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Abstract. – BACKGROUND: Joint disease re-
duces the rheological properties of synovial flu-
id, increasing the susceptibility of the articular
cartilage to damage. Thus, a therapeutic strategy,
called viscosupplementation, was proposed in
which intra-articular injections of a suitable ma-
terial are used to restore the viscoelastic proper-
ties of the synovial fluid. Solutions of high-MW
native HA, which is the main component of the
synovial fluid, were a natural choice to reach this
goal, but HA-derived materials, engineered to
achieve greater elastoviscosity and intra-articular
residence time, were also developed. In the last
twenty years the clinical experience showed that
viscosupplementation is effective in joint dis-
eases such as osteoarthritis, with beneficial ef-
fects on pain, function and patient global assess-
ment. However, a marked variability between dif-
ferent preparations on different outcome parame-
ters was reported to exist.

AIM: In the present paper the available data
on Hyalubrix®, a specific 1.5% formulation of
natural HA with MW in the range 1500-2000 kDa,
were reviewed, trying to outline, in the frame-
work of the available intra-articular therapies,
the role it can play for the symptomatic man-
agement of patients with degenerative joint
arthropathy.

Keywords:
Hyaluronan, Osteoarthritis, Intra-articular therapy, Vis-

cosupplementation, Viscoinduction.

Introduction

Hyaluronan (also referred to as hyaluronic acid
(HA) or sodium hyaluronate) is the most abundant
glycosaminoglycan in mammalian tissue. It is pre-
sent in high concentrations in connective tissue,
such as skin, vitreous humor, cartilage, and umbili-
cal cord, but the largest single reservoir is the syn-
ovial fluid (SF) of the diarthrodial joints, where
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concentrations of 0.5-4 mg/mL are achieved1,2. The
high concentration of HA in SF is essential for nor-
mal joint function, because HA confers exceptional
visco-elasticity and lubricating properties to SF,
particularly during high shear conditions. Under
dynamic loading of diarthrodial joints, shear thin-
ning and a reduction in viscosity occur because of
decreased physical entanglements of HA mole-
cules and their realignment to directions more par-
allel with the axis of articulation. These unique
non-Newtonian rheological properties of HA not
only reduce wear and attrition of articular cartilage
during joint motion3-5 but also stabilize joints at
low shear rates6.
In addition, the structural characteristics of

HA molecules restrict the entry of large plasma
proteins and cells into the aqueous phase of SF7,8.
By contrast, HA facilitates the transport of water
and small solutes through SF to articular carti-
lage from capillaries in the synovium and re-
duces fluid loss as intra-articular pressure is
raised during joint flexion9,10.
The diverse physicochemical properties of HA

arise from its unique macromolecular structure,
an exceptionally long chain (up to 30 µm) of re-
peating disaccharide units of N-acetylglu-
cosamine and glucuronic acid. Despite the sim-
plicity of its primary structure, this linear poly-
saccharide can adopt highly coiled conforma-
tions in solution. In the joint cavity the HA mole-
cules are mainly synthesized by the type B syn-
oviocytes, that release a polydispersed HA popu-
lation with molecular weight (MW) ranging be-
tween 2·106 and 10·106 Da1,2,11. Moreover, HA is
produced in large quantities, leading to the for-
mation of extensive macromolecular entangle-
ments and networks that confer to the synovial
fluid its characteristic rheological properties, i.e.
the elasticity and viscosity responsible for shock
absorption under conditions of high compression
or shear, and lubrication in low load states.
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It is well known that joint arthropathies of trau-
matic and degenerative nature (such as osteoarthri-
tis) are associated with a reduction of the molecu-
lar weight and concentration of hyaluronan in the
synovial fluid. In fact, the presence of proinflam-
matory cytokines, free radicals and proteinases in
the synovia can adversely affect the metabolism of
the lining type B fibroblasts, leading to the biosyn-
thesis of HA with abnormal MW, as has been
shown by analysis of synovial fluid from patho-
logic joints5,11,12. In addition, HA also may be de-
polymerized by oxygen-derived free radicals13 and
intracellularly by hyaluronidases, and other gly-
cosidases from synoviocytes and leukocytes in the
synovium14,15. 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
joints5,11-13. As a consequence, it was contended
that cartilage attrition and subchondral bone re-
modeling was enhanced contributing to progres-
sion of pathology and clinical symptoms.
Based on these findings, more than thirty years

