecular size coupled with its dilution by 
infiltration of plasma fluid and proteins (caused 
by increased synovial membrane permeability) 
reduce the rheological properties of synovial fluid 
from diseased joints5,7,10,11. As a consequence, it 
was contended that cartilage attrition and sub-
chondral bone remodeling was enhanced con-
tributing to progression of pathology and clinical 
symptoms.

Thus, more than thirty years ago Balazs and 
Denlinger14 introduced the concept of viscosup-
plementation, a therapeutical approach to OA 
involving the replacement of the SF with highly 
purified HA to restore (or supplement) SF vis-
coelasticity, to decrease symptoms, and improve 
joint functionality. 

In the years that followed, intra-articular injec-
tion of HA-based preparations gained consensus 
among practitioners who recognized this approach 
as a safe and effective treatment of OA, safety be-
ing a major issue15-21. A Cochrane meta-analysis17 
of 76 trials showed that this approach is effective 
in OA of the knee with beneficial effects on pain, 
function and patient global assessment, a finding 
confirmed by more recent meta-analyses22. 

Therefore, as briefly summarized in Table I, 
this treatment modality was in general accepted 
in the guidelines23-38 concerning the management 
of OA, but not without debate as evidenced by the 
lack of recommendation in the NCC-CC (2008) 
and in the AAOS (2013) clinical guidelines or the 
‘uncertain’ rating obtained in the OARSI (2014) 
statement. This appears mainly due to conflicting 
results of the proposed meta-analyses36 that may 
arise from methodological differences or from 
flaws (the AAOS 2013 document, for instance, 
was quite criticized from a methodological point of 
view: see39 for a thoughtful discussion of the topic). 

In this respect, however, a particular point 
likely deserves consideration. As emphasized in 
Table I, almost all the published analyses did 
not differentiate among HA-based products. All 
of them were usually considered as a class of 
compounds (called ‘i.a. HA’, ‘viscosupplements’ 
and similar) sharing common properties. Instead, 
the currently available HA-based preparations for 

Table I. Intraarticular HA therapy in the guidelines on the management of OA.

Guideline	 Pathology	 HA preparation	 Recommendation	 Reference
	
ACR 2000	 Knee,hip OA	 i.a. HA	 Yes	 [23]
EULAR 2003	 Knee OA	 i.a. HA	 Yes	 [24]
EULAR 2005	 Hip OA	 i.a. HA	 Yes	 [25]
EULAR 2007	 Hand OA	 i.a. HA	 Yes	 [26]
NCC-CC 2008	 Knee, hip OA	 i.a. HA	 No	 [27]
OARSI 2008	 Knee, hip OA	 i.a. HA	 Yes	 [28]
OARSI 2009	 Knee, hip OA	 i.a. HA	 Yes	 [29]
MQIC 2011	 Knee, hip OA	 i.a. HA	 Yes	 [30]
ACR 2012	 Hand, hip, knee OA	 i.a. HA	 Yes	 [31]
AAOS 2013	 Knee OA	 i.a. HA	 No	 [32]
ESCEO 2014	 Knee OA	 i.a. HA	 Yes	 [33]
OARSI 2014	 Knee OA	 i.a. HA	 Uncertain	 [34]
ACR 2014	 Knee OA	 i.a. HA	 Yes	 [35]
European consensus	 Knee, hip, shoulder,
  task-force 2015	   ankle, hand	 i.a. HA	 Yes	 [36]
US systematic review 2015	 Knee OA	 i.a. HA	 Yes	 [37]
AMSSM 2016	 Knee OA	 i.a. HA	 Yes	 [38]

AAOS: American Association of Orthopedic Surgeons; ACR: American College of Rheumatology; AMSSM: American Medical 
Society for Sport Medicine; EULAR: European League Against Rheumatism; ESCEO: European Society for Clinical and 
Economic aspects of Osteoporosis and osteoarthritis; NCC-CC: National Collaboration Centre for Chronic Conditions; MQIC: 
Michigan Quality Improvement Consortium; OARSI: Osteoarthritis Research Society International.



D. Guidolin

4700

intra-articular administration significantly vary 
in concentration, molecular weight and protocol 
of injection. Furthermore, they can also differ in 
terms of molecular organization including solu-
tions of native HA, as well as materials chem-
ically derived from HA (such as hylans40 and 
hyadd41), engineered to increase elastoviscosity 
and intra-articular residence time. Thus, possible 
differences in the efficacy profile specific to each 
product, may affect the results of the statistical 
analyses performed on the category as a whole42. 
This may help explain different views on the 
HA-based therapies in OA. A further conse-
quence of this type of approach was pointed out 
by Migliore and coworkers in a two-parts study 
aimed at identifying scientific evidence from 
preclinical43 and clinical44 studies supporting the 
use of intra-articular HA marketed in Italy. It 
was observed that only a quite limited number of 
branded formulations were supported by reports 
providing scientific evidence, while the majority 
remained without direct proof. In other words, the 
rationale of use of these products was based on 
their nature, as if a class effect existed such that 
all HA-based preparations would yield similar 
effects and study results from a certain prepara-
tion could be extended to other HA-containing 
products that differ in composition. Thus, it has 
been suggested that larger and brand-specific 
studies should be provided to guide clinicians 
in making an appropriate choice regarding HA-
based intra-articular therapy.

A specific HA preparation (based on 500-
730 kDa native HA, and branded as Hyalgan®, 
Hyalart®, Hyalectin®) is the focus of the present 
review, since it is characterized by a relevant 
amount of preclinical and clinical studies support-
ing its use as a tool for intra-articular therapy, the 
first studies dating back to thirty years ago45,46. 
Furthermore, it has also often used as a reference 
product in studies aimed at defining the efficacy 
profile of other HA-based preparations47-49. Thus, 
the analysis of this experience may be of help in 
the identification of the parameters that could be 
evaluated to characterize specific properties of 
each given HA-based preparation in order to allow 
a better positioning of each product in the frame-
work of the available therapeutical strategies.

