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Viscosupplementation for Osteoarthritis of the Knee
A Systematic Review and Meta-analysis
Anne W.S. Rutjes, PhD; Peter Jüni, MD; Bruno R. da Costa, MSc; Sven Trelle, MD; Eveline Nüesch, PhD; and Stephan Reichenbach, MD, MSc

Background: Viscosupplementation, the intra-articular injection of
hyaluronic acid, is widely used for symptomatic knee osteoarthritis.

Purpose: To assess the benefits and risks of viscosupplementation
for adults with symptomatic knee osteoarthritis.

Data Sources: MEDLINE (1966 to January 2012), EMBASE (1980
to January 2012), the Cochrane Central Register of Controlled Trials
(1970 to January 2012), and other sources.

Study Selection: Randomized trials in any language that compared
viscosupplementation with sham or nonintervention control in
adults with knee osteoarthritis.

Data Extraction: Primary outcomes were pain intensity and flare-
ups. Secondary outcomes included function and serious adverse
events. Reviewers used duplicate abstractions, assessed study qual-
ity, pooled data by using a random-effects model, examined funnel
plots, and explored heterogeneity by using meta-regression.

Data Synthesis: Eighty-nine trials involving 12 667 adults met in-
clusion criteria. Sixty-eight had a sham control, 40 had a follow-up
duration greater than 3 months, and 22 used cross-linked forms of
hyaluronic acid. Overall, 71 trials (9617 patients) showed that vis-
cosupplementation moderately reduced pain (effect size, �0.37

[95% CI, �0.46 to �0.28]). There was important between-trial
heterogeneity and an asymmetrical funnel plot: Trial size, blinded
outcome assessment, and publication status were associated with
effect size. Five unpublished trials (1149 patients) showed an effect
size of �0.03 (CI, �0.14 to 0.09). Eighteen large trials with blinded
outcome assessment (5094 patients) showed a clinically irrelevant
effect size of �0.11 (CI, �0.18 to �0.04). Six trials (811 patients)
showed that viscosupplementation increased, although not statisti-
cally significantly, the risk for flare-ups (relative risk, 1.51 [CI, 0.84
to 2.72]). Fourteen trials (3667 patients) showed that viscosupple-
mentation increased the risk for serious adverse events (relative risk,
1.41 [CI, 1.02 to 1.97]).

Limitations: Trial quality was generally low. Safety data were often
not reported.

Conclusion: In patients with knee osteoarthritis, viscosupplemen-
tation is associated with a small and clinically irrelevant benefit and
an increased risk for serious adverse events.

Primary Funding Source: Arco Foundation.

Ann Intern Med. 2012;157:180-191. www.annals.org
For author affiliations, see end of text.
This article was published at www.annals.org on 12 June 2012.

Osteoarthritis is set to become the 4th-highest im-
pact condition in women and the 8th-most impor-

tant in men in the developed world (1). Nonsteroidal
anti-inflammatory drugs are the most commonly pre-
scribed agents for this condition but a frequent cause of
serious adverse gastrointestinal and cardiovascular events
(2, 3). Hyaluronic acid is a naturally occurring polysac-
charide in the synovial fluid, which acts as a lubricant
and shock absorber (4). In patients with osteoarthritis,
synovial hyaluronic acid is depolymerized and cleared at
higher rates than normal, resulting in a decrease of mo-
lecular weight and concentration (5). To improve bio-
mechanical function, different hyaluronic acids were de-
vised for intra-articular injection, commonly called
viscosupplementation (5).

At least 6 systematic reviews compared the effec-
tiveness of viscosupplementation with sham interven-
tion in patients with knee osteoarthritis (6). Of these, 3
reviews concluded that viscosupplementation was more

effective than sham, whereas the remaining 3 reviews
did not. Several trials have since been published. In
addition, we were aware of unpublished trials, which
were never included in any meta-analysis to date. There-
fore, we did a comprehensive, up-to-date systematic re-
view to determine whether viscosupplementation is clin-
ically effective and safe to treat symptomatic knee
osteoarthritis.

METHODS

We followed a standard protocol for all review steps.
Literature Search

We searched several electronic databases, without lan-
guage restrictions, including the Cochrane Central Register
of Controlled Trials (from inception), MEDLINE (from
1966), and EMBASE (from 1980) through Ovid. The last
update search was done on 31 January 2012 (Supplement
1, available at www.annals.org, shows search algorithms).
We manually searched conference proceedings; used the
Science Citation Index to retrieve reports citing relevant
articles; contacted content experts; screened reference lists
of all obtained articles, including related reviews; and
searched several clinical trial registries (ClinicalTrials.gov,
Current Controlled Trials [www.controlled-trials.com],
Australian New Zealand Clinical Trials Registry [www.actr
.org.au], and University Hospital Medical Information
Network Clinical Trials Registry [www.umin.ac.jp/ctr]) to
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identify ongoing trials. The last update was done on 31
January 2012.

Trial Selection
We included randomized or quasi-randomized, con-

trolled trials (7) that compared viscosupplementation with
sham or nonintervention control in adults with symptom-
atic knee osteoarthritis. Any type of intra-articular visco-
supplementation with hyaluronic acid or a derivative was
eligible. No language restrictions were applied. If several
reports described the same trial, we chose the most recent
report as the main report, which typically was the latest
full-text publication in a peer-reviewed journal. Remaining
reports were checked for complementary data on clinical
outcomes, descriptions of study participants, or design
characteristics. If outcome data differed between reports,
we extracted the data that most closely adhered to the
intention-to-treat principle. Two of 3 reviewers evaluated
reports independently for eligibility and extracted data.
Disagreements were resolved by consensus or discussion
with a third reviewer.

Outcome Measures
Pain intensity was the prespecified primary effective-

ness outcome and physical function the secondary effec-
tiveness outcome, as currently recommended for osteo-
arthritis trials (8, 9). If data on more than 1 scale for pain
or function were provided, we referred to previously de-
scribed hierarchies (7, 10, 11) and extracted data on the
scale that was highest on this hierarchy. For example, if
both the Western Ontario and McMaster Universities Ar-
thritis Index (WOMAC) pain subscores and pain on stand-
ing measured on a visual analogue scale (VAS) were re-
ported for a trial, we extracted data only on Western
Ontario and McMaster Universities Arthritis Index pain
subscores. If pain and function outcomes were reported at
several time points, we extracted the time point closest to 3
months after the end of treatment.

The prespecified primary safety outcome was a flare-
up in the injected knee (12). Flare-ups were typically de-
fined as a hot, painful, swollen knee within 24 to 72 hours
after injection. Secondary safety outcomes were (in hierar-
chical order) serious adverse events, withdrawals or drop-
outs because of adverse events, adverse events overall, effu-
sions at the injected knee, any local adverse event in the
injected knee, and dropouts and withdrawals overall (re-
gardless of reason). The definition of any local adverse
event included flare-ups and any other local adverse event
as reported by the authors of individual trials. Effusions
were defined as excessive joint fluid inside the treated knee
after an injection, typically diagnosed by clinical examina-
tion, ultrasonography, or arthrocentesis. Serious adverse
events were defined as those resulting in inpatient hospi-
talization, prolongation of hospitalization, persistent or sig-
nificant disability, congenital abnormality of offspring,
life-threatening events, or death (13). We extracted the

number of patients per group who had at least 1 event
until the end of the trial.

Data Collection and Quality Assessment
Data were extracted by using a standardized, piloted

extraction form accompanied by a codebook (11). We ex-
tracted the type of viscosupplementation, average molecu-
lar weight, number of cycles, number of injections, patient
characteristics (sex, average age, duration of symptoms, and
disease severity), characteristics of pain, function and safety
outcomes, trial size, trial design, trial duration (defined as
time from randomization until end of follow-up), type and
source of financial support, and publication status. We
then assessed concealment of allocation, blinding of pa-
tients, use of a sham control, blinded outcome assessment,
and intention-to-treat analyses (14, 15). Definitions used
for methodological characteristics and molecular weight are
reported in Supplement 2 (available at www.annals.org).
Whenever possible, we used results from an intention-to-
treat analysis approach. When necessary, we approximated
means and measures of dispersion from graphs in the re-
ports. If effect sizes could not be calculated, we contacted
the authors for additional data.

Data Synthesis and Analysis
Continuous outcomes were expressed as effect sizes,

defined a priori as between-group differences in mean val-
ues at the end of follow-up divided by the pooled SD. If
differences in mean values at the end of follow-up were
unavailable, differences in mean changes were used. If
some of the required data were unavailable, we used ap-
proximations, as previously described (11). We prespecified
a minimal clinically important difference of �0.37 effect
sizes, corresponding to 0.9 cm on a 10-cm VAS (16). This
was based on the median minimal clinically important dif-

Context

Viscosupplementation, intra-articular injection of
hyaluronic acid, is used to treat symptomatic knee
osteoarthritis.

Contribution

This review of 89 randomized trials that compared visco-
supplementation with sham or nonintervention control
in adults with knee osteoarthritis found that viscosupple-
mentation had minimal effects on pain and function but
increased risk for serious adverse events.

Caution

Adverse event data were often poorly reported, and trial
quality was generally low.

Implication

Viscosupplementation for knee osteoarthritis has minimal
benefits and potential for harm.

—The Editors
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ference found in recent studies in patients with osteoarthri-
tis (17–20). Binary outcomes were expressed as relative
risks (RRs).

