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Clinical Effects of Intraarticular Injection of High
Molecular Weight Hyaluronan (Orthovisc®) in
Osteoarthritis of the Knee: A Randomized, Controlled,
Multicenter Trial
DAVID NEUSTADT, JACQUES CALDWELL, MARY BELL, JOHN WADE, and JOSEPH GIMBEL

ABSTRACT. Objective. To evaluate the efficacy and safety of injection of high molecular weight (HMW) hyaluro-
nan (Orthovisc®) in patients with mild, moderate, and severe knee osteoarthritis (OA).
Methods. A randomized, arthrocentesis-controlled, multicenter trial. Patients (n = 372) were ran-
domized to 4 weekly HMW hyaluronan injections (O4, n = 128), 3 weekly HMW hyaluronan injec-
tions followed by one arthrocentesis (O3A1, n = 120), or 4 arthrocenteses without injection (control
group, A4, n = 124). All patients had knee OA, as determined by Kellgren-Lawrence (K-L) grade,
and Western Ontario and McMaster University Osteoarthritis Index (WOMAC) pain score ≥ 200
mm and < 400 mm in index knee and < 150 mm in contralateral knee. The primary outcome meas-
ure was the proportion of patients achieving a 20% relative and 50 mm absolute improvement from
baseline in WOMAC pain score at Weeks 8, 12, 16, and 22 post-baseline in the index knee.
Secondary outcomes were Patient Global score, Investigator Global score, and Pain on Standing
score.
Results. The evaluable subgroup consisted of patients with K-L grade 2 or 3 at baseline. The com-
parison of O4 versus A4 for the primary outcome approached, but did not reach, significance in the
evaluable subgroup: 76% of O4 patients had ≥ 20% improvement in WOMAC pain score at Week 8
compared to 62% of A4 patients. More O4 patients had ≥ 40% improvement in WOMAC pain score
compared to A4. The effectiveness of the 3-injection regimen (O3A1) was masked by a possible
placebo effect from the needle injection procedure in the A4 (control) group. No differences between
groups were observed with respect to incidence of adverse events.
Conclusion. Our findings indicate that HMW hyaluronan is safe and seems to be effective in the
treatment of mild to severe OA of the knee. (J Rheumatol 2005;32:1928–36)
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Osteoarthritis (OA) is the most common rheumatic disorder
and the leading cause of disability in adults over age 45
years1. At least 21 million Americans have OA2. As the pop-

ulation ages, the number will exceed 32 million, according
to data from the Centers for Disease Control and
Prevention1. Knee OA is extremely common, and some pop-
ulation surveys show that radiologically confirmed OA of
the knee occurs in at least 30% of persons after the age of 50
years, and up to 80% of people older than 75 years3. It is
estimated that in the US about 100,000 people with OA of
the knee are unable to walk independently from bed to bath-
room1. Roughly 300,000 knee joints were surgically
replaced during 19952. The traditional belief that OA is sim-
ply a “wear and tear” condition associated with aging is no
longer tenable. New knowledge on cartilage and the patho-
genesis of OA has fostered interest in additional approaches
for prevention and treatment of OA.

The current treatment recommendations for knee OA4

include nonpharmacologic measures, such as weight reduc-
tion when needed, and other measures that reduce load and
impact on the knees, such as the use of high stools and high
chairs, walking aids (canes, crutches, walkers) and quadri-
ceps strengthening exercises (isometric quad drill) on a reg-
ular basis. After the basic management program is estab-
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lished, the next step is the addition of medications including
non-opioid analgesics, nonsteroidal antiinflammatory drugs
(NSAID), and judicious use of intraarticular (IA) corticos-
teroid therapy. Numerous traditional (nonselective)
cyclooxygenase (COX-1) and COX-2-specific NSAID
agents are available. IA corticosteroid injection therapy is
often successful in knee OA associated with synovitis or
effusion. IA hyaluronan (hyaluronate, hyaluronic acid) ther-
apy is another therapeutic approach for knee OA unrespon-
sive to conventional measures in patients who have difficul-
ty coping with pain and activities of daily living. IA high
molecular weight (HMW) hyaluronan injection offers an
additional approach for patients who wish to delay or avoid
knee joint replacement surgery.

Hyaluronan (HA), a glycosaminoglycan mainly respon-
sible for the viscosity and lubrication of normal synovial
fluid, has been studied as a substance capable of possibly
restoring the normal properties of synovial fluid and carti-
lage and reducing pain and stiffness in the OA knee5,6.
Several preparations — HMW hyaluronan (Orthovisc®,
molecular weight 1 to 2.9 million Da), sodium hyaluronate
(Hyalgan®, molecular weight 500,000 to 730,000 Da;
Supartz®, molecular weight 620,000 to 1.17 million Da),
and hylan G-F20 (Synvisc®, cross-linked) — approved by
the US Food and Drug Administration are currently avail-
able in the US, Canada, and Europe7-10. These preparations
require 3 (Synvisc®) to 5 (Hyalgan®, Supartz®) IA injec-
tions8-10.

