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Viscosupplementation for knee osteoarthritis: systematic review 
and meta-analysis
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Arnav Agarwal,3,6 Cesar A Hincapié,8,9 Bruno R da Costa1,3,10

Abstract
Objective
To evaluate the effectiveness and safety of 
viscosupplementation for pain and function in 
patients with knee osteoarthritis.
Design
Systematic review and meta-analysis of randomised 
trials.
Data sources
Searches were conducted of Medline, Embase, and 
the Cochrane Central Register of Controlled Trials 
(CENTRAL) databases from inception to 11 September 
2021. Unpublished trials were identified from the grey 
literature and trial registries.
Eligibility criteria for study selection
Randomised trials comparing viscosupplementation 
with placebo or no intervention for knee osteoarthritis 
treatment.
Main outcome measures
The prespecified primary outcome was pain intensity. 
Secondary outcomes were function and serious 
adverse events. Pain and function were analysed 
as standardised mean differences (SMDs). The 
prespecified minimal clinically important between 
group difference was −0.37 SMD. Serious adverse 
events were analysed as relative risks.
Methods
Two reviewers independently extracted relevant 
data and assessed the risk of bias of trials using 
the Cochrane risk of bias tool. The predefined main 
analysis was based only on large, placebo controlled 
trials with ≥100 participants per group. Summary 
results were obtained through a random effects meta-
analysis model. Cumulative meta-analysis and trial 

sequential analysis under a random effects model 
were also performed.
Results
169 trials provided data on 21 163 randomised 
participants. Evidence of small study effects and 
publication biases was observed for pain and function 
(Egger’s tests with P<0.001 and asymmetric funnel 
plots). Twenty four large, placebo controlled trials 
(8997 randomised participants) included in the main 
analysis of pain indicated that viscosupplementation 
was associated with a small reduction in pain intensity 
compared with placebo (SMD −0.08, 95% confidence 
interval −0.15 to −0.02), with the lower bound of 
the 95% confidence interval excluding the minimal 
clinically important between group difference. This 
effect corresponds to a difference in pain scores of 
−2.0 mm (95% confidence interval −3.8 to −0.5 mm) 
on a 100 mm visual analogue scale. Trial sequential 
analysis for pain indicated that since 2009 there has 
been conclusive evidence of clinical equivalence 
between viscosupplementation and placebo. Similar 
conclusions were obtained for function. Based on 15 
large, placebo controlled trials on 6462 randomised 
participants, viscosupplementation was associated 
with a statistically significant higher risk of serious 
adverse events than placebo (relative risk 1.49, 95% 
confidence interval 1.12 to 1.98).
Conclusion
Strong conclusive evidence indicates that 
viscosupplementation leads to a small reduction 
in knee osteoarthritis pain compared with placebo, 
but the difference is less than the minimal 
clinically important between group difference. 
Strong conclusive evidence indicates that 
viscosupplementation is also associated with an 
increased risk of serious adverse events compared 
with placebo. The findings do not support broad use 
of viscosupplementation for the treatment of knee 
osteoarthritis.
Systematic review registration
PROSPERO CRD42021236894.

Introduction
Knee osteoarthritis is a chronic degenerative disease 
that involves inflammation and structural changes 
of the joints, resulting in joint pain and physical 
functional limitations.1 2 This condition is a leading 
cause of disability among older people, with over 
560 million people living with knee osteoarthritis 
worldwide.3 Intra-articular hyaluronic acid (also 
known as viscosupplementation)4 5 is frequently 
used to treat knee osteoarthritis symptoms, but 
the effectiveness and safety of this treatment have 
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What is already known on this topic
Intra-articular injections of hyaluronic derivatives (viscosupplementation) have 
been used to treat knee osteoarthritis for over 50 years
The effectiveness and safety of this treatment are still a topic of debate
Emerging evidence indicates that treatment effects could be smaller than 
previously reported

What this study adds
Strong conclusive evidence indicates that viscosupplementation leads to a small 
reduction in knee osteoarthritis pain compared with placebo, but the difference 
is less than the minimal clinically important between group difference
Strong conclusive evidence also indicates that viscosupplementation increases 
the risk of serious adverse events compared with placebo
The findings do not support broad use of viscosupplementation to treat knee 
osteoarthritis
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remained controversial6 since the first clinical trial in 
the early 1970s.7

The latest national and international guidelines 
vary in their recommendations, but most discourage 
the use of intra-articular hyaluronic acid derivatives.8 
In England, because the National Institute for Health 
and Care Excellence clinical guidelines recommends 
against the use of viscosupplementation, this 
treatment is given a low priority for funding by the NHS 
and is only considered in exceptional circumstances.9 
However, healthcare systems in other countries 
offer viscosupplementation treatment to patients 
with knee osteoarthritis.10 11 For example, in the 
US, Medicare and commercial insurance companies 
cover viscosupplementation and use has grown 
considerably from 2012 to 201812—one in every seven 
patients with knee osteoarthritis receive injections of 
hyaluronic acid derivatives as first line treatment.13 
Based on data from Medicare,12 14 expenditure on 
viscosupplementation treatment was estimated to 
be $287m (£233m; €273m) in 2012 and $325m in 
2018. Evidence shows that approximately 28% of that 
amount was spent on treating large joint infections 
after viscosupplementation injections.12

This systematic review aimed to provide updated 
evidence on the clinical benefits and safety of 
viscosupplementation to treat patients with knee 
osteoarthritis using data from 50 years of randomised 
trials.

