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Introduction
Osteoarthritis (OA) affects approximately 4.6 mil-
lion Canadians (13%) with an additional 400,000 
new cases each year.1,2 OA is a chronic condition 
and major cause of disability in Canada, leading to 
a loss of joint cartilage, persistent pain and loss of 
function. The cumulative cost of OA in Canada 
from 2010-2015 was CN$195.2 billion, primarily 
attributed to loss of productivity, a burden expected 
to double by 2020 and again by 2030.1,2 The life-
time risk of symptomatic OA in at least one knee is 

44.7%,3 representing one of the largest disease 
burdens in terms of disability-adjusted life years 
among nontransmittable diseases.4,5

Treatment for knee OA focuses on symptom 
relief and retention or improvement of function.6 
In addition to weight loss, exercise and physio-
therapy,7 initial pharmacological options include 
symptomatic slow-acting drugs for OA with topi-
cal analgesics as needed.8–10 If symptoms persist, 
oral nonsteroidal anti-inflammatory drugs 
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(NSAIDs) should be considered.8 Following oral 
therapy, more invasive options such as intra-artic-
ular (IA) injections may be indicated,8 which 
include benefits such as increased bioavailability, 
reduced systemic exposure, and minimal adverse 
events (AEs).11

Hyaluronic acid (HA) is a natural long-chain pol-
ymer with repeating disaccharide units that natu-
rally provides lubrication and elastic shock 
absorption.12–14 Reported benefits of supplemen-
tal HA injections include pain relief, improved 
function and reduced stiffness,5,15–21 although 
possible mechanisms of action for HA have not 
been fully elucidated22–31 (Figure 1).

Available HA preparations vary in their MW, 
cross-linkage and derivation source [avian (AD-
HA) and bacterial fermentation (Bio-HA)].14

IAHA therapy was approved in Canada in 1992 
for mild-to-moderate (Kellgren–Lawrence II-III) 
knee OA following NSAID failure.32,33 Many ran-
domized trials have examined the efficacy and 
safety of IAHA for knee OA. Substantial varia-
tions in trial design, methodology and reported 
outcomes, however, have challenged data inter-
pretation.17,20,34 Earlier recommendations indi-
cated a benefit for IAHA in knee OA,10,35 although 
recent class-based MAs including Rutjes and col-
leagues20 and American Academy of Orthopaedic 
Surgeons (AAOS) guidelines15 have questioned 
its clinical importance and safety. Use of IAHA 
therapy therefore remains controversial, with 
many international guideline recommendations 
providing uncertain, partial, or no support for its 
use.9,10,15,36,37

Clinical need remains for effective treatment 
options.38,39 Numerous published MAs and associ-
ated commentaries were published in 2015, high-
lighting the importance of intrinsic HA properties 
and the IA placebo treatment effect, providing 
renewed perspectives on HA therapy clinical ben-
efit.17,40–42 A diverse, multidisciplinary group of 
Canadian specialists met to independently discuss 
the clinical implications of this new evidence and 
assess whether there is a role for IAHA therapy in 
the treatment of mild-to-moderate knee OA.

Methods
To permit a more comprehensive analysis of 
IAHA class-based evidence, MAs published in 
the last 5 years were included in our analysis to 

ensure consideration of the majority of rand-
omized controlled trials (RCTs) as well as to 
permit comparison of new MA findings with 
those of the AAOS and Rutjes and colleagues.15,20 
PubMed was searched from Jan 2012 to Jan 29 
2016 using the search terms viscosupplementa-
tion (OR aliases) AND knee osteoarthritis (OR 
aliases) to identify recently published English-
only MAs of RCTs evaluating the class effects of 
IAHA therapy compared with IA placebo or non-
interventional controls for knee OA. Findings 
were supplemented with a bibliographic search. 
MAs reporting data with a literature search end 
date of no earlier than January 2012 were consid-
ered for our analysis, and outcomes of interest 
were pain, stiffness, function and safety. Overall, 
two independent reviewers confirmed eligibility 
and extracted data of interest.

A multidisciplinary group of Canadian OA 
thought-leaders (three orthopaedic surgeons, two 
rheumatologists, two sports medicine experts, 
and one clinical scientist) gathered on 18 March 
2016 in Toronto to independently review and 
consider evidence from the last 5 years in closed 
sessions devoid of commercial influence. An evi-
dence-based medicine (EBM) methodologist, 
two EBM graduate students and a publications 
firm aided authors. The p-values were reported 
when available; alternatively, findings were con-
sidered statistically significant if the 95% confi-
dence intervals (CIs) did not cross zero. The only 
independent analysis performed by our group was 
for the higher versus lower molecular weight 
(MW) comparisons of the Rutjes and colleagues 
and Altman and colleagues MW subgroup analy-
ses.16,20 For this analysis, two-tailed p-values were 
estimated by applying an unpaired Student’s t test 
to the comparison of pain effect sizes of groups 
for comparison using GraphPad’s QuickCalcs.43 
Standard error (or deviation) used in the t test 
was derived from the respective 95% CIs, follow-
ing the procedure44 described in the Cochrane 
Handbook for Systematic Reviews of 
Interventions, and Gaussian distributions were 
assumed for both the unpaired t test and the deri-
vation of standard deviation from 95% CIs.