This therapeutic approach has been called viscosupple-
mentation, because initially clinical improvement was
thought to be due to supplementing the viscous properties of
altered pathologic synovial fluid11,12. It may also have a
beneficial protective effect on the chondrocyte, with struc-
ture-modifying improvement. The mechanism of action may
include antiinflammatory effects such as inhibition of
phagocytosis13,14, chemotaxis15, prostaglandin synthesis16,
and removal of oxygen-free radicals17.

Significant adverse effects are limited to rare acute local
reactions, which have occurred only after injection of the
cross-linked hylan G-F20 preparation (Synvisc®). This so-
called “pseudo-septic” reaction18-20 has been reported in
about 2% to 8% of patients injected with Synvisc® 21-23. No
similar reactions have been reported with use of other non-
cross-linked purified preparations, including Orthovisc® 24.

Structural disease modifying activity has been postulated
for hyaluronate injectable therapy, but has not been con-
firmed in human subjects with knee OA. A recent one-year
study25 investigated structural changes by measuring
change in joint space narrowing. Jubb, et al25 reported less
progression of joint space narrowing in patients treated with
hyaluronan compared to placebo. This occurred especially
in subjects with milder radiologic disease at baseline. Such
data suggest a possible strategy for early “preventive” treat-
ment of OA of the knee.

The results of previous hyaluronate studies26-28 led to the
conclusion that IA HA is a worthwhile treatment option to
consider in difficult to treat patients with moderate to severe
OA of the knee [Kellgren-Lawrence (K-L) grades 2 or 3].
Neustadt28 reported the potential for significant clinical
improvement is considerably diminished in patients with
advanced (endstage) disease and severe radiographic
changes (K-L grade 4). These patients, with so-called “bone
on bone” disease, usually will require surgical knee replace-
ment29.

We evaluate the efficacy and safety of 3 or 4 injections of
HMW hyaluronan (Orthovisc®) in patients with OA of the
knee in a randomized, arthrocentesis-controlled, multicenter
trial. We hypothesized that Orthovisc®, a HMW hyaluronan
(1 to 2.9 million Da), could require fewer injections to
achieve the same effectiveness as other hyaluronans.

MATERIALS AND METHODS
Study design. A randomized, arthrocentesis-controlled, double-blind, mul-
tiple dose (3 or 4 injections) clinical trial of highly purified, HMW hyaluro-
nan (Orthovisc®) was carried out at 24 sites in the United States and
Canada during the period January 2001 to December 2002.

Patient eligibility was evaluated during a screening visit before entry
into the study. To ensure patients were blinded to their treatment group
assignment, each patient in each treatment group received 4 injections.
Qualified participants (n = 372) were randomized with equal probability
into one of 3 treatment regimens: 4 HMW hyaluronan injections (O4, n =
128), 3 HMW hyaluronan injections plus one control (arthrocentesis only)
procedure (O3A1, n = 120), or 4 control (arthrocentesis only) procedures
(A4, n = 124). Patients in the O4 group received 4 injections at weekly
intervals of HMW hyaluronan; patients in O3A1 received 3 weekly injec-
tions of HMW hyaluronan followed by one arthrocentesis procedure;
patients in the A4 group received 4 “control” (arthrocentesis only) proce-
dures into the index knee. Four arthrocentesis procedures were used as a
control group only for purposes of the study. Multiple arthrocenteses are
not used as a standard treatment for OA. No injection was administered
after arthrocentesis in the O3A1 or A4 patients.

To mask treatment identity and insure treatment blinding the study
materials were prepackaged in a sealed patient-specific kit. Each study site
had a treating (injecting) physician and a “masked observer.” The masked
observer performed the patient assessments including the physical evalua-
tion, various pain scores, and safety assessments.

The protocol was approved by the appropriate institutional review
boards of each institution. Informed consent was obtained from all subjects
prior to participation in the study.

HMW hyaluronan. Two milliliters (30 mg) of HMW hyaluronan
(Orthovisc®, molecular weight 1.0 to 2.9 million Da) were administered by
IA injection. The hyaluronan was purified from rooster combs and manu-
factured under current good manufacturing practices30.

Intraarticular injections. All injections were administered by either lateral
or medial approach after the instillation of 1% lidocaine hydrochloride
solution. Before any treatment, the joint space was aspirated to dryness, if
fluid was present. Aspiration was attempted at all treatment visits. If the
study involved HMW hyaluronan, the aspirate syringe was replaced with
the study syringe, leaving the needle in place, and the HMW hyaluronan
was injected into the IA space. For arthrocentesis control patients, the nee-
dle was left in the IA space for 5 to 10 s to simulate injection. This time
approximates the duration of an injection containing active medication.

