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Abstract Synovial fluid in patients may differ in molecular
weight depending on the presence and degree of osteoar-
thritis. Treatment is not directed at this relationship. Patients
with osteoarthritis of the knee with resting visual analogue
scale (VAS) pain of >45 mm were included in a
randomized, prospective, double-blind cohort followed for
16 weeks. Patients were randomized at baseline to receive a
three intra-articular injection series with one of: dual
molecular weight (DMW; 580–780 kDa+1.2 to 2.0 million
Da); low molecular weight (LMW; 500–730 kDa); high
molecular weight (HMW; 6 million Da); or saline placebo
over 3 weeks. Patients completed baseline assessment of
rest and walking VAS pain (primary efficacy variable),
collection of a 5-point categorical global satisfaction score,
and record of adverse events. Two-hundred and twenty-five
patients (age 68±8 y) were screened and 200 were
randomized to one of the four groups. There were no
differences at baseline between groups. At 4, 12 and
16 weeks, respectively, walking VAS pain was significantly
improved in all treatment groups vs. placebo: DMW
(79.6%, p<0.001; 85.6, p<0.001; 89.3%, p<0.001);
LMW (73.6%, p<0.001; 76.4, p<0.001; 81.3%, p<0.001)
and HMW (69.1%, p<0.001; 81.0, p<0.001; 79.1%, p<
0.001). Patients in the DMW group had significantly
greater improvement (p<0.007) in VAS walking pain by

3 weeks (following the second injection) compared to all
groups. This difference was persistent at 16 weeks. Greater
improvement in patients who received the DMW product
was achieved by the second injection persistent at
16 weeks.
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Introduction

Hyaluronic acid (HA) is an unbranched high-molecular-
weight polysaccharide distributed throughout the body,
especially as a major component of the synovial fluid and
of cartilage. The primary role of the HA in synovial fluid
and cartilage is to maintain the viscoelastic structural and
functional characteristics of the articular matrix. Osteoar-
thritis (OA) is the result of mechanical and biological
events that destabilize the normal degradations synthesis of
articular cartilage [1] and is characterized by a decrease in
the concentration and molecular weight of HA, which in
turn may lead to the hallmark signs of pain and loss of
function in weight-bearing joints such as the knee [2].
Hence, intra-articular viscosupplementation with HA may
restore the concentration and molecular weight character-
istics in the articular matrix, resulting in improved pain
control and function [3].

Intra-articular HA is indicated currently for use in patients
who may not have responded to a program of non-
pharmacological therapy and pain control with analgesics
including acetaminophen [4]. Clinical trials of intra-articular
HA preparations have shown pain relief significantly greater
than those who injected with placebo [5–8] and comparable
or superior to intra-articular glucocorticoids [9, 10]. Al-
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though pain relief is achieved more slowly with HA
preparations than with intra-articular glucocorticoid injec-
tions, the effect may last considerably longer. Similarly,
intra-articular HA has shown comparable improvement in
pain with oral anti-inflammatory preparations [11]. Recent
metanalyses have shown effect sizes of intra-articular
corticosteroid and hyaluronic acid of variable molecular
weight to be similar [9, 12]; hence, physicians have further
support to consider the attributes of HA for treatment along
the continuum from early to advanced osteoarthritis [3, 13].

Several HA compounds are currently utilized worldwide by
clinicians which differ in molecular weight composition,
dosing regimens, and claims of efficacy. Specifically, it is
unclear whether differences in efficacy are found among
products [12, 14, 15] while patients receive specific products
without any objective criteria for a given choice. It has been
described that differences in HA molecular weight and
concentrations in the synovial fluid occur among adults with
a shift in the elastic to viscous ratio in osteoarthritis that is
consistent with the degree of severity and character of
symptoms [2]. The knee in dynamic motion requires elastic
composition at optimal molecular weight (MW) in balance
with viscous needs. For example, high-frequency loading
through synovial fluid is dissipated through a dynamic change
in hyaluronic acid toward more elastic modulus compared to
more viscous properties when the load to hyaluronic acid is of
low frequency [2]. While a given HA product has a limited
range of molecular weight typically low, medium, or high, no
product has been designed to provide a complement of
composition that mimics the needs of the active osteoarthritic
knee joint. These attributes may promote a more beneficial
rheological environment in the osteoarthritic joint [16].

