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Abstract
Objective
A randomised controlled trial demonstrated comparable efficacy and safety of a single 6 mL intra-articular (IA)
injection of 2.5% polyacrylamide hydrogel (2.5% iPAAG) versus hyaluronic acid (HA) over one year in adults with
moderate-to-severe knee osteoarthritis (OA). This study evaluated the long-term effectiveness and safety of 2.5% iPAAG.

Methods
This 3-year extension of a randomised controlled trial (RCT) (ClinicalTrials.gov Identifier: NCT04045431) followed
participants who received a single 6 mL IA injection of 2.5% iPAAG. Outcomes included changes from baseline to
year 3 in WOMAC pain, stiffness, and physical function subscales (0-100 scale) and patient global assessment (PGA)
of OA impact. Safety was assessed up to year 3.

Results
A total of 119 participants received IA 2.5% iPAAG. After one year, 91 participants (44 females) entered the extension
study, and 75 completed 3-years of follow-up. At year 3, the mean change in WOMAC pain was -13.1 (95% CI: -17.9
to -8.4; p<0.0001). Between the 1-year and 3-year visits, fifty adverse events (AEs) were reported by 36 participants
(29.8%), none of which were assessed as related to 2.5% iPAAG.

Conclusion
A single 6 mL IA injection of 2.5% iPAAG appears to be safe and effective in providing sustained symptom relief for
up to 3 years in individuals with knee OA.
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Introduction

Osteoarthritis (OA) is the most preva-
lent musculoskeletal disorder, affecting
over 595 million people globally, with
projections exceeding 1.1 billion by
2050 (1) with the knee being the most
commonly affected joint (2-3). OA is
characterised by chronic pain, stiffness,
and functional impairment, driven by
cartilage degradation, subchondral bone
remodeling, osteophyte formation, and
synovial inflammation (1.4) Aging is
the primary non-modifiable risk factor,
while obesity, joint injury, increased me-
chanical loading, and muscle weakness
contribute to disease progression (1).
Current OA management remains
symptomatic, emphasising pain relief,
functional improvement, and lifestyle
modifications.  Standard  treatments
such as exercise, weight management,
non-steroidal anti-inflammatory drugs
(NSAIDs), and intra-articular (IA) corti-
costeroids provide limited relief, and no
disease-modifying osteoarthritis drugs
have been demonstrated. While IA in-
jections such as glucocorticoids and hya-
luronic acid (HA) offer short-term pain
relief, their long-term efficacy remains
controversial, necessitating repeated ad-
ministration with uncertain benefits over
placebo (1, 5-6).

Injectable  polyacrylamide hydrogel
(2.5% iPAAG, Contura Ltd) is a biocom-
patible, non-degradable hydrogel, re-
cently approved in the European Union
for knee OA. Animal experiments indi-
cate that 2.5% iPAAG is a self-integrat-
ing synovial implant, which incorporates
into the synovial tissue, forming a stable,
long-lasting gel matrix (7). Comprising
2.5% polyacrylamide and 97.5% non-
pyrogenic water, it integrates into soft
tissue, maintaining its volume through
continuous water exchange (8-10). It has
been used for soft tissue augmentation
(11) and stress urinary incontinence (12)
for over 20 years.

A randomised controlled trial by Blid-
dal et al. (2024), demonstrated compa-
rable efficacy and safety of 6 mL 2.5%
iPAAG versus HA over one year. Given
the chronic nature of OA, evaluating
long-term outcomes is crucial. This
study aimed to evaluate the safety and
sustained efficacy of 2.5% iPAAG up to
3 years after initial IA injection.

Materials and methods

Study design and regulatory approvals
The original study was a one year
blinded randomised controlled trial
(RCT) evaluating the efficacy and safe-
ty of a single IA injection of 6 mL 2.5%
iPAAG in knee OA. This RCT was con-
ducted at three sites in Denmark and
enrolled 239 participants, who were
randomised 1:1 to receive either 2.5%
iPAAG (Arthrosamid, n=119) or HA
(Synvisc-One; n=120) (9). The trial
remained blinded for one year, after
which it was unblinded, and an exten-
sion phase was initiated, primarily for
safety reasons, to follow participants
in the 2.5% iPAAG arm for up to five
years.