Study protocol. The study protocol required 10 patient visits, including the
screening visit. Potential study participants returned for a baseline visit
after washout of NSAID and analgesics (Week 0). At the baseline visit,
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patients who met the enrollment criteria were randomly assigned to one of
the 3 treatment groups and received the first of the series of the IA study
treatments. Participants then returned for 3 consecutive weeks (Weeks 1, 2,
3) to receive one additional knee injection or arthrocentesis procedure each
week. Patients also returned for followup evaluation at Weeks 8, 12, 16, 22,
and 28 after the first injection. The total duration of the study was 28 weeks.

Study participants completed the Western Ontario and McMaster
Universities (WOMAC) pain score, the Patient Global score, and the Pain
on Standing score at screening and at Weeks 1, 2, 3, 8, 12, 16, 22, and 28.
Acetaminophen, up to 4 g/day, was the only rescue pain medication
allowed. Acetaminophen was not permitted for at least 24 h prior to each
study assessment session.

Participant enrollment. The radiographic eligibility of the patient was
assessed using the K-L grading criteria31. Assessment included a history,
physical examination (range of motion, presence of synovitis or effusion),
and a standing anterior-posterior radiograph (or semiflexed weight-bearing
flexion view). During screening, patients completed a WOMAC Pain Score
to assess the level of pain, stiffness, and functional impairment in each knee
separately. In addition, each patient completed the Patient Global score and
Pain on Standing score and the masked observer completed the Investigator
Global score.

All patients were ≥ 40 years of age and were willing to discontinue all
analgesics and NSAID 7 days before the first injection and for the duration
of the study. All patients had a diagnosis of knee OA according to the
American College of Rheumatology criteria4, a K-L grade of 1, 2 or 3 in
accord with radiographic evidence of knee OA31, and a summed WOMAC
Pain Score32 ≥ 200 mm and < 400 mm (maximum possible score 500 mm)
in the index (treated) knee and < 150 mm in the contralateral (untreated)
knee.

Exclusion criteria included patients who initiated an exercise or physi-
cal therapy program within 3 months, oral or parenteral corticosteroid use
within 30 days, IA injection of steroids into the index knee within 90 days,
IA injection of any hyaluronic substance within the past 9 months, or oper-
ative arthroscopy within 6 months; treatment with anticoagulants; and clin-
ically significant comorbidity (fibromyalgia, peripheral neuropathy, vascu-
lar insufficiency, or hemiparesis) severe enough to interfere with accurate
evaluation.

Major protocol violations included surgery, new medications for addi-
tional conditions, initiation of a new physical therapeutic or exercise regi-
men, and use of proscribed medications. Patients were said to be noncom-
pliant when they missed any patient visit (injection or followup visit).
Outcome measures. Treatment results were assessed during each patient
visit. The primary outcome was the proportion of patients achieving at least
a 20% relative improvement and an absolute improvement of at least 50
mm from baseline in WOMAC Pain Score over 4 assessment points
between Weeks 8 and 22 in the index knee. A questionnaire was used to
measure individual WOMAC Pain Scores related to 5 conditions under
which the patient might experience pain: (1) walking on a flat surface; (2)
going up or down stairs; (3) at night in bed; (4) sitting or lying; (5) stand-
ing upright. Each of the 5 conditions under which the patient might experi-
ence pain was scored using a visual analog scale (VAS) that ranged from 0
mm (no pain) to 100 mm (extreme pain). The WOMAC Pain Score con-
sisted of the sum of these 5 individual 100 mm VAS scores, resulting in a
maximum possible score of 500 mm.

Secondary outcome measures included the Patient Global score,
Investigator Global score, and Pain on Standing score. Each of these scales
used the same VAS, ranging from 0 to 100 mm.

Safety assessment. The safety of treatment was determined from adverse
event reports, records of vital signs, and clinical laboratory tests. Adverse
events were monitored continually during the 28 week trial and were cate-
gorized by frequency, severity, body system, treatment group, and relation-
ship to study procedure, as determined by the investigator. The MedDRA
3.0 coding system (MedDRA, version 3.0, AutoCode CS; TRW Inc.,
Lyndhurst, OH, USA) was used to classify adverse events.

Calculation of sample size. The sample size calculation was based on the
proportion of patients expected to achieve a clinically significant reduction
in WOMAC Pain outcomes. In a previous study21, about 60% of patients
receiving saline injections and 70% of patients receiving 3 injections of
HMW hyaluronan achieved a 20% (and 50 mm) reduction in WOMAC
Pain scores. For arthrocentesis, it was hypothesized that approximately
55% of patients would achieve this level of pain reduction in contrast to the
60% seen for saline injections. To detect this difference between arthrocen-
tesis and the 2 HMW hyaluronan injection series (3 injections and 4 injec-
tions), a sample size of 107 patients per group was required for 80% power
and overall 5% Type I error in a 2-sided hypothesis test. This study enrolled
at least 120 patients per group to allow for a loss of about 10% of random-
ized patients. Sample size was computed using a 2.5% Type I error to rep-
resent the Hochberg adjustment for the comparison of the O4 regimen to
the O3A1 regimen and to the A4 group.

