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Clinical evidence on knee osteoarthritis suggests that intra-articular administration of hyaluronic
acid may be useful in the management of patients with persistent pain. This study assesses the
duration of effectiveness of a single intra-articular hyaluronic acid injection in a large population of
patients with knee osteoarthritis. This retrospective post-marketing cohort study collected data from
the ANTIAGE Registry (http://www.antiagefbf.it/registro), selecting patients of age > 40 years, with
symptomatic knee osteoarthritis (Kellgren-Lawrence grade I-III) of > 12 months duration, and > 12
months of follow-up. Patients had received a single intra-articular injection of high molecular weight
hyaluronic acid (1,500-2,000 kDa) at baseline. WOMAC Osteoarthritis Index total scores measured
using the LK 3.1 scale and 10 cm VAS pain scores were evaluated before IA Injection and at 6, 9, 10, 11
and 12 months. Blood cell counts, uricemia, erythrocyte sedimentation rates and levels of C-reactive
protein were measured at baseline and 12 months. Time from initial treatment to second injection
up to 12 months was recorded to assess event-free survival. Included patients (n = 187) were 53.5%
female and had a mean (+SD) age at baseline of 62 (+16.6) years and mean (+SD) body mass index of
26.2 (£2.5) kg/m?. Mean (£SD) WOMAC index total score and VAS pain scores were 60.9 (+7.1) and
5.9 cm (£1.8), respectively. There were statistically significant reductions compared to baseline in
mean WOMAC index total score and VAS pain score at all time points (p <0.01 at 6 and 9 months; p<
0.05 at 10, 11 and 12 months for both parameters). These results support the clinical effectiveness and
safety of hyaluronic acid for up to 12 months for pain relief and function improvement in patients with
knee osteoarthritis, confirming previous data on intra-articular administration of hyaluronic acid as
chronic therapy in the management of knee osteoarthritis.

Key words: knee osteoarthritis, viscosupplementation, intra-articular injection, hyaluronic acid

Mailing address:

Prof. Alberto Migliore, 0393-974X (2018)
Rheumatology Unit, Copyright © by BIOLIFE, s.a.s.
San Pietro, Fatebenefratelli Hospital, This publication and/or article is for individual use only and may not be further

reproduced without written permission from the copyright holder.
Unauthorized reproduction may result in financial and other penalties

Via Cassia 600, 00189, Rome, Italy
Tel.: +06 3358 5802 1433
e-mail: migliore.alberto60@gmail.com



1434

Osteoarthritis (OA) is a common cause of joint pain
in adults, and its incidence is expected to increase with
increases in lifespan and obesity (1). OA often causes
physical impairment and social isolation, especially
when the hip or knee is involved. Synovial fluid from
patients with knee OA contains reduced concentration and
molecular weight of the glycosaminoglycan hyaluronic acid
(HA) (2, 3). Several studies suggest that intra-articular (IA)
administration of HA may be useful in the management of
patients with persistent knee pain associated with OA (4).

This treatment has generally been accepted in OA
management guidelines; however, there are discrepancies
between guidelines and clinical practice (5). It was not
recommended in the 2014 NCC-CC guidelines (6), nor
in the 2013 AAOS guidelines (7), and received a rating
of ‘uncertain’ in the 2014 OARSI statement (8). It has
been suggested that the conflicting results of some of the
meta-analyses that informed these decisions may have
resulted from methodological differences or flaws (9, 10).
In particular, some guidelines do not differentiate among
HA-based products, but considered them as a single class
of compounds. However, HA-based preparations for intra-
articular administration vary in concentration, molecular
weight and injection protocol. Their molecular structure
can also vary, including native HA, and HA derivatives
engineered to increase viscoelasticity and IA residence time.

Clinical experience with a high molecular weight HA
(1,500-2,000 kDa) fraction is summarised in ameta-analysis
by Guidolin et al. (11). The authors review treatment of a
variety of different joints, with a focus on knee and hip,
and conclude that the IA injection of HA (1,500-2,000
kDa) reduces symptoms, and improves both function and
quality of life. Priano et al. (12). conducted a multicentre,
randomised, open label, controlled study on 100 patients
undergoing arthroscopic meniscectomy, showing that
post-operative administration of high molecular weight
(1,500-2,000 kDa) HA was associated with significantly
better clinical outcomes, both in terms of function and pain
symptoms, compared with the surgical procedure alone.
Recently, a prospective study of 168 patients treated with
a single TA injection of the same high molecular weight
(1500-2000 kDa) linear HA fraction showed significant
improvement in symptom outcome measures and knee
function for up to 6 months (13).