Additionally, a subgroup analysis was
conducted to assess the efficacy in pa-
tients aged <70 and =70 years. The
choice of 70 years as the cut-off was
guided by both clinical relevance and
statistical considerations. Clinically, 70
years corresponds closely to the average
age for primary total knee replacement
in Europe (13), representing a thresh-
old where patients are more likely to
transition from conservative to surgical
management of knee OA. Statistically,
this cut-off provided two subgroups of
sufficient and comparable size to pre-
serve analytical power while enabling
exploration of potential age-related dif-
ferences in treatment response.

The original protocol and subsequent
amendments were approved by the re-
gional ethics committee (ref. no.. H
19003910) and the Danish Health Au-
thority. The trial was conducted accord-
ing to Good Clinical Practice (GCP)
and registered at clinicaltrials.gov
(NCTO04045431). Participants provided
written informed consent before enrol-
ment and signed a new consent form to
participate in the extension phase.

Inclusion and exclusion criteria

for the main study

The inclusion and exclusion criteria
have been previously described (9) and
are summarised briefly here.

Inclusion criteria: Adults diagnosed
with knee OA according to Ameri-
can College of Rheumatology (ACR)
(14) criteria, radiographic evidence of
Kellgren-Lawrence (KL) grade 2-4,
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Assessed for eligibility: N=258

Screen failures:
n=17

Enrolled: N=241

Eligible but not randomized:
n=2

N=119

Randomized to iPAAG

Randomized to HA

N=120

(10.9%)

Other: n=3

Withdrawn from blinded period: n=13

Physician decision: n=1
Adverse event: n=0
Withdrawal by subject: n=6
Lost to follow-up: n=3

Withdrawn from blinded period: n=11

Physician decision: n=2
Adverse event: n=1
Withdrawal by subject: n=3
Lost to follow-up: n=1

(9.2%)

Other: n=4

N=106 (89.1%)

Completers of Blinded Period (Week 52)

Completers of Blinded Period (Week 52)

N=109 (90.1%)

Patient who received iPAAG enrolled in
Extension Phase N=91

Withdrawn from Extension Phase: n=15
(16.5%)
Adverse event*: n=1 (6.7%)
Withdrawal by subject: n=8 (53.3%)

Other: n=6 (40%)

N=75 (82.4%)

Completers of Year 3 Extension

Fig. 1. Disposition of participants.
n: number of participants; iPAAG: injectable polyacrylamide hydrogel.

pain intensity >4 (on a 0—10 numerical
rating scale) when walking in the past
week, BMI 20-35 kg/m?, stable analge-
sic use (if any) for at least four weeks,
and (for females of reproductive poten-
tial) adequate contraception throughout
the study.

Exclusion criteria: History of other
knee joint diseases, prior treatment
with 2.5% iPAAG, HA, or its deriva-
tives, surgery in the target knee within
the past 6 months, IA corticosteroid
injection within the past 3 months, or
skin disease at the injection site.

Study procedures and

treatment administration

All injections were administered by
experienced investigators trained in TA
injection techniques. Participants were
allowed to continue analgesics (except
48 hours prior to study visits) and non-
pharmacological therapies, but topi-
cal (on the target knee) and systemic
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corticosteroids as well as additional TA
injections were prohibited.

Outcomes

This long-term extension study evalu-
ates changes from baseline to year 3
in WOMAC pain, stiffness, and physi-
cal function subscales (normalised to
0-100 scales, where higher scores indi-
cate worse symptoms), as well as par-
ticipants’ global assessment (PGA) of
knee OA impact, measured on a 0—100
mm visual analogue scale, with higher
scores indicating greater perceived dis-
ease impact. Furthermore, a post-hoc
subgroup analysis was conducted for
participants aged <70 and >70 years on
the WOMAC pain subscale. Addition-
ally, the study reports the time to knee
replacement.

