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EXTENDED REPORTS

Intra-articular hyaluronan injections in the
treatment of osteoarthritis of the knee: a

randomised, double blind, placebo controlled
multicentre trial

L Stefan Lohmander, Nils Dalen, Gunnar Englund, Martti Hamalainen, Erik Martin
Jensen, Kerstin Karlsson, Magnus Odensten, Leif Ryd, Ingemar Sembo, Olavi
Suomalainen, Agnar Tegnander, for The Hyaluronan Multicentre Trial Group*

Abstract
Objective-To assess the effects of intra-
articular injections of hyaluronan on
symptoms ofknee osteoardtritis (OA).
Methods-Two hundred and forty patients
with symptomatic, radiological knee OA
were randomly assigned to treatment with
weekly injections for five weeks with either
25 mg of high molecular weight hyal-
uronan or vehicle. Results were evaluated
at weeks 1, 2, 3, 4, 5, 13, and 20 by visual
analogue scales (pain, function, motion,
activity), algofunctional index, and global
evaluation by patient and investigator.
Analysis was by 'intention to treat', 'per
protocol', and area under the curve
principles on unstratified patient groups
and for patients stratified into four groups
of equal size by age and baseline algo-
functional index.
Results-No serious side effects were re-
ported. At 20 weeks both treatment groups
were improved compared with baseline,
with no difference between unstratified
groups treated with placebo or hyal-
uronan. Comparison of treatment groups
stratified by age and baseline algo-
functional index revealed a significant dif-
ference in favour of hyaluronan over
placebo (pain, activity, algofunctional
index, global evaluations by patient and
investigator) for patients older than 60
years and with a baseline algofunctional
index greater than 10. There was no
clinically relevant difference between the
two treatments for the other three strati-
fied subgroups of younger age or fewer
symptoms. Similar results were obtained
by area under the curve, intention to treat,
and per protocol analysis.
Conclusions-Patients older than 60 years
with knee osteoarthritis and with signifi-
cant symptoms corresponding to an index
of severity of knee disease of 10 or more,
comprise the group most likely to benefit
from treatment with intra-articular hyal-
uronan inections.

(Ann Rheum Dis 1996; 55: 424-431)

The total social costs of osteoarthritis in the
United States have been estimated to approach
1% of the gross national product.' Treatment
of this condition includes walking aids,
training, physical therapy, pharmacological
agents, and surgery. Many of the commonly
practised non-invasive, non-pharmacological
methods lack adequate documentation of
efficacy.2 Surgical methods of preserving and
restoring articular cartilage are practised, but
their effectiveness has only rarely been proven
in randomised, controlled trials.3 Joint arthro-
plasty is an excellent treatment for advanced
knee osteoarthritis,' but is costly and not
suitable for all patients. Analgesics and non-
steroidal anti-inflammatory drugs (NSAIDs)
are used widely, but their efficacy has been
questioned,5-8 and the frequent and serious
adverse effects of NSAIDs in the elderly have
recently been highlighted.9-"1
These problems have stimulated a search for

alternative, symptom modifying drugs for use in
osteoarthritis. Hyaluronan is a natural constitu-
ent of joint fluid and all connective tissues.
Randomised, controlled clinical trials of intra-
articular injections ofhyaluronan for knee osteo-
arthritis have shown variable results, those from
some trials suggesting long lasting pain
relief,'2-14 while others have failed to show a
difference between hyaluronan and placebo.'5 16
These trials have included patients of varying
age and with varying disease severity, ranging
from those with cardlage changes and knee pain,
but no radiological signs of osteoarthritis,'6 to
patients with classical osteoarthritis. "

We have studied 240 patients with symptoma-
tic, radiological osteoarthritis of the knee in a
randomised, placebo controlled, double blind,
multicentre clinical trial, and compared the
effect of intra-articular injections of hyaluronan
and placebo on knee symptoms and function.