In the present study, we evaluated the long-term
effectiveness and safety of IA injections of this high
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molecular weight HA (1,500-2,000 kDa) fraction in
patients with symptomatic knee OA using improvement
in Western Ontario and McMaster Universities
Osteoarthritis (WOMAC) index total scores and VAS pain
scores as clinical outcomes. Our hypothesis was that the
effectiveness of a single IA injection of high molecular
weight (1500-2000 kDa) may extend beyond 6 months.

MATERIALS AND METHODS

Study design

This is a retrospective analysis of data from the
multicentre ANTIAGE osteoarthritis registry (http://
www.antiagefbf.it/registro). We identified patients with
mild to moderate knee OA who had received IA injections
of a highly purified solution of sodium hyaluronate with
a molecular weight (MW) of 1,500-2,000 kDa in the
affected knee, with the first injection between January
2015 and November 2016.

Study population

Included patients were > 40 years of age with an
X-ray-confirmed diagnosis of mild to moderate knee OA
of Kellgren-Lawrence (KL) grade 1-3 in the treated knee
and moderate to severe walking pain with 10 cm visual
analogue scale (VAS) pain scores between 4 and 8 cm in
the treated knee, who had received IA injections of high
molecular weight HA (1,500-2,000 kDa) and had complete
follow-up data in the ANTIAGE osteoarthritis registry.
All data were obtained with prior ethics committee
approval and presented following the STROBE checklist
for cohort studies. Patients gave written informed consent
to participate in the study.

Exclusion criteria were: severe OA (KL grade 4);
concomitant use of oral anticoagulant therapy, severe
comorbidities (e.g., rheumatologic disease, low back pain,
femoral head osteonecrosis), significant varus or valgus
deformity requiring surgical correction, inflammatory
diseases that might affect joints, positive history of sepsis
or subacute infection in any joint, relevant lymphatic stasis
in the treated knee, hypersensitivity to any component
of the HA-based preparation, treatment with HA or HA
derivatives in the previous 6 months or with IA steroids in
the previous 3 months.

We enrolled 187 patients meeting all criteria. Mean
age was 62 (+£16.6) years and there was a tendency toward
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overweight. Most patients had moderate knee OA (93.6%
KL grade 2 or 3) affecting only one knee (unilateral
89.6%). Characteristics of the study cohort at baseline are
presented in Table 1.

Procedures

Radiological evaluations using the KL OA scale were
made on an X-ray taken no more than 6 months prior
to treatment. Pain was evaluated on a 10-cm VAS. The
WOMAC Osteoarthritis Index (WOMAC) total score
was assessed with the WOMAC LK 3.1 scale, which
provided a composite measure of pain, function and
joint stiffness. Changes from baseline greater than 16
points were considered clinically significant (14). Data
from patient records matching the above-mentioned
inclusion and exclusion criteria were extracted from the
ANTIAGE registry. Clinical history and demographic
information had been recorded at baseline, when all
patients had received a single 4 ml (60 mg) IA injection
in the affected knee of HyalOne® (second brand name

®,

Hyalubrix®60), a viscoelastic solution containing HA

Table 1. Characteristics of the study cohort at baseline.
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sodium salt with a molecular weight range of 1,500-2,000
kDa obtained by bacterial fermentation (Hyalubrix®60
package insert: http://www.hyalubrix.it/foglietto
illustrativo_hyalubrix 60.pd). Additional injections were
administered if clinically requested during follow-up.
Data were collected on follow-up visits at 6, 9, 10, 11 and
12 months after injection, when VAS pain and WOMAC
OA index were assessed.

A blood sample routinely collected at baseline and
yearly thereafter was used to assess blood cell counts,
uricemia, erythrocyte sedimentation rates and levels of
C-reactive protein; patients with clinically significant
abnormalities are not injected and are examined and/or
treated for comorbidities. Time to second injection was
recorded to perform an event-free survival analysis,

defined as the time from initial treatment to retreatment.