Adverse events (AEs) and adverse de-
vice effects (ADEs) were meticulously
recorded in the electronic case report
form at each study visit following GCP

recommendations (ISO 14155:2020).
Participants reported AEs at every visit,
including unscheduled visits and tele-
phone follow-ups.

Statistical analysis

The changes from baseline to year 3 for
the WOMAC subscales were analysed
using a mixed model for repeated meas-
ures (MMRM) with a restricted maxi-
mum likelihood (REML)-based ap-
proach. The model included fixed cat-
egorical effects of time (all timepoints
from baseline; weeks 4, 12,26, 52, 104,
and 156), baseline value, and baseline
value by time interaction as covariates.
The estimated changes based on the
least squares means at years 3 (week
156) are presented using 95% confi-
dence intervals (Cls) using all available
data from the 2.5% iPAAG population
analysis set (i.e. all participants who
received the study intervention). Miss-
ing data were not imputed but rather
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Table I. Demographic and baseline characteristics.

2.5% iPAAG Included in Not included in Difference
population extension study extension study (95% CI)
n=119 n=91 n=28

Age (years), mean (SD) 67.2 (9.5) 67.5 (9.0) 66.1 (10.9) 140 (-2.66;5.46)
Sex: female (n, %) 58 (48.7) 44 (48.4) 14 (50.0)
Race: White (n, %) 118 (99.2) 90 (98.9) 28 (100.0)
Height (cm), mean (SD) 1729 (94) 172.7 94) 173.6 (9.7) -091 (-4.96;3.15)
Weight (kg), mean (SD) 82.6 (13.5) 81.7 (12.7) 85.6 (15.5) -3.87 (-9.61;1.87)
BMI (kg/m?), mean (SD) 27.58 (3.60) 27.37 (3.58) 28.26 (3.64) -0.89 (-2.43;0.65)
Baseline WOMAC pain, mean (SD) 45.1 (13.4) 44.1 (12.6) 484 (15.5) -4.33 (-10.04; 1.39)
Baseline WOMAC stiffness, mean (SD) 52.7 (20.8) 53.6 (19.3) 500 (25.2) 3.57 (-5.34;12.48)
Baseline WOMAC phys. function, mean (SD) 444 (15.1) 427 (14.7) 500 (15.2) -7.30 (-13.64;-0.97)
Baseline PGA, mean (SD) 58.3 (18.3) 56.5 (17.4) 64.1 (20.0) -7.55 (-15.28;0.17)
Year 1 WOMAC pain, mean (SD) n=107 n=91 n=16

26.3 (19.5) 24.0 (18.0) 39.1 (234) -15.05 (-25.18;-4.92)
Year 1| WOMALC stiffness, mean (SD) n=107 n=91 n=16

33.6 (24.9) 31.5 (23.7) 46.1 (28.4) -14.64 (-27.79;-1.49)
Year 1 WOMAC phys. function, mean (SD) n=107 n=91 n=16

24.5 (20.7) 219 (184) 39.0 (27.2) -17.05 (-27.75; -6.36)
Year 1 PGA, mean (SD) n=107 n=91 n=16

38.7 (27.1) 362 (254) 53.1 (32.1) -16.95 (-31.19;-2.71)

iPAAG: injectable polyacrylamide hydrogel; CI: confidence interval; BMI: Body Mass Index; SD: standard deviation; PGA: Patient Global Assessment;
n: number of participants contributing to the analysis; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.

Table II. Analyses of change from baseline in transformed WOMAC subscales (0-100)

and Patient Global Assessment score.