ago Balazs and Denlinger16 introduced the con-
cept of viscosupplementation, a therapeutical ap-
proach to osteoarthritis (OA) involving the re-
placement of the SF with highly purified HA to
restore (or supplement) SF viscoelasticity, to de-
crease symptoms, and improve joint functionality.
The clinical studies undertaken to test this hy-
pothesis were in general supportive in terms of re-
lief of OA symptoms16-21, but also raised new
questions. In particular, it was observed that the
clinical outcomes obtained by this approach also
could be achieved with HAs with MWs less than
the HA in SF aspirated from the defective joint22-
25. Moreover, the clinical effectiveness of the ther-
apy was often lasting several weeks or even
months, which was inconsistent with the known
rate of clearance of HA of this size from the syn-
ovial joint26-28. To overcome this inconsistency
Ghosh and Guidolin29 suggested that the mecha-
nism of action of intra-articular HA was depen-
dent on MW. The biological basis of this proposal
relies on the type of interaction HAs of different
MW establish with the specific HA-receptors (in
particular CD44) at the cell membrane. In gener-
al, the consequence of these receptor interactions
by HA is to stimulate transduction and other sig-
naling pathways that modulate cell functional ac-
tivities manifested primarily by cell migration,
proliferation, and endocytosis30. Studies (see29,31

for a review) on the effect of HAs on CD44 cellu-

lar signaling have shown that the results depend
on the size of the HA molecules used, low MW-
HAs being in general more efficient. For instance,
low MW-HA (0.20 x 106 Da) was shown to be
more effective in maintaining the survival of
blood eosinophils than HA with an MW of 3x106

Da32. The authors proposed that this protective ef-
fect was mediated via the increased expression of
granulocyte macrophage colony-stimulating fac-
tor after CD44 activation. The mechanisms re-
sponsible for this MW-dependent action of HA on
its receptors are still not fully understood, but, at
least in part, may be related to the clustering and
cross-linking of CD44 on the plasma mem-
brane29,33. In fact, it has been recently shown that
HA preparations within a specific size range can
provoke a pattern of CD44 clustering and
crosslinking on binding, which then triggers an
intracellular signal, whereas the larger HA mole-
cules may occupy these multiple CD44 linking
sites but prevent receptor crosslinking and a cellu-
lar reaction33. Because the HA present in normal
connective tissues is generally of high MW, it
would seem to make biologic sense for it not to
continuously stimulate an active response from
the cells it surrounds. Thus, a mechanism of ac-
tion which is mainly of pharmacological type (i.e.
receptor-mediated) can be surmised for HA of
lower molecular weight. As far as the joint tissues
are concerned, this concept found experimental
support in the studies by Smith and Ghosh34,
showing that human synovial fibroblasts derived
from OA joints when cultured with HAs respond-
ed by upregulating or down-regulating endoge-
nous HA synthesis, depending on the media con-
centration and the MW of the exogenous HA
added34. The maximal stimulation of endogenous
HA synthesis was produced by HAs with MWs
around 0.5x106 Da, and the cell response signifi-
cantly decreased when HAs of MW of about
3x106 Da were used. The term viscoinduction29

was then coined to describe the main mechanism
of action exploited by HA of MW between
0.5x106 – 1x106 Da to induce clinical benefits fol-
lowing intra-articular administration, whereas the
viscosupplementation concept appears more ap-
propriate to describe the physical mechanism of
action mainly exploited by high-MW HAs and by
products based on modifications of HA molecules
to achieve greater elastoviscosity and intra-articu-
lar dwell-time35. Thus, significant differences
could exist among the various HA-based formula-
tions proposed for the intra-articular therapy of
joint diseases.
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The quite large amount of available data con-
cerning the use of a specific high-MW HA for-
mulation (Hyalubrix) as a viscosupplement for
the management of joint arthropaties will be the
focus of the present review article. This agent is
also referred to as Hyalubrix60 or Hyalone.