Patients and methods
STUDY MEDICATION
Hyaluronan 25 mg (approximate Mr about 1000
kDa) (Artzal® batch OX555A, Astra Lakemedel,
SodertAlje, Sweden) was supplied as a sterile 1%
solution in 2 5 ml phosphate buffered saline,
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pH 7. Placebo consisted of 2-5 ml of the phos-
phate buffered saline vehicle, pH 7.

PATIENT SELECTION
The study was performed in accordance with
the Declaration of Helsinki and the Nordic
guidelines Good Clinical Tial Practice. '7 After
approval by the local ethics committees and
with informed patient consent, 240 patients
(106 men, 134 women) were enrolled from
eight orthopaedic or rheumatology clinics in
Denmark, Finland, Norway, and Sweden.
Patients at each centre were allocated ran-
domly to two parallel groups of equal size, one
of which received five weekly injections of the
active substance, hyaluronan, and the other an
equal number of injections of vehicle only. All
patients had a clinical history of symptomatic,
radiologically verified unilateral osteoarthritis
of the knee (50-100% obliteration of the
medial tibiofemoral joint space without bony
erosion on anteroposterior standing films at
10-150 flexion, taken within six months of the
start ofthe study). Each centre aimed to recruit
at least 12 patients who were suitable for
treatment efficacy evaluation. The hip-knee-
ankle angle at baseline was calculated for all
patients from anteroposterior fully weight
bearing radiographs, in order to obtain an
assessment of the degree of angular deformity;
it was measured as the lateral angle between a
line drawn through the midpoint of the femoral
head and the tibial spines, and a line drawn
through the midpoint of the tibial spines and
the talus. An angle of more than 1800 denotes
a varus knee alignment. Minimum tibiofemoral
joint space was measured by millimetre rule on
anteroposterior fully weight bearing films taken
at 10-1 50 flexion.

Inclusion criteria were: age 40-75 years at
inclusion; symptomatic, radiologically verified
knee osteoarthritis (stage I-II according to
Ahlbdck'8); knee pain on the day of examin-
ation scoring more than 10 mm on a 100 mm
visual analogue scale (VAS) at baseline; and an
algofunctional score of 4 or greater at
baseline. '

Exclusion criteria were: significant symp-
toms of osteoarthritis of both knees; previous
intra-articular fracture of the knee; rheumatoid
arthritis or other inflammatory arthritis as
diagnosed by American College of Rheuma-
tology criteria,20 including C reactive protein
and serum rheumatoid factor concentrations;
intra-articular injections of steroids or any
other invasive procedure in the knee within the
previous six months; any other condition that
might interfere with the efficacy assessment or
completion of the trial.

PATIENT STRATIFICATION
After completion of the data collection, but
before the treatment code was broken, several
baseline variables of potential prognostic value
were identified: age, gender, algofimctional
index, centre. On the basis of the mean age of
the whole patient group at inclusion and the
mean level of symptoms and function at base-

Baseline characteristics for all 240 randomised patients

Vaiable Hyaluronan Placebo

Age (years) 58-53 (8-34) 58-03 (8 44)
Height (cm) 170-80 (7-96) 169-80 (8 90)
Weight (kg) 80-58 (12-88) 78-51 (14-10)
Sex (M/F) 53/67 53/67
Treatment duration (days) 28-59 (2-88) 28-12 (4 40)
Knee studied (rightAeft) 64/56 60/60
Ahlback stage'8 (I/II) 100/20 109/11
HKA angle (deg) 186-08 (4 80) 186-03 (4 77)
Joint space width (mm)

Lateral 5-83 (1 90) 5-93 (1-95)
Medial 2-22 (1-62) 2-44 (1-26)

Baseline joint fluid vol (ml) 5-68 (11-43) 4-65 (9 05)
Baseline VAS (mm)

Pain 44 40 (25-25) 42-31 (24 84)
Activity level 60-73 (23 00) 60-74 (25-69)
Knee function 51-15 (21-38) 49-28 (21-56)
Range of motion 33-78 (22 36) 38-49 (24 62)