Randomization. A balanced block design was used and patient randomiza-
tion was stratified by sex. Quintiles Inc. (Mt. Laurel, NJ, USA) was respon-
sible for generation of the randomization code, packaging of the study
material into kits, and distribution to sites. The investigational sites
received packaged, numbered kits separately. The next eligible patient was
assigned the lowest numbered available kit according to sex.

Statistical methods. Chi-square p values were used to analyze differences
among treatment groups at each timepoint, and a generalized estimating
equation (GEE) model was used to assess changes over time among treat-
ment groups. GEE models tested for treatment differences while control-
ling for sex, time, and treatment by time interaction to test if treatments sep-
arated over post-baseline observations. In addition, if site or site by treat-
ment interactions were statistically significant, these terms were kept in the
model. All GEE models were based on the observed data. Study success
was defined as a statistically significant difference among treatment
groups.

The planned analyses were conducted with respect for the null hypoth-
esis. The null hypothesis was no treatment difference in the mean trend
over time (Weeks 8 to 22 inclusive) among the control group (A4) and
either or both of the 2 HMW hyaluronan groups (O4 and O3A1) of the pro-
portion of patients achieving at least a 20% level of improvement and an
absolute improvement of at least 50 mm from baseline in WOMAC Pain
score. The alternative hypothesis was a difference in the mean trend over
time among the groups. The Hochberg procedure was used to control the
overall Type I error at 5%. The p values were computed for O4 and O3A1
versus A4 and then ranked as more significant (lesser of the p values) and
less significant (greater of the p values). If the greater p value was below
0.05, then significance was to be claimed for both comparisons to A4; if the
greater p value exceeded 0.05, then significance could still be declared for
the more significant comparison if the smaller p value was less than 0.025.

A baseline factor analysis was used to compare the baseline character-
istics of the treatment groups. Baseline values were defined as those
obtained at the baseline visit (before first treatment). Differences among
treatment groups were tested using a one-way ANOVA for continuous
measures, a Wilcoxon rank-sum test for ordinal measures, and a chi-square
test (or Fisher’s exact test, as appropriate) for unordered categorical meas-
ures. Global differences among treatment groups were considered statisti-
cally significant if the 2-sided p value was less than 0.05.

Post hoc analyses were conducted to determine the proportion of
patients achieving a 40% and 50% level of improvement in WOMAC Pain
score.

Intent to treat population. All patients who received at least one IA injec-
tion or control treatment were included in the intent to treat and safety
analyses.

Evaluable population. The evaluable population was defined as patients
who received all 4 treatments and at least one followup visit and who had
no significant protocol deviation. The evaluable population was considered
the primary planned analysis population.

Evaluable subgroup. The evaluable subgroup was a subgroup of the evalu-
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able population and consisted of patients with baseline K-L grade 2 or 3
(moderate to severe) radiographic findings and contralateral knee
WOMAC Pain score < 150 mm. This subgroup, eliminating patients with
K-L grade 1 radiographic findings, was identified for supplemental analy-
sis because patients with K-L grade 1 do not have confirmed OA and were
not considered to be an appropriate population for HA treatment. The sup-
plemental analysis repeated all previous analyses on this subgroup, includ-
ing a summary of baseline variables and demographics, GEE analysis of
improvement at 20% (plus 50 mm improvement), 40% and 50% thresholds,
and GEE analysis of the secondary endpoints (WOMAC Pain scores, Pain
on Standing, Investigator Global score, and Patient Global score).
Calculations of Fisher’s exact p values for overall differences in propor-
tions among the treatment groups and pairwise comparisons were conduct-
ed. Asymptotic 2-sided 95% confidence intervals for the difference in the
proportion achieving a response were calculated. Changes from baseline
were analyzed at each timepoint using ANOVA; 95% CI about the differ-
ence in the mean change in each score were calculated.

RESULTS
Patient demographics and baseline disease characteristics.
The 370 patients (128 O4, 119 O3A1, and 123 A4) who
received at least one IA injection constituted the intent to
treat population. Of these, the 336 patients (115 O4, 107
O3A1, and 114 A4) who completed all 4 treatments and at
least one followup visit and had no significant protocol
deviation constituted the evaluable population.

Evaluable population. The demographic and baseline
(summed WOMAC Pain score, Patient Global score,
Investigator Global score, and Pain on Standing score) char-
acteristics of the evaluable cohort indicate no differences
among the 3 treatment groups (Table 1). Mean WOMAC

Pain scores for the index knee at baseline were comparable
in the treatment groups (286.6 ± 60.8 in the O4 group, 289.0
± 50.4 in the O3A1 group, and 294.1 ± 58.6 in the A4
group). Baseline mean WOMAC Pain scores for the con-
tralateral knee were also comparable among the 3 treatment
groups.