Methods
The reporting of the present systematic review 
was guided by the PRISMA (preferred reporting 
items for systematic reviews and meta-analyses) 
guidelines.15 The study was registered in PROSPERO 
(CRD42021236894).

Trial selection
We included randomised or quasi-randomised 
controlled trials that had at least 75% of participants 
with clinically or radiologically confirmed knee 
osteoarthritis, and that reported at least one outcome 
of interest (pain, function, or serious adverse events). 
The intervention of interest was any intra-articular 
hyaluronic acid preparation or a hyaluronic acid 
derivative. Control interventions of interest were 
placebo (saline or preparations with negligible 
concentrations of hyaluronic acid) or no intervention. 
Web appendix 1 shows trial selection details.

Data sources
We searched Medline, Embase, and the Cochrane 
Central Register of Controlled Trials (CENTRAL) 
databases for relevant trials (from database 
inception to 11 September 2021). We also identified 
eligible trials from theses or dissertations, personal 
communications, books, pamphlets, conference 
abstracts, trial registries, manufacturers’ reports, and 
regulatory documents. Details of the search strategy 
and data sources are described in web appendices 2 
and 3. No language restriction was applied.

Data collection
Data extraction was performed by two of eight 
independent reviewers. Discrepancies were solved 
by consensus or consultation with a third reviewer. 
We extracted year of publication, sample size, 
methodological characteristics, trial duration 
(time from randomisation to end of follow-up), 
and characteristics of the viscosupplementation 
preparation, including molecular weight, structure, 
cycles, dosage, frequency of administration and 
treatment duration (see web appendix 4 for details).

Outcomes
The prespecified primary outcome was pain intensity. 
Secondary outcomes were function and serious 
adverse events. Continuous outcomes were analysed 
as standardised mean differences (SMDs). An SMD <0 
indicates a better outcome for viscosupplementation 
than control. We back transformed pooled SMDs to a 
100 mm visual analogue scale assuming a standard 
deviation of 25 mm (see web appendix 5 for details). 
Web appendix 6 describes the rationale for the choice 
of the minimal clinically important between group 
difference of −0.37.

If pain and function outcomes were reported for 
more than one time point, we extracted results closest 
to three months after the last injection (web appendix 
4).16 17 If two or more measurement tools were used, we 
referred to a previously described hierarchy of outcome 
measures18 19 and extracted data for the one ranked 
highest on this list (web appendix 7). Serious adverse 
events were reported as events resulting in hospital 
admission, prolongation of hospital stay, persistent or 
major disability, congenital abnormality of offspring, 
life threatening events, or death.20

Risk-of-bias assessment
We assessed the risk of bias of trials included in our 
main analysis (large, placebo controlled trials) using 
the Cochrane collaboration tool 2.0 (web appendix 
8).21 All other trials were assessed using the Cochrane 
collaboration tool 1.0.22 Assessments were performed 
by a pair of reviewers working independently. 
Inconsistencies were resolved by consensus or 
discussion with a third reviewer.

Data analysis
We summarised pain and function using SMDs,23-26 and 
serious adverse events using relative risks. Summary 
estimates with 95% confidence intervals were obtained 
with the DerSimonian-Laird random effects model.27 
Web appendices 4 and 9 describe the approaches used 
to deal with multiarm trials and approximation of 
standard deviations, respectively. The prespecified main 
analysis was based only on large, placebo controlled 
trials (mean ≥100 participants in each group).28 We 
used this prespecified cutoff of ≥100 participants in 
each group on average because such trials are less likely 
to be influenced by small study effects.25 28

We conducted prespecified subgroup analyses 
based on methodological, clinical, and publication 
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characteristics24 26 using random effects meta-
regression models with the DerSimonian-Laird 
estimator. Statistical heterogeneity was interpreted 
on the basis of the between trial variance (τ2; see web 
appendix 10 for guidance on τ2 interpretation).24 29 
We investigated the association between trial size and 
treatment effects using funnel plots accompanied by 
tests of asymmetry. For SMDs, funnel plot asymmetry 
was tested using Egger’s test, and for relative risks, 
Harbord’s test was used.

We carried out random effects trial sequential 
analyses to assess whether the combined number 
of patients across all large placebo controlled trials 
offered sufficient statistical power to produce definitive 
conclusions about the effectiveness and safety of 
viscosupplementation or whether additional trials were 
needed (web appendix 11).30 Analyses were performed 
using Stata 14 (StataCorp) and R 3.6.3 (www.r-project.
org). Statistical significance was set at P<0.05 (two 
sided) for all tests. P<0.005 was considered to indicate 
strong evidence against the null hypothesis.31 32

Patient and public involvement
Patients and members of the public were not involved in 
this study owing to limited resources and the covid-19 
pandemic. Nevertheless, we intend to engage the 
public in disseminating our results, including social 
media engagement, newsletters, and conferences.

Results
All trials on viscosupplementation
Figure 1 shows the selection process. We identified 169 
trials (involving 21 163 randomised participants) that 
reported at least one outcome of interest to our systematic 
review. Web appendix 12 shows the list of trials. Between 
1972 and 2021, the publication rate of new trials on 
viscosupplementation averaged four per year, doubling 
after 2012 (four trials per year before 2012 v eight trials 
per year after 2012; web appendix 13).

The median total sample size was 92 participants 
(interquartile range 50-165). The median total trial 
follow-up was 24 weeks (8.6-27). The median average 
age of participants was 61 (58-64), whereas the median 
percentage of women was 62 (54-71). The clinical 
benefit of viscosupplementation was examined most 
frequently through open label trials as an add-on to 
standard treatment compared with standard treatment 
alone (93, 55%), followed by placebo controlled trials 
(76, 45%).