Early Evidence
The first clinical study performing intra-ar-

ticular administration of 500-730 kDa native HA 
(Hyalgan®) in OA of the human knee was reported 
by Dixon and coworkers in 198846. The study was 

a placebo-controlled study involving three hospital 
centers in the UK, and sixty-three patients (30 HA, 
33 placebo) entered the trial. After the first 2 ml 
injection of 20 mg HA or placebo, they were seen 
again for reassessment and further injections at 
intervals of 1, 2, 3, 5, 7, 9, 11, 15, 19 and 23 weeks. 
A final assessment was performed at week 48. At 
each visit, gradings of the severity of pain at rest 
and pain on movement were assessed using visual 
analogue scales (VAS), while an 8-point scale was 
used to evaluate the ‘Activities of daily living’ 
(ADL). The results showed that the applied treat-
ment was well tolerated and indicated significant 
reductions in joint pain, both at rest and on move-
ment, thereby giving support to the hypothesis that 
this type of treatment was clinically beneficial. In 
the years that followed more placebo-controlled 
trials on knee OA50,51 became available. In these 
trials, patients received 450 or 551 intra-articular 
injections of 20mg/2ml 500-730 kDa HA (or pla-
cebo) at weekly intervals. The results confirmed 
the previously reported data, showing that the 
treatment was able to significantly improve pain 
and functional status in patients with knee OA. 
These studies, however, provided additional rele-
vant information. The onset of the beneficial effect 
was found to be gradual, becoming evident by the 
third week, but long-lasting. In the study by Dou-
gados et al50, for instance, the therapeutic benefit of 
the treatment was still present at one year. During 
the 1-year follow-up the need to perform additional 
local therapy (joint fluid aspiration during hydrar-
throidal episodes, local corticosteroid injection) 
was significantly less frequent in the HA-treated 
group than in the placebo group, and after one year 
the clinical judgement and the improvement in the 
functional index were significantly more favorable 
in the treated group than in the placebo group. 

In the same period the biophysical features 
of this HA solution were also carefully stud-
ied, since, according to the viscosupplementa-
tion concept, a substance able to restore the 
viscoelastic properties of the SF should exhibit 
a similar mechanical behavior. SF acts predom-
inantly as a viscous fluid when it is exposed to 
low deformation frequencies (slow movement) 
and behaves as an elastic shock absorber when it 
is subjected to a high rate of deformation, such 
as during running or jumping52. This rheological 
profile, which is strongly dependent on the HA 
content, is critical to the physiologic function of 
the synovial fluid. It can be characterized by eval-
uating how the frequency of a properly applied 
mechanical stress affects the relative values of 
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the elastic modulus and the viscous modulus53,54. 
The strain frequency at which these two moduli 
intersect is called the “cross-over point” (Figure 
1A) and represents the frequency (~ 0.16 Hz 
in healthy SF) at which the SF changes from 
predominantly viscous to predominantly elastic. 
These rheological properties depend on both the 
molecular weight and the concentration of HA 
and the cross-over frequency typically moves to 
higher values as solutions become more dilute 
and structure disappears. Thus, when compared 
to healthy SF, the cross-over frequency exhibited 
by 500-730 kDa HA at the concentration used 
for intra-articular therapy resulted significantly 
higher55,56 indicating a quite different rheologi-
cal behavior. Moreover, it must be pointed out 
that endogenous HA is also involved in the 
lubrication of the synovial joint by two main 

mechanisms. From one side it is characterized by 
intrinsic lubricating properties57, on the other side 
it can interact with phospholipids, giving rise to 
complexes exhibiting peculiar lubricating58 and 
protective59 characteristics. Both these features, 
however, are MW-dependent and become more 
efficient with increasing chain length58,59. Thus, 
the biophysical properties of 500-730 kDa HA 
cannot support an explanation of the above men-
tioned clinical data simply in terms of ‘viscos-
upplementation’. In addition, data on the kinetics 
of HA with MW in this range indicated that the 
half-life and residence time following a single 
intra-articular injection were of about 16 and 60 
hours respectively60, a finding inconsistent with 
the long-lasting effect observed. A key question, 
therefore, was raised concerning the mechanism 
of action of this HA-based material.

Figure 1. Viscoelasticity of hyaluronan 
solutions. A, Frequency sweep plot of the 
elastic (G’) and viscous (G”) modulus for 
normal SF and for SF from osteoarthritic 
joints55. The cross-over frequency typically 
moves to higher values as solutions become 
more dilute and/or MW decreases. B, Frac-
tion of injected HA diffusing from SF into 
the tissues as a function of MW62.

A

B
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In this respect, an interesting insight was provid-
ed by data on trans-synovial flow61,62. The trans-sy-
novial flow is a very well-regulated process in 
the joint, since even a small, sustained imbalance 
of it would quickly lead to joint swelling or fluid 
depletion. Sustained flexion is a particular threat to 
volume homeostasis, because it raises intraarticular 
pressure, driving fluid out of the joint cavity. An 
important function of endogenous HA in the sy-
novial fluid is to counter this threat by “buffering” 
the fluid drainage rate. Coleman et al61 showed that 
the outflow buffering effect is dependent on the HA 
molecular weight. In this study HA of different MW 
were infused into the knees of anesthetized rabbits, 
with Ringer solution as control in the contralateral 
joint, and trans-synovial drainage rate was record-
ed at known joint pressures. With HA in the MW 
range here considered the fluid drainage rate was 
reduced relative to Ringer solution, but increased 
with pressure, indicating that there was no full out-
flow buffering. In particular, data showed (Figure 
1B) that a significant amount of the administered 
HA was able to diffuse into the articular tissue-
s62and, as a consequence, to interact with cells and 
receptors, a result consistent with previous studies 
performed in vivo with fluoresceinated HA63,64 or 
with 14C-labeled HA65 that demonstrated how ad-
ministered HA in this MW range was present at the 
level of the pericellular matrix of synoviocytes and 
chondrocytes after a single intra-articular injection 
with reported concentrations of about 200 mg/g 
in the synovial tissue and 25 mg/g in the articular 
cartilage. This finding opened the possibility that 
500-730 kDa HA could mainly act through some 
biological mechanism of action. Studies undertaken 
to test this hypothesis will be briefly reviewed in 
the next section.

 
in vitro and in vivo Preclinical Studies

The quite large amount of available in vitro 
and in vivo studies carried out with 500-730 kDa 
HA supports the idea that this HA preparation 
can exert a combination of modulating biologi-
cal activities on the cell populations present in 
the joint by acting on specific receptors (CD44, 
ICAM-1, RHAMM, LYVE-1) expressed on the 
surface of various cell types, including inflam-
matory cells, chondrocytes and synoviocytes66-69. 

Effects on Inflammatory Cells 
and Modulation of Inflammation

Early in vitro studies70 have shown that HA 
in the MW range here considered inhibited, in 
a dose dependent manner, the migration, che-

motaxis and adhesion to substrata of leukocytes 
at concentrations (0.5-1.5 mg/ml) that can be 
obtained following the standard treatment sched-
ule. The same effect was not observed with 
other charged polysaccharides, such as dextran 
sulphate or chondroitin sulphate. Further exper-
iments71 indicated that HA was able to alter cell 
locomotion in at least three ways, namely inhibi-
tion of chemotactic gradient formation, preven-
tion of binding of chemoattractant to cells, and 
direct inhibition of cell adhesion. In this respect, 
subsequent in vivo researches72 showed that HA 
receptors were deeply involved in the regulation 
of leukocyte locomotion, since blocking or de-
leting CD44 resulted in a decrease of the cell 
recruitment into the synovial fluid and in a reduc-
tion of the severity of the experimentally induced 
arthritis in mice.

