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ORIGINAL ARTICLE
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patients with knee osteoarthritis following single-injection Synvisc: results from
the LOBRAS study
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a
School of Medicine, The University of Queensland, Brisbane, Australia; bRecover Injury Research Centre, The University of Queensland,
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ABSTRACT

ARTICLE HISTORY

Objective: To evaluate the effectiveness of viscosupplementation with single-injection hylan G-F20
(Synvisc-One) in knee osteoarthritis (OA), during routine clinical care, in a 52 week observational study.
Research design and methods: The LOBRAS study involved a 1 year long, multi-center, quasi-experimental, repeated measures, observational study. Consenting patients in Australia fulfilling inclusion/
exclusion criteria under the care of a medical specialist in routine clinical practice were enrolled. Prior
to, and for 52 weeks following, intra-articular single-injection hylan G-F20, patients were repeatedly
evaluated using the WOMAC NRS4.1 Index and the SF-36 questionnaire. The WOMAC NRS4.1 was
administered by mobile phone (with paper back-up), and the SF-36 was administered on paper.
Patients were monitored for adverse events.
Main outcome measures: Western Ontario and McMaster (WOMAC) OA Index, and the Short Form 36
questionnaire (SF-36 v2).
Results: A total of 131 patients with knee OA were enrolled, of whom 119 provided both pre- and
post-intervention WOMAC data. Statistically significant improvements (with a maximum of p  .025)
from baseline to Week 12, Month 6 and Week 52 were detected, by intention-to-treat (ITT) and perprotocol (PP) analyses, in WOMAC Pain, Stiffness, Function, PGA, and Total Score, SF-36 PCS, and
WOMAC-derived HUI3. Adverse event (AE) monitoring detected treatment-related AEs in 5.3% of
patients.
Conclusions: The effectiveness of single-injection hylan G-F20 in routine clinical care is supported by
the detection of statistically significant, clinically important improvements in WOMAC Pain, Stiffness,
Function, Total, and PGA outcomes, and statistically significant improvements in SF-36 PCS and
WOMAC-derived HUI3 outcomes at multiple time points. Limitations of this study include lack of a control group or blinding. No predictive indicators of the response to treatment were identified. In general
single-injection hylan G-F20 was well tolerated with very few patients experiencing any treatmentrelated adverse events. Collectively, these observations attest to the effectiveness of single-injection
hylan G-F20 and complement previous observations in routine clinical care.
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Introduction
Viscosupplementation, that is the injection of hyaluronic acid
(HA) products, is an approved treatment strategy for knee
osteoarthritis (OA) in many jurisdictions. OA management
guidelines and systematic reviews of HA products have generally supported the use of viscosupplementation, although
several reviews have questioned the potency of the intervention1–29. There are several different brands of HA products,
although between-product differences in efficacy have not
been clearly established. In Australia, viscosupplementation
with the HA product Synvisc is a registered trademark of
Sanofi-Aventis Aust. Pty Ltd30 (hylan G-F20) was registered by
the Therapeutic Goods Administration (TGA) in December
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1998. A Cochrane review of viscosupplementation4 which
had included hylan G-F20 reported favorably on the efficacy
of this intervention for some patient-reported outcomes at
some time points, while a pharmaco-economic study involving one of the same authors (N.B.) reported favorably on the
effectiveness of hylan G-F2031,32. A new HA development initiative led to production of a single dose form of hylan GF20 (Synvisc-One is a registered trademark of Sanofi-Aventis
Aust. Pty Ltd.)33,34, which was registered in Australia by the
TGA in February 2009. The Longitudinal Study in Knee
Osteoarthritis of Benchmarking Clinical Response And StateAttainment following Viscosupplementation (LOBRAS), was
designed as an observational study to track patients with
knee OA longitudinally, while under the care of their medical
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specialist, with assessments performed prior to and following
treatment with single-injection hylan G-F20. The primary goal
was to evaluate Western Ontario and McMaster (WOMAC) OA
Index35,36 outcomes at 6 months following injection with
single-injection hylan G-F20. Secondary outcomes included
WOMAC outcomes at 12 weeks and 52 weeks following injection, and Short Form 36 questionnaire (SF-36 v2)37,38 and
WOMAC-derived Health Utilities Index (HUI3)39,40 outcomes
at 12 weeks, 6 months and 52 weeks following injection. The
study also evaluated adverse events during the 52 weeks,
and factors that might be predictive of the response to
single-injection hylan G-F20. Additional aspects of the
LOBRAS study (to be reported separately) included: (a)
weekly WOMAC assessments for 12 weeks to study the trajectory of the early response to single-injection hylan G-F20;
(b) clinical benchmarking of individual patient-level data
against published response criteria (MPCI41, MCII42, WOMAC
20-50-7043, OMERACT-OARSI44); (c) clinical benchmarking of
individual patient-level data against published state-attainment criteria (BLISS45,46, PASS42, General Population-based
Normative Values47); and (d) evaluation of a mobile-phonebased application of the WOMAC Index to remotely, independently and repeatedly capture patient responses to the
Index questionnaire.