Hyalubrix® as a viscosupplement

Hyalubrix is a 1.5% solution of non-modified
HA (15 mg/ml) obtained by biofermentation with
molecular weight in the range 1500-2000
kDa36,59. Ideally, to fulfill the objectives of visco-
supplementation16 following intra-articular ad-
ministration, an exogenous substance should ex-
hibit a behavior very similar to the one of the
synovial fluid it replaces. In particular, it has to
meet some objectives:
• Proper rheological properties
• Trans-synovial fluid buffering, and permeabili-
ty to metabolites and macromolecules
• Good residence time
These aspects will be here briefly discussed,

and in this context available physicochemical da-
ta focused on solutions of HA with molecular
weight in the range 1500-2000 kDa will be also
summarized. Although not directly obtained with
Hyalubrix, these results directly concern the HA
fraction used in that preparation. Thus, they can
be useful in order to assess to what extent Hyalu-
brix can operate as a viscosupplement.

Rheological properties
Synovial fluid acts predominantly as a viscous

fluid when it is exposed to low deformation fre-
quencies (slow movement) and behaves as an
elastic shock absorber when it is subjected to a
high rate of deformation, such as during running
or jumping19. 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 evaluating how the fre-
quency of the applied stress affects the relative
values of the elastic modulus (G’) and the vis-
cous modulus (G”)37. The strain frequency at
which these two moduli intersect is called the
“cross-over point” and represents the frequency
at which the synovial fluid changes from pre-
dominantly viscous to predominantly elastic.
When compared to healthy SF the cross-over fre-
quency exhibited by HA preparations in the con-
sidered range of MW and concentration (~0.8
Hz) was found about twice the one observed in

the joint fluid samples (~0.4 Hz), but significant-
ly closer to it when compared to the values ob-
served in HA preparations of lower MW (~11
Hz) also used for intra-articular therapy38.
It has to 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
properties39, on the other side it can interact with
phospholipids, giving rise to complexes exhibit-
ing peculiar lubricating40 and protective41 charac-
teristics. Both these features are MW-dependent
and become more efficient with increasing chain
length40,41.

Trans-synovial flow
The trans-synovial flow is a very well regulat-

ed process in the joint, since even a small, sus-
tained imbalance of it would quickly lead to joint
swelling or fluid depletion. Sustained flexion is a
particular threat to volume homeostasis, because
it raises intra-articular pressure, driving fluid out
of the joint cavity. An important function of
hyaluronan in the synovial fluid is to counter this
threat by “buffering” the fluid drainage rate.
It has been shown42 that the outflow buffering

effect is dependent on the HA molecular weight.
In this study HAs 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
recorded at known joint pressures. With hyaluro-
nan of low MW (90 kDa, 300 kDa) the fluid
drainage rate was reduced relative to Ringer so-
lution, but increased steeply with pressure, indi-
cating that there was no outflow buffering. When
HAs approaching 2000 kDa were used, the fluid
drainage rate became relatively insensitive to
pressure, causing a near plateau of flow. Further-
more, hyaluronan concentration in the joint cavi-
ty increased over the drainage period, indicating
partial reflection of hyaluronan by synovial inter-
stitium. Reflected fraction was of about 0.80 for
HA in the MW range here considered. The last
result also indicated that HA with this MW ex-
hibits a very low diffusion in the articular tissues,
and, as a consequence, a low interaction with
cells and receptors. This finding is consistent
with previous studies performed in vivo with flu-
oresceinated HA (see43) showing a minimal pene-
tration of high-MW HA in the synovial lining
following intra-articular injection.
For what it concerns the solute exchange be-

tween the synovial capillaries and cartilage and
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other joint tissues it is also evident that an intra-
articularly administered solution of high-MW
natural HA exhibits a behavior very similar to
that of SF, which is itself a HA solution8. This as-
pect is important to ensure the nutrition of articu-
lar cartilage as well as for the elimination of
metabolites and noxious substances from the
joint cavity.