At 3 years
n. LS mean (95% CI) p-value

WOMAC pain subscale

Population 75 -13.1 (-17.9;-8.4) <0.0001

Extension participants 75 -15.3 (-19.9; 10.6) <0.0001

BOCF 119 -10.8 (-14.3;-7.4) <0.0001
WOMAC stiffness subscale

Population 75 -14.4 (-19.7;-9.1) <0.0001

Extension participants 75 -174 (-22.7;12.1) <0.0001

BOCF 119 -12.4 (-16.5; -8.3) <0.0001
WOMAC phys. function subscale

Population 75 -11.8 (-16.5;-7.2) <0.0001

Extension participants 75 -14.3 (-18.8;-9.8) <0.0001

BOCF 119 -104 (-13.8;-7.1) <0.0001
Patient Global Assessment

Population 74 -18.3 (-24.2;12.4) <0.0001

Extension participants 74 -20.0 (-25.8;14.2) <0.0001

BOCF 119 -14.0 (-18.4;-9.6) <0.0001

n: number of subjects contributing to the analysis; CI, confidence interval; LSMean: least squares mean;
BOCEF: Baseline Observation Carried Forward; participants’ global assessment measures the impact
of the subjects’ knee osteoarthritis on their overall life using a 0—100 VAS. Here 0 is no impact at all
and 100 is worst imaginable impact. The analysis is performed on change from baseline using a mixed
model for repeated measures including fixed, categorical effects of treatment, week, treatment-by-week
interaction and site, as well as the baseline value and baseline-by-week interaction as covariates.

handled using the maximum likelihood
estimation. No adjustments for multi-
plicity were done.

Two sensitivity analyses were included
to confirm the findings from the MMRM
analyses:

1. An analysis of covariance model
analysed the 3-year data of the entire
2.5% iPAAG population, with missing
values replaced by the baseline values
(i.e. Baseline Observation Carried For-
ward, BOCF).

2. The MMRM analysis was repeated
using only the data from the study par-
ticipants entering the extension year 3.
The analysis of the change from base-
line in the transformed WOMAC pain
subscale for the age subgroup was per-
formed using the same MMRM model
as the main analysis. Differences be-
tween age groups were tested using an
ANOVA model of change from base-
line with age group as fixed effect.

Results

Extension phase

and patient disposition

The participant flow is presented in
Figure 1. Subject disposition in the
main study has been previously report-
ed (9). Of the 91 participants who en-
tered the extension study, 75 completed
the 3-year follow-up. One withdrawal
was due to a non-treatment-related
death. Among the six participants who
withdrew for ‘other’ reasons, five un-
derwent knee replacement, and one re-
ceived a repeat 2.5% iPAAG injection.

Demographic and baseline
characteristics of participants

Table I summarises the demographics
and baseline characteristics of partici-
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Fig. 2. Mean change from baseline to Year 3 in WOMAC Pain (A), Stiffness (B), Physical Function (C) subscales, and Participants’ Global Assessment
(PGA) (D). The analysis was performed on change from baseline using a mixed model for repeated measures, including fixed categorical effects of week
and site, as well as the baseline value and baseline-by-week interaction as covariates. Error bars indicate confidence intervals.

LSMean: least squares mean; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.

pants treated with 2.5% iPAAG, cat-
egorised by inclusion or non-inclusion
in the extension phase. The baseline
WOMAC physical function subscale
score was lower in participants includ-
ed in the extension phase compared to
those not included (p=0.0243; 95% CI:
-13.64 to -0.97), indicating less impair-
ment in physical function at baseline
among those who continued. Similarly,
the lower mean baseline PGA score in
participants included in the extension
phase compared to those not included
(p=0.0553; 95% CI: -15.28 to 0.17)
suggests a lower perceived impact of
knee OA at baseline among those who
continued.

At year 1, the mean scores for WOM-
AC pain, WOMAC stiffness, WOMAC
physical function subscales, and PGA
were higher in participants not includ-
ed in the extension study compared to
those who continued (Table I), indicat-
ing worse symptoms and greater per-
ceived disease impact in those who did
not continue.

The participants included in the exten-
sion phase and those not included were
comparable in terms of the remaining
demographic and baseline characteris-
tics.