Patients and methods
The LOBRAS study was designed to be pragmatic, experiential and observational. The 52 week long, one-group,
repeated-measures, quasi-experimental design, evaluated the
clinical benefit (effectiveness and safety) of a single 6 ml
intra-articular treatment cycle of hylan G-F20 in 131 patients
with symptomatic knee OA in Australia.
Participating doctors approached eligible patients regarding the study if they reached a treatment decision to offer
therapy with single-injection hylan G-F20 for knee OA as part
of routine clinical care. Patients were under the sole management responsibility of their own doctor. The co-ordinating
center was not involved in patient identification or consenting, or in any treatment or management decisions, consistent
with a longitudinal observational study in routine clinical
care. Participating medical and surgical specialists were identified from several sources, including publicly available lists of
specialists and personal professional contacts.
Patients were screened according to inclusion and exclusion criteria. Consenting patients who met all of the following inclusion criteria were eligible to participate in the study:
patient scheduled by their attending doctor for single-injection hylan G-F20 therapy; aged 30 to 90 years inclusive; clinical history of symptomatic knee OA; radiographic evidence
of knee OA (Kellgren and Lawrence [K-L] Scale Grade I–III)48;
fluent in English; willing and able to provide written
informed consent; and baseline pain score in study knee on
a single VA global pain rating scale of between 35 mm and
90 mm (0–100 mm scale). The exclusion criteria were: history
of gout or episodes of pseudogout in the study joint; history
of rheumatoid arthritis or psoriatic arthritis; K-L grade IV on
previous
treatment
with
OA
radiographs48;

viscosupplementation within the last 6 months; and/or contraindications to single-injection hylan G-F20 treatment as
outlined in the product monograph. Following completion of
the consenting process patients were assigned a study ID
and the knee to be injected was identified as the “study
knee”. At the end of study, individual response profiles for
WOMAC and Patient Global Assessment (PGA) were provided
to practitioners for each of their patients who participated in
the study, to assist them and their patient in future treatment decisions.
Screening/baseline data collection included age, gender,
height and weight, target knee, symptomatic OA duration,
K-L radiographic grade of target knee, handedness, prior
experience with hylan G-F20, prior experience with using a
mobile phone or computer, and Visual Analogue (VA)
pain score.
The main patient reported outcome measures were the
WOMAC NRS4.1 Index, and the SF-36. The primary outcome
was the WOMAC NRS4.1 Index (Pain, Stiffness, Function and
PGA. The WOMAC PGA was developed from two previous
studies31,49. The measurement schedule for the WOMAC
Index was baseline/screening and then once weekly for
12 weeks, and then every 4 weeks until week 52. Responses
to the WOMAC Index were collected on specially provisioned
Nokia 6300 mobile phones (mWOMAC NRS4.1 Index), with
paper back-up (pWOMAC NRS4.1). The provisioned phones,
and data collection system, were provided by Exco InTouch
for the duration of the study. The mWOMAC application had
been validated in three previous studies50–52. Patient orientation to the mWOMAC Index was provided by the attending
doctor or delegate, and involved one-on-one tutoring regarding the features and functionalities of the application followed by a “dummy run” (supervised) and finally a “test
completion” (unsupervised) by the patient, to make sure that
the patient had understood the procedure to be followed.
The measurement schedule for the SF-36 was baseline/
screening and then every 4 weeks until week 52. Responses
to the SF-36 were collected on paper. A messaging feature
on the mobile phones alerted patients when it was time to
complete the WOMAC and SF-36 questionnaires throughout
the study period. The messages were sent by SMS text message to arrive between 0900 and 1800 local time at the
patient’s place of normal residence. Patients were provided
with sufficient copies of the WOMAC Index, SF-36 and other
study-related forms to meet their reporting requirements.
The primary outcome was the WOMAC Index at 6 months.
However, because there was no scheduled data collection at
week 26 (6 months), the operational definition of “Month 6”
was: if data were submitted at week 24 and week 28, then a
“week 26” value was imputed by averaging data from weeks
24 and 28. In cases where only week 24 or week 28 data
were submitted, then a “week 26” value was imputed from
the time point when data were received. This same principle
was followed for the SF-36. The secondary outcomes were
WOMAC at Week 12 and Week 52, SF-36 (Physical
Component Summary [PCS] and Mental Component
Summary [MCS] scores) and WOMAC-derived HUI3 at Week
12, Month 6 and Week 52. In addition, Month 6 vs. Week 52
outcomes for the above analyses; comparison of single vs.

EFFECTIVENESS OF VISCOSUPPLEMENTATION IN KNEE OA

repeat courses of treatment; time to re-injection in the repeat
treatment subgroup; and analysis of predictors of response
to single-injection hylan G-F20 were also evaluated.
Additional outcomes, which will be reported separately,
included clinical benchmarking of WOMAC outcomes against
published response (MPCI, MCII, WOMAC 20-50-70,
OMERACT-OARSI) and state-attainment (BLISS, PASS, General
Population-based Normative Values) criteria. Adverse events
(AEs) were tracked by a combination of patient self-report
and report by health care professionals. An exit survey was
sent to all patients and their treating physicians enquiring
about any AE experiences during the course of the study.
Where necessary, and with the patient’s permission, additional information was requested where the nature, attribution to single-injection hylan G-F20, treatment required or
outcome of the AE were unclear. Severity classifications were
made on a three-point scale (mild, moderate, severe), according to the judgment of the doctor and/or patient. For any
AEs, the patient was instructed to contact the treating physician or surgeon. The patient was also asked to return to the
treating physician on an as-required basis. A “hotline” was
maintained for attending doctors to contact the co-ordinating center to address any queries, or for participating
patients to report any study-related issues. Serious AEs (and
where necessary other AEs) were reported to the Therapeutic
Goods Administration (TGA), Sanofi-Aventis and The
University of Queensland, as required. Patients were free to
withdraw from the study at any time. The University of
Queensland Medical Research Ethics Committee (MREC) provided ethics committee approval for the LOBRAS Study under
Clearance Number 2011000770. Each patient received a study
information sheet, and had opportunity to seek additional
information, prior to signing an informed consent form and
being assigned a unique five-digit subject identification
number.