We are unaware of any other published studies that have
prospectively followed patients who were administered HA
of combined lower and higher MW. Hence, the purpose of
this study was to evaluate the clinical outcomes of pain at
rest and following walking activity as well as adverse
events, the use of concomitant therapeutic modalities and
patient satisfaction following randomization to one of intra-
articular viscosupplementation with a lower (500–730 kDa),
higher (6 million Da), or combined lower and higher MW
(dual molecular weight (DMW)) hyaluronic acid in osteoar-
thritis of the knee.

Materials and methods

Subjects

Patients were recruited consecutively from three indepen-
dent sites in a large primary care referral center in Ontario,
Canada. From these referral sources, patients who were
prescribed a series of three weekly HA injections to control

symptoms were randomized to receive one of three HA
compositions: lower molecular weight (LMW) HA, higher
molecular weight (HMW), combined lower and higher
molecular weight and different concentrations (DMW) or
saline placebo. Randomization was done using a computer-
generated random number table. Physicians and patients
were blinded to assignment (syringes were covered to
conceal any details of product or volume).

At entry, all patients had, in the index knee, radiographic
evidence of grade 1 to 3 medial compartment osteoarthritis
[17], did not exhibit non-arthritis-related disease, and gave
consent as approved by the University of Western Ontario
ethics review board. Other exclusion criteria included: end-
stage OA or previous use of intra-articular corticosteroid or
HA within the previous 6 months. The study was funded in
part by the Canadian Institutes of Health Research.

Assessment

Baseline assessment included demographic data (age,
gender, body mass index, comorbidities and concomitant
medications). All patients qualified for prescription of intra-
articular HA injection based on history of unilateral knee
pain and disability, radiographic evidence of osteoarthritis
(as above), and a visual analogue scale (VAS) non-weight-
bearing seated rest pain score of at least 45 mm out of
100 mm. Patients could refuse this treatment and hence
were not followed. Outcome measures included those
recommended previously [18, 19].

The primary efficacy variable was improvement in self-
paced 40-m walking pain VAS [7]. Secondary outcomes
included improvement in seated rest pain VAS, patient
global satisfaction using a 5-point numerical scale, presence
of adverse events, and concomitant medications.

Assessments were conducted at baseline V1, and prior to
each injection at visits 2, 3 and 4, and follow-up visits at 4
(V5) weeks, 12 (V6) weeks, and 16 (V7) weeks (Fig. 1).

Intervention

Low molecular weight solution of HA was a marketed
product of 0.50–0.73×106 Da and the high molecular
weight HA was a marketed product of 6 million kDa, both
indicated for intra-articular injection for knee osteoarthritis.
Two milliliters of LMW and HMW were injected using an
aseptic technique and a medial approach. No anesthetic was
used either topically or intra-articularly. Each injection
(three) was performed 1 week apart (±2 days) by an
experienced clinician. All injections were initiated after
baseline and follow-up assessments of VAS and global
satisfaction which were performed by an independent
technician. The DMW preparation consisted of 0.7 ml of
sterile 2.2% LMW (0.58–0.78×106 Da) sodium hyaluro-
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nate and 0.7 ml of sterile 1% HMW (1.2–2.0×106 Da)
sodium hyaluronate. Viscoelastics were separated by a
Debiopass™ stopper within a prefilled 3-ml sterile syringe.
Injection was conducted for the LMW and HMW prepara-
tions as described above. Patients were free to seek
additional therapeutic modalities including physical therapy
and analgesics (including nonsteroidal anti-inflammatory
drugs (NSAIDs)) but not intra-articular therapies prior to
their presentation for follow-up. All concomitant treatments
were recorded.

All injections were provided free of charge while neither
participants nor the studywas subsidized by anymanufacturer.

Statistical analysis

Analysis of variance with repeated measures and X2 test
were used to test for differences from baseline character-
istics of the group among the primary and secondary
outcomes at each injection series interval. Analyses were
conducted using sigma stat (SPSS Inc., Chicago, IL, USA)
and Microsoft Excel (Microsoft Corp, Redmond, WA,
USA). Significance was established at p<0.05 and included
95% Confidence Intervals (CI).

Results

Subject characteristics

Recruitment of participants was conducted over 6 months
from referrals for assessment of osteoarthritis of the knee.