Clinical and Experimental Rheumatology 2025

Effectiveness endpoints

There were statistically significant
reductions in all WOMAC subscales
and the PGA from baseline to year 3
(Table II). These findings remained
consistent across sensitivity analyses
(Table II). Figure 2 illustrates the mean
changes from baseline to year 3 in the
transformed WOMAC pain, stiffness,
and physical function subscales (0—
100), as well as the PGA.

The analysis of changes from baseline
in the transformed WOMAC pain sub-
scale (0-100) showed statistically sig-
nificant reductions at 2 years in both
age groups (Fig. 3). At 3 years, the
reduction remained significant for par-
ticipants aged <70 years (18.3 points;
95% CI: -23.67 to 12.89, p<0.0001),
while the reduction for those aged =70
years (3.90 points; 95% CI: -12.96 to
5.17, p=0.3874) was not statistically
significant.

Concomitant treatments

Concomitant medication use was com-
mon, with paracetamol reported by 61
participants (51.3%) and ibuprofen by
23 participants (19.3%). Non-phar-
macological therapies were also used,
most notably physiotherapy in 19 par-

ticipants (16.0%). Procedural interven-
tions during follow-up included joint
aspiration in 8 participants (6.7%).

Time to knee replacement

Thirteen participants underwent knee
replacement between the initiation of
the extension study and their 3-year
follow-up visit, with the median time
to surgery being 728 days (Table III).
Three of 119 (2.5%), had the proce-
dure in the blinded study phase. The
remaining 10 of 91 participants (11%)
who continued into the extension study
underwent knee replacement during the
follow-up period. No follow-up data
were available for the 15 participants
who did not enter the extension study
following completion of the main study.

Safety data

Between the 1-year and 3-year visits
of this extension study, 36 participants
(39.6%) reported a total of 50 AEs (Ta-
ble IV). The most frequently reported
AEs were arthralgia and joint swelling,
with the majority classified as mild in
intensity.

A total of six serious adverse events
(SAEs) occurred in five participants
(4.1%) during this period (Table IV),



Long-term outcomes of polyacrylamide in knee OA / H. Bliddal et al.

——Age group <70 years

<70: 95% Cl (-16.58; -8.17)
>70: 95% Cl (-18.05; -7.38)

<70: 95% ClI (-22.96; -15.33)
270: 95% CI (-22.03; -11.57)

<70: 95% Cl (-24.43; -15.79)
270: 95% Cl (-19.35; -7.81)

<70: 95% Cl (-24.00; -14.98)
270: 95% Cl (-18.06; -6.69)

--- Age group 270 years

<70: 95% Cl (-23.67; -12.89)
>70: 95% Cl (-12.96 ; 5.17)

LSMean change from baseline

<70: 95% CI (-23.19; -15.31)
270: 95% CI (-23.28; -14.05)
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Fig. 3. Subgroup analysis of the WOMAC pain subscale by age from baseline to 3 years post-treatment. The analysis was performed on change from base-
line using a mixed model for repeated measures including fixed, categorical effect of week, and baseline, and baseline by week interaction as covariates.
LSMean: least squares mean; N: number of subjects; CI: confidence interval.

including back pain, COVID-19 infec-
tion, death, two cases of myocardial
infarction, and worsening of hip OA.
None of these events were assessed as
related to 2.5% iPAAG, and all, except
for the death (Fatal AE, lead to with-
drawal) (Table IV), resolved without
sequelae.

Discussion

This study assessed the long-term ef-
fectiveness and safety of a single 6
mL IA injection of 2.5% iPAAG. At
3-years, improvements exceeded the
minimal clinically important improve-
ment (MCII) thresholds for WOMAC
pain (9 points), function (6 points), and
stiffness (7 points) on the 0—100 scale
in patients with knee OA (15). These
findings are consistent with previously
reported outcomes at l-year in both
this trial and an open-label study (8, 9),
suggesting that 2.5% iPAAG can pro-
vide long-term symptomatic relief. Par-
ticipants under 70 years of age showed
greater sustained benefit.