Statistical methods
This was an experiential study, and therefore a power-based
sample size estimation was not required. However, the sample size of 131 enrolled patients approximates the number of
patients enrolled in a previous pharmaco-economic study of
hylan G-F2031,32, in which a sample size of 127 patients was
found to be sufficient to detect statistically significant
changes in WOMAC, SF-36 and HUI3 outcomes.
SPSS Statistics v22 (SPSS) for Windows53 was used for the
analysis of each primary and secondary outcome, with a
p-value of <.05 indicating statistical significance. To account
for patients providing repeated responses to each outcome
measure over the course of the study, two methods were
used to assess changes in mean response from baseline:
repeated measures t-test and multilevel modeling.
A repeated measures t-test was used to perform per-protocol
(PP) analyses, meaning that changes in mean response were
only assessed in patients who had both the baseline and the
follow-up time point (Week 12, Month 6 and Week 52). The
difference between the two means and the standard deviation of the mean difference were reported. In addition, the
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difference in mean response between Month 6 and Week 52
was calculated. Wilcoxon signed-rank tests were also performed to assess whether any small deviations from normality in the outcome variables influenced the interpretation of
results.
In addition, intention to treat (ITT) analyses were conducted to compare changes from baseline to Week 12,
Month 6 and Week 52. For these analyses, given that
repeated measures t-tests employ listwise deletion, missing
data for the primary outcomes (WOMAC components) and
the secondary outcomes (MCS, PCS and HUI) were imputed
using the last observation carried forward (LOCF) technique.
Once a full dataset was achieved, the repeated measures ttests were re-run and any discrepancies from the initial analysis were noted. This form of ITT analysis was termed ITTcf.
The linear mixed models (LMM) procedure in SPSS was
used to undertake separate multilevel models54 for each of
the primary and secondary outcomes. This method allows all
non-missing data, from all time points and from all patients,
to be included in the analysis, with change over time
assessed using the coefficient for the slope of the linear
regression line. This form of ITT analysis was termed ITTmm.
Given that the rate of change was not uniform over the 52
week study period, separate models were developed to
assess the average rate of change from baseline to Week 12,
baseline to Month 6 and baseline to Week 52 for all outcomes of interest. Visual inspection of patient trajectories
over time showed variability in baseline values and in the
shape of the trajectory, therefore the need for including a
random intercept and random slope parameter into the
model was assessed. The addition of both random effects
was found to improve the fit of each model, indicated by the
smallest Akaike Information Criterion (AIC)54. An unstructured
covariance matrix was used for each model. The change in
outcome over time (slope coefficient) and standard error for
this change were reported. Estimated marginal means and
standard deviations for each WOMAC outcome were plotted
from baseline to Week 12.
Lastly, change scores were calculated from baseline to
Week 12, baseline to Month 6 and baseline to Week 52 for
each WOMAC outcome. This was done on the full dataset
with missing data imputed using the LOCF method. A linear
regression model was used to assess predictors of change at
each of these three time points. Potential predictors assessed
were age, gender, injected knee, K-L grade, body mass index
(BMI) and OA duration. Gender and injected knee were categorical variables, while age, BMI and OA duration were continuous. A Shapiro–Wilks test of normality revealed that BMI
(W ¼ .929; p < .001) and OA duration (W ¼ .743; p < .001)
were not normally distributed, whereas age (W ¼ .974;
p ¼ 0.019) did not deviate substantially from normality (using
a threshold of p < .01), and was therefore retained as a continuous predictor. BMI was categorized into three groups: 18
to 24.9 ¼ Normal range; 25 to 29.9 ¼ Overweight range;
30þ ¼ Obese range. OA duration was categorized into four
groups: up to 1 year; 1–3 years; 3–5 years, 5þ years.
To assess the relationship between each predictor with
each outcome (WOMAC PGA, WOMAC Pain, WOMAC
Stiffness, WOMAC Function and WOMAC Total) at each time
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point (Week 12, Month 6, Week 52), univariate analyses were
initially undertaken. Those predictors that were significant at
p <.05 in univariate analysis were to be added together into
a multivariable model; however, only age reached significance in two of the 15 models, hence multivariable modeling
was not required.

Results
Patient characteristics
Twenty-two Australian medical practitioners (orthopedic surgeons, rheumatologists and sports and exercise medicine
physicians) enrolled 131 patients over a 14 month period
from March 2013 to April 2014. The patient flow diagram,
based on the CONSORT chart55, shows the flow of patients
through the enrolment, follow-up and analysis phases
(Figure 1). Of the 131 patients enrolled, 12 failed to either
provide any pre-injection WOMAC data or any post-injection
WOMAC data (N.B. these numbers differed for the SF-36). The
operational sample size for the WOMAC-based effectiveness
analyses and the tolerability analyses was therefore 119
patients. The demographic and disease characteristics of
both the inception group (n ¼ 131) and the intention-to-treat
group (n ¼ 119) are shown in Table 1. The mean age of the
Assessed for eligibility (n=143)

Excluded (n=12)
•
•
•

Not meeting inclusion criteria (n=7)
Declined to participate (n=2)
Other reasons (n=3)