We used standard inverse-variance random-effects
meta-analysis to combine the trials (21). We calculated the
variance estimate �2 as a measure of heterogeneity between
trials (21). A �2 of 0.04 was prespecified to represent low
heterogeneity, 0.09 to represent moderate, and 0.16 to rep-
resent high heterogeneity between trials (22). The associa-
tion between trial size and treatment effects was investi-
gated in funnel plots of effect sizes on the x-axis against
their SEs on the y-axis (23, 24). We enhanced funnel plots
by contours, dividing the plot into areas of significance
(2-sided P value �0.05) and nonsignificance (25, 26).
Then, we added lines of predicted effect sizes derived from
univariable random-effects meta-regression by using the SE
as the explanatory variable (27, 28) and assessed funnel
plot asymmetry with weighted linear regression of the ef-
fect sizes on their SEs (23, 29).

Stratified analyses of the primary effectiveness out-
come were done, according to the following trial charac-
teristics: concealment of allocation, blinding of patients,
use of a sham intervention, blinded outcome assessment,
intention-to-treat analysis, trial size, publication status,
funding source, duration of follow-up, number of treat-
ment cycles, number of injections, molecular structure
(cross-linked vs. non–cross-linked), and average molecular
weight. Univariable random-effects meta-regression models
(30) were used for tests of interaction between treatment
effect and these characteristics. We used cutoffs of 100 or
more allocated patients per group for trial size (28); 3 or
more and 6 or more months for duration of follow-up; 2
or more for number of cycles; 1 or 2, 3, and 4 or more for
number of injections; and 1500 kDa or more and 6000
kDa or more for average molecular weight. Then, we re-
stricted the data set to large trials with 100 or more allo-
cated patients per group and blinded outcome assessment
because these 2 methodological characteristics were associ-
ated with treatment effects at P for interaction of 0.05 or
less. We repeated stratified analyses according to clinical
characteristics for this restricted data set and did a meta-
analysis of multiple time points (Supplement 3, available
at www.annals.org) (21, 25, 31).

We included data from unpublished trials, which were
not subject to the U.S. Freedom of Information Act or to
a clearance by funding companies (32–34), in all analyses
but omitted the presentation of their individual results in
tables and figures. All P values are 2-sided. Analyses were
done by using STATA, release 11 (StataCorp, College Sta-
tion, Texas).

Role of the Funding Source
The study was funded by the Arco Foundation. The

funding source did not play a role in the design, conduct,
or reporting of the study or in the decision to submit the
manuscript for publication.

RESULTS

We identified 1882 references and considered 410 to
be potentially eligible (Supplement 4, available at www
.annals.org). One hundred seventy-seven reports describing
89 trials in 12 667 patients met our inclusion criteria (32–
117). Fifty-seven trials were published as full journal arti-
cles and 23 as conference proceedings, and 2 were pub-
lished in a pamphlet and 1 in a book chapter. Six trials in
1357 patients were unpublished, 2 of which were funded
by Anika Therapeutics (Bedford, Massachusetts), 2 by
Seikagaku (Tokyo, Japan), 1 by Genzyme (Cambridge,
Massachusetts), and 1 by Sanofi-Aventis (Paris, France).
Reports on the trials funded by Anika were provided by the
company. For one of these, results for a subgroup were
published, for which a statistically significant benefit of
hyaluronic acid was detected, as compared with placebo
(118). Results from the trials funded by Seikagaku were
found at the U.S. Food and Drug Administration Web site
(74). The report of the trial funded by Genzyme was
sent to us by a confidential source unrelated to the man-
ufacturer and primary investigator—we subsequently at-
tempted to obtain the report directly from Genzyme, but
the company declined (Murray C. Personal communica-
tion). Safety results of the trial by Sanofi-Aventis were
found at ClinicalTrials.gov.

The average age of participants ranged from 50 to 72
years (median of 63 years, reported in 69 trials), and the
average percentage of women ranged from 27% to 100%
(median of 67%, reported in 71 trials). Twenty-seven trials
reported on Kellgren–Lawrence grades of radiographic se-
verity (119); grade 2 was found in a median of 44% of
participants, and grade 3 in a median of 39% (27 trials).
The average length of follow-up ranged from 0 to 104
weeks (median of 16 weeks, reported in 78 trials), and the
average completeness of follow-up ranged from 50% to
100% (median of 92%, reported in 44 trials). Supplement
5 (available at www.annals.org) presents further clinical
characteristics of trials. Cross-linked preparations were
evaluated in 18 trials (20%) and non–cross-linked in 67
trials (75%), and 4 trials evaluated both (5%). Low, mod-
erate, and high molecular weight were used in 38 (43%),
17 (19%), and 17 (19%) trials, respectively, and 5 trials
(6%) evaluated several preparations of different molecular
weights. Supplement 6 (available at www.annals.org) pres-
ents the methodological characteristics of trials. All trials
used a parallel group design. Thirteen trials reported ade-
quate concealment of allocation (15%), 68 trials used a
sham intervention in the control group (76%), 16 were
judged to have adequately blinded patients (18%), and 48
had blinded outcome assessment (54%). Seventeen trials
had analyzed all patients according to the intention-to-
treat principle (19%), and 23 trials had sample sizes of 100
patients or more per trial group (26%).
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Figure 1. Forest plot of differences in pain intensity expressed as effect size comparing the effects of any type of
viscosupplementation and control (sham or no intervention) on knee pain in 71 trials.
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Knee Pain
Seventy-one trials in 9617 patients contributed to the

meta-analysis of pain outcomes (Figure 1 and Supplement
7 [available at www.annals.org]). The overall analysis sug-
gested that viscosupplementation had a moderate effect size
of �0.37 (95% CI, �0.46 to �0.28), which met the pre-
specified minimal clinically important difference of �0.37.
A �2 of 0.09 indicated a moderate degree of between-trial
heterogeneity (P for heterogeneity �0.001 [Figure 1]), and
the funnel plot was asymmetrical (P � 0.001 [Figure 2]).
Figure 3 shows results from stratified analyses. Estimates
varied to some extent, according to concealment of alloca-
tion, blinding of patients, follow-up duration, number of
injections, structure, and molecular weight, but CIs over-
lapped considerably between strata and P values for inter-
action were all negative. Conversely, there was an interac-
tion between trial size and treatment effect (P for
interaction was 0.002). The effect size for large trials of
�0.16 (CI, �0.26 to �0.07) did not reach the minimal
clinically important difference, despite being statistically
significant at the conventional 5% level. The 5 unpub-
lished trials contributing to the meta-analysis showed a null
result (effect size, �0.03 [CI, �0.14 to 0.09]), whereas
effect sizes derived from published trials showed moderate
to large effects (P for interaction was 0.040). There was an
interaction between blinding of outcome assessment and
treatment effect (P for interaction was 0.003), with a

smaller effect size in trials with blinding, but the CI over-
lapped the line of minimal clinically important difference
(effect size, �0.25 [CI, �0.34 to �0.16]).

Supplement 8 (available at www.annals.org) presents
results after restriction to the 18 large trials with blinded
outcome assessment (5094 patients). The overall effect size
was �0.11, the 95% CI did not overlap the line of a
minimal clinically important difference (CI, �0.18 to
�0.04), and there was low heterogeneity between trials
(�2 � 0.01). In stratified analyses, we found little evidence
for interactions between treatment effect and trial charac-
teristics; in all subgroups, estimates failed to reach minimal
clinical importance, although CIs were frequently wide.
Estimates for �2 varied across strata from 0.00 to 0.03.
Supplement 9 (available at www.annals.org) presents re-
sults of a meta-analysis of multiple time points after restric-
tion to large trials with blinded outcome assessment. Esti-
mates or CIs did not reach the minimal clinically
important difference for any of the time points, although
estimates reached conventional levels of statistical signifi-
cance at 3 and 6 months.

Physical Function
Fifty-two trials (7904 patients) contributed to the

meta-analysis of function. The analysis suggested that vis-
cosupplementation had a moderate effect size of �0.33
(CI, �0.43 to �0.22) (Supplements 10 and 11, available

Figure 1—Continued

Shading represents area of clinical equivalence smaller than minimal clinically important difference. Weights are from random-effects analysis.
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at www.annals.org). Again, we saw a moderate degree of
between-trial heterogeneity (�2 � 0.11; P for heterogeneity
�0.001) and the funnel plot seemed to be asymmetrical (P
for asymmetry �0.001) (Supplement 12, available at www
.annals.org). The pooled estimate for large trials with blinded
outcome assessment (15 trials including 4296 patients) re-
sulted in an overall effect size of �0.09 (CI, �0.17 to 0.00)
and showed no heterogeneity between trials (�2 � 0.01).

Supplement 13 (available at www.annals.org) presents
results of a meta-analysis of multiple time points after re-
striction to large trials with blinded outcome assessment.
Estimates or CIs did not reach the minimal clinically im-
portant difference for any of the time points.