Risk of bias, publication bias and small study effects
Across all trials, a low risk of selection bias was found 
in 20 trials (12%, n=169), a low risk of performance 
bias in 27 (16%, n=169), a low risk of detection bias 
for pain in 52 (31%, n=165), a low risk of detection 
bias for function in 30 (23%, n=132), a low risk of 
attrition bias for pain in 82 (50%, n=165), and a low 
risk of attrition bias for function in 69 (52%, n=132; 
web appendix 12).

Web appendix 14 presents the summary estimates of 
pain intensity considering all trials (n=165 trials, 20 729 

randomised participants). Web appendix 15 provides 
the corresponding results for function. Evidence was 
found of extreme between trial heterogeneity, with 
trials indicating treatment effects that ranged from 
extremely beneficial to clinically worse effects of 
viscosupplementation on pain intensity compared with 
the control group. Unequivocal evidence was found of 
funnel plot asymmetry (P<0.001, web appendix 16), 
indicating small study effects. 32 33 A similar pattern of 
funnel plot asymmetry was detected for function (web 
appendix 17).

Characteristics of large placebo controlled trials in 
main analyses
Of the 169 identified trials, 25 were large, placebo 
controlled trials (table 1),34-58 which randomised 
9423 participants (mean age 62 years, 59% women, 
mean disease duration 5.2 years). Twenty four trials 
reported data for pain intensity (main analysis), 
19 trials reported data for function, and 15 trials 
reported data for serious adverse events. According 
to Cochrane’s risk of bias tool 2.0, a low risk of bias 
was found in the randomisation process in 13 trials 
(52%, n=25), a low risk of bias owing to deviations 
from intended interventions in 20 (80%, n=25), a 
low risk of bias due to missing outcome data in 18 
trials that reported pain (75%, n=24) and in 14 that 
reported function (74%, n=19); a low risk of bias in 
the measurement of outcome in 23 trials that reported 
pain (96%, n=24) and in 19 that reported function 
(100%, n=19); a low risk of bias in the selection of 
reported results in 16 trials that reported pain (67%, 
n=24) and in 13 that reported function (68%, n=19). 
Details about the risk-of-bias assessment for the 
25 large, placebo controlled trials are found in web 
appendix 12. The median follow-up time after the last 
injection was 13 weeks (interquartile range 12-16) for 
pain, and 12 weeks (10-13) for function. The median 
number of injections administered per cycle was 3 
(interquartile range 1-5) for both pain intensity and 
function outcomes.

Primary outcome: pain intensity
Summary estimates based on 24 large, placebo 
controlled trials (8997 randomised patients) indicated 
a small, non-clinically relevant reduction in pain 
intensity by viscosupplementation compared with 
placebo (SMD −0.08, 95% confidence interval −0.15 to 
−0.02, P=0.02, τ2=0.02; fig 2 and web appendix 18). 
This effect corresponds to a pain intensity reduction of 
−2.0 mm (95% confidence interval −3.8 to −0.5) on a 
100 mm visual analogue scale compared with placebo. 
Web appendix 19 presents further considerations 
about the magnitude of the summary effect.

Summary estimates by subgroups indicated that 
viscosupplementation was associated with treatment 
effects less pronounced than the minimal clinically 
important between group difference of 0.37 standard 
deviation units compared with placebo for most 
subgroups (fig 2). Web appendix 20 presents further 
considerations about subgroup estimates.
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A cumulative meta-analysis indicates that summary 
estimates reduced from an SMD of −0.42 in 1983 to an 
SMD of −0.10 by 2009, which was less than the minimal 

clinically important between group difference. From 
the end of 2012 onwards, the combined estimates 
and their 95% confidence intervals remained stable 

Previous systematic
review (2012)

Update
(2012-21)

Full text articles excluded
No relevant outcome data reported
Not relevant to viscosupplementation
No RCT, no quasi-RCT (other type of laboratory,
  clinical study or publication type)
Duplicates – older reports replaced by more
  recent publications
Active control group

51
27
24

9

6

117

Duplicates

Trials (21 163 randomised participants)

Records identified through
new electronic searches:

from January 2012 to
11 September 2021

Records identified through
trial registries, conference

proceedings and citing articles
of all trials identified by

Rutjes et al: from January 2012
to 11 September, 2021

Records identified in our
previous systematic review
with data for quantitative

synthesis (Rutjes et al): from
inception to January 2012

401

169

Records screened

28274

4670

Eligibility criteria not met

Records screened aer duplicates removed
4269

Full text articles assessed for eligibility in more detail

4057

4388

212

New trials 
95

Trials 

Total evidence

Trials (9423 randomised participants)

Large, placebo controlled trials
25

(6462 randomised participants)

Serious adverse events
15

(6307 randomised participants)

Function
19

(8997 randomised participants)

Pain (main analysis)
24

169

Fig 1 | Flowchart showing steps in the selection of relevant trials. RCT=randomised controlled trial
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and entirely within the −0.20 and +0.20 equivalence 
margins (fig 3).