Allocated to intervention (n=131)
•
•

ITT group was 60.2 years, with a mean BMI of 30.9. Mean
duration of OA symptoms was 5.7 years but duration ranged
from 4 months to 30 years. The majority were female
(66.4%), and had either K-L Grade II or III radiographic
changes of OA (92.4%). The mean pre-injection pain score
was 62.8 on a 0–100 VA pain scale. Most were right-handed
(84.0%), and had prior experience using a mobile phone
(95.8%), or computer (84.0%). A minority had received hylan
G-F20 previously (11.8%). Of those patients who had previously received hylan G-F20, none had experienced any
treatment-related adverse effects, and 92.9% had experienced
a positive therapeutic response to hylan G-F20. The baseline
mean (SD) values for the WOMAC Index were as follows:
WOMAC Pain (0–50 scale) ¼ 26.9 (10.3); WOMAC Stiffness
(0–20 scale) ¼ 11.6 (4.4); WOMAC Function (0–170
scale) ¼ 90.1 (36.2); WOMAC Total (0–240 scale) ¼ 128.6 (49.3);
WOMAC PGA (0–10 scale) ¼ 6.2 (2.2).
Of the 131 patients originally enrolled, 32 did not complete the entire study. Seven withdrew within the first 12
weeks, 12 withdrew between Week 12 and Week 28, and 13
withdrew between Week 28 and Week 52. The reasons for
withdrawal were as follows: knee surgery ¼ 12; patient preference ¼ 7; intra-articular steroid injection ¼ 6; inter-current
illness/surgery ¼ 4; non-compliance ¼ 3. Of the 32 patients
who withdrew prematurely, nine continued to submit data
during some part of the remainder of the study; however,
the data was not used in the analyses reported here.
Some patients who did not meet specific quantitative
enrolment criteria were admitted to the study. The following
exceptions occurred: a) two patients with Grade IV radiographic OA were enrolled, however, only one was included
in the ITT group; b) 11 patients with baseline VA (0–100)
pain scores <35; and c) five patients with baseline VA
(0–100) pain scores >90 were enrolled. These particular criteria were originally designed to align with baseline requirements for some individual-level analyses. However, these
requirements were not relevant to all analyses, and in particular were not considered relevant to the group-level analyses of WOMAC, SF-36 or WOMAC-derived HUI3.

Received allocated intervention (n=131)
Did not receive allocated intervention
(n=0)

Primary effectiveness outcome (WOMAC Index)

WOMAC data collection violation (n= 12)

Intenon to Treat (ITT) Analyses (n =119) for
WOMAC Index:
•

Excluded from analysis (No screening or
baseline data = 8; Baseline data only = 4)

Per Protocol (PP) Analyses for WOMAC Index:
•

Excluded from analysis (no screening or
baseline data = 8; baseline data only = 4,
no Week 12, or Month 6, or week 52 data,
depending on the analysis)

Figure 1. Patient flow diagram.

For WOMAC analyses, there were 119 patients available for
ITT analyses, who had submitted WOMAC data pre-intervention, and on at least one occasion post-intervention. The
group size varied for the per protocol (PP) analyses, depending on whether WOMAC data had been submitted at the
time point under analysis.
Based on the ITT analysis by mixed models method
(ITTmm), there were statistically significant improvements at
Week 12, Month 6 and Week 52 in WOMAC outcomes
(WOMAC PGA, WOMAC Pain, WOMAC Stiffness, WOMAC
Function, Total WOMAC Score) (p < .001) (Table 2).
Percentage improvements from baseline ranged from 24.18%
to 38.53%. These treatment effects were statistically significant, and considered clinically important, because they
exceeded the 20% minimum clinically important difference,
previously specified by Raynauld et al.31,32.
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Table 1. Demographic information and osteoarthritis status.
Demographics

Total Group N ¼ 131

Age (years), mean (SD)
Gender, female, N (%)
Body mass index (BMI), Mean (SD)
Duration of OA symptoms (months), Mean (SD)
K-L Grade I, N (%)
K-L Grade II, N (%)
K-L Grade III, N (%)
K-L Grade IV, N (%)
VA pain score at screening/baseline (0–100), Mean (SD)
Laterality of injected knee (left), N (%)
Prior injection with hylan G-F20 (original or single injection), N (%)
Positive response to prior hylan G-F20 injection, N (%)
Adverse response to prior hylan G-F20 injection, N (%)
Prior experience using mobile phone, N (%)
Prior experience using computer, N (%)
Handedness:
Right handed, N (%)
Left handed, N (%)
Ambidextrous, N (%)

60.41
87
30.6
62.7
7
49
68
2
63.3
61
15
14
0
124
109
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WOMAC ITT Group N ¼ 119

(11.1)
(66.4)
(18.8)
(73.1)
(5.3)
(37.4)
(51.9)
(1.5)
(17.8)
(46.6)
(11.5)
(93.3)
(0)
(94.7)
(83.2)

60.2
79
30.9
63.5
5
45
65
0
62.8
54
14
13
0
114
100

111 (84.7)
11 (8.4)
5 (3.8)

(11.3)
(66.4)
(6.4)
(75.0)
(4.2)
(37.8)
(54.6)
(0)
(18.0)
(45.4)
(11.8)
(92.9)
(0)
(95.8)
(84.0)

100 (84.0)
10 (8.4)
5 (4.2)

Table 2. WOMAC NRS4.1 outcomesa at Week 12, Month 6 and Week 52.
WOMAC Outcomes using Intention to Treat Analysis (Mixed Models) – ITTmm
Outcome
WOMAC
Pain
Stiffness
Function
Total
WOMAC PGA

Week 12

Month 6

Week 52

Coeff. (SE)

p value

% change

Coeff. (SE)

p value

% change

Coeff. (SE)

p value

% change

1.33
1.59
1.22
1.30
1.27

<.001
<.001
<.001
<.001
<.001

37.83
38.53
32.32
34.01
29.25

1.02 (.14)
1.12 (.14)
.91 (.13)
.95 (.13)
.98 (.16)

<.001
<.001
<.001
<.001
<.001

34.71
35.14
30.69
31.82
28.71

.66
.65
.58
.60
.56

<.001
<.001
<.001
<.001
<.001

32.72
30.39
28.66
29.63
24.18

(.17)
(.16)
(.15)
(.15)
(.19)

(.11)
(.11)
(.11)
(.11)
(.13)

WOMAC Outcomes using Intention to Treat Analysis (with LOCF) – ITTcf
Outcome

Week 12
N

WOMAC
Pain
Stiffness
Function
Total
WOMAC PGA

119
119
119
119
119

Mean diff. (SD)
21.11
24.03
18.72
19.66
20.34

(22.45)
(23.65)
(20.40)
(20.39)
(22.71)