Safety
Figure 4 presents results from meta-analyses of all

safety outcomes on the basis of an analysis of all trials and
of large trials with blinded outcome assessment. Six trials
(811 patients) contributed to the meta-analysis of flare-ups
as the primary safety outcome. Viscosupplementation was
associated with increased risk for flare-ups (RR, 1.51 [CI,
0.84 to 2.72]) that was not statistically significant. There
was low statistical heterogeneity (�2 � 0.00). When re-
stricting the analysis to large trials with blinded outcome
assessment, we found that the RR increased to 2.39, but
again with a wide CI that overlapped the line of no differ-
ence at 1.00. For secondary safety outcomes, we found that
viscosupplementation was associated with an increased risk
for serious adverse events (RR, 1.41 [CI, 1.02 to 1.97]),
dropouts due to adverse events (RR, 1.33 [CI, 1.01 to
1.74), and local adverse events (RR, 1.34 [CI, 1.13 to
1.60]), which were all statistically significant. Supplement
14 (available at www.annals.org) presents a forest plot of
the meta-analysis of serious adverse events with large trials
with blinded outcome assessment. For any adverse events
(RR, 1.04 [CI, 0.99 to 1.09]), effusions (RR, 1.15 [CI,
0.38 to 3.54]), and overall number of withdrawals (RR,
0.97 [CI, 0.87 to 1.09]), estimates were close to 1.00 and
CIs overlapped the line of no difference. When restricting
our analysis to large trials with blinded outcome assess-
ment, we found similar results.

Eight of 14 trials that contributed to the analysis of
serious adverse events reported some or all of the condi-
tions that led to serious adverse events. Among these 8
trials, 27 events that occurred in 26 viscosupplementation
patients and 21 events that occurred in 14 control patients
were described. Most frequent disorders were related to the
gastrointestinal system (2 events among viscosupplementa-
tion patients vs. 8 events among control patients), cardio-
vascular system (5 vs. 2 events), cancer (6 vs. 0 events), and
musculoskeletal system (4 vs. 2 events).

DISCUSSION

In our meta-analysis of large trials with blinded out-
come assessment, we found a small, clinically irrelevant
effect of viscosupplementation on pain. For function, no

effect remained. Conversely, we found clinically important
increases in the risk for serious adverse events, dropouts
because of adverse events, and local adverse events of 30%
to 50%. We saw pronounced small study effects, which
may be because of a combination of methodological flaws
of study conduct and analysis and publication and other
reporting biases, predominantly in small trials (120, 121).
We identified 6 unpublished trials, of which 5 contributed
to the analysis of pain, with 1149 patients, or 12% of the
total number of patients included in the meta-analysis of
pain outcomes. We could not disclose detailed results of 3
of them, but could report summary estimates after pooling
all 5 unpublished trials, which yielded an effect size of
�0.03 and a �2 of 0.00. Such publication bias is discon-
certing and unacceptable from an ethical and scientific
point of view.

We were recently criticized for being too stringent in
our choice of cutoff to delineate minimal clinically impor-
tant differences in a network meta-analysis of food supple-
ments (122). Our cutoff is based on the median minimal
clinically important difference found in recent studies in
patients with osteoarthritis and corresponds to 9 mm on a
10-cm VAS (16). Ruyssen-Witrand and colleagues (123)
investigated the pain decrease considered clinically relevant
when designing a trial and reporting its results in a system-
atic review of randomized trials with pain as the primary

Figure 2. Contour-enhanced funnel plot for effects on knee
pain.
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Figure 3. Results of stratified analyses of pain outcomes.

Shading represents the area of clinical equivalence smaller than minimal clinically important difference.
* P values from test for trend.
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outcome. Twenty-nine of 31 trials (94%) specified mini-
mal clinically important differences larger than 9 mm on a
10-cm VAS (123). Criticisms of the present meta-analysis
are likely to include that some estimates reached conven-
tional levels of statistical significance. The high number of
patients and the low heterogeneity between trials meant
that comparisons between viscosupplementation and pla-
cebo were overpowered. For example, for the time window
of 2 to 6 weeks after randomization, set up to depict early
effects occurring immediately at completion of treatment
cycles, more than 4000 patients were included in the anal-
ysis and there was no heterogeneity between trials (�2 �
0.00). This meta-analysis may be roughly equal to a trial
including 4000 patients, which would have nearly 100%
power to detect a clinically irrelevant difference in mean
pain intensity of only 5 mm on a 10-cm VAS and 89%
power to detect a minute difference in mean pain intensity
of 2.5 mm. In addition, viscosupplementation requires the
involvement of a health professional, which increases cost
and patient burden in a way that differs from what would
be the case for food supplements, where the critique of our

choice of the minimal clinically important difference
originated.

A major limitation is the poor methodological quality
and reporting quality of many of the included trials, as
previously described for a larger body of osteoarthritis trials
(28, 124, 125). Some trials (78, 80) showed unrealistically
large effect sizes—2 to 3 times that of what would be
expected for total joint replacement (10). Reasons for these
unrealistic effect sizes include methodological deficiencies
or chance. Many reports did not provide adequate data on
adverse events, which is concerning in light of the observed
safety signals. The low quality of reporting of safety data
means that we could not understand the probable causes of
serious adverse events. Several trials did not provide suffi-
cient details to allow exact calculations of effect sizes, and
we had to use approximations to derive effect sizes. Al-
though these approximations are established for meta-
analyses of continuous outcomes, their validity has not
been evaluated systematically in osteoarthritis research.

In 2007, Campbell and colleagues (6) discussed 6 sys-
tematic reviews, which determined the effectiveness of

Figure 4. Results from meta-analyses of all safety outcomes based on an analysis of all trials (green squares) and of large trials
with blinded outcome assessment (black squares).

Note that comparisons with 0 events in both groups did not contribute to the analysis: 19 trials (1349 patients) for flare-ups, 24 trials (1947 patients)
for serious adverse events, 19 trials (1659 patients) for dropouts because of adverse events, 10 trials (579 patients) for any adverse events, 15 trials (1109
patients) for effusions, 8 trials (1191 patients) for local adverse events, and 7 trials (427 patients) for withdrawals.

ReviewViscosupplementation for Osteoarthritis of the Knee

www.annals.org 7 August 2012 Annals of Internal Medicine Volume 157 • Number 3 187



viscosupplementation. Of these, 3 reviews concluded that
viscosupplementation was more effective than sham (126–
128). The remaining 3 reviews were more cautious, sug-
gesting that viscosupplementation had no proven clinical
effectiveness (129), suggesting that the presence of publi-
cation bias may have led to an overestimation of the
observed small effects (130), or stating that viscosupple-
mentation may have short-term effects on pain and physi-
cal function but that these effects do not last beyond 6
months (131). Differences in review methods could at least
partially explain discordant conclusions. None of the sys-
tematic reviews included all evidence available at the time
they were done. Reviews differed in the choice of pain and
function scales, the use of statistical methods, and the han-
dling of trial quality. Campbell and colleagues concluded
that “in the balance of benefit to harm, the trade-off is
probable benefit with respect to pain reduction and phys-
ical function improvement with low risk of harm” (6). Our
conclusions are diametrically opposed. Not only did we
not find clinically relevant benefits of viscosupplementa-
tion, we also saw concerning safety signals compared with
placebo. The increased risk in serious adverse events asso-
ciated with viscosupplementation is particularly concern-
ing, but causal mechanisms are unclear. Only an
individual-patient data meta-analysis of all relevant large
trials done after independent readjudication and classifica-
tion of serious adverse events could clarify this issue.

Recently, Bannuru and colleagues (132) described po-
tential therapeutic trajectories of viscosupplementation
over time, suggesting that the intervention was effective by
4 weeks, reached peak effectiveness at 8 weeks, and showed
residual effectiveness up to 24 weeks. Although we found a
similar pattern across time, the effects we saw were consid-
erably smaller (and sometimes nonexistent) in our study.
The most important reason for this discrepancy is our
more stringent trial selection based on trial size and meth-
odological quality. Bannuru and colleagues used a cutoff of
100 patients who were randomly assigned overall for their
definition of large-scale trials, which is probably too small
(28). The other reason is that we analyzed considerably
more trials, including 3 more unpublished trials that con-
tributed an additional 713 patients to the overall analysis.

We conclude that the benefit of viscosupplementation
on pain and function in patients with symptomatic osteo-
arthritis of the knee is minimal or nonexistent. Because of
increased risks for serious adverse events and local adverse
events, the administration of these preparations should be
discouraged.

From the Institute of Social and Preventive Medicine, University of
Bern, Clinical Trials Unit Bern, Bern University Hospital, Bern, Swit-
zerland; Centre for Aging Sciences (Ce.S.I.), G. d’Annunzio University
Foundation, Chieti, Italy; and London School of Hygiene and Tropical
Medicine, London, United Kingdom.