Baseline Lequesne index'9 9-89 (3-24) 9-56 (3 63)
Clinical examination score 20-82 (5 30) 21 02 (5-51)
Lysholm knee score23 54-12 (16-50) 57 94 (15-74)
Tegner activity score22 2-66 (1-56) 2-60 (1-58)

Values are mean (SD) or number of patients.
HKA = Hip-knee-ankle; VAS = visual analogue scale

line, as assessed by the algofunctional index
(table),'9 a stratification was made, generating
four groups of approximately equal size:
patients aged 40-60 years with algofunctional
index 4-10; those aged 40-60 years with
algofunctional index greater than 10; patients
aged 61-75 years with algofunctional index
4-10; those aged 61-75 years with algo-
functional index greater than 10 (fig 1). The
selection of these particular stratification
criteria was based on the identification of signi-
ficant interactions for these factors2' and their
ease of use in everyday clinical practice. No
significant interactions were found for gender
or centre. Radiological data were not used as
a basis for stratification because of the poor
reproducibility in this setting and the limited
relationship between radiological findings and
severity of symptoms in the individual patient.

STUDY DESIGN

Routine blood and urine laboratory values
were investigated at a visit about three weeks
before the start of the study, and again one
week after the last trial injection. After the
study start, patients were seen weekly for five
weeks (weeks 0-4), at one week after the last
injection (week 5), and at 13 and 20 weeks
after the first injection.
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Figure 1 Stratification ofpatients by age and baseline
Lequesne index ofseverity of knee disease. 9 Ticked
quadrant represents patients aged more than 60years and
with a Lequesne index ofseverity of knee disease greater
than 10 at baseline.
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At weeks 0, 1, 2, 3, and 4, the patients were
given an intra-articular injection of 2-5 ml of
active drug or placebo. A small amount of local
anaesthetic was used to anaesthetise the skin
before the intra-articular injection, and any
effusion was aspirated before the injection. The
patient was blinded to the injection of drug or
placebo. The injection was given by an investi-
gator who took no part in the safety or efficacy
assessments either before or after the injec-
tions. The examiner responsible for safety and
efficacy assessments was not present during the
treatment. In this way, neither the patient nor
the examiner was aware of the nature of the
treatment, and appropriate double blinding
was asssured.

Concurrent and escape medication in the
form of simple analgesics (for example
paracetamol), in addition to non-steroidal anti-
inflammatory drugs, was allowed during the
trial, and the identity and amount of drug
taken was noted in the case record forms at
each visit. No additional intra-articular injec-
tions in any of the knees were allowed during
the study. Clinical assessments were performed
immediately before aspiration of the joint and
injection at weeks 0-4, and at weeks 5, 13, and
20 after the first injection.
Primary efficacy variables were an algo-

functional index,'9 together with 100 mm VAS
values for knee pain, range of motion, activity
level, and total knee function on the day of
examination as assessed and marked by the
patient at each visit. The algofunctional index
has been validated for knee osteoarthritis and
is based on three parts that separately assess
knee pain, walking distance, and activities of
daily living function, each on a scale of 0-8, so
that 0 represents no pain and full function, and
24 represents maximal pain and disability.'9
Secondary variables were: activity level and

a knee function score examined at 0 and 20
weeks;22 23 a score based on a standardised
clinical examination of the knee; quantity of
concurrent medication; global assessment by
patient and examiner; number of leucocytes in
joint fluid, and volume of joint fluid aspirated.
A checklist and direct question technique to

monitor adverse events and local reactions was
used by an examiner blinded to the treatment.
Any serious adverse events were reported to the
principal investigator and the sponsor, and the
possible need to withdraw the patient from the
study was considered.