The influence of 500-730 kDa HA on the 
growth of human macrophages was explored by 
an in vitro study73. The results showed that at a 
dose of 1mg/ml, HA significantly reduced the 
rate of cellular proliferation and altered cell cycle 
distribution. Concomitantly, a 10-fold increase in 
apoptotic cells and a 12-fold increase in dead cells 
were observed after 168 hours. Additional data 
from this work also suggested that the observed 
effect was likely mediated by the interaction of 
HA with the cell surface via CD44 receptors. 

Recently, evidence was provided74 that plate-
lets may contribute to joint degeneration in OA 
by favoring the accumulation of matrix metallo-
proteinase 2 (MMP-2) in the SF. In fact, when 
fibroblast like synoviocytes (FLS) isolated from 
SF of OA patients were co-cultured with plate-
lets the release of MMP-2 was favored by the 
interaction of platelet surface P-selectin with FLS 
CD44. In the presence of 500-730 kDa HA the 
increase of MMP-2 production by FLS, triggered 
by the interaction with platelets, was significantly 
reduced in a dose-dependent manner. 

These findings show consistency with animal 
studies indicating that this specific HA prepara-
tion modulated both acute and chronic inflamma-
tion in a dose related fashion75, and with immu-
nological and biochemical evaluations obtained 
as part of human studies. In a cytological and 
cytofluorimetric study focused on the inflamma-
tory cell populations present in the synovial fluid 
of patients with OA and joint effusion following 
treatment with Hyalgan®76 not only a decrease 
in cellularity of the synovial fluid (leukocytes, 
monocytes, lymphocytes) was observed, but also 
a significant reduction in activated lymphocytes 
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and monocyte-macrophage phenotypes after HA 
treatment, when compared with a placebo-treat-
ed group. Placebo-controlled studies estimating 
the production of inflammatory mediators and 
catabolic factors were performed by Punzi and 
coworkers77,78. They indicated that 500-730 kDa 
HA injections were able to reduce prostaglandin 
E2 (PGE2) and MMP (MMP-1 and MMP-3) levels 
in knee SF of patients with various arthropaties. 
A significant reduction of the total amount of ar-
achidonic acid metabolites and cytokines (LTC4, 
PGF1α, PGF2α and interleukin-1β) in human SF 
following treatment with HA in the MW range 
here considered was observed by Hirota et al79. 

Altogether these results provided indication 
that the beneficial effects of 500-730 kDa HA in-
tra-articular therapy could be in part linked to its 
ability to control the inflammatory process by a 
downregulation of the inflammatory cells activity.

Effects on Tenocytes
Osti et al80 in vitro recently provided evidence 

of a possible effect of hyaluronan on viability, 
metabolic activity, apoptosis, and collagen type 
I expression in human tendon-derived cells. The 
results indicated that following hyaluronan ad-
ministration cell viability and proliferation in-
creased in a dose dependent manner. Further-
more, HA stimulated the synthesis of collagen 
type I in a dose dependent fashion, without 
increase in collagen type III. No dependence of 
the effect on the MW of the administered hyal-
uronan was observed in this in vitro study. As far 
as 500-730 kDa HA is concerned, its effect on 
tenocytes was also tested in vivo by Salamanna et 
al81. In this study, the right patellar tendon of rats 
that underwent discontinuing training activity 
received repeated peri-patellar injections of either 
500-730 kDa HA or saline, while the left tendon 
was untreated. Cells derived from the tendons 
were then cultured and tenocyte morphology, 
metabolism and synthesis of C-terminal-propep-
tide of type I collagen, collagen-III, fibronectin, 
aggrecan, tenascin-c, interleukin-1β, MMP-1 and 
MMP-3 were evaluated after 1, 3, 7 and 10 days 
of culture. Cultures from HA-treated tendons 
showed a significantly higher proliferation rate 
and viability, and increased synthesis of C-ter-
minal-propeptide of type I collagen, fibronectin, 
aggrecan, tenascin-c and matrix-metalloprotein-
ase-3 with respect to the saline-treated ones, 
whereas synthesis of MMP-1 and interleukin-1β 
was decreased. The results, therefore, suggested 
that 500-730 kDa HA can allow the maintenance 

of tenocyte anabolic activity, a finding of poten-
tial relevance to enhance a positive response of 
the tendons to pathological insults. 

Effects on Chondrocytes
An early study on an animal model of osteo-

arthritis showed that 500-730 kDa HA treatment 
induced a beneficial effect on the cartilage re-
sponse to damage, as assessed by morphological 
and morphometrical analysis of the tissue82. Sim-
ilar results were subsequently obtained both in 
dogs 83 and in rabbits84 suggesting that sequential 
cycles of 500-730 kDa HA therapy may provide 
long-term benefits for altering the disease course.

in vitro studies highlighted a variety of biolog-
ical effects of this HA fraction on chondrocytes. 
In chondrocyte cultures, indeed, 500-730 kDa HA 
was shown to guard these cells against nitric ox-
ide85 since it was able to reduce, in a dose-depen-
dent way, the synthesis of both interleukin-1-in-
duced nitric oxide and PGE2. Of note, the effect 
was not evident with hyaluronic acid of higher 
molecular weight (6000 kDa). It must be observed 
that nitric oxide and PGE2 are among the most po-
tent mediators of cartilage damage and nitric oxide 
is also directly involved in cell apoptosis. In this 
respect, Grishko et al86 evaluated the chondropro-
tective action of this HA preparation on cultured 
human articular chondrocytes following experi-
mental stress induced by reactive oxygen (ROS) 
or nitrogen (RNS) species, mimicking increased 
nitric oxide (NO) and RNS production during OA 
progression. 500-730 kDa HA caused a decrease 
in mitochondrial DNA damage, enhanced mito-
chondrial DNA repair capacity, cell viability and 
decreased apoptosis demonstrating that enhanced 
chondrocyte survival and improved mitochondrial 
function under conditions of oxidative injury are 
important components of the therapeutic action of 
Hyalgan® in osteoarthritis.

This HA preparation was also shown to pro-
tect chondrocytes against anti-Fas induced apop-
tosis in vitro87. In this cellular model, blocking the 
CD44 and ICAM-1 HA receptors, the protective 
effect disappeared, demonstrating that it was 
receptor mediated. Protection against apoptosis 
during the development of OA was also observed 
in vivo in rabbits following treatment with HA in 
the MW range here considered88. 

The inhibition of the catabolic activity of chon-
drocytes is a further effect induced by 500-730 kDa 
HA administration to the cells, as demonstrated by 
a study89 monitoring the release of proteoglycans 
from the cell matrix fraction into the medium in 
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chondrocyte cultures, a parameter considered as a 
good index of the catabolic activity of the chon-
drocytes90. In that study, rabbit chondrocytes were 
cultured in the presence of cytokines (interleu-
kin-1β, tumor necrosis factor α) and HA with MW 
between 300 and 800 kDa was found to be a potent 
inhibitor of the release of proteoglycans. The effect 
was dose dependent in a range of concentrations 
(10-1000 μg/ml) comparable to those obtainable in 
vivo in the tissue following intra-articular admin-
istration of the substance.