The majority of patients in each treatment group had
radiographic evidence of OA in both knees. The distribution
of patients by K-L grade was similar for all groups: K-L
grade 1%–12.5%, 2%–56%, and 3%–43%, respectively.
Use of acetaminophen for knee pain was about 2 tablets per
day in all groups.

Discontinuation of treatment. The intent to treat population
that completed the 28 week study consisted of 128 patients
in the O4 group, 119 in the O3A1 group, and 123 in the A4
group. The most frequent cause of discontinuation was
worsening of symptoms, which occurred in 9 patients in the
O4 group, 8 in the O3A1 group, and 15 in the A4 group
(control group). Sixteen patients were lost to followup and 8
patients were discontinued because of noncompliance. No
significant differences existed among treatment groups with
respect to reasons for discontinuation.

Effect of hyaluronan on knee pain, stiffness, and function
Evaluable population. Within each treatment group (O4,
O3A1, A4) of the evaluable population (n = 336), a statisti-
cally significant (p < 0.0001) improvement from baseline
was observed for all endpoints (WOMAC, Pain on Standing
score, Investigator Global score, Patient Global score).
Among treatment groups, all endpoints indicated clinical
improvements in patients receiving HMW hyaluronan, even
though these differences did not reach statistical signifi-
cance.

The changes from baseline scores for all endpoints com-
pared across the 3 treatment groups are shown in Table 2.
The mean change for WOMAC Pain scores was greater in
the O4 group compared to the A4 group at Week 8 (–144.7
vs –126.0), Week 12 (–146.2 vs –129.5), Week 16 (–145.5
vs –125.8), and Week 22 (–123.7 vs –111.8). The mean
changes from baseline for Investigator Global score were
statistically significant for the O4 group compared to the A4
group at Weeks 8 and 12. The mean change (improvement)
in the O4 group exceeded that of the A4 group at each
assessment. The Pain on Standing score improved by > 25
mm for all 3 treatment groups at all assessment points
(Figure 1). The O4 group changed more than the A4 group,
but this response was not statistically significant. The
Patient Global score mean change (improvement) from
baseline was significant (p = 0.0222) at Week 8 (–37.4 mm,
O4 group; –28.8 mm, A4 group). This continued at Weeks
12 and 16, with significant changes in the O4 treatment
group (Week 12 –38.3 mm; Week 16 –36.3 mm) compared
to the A4 group (Week 12 –28.2 mm; Week 16 –28.2 mm).

The mean daily consumption of acetaminophen during

Table 1. Patient demographics and baseline disease characteristics of
evaluable population.

Treatment Group
Characteristic O4 O3A1 A4

n (%) n (%) n (%)

No. of patients 115 107 114
Mean age, yrs 58.4 ± 8.9 58.9 ± 8.9 59.1 ± 8.3
Sex

Male 63 (54.8) 55 (51.4) 57 (50.0)
Female 52 (45.2) 52 (48.6) 57 (50.0)

Body mass index, kg/m2 28.9 ± 4.2 29.6 ± 4.3 29.4 ± 4.2
Radiographic evaluation, 
K-L grade

0 0 (0.0) 0 (0.0) 0 (0.0)
1 11 (9.6) 17 (15.9) 14 (12.3)
2 56 (48.7) 58 (54.2) 53 (46.5)
3 48 (41.7) 32 (29.9) 47 (41.2)
4 0 (0.0) 0 (0.0) 0 (0.0)

Mean analgesic usage, 2.08 ± 1.8 2.48 ± 2.2 2.05 ± 2.0
tablets/day
Mean WOMAC Pain Score

Index knee 286.6 ± 60.8 289.0 ± 50.4 294.1 ± 58.6
Contralateral knee 66.8 ± 47.4 69.3 ± 46.9 64.6 ± 47.9

Mean patient global score 67.5 ± 15.0 62.4 ± 15.8 64.4 ± 15.5
Mean pain on standing score 65.2 ± 17.9 65.7 ± 16.1 65.5 ± 16.1
Mean investigator global score 58.8 ± 14.5 57.0 ± 14.0 57.6 ± 14.3
Mean synovial fluid volume, ml 0.9 ± 2.73 1.0 ± 3.24 0.9 ± 3.13
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the study was comparable among the 3 treatment groups and
ranged from 1.23 to 1.77 tablets per day.

Evaluable subgroup. The evaluable subgroup consisted of
patients with a K-L grade 2 or 3 at baseline. These are con-
sidered to be most representative of candidates for visco-
supplementation therapy. This group comprised 294 patients
or 87.5% of the evaluable population. Patients with K-L
grade 2 represented 53.8% of the O4 subgroup, 64.4% of the
O3A1 subgroup, and 53% of the A4 subgroup; K-L grade 3
patients were 46.2%, 35.6%, and 47%, respectively.