Study endpoints

The primary endpoint was the change from baseline in
the WOMAC total score. Secondary endpoints included
duration of symptom relief after a single TA injection of

Patients (n) 187
Men 87 (46.5%)
Women 100 (53.5%)
Age, years, mean (+SD) 62 (£16.6)
BMI, mean (£SD) 26.2 (£2.5)
Weight, kg, mean (+SD) 74.7 (£10.9)
Height, cm, mean (+=SD) 168.3 (£7.8)
Smokers, n (%) 48 (26%)
WOMAC index total score, mean (+=SD) 60.9 (£7.1)
10 cm VAS Pain, mean (+SD) 5.9 (£1.8)
NSAID intake, mean days/month (+SD) 6.4 (£6.2)
Diabetes mellitus, n (%) 12 (6.4%)
Knee affected, n (%)

Right 80 (42.7%)
Left 86 (45.9%)
Bilateral 21 (11.4%)
Kellgren-Lawrence radiological index, n

(%)

Grade | 12 (6.4%)
Grade 11 79 (42.2%)
Grade 111 96 (51.4%)
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HyalOne®, measured with VAS pain score, time to second
injection, safety of single or repeated IA injections and
changes in hematochemical tests.

Statistical analysis

After the first IA HA injection at baseline, data were
collected on follow-up visits at 6, 9, 10, 11 and 12 months.
All included patients had attended the baseline visit and
all 5 follow-up visits. Data for continuous variables are
expressed as mean +standard deviation (SD), whereas
those for discrete variables are reported as counts and
proportions. WOMAC index total score and VAS pain
scores were recorded at each study visit, and changes from
baseline were assessed using the Wilcoxon test for paired
data. Significance was defined as p <0.05. Statistical
analyses were carried out using Stata software version 13
(StataCorp, College Station, TX, USA). Data on blood
cell counts and serum values were compared at baseline
and study end using Pearson’s tests.

RESULTS

Over the 12 months of follow-up, pain scores and
WOMAC total scores were lowest at the 6-month
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time point, before gradually increasing during the
subsequent 6 months for patients not yet requiring a
second intra-articular injection of HA (Fig. 1).

We assessed the time to treatment failure, when a
second IA injection of HyalOne® was administered.
The effect duration was approximately 9 or 10
months in 62% of patients, whereas the effect
duration in the remaining 38% was between 11-
12 months. At 9, 10, 11 and 12 months, the second
injection was administered to 60 (32%), 56 (30%),
39 (21%) and 32 (17%) patients. Event-free survival
after the first injection was assessed using Kaplan—
Meier analysis of the time to second injection up to
12 months (Fig. 2).

The clinical course of patients receiving HA
injections was followed by assessing pain, stiffness
and physical function at each visit, up to treatment
failure. The 10 cm VAS pain and WOMAC total
scores at treatment failure, when patients with knee
OA required a second IA HA injection, are presented
in Table II.

Blood values for markers of inflammation were in
the normal range at both baseline and after up to 12
months of follow-up, without statistically significant

10 cm VAS Pain Score, mean + SD

O B N W H» U1 O N 00 O©
1

0 2 4 6 8 10 12
Time after first injection, months

Fig. 1. Changes in WOMAC total score (A) and pain (B) over 12 months of follow-up for patients not yet requiring a
second intra-articular injection of hyaluronic acid. There were 187 patients at baseline, 6, and 9 months, 127 patients at
10 months, 72 patients at 11 months and 32 patients at 12 months.
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differences (Table III). However, there was a non-
significant trend toward reduction in the level of
CRP after 12 months.

Safety

No systemic or severe local side effects were
reported after the first or the second injection. In
8 cases, there was a sensation of pain lasting from
several hours to a few days, regressing spontaneously
without requiring medical intervention.

DISCUSSION

IA injection of HA and HA derivatives has gained
consensus among practitioners who recognize this
approach as a safe and effective treatment of OA (15,
16). Meta-analysis of 54 eligible trials that included
7545 patients demonstrated the effectiveness of this
treatment for knee OA, with improvements in pain
scores, function and patient global assessment (17).