POWER CALCULATIONS, DATA HANDLING,
STATISTICAL METHODS
The required number of patients was calcu-
lated on the basis of the expected variations of
the VAS efficacy responses, and from the
expected responses in the index of severity for
osteoarthritis ofthe knee. 19 It was assumed that
the treatment difference would be 12 mm VAS
pain (36 mm for the placebo group and 24 mm
for the active group). The standard deviation
was assumed to be 25-8 mm in both groups.
With an a value of 0-05 and a ,B value of 0 10
(power = 90%), this would require 200
patients suitable for evaluation of treatment

efficacy, randomised equally to the two treat-
ment groups. The algofunctional index should
have a smaller coefficient of variation than the
VAS variable (40% compared with 60-70%).
We thought it clinically interesting to establish
a narrower difference in mean response be-
tween placebo and active group (that is, 20%),
as the algofimctional index includes infor-
mation regarding the functional status of the
patient."' Taking the same at and f p values,
this would require 85 patients in each group-
that is, 170 patients. A total of 200 patients
should therefore be a suitable number of
patients under the assumptions given.

Participants from all centres met before the
start of the study in order to standardise the
injection technique and assessment pro-
cedures. All case record forms to be filled in by
the patient were translated into the local
language, while case record forms to be filled
in by the investigators were in English.
Verification of source data was made near the
completion of the study. An extensive data
validation programme was used to check for
inconsistent data in the computer based data
file.

Statistical evaluations were 'per protocol'
(that is, considering all inclusion and exclusion
criteria), and by the 'intention to treat'
principle, whereby all patients included and
randomised (except one lost to follow up) were
used. In the per protocol evaluations, patients
were included who had at least four injections
(any experiencing early treatment failure
resulting in termination of treatment before
injection four because of lack of effect were
excluded), baseline VAS for pain more than 10
mm, baseline algofunctional index equal to or
more than 4, and no major protocol violations.
All tests were two sided and p values less than
0 05 were considered significant; between
group differences and correlations that are
described as significant were always significant
at p < 0*05. No adjustments for multiple com-
parisons were made. The method of carrying
forward the last value for each variable was
used to avoid having missing values at the
different time points.
Non-parametric methods were used, as they

do not rely on the assumptions of normality
and linearity that tests such as analysis of
variance and ANCOVA do. Wilcoxon two
sample tests were thus used for all continuous
or ordinal data. In order to adjust for possible
differences at baseline (regardless of whether
these were significant or not), the changes from
baseline values were used for Lequesne index
and VAS values. x2 tests (or Fisher's exact test
when appropriate) were used for dichotomous
data.

Tests were made for each time period (up to
days 12, 18, 26, 33, 51, 105, and 185-corre-
sponding to weeks 1, 2, 3, 4, 5, 13, and 20).
These day limits were decided before code
breaking and selected so that an absolute
minimum of ambiguities existed. Because
multiple tests at different time points are not
ideal from a statistical point of view, we com-
plemented these with an overall measure of
treatment effect using an area under the curve
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(AUC) technique. This was used for Lequesne
algofunctional index and VAS scores. An
interpolation between the observations for
each patient up to the last visit before day 185
was made, and the mean change from baseline
up to the last measurement was calculated.
This constituted a theoretical mean decrease in
the measurement variable experienced by the
patient for the whole 20 week study period up
to the last visit. The results of these calcu-
lations were compared between treatment
groups using Wilcoxon two sample tests.
For analysis by the intention to treat

principle, the last valid value up to day 185 was
used for the change in Lequesne index, global
assessments by patient and investigator, and
changes in VAS scores. This was also the case
for the four subgroups generated by stratifi-
cation for age (less than/greater than 60 years)
and baseline Lequ&sne index (less than/greater
than 10).