The patients in the O4 group showed a significantly high-

er degree of improvement at Week 8 (p = 0.0320, 95% CI
–66.1, –3.0) and Week 16 (p = 0.0447, 95% CI –65.2, –0.8)
than the A4 group. Table 3 shows the magnitude of improve-
ment in the WOMAC Pain scores for the index knee, rela-
tive to the baseline value. Seventy-six percent of O4 patients
had ≥ 20% improvement in WOMAC Pain score at Week 8,
compared to 62% of patients in the A4 group (p = 0.0346).
Similar, but not statistically significant, trends were
observed for the O4 group at all other timepoints at the 20%
threshold.

Statistical significance was observed at higher thresholds

Table 2. Treatment outcomes: change from baseline (evaluable population).

Endpoint Group No. of Patients Baseline Week 8 Week 12 Week 16 Week 22

WOMAC O4 115 286.6 ± 60.8 –144.7 ± 113.3 –146.2 ± 119.3 –145.5 ± 119.1 –123.7 ± 123.4
O3A1 107 289.0 ± 50.4 –113.1 ± 121.9 –121.0 ± 120.5 –121.1 ± 123.2 –108.4 ± 124.6

A4 114 294.1 ± 58.6 –126.0 ± 120.2 –129.5 ± 121.7 –125.8 ± 117.6 –111.8 ± 117.0
Investigator global score O4 115 58.8 ± 14.5 –27.9 ± 22.4* –29.1 ± 23.5* –25.4 ± 22.9 –21.7 ± 24.2

O3A1 107 57.0 ± 14.0 –21.9 ± 25.5 –22.7 ± 24.0 –23.0 ± 23.2 –18.3 ± 26.3
A4 114 57.6 ± 14.3 –21.6 ± 20.9 –20.7 ± 21.1 –20.0 ± 23.4 –16.0 ± 21.8

Patient global score O4 115 67.5 ± 15.0 –37.4 ± 28.0* –38.3 ± 28.5* –36.3 ± 29.1* –33.4 ± 29.1
O3A1 107 62.4 ± 15.8 –29.0 ± 30.8 –28.2 ± 30.4 –27.5 ± 30.2 –26.1 ± 30.6

A4 114 64.4 ± 15.5 –28.8 ± 25.6 –28.2 ± 26.7 –28.2 ± 27.0 –26.2 ± 27.5

* Indicates significant difference between treatment group (O4) and control group (A4). P value < 0.05.

Figure 1. Mean change in Pain on Standing score. *Average baseline score: O4 = 64.8; O3A1 = 65.4; A4 = 65.9.
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(40% and 50%) of WOMAC Pain score improvement (Table
3). A statistically significantly greater proportion of O4
patients had a 40% improvement in WOMAC Pain scores
compared to the A4 group at each week of followup (8, 12,
16, and 22 weeks) and a 50% improvement at Weeks 8 and
16. The 40% threshold showed a pronounced distinction
between the O4 group and the A4 group at Weeks 12 and 16.
At all weeks, 14% to 20% more O4 patients reached the
40% threshold than A4 patients.

The change from baseline scores for the Pain on Standing
score, Investigator Global score, and Patient Global score
was compared across treatments (Table 4). The change from
baseline in Pain on Standing score between the O4 group
and the A4 group was statistically significant at Week 12
(Table 4). The change in Investigator Global score and
Patient Global score was significantly (p < 0.05) better for
O4 patients than A4 patients at Weeks 8, 12, and 16. The
Week 22 comparison neared statistical significance (p =
0.0605 Investigator Global score; p = 0.0514 Patient Global
score).

The data indicate the O4 group produced better clinical
outcomes than the A4 group. Because the A4 group
achieved a better than expected improvement, no statistical
differences were seen between the A4 group and the O3A1
group. The A4 group showed a strong placebo effect.

Safety profile of HMW hyaluronan
Intent to treat population. All patients who received one IA
injection or control treatment were included in the safety
analysis. The adverse event profiles of the 3 treatment groups
are shown in Table 5. Seventy-five patients in the O4 group
(58.6%), 61 in the O3A1 group (51.3%), and 65 in the A4
group (52.8%) reported 201 adverse events. The most fre-
quently reported adverse events were headache, nasopharyn-
gitis, arthralgia, and back pain. A total of 21 (5.7%) patients
reported arthralgia; this included 16 patients in the O4 group,
4 in the O3A1 group, and one in the A4 group.

Potential device-related adverse events were reported in
11 patients in the O4 group, 6 in the O3A1 group, and 4 in
the A4 group. Adverse events directly related to the injection
site (erythema, bruising, or pain) consisted of 5 events in 5
patients in the O4 group, 2 events in 2 patients in the O3A1
group, and 2 events in 2 patients in the A4 group. One
patient in the A4 control group reported severe injection site
pain; all other injection site events were considered slight to
moderate. One patient in the O4 group reported severe joint
swelling that was thought to be treatment-related.