Acknowledgment: The authors thank Malcolm Sturdy for database sup-
port; Paolo Barbaro, Dr. Aijing Shang, and Aysel Güler for the transla-
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7. Rutjes AW, Nüesch E, Sterchi R, Kalichman L, Hendriks E, Osiri M, et al.
Transcutaneous electrostimulation for osteoarthritis of the knee. Cochrane Data-
base Syst Rev. 2009:CD002823. [PMID: 19821296]
8. Altman R, Brandt K, Hochberg M, Moskowitz R, Bellamy N, Bloch DA,
et al. Design and conduct of clinical trials in patients with osteoarthritis: recom-
mendations from a task force of the Osteoarthritis Research Society. Results from
a workshop. Osteoarthritis Cartilage. 1996;4:217-43. [PMID: 11048620]
9. Pham T, van der Heijde D, Altman RD, Anderson JJ, Bellamy N, Hochberg
M, et al. OMERACT-OARSI initiative: Osteoarthritis Research Society Interna-
tional set of responder criteria for osteoarthritis clinical trials revisited. Osteo-
arthritis Cartilage. 2004;12:389-99. [PMID: 15094138]
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16. Wandel S, Jüni P, Tendal B, Nüesch E, Villiger PM, Welton NJ, et al.
Effects of glucosamine, chondroitin, or placebo in patients with osteoarthritis of
hip or knee: network meta-analysis. BMJ. 2010;341:c4675. [PMID: 20847017]
17. Angst F, Aeschlimann A, Michel BA, Stucki G. Minimal clinically impor-
tant rehabilitation effects in patients with osteoarthritis of the lower extremities.
J Rheumatol. 2002;29:131-8. [PMID: 11824949]
18. Angst F, Aeschlimann A, Stucki G. Smallest detectable and minimal clini-
cally important differences of rehabilitation intervention with their implications
for required sample sizes using WOMAC and SF-36 quality of life measurement
instruments in patients with osteoarthritis of the lower extremities. Arthritis
Rheum. 2001;45:384-91. [PMID: 11501727]
19. Eberle E, Ottillinger B. Clinically relevant change and clinically relevant
difference in knee osteoarthritis. Osteoarthritis Cartilage. 1999;7:502-3. [PMID:
10489324]
20. Salaffi F, Stancati A, Silvestri CA, Ciapetti A, Grassi W. Minimal clinically
important changes in chronic musculoskeletal pain intensity measured on a nu-
merical rating scale. Eur J Pain. 2004;8:283-91. [PMID: 15207508]
21. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials.
1986;7:177-88. [PMID: 3802833]
22. Spiegelhalter DJ, Abrams KR, Myles JP. Bayesian Approaches to Clinical
Trials and Health-Care Evaluation. Chichester, UK: J Wiley; 2004.
23. Sterne JA, Egger M. Funnel plots for detecting bias in meta-analysis: guide-
lines on choice of axis. J Clin Epidemiol. 2001;54:1046-55. [PMID: 11576817]
24. Moreno SG, Sutton AJ, Turner EH, Abrams KR, Cooper NJ, Palmer TM,
et al. Novel methods to deal with publication biases: secondary analysis of anti-
depressant trials in the FDA trial registry database and related journal publica-
tions. BMJ. 2009;339:b2981. [PMID: 19666685]
25. Peters JL, Sutton AJ, Jones DR, Abrams KR, Rushton L. Contour-
enhanced meta-analysis funnel plots help distinguish publication bias from other
causes of asymmetry. J Clin Epidemiol. 2008;61:991-6. [PMID: 18538991]
26. Palmer TM, Peters JL, Sutton AJ, Moreno SG. Contour-enhanced funnel
plots for meta-analysis. Stata J. 2008;8:242-54.
27. Shang A, Huwiler-Müntener K, Nartey L, Jüni P, Dörig S, Sterne JA, et al.
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articular sodium hyaluronate injections after arthroscopic debridement for osteo-
arthritis of the knee: a prospective, randomized, controlled study]. Acta Orthop
Traumatol Turc. 2008;42:221-7. [PMID: 19060514]
103. Lundsgaard C, Dufour N, Fallentin E, Winkel P, Gluud C. Intra-articular
sodium hyaluronate 2 mL versus physiological saline 20 mL versus physiological
saline 2 mL for painful knee osteoarthritis: a randomized clinical trial. Scand J
Rheumatol. 2008;37:142-50. [PMID: 18415773]
104. Petrella RJ, Cogliano A, Decaria J. Combining two hyaluronic acids in
osteoarthritis of the knee: a randomized, double-blind, placebo-controlled trial.
Clin Rheumatol. 2008;27:975-81. [PMID: 18204873]
105. Altman RD, Rosen JE, Bloch DA, Hatoum HT, Korner P. A double-
blind, randomized, saline-controlled study of the efficacy and safety of
EUFLEXXA for treatment of painful osteoarthritis of the knee, with an open-
label safety extension (the FLEXX trial). Semin Arthritis Rheum. 2009;39:1-9.
[PMID: 19539353]
106. Baltzer AW, Moser C, Jansen SA, Krauspe R. Autologous conditioned
serum (Orthokine) is an effective treatment for knee osteoarthritis. Osteoarthritis
Cartilage. 2009;17:152-60. [PMID: 18674932]
107. Baraf HS, Strand V, Hosokawa H, Akahane O, Lim S, Yaguchi M.
Effectiveness and safety of a single intraarticular injection of gel-200, a new cross-
linked formulation of hyaluronic acid [HA] in the treatment of symptomatic
osteoarthritis [OA] of the knee [Abstract 326]. Osteoarthritis Cartilage. 2009;
17(Suppl 1):S174.
108. Diracoglu D, Vural M, Baskent A, Dikici F, Aksoy C. The effect of
viscosupplementation on neuromuscular control of the knee in patients with
osteoarthritis. J Back Musculoskelet Rehabil. 2009;22:1-9. [PMID: 20023357]
109. Petrella RJ, Decaria JE, Wolfe D, Chesworth B, Shapiro S, Montero-
Odasso M. The effect of hyaluronic acid on gait in knee osteoarthritis patients:
preliminary results for a randomized, double-blind, placebo controlled study [Ab-
stract 375]. Ann Rheum Dis. 2009;68(Suppl 3):479.
110. Chevalier X, Jerosch J, Goupille P, van Dijk N, Luyten FP, Scott DL,
et al. Single, intra-articular treatment with 6 ml hylan G-F 20 in patients with
symptomatic primary osteoarthritis of the knee: a randomised, multicentre,
double-blind, placebo controlled trial. Ann Rheum Dis. 2010;69:113-9. [PMID:
19304567]
111. Jørgensen A, Stengaard-Pedersen K, Simonsen O, Pfeiffer-Jensen M,
Eriksen C, Bliddal H, et al. Intra-articular hyaluronan is without clinical effect in
knee osteoarthritis: a multicentre, randomised, placebo-controlled, double-blind
study of 337 patients followed for 1 year. Ann Rheum Dis. 2010;69:1097-102.
[PMID: 20447955]
112. Kosuwon W, Sirichatiwapee W, Visanuyotin T, Jeeravipoolvarn P, Lau-
pattarakasem W. An efficacy study on cartilage volume by MRI findings in
patient with knee osteoarthritis between 25 mg of sodium hyaluronate (2.5 ml) to
placebo [Abstract 370]. Ann Rheum Dis. 2010;69(Suppl 3):267.
113. Kul-Panza E, Berker N. Is hyaluronate sodium effective in the management
of knee osteoarthritis? A placebo-controlled double-blind study. Minerva Med.
2010;101:63-72. [PMID: 20467406]

114. Pavelka K, Niethard FU, Giordan N. A multicentre, international, double
blind, randomized, placebo-controlled study to assess the efficacy and safety of 2
different regimens of HYADD4-G in knee osteoarthritis [Abstract 326]. Osteo-
arthritis Cartilage. 2010;18(Suppl 2):S144.
115. Sanofi-Aventis. TREAD-20: Trial of Hyalgan three injection-regimen for
the treatment of knee pain due to osteoarthritis [clinical trial]. Accessed at http:
//clinicaltrials.gov/ct2/show/NCT00130468 on 21 February 2012.
116. Huang TL, Chang CC, Lee CH, Chen SC, Lai CH, Tsai CL. Intra-
articular injections of sodium hyaluronate (Hyalgan®) in osteoarthritis of the
knee. a randomized, controlled, double-blind, multicenter trial in the Asian pop-
ulation. BMC Musculoskelet Disord. 2011;12:221. [PMID: 21978211]
117. Navarro-Sarabia F, Coronel P, Collantes E, Navarro FJ, de la Serna AR,
Naranjo A, et al; AMELIA study group. A 40-month multicentre, randomised
placebo-controlled study to assess the efficacy and carry-over effect of repeated
intra-articular injections of hyaluronic acid in knee osteoarthritis: the AMELIA
project. Ann Rheum Dis. 2011;70:1957-62. [PMID: 21852252]
118. Brandt KD, Block JA, Michalski JP, Moreland LW, Caldwell JR, Lavin
PT. Efficacy and safety of intraarticular sodium hyaluronate in knee osteoarthri-
tis. ORTHOVISC Study Group. Clin Orthop Relat Res. 2001:130-43. [PMID:
11302304].
119. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann
Rheum Dis. 1957;16:494-502. [PMID: 13498604]
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Supplement 1. Search terms for MEDLINE, EMBASE, and the Cochrane Central 

Register of Controlled Trials* 

 
Search terms related to design 
 
1. randomized controlled trial.pt. 
2. controlled clinical trial.pt. 
3. randomized controlled trial.pt. 
4. random allocation.sh. 
5. double blind method.sh. 
6. single blind method.sh. 
7. clinical trial.pt. 
8. exp clinical trial/ 
9. (clin* adj25 trial*).ti,ab. 
10. ((singl* or doubl* or trebl* or tripl*) 
adj25 (blind* or mask*)).ti,ab. 
11. placebos.sh. 
12. placebo*.ti,ab. 
13. random*.ti,ab. 
14. research design.sh. 
15. comparative study.sh. 
16. exp evaluation studies/ 
17. follow up studies.sh. 
18. prospective studies.sh. 
19. (control* or prospectiv* or 
volunteer*).ti,ab. 
 