Month 6

p value

% change

<.001
<.001
<.001
<.001
<.001

39.24
41.26
35.33
36.68
33.02

N
119
119
119
119
119

Mean diff. (SD)
20.44
22.14
18.78
19.41
20.88

(23.57)
(25.59)
(23.25)
(22.90)
(27.59)

Week 52

p value

% change

<.001
<.001
<.001
<.001
<.001

37.99
38.02
35.44
36.22
33.90

N
119
119
119
119
119

Mean diff. (SD)
19.78
20.25
17.55
18.19
18.74

(24.28)
(26.18)
(23.90)
(23.60)
(28.78)

p value

% change

<.001
<.001
<.001
<.001
<.001

36.77
34.77
33.12
33.94
30.42

WOMAC Outcomes using Pairwise Per Protocol Analysis – PP
Outcome

Week 12
N

WOMAC
Pain
Stiffness
Function
Total
WOMAC PGA

99
99
99
99
99

Mean diff. (SD)
22.24
24.90
19.88
20.79
21.41

(23.01)
(23.88)
(20.26)
(20.41)
(27.37)

Month 6

p value

% change

N

<.001
<.001
<.001
<.001
<.001

42.12
43.32
37.70
39.12
35.75

97
97
97
97
97

Mean diff. (SD)
23.57
24.43
21.84
22.42
23.76

(23.52)
(25.27)
(23.31)
(22.88)
(27.00)

Week 52

p value

% change

N

<.001
<.001
<.001
<.001
<.001

44.74
43.17
42.04
42.71
39.60

86
87
86
85
87

Mean diff. (SD)
24.35
23.51
22.16
22.83
23.91

(23.85)
(24.86)
(22.45)
(22.33)
(27.97)

p value

% change

<.001
<.001
<.001
<.001
<.001

47.12
42.12
43.06
43.83
40.31

When analyzed using the non-parametric equivalent (Wilcoxon signed rank test) all results are also highly significant.
a
The higher the WOMAC score, the worse the problem. A negative % change from baseline indicates improvement.

Based on the ITT analysis by repeated measures t-test,
using last observation carried forward (LOCF) imputation
(ITTcf), there were statistically significant improvements at
Week 12, Month 6 and Week 52 in WOMAC outcomes
(WOMAC Pain, WOMAC Stiffness, WOMAC Function, Total
WOMAC Score and WOMAC PGA) (p < .001) (Table 2).
Percentage improvements from baseline ranged from 30.42%
to 41.26%. These treatment effects were statistically significant, and considered clinically important, because they
exceeded the 20% minimum clinically important difference,
previously specified by Raynauld et al.31,32.

Based on the PP analysis (without imputation), there were
statistically significant improvements by repeated measures
t-test analysis at Week 12, Month 6 and Week 52, in WOMAC
Pain, WOMAC Stiffness, WOMAC Function, Total WOMAC
Score and WOMAC PGA (p < .001) (Table 2). Percentage
improvements from baseline ranged from 35.75% to 47.12%.
These differences were all statistically significant and
exceeded the 20% minimum clinically important difference,
previously specified by Raynauld et al.31,32. The mean differences tended to be slightly greater than those observed with
ITTcf analysis. There was no statistically significant difference
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Table 3. Australian normed SF-36 outcomesa at Week 12, Month 6 and Week 52 – intention-to-treat analysis using mixed models (ITTmm).
Outcome
Week 12
Month 6
Week 52

PCS
MCS
a

Coeff. (SE)

p value

% change

Coeff. (SE)

p value

% change

Coeff. (SE)

p value

% change

.80 (.32)
1.13 (.45)

.016
.015

7.25
7.54

0.57 (.15)
0.26 (.23)

<.001
0.271

10.32
3.37

.22 (.08)
.01 (.08)

.007
.890

7.72
0.30

The higher the SF36 score, the better the health perception. A positive % change from baseline indicates improvement.

Table 4. Australian normed SF-36 physical component summary (PCS)a and mental component summary (MCS) scoresa.
N

p value (Wilcoxon)

% change from baseline

1.80 (8.22)
3.12 (8.97)
3.00 (10.17)

5.54
9.61
9.24

.025
.001
.003

.018
<.001
.002

Pairwise per protocol analysis – PP
Week 12
70
35.77 (9.61)
Month 6
69
37.87 (8.76)
Week 52
64
37.92 (9.82)

2.85 (9.14)
4.27 (9.33)
4.29 (10.33)

8.66
12.70
12.74

.011
<.001
.002

.005
<.001
<.001

MENTAL COMPONENT SUMMARY SCORES
Full dataset with LOCF imputation – ITTcf
Week 12
107
47.04 (13.61)
Month 6
107
46.56 (13.64)
Week 52
107
45.79 (13.84)

2.73 (11.59)
2.25 (13.14)
1.48 (11.58)

6.16
5.08
3.34

.017
.080
.190

.024
.179
.542

Pairwise per protocol analysis – PP
Week 12
70
49.40 (12.59)
Month 6
69
47.52 (13.00)
Week 52
64
49.62 (12.38)

4.12 (12.63)
1.51 (14.14
3.07 (10.79)

9.10
3.29
6.60

.008
.378
.026

.008
.643
.160

a

Mean PCS (SD)

p value (t-test)

Mean diff. (SD)

PHYSICAL COMPONENT SUMMARY SCORES
Full dataset with LOCF imputation – ITTcf
Week 12
107
34.27 (9.32)
Month 6
107
35.49 (9.84)
Week 52
107
35.47 (10.29)

The higher the SF36 score, the better the health perception. A positive % change from baseline indicates improvement.

between the Week 52 and Month 6 WOMAC outcomes (PGA,
Pain, Stiffness, Function, Total), for either the PP or ITTcf
analyses.