Secondary outcome: function
Summary estimates based on 19 large, placebo 
controlled trials (6307 randomised participants) 
indicated a small, non-clinically relevant improvement 

in function levels by viscosupplementation (SMD 
−0.11, 95% confidence interval −0.18 to −0.05, 
P=0.001, τ2=0.01; fig 4 and web appendix 21). 
Summary estimates by subgroups showed that 
viscosupplementation was associated with treatment 
effects less pronounced than the minimal clinically 
important between group difference of 0.37 standard 

Table 1 | Characteristics of the 25 large, placebo controlled trials*

Author (year)
No of randomised 
participants Instrument Reported 

SAEs
Publication 
status

Funding 
independent of 
industry

Molecular 
weight Structure

No of 
injections 
(cycles)†Visco Placebo Pain Function

Shichikawa (1983)34 114 114 Global pain (VAS) — No Published No Unclear Non-cross 
linked

5 (1)

Puhl (1993)35 102 107 Global pain (VAS) Lequesne index No Published No Low Non-cross 
linked

5 (1)

Lohmander (1996)36 120 120 Global pain (VAS) Lequesne index No Published No Low Non-cross 
linked

5 (1)

Altman and Moskowitz 
(1998)37

164 168 Pain on walking 
(VAS)

WOMAC 
function

Yes Published No Low Non-cross 
linked

5 (1)

Brandt (2001)38‡ 114 112 — — Yes Published No Intermediate Non-cross 
linked

3 (1)

Seikagaku [UK] 
(2001)39

116 115 Lesquene index Lequesne index No Unpublished No Low Non-cross 
linked

5 (1)

Jubb (2003)40 208 200 Pain on walking 
(VAS)

— Yes Published No Low Non-cross 
linked

3 (3)

Altman (2004)41 173 174 WOMAC pain WOMAC 
function

Yes Published No High Cross linked 1 (1)

Day (2004)42 116 124 WOMAC pain WOMAC 
function

No Published No Low Non-cross 
linked

5 (1)

Pham (2004)43 131 85 Global pain (VAS) Lequesne index No Published No Intermediate Unclear 3 (3)
Altman (2009)44 293 295 Pain on walking 

(VAS)
WOMAC 
function

Yes Published No Intermediate Non-cross 
linked

3 (1)

Baltzer (2009)45 135 107 Global pain (VAS) WOMAC 
function

No Published Yes Low Non-cross 
linked

3 (1)

Chevalier (2010)46 124 129 WOMAC pain WOMAC 
function

Yes Published No High Cross linked 1 (1)

Jørgensen (2010)47 167 170 Pain on walking 
(VAS)

Lequesne index No Published No Low Non-cross 
linked

5 (1)

Huang (2011)48 100 100 Pain on walking 
(VAS)

WOMAC 
function

Yes Published No Low Non-cross 
linked

5 (1)

Strand (2012)49 251 128 WOMAC pain WOMAC 
function

Yes Published No Unclear Cross linked 1 (1)

NCT00988091 
(2012)50

298 298 Pain on walking 
(VAS)

WOMAC 
function

Yes Unpublished No Unclear Unclear 1 (1)

Arden (2014)51 108 110 WOMAC pain WOMAC 
function

No Published No High Cross linked 1 (1)

NCT01372475 
(2015)52

400 400 WOMAC pain — No Unpublished No Unclear Non-cross 
linked

2 (1)

NCT01934218 
(2017)53§

404 410 Pain on walking 
(VAS)

— Yes Unpublished No Unclear Cross linked 1 (1)

Hangody (2017)54 150 69 WOMAC pain WOMAC 
function

Yes Published No Intermediate Cross linked 1 (1)

Petterson and 
Plantcher (2018)55

184 185 Patient global 
assessment 
(VAS)

WOMAC 
function

Yes Published No Intermediate Cross linked 1 (1)

NCT02495857 
(2018)56¶

400 199 WOMAC pain WOMAC 
function

Yes Unpublished No Intermediate Non-cross 
linked

3 (1)

Ke (2021)57 220 220 WOMAC pain — Yes Published No High Cross linked 1 (1)
Migliore (2021)58 347 345 Global pain 

(VAS)
Lequesne 
index

Yes Published No High and 
low

Unclear 1 (1)

When available, molecular weight was categorised as low (<1500 kDa), intermediate (≥1500 and <6000 kDa) and high (≥6000 kDa).
SAE=serious adverse event; WOMAC=Western Ontario and McMaster Universities Arthritis Index; VAS=visual analogue scale.
*In all 25 large, placebo controlled trials, 100% of the 9424 randomised participants had clinically or radiologically confirmed osteoarthritis of the knee. There were no quasi randomised trials 
among the 25 large trials.
†Number of injections per cycle.
‡Pain and function only reported for a subgroup of patients, but serious adverse events reported for all randomised participants.
§Only partially published as a subgroup analysis in Takamura et al.60

¶Trial NCT02495857 was a three arm trial (200 participants in viscosupplementation group 1, 200 participants in viscosupplementation group 2, and 199 in the placebo group). Pain and 
function estimates were not reported for viscosupplementation group 1, resulting in a total of 399 participants for efficacy estimates and 599 for serious adverse events (data from all three 
groups reported). Among the 25 large, placebo controlled trials, trial NCT02495857 was the only trial requiring combination of viscosupplementation groups. The remaining large, placebo 
controlled trials had one viscosupplementation group only.
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All trials

Trial design

  Bias in randomisation process

    Low risk

    High risk/some concerns

  Bias due to deviations from intended interventions

    Low risk

    High risk/some concerns

  Bias due to missing outcome data

    Low risk

    High risk/some concerns

  Bias in measurement of outcome

    Low risk

    High risk/some concerns

  Bias due to selection of reported result

    Low risk

    High risk/some concerns

Publication characteristics

  Publication status

    Published

    Unpublished

  Funding independent of industry

    Yes

    No/unclear

  Language of publication

    English

    Others

Intervention characteristics

  No of cycles

    1

    >1

  Structure

    Cross linked

    Non-cross linked/unclear

  Follow-up (months)