 
Search terms related to osteoarthritis 
 
20. osteoarthriti*.ti,ab,sh. 
21. osteoarthro*.ti,ab,sh. 
22. gonarthriti*.ti,ab,sh. 
23. gonarthro*.ti,ab,sh. 
24. coxarthriti*.ti,ab,sh. 
25. coxarthro*.ti,ab,sh. 
26. arthros*.ti,ab. 
27. arthrot*.ti,ab. 
28. ((knee* or hip* or joint*) adj3 (pain* or 
ach* or discomfort*)).ti,ab. 
29. ((knee* or hip* or joint*) adj3 
stiff*).ti,ab. 
30. exp osteoarthritis/ 
 

 
Search terms related to 
viscosupplementation 
 
31. hyaluron*.mp. 
32. hylan*.mp. 
33. viscosup*.mp. 
34. viskosup*.mp. 
35. (visco* adj suppl*).mp. 
36. synvisc*.mp. 
37. orthovisc*.mp. 
38. ostenil*.mp. 
39. suplasyn*.mp. 
40. arthrum*.mp. 
41. synov-hyal*.mp. 
42. artz*.mp. 
43. biotty*.mp. 
44. go-on*.mp. 
45. healon*.mp. 
46. hya-ject*.mp. 
47. hyalgan*.mp. 
48. hyalart*.mp. 
49. hyalectin*.mp. 
50. nuflexxa*.mp. 
51. polireumin*.mp. 
52. hy-gag*.mp. 
53. nrd101*.mp. 
54. (nrd adj "101").mp. 
55. replasyn*.mp. 
56. supartz*.mp. 
 
Combining terms 
57. or/1-19 
58. or/20-30 
59. or/31-56 
60. and/57-59 
61. animal/ 
62. animal/ and human/ 
63. 61 not 62 
64. 60 not 63 
65. limit 64 to yr="1966 -Current" 

* All databases searched through the OVID platform (www.ovid.com). 

http://www.ovid.com/�


Supplement 2. Definitions used to classify trials according to components of 

methodological quality and characteristics of treatment and patients  

Item Definition 
 Quality items 

Concealment of 
allocation 

We considered allocation concealment adequate if the 
investigators responsible for patient selection were unable to 
suspect before allocation which treatment was next. Methods 
considered adequate included central randomization, coded 
syringes, and sequentially numbered, sealed, opaque 
envelopes. Concealment was downgraded to inadequate, if 
there was evidence of inadequate sequence generation.  

Sham intervention We considered intra-articular injections as sham interventions 
if saline or minimal concentrations of viscosupplementation, 
such as 1/100 of active concentration, were injected in the 
target knee.  

Blinding of patients  We considered blinding of patients adequate if a sham 
injection was used with a syringe that was identical in 
appearance from the control intervention, OR an attempt was 
made to hide the patients’ view onto the injected knee by 
placing screens, for example. 

Blinding of 
outcome 
assessment 
 

Outcome assessment was considered to be blinded if self-
report outcomes were assessed AND blinding of patients was 
considered adequate AND there was no information to 
suggest that there was an investigator involved during the 
process of outcome assessment; OR if blinding of 
investigators performing the outcome assessment was 
reported AND an attempt to blind patients was reported. 



Analyses We considered statistical analyses to be adequate if all 
randomised patients were included in the analysis according 
to the intention-to-treat principle. 

 Treatment related items 

Molecular weight High ≥6000 Synvisc 

Moderate ≥1500 & < 6000 Orthovisc; BioHy; Euflexxa; 
Healon; NRD101; 
RenehaVis 

Low <1500 
 

ADANT; Adant; Artz; Artzal; 
Durolane; Hyalart; Hyalgan; 
Supartz; Suplasyn; Hya-ject 

 



Supplement 4. Flow Diagram  

 
 

RCT = randomized, controlled trial; OA = osteoarthritis; VS = viscosupplementation. 

1882 records identified through 
database searching 

247 additional records identified 
through other sources 

1336 records after duplicates (793) removed 

1336 records screened 

926 records excluded 

410 full-text articles 
assessed for eligibility 

177 records on 89 RCTs 
included in systematic 

review  

233 full-text articles excluded 
 
No RCT   n = 159 
Not relevant to knee OA  n =  17 
Topical hyaluronic acid n = 1 
Not relevant to VS   n = 3 
Combined intervention/active control n = 50 
Review, editorial, or guideline n = 1 
No relevant outcome n = 1 
Dose-finding study n = 1 

71 RCTs included in meta-
analysis of pain outcome 
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Supplement 5. Clinical characteristics of trials 

Study *      N of patients  
Mean age 
(years) 

% 
women 

Mean duration of 
symptoms (years) 

Cross-linked 
(yes/no) 

Molecular 
weight 

No. 
injections† 

No. 
cycles 

 
Rydell, 1972 NA NA NA NA no 2000 1 NA 
Weiss et al, 1981 A 32 NA NA NA no 2000 2 1 
Weiss et al, 1981 B 42 NA NA NA no 2000 NA NA 
Shichikawa et al, 1983 A 228 NA 70 NA no NA 5 1 
Shichikawa et al, 1983 B 107 NA 83 NA no 900 5 1 
Bragantini et al, 1987 55 57 75 NA no 700 3 1 
Bragantini et al, 1987 (2) 55 57 75 NA no 700 3 1 
Grecomoro et al, 1987 34 65 56 NA no 700 3 1 
Dixon et al, 1988 63 68 54 NA no NA 11‡ NA 
Ghirardini et al, 1990 15 NA NA NA no NA 8 1 
Russell et al, 1992 210 62 56 NA no NA 3 1 
Dougados et al, 1993 110 68 71 6 no 700 4 1 
Isdale et al, 1993 63 66 71 NA no 2000 1 1 
Moreland et al, 1993 94 64 66 NA yes 6000 3 1 
Pedersen, 1993 47 72 62 NA no NA 2 1 
Puhl et al, 1993 209 61 64 NA no 900 5 1 
Cohen, 1994 39 NA NA NA no 700 3 1 
Creamer et al, 1994 12 72 100 22 no 700 5 1 
Henderson et al, 1994 91 66 78 NA no 700 5 1 
Scale et al, 1994 A 30 NA NA NA yes 6000 3 1 
Scale et al, 1994 B 50 59 NA NA yes 6000 2 1 
Carrabba et al, 1995 100 60 63 2 no 700 1 1 
Carrabba et al, 1995 (2) 100 60 63 2 no 700 3 1 
Carrabba et al, 1995 (3) 100 60 63 2 no 700 5 1 



Corrado et al, 1995 40 61 77 3 no 700 5 1 
Formiguera Sala and 
Esteve de Miguel, 1995 36 62 73 1 no 700 5 1 
Guler et al, 1996 30 NA NA NA no 2000 3 1 
Lohmander et al, 1996 240 58 56 NA no 900 5 1 
Graf von der 
Schulenburg, 1997 179 NA NA NA no NA NA NA 
Kalay, 1997 40 61 77 NA no 2000 2 1 
Listrat et al, 1997 39 62 67 3 no 700 3 3 
Schneider et al, 1997 18 66 56 9 no 500 5 1 
Wu et al, 1997 90 69 NA 19 no 900 5 1 
Altman and Moskowitz, 
1998 495 64 57 NA no 700 5 1 
Wobig et al, 1998 110 62 65 6 yes 6000 3 1 
Huskisson and Donnelly, 
1999 100 65 67 NA no 700 5 1 
Anika, 2000 385 NA 101 NA no 2000 3 1 
Payne and Petrella, 
2000 46 67 50 NA no 600 3 1 
Renklitepe and Atalay, 
2000 20 NA 100 NA no 2000 3 1 
Anika, 2001 226 66 63 NA no 2000 3 1 
Ardiç et al, 2001 17 NA NA NA yes 6000 3 1 
Bunyaratavej et al, 2001 49 60 NA 3 no 700 4 1 
Caracuel et al, 2001 37 NA 78 NA no NA 5 1 
Dickson et al, 2001 165 64 56 NA yes 6000 3 1 
Groppa and Moshneaga, 
2001 25 61 NA 6 yes 6000 3 3 
Seikagaku France, 2001  254 65 68 NA no 900 5 1 
Seikagaku France, 2001 
(2) 254 65 68 NA no 900 3 1 



Seikagaku U.K., 2001 231 61 57 NA no 900 5 1 
Tamir et al, 2001 49 71 73 NA no 3000 5 1 
Bütün et al, 2002 28 63 NA NA no NA 3 1 
Cogalgil and Hatipoglu, 
2002 40 NA NA NA no NA 3 1 
Hizmetli et al, 2002 50 56 68 1 no 2000 3 2 
Karlsson et al, 2002 246 71 64 NA no 900 3 1 
Karlsson et al, 2002 (2) 246 71 64 NA yes 6000 3 1 
Miltner et al, 2002  43 67 53 NA no 500 5 1 
Petrella et al, 2002 120 66 46 NA no 600 3 1 
Petrella et al, 2002 (2) 120 66 46 NA no 600 3 1 
Raynauld et al, 2002 255 63 70 9 yes 6000 3 >1 
Raynauld et al, 2002 (2) 255 63 70 9 yes 6000 3 >1 
Raynauld et al, 2002 (3) 255 63 70 9 yes 6000 3 >1 
Saravanan et al, 2002 66 NA NA NA yes 6000 3 1 
Bayramoğlu et al, 2003 46 63 95 6 no 2000 3 1 
Bayramoğlu et al, 2003 
(2) 46 63 95 6 yes 6000 3 1 
Jubb et al, 2003 408 64 68 8 no 700 3 3 
Kahan et al, 2003 518 66 68 6 yes 6000 3 1 
Tetik et al, 2003 60 59 93 7 yes 6000 3 1 
Tsai et al, 2003 200 65 76 NA no 700 5 1 
Altman et al, 2004 347 63 55 6 no 1000 1 1 
Day et al, 2004 240 62 59 NA no 900 5 1 
Groppa et al, 2004 75 63 NA 7 yes 6000 3 4 
Pham et al, 2004 301 65 48 NA no 1900 3 3 
Wu et al, 2004 150 67 55 3 no NA 5 1 
Cubukçu et al, 2005 30 54 80 2 yes 6000 3 1 
Genzyme, 2005 102 50 27 NA yes 6000 3 1 