An enhancement of the anabolic activity of 
chondrocytes was also demonstrated following 
500-730 kDa HA administration. Chondrocytes 
regulate the cartilage homeostasis by secreting 
various substances. In this respect, the balance 
between the activity of MMP and their inhibitor 
(TIMP-1) is thought to be important for the main-
tenance of cartilage matrix within articular tis-
sues. The MMP/TIMP ratio is therefore an index 
of cartilage degradation and it has been demon-
strated that HA in the MW range here considered 
is able to reduce such a ratio in chondrocytes cul-
tured for 8 days in presence of interleukin-1β91. 
In cultured rabbit chondrocytes92 and in bovine 
articular cartilage63 this HA fraction appeared 
also able to enhance proliferation and matrix syn-
thesis that was reduced by interleukin-1β. These 
findings are also supported by the in vitro results 
on normal and osteoarthritic cartilage explants 
demonstrating that 1mg\ml HA (in the MW range 
here considered) was able to block interleukin-1β 
stimulated production of MMP-1, MMP-3 and 
MMP-13 in normal and osteoarthritic cartilage93.

The CD44 receptor is likely involved in the 
modulation of the anabolic activity of chondro-
cytes, as demonstrated by in vitro studies67,93,94. The 
adhesion of chondrocytes to HA through CD44 
receptor, for instance, induced a variety of stimula-
tory signals, such as c-myc mRNA and transform-
ing growth factor-β mRNA expression, leading to 
maturation or differentiation of chondrocytes and 
regulating chondrocyte proliferation as well as ma-
trix synthesis in the cartilage microenvironment67. 
Furthermore, the stimulatory effect of 500-730 kDa 
HA on chondrocyte proliferation and survival was 
no longer present when chondrocytes were cultured 
in the presence of CD44 antibodies94.

Effects on Synoviocytes
An effect of great interest triggered by 500-

730 kDa HA was identified by Smith and Ghosh45 
in synoviocytes. In this early in vitro study, the 
authors showed that synovial fibroblasts obtained 

from knee joints of patients with OA synthesized 
HA at a lower rate than cells derived from normal 
synovia. They, however, responded to the pres-
ence of HA in the MW range here considered by 
increasing the biosynthesis of HA in a concentra-
tion dependent way and at concentrations (50-100 
μg/ml) comparable to those obtainable in the 
tissue following intra-articular administration. 
This process is of particular relevance, because 
once initiated it appeared self-sustaining. Thus, 
it might explain the prolonged duration of the 
effect following intra-articular administration. 
The synthesis of high MW endogenous HA by 
synoviocytes as a consequence of 500-730 kDa 
HA administration was subsequently confirmed 
in vivo in an ovine model of OA95. In this study 
the intra-articular administration of Hyalgan® re-
sulted in a significant 70% increase of the endog-
enous hyaluronic acid in the SF. Interestingly, the 
increase was low and not significant when the an-
imals were treated with HA of higher MW (2300 
kDa), consistently with the lower accessibility to 
synoviocytes of high molecular weight HA. 

The role of CD44 receptor in the modulation 
by HA of the biosynthetic mechanisms in syno-
vial fibroblasts was evidenced by a study on sy-
noviocytes of patients suffering from rheumatoid 
arthritis68. In this study, HA binding to CD44 
up-regulated the mRNA transcription and the ex-
pression of VCAM-1. Such a cross-talking be-
tween adhesion molecules might be of importance 
in the regulation of the inflammatory process.

Interaction between HA 
and HA-Receptors

As illustrated in the previous sections, many 
biological activities triggered by 500-730 kDa 
HA were found to be mediated by its interaction 
with specific HA receptors at the cell membrane, 
in particular CD44 (see67,68,72,73,87,93,94). In gener-
al, the consequence of the interaction between 
HA and HA receptors is to stimulate transduc-
tion and other signaling pathways that modulate 
cell functional activities manifested primarily 
by cell migration, proliferation, endocytosis, and 
changes in synthetic activity69,96. Studies97-100 on 
the effect of HA on CD44 cellular signaling, 
however, have shown that the results depend on 
the size of the HA molecules used. For instance, 
200 kDa HA was shown to be more effective in 
maintaining the survival of blood eosinophils 
than HA with an MW of 3x106 Da101. The authors 
proposed that this protective effect was mediated 
via the increased expression of granulocyte mac-
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rophage colony-stimulating factor after CD44 
activation. Further support to these findings were 
quite recently provided by Rayahin et al102 who 
showed that macrophages undergo phenotypic 
changes dependent on HA molecular weight. In 
the abovementioned study by Smith and Ghosh45, 
investigators found the most marked response by 
synovial fibroblasts from an osteoarthritic joint 
exposed to HA of MW greater than 500 kDa, 
whereas smaller molecules had little or no effect. 
Moreover, a high-MW hyaluronan (4700 kDa) 
was less effective than a preparation of 3800 kDa 
when tested in the same experimental model.

Molecular studies have shown that hyaluronan 
binding at the cell surface is a complex interplay of 
CD44 receptor density, CD44 activation state and 
multivalent binding events affected by the size of 
the hyaluronan ligand103. The molecular mechanism 
responsible for the MW-dependent action of HA on 
its receptors, indeed, may be at least in part related 
to the clustering and cross-linking of CD44 on the 
plasma membrane inducing a reorganization of the 
cytoskeleton proteins100,104,105. It is known that bind-
ing of HA to the CD44 link module uses discrete 
exasaccharide elements along the glycosaminogly-
can chain106. Thus, oligomers of proper size can 
interact with more than one CD44 receptor (Figure 
2), and the cellular response ensued from HA bind-
ing will depend on the formed pattern of receptor 
complexes106,107. Beyond a certain limit, however, 
very large hyaluronan molecules may become less 
efficient in engaging multiple receptors because of 
steric hindrance99. Therefore, it can be suggested 
that the maximal response from a given cell type 
would be produced by hyaluronan within a specific 
size range (neither too big nor too small).

The situation is further complicated by the 
existence of different isoforms of the CD44 re-
ceptor108, and the observation that HA can read-
ily enter cells by an unusual endocytic route 
and interact with specific intracellular proteins109. 
Several intracellular HA binding proteins (re-
ceptors) have been described96,107. One of these, 
RHAMM (receptor for HA mediating motility) 
is normally associated with the actin cytoskeleton 
and microtubules, where it colocalizes with erk 
1 protein and MEK1 and modulates their signal-
ing. Significantly, the binding domain for erk 1 
on RHAMM is the same as for HA, suggesting 
the possibility that HA of suitable size to reach 
the cells in the tissues may compete for the erk 1 
binding site within the cell96. 