    <3 months

    3-6 months

    >6 months

  No of injections

    1 or 2

    3

    >3

  Molecular weight

    Low

    Intermediate

    High

    Low and high

    Unclear

-0.08 (-0.15 to -0.02)

-0.09 (-0.17 to -0.02)

-0.08 (-0.20 to 0.04)

-0.08 (-0.15 to -0.00)

-0.13 (-0.33 to 0.07)

-0.06 (-0.14 to 0.01)

-0.16 (-0.32 to 0.00)

-0.07 (-0.14 to -0.01)

-0.42 (-0.70 to -0.14)

-0.09 (-0.17 to -0.01)

-0.07 (-0.21 to 0.06)

-0.11 (-0.18 to -0.03)

-0.02 (-0.17 to 0.13)

0.14 (-0.11 to 0.40)

-0.09 (-0.16 to -0.02)

-0.07 (-0.14 to -0.01)

-0.42 (-0.70 to -0.14)

-0.09 (-0.17 to -0.02)

0.02 (-0.24 to 0.28)

-0.05 (-0.14 to 0.04)

-0.10 (-0.19 to -0.01)

-0.12 (-0.23 to -0.01)

-0.12 (-0.21 to -0.04)

0.07 (-0.08 to 0.22)

-0.04 (-0.14 to 0.05)

-0.08 (-0.25 to 0.10)

-0.15 (-0.27 to -0.04)

-0.08 (-0.18 to 0.01)

-0.13 (-0.30 to 0.04)

0.01 (-0.10 to 0.12)

-0.22 (-0.37 to -0.07)

-0.08 (-0.27 to 0.10)

-0.8 -0.6 -0.4 0 0.2-0.2 0.4

Variable

Favours
visco

Favours
placebo

Standardised mean
difference (95% CI)

Standardised mean
difference (95% CI)

24

12

12

19

5

18

6

23

1

16

8

19

5

1

23

23

1

22

2

8

16

9

11

4

11

5

8

9

5

4

1

5

No of
trials

4466/4236

2587/2359

1879/1877

3935/3711

531/525

3644/3416

822/820

4370/4134

96/102

3480/3311

986/925

3073/2838

1393/1398

135/107

4331/4129

4370/4134

96/102

4127/3951

339/285

1600/1421

2866/2815

1568/1509

1862/1741

1036/986

2629/2444

952/876

885/916

1132/1121

940/822

620/633

341/336

1433/1324

No of patients
(visco/placebo)

0.02

0.01

0.03

0.02

0.03

0.01

0.02

0.01

0.02

0.02

0.01

0.02

0.02

0.01

0.02

0.02

0.01

0.02

0.02

0.01

0.02

0.02

0.03

0.01

0.00

0.02

0.00

0.04

τ2

0.80

0.57

0.27

0.02

0.85

0.26

0.20

0.02

0.37

0.56

0.08

0.38

0.70

P value

Fig 2 | Main and subgroup analyses for pain. Results are based on 24 large, placebo controlled trials, including 8997 randomised participants. 
The shaded areas represent the areas of clinical equivalence (darker areas represent the minimal clinically important difference of 0.37, lighter 
areas represent the more stringent 0.2 margin of equivalence). P denotes two tailed P values for interaction (two subgroups only) or trend tests for 
interaction (three or more subgroups). For the molecular weight categories, the P value was based on a simple interaction test because one trial 
examined a preparation made of high and low molecular weight hyaluronic acids. Cycles: patients are usually given a single injection or a course of 
two to six injections; one cycle refers to one such course of treatment. Number of participants analysed (shown for each subgroup) might be smaller 
than number of randomised participants. A τ2 of up to 0.04 was prespecified to represent low heterogeneity, 0.09 to represent moderate, and 0.16 to 
represent high statistical heterogeneity among trial estimates.29 visco=viscosupplementation
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deviation units compared with placebo (fig 4) for all 
subgroups. Cumulative meta-analysis results for knee 
function mirrored the cumulative meta-analysis for 
pain (web appendix 22).

Secondary outcome: serious adverse events
A prespecified analysis based on 15 large, placebo 
controlled trials (6462 randomised participants) 
indicated that viscosupplementation was associated 
with a statistically significant risk of serious adverse 
events compared with placebo (relative risk 1.49, 
95% confidence interval 1.12 to 1.98, P=0.003, τ2=0; 
web appendix 23). Overall, 3.7% of patients receiving 
viscosupplementation and 2.5% receiving placebo 
experienced a serious adverse event. Web appendix 24 
shows the types of events reported by trial.

Trial sequential analysis
Trial sequential analysis for knee osteoarthritis pain 
based on the 24 large, placebo controlled trials (8997 
randomised participants) indicated that the cumulative 
z score did not cross the monitoring boundary for 
superiority (fig 5). Large trials published or conducted 

after the required information size was reached did not 
change the results. Trial sequential analysis conducted 
against the equivalence boundary of 0.20 SMD 
unitsshowed that the accumulated evidence crossed 
the boundary for equivalence in 2009. Analogous 
results were observed for function (web appendix 25).

Trial sequential analysis focused on serious 
adverse events (15 large, placebo controlled trials, 
6462 randomised participants) revealed that the 
cumulative z score crossed the monitoring boundaries 
in 2018 (z score=2.77, P=0.006) before the required 
information size was reached (fig 6), indicating that 
the significantly higher rate of serious adverse events 
in patients receiving viscosupplementation compared 
with those receiving placebo is a robust finding.