The long-term follow-up strengthens
this study, but several limitations re-
main. The absence of a comparator arm
after year 1 prevents definitive attribu-

Table III. Summary of knee replacements for target knee OA from the initiation of the
extension study and up to the 3-year extension safety analysis.

Time to knee replacement (days)

n.
mean (SD)
median
min-max

13%
708.9 (312.1)
728.0
212-1063

n: number of subjects; SD: standard deviation.

*No follow-up data are available for the 15 participants who did not continue from the main study into

the extension study.

Table IV. Overview of adverse events between 1- and 3-year extension study visits.

Extension participants, n=91

N (%) E
Adverse events (AEs) 36 (39.6) 50
Serious AEs 50556
Adverse device effects (ADEs) 0
Serious ADEs (SADEs) 0
Unanticipated serious ADEs 0
AEs leading to withdrawal from study 1(1.1)1
Fatal AEs 1(1.1)1

N: number of subjects experiencing the event at least once; %: percentage of subjects.
E: total number of instances of reporting of the event.

tion of the observed benefits to 2.5%
iPAAG. We cannot rule out placebo ef-
fects, regression to the mean, or other
time-related factors. Nevertheless,
the magnitude and consistency of im-

provements across sensitivity analyses
support the potential for a true long-
term treatment effect.

Concomitant therapies present another
limitation. At the 3-year visit, we re-

Clinical and Experimental Rheumatology 2025
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corded the number of participants us-
ing analgesics, physiotherapy, or pro-
cedural interventions; however, we
did not record dosage, frequency, or
duration. Concomitant treatments may
have contributed, but the improvements
remained clinically meaningful. Sensi-
tivity analyses, including the conserva-
tive BOCF approach, support that these
effects were not solely due to co-treat-
ments

Selection bias may also have influenced
the results. Participants who contin-
ued into the extension phase had bet-
ter WOMAC and PGA scores at year 1
than those who did not, suggesting they
experienced greater symptom control. A
conservative BOCF analysis still dem-
onstrated meaningful improvements,
supporting the robustness of the find-
ings, though the potential for overesti-
mation of treatment effects remains.
The exact mechanism by which 2.5%
iPAAG alleviates knee pain, stiffness,
and functional impairment is unknown.
Preclinical animal model studies show
that following IA injection, 2.5% iP-
AAG is incorporated in the synovial
subintima, likely as a combined action
of the natural clearing mechanism of
debris in the joint cavity and the gen-
eral foreign body response on the syno-
vial implant (7, 16). In these models,
a stable, long-lasting sub-synovial gel
layer has been observed to persist in
both healthy and osteoarthritic joints
(7). Additionally, post-mortem analy-
ses in animal models suggest that 2.5%
iPAAG has a positive impact on joint
capsule elasticity (17).

The preclinical evidence of improved
elasticity may help explain why
WOMAC stiffness scores in particular
showed long-term improvement in the
2.5% iPAAG treated participants.
Currently, only a limited number of
established IA treatments are avail-
able for knee OA (1, 18-19). Corticos-
teroids, HA, and PRP are widely used
but typically provide only short-term
relief and may carry safety concerns (1,
6, 18-22). A recent phase 3 trial of TA
lorecivivint also failed to show mean-
ingful improvements in pain, function,
or structural outcomes over 56 weeks,
despite a favourable safety profile (23).
These challenges highlight the difficulty
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of achieving long-term efficacy with
injectable therapies and place the sus-
tained 3-year improvements observed
with 2.5% iPAAG into a broader clini-
cal context.

Taken together, these results suggest
that a single IA injection of 2.5% iPAAG
may provide sustained symptomatic re-
lief for knee OA for up to 3-years, with
an acceptable safety profile.

Conclusion

In this long-term extension study, a sin-
gle 6 mL IA injection of 2.5% iPAAG in
individuals with knee OA demonstrated
a favourable safety profile. Also, the
study found indications of a long-term
effect in a considerable number of par-
ticipants.
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