Based on these features of the HA-CD44 
interaction, Ghosh and Guidolin97 suggested that 

the mechanism of action of intra-articular HA 
was dependent on the MW. Since the HA present 
in normal joint tissues is generally of high MW, 
it would seem to make biological sense for it 
not to continuously stimulate an active response 
from the cells it surrounds. On the contrary, a 
mechanism of action which is mainly of phar-
macological type (i.e. receptor-mediated) can be 
surmised for administered HA in the mid-MW 
range, such as 500-730 kDa HA. In fact, HA of 
this size can significantly diffuse into the tissues 
and reach the cells (see section “Early evidence”) 
where it could provoke a pattern of CD44 clus-
tering and crosslinking on binding suitable to 
trigger a cellular response. For what it concerns 
the joint tissues, the main experimental support 
to this concept were the abovementioned studies 
by Ghosh and coworkers45,95, showing that human 
synovial fibroblasts derived from OA joints when 
cultured with HA responded by up-regulating 
or down-regulating endogenous HA synthesis, 
depending on the media concentration and the 
MW of the exogenous HA added. The maximal 
stimulation of endogenous HA synthesis was pro-
duced by HA with MW around 0.5x106 Da, and 
the cell response significantly decreased when 
HA of MW of about 3x106 Da were used. The 
term viscoinduction97 was then coined to describe 
the main mechanism of action exploited by HA of 
MW between 0.5x106 – 1x106 Da to induce clin-
ical benefits following intra-articular administra-
tion, whereas the viscosupplementation concept 
appears more appropriate to describe the physical 
mechanism of action mainly exploited by high-
MW HA and by products based on modifications 
of HA molecules to achieve greater elastoviscosi-
ty and intra-articular dwell-time110,111.

The biological properties of HA in the MW 
range here considered may therefore allow to 
overcome the questions raised by early studies, 
based on the rheology of this material in compar-
ison to healthy SF (see section “Early evidence”). 
Furthermore, they suggest that significant differ-
ences could exist in terms of mechanism of action 
among the various HA-based formulations pro-
posed for the intra-articular therapy of OA99,112. 
In this respect, however, a second question can 
be raised. It is based on the well-known depo-
lymerization processes affecting the adminis-
tered material as a consequence of the presence 
of oxygen-derived free radicals, hyaluronidases, 
and other glycosidases in the joint environment. 
At least from a theoretical standpoint, starting 
from very high-MW HA these processes could 
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generate sufficient amount of HA of the suitable 
size to trigger a therapeutically positive biological 
response. Thus, the difference between HA of 
different size in terms of mechanism of action 
would be more apparent than real. Data on this 
topic were provided by Komatsu et al113 in their 
study on the kinetics, metabolism and reutiliza-
tion of HA after intra-articular administration. 
An interesting finding of this study concerned 
the pattern of degradation products generated 
starting from injected high-MW HA (2.106 Da). 
In fact, fragments with MW lower than the MW 
range here considered (of 300 kDa at first and, 
at a later stage, of 50 kDa) were mainly found in 
the articular environment. They were then broken 
down by cells into C units (carbon cycle) before 
being re-used as an in vivo constituent of the 
body. These results, therefore, provided support 
to the idea of a substantial difference in terms of 
mechanism of action between high- (‘viscosup-
plementation’) and mid-MW (‘viscoinduction’) 
HA preparations for intra-articular therapy. 

 
Clinical Investigations

A quite large number of clinical investiga-
tions were focused on 500-730 kDa HA as a 
therapeutic tool in joint pathology46,49,50,51,114-171. 
As schematically illustrated in Table II, they en-
compass studies (involving a quite high number 
of patients) that addressed pathological condi-
tions of different joints, the clear majority being 
focused on OA. 

The most common treatment schedule con-
sisted of intra-articular injections of 1% (wt/vol) 

HA solution once a week for 3-5 weeks. Differ-
ent regimens were also tested144,151, in particular 
to address hip and shoulder conditions. Some 
of these studies reported lack of efficacy of the 
treatment125,152,155, which resulted comparable to 
placebo. Overall, however, data from open-label 
and placebo-controlled studies provided support 
to the early findings, demonstrating significant 
symptomatic and functional improvement in pa-
tients with OA. In a study on 108 patients117, for 
instance, the mean percentage of pain reduction 
(as estimated by VAS following exercise) was 
60% at the end of the treatment, 67% after 6 
months and 72% after 12 months. Almost all 
patients who completed the 12 months follow-up 
reported an improvement in their pain condition 
(93% of patients at the end of treatment and 97% 
at month 12). Along the same lines, are further 
studies118,120,123,131,139,144,148 reporting not only relief 
of pain following treatment, but also improve-
ment of functional performance, as evaluated by 
Lequesne’s scale139, WOMAC score118, or 50-foot 
walking test130. A recent meta-analysis140 showed 
that a three-weeks course of 500-730 kDa HA 
treatment was sufficient to obtain the symptom-
atic effect, but repeated cycles of treatment were 
reported to provide additional symptomatic ben-
efit114,115,119,143.

Comparative studies indicated that 500-730 
kDa HA was similar in efficacy to reference 
therapeutic approaches, such as oral NSAID, or 
corticosteroid injections133,134,137, and superior to 
other intra-articular treatments, such as orgo-
tein or glycosaminoglycan polysulphate166-168, in 

Figure 2. Schematic view of the model derived from the studies by Smith and Ghosh45 for the binding of HA to CD44 receptors 
as a function of MW99. HA of small MW (left panel) can bind only monomers of the receptor without inducing any receptor 
clustering. When HA size exceeds a given threshold (central panel), each chain can interact with more than one receptor inducing 
receptor clustering and a reorganization of the cytoskeletal proteins, which in turn triggers a cell response. Beyond a certain limit 
(right panel), however, very large HA chains may become less efficient in engaging multiple receptors because of steric hindrance.    
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Table II. Clinical studies on intra-articular 500-730 kDa HA.