Discussion
Principal findings
This systematic review identified 169 trials on 21 163 
randomised patients with knee osteoarthritis. The 
main analysis of the primary outcome was based on 
24 large, placebo controlled trials that included 8997 
randomised patients with knee osteoarthritis. We found 

1983

1993

1996

1998

2001

2003

2004

2004

2004

2009

2009

2010

2010

2011

2012

2012

2014

2015

2017

2017

2018

2018

2020

2021

-0.42 (-0.70 to -0.14)

-0.36 (-0.56 to -0.16)

-0.26 (-0.47 to -0.06)

-0.20 (-0.39 to -0.02)

-0.17 (-0.32 to -0.01)

-0.15 (-0.27 to -0.02)

-0.15 (-0.26 to -0.05)

-0.12 (-0.24 to 0.00)

-0.10 (-0.21 to 0.01)

-0.08 (-0.18 to 0.03)

-0.10 (-0.20 to 0.00)

-0.10 (-0.19 to -0.01)

-0.09 (-0.18 to 0.00)

0.10 (-0.19 to -0.02)

-0.12 (-0.20 to -0.03)

-0.09 (-0.18 to 0.01)

-0.08 (-0.17 to 0.01)

-0.08 (-0.16 to 0.00)

-0.09 (-0.17 to -0.01)

-0.08 (-0.16 to -0.00)

-0.09 (-0.17 to -0.02)

-0.09 (-0.16 to -0.01)

-0.08 (-0.15 to -0.01)

-0.08 (-0.15 to -0.02)

-0.37 0 0.20-0.20 0.37

Year

Favours visco Favours placebo

Standardised mean
difference (95% CI)

Standardised mean
difference (95% CI)

96/102

191/202

287/295

396/418

512/533

720/733

828/848

959/933

1131/1107

1266/1214

1557/1509

1681/1638

1846/1808

1946/1906

2193/2034

2488/2328

2596/2438

2989/2831

3139/2900

3541/3307

3728/3496

3909/3680

4125/3900

4466/4236

No of patients
(visco/placebo)

1.54

1.60

0.62

0.04

0.43

0.85

0.86

1.33

1.80

2.25

1.92

2.07

2.45

2.22

1.97

2.26

2.50

2.81

2.69

3.06

2.83

3.11

3.44

3.31

Z

0.94

0.94

0.73

0.52

0.33

0.20

0.19

0.09

0.04

0.01

0.03

0.02

0.007

0.01

0.02

0.01

0.006

0.002

0.004

0.001

0.002

0.0009

0.0003

0.0005

P
equivalence

Fig 3 | Cumulative pooled analysis for knee pain based on large, placebo controlled trials (n=24 trials, 8997 patients randomised). The shaded 
areas represent the areas of clinical equivalence (darker areas represent the minimal clinically important difference of 0.37, lighter areas represent 
the more stringent 0.2 margin of equivalence). Results are for random effects model. Over the years, between trial variance estimates (τ2) varied 
between 0 and 0.02, suggesting low heterogeneity. P values for equivalence are based on two one sided tests. The number of participants analysed 
might be smaller than the number of randomised participants
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All trials

Trial design

  Bias in randomisation process

    Low risk

    High risk/some concerns

  Bias due to deviations from intended interventions

    Low risk

    High risk/some concerns

  Bias due to missing outcome data

    Low risk

    High risk/some concerns

  Bias in measurement of outcome

    Low risk

    High risk/some concerns

  Bias due to selection of reported result

    Low risk

    High risk/some concerns

Publication characteristics

  Publication status

    Published

    Unpublished

  Funding independent of industry

    Yes

    No/unclear

Intervention characteristics

  No of cycles

    1

    >1

  Structure

    Cross linked

    Non-cross linked/unclear

  Follow-up (months)

    <3 months

    3-6 months

    >6 months

  No of injections

    1 or 2

    3

    >3

  Molecular weight

    Low

    Intermediate

    High

    Low and  high

    Unclear

-0.11 (-0.18 to -0.05)

-0.15 (-0.24 to -0.06)

-0.08 (-0.18 to 0.02)

-0.13 (-0.20 to -0.05)

-0.06 (-0.21 to 0.08)

-0.12 (-0.20 to -0.03)

-0.11 (-0.23 to 0.01)

-0.11 (-0.18 to -0.05)

-0.14 (-0.22 to -0.05)

-0.05 (-0.16 to 0.05)

-0.13 (-0.20 to -0.06)

-0.06 (-0.28 to 0.17)

-0.00 (-0.26 to 0.25)

-0.12 (-0.19 to -0.05)

-0.12 (-0.19 to -0.05)

0.07 (-0.21 to 0.34)

-0.16 (-0.27 to -0.05)

-0.09 (-0.18 to -0.01)

-0.14 (-0.26 to -0.02)

-0.15 (-0.23 to -0.07)

0.04 (-0.12 to 0.20)

-0.12 (-0.24 to -0.00)

-0.12 (-0.25 to 0.01)

-0.11 (-0.22 to 0.01)

-0.09 (-0.20 to 0.01)

-0.20 (-0.30 to -0.09)

-0.04 (-0.18 to 0.10)

-0.20 (-0.35 to -0.05)

-0.05 (-0.44 to 0.33)

-0.8 -0.6 -0.4 0 0.2-0.2 0.4

Variable

Favours
visco

Favours
placebo

Standardised mean
difference (95% CI)