The molecular weight of HA is an important
characteristic that influences its physical and
biological properties. HA molecular weight
fractions between 500 and 2000 kda are associated
with improved lubrication and resistance to surface
wear in in vitro tests. In addition to improving
the rheological properties of synovial fluid,
high molecular weight HA has long-term anti-
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Fig. 2. Kaplan-Meier survival analysis of time to second
14 Injection of high molecular weight hyaluronic acid
(HyalOne®), in 187 patients who received more than one
injection.
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inflammatory effects that are not observed with low
molecular weight (< 40 kDa) HA fractions (18,19).
Higher molecular weight HA has longer residence
time in synovial fluid. HA molecular weight can be
increased through cross linking to provide higher
viscosity, improve rheological properties and
longer joint residency times; however, cross-linked
preparations are associated with a higher frequency
of adverse events (20).

Researchers have sought to improve and prolong
the effectiveness of IA HA by combining HA with
other agents, including polyols, corticosteroids and
platelet-rich plasma (PRP). The addition of a polyol
such as mannitol or sorbitol is thought to increase
viscosity and prolong residency time by reducing
the oxidative degradation of HA that occurs after
IA injection (21). The efficacy and safety of IA
HA combined with mannitol has been tested in a
double-blind, controlled clinical trial and found
to be similar to IA HA alone (22). Corticosteroids
have been combined with HA for OA. High doses
of TA corticosteroids are indicated for severe acute
inflammatory flares not responding to treatment
with NSAIDs (23); however, they are not suitable
for long-term therapy. A meta-analysis of 7 trials
comparing IA corticosteroids with IA HA revealed
that corticosteroids are more effective during the
first 4 weeks, after which [A HA provides superior
benefits that continue for months (24). A preliminary
controlled study comparing IA HA with or without
a much lower dose of corticosteroid (10 mg
triamcinolone acetonide) revealed earlier onset of
pain relief with the combination (25), however these
preliminary results require confirmation in a larger
study. Platelet-rich plasma (PRP), a source of growth
factors that influence chondrocyte proliferation
and extracellular matrix production, has also been
combined with IA HA for treating knee OA. Clinical
studies have had mixed results, with one study
showing no additive effect (26), and another study
showing a synergistic effect between PRP and HA
27.

It has been suggested that data from controlled
trials of IA HA treatment should be integrated with
data from the real-world setting and from studies
with longer follow-up (5). We report data on the
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impact of a single IA injection of a 1.5% formulation
of natural HA with MW in the range 1500-2000 kDa
in a real-world setting, showing control of symptoms
and functional improvement in a large cohort of
patients followed retrospectively for one year.
Previously, Vetro et al. (13) conducted a 6-month
open study on a prospective cohort of 168 patients
treated with a single IA injection of the same high
molecular weight (1500-2000 kDa) linear HA
fraction, demonstrating a significant improvement
from baseline in all symptom outcome measures
and an improvement in knee function confirmed
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by results on both the WOMAC index and Knee
injury and Osteoarthritis Outcome Score (KOOS)
instruments that was maintained through 6 months.
The study population in that cohort was younger than
ours (mean age 54 vs 62 years), had more severe knee
OA (VAS pain scores 77 vs 59 mm) and a shorter
follow-up (6 months vs 12 months). Our results show
that the findings of significant continuing response
after a single IA injection of high molecular weight
(1500-2000 kDa) in the 6-month study conducted by
Vetro et al. (13) may be extended for several months
beyond the six-month time point. This has important

Table I1. VAS pain and WOMAC total scores from baseline to the time of the second intra-articular injection of high
molecular weight hyaluronic acid (HyalOne®) for knee osteoarthritis.

Time of second Study visit

njection

(pts., n) Baseline | 6 months | 9 months | 10 months | 11 months | 12 months
9 months (60)

VAS Pain 6.5+2.1 1.8£1.3*% | 2.4+1.4*

WOMAC 63.4+6.3 38.244.3* | 39.1+5.2%

10 months (56)

VAS Pain 7.3+1.8 2.6£1.5% | 2.8£1.7% | 3.2+£2.4%*

WOMAC 58.7+7.2 | 34.3+6.3* | 35.3+5.5* | 38.1+6.1**

11 months (39)

VAS Pain 5.9£1.4 2.1£0.9* | 2.8+1.6* | 3.1x1.8** | 3.3+].7**

WOMAC 61.3+8.1 31.146.2* | 34.24£5.9* | 35.3+7.1** | 38.1+8.1**

12 months (32)

VAS Pain 6.8+1.2 2.4£0.4* | 2.7£0.7* | 3.4+1.3* 3.8£1.6%* | 4.0£]1.2%*
WOMAC 59.546.8 | 33.7£5.9* | 36.4+7.2* | 39.3+8.4* | 41.4+8.8%* | 42.7+7.5%*

Scores are expressed as mean +£SD: before treatment and then after 6, 9, 10, 11 and 12 months. *Significant difference
compared to baseline (p <0.01). **Significant difference compared to baseline (p <0.05).