Joint	 Design	 Reference	 Therapeutical 	 No. of
			   application	 patients
	
Knee	 Open label	 Scali114	 OA	 75
		  Kotz and Kolarz115	 OA	 108
		  Neustadt116	 OA	 76
		  Kolarz et al117	 OA	 108
		  Birchall et al118	 OA	 100
		  Turajane et al119	 OA	 183
		  Phiphobmongkol et al120	 OA	 31
		  Miller and Block121,122	 OA	 553
		  Mahesh et al123	 OA	 45
		  Miller et al124	 OA	 218
	 Placebo-	 Dixon et al46	 OA	 63
	   controlled	 Dougados et al50	 OA	 110
		  Henderson et al125	 OA	 91
		  Carrabba et al51	 OA	 100
		  Listrat et al126	 OA	 39
		  Frizziero et al127	 OA	 40
		  Bunyaratavej et al128	 OA	 49
		  Jubb et al129	 OA	 408
		  Huang et al130	 OA	 200
		  Khalaj et al131	 OA	 25
		  Ip and Fu132	 Arthritis	 70
	 Parallel-	 Jones et al133	 OA	 63
	   design	 Altman et al134	 OA	 495
		  Pasquali Ronchetti et al135	 OA	 99
		  Guidolin et al136	 OA	 24
		  Frizziero and Pasquali Ronchetti137	 OA	 148
		  Forster and Straw138	 OA	 38
		  Huang et al139	 OA	 140
		  Stitik et al140	 OA	 60
		  Raman et al141	 OA	 392
		  Westrich et al142	 Arthroscopy	 50
		  Barenbaum et al49	 OA	 437
		  Chareancholvanich et al143	 Osteotomy	 40

Shoulder	 Open label	 Leardini et al144	 Painful shoulder	 29
		  Meloni et al145	 Tendinosis	 56
		  Bernetti et al146	 Lateral epicondylalgia	 11
	 Placebo-	 Blaine et al147	 Painful shoulder	 456
	   controlled	 Tagliafico et al148	 Cuff tear arthropathy	 90
	 Parallel-design	 Di Giacomo and De Gasperis149	 OA	 61

Hip	 Open label	 Bragantini and Molinaroli150	 OA	 44
		  Migliore et al151	 OA	 14
	 Parallel-design	 Qvistgaard et al152	 OA	 101

Ankle	 Open label	 Sun et al153	 OA	 46
	 Placebo-controlled	 Salk et al154	 OA	 20
		  Cohen et al155	 OA	 30
	 Parallel-design	 Sun et al156	 OA	 75

TMJ	 Open label	 Guarda-Nardini et al157	 OA	 25
		  Yakan and Toameh158	 OA	 20
	 Parallel-design	 Guarda-Nardini et al159	 OA	 90
		  Gorrela et al160	 Functional disorders	 62
		  Kiliç and Güngörmüş161	 OA	 31

Hand	 Open label	 Schumacher et al162	 OA	 16
		  Klauser et al163	 OA	 33
		  Frizziero et al164	 OA	 58
	 Placebo-controlled	 Locati et al165	 OA	 20
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reducing pain and improving functional scores.
The 26-week, double-blind, placebo- and 

Naproxen-controlled, multicenter trial in the 
U.S., coordinated by Altman and Moskowitz134 
provides an example. The results of this study, 
involving 495 patients with OA of the knee, 
indicated that 500-730 kDa HA therapy (5 in-
jections, once a week) was significantly more 
effective than placebo and at least as effective 
as continuous Naproxen (500 mg twice a day 
orally for 26 weeks) in terms of relief of pain 
as assessed by VAS during a 50-foot walk test, 
and by a categorical scale. The treatment also 
improved joint function. At the end of the fol-
low-up (26 weeks), HA treatment was superior 
to placebo, and comparable to Naproxen, in the 
secondary outcome parameters such as the WO-
MAC scale, heel-to-buttock distance, and knee 
range of motion.

The early observation that the induced effects 
were long lasting was also essentially confirmed 
by subsequent studies considering a follow-up of 
one117,118,145,151,157 or two years116 following a single 
cycle of therapy. In this respect, of particular in-
terest could be recent studies focused on the use of 
combined HA and physical therapy121,122,124,132,140,156. 
As reported by Miller et al121,122,124, patients with 
knee OA were enrolled in an 8-week multimod-
al treatment program, involving a cycle of five 
weekly intra-articular injections of HA followed 
by a structured physical therapy and education 
programs provided by physical therapists 2-3 times 
per week during the 8-week period. Interestingly, 
long-term follow-up data (mean 3.7 years) were 
obtained from 218 patients124 and showed that WO-
MAC scores were still significantly lower at the 
long-term follow-up when compared to baseline.

Clinical studies on intra-articular 500-730 
kDa HA therapy, however, are of interest for the 
present discussion not only because of the re-
ported data on the symptomatic efficacy of this 
type of treatment but also in view of provided 
additional information that may allow a better 
characterization of the specific features of this 
HA preparation and, by comparison, of other 
HA-based tools. Thus, this quite documented 
clinical experience may suggest criteria to better 
position the various available HA-based prepa-
rations in the panel of the therapeutic strategies 
for the management of joint disease. Accord-
ing to this standpoint, therefore, some details 
emerging from the clinical studies on 500-730 
kDa HA will be briefly discussed in the sections 
that follow. 

Therapeutic Indications
A first question that can be raised concerns 

the profile of OA patients candidate to obtain 
the highest benefit from the therapy. Although 
no studies specifically designed to address this 
question are available99, data from some investi-
gation suggested that the intra-articular treatment 
with 500-730 kDa HA performed best in patients 
with mild-to-moderate disease. In a pilot clinical 
evaluation of the treatment of hip osteoarthri-
tis150 forty-nine joints were treated: thirty-four 
had mild-to-moderate OA172 and fifteen had se-
vere OA. When the patients were stratified by 
roentgenographic severity of the disease, those 
with mild-to-moderate OA showed the great-
est improvement for all the parameters tested. 
More recently, consistent findings were reported 
by Turajane et al169, who showed that the treat-
ment was effective in visible cartilage patients 
(Ahlback grade 1) without mechanical problems, 
while in severe OA patients (Ahlback grade 3,4,5) 
the treatment was of less benefit. The clini-
cal scenario of patients with mild-moderate OA, 
clinically and radiologically assessed, who have 
not received other therapies was also confirmed 
as “appropriate” for this type of treatment in a 
meta-analysis very recently proposed by a work-
group of clinical experts who developed an “Ap-
propriate Use Criteria” for HA173. In this context, 
of interest are also some data obtained in trials 
comparing 500-730 kDa HA and Hylan G-F20, 
a high-MW cross-linked HA-based preparation. 
Raman et al141, for instance, reported that in pa-
tients with a more severe OA and minimum pain 
score of 6 on a VAS scale the symptomatic benefit 
was higher and more sustained following Hylan 
treatment, further suggesting the possibility that 
in distinct patient populations HA differing in 
MW could have a different efficacy profile. How-
ever, since solid evidence has not been provided 
so far23, additional head-to-head studies should be 
considered to establish this point99.

If demonstrated, this hypothesis would show 
consistency with the above discussed possible 
dependence on the MW of the HA mechanism of 
action. It can be surmised174, indeed, that a HA-
based preparation able to mainly trigger positive 
biological responses from joint tissues has likely 
more potential to target the condition of patients 
with mild-to-moderate disease and a low grade of 
joint tissue degeneration, where some tissue re-
sponse and possibly repair can still be stimulated. 
On the other side, when the disease progresses 
to higher levels of tissue degeneration HA-based 
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preparations able to obtain a more efficient vis-
coelastic, mechanical, support may become more 
effective. Studies demonstrating that in patients 
undergoing arthroscopic surgery the intra-artic-
ular administration of 500-730 kDa HA can lead 
to more pain relief and functional mobility than 
after arthroscopy alone142,143,160, as well as studies 
on joint pathologies other than OA145,146,170,171, pro-
vided indirect support to this view.