Potentially serious adverse events were reported by 4
patients in the O4 group and 3 patients in the A4 group.
These adverse events included angina, myocardial infarc-
tion, gastrointestinal (GI) hemorrhage, and GI tract cancer.

Table 4. Treatment outcomes: change from baseline (evaluable subgroup).

Endpoint Group No. of Patients Baseline Week 8 Week 12 Week 16 Week 22

Pain on standing O4 104 64.8 ± 18.4 –34.6 ± 28.3 –34.9 ± 30.0* –32.9 ± 30.6 –29.5 ± 31.4
O3A1 90 65.4 ± 16.9 –28.7 ± 28.8 –25.0 ± 29.1 –25.4 ± 29.6 –25.5 ± 30.2

A4 100 65.9 ± 15.8 –27.8 ± 29.7 –26.2 ± 27.9 –26.4 ± 28.1 –24.6 ± 29.9
Investigator global score O4 104 58.8 ± 14.3 –28.3 ± 22.5* –29.3 ± 23.9* –25.7 ± 22.9* –22.0 ± 24.7

O3A1 90 58.2 ± 14.3 –24.1 ± 24.5 –22.7 ± 24.6 –23.1 ± 23.7 –19.7 ± 27.1
A4 100 57.8 ± 14.7 –20.6 ± 20.7 –19.2 ± 20.5 –18.4 ± 23.1 –15.4 ± 21.7

Patient global score O4 104 67.3 ± 14.9 –38.4 ± 27.6* –38.8 ± 28.4* –37.3 ± 27.9* –33.3 ± 28.6
O3A1 90 62.4 ± 16.5 –29.6 ± 30.9 –26.5 ± 30.9 –26.2 ± 30.2 –25.5 ± 30.8

A4 100 64.3 ± 14.9 –27.2 ± 25.8 –26.3 ± 26.1 –26.6 ± 27.2 –25.4 ± 27.3

* Indicates significant differences between treatment group (O4) and control group (A4). P value < 0.05.

Table 3. Number of patients with percentage improvement from baseline in WOMAC pain scores by treatment
group (evaluable subgroup).

Percentage Improvement
20% 40% 50%

O4 O3A1 A4 O4 O3A1 A4 O4 O3A1 A4
(n = 104) (n = 90) (n = 100) (n = 104) (n = 90) (n = 100) (n = 104) (n = 90) (n = 100)

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Week 8 79 (76)* 57 (63) 62 (62) 68 (65)* 47 (52) 51 (51) 62 (60)* 41 (46) 42 (42)
Week 12 79 (76) 56 (62) 67 (67) 72 (69)* 47 (52) 52 (52) 60 (58) 41 (46) 50 (50)
Week 16 89 (77) 61 (68) 67 (67) 70 (67)* 49 (54) 47 (47) 60 (58)* 42 (47) 43 (43)
Week 22 72 (69) 59 (66) 62 (62) 62 (60)* 45 (50) 45 (45) 55 (53) 38 (42) 39 (39)

* Indicates significant difference between treatment group (O4) and control group (A4). P value < 0.05.
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None of the serious adverse events were considered by the
investigator to be related to Orthovisc® treatment. No unan-
ticipated adverse device effect occurred during the study.
There were no patient deaths during the study.

DISCUSSION
Intraarticular hyaluronan injections are an alternative thera-
peutic option for OA of the knee. IA hyaluronan injections
may provide clinical benefit to patients over the long term
by improving joint function and avoiding the potential GI,
cardiovascular, and renal side effects associated with chron-
ic NSAID therapy33,34.

We evaluated the efficacy and safety of 3 or 4 injections
of high molecular weight hyaluronan (Orthovisc®) in
patients with OA of the knee in a randomized, arthrocente-
sis-controlled, multicenter trial. A statistically significant
improvement from baseline was observed within each treat-
ment group (O4, O3A1, A4) in the evaluable population for
all endpoints: WOMAC, Pain on Standing score,
Investigator Global score, and Patient Global score (Table
2). Among treatment groups, clinical improvement was
observed in patients in the evaluable population receiving
the 3-injection (O3A1) and 4-injection (O4) Orthovisc® reg-
imens compared to the control group. Due in part to the
unexpectedly high response rate in the arthrocentesis (A4)
group, statistically significant differences were only report-
ed between the O4 and control (A4) groups for the
Investigator Global score and Patient Global scores, based
on the Hochberg procedure.