Huang et al, 2005  140 65 81 NA no 700 5 1 
Neustadt et al, 2005 372 59 48 NA no 2000 4 1 
Neustadt et al, 2005 (2) 372 59 48 NA no 2000 3 1 
Sezgin et al, 2005 41 60 76 3 no 2000 3 1 
Kotevoglu et al, 2006  78 59 88 4 no 2000 3 1 
Kotevoglu et al, 2006 (2) 78 59 88 4 yes 6000 3 1 
Petrella and Petrella, 
2006 106 63 45 NA no 600 3 1 
Atay et al, 2008 45 53 58 NA yes 6000 3 1 
Atay et al, 2008 (2) 45 53 58 NA no 700 5 1 
Blanco et al, 2008 77 NA 82 NA no 900 5 2 
Heybeli et al, 2008 67 56 69 NA no 2000 3 1 
Lundsgaard et al, 2008 251 69 55 8 no 700 4 1 
Petrella et al, 2008 200 70 57 7 no 600 3 1 
Petrella et al, 2008 (2) 200 70 57 7 NA 6000 3 1 
Petrella et al, 2008 (3) 200 70 57 7 no 1600 3 1 
Altman et al, 2009 588 62 63 NA no 3000 3 1 
Baltzer et al, 2009 378 57 55 NA no 1400 3 1 
Baraf et al, 2009 379 60 60 NA yes NA 1 1 
Diracoglu et al, 2009 63 58 93 NA yes 6000 3 1 
Petrella et al, 2009 30 72 NA NA no NA 3 1 
Chevalier et al, 2010 253 63 71 6 yes 6000 1 1 
Jørgensen et al, 2010 337 62 61 6 no 700 5 1 
Kosuwon et al, 2010 60 60 100 NA no 1300 5 1 
Kul-Panza and Berker, 
2010 48 61 85 7 no 2000 3 1 
Pavelka et al, 2010 439 NA NA NA no 615 3 1 
Pavelka et al, 2010 (2) 439 NA NA NA no 615 2 1 
Sanofi-Aventis, 2010 159 NA NA NA no 700 3 1 



Huang et al, 2011 200 65 76 1 no 700 5 1 
Navarro-Sarabia et al, 
2011 306 64 84 8 no 900 5 4 
* Numbers between parentheses indicate second and third comparisons within a given trial; † number of injections per cycle; ‡ total number of injections 
provided as number of cycles was not described for this trial; NA = not available. 



Supplement 3. Meta-analysis of multiple time points, methodology 
We performed a meta-analysis of multiple time points, which allowed an 

analysis of trends over time at the trial level based on predicted estimates of 
treatment effects and corresponding standard errors from study-specific regression 
analysis (1). To allow for non-linear trends in trials with at least 3 time points, we 
used fractional polynomials (2). At each time point, predicted estimates were 
combined using standard inverse-variance random-effects meta-analysis (3). Time 
points were organised in pre-specified increments (at end of treatment, 
approximately 1 month after randomisation and at 3, 6, 9, and 12 months).  
 
1. Peters JL, Mengersen KL. Meta-analysis of repeated measures study 

designs. J Eval Clin Pract. 2008;14(5):941-50. 
2. Royston P, Sauerbrei W. A new approach to modelling interactions between 

treatment and continuous covariates in clinical trials by using fractional 
polynomials. Stat Med. 2004;23(16):2509-25. 

3. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. 
1986;7(3):177-88. 

 
 



Supplement 6. Methodological characteristics of trials/comparisons 

 
Study* 

No randomized/ 
analyzed 
experimental  

No randomized/ 
analyzed  
control  Concealment 

Control 
intervention 

 
Blinding 
of patients 

Blind outcome 
assessment 

ITT-
analyses 

Independent 
funding 

Publication 
status  

Rydell, 1972 NA / 14 NA / 14 unclear sham unclear unclear unclear unclear book  

Weiss et al, 1981 A 16 / 16 16 / 16 unclear sham unclear unclear adequate unclear abstract 

Weiss et al, 1981 B NA / NA NA / NA unclear sham unclear unclear NA unclear abstract 

Shichikawa et al, 1983 A 52 / 48 55 / 50 adequate sham unclear yes inadequate unclear full report  

Shichikawa et al, 1983 B 114 / 96 114 / 102 adequate sham adequate yes inadequate unclear full report  

Bragantini et al, 1987 20 / 20 ** 19 / 18 ** unclear sham unclear unclear inadequate unclear full report 

Bragantini et al, 1987 (2) 21 / 19 ** 19 / 18 ** unclear sham unclear unclear inadequate unclear full report 

Grecomoro et al, 1987 20 / 20 ** 20 / 18 ** unclear sham unclear unclear inadequate unclear full report 

Dixon et al, 1988 30 / NA 33 / NA unclear sham adequate yes unclear no full report 

Ghirardini et al, 1990 5 / NA 5 / NA unclear none no No unclear unclear abstract 

Russell et al, 1992 70 / 60 69 / 57 unclear sham unclear yes inadequate no abstract 

Dougados et al, 1993 55 / 47 55 / 48 adequate sham adequate No inadequate unclear full report 

Isdale et al, 1993 NA / NA NA / NA unclear sham unclear unclear NA unclear abstract 

Moreland et al, 1993 NA / 47 ** NA / 46 ** unclear none unclear yes inadequate no abstract 

Pedersen, 1993 NA / NA NA / NA unclear sham unclear unclear NA unclear abstract 

Puhl et al, 1993 102 / 95 107 / 100 adequate sham adequate yes inadequate no full report 

Cohen et al, 1994 19 / NA 20 / NA unclear sham unclear yes unclear no abstract 

Creamer et al, 1994 12 / 12 † 12 /12 † unclear sham unclear yes adequate no full report 

Henderson et al, 1994 45 / 40 46 / 44 unclear sham adequate yes inadequate unclear full report 

Scale et al, 1994B 25 / 23 25 / NA unclear sham unclear yes inadequate no full report 

Scale et al, 1994A 15 / 15 15 / NA unclear sham unclear yes unclear no full report 

Adams et al, 1995 37 / 32 34 / 31 unclear none unclear yes inadequate no full report 

Carrabba et al, 1995 20 / 20 20 / 20 unclear sham adequate yes adequate no full report 

Carrabba et al, 1995 (2) 20 / 20 20 / 20 unclear sham adequate yes adequate no full report 

Carrabba et al, 1995 (3) 20 / 20 20 / 20 unclear sham adequate yes adequate no full report 



Corrado et al, 1995 21 / 19 19 / 16 unclear sham unclear unclear inadequate unclear full report 
Formiguera Sala and 
Esteve de Miguel, 1995 20 / 20 20 / 20 unclear sham unclear unclear adequate unclear full report 

Guler et al, 1996 15 / NA 15 / NA unclear sham unclear unclear unclear unclear pamphlet 

Lohmander et al, 1996 120 / 96 120 / 93 unclear sham unclear yes inadequate no full report 
Graf von der 
Schulenburg, 1997 90 / NA 89 / NA unclear none no No NA unclear abstract 

Kalay et al, 1997 20 / NA 20 / NA unclear none no No unclear unclear pamphlet 

Listrat et al, 1997 20 / 19 19 / 17 unclear none no No inadequate no full report 

Schneider et al, 1997 18 / 18 † 18 / 18 † unclear none no No adequate no full report 

Wu et al, 1997 62 / 32 54 / 26 unclear sham unclear unclear inadequate unclear full report 
Altman and Moskowitz, 
1998 164 / 109 168 / 123 unclear sham adequate yes inadequate no full report 

Wobig et al, 1998 57 / NA † 60 / NA † unclear sham adequate yes unclear no full report 
Huskisson and Donnelly, 
1999 50 / 39 50 / 41 unclear sham unclear yes inadequate unclear full report 

Anika, 2000 201 / 178  184 / 158  unclear sham unclear yes inadequate no unpublished 

Payne and Petrella, 2000 NA / NA NA / NA unclear sham unclear unclear NA no full report 
Renklitepe and Atalay, 
2000 10 / NA 10 / NA unclear sham unclear unclear NA no abstract 

Anika, 2001 114 / 114 112 / 112 unclear sham unclear yes adequate no unpublished 

Ardiç et al, 2001 12 / NA  5 / NA unclear sham unclear unclear unclear unclear abstract 

Bunyaratavej et al, 2001 24 / NA 25 / NA unclear sham unclear yes unclear unclear full report 

Caracuel et al, 2001 13 / NA 14 / NA unclear none no No unclear unclear abstract 

Dickson et al, 2001 53 / 53 57 / 57 unclear none unclear yes adequate no full report 
Groppa and Moshneaga, 
2001 NA / NA NA / NA unclear sham unclear unclear NA unclear abstract 

Seikagaku France, 2001 NA / 87 NA / 80 unclear sham unclear unclear unclear no unpublished 
Seikagaku France, 2001 
(2) NA / 87 NA / 80 unclear sham unclear unclear unclear no unpublished 

Seikagaku U.K., 2001 NA / 116 NA / 115 unclear sham unclear unclear unclear no unpublished 



Tamir et al, 2001 25 / 22 24 / 20 unclear sham unclear yes inadequate unclear full report 