Standardised mean
difference (95% CI)

19

9

10

15

4

14

5

19

-

13

6

16

3

1

18

18

1

6

13

6

10

3

8

4

7

8

5

3

1

2

No of
trials

3175/2933

1588/1359

1587/1574

2720/2491

455/442

2429/2196

746/737

3175/2933

-

2473/2291

702/642

2573/2335

602/598

135/107

3040/2826

3044/2848

131/85

982/794

2193/2139

1040/969

1585/1456

550/508

1618/1424

748/676

809/833

944/940

944/822

404/413

341/336

542/422

No of patients
(visco/placebo)

0.01

0.01

0.01

0.01

0.00

0.01

0.00

0.01

0.01

0.00

0.01

0.03

0.01

0.01

0.01

0.01

0.01

0.00

0.01

0.02

0.00

0.01

0.00

0.00

0.00

0.07

τ2

0.36

0.52

0.88

0.33

0.33

0.49

0.28

0.35

0.11

0.99

0.50

P value

Fig 4 | Main and subgroup analyses for function. Results are based on 19 large, placebo controlled trials, including 6307 randomised participants. 
The shaded areas represent the areas of clinical equivalence (darker areas represent the minimal clinically important difference of 0.37, lighter 
areas represent the more stringent 0.2 margin of equivalence). P denotes two tailed P values for interaction (two subgroups only) or trend tests for 
interaction (three or more subgroups). For the molecular weight categories, the P value was based on a simple interaction test because one trial 
examined a preparation made of high and low molecular weight hyaluronic acids. Cycles: patients are usually given a single injection or a course of 
two to six injections; one cycle refers to one such course of treatment. Number of participants analysed (shown for each subgroup) might be smaller 
than number of randomised participants. A τ2 of up to 0.04 was prespecified to represent low heterogeneity, 0.09 to represent moderate, and 0.16 to 
represent high statistical heterogeneity among trial estimates.29 visco=viscosupplementation
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that viscosupplementation was significantly associated 
with a small reduction in pain intensity compared with 
placebo, but the difference was less than the minimal 
clinically important between group difference. 
Since 2009 strong evidence has shown that the pain 

reduction associated with viscosupplementation is 
clinically equivalent to the pain reduction associated 
with placebo when the equivalence margin is 0.2 
SMD units (or a margin of 5 mm on a 100 mm visual 
analogue scale). Similar results were observed for 
function. We also found that viscosupplementation is 
associated with a higher incidence of serious adverse 
events compared with placebo.

The largest review on viscosupplementation for 
knee osteoarthritis was published in 2012 and 
analysed 89 trials with 12 667 patients.25 Our review 
includes 80 additional trials (representing an increase 
of 8496 participants), a cumulative meta-analysis, 
and trial sequential analysis. In contrast to the 2012 
review,25 our review shows conclusive high quality 
evidence from randomised trials on the association 
between viscosupplementation and potential serious 
harmful effects, and the absence of clinically relevant 
benefits.

Overall, at least four major lessons can be 
drawn from 50 years of randomised evidence on 
viscosupplementation for knee osteoarthritis. Firstly, 
there was a dramatic increase in the number of trials 
after 2009, when sufficient evidence was already 
available to refute the benefits of viscosupplementation 
beyond those obtained with placebo. Secondly, the 
number of trials published or conducted after 2012 
far outpaced the field’s capacity to find, appraise, 
and distil the evidence. As a result, many trials we 
identified never made their way into any systematic 
review.59 Although a large review conducted before 
this review reported a clinically non-relevant effect of 
viscosupplementation with a narrow 95% confidence 
interval, at least nine additional large, placebo 
controlled trials were registered and conducted after 
this review was published.25
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C
u

m
u

la
ti

ve
 z

 s
co

re

-8

0

4

8

-4

1983 (1
98)

1993 (3
93)

1996 (5
82)

1998 (8
14)

2001 (1
045)

2003 (1
453)

2004 (1
676)

2004 (1
892)

2004 (2
238)

2009 (2
480)

2009 (3
066)

2010 (3
319)

2010 (3
654)

2011 (3
852)

2012 (4
227)

2012 (4
816)

2014 (5
034)

2015 (5
820)

2017 (6
039)

2017 (6
848)

2018 (7
224)

2018 (7
589)

2020 (8
025)

2021 (8
702)

Inferiority

Equivalence

Superiority

RIS
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 = 1160 RIS
Equivalence

 = 3964

Fig 5 | Trial sequential analysis for pain. Results are based on 24 large, placebo controlled trials (8997 randomised participants). Cumulative 
z scores were calculated under a random effects model. RIS (required information size; vertical lines) detects a minimal clinically important 
difference of −0.37 with 90% of power at α level of 0.005. O’Brien-Fleming monitoring boundaries are represented by dashed orange lines. The 
inner wedges (futility boundaries) are shown in pink and represent limits to the equivalence region considering the 0.2 equivalence margin. Circles 
denote cumulative z score for each additional trial added to the analysis. Between trial variation was accounted for using diversity (D2) index 
adjusted sample sizes. A D2 of 50% was assumed. Number of participants analysed (shown by year) might be smaller than number of randomised 
participants

Year (sample size)

α = 0.05, control event rate = 2.5%, power = 80%, RR = 1.5

C
u

m
u

la
ti

ve
 z

 s
co

re

-8

0

4

8

-4

1998 (3
32)

2001 (5
58)

2003 (9
66)

2004 (1
313)