Secondary effectiveness outcomes
Health-related quality of life (SF-36)
For the SF-36 analyses, there were 107 patients available for
ITT analyses who had submitted SF-36 data pre-intervention
and on at least one occasion post-intervention. The group
size varied for PP analyses, depending on whether SF-36 data
had been submitted at the time point under analysis.
Based on the ITTmm method, there were statistically significant improvements at Week 12, Month 6 and Week 52, in
the Australian normed SF-36 PCS outcome (p < .05) (Table 3),
and at Week 12 in the Australian normed SF-36 MCS outcome (p < .05) (Table 3). Percentage improvements from
baseline ranged from 7.25% to 10.32% for PCS and .30% to
7.54% for MCS.
Based on the ITTcf method, there were statistically significant improvements in Australian normed SF-36 PCS, at Week
12 (p ¼ .025), Month 6 (p ¼ .001) and Week 52 (p ¼ .003)
(Table 4), and in Australian normed SF-36 MCS at Week 12
(p ¼ .017) (Table 4). When this latter analysis was repeated
using Wilcoxon signed ranks test, the Week 12 result
remained significant (p ¼ .024). Percentage improvements
from baseline remained significant and ranged from 5.54% to
9.61% for PCS and 3.34% to 6.16% for MCS.
Based on the PP analysis (without any imputation) of
patients reporting SF-36 data, there were statistically significant improvements in Australian normed SF-36 PCS at Week

12 (p ¼ .011), Month 6 (p < .001) and Week 52 (p ¼ .002)
(Table 4), and in Australian normed SF-36 MCS at Week 12
(p ¼ .008) and Week 52 (p ¼ .026) (Table 4). When these analyses were repeated using Wilcoxon signed ranks test, percentage improvements remained significant at the three time
points for PCS and at Week 12 for MCS but the Week 52
result was no longer significant (p ¼ .160) for MCS.
Percentage improvements from baseline ranged from 8.66%
to 12.74% for PCS and 3.29% to 9.10% for MCS.

Utility analysis
Utility values were calculated for each individual from
WOMAC, demographic and disease data, using the formula
developed and validated by Grootendorst and colleagues39,40. The formula yields utility values that approximate those from direct measurement using Health Utilities
Index 3 (HUI3). For WOMAC-derived HUI3 analyses, there
were 107 patients available for ITT analyses who had submitted WOMAC data pre-intervention and on at least one occasion post-intervention, and had also submitted the necessary
disease and demographic information to permit calculation
of the HUI3 score from WOMAC data. The group size varied
for PP analyses, depending on whether WOMAC data had
been submitted at the time point under analysis.
Based on the ITTmm method, there were statistically significant improvements at Week 12, Month 6 and Week 52 in
the WOMAC-derived HUI3 outcome (p < .001) (Table 5).
Percentage improvements from baseline ranged from 12.64%
to 16.70%.
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Based on the ITTcf method, there were statistically significant improvements at Week 12, Month 6 and Week 52 in
WOMAC-derived HUI3 scores (p < .001) (Table 6). Percentage
improvements from baseline at Week 12 and Month 6 were
25.14% and 24.85% respectively, and were considered clinically important, as they exceeded 20% improvement.
Based on the PP analysis (without any imputation), there
were statistically significant improvements at Week 12,
Month 6 and Week 52, in WOMAC-derived HUI3 scores
(p < .001) (Table 6). Percentage improvements from baseline
ranged from 25.72% to 29.11%, and were considered clinically important, as they exceeded 20% improvement.

Repeat treatment analysis
No patients were re-injected with single-injection hylan GF20 within the first 12 weeks of the LOBRAS study. Five
patients were re-injected within the first 6 months, and a further 1 patient (i.e. 6 in total) was re-injected within the last 6
months of the study. No patient received more than two
injections.
The ITTmm analyses of WOMAC outcomes for Month 6
and Week 52 were repeated when those who were reinjected within the relevant time frame were removed from
the analysis. Change in WOMAC outcome over time remained
significant for all WOMAC components (WOMAC Pain,
Stiffness, Function, Total Score and PGA) for both Month 6
and Week 52 with these patients removed. ITTcf and PP analyses of WOMAC outcomes for Month 6 and Week 52 also
yielded similar results when patients who were re-injected
within the relevant time frame were removed from the
respective analyses. Similarly, when the ITTmm analyses were
repeated for SF-36 with these patients removed, change
from baseline to Month 6 and Week 52 remained significant
for PCS, and remained non-significant for MCS for each time
point. Lastly, when the PP analyses for change from baseline
to Month 6 and Week 52 were repeated for the WOMACderived HUI3 scores, following removal of patients who were
Table 5. WOMAC-derived HUI3 outcomes at Week 12, Month 6 and Week
52 – intention-to-treat analysis (ITTmm) using mixed models.
p value
Coeff. (SE)
% change from baselinea
Week 12
Month 6
Week 52
a

.0080 (.0012)
.0057 (.0010)
.0036 (.0008)

16.70
14.75
12.64

<.001
<.001
<.001

The higher the HUI3 score, the better the health perception. A positive %
change from baseline indicates improvement.

re-injected with single-injection hylan G-F20, the WOMACderived HUI3 results were virtually identical for Month 6
(mean diff ¼ .15; SD ¼ .18; p < .001) and Week 52 (mean
diff ¼ .16; SD ¼ .17; p < .001).

Analysis of predictors of response to single-injection
hylan G-F20
The following variables were included in univariate models:
age, gender, BMI, K-L Grade, injection site (laterality), duration
of OA. Of the 15 models (WOMAC PGA, Pain, Stiffness,
Function and Total at Week 12, Month 6 and Week 52), 13
models had no significant predictors in univariate analysis,
and the remaining two only had age as a significant
predictor:
1.
2.

Change in WOMAC Pain from baseline to Week 12
(b ¼ .372, p ¼ .041).
Change in WOMAC Stiffness from baseline to Week 52
(b ¼ .427, p ¼ .045).