Results
A total of eight published MAs were identi-
fied,5,15–21 with different numbers of included 
studies and participants based on varied method-
ological frameworks and timeframes. A total of 
six MAs15,16,18–21 used a traditional pair-wise 
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Figure 1. Possible mechanisms of action of IAHA therapy for knee osteoarthritis. A number of potential 
mechanisms for IAHA benefit have been proposed, including protection of joint tissue through reduced 
chondrocyte apoptosis and increased chondrocyte proliferation, enhanced proteoglycan/glycosaminoglycan 
synthesis which could delay OA progression, anti-inflammatory effects through suppression of IL-1β and other 
factors, limitation of subchondral bone changes characteristic of early OA through suppression of MMP-13 
and IL-6 expression, mechanical benefits through direct lubrication of the joint capsule, and analgesic effects 
through reduction of mechanosensitive stretch-activated ion channel activity. From Altman and colleagues14, 
after 1989 with data cutoff of 4 May 2014.
IAHA, intra-articular hyaluronic acid; IL-1β, interleukin 1 beta; IL-6, interleukin 6; MMP-13, matrix metallopeptidase 13; OA, 
osteoarthritis.
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design while two5,17 used network methodology. 
Excluded studies included Miller and colleagues45 
(earlier report of Strand and colleagues21), Pai 
and colleagues because it addressed product-spe-
cific effects,46 and Colen and colleagues47 which 
only evaluated evidence with a literature search 
end date prior to January 2012.

Overall pain outcomes
A total of seven MAs included overall pain out-
comes.5,15,17–21 Overall, six reported overall pain 
effect sizes, showing consistent and statistically 
significant improvements favouring HA therapy 
over placebo or nonintervention controls regard-
less of methodology (Figure 2).5,17–21

Similar outcomes were seen in two larger, more 
comprehensive MAs (n ⩾ 52 RCTs), which exam-
ined outcomes at a timepoint nearest to 13 weeks 
(~13 weeks).17,20 Rutjes and colleagues reported a 
statistically significant pain effect size [ES, ([mean 
of HA group]-[mean of control group])/standard 
deviation] of 0.37 (95% CI 0.28–0.46) among 71 
randomized or quasi-randomized trials evaluating 
HA versus sham or nonintervention controls.20 A 
network MA (NMA) by Bannuru and colleagues 
compared relative effect estimates of many knee 
OA treatments at ~13 weeks,17 reporting a statisti-
cally significant relative pain ES of 0.34 [95% 
credible interval (CrI) 0.26–0.42] among 52 trials 
comparing HA with placebo. Another larger MA 
by Altman and colleagues identified 68 published 
randomized trials comparing HA with a variety of 
interventions at a timepoint nearest to 26 weeks 
(~26 weeks).16 Although subgroup pain outcomes 
for HA compared with placebo were analyzed 
(described below), overall outcomes were not 
reported.

Overall, two moderate size pair-wise MAs (52 > 
n > 8) using published RCTs also showed con-
sistent outcomes.18,21 Strand and colleagues com-
pared United States (US)-approved HAs with 
placebo, reporting a statistically significant pain 
ES of 0.43 (95% CI 0.26–0.60, p < 0.001) among 
20 studies with endpoints ranging from 4 to 13 
weeks (~13 weeks) and 0.38 (95% CI 0.21–0.55, 
p < 0.001) among 15 studies from 14 to 26 weeks 
(~26 weeks).21 Jevsevar and colleagues restricted 
eligibility to RCTs with ⩾30 patients per arm, 
comparing HA therapy with placebo (n = 14), 
usual care (n = 2), or HA added to an active 
treatment (n = 3).18 A statistically significant 
overall pain ES of 0.49 (95% CI 0.29–0.70) was 

reported among these 19 trials with the most 
common endpoint at approximately 26 weeks 
(~26 weeks).