Table IIL. Biochemical values for serum markers of inflammation at baseline and after up to 12 months of follow-up.

Baseline Follow-up p-value Reference value
Hematocrit, % 47+6 4547 0.631 38-54
Red blood cells/pl 5.20+2.1 x 10° 5.32+2.2x 10° 0.761 4.0-5.6 x 10°/ul
White blood cells/pl 5.600+3.700 6.100+3.900 0.568 4.000-11.000/pl
CRP, mg/dl 1.8+1.3 1.1+0.7 0.074 <3 mg/dl
ESR, mm/h 18.4£11,8 18.1 13,4 0.713 <25 mm/h
Uric Acid, mg/dl 4.3+1.7 4.1+1.5 0.589 < 6 mg/dl

CRP: C-reactive protein, ESR: erythrocyte sedimentation rate.
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implications for the timing of subsequent injections,
and may mean that it is possible delay retreatment,
with associated cost savings over the course of long-
term treatment.

In our study population, the effect duration,
determined by the timing of a request for a second
injection, was between 9 and 10 months in 62% of
our patients. The remaining 38% of patients required
retreatment more than 11 months after the first
injection. Putting this in perspective, it means that [A
HA treatment in patients with KL radiological grade
1-3 knee OA results in 2 out of 3 patients requiring a
second treatment after 9 to 10 months, and 1 out of 3
patients requiring a second treatment after 10 months.

In the future, it would be useful to identify factors
that predict the timing of the need for retreatment
with HA. There was a rapid effect at 6 months in
all patients, corresponding to a clinically significant
improvement in the WOMAC total score, followed
by a modest progressive worsening of outcome
measures that did not return to initial baseline levels
during the observation period, and more importantly,
the improvement remained -clinically significant
throughout follow-up. The non-significant trend
toward reduction of CRP level after 12 months (Table
III) could be compatible with a reduction in the local
level of inflammation, which would also be supported
by the reduction of NSAID consumption and absence
of flares during follow-up. The anti-inflammatory
effects of IA injection of HA in knee OA have
been attributed to interactions mediated by the cell
surface receptors CD-44, toll-like receptors 2 and 4,
intercellular adhesion molecule-1, and layilin (19).

Limitations of this study include the retrospective
design and absence of a control arm with placebo or
active comparator. Moreover, we did not assess the
effectiveness of subsequent injections on outcomes.
However, long-term follow-up of patients with
symptomatic OA of the hip treated with IA injection of
HA at least every six months supported the continuing
effectiveness after 7 years of follow-up. In that study,
patients were evaluated with the Lequesne index,
pain VAS, NSAIDs intake, global medical and patient
assessments every six months from baseline. Patients
were categorized by age class, gender and body mass
index (BMI), and all groups had statistically significant

1439

reductions (p <0.05) at all time points compared to
baseline for the Lequesne index, pain VAS, NSAIDs
intake and global medical and patient assessments,
confirming the long-term efficacy and safety of HA
in the treatment of osteoarthritis (28). This is also
reflected in the findings from a retrospective cohort
of 182,000 patients with a diagnosis of knee OA
identified in an administrative claims database (29).
Patients who had received IA HA injections had a
significantly longer time to total knee replacement
(p < 0.0001). Moreover, there was a dose-dependent
increase in the mean time to knee replacement: no HA,
0.7 years; one cycle, 1.4 years (p <0.0001); >5 cycles
3.6 years (p < 0.0001). These results were confirmed
in a similar study of 267,345 patients with incident
knee OA from a Medicare database. Receiving [A HA
was associated with a median 8.7-month delay in total
knee replacement compared to patients not receiving
HA (95% CI 8.3-9.1 months; P < 0.001) (30).