For every 1 year increase in age, the change in WOMAC
Pain from baseline to Week 12 decreased by .372 points. So
the older the patient, the less their pain score changed
between baseline and Week 12.

Safety and tolerability analysis
Adverse events were reported by 28% of patients (40 events
in 37 patients) (Table 7). Thirty-three AEs were considered
unrelated to hylan G-F20, of which 21 were classified as
severe. Seven AEs were considered to be treatment-related.
Of these, four were rated as severe. Three cases completely
resolved and the fourth patient (female, age 67, BMI 33.65, KL Grade II) partially recovered, and eventually received a total
knee joint replacement. Of the other three AEs, two were
classified as moderate (1 possibly related and 1 probably
related to treatment), and the other was classified as mild
and possibly treatment-related. Adverse events were reported
as required to The University of Queensland’s MREC, the TGA
and Sanofi Aventis Pty Ltd.

Discussion
Viscosupplementation has been approved for the treatment
of knee OA by regulatory authorities in numerous

Table 6. WOMAC-derived HUI3a at Week 12, Month 6 and Week 52 using repeated measures t-test.
N
Intention-to-treat
Week 12
Month 6
Week 52

analysis with LOCF – ITTcf
107
.65 (.17)
107
.65 (.18)
107
.61 (.23)

Per protocol analysis – PP
Week 12
90
Month 6
87
Week 52
77
a

HUI score (min ¼ .02;
max ¼ 0.85), mean (SD)

.65 (.17)
.68 (.14)
.68 (.15)
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Change from baseline
mean diff. (SD)

% change from
baselinea

p value for change
from baseline

.13 (.16)
.13 (.18)
.09 (.22)

25.14
24.85
17.77

<.001
<.001
<.001

.13 (.16)
.15 (.18)
.15 (.17)

25.72
28.45
29.11

<.001
<.001
<.001

The higher the HUI3 score, the better the health perception. A positive % change from baseline indicates improvement.
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Table 7. Adverse events.
System

MSK Study Knee
MSK Other
CVS
RS
GI
Renal
Dental
Oncology
Bruising
Vascular
Misc
Total

Treatment related

Unrelated to treatment

Mild

Moderate

Severe

Total

Unknown

1a

1a
1b

4c

6
1

1

Mild

Total

Moderate

Severe

Total

2
4
1
2

3
4
1
2
1
1
1
3

6
8
2
4
1
1
2
3
1
1
4
33

1
1
1

2

4

7

1

0

11

1
4
21

12
9
2
4
1
1
2
3
1
1
4
40

MSK: musculoskeletal; CVS: cardiovascular; RS: respiratory; GI: gastrointestinal; Misc: miscellaneous.
a
Related AEs: 2 possibly related
b
1 probably related
c
1 possibly related and 3 definitely related

jurisdictions including Australia. There are several hyaluronic
acid (HA) based products, not all of which are available in
every jurisdiction. Despite positive class-based and productbased results reported in the Cochrane Review of
Viscosupplementation, there continues to be debate in the
literature regarding the strength of evidence supporting efficacy claims. Some authors remain skeptical, and this has
likely influenced the phraseology of some treatment guidelines. There appears to be within-product, between-subject
variation in the response to HA products. Lussier et al.56, in a
retrospective study of outcomes of hylan G-F20 in Frenchspeaking
Canada,
noted
a
relationship
between
Kellgren–Lawrence Radiographic Grade and clinical response
to hylan G-F20. Depending on the compartment of the knee,
response (i.e. patients classified as “better or much better”)
was 84–91% in K-L Grade I to 44–58% in K–L Grade IV56. This
observation notwithstanding, there is currently no valid or
reliable method of predicting the response to viscosupplementation in knee OA, or indeed to other forms of medical
intervention in knee OA. For example, while patients with K-L
Grade IV knee OA represent a more severe therapeutic challenge, some such patients may experience a favorable and
even a sustained clinical response following intra-articular
hylan G-F2057.
Of the 131 patients enrolled in LOBRAS, 11 had an
entrance criteria violation and 12 had a baseline data collection violation. Retention in long term clinical trials has been
the subject of several prior publications31,32,58–62. An annualized loss rate of 14% is not unusual in randomized clinical trials of treatment efficacy conducted over several years. The
24% loss to follow-up over 1 year noted in the LOBRAS study
is therefore proportionate, given the pragmatic, routine clinical care nature of the study. Because early withdrawal from
long term studies may be in part associated with poorer outcomes following treatment, and because patients may fail to
submit data according to the study outcome measurement
schedule, there is frequently missing data. It is necessary to
perform not only per-protocol (PP) analyses, but also intention-to-treat (ITT) forms of analysis. In the PP analyses, only
data actually reported by patients at baseline, Week 12,
Month 6, or Week 52 were included. Two types of ITT