Results
NUMBER OF PATIENTS, BASELINE DATA
A total of 240 patients from eight centres were
included in the study. The number of patients
enrolled at each centre varied between nine

Figure 2 Flow chartfor randomised patients, showing dropouts at different stages of the
trial, and the reasons. (Patients can have several reasons for exclusion, therefore the number
ofpatients in the table 'Excludedfrom efficacy evaluation' exceeds 50.) Hya = Hyaluronan
treatment; PI = placebo; VAS = visual analogue scale; AE = adverse event.

and 61. One hundred and eighty nine patients
were suitable for evaluation of treatment effi-
cacy at the conclusion of the study. Fifty one
patients were not valid per protocol for efficacy
(fig 2): eight of them (three receiving hyal-
uronan and five receiving placebo) prematurely
discontinued treatment-that is, they did not
receive five injections. Seven patients
discontinued the trial because of adverse
events, and one patient received one injection
of hyaluronan, but did not return for follow
up.
The table shows the patient characteristics at

baseline for all patients randomised to the
treatment groups. The treatment groups were
comparable with respect to all variables, but
there were minor but statistically significant
differences for osteoarthritis stage'8 and medial
joint space width.

TREATMENT EFFICACY FOR UNSTRATIFIED
GROUPS

At 20 weeks, both groups had improved
compared with baseline by per protocol analysis
of all patients suitable for efficacy evaluation
(fig 3). There were no differences between the
hyaluronan and placebo groups with regard to
the measures of efficacy when no stratification
was made. Analysis of data by intention to treat
principles gave similar results. Because of the
significant interactions observed for age and
baseline algofunctional index, stratifications by
age and baseline algofunctional index were
made as described to yield four subgroups of
approximately similar size.

TREATMENT EFFICACY FOR STRATIFIED GROUPS
Differences between treatment groups at
discrete evaluation time points are not
reported, unless a significant difference was
also found for the variable in question by the
AUC technique of data analysis. No significant
differences between treatments were found for
VAS range of motion and VAS knee function.

Visual analogue scales for pain-The older age
group (over 60 years) with a baseline Lequesne
algofunctional index of more than 10, exhibited
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Figure 3 Mean changefrom baseline visual analogue
scale data for pain in the hyaluronan (0) and placebo (])
treated groups (unstratified). Values forpfor differences
between groups: week 1 = 0-260; week 2 = 0-941; week
3 = 0-923; week 4 = 0-840; week 5 = 0-376; week
13 = 0-608; week 20 = 0-538.
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Figure 4 Mean changefrom baseline visual analogue
scale data forpain in the hyaluronan (0) and placebo (O)
treated stratified subgroups comprising patients 60-75 years
old and with a baseline Lequesne index greater than 10.
Values forpfor differences between groups: week 1 = 0-008;
week 2 = 0-387; week 3 = 0-181; week 4 = 0-090; week
5 = 0-070; week 13 = 0-014; week 20 = 0-004.

an advantage of hyaluronan over placebo for
VAS pain at weeks 1 (p = 0-008), 13
(p = 0-014), and 20 (p = 0-004) (fig 4). Analysis
by AUC for mean treatment effect over 20
weeks similarly found an advantage for hyal-
uronan (p = 0-008) (fig 4). At weeks 4 and 20
the mean reductions in pain VAS were more
than 28 mm. An analysis by the intention to
treat principle likewise showed an advantage for
hyaluronan over placebo for pain (p = 0-008) for
this subgroup. No differences were found
between treatments for the other three sub-
groups whether analysed by per protocol or

intention to treat principles.
Visual analogue scales for activity-The sub-

group older than 60 years with a baseline
Lequesne index greater than 10 showed a

significant superiority for hyaluronan over pla-
cebo at weeks 2 (p = 0-047), 4 (p = 0-001), 5
(p = 0-037), 13 (p = 0-030), and 20 (p = 0-028)
(fig 5). A mean change in VAS for activity of
37 mm occurred at week 4, signifying a re-
markable increase in activity. Analysis byAUC
technique confirmed the advantage of hyal-
uronan over placebo for the whole treatment
period (p= 0-008). The superiority of hyal-
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Figure S Mean changefrom baseline visual analogue
scale datafor activity in the hyaluronan (0) andplacebo
([) treated stratified subgroups comprising patients 60-75
years old and with a baseline Lequesne index greater than
10. Valuesforpfor differences between groups: week
1 = 0-117; week 2 = 0-047; week 3 = 0-232; week
4 = 0-001; week 5 = 0-037; week 13 = 0-030; week
20 = 0-028.
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Figure 6 Mean changefrom baseline Lequisne index of
severity ofknee disease in the hyaluronan (0) and placebo
(i) treated stratified subgroups comprising patients 60-75
years old and with a baseline Lequisne index greater than
10. Values forpfor differences between groups: week
1 = 0-765; week 2 = 0-317; week 3 = 0-104; week
4 = 0-043; week 5 = 0-165; week 13 = 0-032; week
20= 0-056.