Outcomes remained consistent among smaller 
MAs (n ⩽ 8 RCTs) with more restrictive placebo-
controlled RCT eligibility.5,15,19 The Trojian and 
colleagues network MA evaluated only clinically 
relevant pain outcomes (OMERACT OARSI or 
WOMAC pain outcomes; n = 7), reporting a sta-
tistically significant pain ES of 0.19 at the time of 
best response over 8–26 weeks (~26 weeks, 95% 
CI 0.06–0.32).5 The pair-wise MA by Richette 
and colleagues evaluated eight trials with low 
risk of bias at ~13 weeks, showing a statistically 
significant pain ES of 0.21 (95% CI 0.10–0.32) 
for HA therapy compared with placebo.19 The 
AAOS MA reported a statistically significant 
group effect for pain of 0.32 (95% CI 0.11–0.52) 
as a minimal important difference (MID) ratio 
for HA compared with placebo at an unspecified 
follow up among eight trials with ⩾30 patients 
per arm.15

Overall function and stiffness outcomes
Function outcomes were available from seven 
MAs.5,15,17–21 Consistent and significant improve-
ments favouring HA therapy compared with con-
trols were observed in the six MAs reporting 
function ES regardless of size (Figure 3(a)).5,17–21 
The AAOS MA reported an MID ratio for func-
tion of 0.49 (95% CI 0.11–0.86), indicating a sta-
tistically significant improvement for HA over 
placebo among five trials.15

Stiffness outcomes were available from four 
MAs,5,15,17,18 showing statistically significant 
improvements for HA in all MAs reporting ES 
(Figure 3(b))5,17,18 except the Trojian and col-
leagues NMA, which restricted eligibility to six trials 
reporting clinically relevant outcomes.5 The AAOS 
MA reported a statistically significant improvement 
in stiffness for HA compared with placebo with a 
MID ratio of 0.39 (CI 0.12–0.67).15

Pain outcomes by intrinsic properties
A total of four MAs evaluated pain outcomes based 
on intrinsic HA properties15,16,18,20; three evaluated 
MW15,16,20 and two assessed HA polymer chain 
covalent cross-linking.18,20 Among studies report-
ing ES, higher MW HA demonstrated a statisti-
cally significant improvement in pain outcomes 
compared with lower MW HA (Figure 4 (a)).16,20

https://journals.sagepub.com/home/tab


M Bhandari, RR Bannuru et al.

journals.sagepub.com/home/tab 235

Rutjes and colleagues used a higher MW cutoff of 
⩾6000 kDa, <6000– ⩾1500 kDa for moderate 
MW, and <1500 kDa for lower MW.20 At ~13 
weeks, pain ES were 0.58 (95% CI 0.36–0.79, n 
= 18) for higher MW, 0.55 (95% CI 0.30–0.80, 
n = 15) for moderate MW, and 0.23 (95% CI 
0.13–0.33, n = 34) for lower MW HA (interac-
tion p-value = 0.110). Altman and colleagues 

observed a similar pattern of response despite a 
less conservative MW cutoff for higher MW 
(⩾3000 kDa) and moderate MW (<3000–>1500 
kDa) and a later timepoint (~26 weeks).16 Mean 
pain scores were 0.52 (95% CI 0.48–0.56, n = 
11) for higher MW, 0.31 (95% CI 0.20–0.42, n = 
4) for moderate MW, and 0.18 (95% CI, 0.17–
0.19, n = 15) for lower MW HA (interaction 