analysis were conducted. In the ITTmm analyses all patients
who were enrolled and had a pre-intervention (baseline or
screening) value and at least one post-baseline value were
included in the analysis. The mixed models analysis used all
available data, but did not involve any imputation. In contrast, the ITTcf analyses of WOMAC outcomes encompassed
all 119 patients in the ITT cohort, but missing values were
imputed using the last observation carried forward (LOCF)
principle, from the last valid reported value preceding the
missing value to the relevant analytic time point (Week 12,
Month 6, Week 52).
The pre-specified primary outcome for the LOBRAS study
was the Month 6 outcome for the WOMAC Index. Statistically
significant results were observed at Month 6, from the
ITTmm, ITTcf and PP analyses, for all five WOMAC outcomes
(Pain, Stiffness, Function, Total score and PGA), and were
associated with percentage improvements >20%, which can
be considered clinically important. Similar statistically significant clinically important improvements for these three different forms of analysis for all five WOMAC outcomes were also
observed at Week 12 and Week 52. Individual trajectories of
response notwithstanding, the majority of improvement at
the group level in WOMAC outcomes occurred during the
first 12 weeks of observations, and then remained relatively
stable through Month 6 and out to Week 52. There was no
statistically significant difference between Week 52 and
Month 6 WOMAC outcomes. Collectively these observations
support the clinical effectiveness of single-injection hylan GF20 in the treatment of knee OA.
The pre-specified secondary outcomes for the LOBRAS
study were the aforementioned Week 12 and Week 52 outcomes for the WOMAC Index, and the SF-36 (PCS and MCS)
and WOMAC-derived HUI3 outcomes. Statistically significant
results were observed at Month 6, from the ITTmm, ITTcf and
PP analyses for SF-36 PCS but not for SF-36 MCS. Similar statistically significant improvements for SF-36 PCS outcomes
were also observed at Week 12 and Week 52. For SF-36 MCS,
a statistically significant improvement, by ITTmm, ITTcf and
PP analyses, was only observed at Week 12, but not at Week
52. Collectively these observations further support the clinical
effectiveness of single-injection hylan G-F20 in the treatment
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of knee OA. WOMAC-derived HUI3 utility values were calculated for Week 12, Month 6 and Week 52, and statistically
significant results were observed at Week 12, Month 6 and
Week 52, from the ITTmm, ITTcf and PP analyses for
WOMAC-derived HUI3 outcomes. These observations additionally support the clinical effectiveness of single-injection
hylan G-F20 in the treatment of knee OA.
A minority of patients received a second injection of hylan
G-F20, although this did not occur during the first 12 weeks
of the study. When analyses of WOMAC (ITTmm, ITTcf and
PP), SF-36 (ITTmm) and WOMAC-derived HUI3 (PP) outcomes
were repeated, excluding those who received more than one
injection, the corresponding results remained statistically significant. This is not surprising given the small percentage of
patients who received a second injection, but it does confirm
that the results reported here were not dependent on reinjection of the study joint.
As noted previously, there is no exact method of predicting the response to HA products, including to hylan G-F20. A
statistically significant (p  .05 level) association was noted,
in two univariate analyses, between age and WOMAC outcomes (Pain and Stiffness), but not with other WOMAC outcomes, or at every time point. This lack of association with
other candidate variables such as gender, laterality, K-L
grade, BMI, and OA duration might be related to small sample size, lack of sufficient variability in the variables measured, or because factors which might determine the
response to single-injection hylan G-F20 were not included in
the measurement battery. The further evaluation of the
determinants of response to HA products in general, and single-injection hylan G-F20 in particular, will require additional
targeted research.
Adverse event rates reflect a combination of treatmentrelated and treatment-unrelated events. The latter are a
consequence of the lived experience of a diverse group of
patients, recruited from routine clinical care environments,
and followed over a prolonged period. Many of the patients
were over age 60, an age-group in which comorbidity is
frequent. The observed treatment-unrelated events are
unsurprising. The frequency of treatment-related AEs was
low (5.3%), and is similar to the 5.7% rate reported in the
“Device-Related Adverse Events in the Injected Knee” section of the Synvisc-One “Information for Prescribers”
monograph.
Limitations of this study included the lack of a control
group (either active or placebo) and blinding procedures,
and the derivation of patients mainly from subspecialty practices. By definition pragmatic “real-world” trials in routine
clinical care do not involve design features such as control
groups, randomization or blinding. The efficacy and tolerability of single-injection hylan G-F20 has already been established in other clinical trials33,34. This research complements
previous research by examining effectiveness aspects of the
therapeutic response to viscosupplementation with singleinjection hylan G-F20, not only at the group level, but also at
the individual patient level. Although sub-specialists administered the single-injection hylan G-F20 injection, patients were
more likely to receive their long term post-injection medical
care from their referring doctor, usually a general
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practitioner. Consequently, the injecting doctor was not
necessarily aware of all adverse events experienced by the
patient, and further investigation was required, to ensure
that comprehensive information about adverse events, especially unrelated adverse events, was obtained.
This was a “real-world”, pragmatic study with a diverse
group of patients. Some strengths include that it was conducted in routine clinical care by specialist clinicians with
experience injecting hylan G-F20, who came from various
medical and surgical disciplines (orthopedic surgery, sports
and exercise medicine, rheumatology) from practices across
mainland Australia. Patient outcomes were measured using
two valid, reliable, responsive and globalized outcome measures (WOMAC and SF-36). The collection of high frequency
data through mobile phone, in particular the detailed
(weekly) reporting of condition-specific health status during
the first 12 weeks following treatment, allowed for examination of the trajectory of the response to single-injection
hylan G-F20. The study also examined the differential impact
of single-injection hylan G-F20 on condition-specific health,
general health-related quality-of-life and utility outcomes,
and explored determinants of response to it.

Conclusion
The LOBRAS study confirms the feasibility, in routine clinical
care, of performing repeated remote data capture, over a 52
week period, following treatment with single-injection hylan
G-F20 in knee OA. The combined use of mobile phone and
paper-based reporting strategies achieved high levels of
compliance. The effectiveness of single-injection hylan G-F20
in routine clinical care is supported by the detection of statistically significant, clinically important improvements in
WOMAC Pain, WOMAC Stiffness, WOMAC Function, WOMAC
Total, WOMAC PGA outcomes, and statistically significant
improvements in SF-36 (PCS) and WOMAC-derived HUI3 outcomes at multiple time points. The LOBRAS study did not
identify any predictive indicators of the response to treatment. In general single-injection hylan G-F20 was well tolerated with the vast majority of patients experiencing no
treatment-related adverse events. Collectively, these observations attest to the effectiveness of single-injection hylan GF20 and complement previous observations in routine clinical
care. These observations are likely to be applicable to
patients with knee OA, who have similar clinical characteristics and are managed by experienced injectors of the
treatment.
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