Disease Modifying Activity
Consistent with a mechanism of action for 

500-730 kDa HA mainly of biological type are 
clinical data indicating that this treatment can 
have beneficial effects on structural parameters 
of the joint tissues, opening the possibility of a 
delay in the progression of the cartilage break-
down in patients suffering from OA. 

The first study on this topic was carried out by 
Listrat et al126. A total of 39 patients were enrolled 
in this randomized, controlled, prospective, pilot 
clinical study on knee OA. The treated group 
received three cycles of three intra-articular in-
jections of Hyalgan® at three-month intervals 
between each course of injections plus joint la-
vage whereas the control group was treated with 
intra-articular joint lavage alone. The degree of 
chondropathy in the medial compartment of the 
knee was assessed by SFA (Societé Française 
d’Arthroscopie) scoring systems. After one year 
the authors reported a statistically significant 
slowing-down of the progression of cartilage le-
sions in the HA-treated group as compared to the 
control one. 

Subsequently, 408 patients with primary knee 
OA were recruited by Jubb et al129 for a ran-
domized, double-blind, masked-observer, place-
bo-controlled study aimed at investigating the 
structure-modifying activity of 500-730 kDa HA 
treatment by using X-ray evaluation of the joint 
space narrowing (JSN) in the medial tibial-fem-
oral compartment of the knee. The primary end-
point (JSN) was in accordance with the recom-
mendations of the CPMP (CPMP/EWP/784/97) 
for structure-modifying medicinal products for 
the treatment of osteoarthritis, and patients re-
ceived three cycles of three weekly intra-ar-
ticular injections of HA or placebo (saline) at 
4-months intervals. At one-year timepoint JSN 
was measured using digital image analysis of 
standardized radiographs, and the results showed 
that, when compared to the placebo group, HA 
treatment was able to slow-down the progression 
of OA of the knee in patients with radiologically 

less severe disease at baseline. More recent stud-
ies provided further support to these findings, 
showing that intra-articular 500-730 kDa HA 
injections may be beneficial for preventing artic-
ular cartilage degeneration145 and increasing total 
cartilage volume143. 

In this context, of interest are also studies 
involving the analysis of synovial membrane and 
cartilage biopsies obtained during arthroscop-
ic investigation127,137. The alteration in synovial 
membrane histopathology assessed using elec-
tron microscopic evaluation of biopsies was the 
primary outcome of a study conducted in 99 
patients with either primary or secondary OA 
of the knee and comparing the effects of five in-
tra-articular injections of 500-730 kDa HA with 
those of three injections of methylprednisolone 
acetate135. Both active treatments significantly 
decreased inflammation and produced favorable 
modifications in several structural aspects of the 
synovial membrane. Edema was decreased, and 
the amount of collagen present in the membranes 
was increased. HA, but not methylprednisolone, 
also significantly reduced the number of ag-
gregated synoviocytes. When cartilage biopsies 
taken from a subset of 24 patients with primary 
OA, were analyzed136, the results indicated that 
HA significantly improved chondrocyte density 
and overall matrix appearance, compared with 
methylprednisolone treatment. Furthermore, the 
authors showed that 500-730 kDa HA treatment 
was able to change chondrocyte metabolism from 
predominantly catabolic to predominantly ana-
bolic, as indicated by the increased extension of 
the synthetic structures and mitochondria with 
respect to the organelles having catabolic or 
storage functions. 

Taken together, available clinical results form 
a quite solid body of evidence in support of the 
ability of 500-730 kDa HA to modify OA disease 
progression and are consistent with preclinical 
data. It is noteworthy that these clinical studies 
made use of the OARSI recommended guidelines 
for the design of studies aimed at demonstrat-
ing disease modification: the primary outcomes 
were based on prospective evaluations of either 
imaged or directly visualized measures of joint 
structure and morphology and outcomes were 
often evaluated at the recommended timepoint 
of 1-year175. One important issue that requires 
further information is the possible impact of 
HA MW on disease-modifying activities, since 
current preclinical data suggest that MW may 
be an important factor (see87,95,101). Unfortunately, 
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clinical data supporting disease modification are 
essentially limited to the HA fraction here con-
sidered and comparative trials evaluating struc-
tural outcomes of treatment with HA products of 
different size and manufacture would be needed 
to further investigate this issue in patients.

Safety
As a class, the HA-based preparations have 

a well-documented high tolerability profile with 
no known systemic effects and few contrain-
dications or drug interactions176. From studies 
involving native HA preparations an incidence 
of adverse events of 0.5-0.8% has been estimat-
ed174, mostly of minor clinical significance, the 
common adverse event reported being injection 
site pain. With the use of chemically modified 
HA-preparations (engineered to achieve greater 
viscoelastic properties and higher dwell-time) 
Goldberg and Coutts177 report an incidence of 
8-27% of acute local reactions. In particular, a 
clinically distinct reaction known as pseudosep-
sis or SAIR (severe acute inflammatory reaction) 
has been often associated to hylans99. This obser-
vation likely depends on the type of contaminants 
generated during cross-linking that have been 
shown to be immunologically distinct from those 
present in native HA preparations176,178. Rabbit 
studies, indeed, demonstrated an inflammatory 
reaction to hylan but not to native 500-730 kDa 
HA after injection in the joint space47. Interest-
ingly, reports exist of patients having a SAIR and 
subsequently being treated with native HA with 
good clinical results177, further confirming the 
possibility of differences in the safety profiles of 
different HA-based products.

Cost Analysis
A point of potential difference between HA-

based tools for intra-articular therapy can be their 
impact on disease-specific costs. The relevance 
of the topic was evidenced by research showing 
that the annual estimated number of people in the 
USA with OA was approximately 30.8 million 
for 2008-2011179. When pathologies of the knee 
are considered, about 644,000 total knee replace-
ment (TKR) surgeries were performed in 2011, 
97% of which were due to OA180. TKR is highly 
effective in patients with bone-on-bone OA and 
significant knee symptoms, with durable symp-
tom reduction in 80-90% of cases181. However, 
widespread adoption of TKR is hindered because 
of high expense, unacceptable complication risk, 
and lack of perceived benefit182,183. Thus, cost-ef-

fective alternative treatments with better patient 
acceptance are of key importance.