Figure 2. Overall pain effect sizes of IAHA therapy compared with IA placebo from recent meta-analyses. 
Effect sizes reported from recent MAs were plotted with CI/CrI intervals. Assessment time frames for each 
study are indicated. Solid bars indicate comparison of IAHA with placebo only and mottled bars indicate 
comparison with placebo and other interventions. CI/CrI ranges above zero indicate statistically significant 
outcomes.
CI, confidence interval; CrI, credible interval; IAHA, intra-articular hyaluronic acid; MA, meta-analysis; n, number of trials 
included in MA; NA, not applicable; NR, not reported
*other defined as nonintervention control, usual care, or IAHA added to another active treatment
† effect sizes reported as negative values at source, transformed to positive values for comparison with other studies
‡ examined outcomes at a timepoint nearest to 13 weeks
§ examined outcomes at a timepoint nearest to 26 weeks
|| reported outcomes between 4 and 13 weeks
¶ comparator was placebo (n = 14) or usual care (n = 2), or alternatively, IAHA added to an active treatment (n = 3) ~ 13 
weeks
** most common endpoint at 26 weeks,
†† the time of best response over 8–26 weeks
‡‡ at 13 weeks follow up.
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Figure 3. Overall function (a) and stiffness (b) effect sizes of IAHA versus IA placebo from meta-analyses. 
Effect sizes of IAHA therapy reported from recent MAs were plotted with CI/CrI intervals. Assessment time 
frames for each study are indicated. Solid bars indicate comparison of IAHA with placebo only and mottled 
bars indicate comparison with placebo and other interventions. CI/CrI ranges above zero indicate statistically 
significant outcomes.
CI, confidence interval; CrI, credible interval; IAHA, intra-articular hyaluronic acid; MA, meta-analysis; n, number of trials 
included in MA; NA, not applicable; NR, not reported
* other defined as nonintervention control, usual care or IAHA added to another active treatment
† effect sizes reported as negative values at source, transformed to positive values for comparison with other studies
‡ examined outcomes at a timepoint nearest to 13 weeks
§ examined outcomes at a timepoint nearest to 26 weeks
|| reported outcomes between 4 and 13 weeks
¶ comparator was placebo (n = 14) or usual care (n = 2), or alternatively, IAHA added to an active treatment (n = 3) ~ 13 weeks
** most common endpoint at 26 weeks
†† the time of best response over 8–26 weeks; ‡‡ at 13 weeks follow up.
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Figure 4. Pain effect sizes of IAHA versus IA placebo by (a) molecular weight and (b) cross-linking. Effect sizes 
reported from recent MAs were plotted with CI/CrI intervals. Various molecular weight cutoffs and cross-linked 
status of agents for each study are indicated. CI/CrI ranges above zero indicate statistically significant outcomes.
CI, confidence interval; CrI, credible interval; IAHA, intra-articular hyaluronic acid; kDa, kiloDalton; MA, meta-analysis; MID, 
minimum important difference; (H/M/L) MW, (high/moderate/low) molecular weight; n, number of trials included in MA
* if outcomes were reported at several timepoints, timepoint closest to 3 months after the end of treatment was extracted
† at the reported time frame nearest to 26 weeks
‡ follow-up durations in the included trials ranged from 6 to 52 weeks, with the most common endpoint being at 
approximately 26 weeks.
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p-value not reported). A total of 8 of 12 pain out-
comes (67%) from studies included in the AAOS 
MA favoured higher MW agents (⩾6000 kDa) 
over placebo and 9 out of the 12 RCTs showing 
statistically significant improvement in pain out-
comes for HA compared with placebo evaluated 
moderate to higher MW agents (⩾2400 kDa).15

Cross-linked HAs showed numerically greater ES 
in two MAs (Figure 4(b)), with significant differ-
ences for cross-linking only apparent at a later 
timepoint.18,20 Rutjes and colleagues reported a 
pain ES of 0.53 (95% CI 0.34–0.73) at ~13 weeks 
among 19 studies using cross-linked and 0.29 
(95% CI 0.20–0.39) among 56 studies using non-
cross-linked formulations (interaction p-value = 
0.099).20 Jevsevar and colleagues however, 
observed a statistically significantly improved 
MID ratio of 0.93 (95% CI 0.52–1.33) among a 
subgroup of 6 studies evaluating cross-linked 
compared with 0.25 (95% CI 0.12–0.38) among 
13 studies assessing noncross-linked HAs (p = 
0.003, ~ 26 weeks).18

Safety outcomes
A total of six MAs reported safety out-
comes,5,15–17,20,21 with four reporting any AEs, 
local AEs or serious AEs (SAEs, Table 1).16,17,20,21

Most expressed concerns regarding safety data 
reporting, including low quality, heterogeneous 
or inadequate reporting,16,17,20 short trial dura-
tion,17 or potential bias.20 No statistically signifi-
cant increases in any AEs were observed for HA 
in two MAs17,20; any AE event rates were lower 
for HA compared with placebo (16% versus 
21.7%) among 35 RCTs in Bannuru and col-
leagues17 and the relative risk of any AE was 1.04 
(95% CI 0.99–1.09) for HA compared with pla-
cebo or nonintervention controls among 25 stud-
ies in Rutjes and colleagues.20

Local AEs
A total of three MAs assessed local reactions16,17,20 
including local AEs (n = 2),17,20 injection site 
flare-ups (n = 2)16,20 and septic reactions (n = 
1).17 Modest increases in local AEs were observed 
for HA compared with controls in two MAs.17,20 
Rutjes and colleagues defined local AEs as flare-
ups or any other local AEs, reporting a signifi-
cantly increased risk ratio of 1.34 (95% CI 
1.13–1.60, p = 0.001) for HA compared with 
placebo or nonintervention among 31 studies.20 