uronan over placebo for this stratified sub-
group was again confirmed by intention to treat
analysis (p = 0 037). When analysed by AUC,
the younger subgroup with a baseline
Lequesne index of 10 or less exhibited a differ-
ence in favour of placebo (p = 0038). Placebo
was also favoured at weeks 5 (p = 0 023) and
13 (p = 0 018) for this subgroup. There were
no differences between treatments for the other
subgroups.

Lequesne index of severity of knee disease-
Hyaluronan was superior to placebo at weeks
4 (p = 0001) and 13 (p= 0-030) for the sub-
group older than 60 years and with a baseline
Lequesne index greater than 10 (fig 6).
Analysis ofAUC revealed a mean reduction for
the whole treatment period of 20 weeks in the
hyaluronan treated patients of 3-5 units,
compared with 19 units for placebo for this
subgroup (p= 0-028) (fig 6). Analysis by
intention to treat confirmed the advantage for
hyaluronan over placebo (p = 0025). There
were no important differences between hyal-
uronan and placebo treatment for the other
three subgroups, assessed at discrete time
points or by AUC, or by per protocol or
intention to treat.
A significant correlation coefficient of 0-68

(Pearson's) was found between pain assessed
at 20 weeks by VAS and pain assessed by the
pain section of the composite algofunctional
index. 9

Global assessments by patient and investi-
gator-Stratification only by age yielded two
subgroups in which the group older than 60
years showed an advantage for hyaluronan over
placebo at the last visit (20 weeks) for global
assessments (patient p = 0-019, investigator
p = 0 024). For the subgroup older than 60
years and with baseline Lequesne index more
than 10, hyaluronan showed a consistent
pattern of superiority over placebo for both
patient and investigator global assessments
(data not shown), but statistical significance
was observed only at week 20 (patient
p = 0 037, investigator p = 0-027). Analysis by
the intention to treat principle confirmed this
advantage for hyaluronan (p = 0-042 and
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p = 0-027 for patient and investigator assess-
ments, respectively). No differences between
hyaluronan and placebo were found for the
other subgroups.

LABORATORY EXAMINATIONS, ADVERSE EVENTS,
CONCOMITANT MEDICATION
There were no differences of clinical import-
ance between the two treatment groups with
regard to blood and urine analysis.
No serious adverse events were reported,

and no differences were found between the
treatment groups in the frequency of other
adverse events. However, there was a signifi-
cant difference in favour of placebo when the
maximum severity of injection site swelling was
assessed (p = 0-041). Seven patients (five
receiving placebo and two receiving hya-
luronan) discontinued the treatment before
their fifth injection because of adverse events.
No difference emerged with regard to con-

sumption of analgesics or non-steroidal anti-
inflammatory drugs, for any reason, between
the two treatment groups.

Discussion
Osteoarthritis is a heterogeneous condition,
with a sometimes limited correlation between
pathoanatomical features and the degree of
symptoms. The specific sources and mech-
anisms of pain generation in the osteoarthritic
joint are not clear and may, for example, be
different in early and advanced stages of the
disease.