Our results support the clinical effectiveness and
safety of [A injections of high molecular weight HA
(1,500-2,000 kDa) in patients with symptomatic knee
OA. After 9 months of follow-up, a second injection
was requested by 60 patients (32%), at 10 months
by 56 (30%), at 11 months by 39 (21%) and at 12
months by 32 (17%) patients, demonstrating the
long-term effectiveness of intra-articular HyalOne®
injection therapy, which was associated with a
clinically significant improvement in WOMAC total
scores.

Declaration of Conflicting Interests. AM received
grants or fees from Pfizer, MSD, Fidia, Sanofi, IBSA.

REFERENCES

1.  Cross M, Smith E, Hoy D, et al. The global burden
of hip and knee osteoarthritis: estimates from the
global burden of disease 2010 study. Ann Rheum Dis
2014;73:1323-30.

2. Band PA,HeeterJ, Wisniewski HG, et al. Hyaluronan
molecular weight distribution is associated with the
risk of knee osteoarthritis progression. Osteoarthritis
Cartilage 2015; 23:70-76.

3.  KosinskaMK,Ludwig TE, Liebisch G, et al. Articular
joint lubricants during osteoarthritis and rheumatoid



1440

10.

11.

12.

13.

14.

arthritis display altered levels and molecular species.
PLoS One 2015; 10:e0125192.

Roman-Blas JA, Bizzi E, Largo R, Migliore A,
Herrero-Beaumont G. An update on the up and coming
therapies to treat osteoarthritis, a multifaceted disease.
Expert Opin Pharmacother 2016; 17:1745-56
Migliore A, Bizzi E, Herrero-Beaumont J, Petrella
RJ, Raman R, Chevalier X. The discrepancy
between recommendations and clinical practice for
viscosupplementation in osteoarthritis: mind the gap!
Eur Rev Med Pharmacol Sci 2015;19:1124-29.
NICE Clinical Guidelines, No. 177. Osteoarthritis:
Care and Management in Adults. National Clinical
Guideline Centre (UK) London: National Institute
for Health and Care Excellence (UK); 2014 Feb.
Brown GA.AAOS clinical practice guideline: treatment
of osteoarthritis of the knee: evidence-based guideline,
2nd edition. J Am Acad Orthop Surg 2013; 21:577-79.
McAlindon TE, Bannuru RR, Sullivan MC, et al.
OARSI guidelines for the non-surgical management
of knee osteoarthritis. Osteoarthritis Cartilage 2014;
22:363-88.

Bannuru RR, Vaysbrot EE, McIntyre LF. Did the
American Academy of Orthopaedic Surgeons
osteoarthritis guidelines miss the mark? Arthroscopy
2014; 30:86-89.

Henrotin Y, Raman R, Richette P, et al. Consensus
statement on viscosupplementation with hyaluronic
acid for the management of osteoarthritis. Semin
Arthritis Rheum 2015: 45:140-9.10.

Guidolin D, Franceschi F. Viscosupplementation
with high molecular weight native hyaluronan. Focus
on a 1500-2000 KDa fraction (Hyalubrix®). Eur Rev
Med Pharmacol Sci 2014: 18:3326-38.

Priano F, Guelfi M. Efficacy of intra-articular
hyaluronic acid (Hyalubrix) in
Artroscopia 2017; 8:3-12.

Vetro A, Iovane A, Di Gesu M, Giordan N, Mantia
F, Mantia R. Pain relief and functional recovery

arthroscopy.

over a six-month period after intra- articular
injection with sodium hyaluronate (MW 1500- 2000
KDA) in osteoarthritis of the knee. Eur Journal of
Musculoskeletal Diseases 2014; 1:25-33.

Hmamouchi I, Allali F, Tahiri L, et al. Clinically
important improvement in the WOMAC and predictor
factors for response to non-specific non-steroidal

15.

16.

17.

18.

19.

20.

21.

22.

23.

A.MIGLIORE ET AL.

anti-inflammatory drugs in osteoarthritic patients: a
prospective study. BMC Res Notes 2012;5:58.

Miller LE, Block JE. US-Approved intra-articular
hyaluronic acid injections are safe and effective in
patients with knee osteoarthritis: systematic review
and meta-analysis of randomized, saline-controlled
trials. Clin Med Insights Arthritis Musculoskelet
Disord 2013; 6:57-63.