Bannuru and colleagues reported transient local 
AEs such as pain, swelling, and arthralgia, with a 
median event rate of 8.4% for HA compared with 
4.7% for placebo among 39 trials.17 Overall, two 
MAs assessed injection site flare-ups (IS-FU).16,20 
Rutjes and colleagues defined a typical IS-FU as 
a hot, painful, swollen knee 24–72 hours post-
injection, reporting a nonsignificant risk increase 
for HA therapy versus placebo or nonintervention 
among six studies (RR 1.51, 95% CI 0.84–2.72, 
p = 0.165).20 Although IS-FU was not defined 
and overall results not reported by Altman and 
colleagues, significantly increased IS-FU was 
reported among 3070 patients receiving AD-HA 
compared with 1776 patients receiving Bio-HA 
(13.19% versus 3.04%, p ⩽ 0.001).16 Significantly 
higher IS-FU rates were also reported for higher 
MW (⩾3000 kDa, 13.73%) compared with either 
moderate MW (<3000 and >1500 kDa, 3.31%, 
p ⩽ 0.001) or lower MW (⩽1500 kDa, 10.73%, 
p = 0.007), and also for moderate MW compared 
with lower MW HA (p ⩽ 0.001; Table1). 
Bannuru and colleagues identified a single septic 
joint event (placebo) among 29 RCTs evaluating 
HA compared with placebo.17

Serious adverse events
A total of four MAs reported SAEs and withdraw-
als due to AEs (WAEs) (Table 1).16,17,20,21 A sig-
nificant increase in SAEs was reported in one of 
three MAs.20 Rutjes and colleagues defined SAE 
as those resulting in inpatient hospitalization, 
prolongation of hospitalization, persistent or sig-
nificant disability, congenital abnormality of off-
spring, life-threatening events, or death; reporting 
significantly increased risk for HA compared with 
controls among 14 studies (RR 1.41, 95% CI 
1.02–1.97, p = 0.039).20 Reported SAEs included 
six cancer and five cardiovascular events for HA 
compared with none and two events for placebo, 
respectively. Strand and colleagues reported a 
nonsignificant absolute SAE risk difference of 
0.7% (95% CI –0.2–1.5%, p = 0.12) for HA 
compared with placebo among 28 studies, 
although no SAEs were deemed related to treat-
ment.21 Bannuru and colleagues reported median 
SAE rates of 0% in both arms (interquartile range 
0.9 and 0 for HA and placebo, respectively) 
among 36 studies.17 WAEs were significantly 
increased in only one of three MAs. Rutjes and 
colleagues reported a significantly increased rela-
tive risk of 1.33 (95% CI 1.01–1.74, p = 0.04) for 
HA,20 although event rates were not significantly 
different in the Strand and colleagues (absolute 
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risk difference 0.2%, 95% CI –0.4–0.8%, p = 
0.46)21 or Bannuru and colleagues (median event 
rates, 0.9% versus 1.0%) MAs.17 WAEs based on 
intrinsic properties were reported in the Altman 
and colleagues MA, with significantly increased 
event rates for lower MW compared with higher 
MW HA (2.20% versus 0.77%, p = 0.004) and 
numerically increased rates for Bio-HA compared 
with AD-HA (1.49% versus 1.00%, p = 0.09).16

Discussion

Is IAHA therapy effective?
Pain from knee OA is a chief complaint, repre-
senting the primary reported outcome in most 

RCTs, and there is a need for effective treat-
ments. Despite the highly variable data set and 
the range of methodological methods employed 
in the MAs reviewed, a statistically significant 
improvement in pain for HA therapy compared to 
placebo or noninterventional controls was 
observed, which remained consistent among 
larger,17,20 medium18,21 and smaller MAs5,15,19 at 
both earlier (~13 weeks)17,19–21 and later (~26 
weeks) timepoints.18,21 Strand and colleagues 
demonstrated comparable pain outcomes for HA 
from 4 to 13 weeks (ES 0.43, 95% CI 0.26–0.60) 
and 14 to 26 weeks (ES 0.38, 95% CI 0.21–
0.55),21 suggesting enduring HA benefit. An ear-
lier analysis by Bannuru and colleagues comparing 
HA with placebo also showed statistically 

Table 1. Safety outcomes of IAHA therapy from recent meta-analyses. Any AEs, local reactions, serious AEs 
and withdrawal rates are reported, with additional data for derivation method and intrinsic HA properties when 
available.