Part of the conflict in the interpretation of
the results of published trials of intra-articular
injections of hyaluronan in knee osteoarthritis
may arise from the inclusion of different
osteoarthritic populations, or lack of adequate
definition and description of the patient
population included in the trial. Varying
degrees of blinding and different methods of
assessing outcome may add to the reported
variation in efficacy. For example, while some
trials have included patients with a combi-
nation of symptoms and radiological signs of
knee osteoarthritis and reported the pro-
portions of these groups,'4 15 another trial
focused only on younger patients with knee
cartilage changes observed by arthroscopy in
combination with symptoms suggestive of early
stage osteoarthritis, but without radiographic
signs of osteoarthritis.'6 In yet other trials, the
inclusion criteria and distribution with regard
to osteoarthritis stage or the age of the patients
have not been well described.'2 13 24 Other
notable differences between published trials
are the inclusion of patients with uni- or
bilateral disease, and varying follow up times.
All these differences complicate comparison
and interpretation of the clinical trial data.

Yet another problem in trials involving intra-
articular injections is the considerable placebo
effect of injections and the resulting need to
ensure blinding ofboth patient and examiner.25
In the present study, the patient was blinded
to the type of injection given, and the
investigator giving the injection did not take

part in the examination of the patient before or
after the injection. We therefore believe that
our trial was appropriately masked with regard
to both patient and examiner.
Only one previous trial has attempted to

stratify the patients with regard to disease
severity and outcome, '5 and used radiographic
stage of the knee osteoarthritis as the basis for
stratification. Although no difference was
found between hyaluronan and placebo in the
unstratified patient groups, the results sug-
gested a slower return to escape medication for
those treated with hyaluronan than for those
treated with placebo among patients with
radiological changes corresponding to Kellgren
and Lawrence26 stages I and II. No such differ-
ence was found for patients with more ad-
vanced radiological signs of osteoarthritis. The
interpretation of these stratification data was,
however, complicated by the considerable
dropout rate (38%) in this trial and the
resulting small number of patients at follow
up.

In the present trial, the rate of premature
discontinuation of treatment was eight in 240,
or 3%. We have stratified for baseline age and
Lequesne index of severity of knee disease.
These variables were chosen because of signifi-
cant interaction,2' their ease of use in clinical
work, and their potential relevance. Import-
antly, we found no interaction for gender or
centre. The number of patients with a radio-
logical stage II according to Ahlback'8 was too
small to form a basis for stratification. As there
was no centralised reading of radiographs, we
judged the precision of the medial tibiofemoral
joint space measurements (in mm) to be too
poor to form a basis for stratification. Estimates
of synovial fluid volume based on the amount
withdrawn were also deemed too uncertain to
be relied on for stratification purposes.27
We found no differences between the

treatment groups in the unstratified data.
However, the subgroup older than 60 years and
with a baseline Lequesne index of more than
10, showed a consistent pattern of improve-
ment in favour of hyaluronan over placebo.
Significant advantages for hyaluronan were
found with regard to VAS scores for pain and
activity level, Lequesne algofunctional index,
and the global assessments by patient and
examiner. These differences were reproduced
both at discrete time points during follow up,
and when assessed as mean treatment effect
over the 20 week trial period byAUC measure-
ments. Moreover, analysis by intention to treat
principles of data for all randomised patients
confirmed all the findings reached by analysis
per protocol. No clinically relevant differences
between treatments were found within the
other stratified subgroups.

In a previous randomised, controlled,
double blind clinical trial, we studied the effect
of intra-articular hyaluronan injections in
patients 30-64 years old with arthroscopically
visible cartilage changes and chronic knee pain,
but without radiological signs of osteo-
arthritis.'6 The mean age of the patients in that
trial was lower than that in the present trial (45
years and 58 years, respectively). Comparison
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of the patient data for the measurements of
knee joint alignment (mean hip-knee-ankle
angle 1820, compared with 1860 for the present
trial) and medial tibiofemoral joint space
(mean 4 5 mm, compared with 2-3 mm for the
present trial) confirmed the differences in the
groups found by radiographic scoring accord-
ing to Ahlback. 8 The treatment protocol,
drug, and blinding procedures were identical in
the two trials and similar visual analogue scales
for pain and activity were used in both trials.
We conclude from these two trials (of 52 and
20 weeks duration, respectively) that young
patients with moderate symptoms and no or
only early stage radiographic signs of osteo-
arthritis do not seem to derive any benefit from
hyaluronan injections over that given by pla-
cebo injections only. This outcome contrasts
with the significant benefit for hyaluronan over
placebo that we found for older patients with
definitive radiographic signs of osteoarthritis
and significant symptoms. The results of both
trials were confirmed by intention to treat
analysis and the combined dropout rate in the
two trials was 12 patients out of 292, or 4%0.
Although these results would appear to be
statistically robust, their validity should be
tested by trials focused on the responder group
identified here.
For the stratified subgroup in which we