Residence time
Data on the kinetics of HA with MW in the

considered range were provided by Komatsu et
al44. In this study the pharmacokinetics of 14C-
glucose-labelled HA was measured after intra-ar-
ticular injection into the knee joint cavity of rab-
bits. After a single administration the measured
half-life was of 24 hours. However, 10% of the
high MW material was still present in the joint
cavity after 72 hours and the radioactivity disap-
peared in about 120 hours. The observed half-life
and residence time following a single intra-artic-
ular injection were significantly higher than the
ones exhibited by HA with MW < 1000 kDa
(which are of about 16 hours and 60 hours re-
spectively45). A potentially interesting finding of
this study concerned the pattern of degradation
products generated starting from the injected
high-MW HA. In fact, fragments of 300 kDa
and, at a later stage, of 50 kDa were mainly
found in the articular environment. They were
then broken down by cells into C1 units (carbon
cycle) before being re-used as an in vivo con-
stituent of the body.
Altogether the abovementioned data outline a

physicochemical profile for the HA fraction used
in Hyalubrix that suggests for it mechanical
properties quite close to the ones characterizing
the synovial fluid, and a quite limited interaction
with the cells in the joint tissues. Thus, it appears
a suitable material to pursue a therapeutical strat-
egy based on the viscosupplementation concept.
In this respect, available clinical data on the use
of Hyalubrix will be reviewed in the following
section.

Therapeutic efficacy

The effect of intra-articular administration of
Hyalubrix (the high-MW hyaluronic acid for-
mulation which is the focus of the present re-
view) has been tested in a number of controlled
and observational clinical trials, that will be here
briefly described.

Noncomparative trials
A multicenter, large-scale, observational study

by Schieb46 involved a total of 1523 patients, fol-
lowed by 515 clinical centers. 81.3% of recruited
subjects suffered from gonarthrosis, the others
were affected by arthropaties of traumatic origin.
They received a single cycle of three weekly in-
tra-articular injections and were observed for a
maximum of six weeks. Intensity of pain and
mobility were evaluated according to a Visual
Analogue Scale (VAS), both at the start and end
of treatment. A significant reduction in the pain
suffered by the patients was observed. Upon con-
clusion of administration of Hyalubrix, 91.2%
of patients reported generally much less pain
than prior to beginning of treatment. An equally
significant improvement was observed with re-
gard to mobility. Towards the end of treatment,
85.3% of patients reported that limitations of mo-
bility had either disappeared completely or, at
worst, were very slight. This observational study
demonstrated that a cycle of three injections was
sufficient to induce a significant reduction in pain
and an overall improvement in mobility. More-
over, it indicated that therapeutic benefits can be
obtained not only for degenerative arthropathies,
but also for arthropathies of traumatic origin in
younger patients.
These findings were confirmed and extended

by another large-scale, prospective and observa-
tional study, aimed at investigating the safety and
efficacy of Hyalubrix in the treatment of syn-
ovial joint OA, recently proposed by Foti et al47.
This study was carried out at 47 specialist centers
for physiatrist, orthopedics and rheumatology in
Italy, and involved 1266 patients with radiologi-
cally diagnosed OA (located in the knee, hip,
shoulder, tibio-tarsal joint, and trapezio-
metacarpal joint). All participants received intra-
articular HA (30 mg/2 ml) into one or more
joints, as required, once a week for three consec-
utive weeks. The participants were then assessed
at a follow-up visit occurring two weeks after the
final injection to evaluate the variation in efficacy
parameters compared to the baseline visit. The
efficacy parameters included assessment of self-
reported pain via the VAS (to assess the global
level of pain in the target joint), and evaluation of
motor function via the Health Assessment Ques-
tionnaire (HAQ)48,49. An improvement in joint
pain was observed in the study population. Mean
VAS for joint pain in motion significantly de-
creased over the study period for all joints, and a
similar (but smaller) change occurred in VAS for
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pain at rest (Figure 1). As indicated by the mean
absolute change in HAQ over the study period, a
significant improvement in motor function was
observed. Furthermore, the number of patients
using NSAIDs decreased over the study period
(only 4% of subjects were using drugs at the fol-
low-up visit).
This pattern of effects also emerged from other