Rutjes 201220 Bannuru 201517 Altman 201616 Strand 201521

 Relative risk
(95% CI), [trials]

Median event rates 
(interquartile range), 
% [trials]
IAHA vs IAP

Pooled incidence %
(95% CI)

Absolute risk 
difference, %
(95% CI), 
[trials]

Any AEs 1.04 (0.99–1.09), 
p = 0.158
[n = 25]

16 (54.6) vs 21.7 (56.0), 
[n = 35]

NR NR

Local AE/
injection site 
flare-ups*

Local AE
1.34 (1.13–1.60)
p = 0.001,  
[n = 31]
Injection site 
flare up subgroup
1.51 (0.84–2.72)
p = 0.165, [n = 6]

Local AE
8.4 (14.4) vs 4.7 (16.1), 
[n = 39]

Injection site flare-ups
AD-HA > Bio-HA
13.19 (12.04–14.44) vs 
3.04 (2.34–3.95), p ⩽ 0.001
HMW (⩾3000 kDa) > LMW 
(⩽1500 kDa)
13.73 (12.33–15.27) vs 
10.73 (9.27–12.39),  
p = 0.007

NR

Overall SAEs 1.41 (1.02–1.97)
p = 0.039
[n = 14]

0 (0.9) vs 0 (0), [n = 36]
Septic joint
0 (0) vs 0 (0), [n = 18]

NR 0.7 (−0.2–1.5), 
p = 0.12
[n = 28]

Withdrawals 
due to AEs

1.33 (1.01–1.74)
p = 0.04
[n = 23]

0.9 (3.9) vs 1.0 (2.6),  
[n = 36]

Withdrawals due to 
treatment-related AEs
AD-HA vs BIO-HA
1.49 (1.05–2.12) vs 1.00 
(0.73–1.37), p = 0.09
HMW (⩾3000 kDa) vs 
LMW (⩽1500 kDa)
0.77 (0.48–1.21) vs 2.20 
(1.70–2.84), p = 0.004

0.2 (−0.4–0.8), 
p = 0.46
[n = 31]

*local flare-ups and other local reactions as reported by study authors, including pain, swelling, and arthralgia.
AD-HA, avian-derived hyaluronic acid; AE, adverse event; BIO-HA, bacterial fermentation-derived hyaluronic acid; CI, 
confidence interval, HMW, high molecular weight; IAHA, intra-articular hyaluronic acid, IAP, intra-articular placebo; 
LMW, low molecular weight; kDA, kilo Dalton; NR, not reported; SAE, serious adverse event; SMD, standard median 
deviation; vs, versus.
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significant improved pain outcomes as early as 4 
weeks with continued benefit up to 24 weeks.48

Statistically significant improvements in pain out-
comes were also consistent regardless of trial 
quality. A subanalysis of Rutjes and colleagues20 
considering only placebo-controlled trials, 
reported an identical pain ES to Bannuru and 
colleagues (0.34, 95% CI 0.24–0.44 versus 0.34, 
95% CrI 0.26–0.42, respectively).17 Outcomes 
remained significantly improved when restricted 
to studies with adequate concealment (Rutjes and 
colleagues, 0.32, 95% CI −0.49 to −0.1420 and 
Richette and colleagues, 0.21, 95% CI 0.10–
0.3219), in larger studies (>100 patients per arm),20 
or medium sized trials (>30–50 patients).17,18 
Significant improvements in function were also 
reported in six MAs5,17–21 and stiffness in three 
MAs.5,17,18 Our review of recent MAs shows con-
sistent and statistically significant improvements 
in pain, function and stiffness outcomes for HA 
therapy compared with placebo or noninterven-
tion up to 26 weeks for mild-to-moderate knee 
OA, regardless of study type.

Is IAHA therapy safe?
Most studies reviewed expressed concerns regard-
ing safety data reporting, including low quality, 
heterogeneous or inadequate reporting,16,17,20 
short trial duration,17 or potential bias.20 SAE 
rates for HA were very low (0, IQR 0.9).17 The 
significant increased relative risk of SAEs (1.41, p 
= 0.039) among 14 trials and withdrawals due to 
AEs (1.33, p = 0.04) among 23 studies analyzed 
by Rutjes and colleagues20 was not confirmed in 
subsequent MAs by Bannuru and colleagues17 
and Strand and colleagues,21 which considered 
more than double the number of RCTs for SAEs 
(n = 28 and n = 36) and a comparable number 
for WAEs (n = 36 and n = 31). Additionally, the 
most concerning SAEs identified by Rutjes and 
colleagues were not reasonably attributable to 
IAHA therapy (cardiovascular and cancer)20,49 
and Strand and colleagues did not identify a sin-
gle HA-related SAE event.21 Finally, a recently 
published NMA conducted by Bannuru and col-
leagues on various HA agents concluded that HA 
therapy is well tolerated and SAEs rare.50