The study population did not differ in baseline character-
istics from the total referral group over the recruitment
period. Subject disposition is shown in Fig. 2. Reasons for
non-participation in the study included referral from a
distant center, request for an alternate HA product and
refusal to provide consent for intra-articular therapy. Study
population and total referral baseline demographics are
given in Table 1. There were no statistical differences
between the study and referral populations at baseline. Most
patients (79%) presented with unilateral knee osteoarthritis.
In patients with bilateral symptoms, only the more
symptomatic knee (on VAS) was used for the purposes of
the study. Themean duration of symptomswas 7.4±4.1 years.
Baseline mean seated resting VAS was 54.7±11.6 mm, 95%
CI (41.4–58.5) and walking VAS was 76.7±9.4 mm, 95% CI
(72.1–82.2).

Severity of knee osteoarthritis at baseline radiograph was
graded as follows: 148 grade 1, 41 grade 2, and 11 grade 3.
Overall concomitant medications use at baseline for
osteoarthritis included acetaminophen (62%), NSAID–
cyclooxygenase-2 (60%), and nutraceuticals (38%). Thir-
teen percent used physical therapy and/or bracing.

Ten subjects (placebo=3; DMW=2; LMW=1; HMW=
4) dropped out for non-study-related reasons. There
were no serious adverse events. Non-serious adverse
events included pain and local swelling at the injection
site (21%), erythema at the injection site (12%), and
stiffness in the index knee (7%). There was no
difference between groups for any of these reported
events. None of the adverse events resulted in delay in
study procedures.

V1 V2 V3 V4 V5 V6 V7

Treatment
(HA Injections)

Key: V1 = Visit 1, V2 = Visit 2, V3 = Visit 3, V4 = Visit 4, V5 = Visit 5, V6 = Visit 6, V7 = Visit 7 

4 weeks 12 weeks 

Assessment Assessment Assessment 
Fig. 1 Time scale of clinical
trial
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Table 1 Baseline characteristics of experimental group and all other
referrals during 3-month recruitment period

Variable Placebo,
N=50

DMW,
N=50

LMW,
N=50

HMW,
N=50

Age (years) 71±8 68±6 69±5 71±9
Gender
(female; n)

30 28 27 29

BMI (kg/m2) 27.2±2.1 26.9±3.0 27.3±2.1 26.7±2.6
Years of OA
symptoms

7.4±4.1 6.9±5.0 8.1±6.0 9.1±6.7

Grade knee
OA (1 or 2; n)

39 41 41 38

Use of
concomitant
OA therapies (n)

3±1 2±1 3±2 2±1

Prior use of
HA product (n)

10 7 9 7

Values mean±SD

Subject disposition during study protocol

Assessed for eligibility 
(N=225) 

Enrollment 

Randomized 
(n=200) 

Excluded (n=25) 

Not meeting inclusion criteria (n=13) 

Refused to participate (n=12) 

Allocation 
n=20 

Placebo 
(n=50) 

DMW 
(n=50)

HMW 
(n=50) 

LMW 
(n=50) 

Received treatment 
(n=50) 

Received treatment 
(n=50)

Received treatment 
(n=50) 

Received treatment 
(n=50) 

Dropout placebo 
(n=3) 

Dropout DMW 
(n=2) 

Dropout HMW 
(n=4) 

Dropout LMW 
(n=1) 

Follow up 

Analysis 

Analyzed 
(n=200) 

Data imputed 
(n=10) 

Fig. 2 Subject disposition
during study protocol
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Fig. 3 Changes in walking VAS at 4, 12 and 16 weeks
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Follow-up

At 4, 12, and 16 weeks, respectively, the change in walking
VAS pain was significantly improved from baseline in all
three active treatment groups: LMW (73.6%, p<0.001;
81.3%, p<0.001); HMW (69.1%, p<0.001; 78.1%, p<
0.001), and DMW (79.6%, p<0.001; 89.3%, p<0.001;
Fig. 3). There was no significant change in the placebo
group at any time point. Patients in the DMW group had
significantly greater improvement at 4, 12, and 16 weeks
(p<0.007) compared to the other active treatment groups
which did not differ from each other. Furthermore, the
improvement in walking VAS pain was significantly greater
from baseline and compared to other treatments at V3 (after
the second injection) for DMW with no further changes
following the third injection at 12 or 16 weeks follow-up
(Fig. 3). Similarly, rest VAS pain was significantly
decreased in all three active treatment groups from baseline
at 4, 12, and 16 weeks; however, there was no significant

difference among groups (Fig. 4). Use of concomitant
therapeutic modalities at 4 weeks was not different among
the active treatment groups and was low. In contrast, the
placebo group significantly increased (p<0.001) the use of
analgesics (i.e., Tylenol) at 4, 12, and 16 weeks while,
significantly more LMW patients used concomitant thera-
peutic modalities at 16 weeks compared to the other two
groups (p<0.05). Global satisfaction was significantly
higher for the DMW group compared to the other groups
at 16 weeks (p<0.005; Fig. 5). There was no difference
between those with unilateral vs. bilateral knee OA.