Bütün et al, 2002 28 / NA † 28 / NA † unclear sham unclear yes NA unclear full report 
Cogalgil and Hatipoglu, 
2002 20 / NA 20 / NA unclear none no no unclear unclear abstract 

Hizmetli et al, 2002 25 / 20 25 / 20 unclear sham unclear unclear inadequate no pamphlet 

Karlsson et al, 2002 92 / 76 66 / 57 unclear sham unclear yes inadequate no full report 

Karlsson et al, 2002 (2) 88 / 77 66 / 57 unclear sham unclear yes inadequate no full report 

Miltner et al, 2002 43 / NA † 43 / NA † unclear none no no unclear unclear full report 

Petrella et al, 2002 30 / 25 30 / 28 unclear sham unclear yes inadequate no full report 

Petrella et al, 2002 (2) NA / 29 NA / 26 unclear sham unclear yes NA no full report 

Raynauld et al, 2002 127 / 127 128 / 127 adequate none no no inadequate no full report 

Raynauld et al, 2002 (2) 127 / 78 128 / 127 adequate none no no inadequate no full report 

Raynauld et al, 2002 (3) 127 / 48 128 / 127 adequate none no no inadequate no full report 

Saravanan et al, 2002 NA / NA NA / NA unclear sham unclear unclear NA no abstract 

Bayramoğlu et al, 2003 NA / 16 NA / 15 unclear none no unclear inadequate unclear full report 
Bayramoğlu et al, 2003 
(2) NA / 15 NA / 15 unclear none no unclear inadequate unclear full report 

Jubb et al, 2003 208 / 208 200 / 200 unclear sham unclear yes adequate no full report 

Kahan et al, 2003 258 / 253 260 / 253 adequate none no no inadequate unclear full report 

Tetik et al, 2003 30 / 30  30 / 30  unclear none no no adequate unclear full report 

Tsai et al, 2003 NA / NA NA / NA unclear sham unclear yes unclear unclear abstract 

Altman et al, 2004 173 / 172 174 / 174 adequate sham adequate yes inadequate no full report 

Day et al, 2004 116 / 108 124 / 115 unclear sham adequate yes inadequate no full report 

Groppa et al, 2004 25 / NA 25 / NA unclear none no no unclear unclear abstract 

Pham et al, 2004 131 / 131 85 / 85 adequate sham unclear yes adequate unclear full report 

Wu et al, 2004 30 / 30 30 / 30 unclear none no no adequate unclear full report 

Cubukçu et al, 2005 30 / NA 10 / NA unclear sham unclear unclear adequate unclear full report 

Genzyme, 2005 52 / NA 50 / NA unclear sham unclear yes inadequate no unpublished 

Huang et al, 2005 35 / 34  35 / 32  unclear none no yes inadequate unclear full report 

Neustadt et al, 2005 128 / 115 124 / 114 adequate none no yes inadequate no full report 



Neustadt et al, 2005 (2) 120 / 107 124 / 114 adequate none no yes inadequate no full report 

Sezgin et al, 2005 22 / NA 19 / NA unclear sham unclear unclear unclear unclear full report 

Kotevoglu et al, 2006   NA / 20 NA / 18 unclear sham unclear yes inadequate yes full report 

Kotevoglu et al, 2006 (2) NA / 21 NA / 18 unclear sham unclear yes inadequate yes full report 
Petrella and Petrella, 
2006 53 / 53 53 / 53 adequate sham adequate yes adequate no full report 

Atay et al, 2008 16 / 16 15 / 15 inadequate none no no adequate unclear full report 

Atay et al, 2008 (2) 14 / 14 15 / 15 inadequate none no no adequate unclear full report 

Blanco et al, 2008 26 / 22 26 / 20 unclear sham adequate yes inadequate no full report 

Heybeli et al, 2008 33 / 33 34 / 34 unclear none no unclear adequate unclear full report 

Lundsgaard et al, 2008 84 / 81 84 / 80 adequate sham adequate yes inadequate no full report 

Petrella et al, 2008 50 / 50 50 / 50 unclear sham adequate yes adequate yes full report 

Petrella et al, 2008 (2) 50 / 50 50 / 50 unclear sham adequate yes adequate yes full report 

Petrella et al, 2008 (3) 50 / 50 50 / 50 unclear sham adequate yes adequate yes full report 

Altman et al, 2009 293 / 291 295 / 295 unclear sham unclear yes inadequate no full report 

Baltzer et al, 2009 136 / 135 107 / 107 adequate sham unclear yes inadequate yes full report 

Baraf et al, 2009 NA / 247 NA / 128 unclear sham unclear yes inadequate no abstract 

Diracoglu et al, 2009 42 / 40  21 / 20  unclear sham unclear yes inadequate unclear full report 

Petrella et al, 2009 15 / NA 15 / NA unclear sham unclear yes unclear unclear abstract 

Chevalier et al, 2010 124 / 124 129 / 129 adequate sham adequate yes adequate no full report 

Jørgensen et al, 2010 167 / 165 170 / 170 unclear sham adequate yes inadequate unclear full report 

Kosuwon et al, 2010 30 / NA 30 / NA unclear sham unclear yes unclear unclear abstract 
Kul-Panza and Berker, 
2010 25 / 23 23 / 22 unclear sham unclear yes inadequate yes full report 

Pavelka et al, 2010 NA / NA NA / NA unclear sham unclear yes NA unclear abstract 

Pavelka et al, 2010 (2) NA / NA NA / NA unclear sham unclear yes NA unclear abstract 

Sanofi-Aventis, 2010 NA / NA NA / NA unclear sham unclear yes NA no unpublished 

Huang et al, 2011 100/100 100/98 unclear sham unclear yes no no full report 

Navarro-Sarabia, 2011 NA / NA NA / NA unclear sham unclear yes NA no full report 



* Numbers between parentheses indicate second and third comparisons within a given trial; NA = not available; **3 trials (4 comparisons) included some 
patients with bilateral knee osteoarthritis, with randomization performed at the patient level, randomizing both knees to either viscosupplementation or 
control, but the numbers of patient analyzed per trial arm could not be determined, therefore numbers of knees are reported here; † 5 trials included 
patients with bilateral knee osteoarthritis, with one of the knees of each patient randomly assigned to viscosupplementation, the other to a control 
intervention and numbers of knees are reported here. 



Supplement 7.  Effect sizes, standard errors, and numbers of 

patients analyzed for outcome pain 

Study 
Effect 
Size 

Standard 
error 

Number 
analyzed in 

experimental 
group 

Number 
analyzed in 

control group 

Rydell, 1972 -1.38 0.42 14 14 

Shichikawa et al, 1983 A 0.38 0.20 48 50 

Shichikawa et al, 1983 B -0.42 0.14 96 102 

Bragantini et al, 1987 -1.10 0.30 39 ** 18 ** 

Grecomoro et al, 1987 -0.86 0.34 20 ** 18 ** 

Dixon et al, 1988 -0.02 0.25 30 33 

Ghirardini et al, 1990 -1.72 0.77 5 5 

Russell et al, 1992 -0.07 0.19 60 57 

Dougados et al, 1993 -0.02 0.21 47 48 

Moreland et al, 1993 -0.14 0.21 47 ** 46  ** 

Puhl et al, 1993 -0.30 0.14 95 100 

Cohen et al, 1994 -0.46 0.33 19 20 

Creamer et al, 1994 0.00 0.58 12 † 12 † 

Henderson et al, 1994 0.00 0.22 40 44 

Scale et al, 1994 A -1.68 0.43 15 15 

Scale et al, 1994 B -0.84 0.30 23 25 

Adams et al, 1995 -0.67 0.26 32 31 

Carrabba et al, 1995 -0.76 0.27 60 20 

Corrado et al, 1995 -0.60 0.35 19 16 

Guler et al, 1996 -0.78 0.38 15 15 

Lohmander et al, 1996 -0.06 0.15 96 93 

Kalay, 1997 -1.76 0.38 20 20 

Listrat et al, 1997 -0.54 0.34 19 17 

Schneider et al, 1997 -0.99 0.50 18 † 18 † 
Altman and Moskowitz, 
1998 -0.04 0.13 109 123 

Wobig et al, 1998 -1.50 0.22 57 † 60 † 
Huskisson and Donnelly, 
1999 -0.50 0.23 39 41 