studies (summarized in Table I) applying the
same protocol of treatment (3 weekly injections),
but focused on pathologies affecting specific
joints.
Two studies addressed the possible use of

Hyalubrix for the treatment of trapezio-
metacarpal (TMC) joint OA50,51. In the pilot
study by Ingegnoli et al50, involving 16 patients,
0.5 ml were administered at each ultrasound-
guided intra-articular injection. A significant
clinical improvement was obtained by the de-
crease in VAS pain already after 2 weeks of treat-
ment and this result was maintained at week 24.
Interestingly, in this study ultrasound examina-
tion of inflammatory parameters [synovial hyper-
trophy and Power Doppler Signal (PDS)] was al-
so performed. PDS appeared significantly de-
creased after two weeks of treatment, but no sig-
nificant decrease in the synovial hypertrophy was
observed during the study. In the trial by Di
Sante et al51 the volume of each ultrasound-guid-
ed intra-articular injection into the TMC joint
was of 1 ml, and the 31 recruited patients were
evaluated before treatment and at 1, 3, and 6
months after the first injection. A statistically sig-
nificant VAS score reduction was observed at 1
and 3 months, but not at 6-month follow-up.

OA of the knee was the focus of a study by
Smiderle and collaborators52,53, involving 14
subjects receiving one intra-articular injection
per week for three weeks. They were evaluated
at baseline and 45 days after by using subjective
scores (a Numerical Rating scale for pain and
the WOMAC scale) and an instrumental ap-
proach (optoelectronic digital analysis of gait),
which allows the measurement of a set of bio-
mechanical parameters54,55. Both approaches
showed significant improvements following
treatment.
A combination of subjective scores (VAS,

WOMAC scale) and instrumental analysis was
also used by Paoloni et al56 to assess the effect
of the three weekly intra-articular Hyalubrix

injections on 20 patients with hip OA. Prior to
the commencement of treatment each partici-
pant underwent a clinical and gait analysis eval-
uation. Clinical evaluation was then performed
at 1, 3, and 6 months after treatment ended. At
the end of the follow-up period a final gait
analysis was also performed. The study high-
lighted not only a significant improvement in
terms of pain (VAS), stiffness and disability
(WOMAC scale), but also a significant change
in walking pattern as a consequence of the ap-
plied treatment (Figure 2).
A different treatment protocol was explored by

Migliore et al57,58 in two open-label trials on hip
OA (see Table I). In the first, prospective, study57

120 patients received 60 mg/4 ml of Hyalubrix

every 6 months, with the possibility of an addi-
tional injection at the intervening 3-months in-
tervals on clinical request. A significant reduc-