Modestly increased rates of local AEs/IS-FUs 
may be associated with IAHA compared with pla-
cebo. Bannuru and colleagues reported a 3.7% 
net increase in the median local AE rate among 
39 trials17 and Rutjes and colleagues reported 

significantly increased local AE risk among 31 
studies (RR 1.34, 95% CI 1.13–1.60, p = 
0.001).20 Altman and colleagues explored the 
relationship between local AEs/IS-FUs and HA 
derivation source, reporting increased IS-FU 
rates for AD-HA versus Bio-HA (13.19% versus 
3.04%, p ⩽ 0.001) among 4846 patients, and for 
higher MW versus lower MW HAs (13.73% versus 
10.73%, p = 0.007).16 Although intriguing, low 
overall event rates and concerns about safety 
reporting quality raise questions regarding the 
accuracy of these findings. Additionally, confirm-
atory trends were not seen for withdrawals due to 
AEs, with comparable event rates for Bio-HA ver-
sus AD-HA and significantly lower rates for higher 
versus lower MW groups,16 suggesting that 
increased IS-FU rates may have marginal clinical 
relevance. Administration techniques may affect 
rates of local AEs, so proper techniques should be 
considered and events managed with rest, eleva-
tion, ice pack and anti-inflammatories as 
needed.51,52 Concerns regarding the quality of 
safety data reporting with IAHA therapy were 
noted and available data suggests that IAHA ther-
apy is relatively well tolerated, with no signifi-
cantly increased risk of any AEs compared with 
placebo.17,20

Are intrinsic qualities of HA therapy important?
Available HA preparations differ in their MW and 
degree of cross-linkage. A total of three MAs 
reported improved outcomes with higher MW 
compared with lower MW HAs.15,16,20 Differences 
in outcomes between the higher and lower MW 
groups of Rutjes and colleagues and Altman and 
colleagues MAs were considerable,16,20 although 
variations existed in the ranges of MW HAs com-
pared, and p-values for the higher versus lower 
MW comparisons were not provided for either 
study. Calculation of a two-tailed p-value revealed 
statistically significant differences between the 
two groups (0.0018 and 0.0001 for Rutjes and 
colleagues and Altman and colleagues respec-
tively). This trend toward incremental efficacy 
with increased MW was also observed in the 
AAOS guideline15 and in an earlier MA by 
Bannuru and colleagues,48 showing a considera-
ble difference in pain ES for higher MW (⩾6000 
kDA, ES 0.60, 95% CI 0.33–0.88) compared 
with lower MW HA (<1000 KDa, ES 0.29, 95% 
CI 0.14–0.44). Although the optimal MW cutoff 
remains unclear and more extensive comparative 
studies are needed, current data support a cutoff 
of ⩾6000 kDA for improved pain outcomes at 
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~13 and ~26 weeks16,20 and a cutoff of ⩾3000 
kDA for improved pain outcomes at ~26 weeks.16

Overall, two MAs reported improved pain out-
comes for cross-linked compared with noncross-
linked HA at ~13 and ~26 weeks.18,20 Although 
nonsignificant at ~13 weeks,20 differences in treat-
ment effects were statistically significant at ~26 
weeks.18 It is unclear whether these differences 
were due to methodological variations between 
trials, the higher MW of most cross-linked agents, 
or possibly more enduring benefits for cross-
linked agents. Consistent and significant differ-
ences in observed treatment effects for higher 
compared with lower MW agents are intriguing 
and could have important clinical implications.

What are the implications of an IA placebo 
treatment effect?
Research on knee OA therapies has traditionally 
assumed equivalence among various placebo 
options. A notable finding from Bannuru and col-
leagues17 evaluating numerous treatment options 
for knee OA at 3 months was that IA saline had a 
therapeutic effect on pain when compared with 
oral placebo (ES 0.29, 95% CrI 0.04–0.54), an 
effect which may have been enhanced in part by a 
placebo effect related to the invasive nature of the 
procedure. Regardless, this analysis showed that 
when IAHA therapy was compared with oral pla-
cebo, the full therapeutic effect of IAHA therapy 
on pain was ES 0.63 (95% CI 0.39–0.88); the 
sum of both the HA (ES 0.34, 95% CI 0.26–0.42) 
and IA (ES 0.29, 95% CI 0.04–0.54) treatment 
components.17,41 One might therefore conclude 
that the estimated full therapeutic effect of 
higher MW IAHA is likely even greater (~0.58 + 
~0.29 = ~0.87).17,20

Are IAHA outcomes clinically important?
The relevance of statistically significant IAHA 
outcomes has been questioned due to failure 
reaching predesignated thresholds of clinical 
importance.15,16,18,20 Multiple metrics for estab-
lishing clinically important relevance were 
employed in the reviewed MAs. The baseline-
derived minimum clinically important difference 
(MCID) threshold of 0.37 was used in four 
MAs15,16,18,20; OMERACT OARSI responder-
based thresholds were used in two MAs.5,17 
Bannuru and colleagues defined a minimum clin-
ically important improvement as a 20-point 
improvement from baseline pain on a WOMAC 