found a significant advantage for hyaluronan
over placebo, the mean improvement over the
20 week observation period was 3 5 units by the
Lequesne index. The mean improvement over
20 weeks in VAS pain was 23 mm, and for VAS
activity the mean improvement was 28 mm.
The mean maximum improvements for this
subgroup were 4 units, 37 mm, and 29 mm,
respectively. A mean improvement in Lequesne
index by 3 5 units over 20 weeks could, for
example, be described as a complete loss of
night pain combined with at least a doubled
maximum distance walked.'9 This might be
regarded as a clinically relevant effect.
The reasons for the apparent difference in

treatment efficacy by intra-articular injections
in the stratified subgroups in this trial are
unclear to us. However, the mechanisms of
pain generation in the osteoarthritic joint are
unknown, and might differ at different stages
of disease development. In comparison, a short
term trial of tiaprofenic acid and naproxen in
osteoarthritis found responder rates of 52%
and 590%, respectively, with different re-
sponder characteristics for the two non-
steroidal anti-inflammatory drugs.28 Individual
responder characteristics were also identified in
an 'n of 1' clinical trial comparing paracetamol
and naproxen for osteoarthritis.'

Finally, we may only speculate on the
mechanisms by which hyaluronan exerts its
symptom modifying effects in this setting. We
now know that many cells carry receptors for
hyaluronan and that the molecule may affect
cell-cell, cell-matrix and cell-receptor-ligand
interactions.29 For example, interference with
the hyaluronan receptor CD44 abrogated
tissue oedema and leucocyte infiltration in a
murine arthritis model.30 Other investigators
have suggested that the viscoelastic properties

of hyaluronan might act in lubrication at the
joint surfaces.3' There is, as yet, little evidence
to support any of these mechanisms as an
explanation for the symptom relieving effects
of intra-articular hyaluronan injections in
osteoarthritic joints. Any hypothesis proposed
would have to take into account the short intra-
articular half life of the bulk of the injected
hyaluronan,32 and the apparently long duration
of the treatment effect.

*The Hyaluronan Multicentre Trial Group: Torbjorn Ahl,
Nils Dalen (Department of Orthopaedics, Dandervd Hospital,
18288 Dandervd, Sweden); Christer Andersson, Magnus
Lundberg, Magnus Odensten (Department of Orthopaedics,
Linkoping University Hospital, 58185 Linkoping, Sweden);
Lars Engebretsen, Jim Gannon, Stig Heir, Ketil Jarl Holen,
Agnar Tegnander (Department of Orthopaedics, Trondheim
Regional Hospital, 7006 Trondheim, Norwav); Gunnar
Englund, Kerstin Karlsson (Astra Lakemedel AB, 15185
Sodertalje, Sweden); Martti Hamalainen, Kalevi Koota
(Department of Orthopaedics, Heinola Rheumatology
Foundation Hospital, 18120 Heinola, Finland); Erik Martin
Jensen (Department of Rheumatology, Bispebjerg Hospital,
2400 Copenhagen, Denmark); Olof Johnell, Ingemar Sembo
(Department of Orthopaedics, Malmo University Hospital,
21401 Malmo, Sweden); L Stefan Lohmander, Leif Rvd
(Department of Orthopaedics, University Hospital, 229185
Lund, Sweden); Olavi Suomalainen, Urho Vaatainen
(Department of Orthopaedics, Kuopio University Hospital,
70111 Kuopio, Finland).
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