Figure 1. Mean change (± standard de-
viation) in joint pain during motion and
at rest evaluated using the 100 mm VAS,
as reported by Foti et al47. A decrease in
VAS score indicates an improvement in
pain severity. Asterisks (*) highlight sig-
nificant differences (p < 0.01, Student’s t-
test) with respect to the baseline value.
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tion of algofunctional indexes (Lequesne’s index)
was demonstrated three months after the first in-
jection, suggesting that this regimen of treatment
can provide similar results to those obtained with
the standard protocol. Furthermore, therapeutical
benefits were maintained over time through
cyclical repetition of injections. The second
study58 was a multicenter, retrospective, study in
which it was assessed whether 176 patients suf-
fering from hip OA were candidate for total hip
replacement (THR) according to clinical data
collected at the first visit for ultrasound-guided
intra-articular injections of Hyalubrix (60 mg/4
ml). At 24 months 90% of the patients did not
undergo THR, and at 48 months 82% of the
study population treated with intra-articular HA
avoided THR. Thus, although further studies are
necessary to confirm these data and to identify
outcome predictors, this result suggested that hip
viscosupplementation with HA may delay the
need for surgical intervention.
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Figure 2. Main results reported by Paoloni et al.56 in their
study on hip OA. A, WOMAC scores at baseline and 6
months following a treatment cycle of 3 weekly intra-articular
injections of Hyalubrix. B, Spatio-temporal characteristics of
gait at pre- and post-treatment evaluations. Data are median
values with error bars representing 25th and 75th percentiles.
Asterisks (*) indicate significant differences (p < 0.05, paired
t-test orWilcoxon test) with respect to the baseline value.
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Comparative trials
In a double-blind, controlled, trial comparing

Hyalubrix to a local anesthetic59 HA (60 mg/4
ml) or mepivacaine (2%) was administered twice
(once a month) to 42 patients suffering from hip
OA. Efficacy measurements included the
Lequesne’s algofunctional index, a VAS for pain,
concomitant use of NSAIDs, and patient and
physician global evaluation. Both treatments sig-
nificantly improved the Lequesne’s index versus
baseline at 3 and 6 months, HA treatment result-
ing significantly superior to mepivacaine (Figure
3). The same result was found on pain intensity,
as measured by VAS. The NSAIDs intake was re-
duced in both groups after three months (49%
with HA, 25% with mepivacaine), with no statis-
tically significant differences between the two
treatments. The same trend was observed for
what it concerns the global assessment by pa-
tients and physician.
Platelet Rich Plasma (PRP), a blood-derived

product rich in growth factors, is a promising
treatment for cartilage defects60. A randomized,
double-blind, prospective study by Filardo et al61

compared this treatment to Hyalubrix. 109 pa-
tients affected by knee degenerative pathology
underwent a cycle of three weekly intra-articular
injections of HA or PRP and were evaluated
basally, and at 2, 6 and 12 months of follow-up
by orthopaedic scores (IKDC, KOOS, EQ-VAS)
for general status and Tegner scale62 scoring the
activity level. Range of motion and knee circum-
ference changes were also measured over time.
Although in this study HA was used as the refer-
ence, control, treatment, the trial provided inter-

esting information on the high-MW HA therapy.
In fact, at the follow-up evaluations, both groups
presented a significant clinical improvement but
the comparison between the two groups showed
a not statistically significant difference in all
scores evaluated. A trend favorable for the PRP
group was only found in patients with low grade
articular degeneration (Kellgren-Lawrence score
up to 2).
A comparative study exploring the possible use

of Hyalubrix after knee arthroscopy was per-
formed by Priano and Guelfi63. In this study 100
patients who underwent arthroscopic meniscecto-
my were divided into two treatment groups: 51
were treated with Hyalubrix injected into the
joint cavity after completion of the procedure, and
49 underwent conventional post-surgical therapy,
without the administration of HA. When com-
pared to the standard treatment, pain on walking,
at rest, during activity and at pressure always de-
creased to a greater extent in the HA-treated
group, who reported also a higher level of joint
mobility and functional evaluation according to
the Lysholm scale scoring62. Thus, this study sug-
gested that the use of high-MW HA in knee
arthroscopy is associated with a significantly
more favourable post-operative clinical outcome.
Almost all the above described trials also col-

lected data on the safety and tolerability of the
therapy with Hyalubrix. The pattern of reported
adverse events (mostly of minor clinical signifi-
cance) is in line with the one tipically observed for
HA products64, namely transient local reactions
such as reddening, itching or pain at the injection
site. With reference to the two large-scale studies