0–100 scale,17 while Trojian and colleagues 
pooled outcomes using OMERACT OARSI 
responder criteria outcomes.5 When HA effects 
alone were considered among trials assessing clin-
ical importance,5,15,17,18,20 outcomes were deemed 
important in three studies5,17,20 and unimportant 
in two.15,18 However, when the full therapeutic 
effect of IAHA was considered (factoring in the 
IA placebo effect), all MAs reporting effect size 
met or exceeded even the most stringent MCID 
threshold of 0.37,5,17–21 with higher MW IAHA 
agents clearly surpassing thresholds of clinical 
importance.16,20 Finally, when Bannuru and col-
leagues17 compared the full therapeutic effect of 
IAHA with two established and clinically relevant 
OA treatments, IA corticosteroids (IACS) and 
oral NSAIDs, IAHA demonstrated comparable 
or improved outcomes for pain, function and 
stiffness, underscoring the clinical importance of 
this intervention (Figure 5).

What is the place in treatment of HA therapy?
IA therapy is indicated following first-line phar-
macological therapy for mild-to-moderate knee 
OA.8 Comparable or improved effectiveness of 
IAHA therapy to IACS and NSAIDs confirms 
the role of IAHA therapy in this setting.17 
Additionally, comparison of IAHA therapy with 
NSAIDs by Bannuru and colleagues showed a 
statistically significant increased risk of gastroin-
testinal AEs for NSAIDs compared with IAHA,53 
pointing to a potential earlier role in patients 
who do not tolerate or have contraindications to 
NSAID therapy.54–59

What are the strengths and limitations of this 
work?
Our review of recent MAs draws together seem-
ingly incongruent outcomes from a large num-
ber of MAs, providing new perspective on an 
ongoing controversy. Our review is limited to a 
review of MAs from the last 5 years and does not 
employ systematic methodology. Furthermore, 
significance indicators not explicitly reported 
have been estimated, including p-values for 
higher and lower MW comparisons and for 
higher MW HA full therapeutic effects. Although 
these estimates may be useful for exploring data 
patterns, they should be interpreted with caution 
and confirmed at source.

Despite these limitations, our findings are in line 
with other important works in this area, including 
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a more comprehensive systematic MA review by 
Xing and colleagues60 using the Assessment of 
Multiple Systematic Reviews (AMSTAR) 
method61,62 and Jadad and colleagues’ decision 
algorithm63 to evaluate the methodological quality 
and identify sources of inconsistencies between 
MAs, respectively. This work identified a 
Cochrane systematic review as the highest quality 
MA on this subject,34 confirming pain, function 
and stiffness benefits for IAHA compared with 
placebo, conclusions which were also supported 
by another recent expert perspective on this semi-
nal work.64 Furthermore, a prospective, internet-
based, double-blind survey of adults with knee 
OA recently showed that IAHA was perceived by 
patients as the most effective treatment compared 
with narcotics and steroid injection.65 The propor-
tion of patients perceiving IAHA as very effective 
(74.1%) was significantly higher than for all treat-
ments taken together (53.0%, p = 0.0001), and 
the proportion of patients rating IAHA to be not 
effective (6.7%) was significantly lower than for all 
treatments taken together (12.5%, p = 0.0001).

Conclusion
Our independent review of recent evidence 
indicates that IAHA therapy is well tolerated, 
with significantly improved pain, function and 
stiffness outcomes compared with placebo or 
noninterventional controls in patients with 
mild-to-moderate knee OA up to 26 weeks. 
These findings are supported by a Cochrane 
review by Bellamy and colleagues34 a systematic 
review by Xing and colleagues60 as well as a 
recent patient satisfaction survey by Posnett and 
colleagues65 Our findings suggest that the full 
therapeutic effect of IAHA therapy is clinically 
important and is likely greater for higher MW 
agents. Current evidence indicates a role for 
IAHA therapy after first-line pharmacological 
failure in mild-to-moderate knee OA.

Key messages
 • IAHA safely improves pain, function and 

stiffness for knee OA which has been 
recently confirmed by a more systematic 

Figure 5. Relative pain, function and stiffness effect sizes for select knee OA treatments versus oral placebo. 
Effect sizes reported from Bannuru and colleagues17 were plotted with CI/CrI intervals. Interventions that 
were compared with IAHA therapy are indicated. CI/CrI ranges above zero indicate statistically significant 
outcomes.
CS, corticosteroid; HA, hyaluronic acid; IA, intra-articular; NSAID, nonsteroidal anti-inflammatory drug; OA, osteoarthritis.
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analysis, and higher MW HA may be more 
effective.

 • Full therapeutic benefit results from com-
bined IA placebo and HA treatment effects.

 • This review of recent MAs indicates a 
potential role for IAHA after first-line phar-
macological failure in mild-to-moderate 
knee OA.
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