Bannuru RR, Vaysbrot EE, Sullivan MC, McAlindon
TE. Relative efficacy of hyaluronic acid in
comparison with NSAIDs for knee osteoarthritis: a
systematic review and meta-analysis. Semin Arthritis
Rheum 2014; 43:593-99.

Bannuru RR, Natov NS, Dasi UR, Schmid CH,
McAlindon TE. Therapeutic trajectory following
intra-articular hyaluronic acid injection in knee
osteoarthritis--meta-analysis. Osteoarthritis
Cartilage 2011; 19:611-19.

Petrey AC, de la Motte CA. Hyaluronan, a crucial
regulator of inflammation. Front Immunol 2014; 5:101.
Altman R, Bedi A,Manjoo A, Niazi F, Shaw P, Mease
P. Anti-Inflammatory Effects of Intra-Articular
Hyaluronic Acid: A Systematic Review. Cartilage
2018; 1:1947603517749919.

Yan CH, Chan WL, Yuen WH, et al. Efficacy and
safety of hylan G-F 20 injection in treatment of
knee osteoarthritis in Chinese patients: results of a
prospective, multicentre, longitudinal study. Hong
Kong Med J 2015; 21:327-32.

Conrozier T, Mathieu P, Rinaudo M. Mannitol
preserves the viscoelastic properties of hyaluronic
acid in an in vitro model of oxidative stress.
Rheumatol Ther 2014; 1:45-54.

Conrozier T, Eymard F, Afif N, Balblanc JC, Legré-
Boyer V, Chevalier X; Happyvisc Study Group.
Safety and efficacy of intra-articular injections of
a combination of hyaluronic acid and mannitol
(HAnOX-M) in patients with symptomatic knee
osteoarthritis: Results of a double-blind, controlled,
multicenter, randomized trial. Knee 2016; 23:842-48.
Bruyere O, Cooper C, Pelletier JP, et al. An
algorithm recommendation for the management of
knee osteoarthritis in Europe and internationally:
a report from a task force of the European Society
for Clinical and Economic Aspects of Osteoporosis
and Osteoarthritis (ESCEQO). Semin Arthritis Rheum



24.

25.

26.

27.

Journal of Biological Regulators & Homeostatic Agents

2014; 44:253-63.

Bannuru RR, Natov NS, Obadan IE, Price LL,
Schmid CH, McAlindon TE. Therapeutic trajectory of
hyaluronic acid versus corticosteroids in the treatment
of knee osteoarthritis: a systematic review and meta-
analysis. Arthritis Rheum 2009; 61:1704-11.

Petrella RJ, Emans PJ, Alleyne J, Dellaert F, Gill DP,
Maroney M. Safety and performance of Hydros and
Hydros-TA for knee osteoarthritis: a prospective,
multicenter, randomized, double-blind feasibility
trial. BMC Musculoskelet Disord 2015; 16:57.
Abate M, Verna S, Schiavone C, Di Gregorio P,
Salini V. Efficacy and safety profile of a compound
composed of platelet-rich plasma and hyaluronic
acid in the treatment for knee osteoarthritis
(preliminary results). Eur J Orthop Surg Traumatol
2015; 25:1321-26.

Lana JF, Weglein A, Sampson SE, et al. Randomized

28.

29.

30.

1441

controlled trial comparing hyaluronic acid, platelet-
rich plasma and the combination of both in the
treatment of mild and moderate osteoarthritis of the
knee. J Stem Cells Regen Med 2016; 12:69-78.
Migliore A, Massafra U, Frediani B, et al. HyalOne®
in the treatment of symptomatic hip OA - data from
the ANTIAGE register: seven years of observation.
Eur Rev Med Pharmacol Sci 2017; 21:1635-44.
Altman R, Lim S, Steen RG, Dasa V. Hyaluronic
acid injections are associated with delay of total
knee replacement surgery in patients with knee
osteoarthritis: evidence from a large U.S. Health
Claims Database. PLoS One 2015; 10:e0145776.
Ong KL, Anderson AF, Niazi F, Fierlinger AL,
Kurtz SM, Altman RD. Hyaluronic acid injections in
medicare knee osteoarthritis patients are associated
with longer time to knee arthroplasty. J Arthroplasty
2016; 31:1667-73.