Figure 3. Results concerning the primary end-
point (Lequesne index) in the study by Migliore et
al [59], comparing Hyalubrix to a local anesthetic
(mepivacaine) in hip OA. HA (60 mg/4 ml) or
mepivacaine (2%) was administered twice (once a
month). Both treatments significantly reduced the
Lequesne index with respect to the baseline value,
but the reduction, at both 3 and 6 months follow-up,
was significantly higher (* = p < 0.05, Wilcoxon
test) in the HA group when compared to the mepi-
vacaine one.
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here reviewed, the incidence of adverse events was
of 0.5% in the trial by Schieb46 and of 0.8% in the
study by Foti et al47. Thus, the estimated risk
recorded equated to approximately three adverse
events per 1000 vials injected. In the controlled
study by Migliore et al59 no difference in the inci-
dence of adverse reactions was observed between
the two treatment groups, suggesting that they
were not so much related to the injected sub-
stance, but rather to the injection procedure.

Discussion

Osteoarthritis is a common degenerative mus-
culoskeletal disease, occurring in approximately
10% of people aged 55 years or older65, and re-
sponsible for considerable clinical and economic
burden as a result of reduced quality of life, in-
creased use of health care resources and loss of
productivity66. It can affect any synovial joint,
but it is mainly seen in hands and weight-bearing
joints (knee, hip), and is characterized by loss of
articular cartilage and subsequent remodeling of
periarticular bone67. Patients typically present
with pain, inflammation, and/or stiffness occur-
ring in one or more joints, which fluctuates in in-
tensity and localization over time. To date, there
is no a definitive cure for OA. According to the
EULAR recommendations68,69, the management
of the pathology requires a combination of non-
pharmacological (education, weight reduction,
exercise and mechanical support) and pharmaco-
logical treatment modalities.
Symptomatic pharmacotherapy for OA pri-

marily consisted of non-steroidal anti-inflamma-
tory drugs (NSAIDs) and intra-articular injec-
tions of corticosteroid. However, the associated
side-effects of these agents generated interest in
developing alternative treatment modalities.
In this respect, since osteoarticular disease re-

duces the rheological properties of synovial fluid
in the various joints affected, increasing the sus-
ceptibility of the articular cartilage to damage, a
therapeutic strategy, called viscosupplementation,
was proposed in which intra-articular injections of
a suitable material are used to restore the viscoe-
lastic properties of the synovial fluid. Solutions of
high-MW native HA, which is the main compo-
nent of the synovial fluid, were a natural choice to
reach this goal, but HA-derived materials, engi-
neered to achieve greater elastoviscosity and intra-
articular residence time, were also developed.
They include, for instance, hylans70 and hyadd71. A

Cochrane meta-analysis72 of 76 trials showed that
viscosupplementation is effective in OA of the
knee with beneficial effects on pain, function and
patient global assessment. More recent meta-
analyses confirmed this finding73. However, the
analysts often reported that there was marked vari-
ability between different preparations on different
outcome parameters. In the present paper available
data on Hyalubrix, a 1.5% formulation of natural
HA with MW in the range 1500-2000 kDa, were
specifically reviewed.
Physicochemical studies on the HA fraction

used in such a formulation generally supported its
use as a viscosupplement, since it is characterized
by rheological38, lubricating39, and hydrodynam-
ic42 properties quite similar to those exhibited by
the SF. Furthermore, HA in this MW range when
intra-articularly injected established a limited in-
teraction with the cells of the surrounding tissues.
Thus, Hyalubrix appeared well suited to exploit
a mechanism of action of biomechanical type,
consistent with the viscosupplementation concept.
Although the available clinical studies here an-

alyzed addressed the treatment of different joints
(in particular knee, hip, TMC), all of them shared
the conclusion that the intra-articular administra-
tion of Hyalubrix reduced pain, improved mobil-
ity, and increased the quality of life in patients
with OA. A controlled study59 also showed a sig-
nificantly better performance of the HA therapy
when compared to the administration of a local
anesthetic (mepivacaine). Interestingly, for what it
concerns knee and hip joints these results were
assessed not only by well recognized, subjective,
scales and scores (as, for instance VAS, WOM-
AC, Lequesne’s index), but in some trials52,53,56