Studies addressing the impact of 500-730 kDa 
HA therapy on the need of TKR were proposed 
by Turajane et al119,169. The authors performed a 
retrospective analysis of the data in their hospital 
focused on the years 2001-2004 and 183 patients 
were enrolled. All patients received repeated cy-
cles of intra-articular HA. After 54 months the 
reported incidence of TKR was 28.4% with a 
mean time to TKR of 15.4 months. The estimated 
cost savings for cancellation or delayed surgical 
procedures was estimated to be about 63%. The 
effect of an 8-weeks multimodal treatment in-
volving a single cycle of intra-articular injections 
of 500-730 kDa HA followed by a physical thera-
py and education program was studied by Miller 
et al122. A total of 553 patients were contacted at 1 
year (n = 336) or 2 years (n = 217) follow-up. The 
percentage of patients who underwent knee ar-
throplasty was 10% at 1 year and 18% at 2 years 
following program completion. The treatment 
program resulted highly cost effective at $12,800 
per quality-adjusted life year at 2 years, and cost 
effectiveness was maintained under a variety of 
plausible assumptions and regardless of gender, 
age, body mass index, disease severity, or knee 
pain severity. Consistent results were reported by 
Ip and Fu132 following a combined therapy involv-
ing HA injections and low-level laser irradiation. 
A cost-effectiveness analysis was also provided 
for a high molecular weight, bioengineered HA, 
based on data obtained from a clinical trial184, 
concluding that the HA product was less costly 
and more effective than conventional care with 
NSAID and analgesics.

A comparison across different HA-based prod-
ucts was recently proposed by Dasa et al185 and 
is of particular interest for the present discussion. 
The study compared different US FDA-approved 
HA viscosupplements (including Hyalgan®) using 
real-world evidence from IMS Health’s PharMet-
rics Plus Health Plan Claims Database, which 
comprises adjudicated claims for more than 150 
million unique patients across the USA and has 
diverse representation of geography, employers, 
and payers. The primary outcome measures were 
disease-specific costs associated with knee OA 
and time from the index date to TKR surgery. 
50,389 patients with HA treatment for knee OA 
were identified. 18,217 (36.2%) patients were 
treated with HA products indicated for five injec-
tions per treatment course. The remainder were 
treated with HA products indicated for fewer than 
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five injections per treatment course, with 20,518 
patients (40.7%) receiving chemically modified 
HA-based preparations (Hylan). Hazard ratios 
showed a significantly higher risk of TKR for 
patients receiving chemically modified HA com-
pared to native HA-based products. Consistently, 
patients treated with native HA had longer delays 
to TKR than those treated with Hylan. Although 
this study did not show any clear relationship 
between molecular weight of HA and its ability 
to delay TKR, nevertheless this analysis of ad-
ministrative claims data provides real-world ev-
idence that meaningful differences exist among 
HA products in terms of disease-specific cost and 
time to knee replacement surgery.

Conclusions

Intra-articular HA injections for the symptom-
atic relief of pain have been available for treat-
ment since the 1980s. Practitioner experience186 
and real-world evidence185 have been accumulated 
to suggest that HA injections are effective and 
well tolerated in patients who either do not re-
spond adequately to conventional therapy or who 
are intolerant of nonsteroidal anti-inflammatory 
drugs187. Treatment guidelines issued by different 
professional medical societies, however, do not 
point in a single direction, most of them accepting 
this treatment modality, some not recommending 
its use. This appears mainly due to conflicting 
results of the proposed meta-analyses36 at least in 
part associated with a marked variability between 
different HA preparations on different outcome 
parameters, as often reported by analysts17,22. A 
recent meta-analysis from Altman et al42 provided 
support to this concept, suggesting that intra-ar-
ticular HA products should not be treated as a 
group, as there are differences between them that 
influence both efficacy and safety. 

From a biological standpoint it must be ob-
served that injected HA can trigger a variety of 
responses including effects on joint mechanics and 
nociception, effects on inflammation, and effects 
on cell metabolism112, depending on the MW, vis-
coelastic characteristics and accessibility to joint 
tissues. Thus, each available HA-based preparation 
for intra-articular therapy is likely characterized by 
a specific profile as a therapeutic tool. The focus 
of the present review article was a particular HA 
preparation (500-730 kDa HA, Hyalgan®), since its 
use dated back to thirty years ago and a quite large 
amount of biophysical, preclinical and clinical stud-

ies are available documenting its characteristics. 
The rheological profile and the half-life of injected 
500-730 kDa HA does not support a mechanical 
role for this material55,56,110. Its biophysical charac-
teristics, however, can allow a significant diffusion 
into the joint tissues62 to interact with cells and 
receptors. Interestingly, the reported elastoviscosity 
of synovial fluid one week after administration of 
the treatment (well after the product was cleared 
from the joint space) resulted increased relative to 
pretreatment values55, a finding consistent with the 
effects on synoviocytes demonstrated in cell cul-
tures and animal models of OA45,95. Thus, a mech-
anism of action mainly of pharmacological type 
(i.e. receptor-mediated) is likely at the basis of the 
therapeutic outcomes of the treatment. In particular, 
it supports the long-term effects observed in several 
clinical studies showing long-lasting symptomatic 
benefit following treatment, a result that can be 
further increased by combining HA injections and 
physical therapy122-124. In this respect, of particular 
interest is also the body of evidence175 supporting 
the ability of 500-730 kDa HA to counteract carti-
lage degradation and the OA disease progression by 
modulating chondrocyte functions. The observation 
that this HA-based preparation appears to better 
perform in patients with mild-to-moderate disease, 
where some tissue response and possibly repair can 
still be stimulated, further supports the just briefly 
outlined pharmacological profile. Not surprisingly, 
therefore, although the most common regulatory 
status for HA preparations is that of ‘medical de-
vice’, in Europe this HA-based tool was classified 
as a ‘medicinal product’.

Can these observations be extended to what-
ever else HA-based preparation? Comparative 
studies suggest a negative answer141,176,185. The 
available HA-based tools for intra-articular ther-
apy seem to exhibit differences and specificities 
in many aspects of potential clinical relevance. In 
this respect, the analysis of the results obtained 
with 500-730 kDa HA suggests that factors likely 
deserving consideration to characterize a HA-
based tool include the main mechanism of ac-
tion, kinetics features and interaction with joint 
tissues, the subpopulation of patients expected 
to obtain the highest benefit from the treatment, 
safety issues and impact on disease-cost. Thus, 
current findings suggest that explanation of re-
al-world clinical outcomes for intra-articular HA 
may go beyond the simple inclusion in a single, 
homogeneous, therapeutic class and require a 
more stratified categorization. Unfortunately, a 
great many of the currently available HA-based 
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preparations are endowed with a limited or absent 
scientific documentation aimed at characterizing 
their specific features43,44. Therefore, additional 
research is needed to better document and to find 
out more about which aspects of intrinsic HA 
product properties and external factors may influ-
ence clinical outcomes associated with intra-ar-
ticular HA in the real-world clinical practice.
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