Anika, 2000     

Seikagaku U.K., 2001 -0.02 0.13 116 115 

Seikagaku France, 2001 -0.19 0.14 174 80 

Anika, 2001     

Ardiç et al, 2001 -0.85 0.58 12  5 

Bunyaratavej et al, 2001 -0.33 0.29 24 25 

Caracuel et al, 2001 -0.36 0.39 13 14 

Dickson et al, 2001 -0.36 0.19 53 57 

Hizmetli et al, 2002 -1.90 0.38 20 20 

Karlsson et al, 2002 0.11 0.16 153 57 

Miltner et al, 2002 -1.47 0.35 43 † 43 † 

Petrella et al, 2002 -0.17 0.19 54 54 



Raynauld et al, 2002 -0.77 0.13 127 127 

Bayramoğlu et al, 2003 -0.35 0.32 31 15 

Jubb et al, 2003 -0.09 0.10 208 200 

Kahan et al, 2003 -0.53 0.09 253 253 

Tetik et al, 2003 -0.34 0.26 30  30   

Tsai et al, 2003 -0.33 0.14 100 100 

Altman et al, 2004 0.01 0.11 172 174 

Day et al, 2004 -0.21 0.13 108 115 

Pham et al, 2004 0.17 0.14 131 85 

Wu et al, 2004 -0.24 0.26 30 30 

Genzyme, 2005     

Cubukçu et al, 2005 -1.34 0.40 30 10 

Huang et al, 2005 -0.29 0.25 34  32  

Neustadt et al, 2005 -0.13 0.12 222 114 

Sezgin et al, 2005 -0.65 0.32 22 19 

Kotevoglu et al, 2006 -1.05 0.30 41 18 

Petrella and Petrella, 2006 -0.53 0.20 53 53 

Atay et al, 2008 0.46 0.32 30 15 

Blanco et al, 2008 -0.70 0.32 22 20 

Heybeli et al, 2008 -0.20 0.25 33 34 

Lundsgaard et al, 2008 -0.19 0.16 81 80 

Petrella et al, 2008 -0.75 0.17 150 50 

Altman et al, 2009 -0.23 0.08 291 295 

Baltzer et al, 2009 0.14 0.13 135 107 

Baraf et al, 2009 -0.23 0.11 247 128 

Diracoglu et al, 2009 -0.76 0.28 40  20  

Petrella et al, 2009 -0.81 0.38 15 15 

Chevalier et al, 2010 -0.11 0.13 124 129 

Jørgensen et al, 2010 0.03 0.11 165 170 

Kosuwon et al, 2010 -0.11 0.26 30 30 

Kul-Panza and Berker, 2010 -0.43 0.30 23 22 

Huang et al, 2011 -0.30 0.14 100 98 
**3 trials included some patients with bilateral knee osteoarthritis, with 
randomization performed at the patient level, randomizing both knees to either 
viscosupplementation or control, but the numbers of patient analyzed per trial arm 
could not be determined, therefore numbers of knees are reported here; † 4 trials 
included patients with bilateral knee osteoarthritis, with one of the knees of each 
patient randomly assigned to viscosupplementation, the other to a control 
intervention and numbers of knees are reported here. 



Supplement 8. Forest plot of differences in pain intensity expressed as effect size comparing the effects of any type of viscosupplementation 

and control (sham or no intervention) on knee pain in 18 large-scale trials with blind outcome assessment. Shading represents area of clinical 

equivalence smaller than minimal clinically important difference. 



 



Supplement 9. Differences in pain intensity expressed as effect size comparing 

viscosupplementation and control (sham or placebo) over time. Shading 

represents area of clinical equivalence smaller than minimal clinically important 

difference. Negative values indicate benefit of experimental interventions 

compared with control.  

 



Supplement 10. Forest plot of differences in physical function expressed as effect 
size comparing the effects of any type of viscosupplementation and control (sham 
or no intervention) on knee pain in 52 trials. Shading represents area of clinical 
equivalence smaller than minimal clinically important difference. 
 

 



Supplement 11.  Effect sizes, standard errors, and numbers of 

patients analyzed for outcome function 

Study 
Effect 
Size 

Standard 
error 

Number 
analyzed in 

experimental 
group 

Number 
analyzed in 

control group 

Shichikawa et al, 1983 A 0.30 0.20 48 50 

Russell et al, 1992 -0.18 0.19 60 57 

Dougados et al, 1993 -0.25 0.21 47 48 

Moreland et al, 1993 0.29 0.21 47 ** 46 ** 

Puhl et al, 1993 -0.12 0.14 95 100 

Scale et al, 1994 A -2.16 0.47 15 15 

Scale et al, 1994 B -1.26 0.32 23 25 

Carrabba et al, 1995 -0.47 0.26 60 20 

Guler et al, 1996 -1.38 0.41 15 15 

Lohmander et al, 1996 0.10 0.13 120 120 

Listrat et al, 1997 -0.20 0.34 19 17 

Schneider et al, 1997 -0.75 0.49 18 † 18 † 
Altman and Moskowitz, 
1998 -0.25 0.14 105 115 

Wobig et al, 1998 -1.76 0.23 57 † 60 † 
Huskisson and Donnelly, 
1999 -0.49 0.23 40 41 

Anika, 2000     

Seikagaku France, 2001  -0.19 0.14 174 80 

Seikagaku U.K., 2001 -0.16 0.13 116 115 

Anika, 2001     

Dickson et al, 2001 -0.41 0.19 53 57 

Hizmetli et al, 2002 -0.75 0.33 20 20 

Karlsson et al, 2002 0.08 0.16 153 57 

Miltner et al, 2002 -1.12 0.33 43 † 43 † 

Petrella et al, 2002 -0.25 0.19 54 54 

Raynauld et al, 2002 -0.72 0.14 124 107 

Bayramoglu et al, 2003 -0.35 0.32 31 15 

Kahan et al, 2003 -0.61 0.09 251 247 

Tetik et al, 2003 -0.31 0.26 30  30  

Altman et al, 2004 0.02 0.11 172 174 

Day et al, 2004 -0.21 0.13 108 115 

Pham et al, 2004 0.08 0.14 131 85 

Wu et al, 2004 0.05 0.26 30 30 

Genzyme, 2005     

Cubukçu et al, 2005 -2.05 0.43 30 10 

Huang et al, 2005 -0.09 0.25 34  32  

Neustadt et al, 2005 -0.29 0.12 222 114 

Sezgin et al, 2005 -0.55 0.32 22 19 

Kotevoglu et al, 2006 -1.22 0.31 41 18 

Atay et al, 2008 0.46 0.32 30 15 



Blanco et al, 2008 -1.30 0.34 22 20 

Heybeli et al, 2008 -0.29 0.25 33 34 

Lundsgaard et al, 2008 -0.12 0.16 81 79 

Altman et al, 2009 -0.20 0.08 291 295 

Baltzer et al, 2009 0.00 0.13 135 107 

Baraf et al, 2009 -0.29 0.12 229 115 

Diracoglu et al, 2009 -0.73 0.28 40 20 

Petrella et al, 2009 -0.88 0.41 13 13 

Chevalier et al, 2010 -0.13 0.13 124 129 

Jørgensen et al, 2010 0.10 0.11 165 170 

Kosuwon et al, 2010 -0.11 0.26 30 30 

Kul-Panza and Berker, 2010 -0.22 0.30 23 22 

Huang et al, 2011 -0.27 0.14 100 98 
** 1 trial included some patients with bilateral knee osteoarthritis, with 
randomization performed at the patient level, randomizing both knees to either 
viscosupplementation or control, but the numbers of patient analyzed per trial 
arm could not be determined, therefore numbers of knees are reported here; † 3 
trials included patients with bilateral knee osteoarthritis, with one of the knees 
of each patient randomly assigned to viscosupplementation, the other to a 
control intervention and numbers of knees are reported here. 



Supplement 12. Contour enhanced funnel plot for effects on physical function 

including prediction lines with 95% confidence lines from univariable meta-

regression models with SE as explanatory variable (red lines). Contour areas to 

display areas of significance at p≤0.05 (grey) and non -significance (white). Lines 

for predicted effects should be interpreted independently of contours delineated by 

shaded areas. 

 



Supplement 13. Differences in physical function expressed as effect size 

comparing viscosupplementation and control (sham or placebo) over time. 

Shading represents area of clinical equivalence smaller than minimal clinically 

important difference. Negative values indicate benefit of experimental interventions 

compared with control.  

 



Supplement 14. Forest plot of 12 trials comparing the risk of serious adverse events in 

viscosupplementation and control (sham or no intervention) groups. 
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What is the problem and what is known about it so far?
Knee osteoarthritis is a common condition in which changes in the knee joints lead to
pain. Nonsteroidal anti-inflammatory drugs, such as aspirin, ibuprofen, and naproxen, are
the most commonly prescribed agents for this condition, but they do not always work and
can have adverse effects. An alternative treatment strategy called viscosupplementation uses
injections of hyaluronic acid to improve knee function. Hyaluronic acid occurs naturally
in the joint fluid and acts as a lubricant and shock absorber, but people with osteoarthritis
have less-than-normal amounts of it in their joints.

Why did the researchers do this particular study?
To summarize information about the efficacy and adverse effects of viscosupplementation
for knee osteoarthritis.

Who was studied?
Adults with symptomatic knee osteoarthritis who participated in 89 trials of
viscosupplementation.

How was the study done?
The authors reviewed clinical trials that randomly assigned adults with symptomatic knee
osteoarthritis to receive viscosupplementation or a “control” intervention. The authors
used a statistical method called meta-analysis to combine the results of the separate studies
to estimate the effect of the therapy on knee pain intensity and physical function. They
also used meta-analysis to estimate the safety of the therapy, including the occurrence of
“flare-ups” (a hot, painful, swollen knee within 24 to 72 hours after an injection) and
effusions (excessive joint fluid inside the treated knee after an injection).

What did the researchers find?
The authors identified 177 reports describing 89 trials in 12,667 patients with knee
osteoarthritis. When combined and analyzed, large, high-quality studies suggested that
viscosupplementation had a small, clinically irrelevant effect on pain and no effect on
function. Conversely, the authors found an association between viscosupplementation and
an increase in adverse events, including flare-ups and effusions, and also life-threatening
events or events resulting in hospitalization or disability.

What were the limitations of the study?
The analysis was limited by the poor quality of many of the trials. In particular, many did
not provide adequate data on adverse events.

What are the implications of the study?
Viscosupplementation may provide little if no pain relief or function improvement in
patients with symptomatic knee osteoarthritis. It also seems to increase the risk for
adverse events. On the basis of these findings, the authors discourage the use of
viscosupplementation for knee osteoarthritis.
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