2009 (1
901)

2010 (2
154)

2011 (2
352)

2012 (2
727)

2012 (3
316)

2017 (3
535)

2017 (4
349)

2018 (4
944)

2018 (5
313)

2020 (5
751)

2021 (6
442)

Superiority

Inferiority

RIS = 8109

Fig 6 | Trial sequential analysis of 15 large placebo controlled trials for serious adverse 
events. The analysis was based on 6462 randomised participants. Given the weak 
association between viscosupplementation and pain reduction in knee osteoarthritis, 
any increase in risk of serious adverse events caused by viscosupplementation 
compared with placebo can be considered a clinically important increase. Cumulative 
z scores are calculated under a random effects model. RIS (required information size) 
was calculated as the sample size that gives a trial 80% power to detect a 50% relative 
risk (RR) increase of serious adverse events, assuming a control event rate of 2.5% and 
a two sided α=0.05. O’Brien-Fleming monitoring boundaries are represented by dashed 
orange lines. Circles denote the z score for each additional trial. A D2 of 25% was 
assumed. Non-peer reviewed reports had their disclosure year defined as the earliest 
year in which the document was first officially created (when available within the file), 
year of online publication (eg, results first posted date on ClinicalTrials.gov), or the 
date on which the material was made available for review. Number of participants 
analysed (shown by year) might be smaller than number of randomised participants
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Thirdly, we found evidence for the non-
publication of many adequately powered, industry 
funded trials. Examples include large trials on 
viscosupplementation for knee osteoarthritis, but 
they were never fully published (ClinicalTrials.com 
identifier NCT01934218, n=814; NCT01372475, 
n=800; and NCT00988091, n=596; recruitment for 
these trials completed in 2016, 2013, and 2011, 
respectively). These trials, which tested different 
viscosupplementation formulations with distinct 
biochemical properties, reported similar or worse 
treatment effects on osteoarthritis pain than placebo. 
Only a subgroup analysis of one trial (NCT01934218) 
has been published, which is indicative of selective 
reporting.60 At the time of writing, at least 12 other 
unpublished trials were known to be completed, but 
their results were not retrievable (>3000 patients 
randomised in total). Additionally, we could not 
include the data of three unpublished, industry 
sponsored, placebo controlled trials (two of which are 
large trials), which were previously included in the 
2012 systematic review25 because formal approval 
was not given by the companies.

Fourthly, based on the trial sequential analysis, 
between 2009 and 2021 alone, more than 12 000 
patients were subjected to intra-articular injections 
in viscosupplementation trials, which raises ethical 
concerns. Based on our trial sequential analysis, a 
sufficient number of patients have been accrued to 
confidently conclude that viscosupplementation is 
not only ineffective compared with placebo but might 
also be seriously harmful and therefore should be used 
cautiously in any ongoing trial.

Strengths and limitations
To our knowledge, this is the largest collection of 
randomised trials on viscosupplementation for knee 
osteoarthritis, representing a twofold increase in the 
number of trials compared with a comprehensive 
meta-analysis conducted previously.25 59 61 Unlike most 
previous systematic reviews, which have applied more 
restricted search methods and inclusion criteria,59 61 
our international search for viscosupplementation 
trials was broad and not limited by publication status 
or language of publication. The predefined minimal 
clinically important between group difference of 
9 on a 100 mm visual analogue scale used in this 
review can be considered conservative because some 
have reported minimal clinically important between 
group differences >20 mm.62-64 Our analyses of the 
association between viscosupplementation and 
clinical outcomes based on large, placebo controlled 
trials significantly decreases the risk of biases 
influencing our conclusions.

This study has several limitations. The findings 
represent summary estimates and do not exclude 
the possibility that selected osteoarthritis patient 
populations could benefit from viscosupplementation. 
Results from the meta-regression models are 
considered exploratory and should be interpreted with 
caution given the multiplicity of tests.

Our results corroborate previous concerns about the 
safety profile of viscosupplementation.25 However, 
to strengthen the notion of causality, the biological 
plausibility of the safety signals observed in our review 
should be established through an individual patient 
data meta-analysis with careful readjudication and 
classification of all serious adverse events. Patients 
included in randomised trials tend to have fewer 
comorbidities and use fewer drugs than patients 
commonly seen in real clinical settings.65 66 Although 
we found conclusive evidence of an increased risk of 
serious adverse events with viscosupplementation in 
trial populations, it is plausible that this risk could be 
more pronounced in a more fragile patient population, 
commonly seen in clinical settings outside of clinical 
trials.65 66 Therefore, large, properly conducted 
observational studies or phase IV post marketing 
surveillance trials would provide useful evidence.

Most trials included in our trial sequential analyses 
of effectiveness only reported results from intention to 
treat analyses, which can dilute treatment effects.67 
Ideally, intention-to-treat analyses and per protocol 
analyses should be conducted separately, and 
equivalence be shown for both types of analysis.68 69 
However, only two trials included in our trial sequential 
analyses of pain and function reported results from per 
protocol analyses, and so we were unable to perform 
both types of analysis. Given the strength of the 
evidence established in the trial sequential analysis, 
it seems unlikely that additional per protocol analyses 
would change our conclusions.

Conclusions
Strong conclusive evidence indicates that, among 
patients with knee osteoarthritis, viscosupplementation 
is associated with a clinically irrelevant reduction in 
pain intensity and with an increased risk of serious 
adverse events compared with placebo. Our findings 
do not support the broad use of viscosupplementation 
for the treatment of knee osteoarthritis.
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