This study used arthrocentesis as the control group. This
included aspirating the joint space to dryness, if fluid was
present. Such aspiration may have removed degradative
enzymes and catabolites involved in inflammation. This
improvement may have contributed to the high placebo
response observed in the arthrocentesis group. Such a strong
placebo response has been reported by other investigators
and is well documented35,36. Desmarais37 showed that sim-
ply penetrating the knee joint with a needle without injec-
tion can decrease the degree of pain in some patients with

OA. Similar results were reported by Cederlof and Jonson38.
A similar placebo effect was reported when saline injection
was used as the control24.

All patients entering this study had failed the usual treat-
ments for OA of the knee. The lack of response of the evalu-
able population was due in part to the inclusion of patients
with K-L grade 1 in the evaluable population. Patients with
K-L grade 1 do not have confirmed OA and should not have
been included in this study. Such patients would not be can-
didates for treatment with Orthovisc®. For this reason, the
K-L grade 1 patients were removed from the data set and the
data were reevaluated using this evaluable subgroup. We
believe the evaluable subgroup is the appropriate population
for statistical analysis of the data.

Because of the high rate of response in the arthrocentesis
control group, a significant number of control patients
achieved the 20% improvement threshold established in the
original statistical analysis plan. When 40% and 50% rates
of improvement were assessed in the evaluable subgroup,
further distinctions between O4 and A4 were revealed,
demonstrating superiority of the 4-injection regimen to
arthrocentesis (A4). This analysis showed greater improve-
ment and to a larger degree (40% and 50%) in patients
receiving the O4 regimen compared to the control group.
Maximal improvement was observed at 8 weeks and per-
sisted throughout this study (Weeks 8 to 22).

The control (A4) group did, however, show some
improvement (20%). While a 20% improvement is clinical-
ly meaningful, 40% and 50% improvement are of much
greater clinical significance, reflecting a much more desir-
able clinical outcome with even greater effect on the
patient’s quality of life. Further, 40% to 50% improvement
as a clinical goal is a higher level of response than that
observed in trials of naproxen for OA, where 30% improve-
ment was seen27.

The effectiveness of the 3-injection regimen was masked
by the high rate of response in the arthrocentesis (control)
group. A similar placebo effect was also observed in a pre-
vious study24 with the 3-injection regimen of Orthovisc®

using saline injections as the control. High placebo respons-
es using arthrocentesis and saline injections as the control
have been reported24,35,37,38. Brandt, et al24 reported clinical
improvement in WOMAC Pain score, Patient Global assess-
ments, Investigator Global assessments, and Pain on
Standing compared to saline (control) injections.

Our results indicate that Orthovisc® has an excellent safe-
ty profile, highlighted by a low rate of injection site reac-
tions. There were no device-related serious adverse events,
and device-related adverse events in general were < 9% in
O4 and 5% in O3A1; there was no statistical difference
among the O4, O3A1, and A4 groups in any of the adverse
event comparisons analyzed. In contrast, trials of Synvisc
reported severe acute pseudoseptic reactions21-23; no such
reaction occurred with Orthovisc® in the present study.

Table 5. Adverse events reported by ≥ 1% of patients (by body system):
intent to treat population.

Adverse Event* O4 (n = 128) O3A1 (n = 119) A4 (n = 123)
Patients, n (%) Patients, n (%) Patients, n (%)

Gastrointestinal 10 (7.8) 11 (9.2) 10 (8.1)
General body** 8 (6.3) 13 (10.9) 9 (7.3)
Infections 27 (21.1) 22 (18.5) 23 (18.7)
Musculoskeletal 35 (27.3) 23 (19.3) 21 (17.1)
Nervous system 20 (15.6) 18 (15.1) 26 (21.1)
Psychiatry 1 (0.8) 1 (0.8) 2 (1.6)
Respiratory 5 (3.9) 4 (3.4) 5 (4.1)
Skin 3 (2.3) 1 (0.8) 4 (3.3)

* No significant differences (p < 0.05) were found among the groups. 
** Includes injection site erythema, edema, and pain.
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The rate of injection site pain was 1.6% or less in O4 and
O3A1 groups. In comparison, a trial of Hyalgan® reported a
rate of 23% for injection site pain27. Overall injection site
reactions were < 4% in the Orthovisc® groups in this and
other studies24. Arthralgia was noted in 12.5% of O4
patients; however, only one case was deemed device-relat-
ed. This rate is compared to the 17.8% rate reported with
Supartz® 9. In conclusion, Orthovisc® is extremely safe,
with low incidences of device-related adverse reactions and
a safety profile comparable to the other approved viscosup-
plementation devices.

In summary, our data demonstrate that high molecular
weight hyaluronan (Orthovisc®) is a safe product for treat-
ment of knee osteoarthritis. These data indicate that
Orthovisc® seems to be effective in reducing the pain and
symptoms associated with OA of the knee using a series of
3 or 4 injections. The potential benefit for clinically signifi-
cant pain reduction using Orthovisc® outweighs the poten-
tial risk of a low rate of minor adverse effects.
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