they were also confirmed through an instrumental
approach (gait analysis) directly measuring the
biomechanical characteristics of the walking pat-
tern. The treatment protocol followed in the ma-
jority of the available studies involved three intra-
articular injections once a week for three consec-
utive weeks, and the beneficial effects were ob-
served quite early, sometimes after the second in-
jection50. Migliore and collaborators in their stud-
ies on hip OA57-59 investigated a different treat-
ment protocol based on a single injection of a
higher volume of Hyalubrix (60mg/4ml), and
demonstrated its efficacy in terms of symptomatic
relief. Although limited to hip joint, the results of
this experience are intriguing, because this treat-
ment strategy allowed to repeat injections at time
intervals of months, suggesting a way to maintain
the beneficial effect over time.

D. Guidolin, F. Franceschi



Anyway, beneficial effects lasting weeks or
some month were also reported by many of the
studies here considered after the standard treat-
ment cycle of three weekly injections (see Table
I). This finding cannot be fully understood on the
basis of the pharmacokinetics characteristics of
1500-2000 kDa HA. In fact, it is characterized by
a residence time44 significantly longer than the one
exhibited by HA of lower MW, but still limited to
about 120 hours. It has to be considered, however,
that in addition to the temporary restoration of SF
lubrication and viscoelasticity, natural HA may
have a direct effect on reducing joint nociceptor
activity, in part due to the role of hyaluronan as a
mechanical filter that is associated to its rheologi-
cal properties, but also to a chemical interaction
with inflammatory mediators that reduce their sen-
sitising effect on the nociceptor terminals of the
joint tissues74,75. Thus, the overall reduction of
joint inflammation and nociceptive sensitivity
could lead to a sustained beneficial symptomatic
effect of the therapy. It could also be surmised that
the injected high-MW HA could provide, as a re-
sult of its depolymerization in the synovial joint,
HA chains with MW suitable (500-1000 kDa) to
induce viscoinduction effects (i.e. receptor-medi-
ated) at the level of synovial membrane and carti-
lage. Although more deep and specific investiga-
tion on this aspect would be needed, a few data on
Hyalubrix seem to challenge this hypothesis. In
fact, the observed pattern of degradation frag-
ments generated from an injected HA of about
2000 kDa does not seem to include a significant
amount of 500-1000 kDa chains44. Consistently, in
one of the trials here reviewed50 no reduction of
the synovial hypertrophy was observed following
treatment with Hyalubrix, whereas improvements
at tissue level are well documented when HA with
MW in the range 500-1000 kDa is used for intra-
articular therapy24,76,77. Based on these findings, it
could be proposed that high MW HA and HA
with MW in the range 500-1000 kDa represent
two distinct strategies for the management of the
osteoarthritic patient, the latter being more suit-
able in patients with low grade articular degenera-
tion, where some tissue response and possibly re-
pair can still be stimulated. The data from the here
reviewed study by Filardo et al61 indirectly support
this view.
Being based on native HA, the biomechanical

performance of Hyalubrix also differs from the
one provided by HA derivatives for intra-articular
therapy specifically engineered by chemical modi-
fication to achieve greater viscoelastic properties

and higher dwell-time. It has to be taken into ac-
count, however, that in contrast with native HA,
HA derivatives appear associated with a higher in-
cidence of adverse events (probably linked to the
higher immunogenicity of these materials78). Gold-
berg and Coutts79 report an incidence of 8-27% of
acute local reactions with the use of hylans, where-
as from the body of studies here considered the in-
cidence of adverse events with Hyalubrix is 0.5-
0.8%, mostly of minor clinical significance.

Conclusions

Finally, the data from some of the studies here
analyzed support the possibility that viscosupple-
mentation with high MW HA could be of benefit
not only in OA, but also in conditions like trau-
matic arthropaty46 and to get a more favourable
outcome following arthroscopy63. Thus, the over-
all available data outline for Hyalubrix visco-
supplementation the profile of a valuable tool for
the symptomatic management of patients with
different forms of joint arthropathy.
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