Discussion

This study observed a significant improvement in pain at
rest and with activity among patients with osteoarthritis of
the knee randomized to one of LMW, HMW, or combined
(DMW) HA interventions. However, we also observed that
patients administered the DMW HA showed significantly
lower activity-related pain, with fewer adverse events (low
overall for all three treatments) and fewer concomitant
therapeutic modalities after 16 weeks compared to either
LMW or HMW-only treatments. DMW patients achieved
maximum improvement in VAS pain following the second
injection which was greater than the other treatments at any
time point. Furthermore, patients in the DMW group
showed significantly greater scores of satisfaction with
their treatment at 12 and 16 weeks compared to the other
two groups. These findings suggest combination of HA of
lower and higher ranges of MW may provide patients with
a more physiologically dynamic HA viscosupplementation
and hence a more responsive synovial rheology that
improves pain and function in their osteoarthritic knee.
DMW is in a dual chamber syringe containing HA of both
high and low molecular weights at low and high concen-
trations. HA of varying molecular weights have been
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compared and yet there has been no conclusive evidence to
support the superiority of any of them. HA concentration may
play a more definite role and some published evidences
suggest a direct effect over the viscosity of the synovial fluid as
well as helping boundary lubrication and thin-film lubrication,
both mechanisms which are implicated in the joint [20]. DMW
contributes to the synovial fluids by increasing its elastic
deformation when under load and hydrodynamic effect which
forces contacting surfaces apart when the pressure of the load
is deforming them [21]. This attributes to a higher capability
of the synovial fluid in the protection of the joint and in
weight bearing and moving [20].

Previous reports have described the efficacy of HA in
patients with osteoarthritis of the knee [6–9]. Our findings
in all three groups support HA as effective in improving
symptoms and function in osteoarthritis of the knee with
few adverse events. However, we were also interested in
testing the hypothesis that synovial fluid, being a dynamic
component of knee adaptation to loading of both high and
low frequency, may, when compromised by the presence of
osteoarthritis, require tailored viscosupplementation of HA
that covers both the low and high ranges of MW needs.
This concept is not new. Balasz and Denlinger [2] described
a trend toward a progressive loss of a balance between
elastic and viscous synovial fluid composition with pres-
ence (and progression) of osteoarthritis of the knee while
Greenberg et al. [16] have more recently described the
biochemical benefits of two different HAs in a co-culture
model of OA. Hence, symptoms of pain with activity, of
differing degree in different patients that changes in
severity in time, may be related to this alteration of
synovial fluid rheology. Viscosupplementation with HA is
a therapeutic attempt to provide temporary relief of
osteoarthritis symptoms based on these analogies. However,
available products vary in the ranges of MW they contain—
primarily being in lower or higher MW [14]. Hence, it seems
reasonable to postulate that current viscosupplementation
may fall short in providing patients with the mellieux of HA
MW range they need to control their symptoms.

The key findings in our study was the significant
improvement in pain and function with less use of
concomitant therapies among patients randomized to
DMW HA compared to either LMW or HMW alone.
Furthermore, improvement was achieved with only two
injections of DMW suggesting the benefit of combining
two MWs may provide effects sooner and to a greater
degree than with a HMW or LMW products alone.
Limitations include the absence of longer-term data in
terms of patient efficacy as well as comparison of multiple
combinations of MW ranges and concentration of HA.

These limitations await further investigation. We utilized
widely available HA products with standard dosing and
injection regimen. However, it is possible that alternate

dosing regimens, perhaps utilizing alternate molecular
weight and concentration of HA could further impact these
findings (including longer duration of effects) and require
future investigation.

Hyaluronic acid injections were highly satisfactory to
patients with each HA series and included a very low rate
of local adverse events. This supports previous reports that
HA treatment of osteoarthritis of the knee is a safe,
effective therapeutic option. Our findings suggest that
alteration of MW range may further improve outcomes in
these patients.
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