
Long-term efficacy and safety of intra-articular sodium
hyaluronate (Hyalgan®) in patients with osteoarthritis 

of the knee

D.H. Neustadt

Department of Medicine, University of Louisville, Louisville, Kentucky, USA

Abstract
Objective

This prospective cohort study evaluated the long-term efficacy and safety of 5 weekly intra-articular (i.a.)
injections of sodium hyaluronate (Hyalgan®) in 76 patients (92 knees) with moderate to severe 

osteoarthritis (OA) of the knee whose pain was not controlled by conventional measures. 

Results
Thirteen patients had a repeat treatment course. A total of 72% of patients achieved >50% improvement

(defined by physical examination and assessment of pain using a visual analog scale [VAS]) for 1 year or
longer; 9% of patients failed to achieve >50% improvement for any period of time. The duration of

response exceeded 2 years in some patients. Total knee replacement surgery was avoided or significantly
delayed in 15 of 19 patients who were considering surgery prior to the injections. Ten of 15 (67%) knees

improved after a repeat treatment course. Local adverse events were minor and infrequent. 

Conclusion
Intra-articular sodium hyaluronate was an effective and safe treatment for pain in difficult-to-treat patients

with moderate to severe OA of the knee.
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Introduction and rationale
H ya l u ronan (hya l u ro n at e, hya l u ro n i c
acid) is a glycosaminoglycan produced
by ch o n d ro cytes and synovial cells,
and it is found in the synovial fluid and
cartilage of the knee and other synovial
joints. Its viscous nat u re plays an
important role in regulating the rheo-
logic properties and homeostasis in the
joint (1,2). This biological matrix with-
in the articular space is altered in
osteoarthritis (OA) of the knee, and can
progress to the eventual destruction of
the articular cartilage. The pathologic
changes include a decrease in total con-
c e n t ration and ave rage molecular
weight of the hyaluronans (hyaluronic
acid) in the synovial fluid (3).
The clinical use of intra - a rticular (i.a.)
injections of high-molecular we i g h t
hya l u ro n a n s , so called “ v i s c o s u p p l e-
m e n t at i o n ” , in patients with OA of the
knee was introduced 10 ye a rs ago in
E u ro p e, and more than 7 ye a rs ago in
Canada. In 1997, this fo rm of tre at-
ment was ap p roved for marketing by
the US Food and Drug A d m i n i s t rat i o n
( F DA) for the relief of pain due to OA
of the knee in patients who have not
responded to conventional measure s
(4-8). Current A m e rican College of
R h e u m at o l ogy (ACR) guidelines fo r
the tre atment of OA of the knee
i n clude the use of i.a. hya l u ronans as
an altern at ive or adjunct therapy to
other nonpharm a c o l ogic and pharm a-
c o l ogic ap p ro a ches (9). Hya l ga n®

(sodium hya l u ro n at e, FIDIA S. p . A . ,
Pa d u a , I t a ly) is a nat u ra l ly - d e rive d
500–730 kDa molecular weight fra c-
tion of puri fied hya l u ronan that is FDA
ap p roved for administration in a
c o u rse of three to five i.a. injections at
we e k ly intervals (7).
Randomized, controlled clinical trials
have demonstrated that the majority of
patients experience clinical benefit for
periods up to 26 weeks, and sometimes
longer, from a single series of i.a. sodi-
um hyaluronate therapy (10-12). More-
over, unlike another hyaluronan prepa-
ration marketed in the United States,
sodium hyaluronate (Hyalgan®) has no
safety restrictions in its label related to
an acute reaction occurring as an after-
math of the injection (6, 7).
The objective of this study was to eval-

uate the long-term efficacy and safety
(1 to 2 years) of a course of 5 i.a. injec-
tions of sodium hyaluronate adminis-
t e red in a clinical office setting in
patients with moderate to severe OA of
the knee (Kellgren-Lawrence grades 2
to 4), and whose pain was inadequately
c o n t rolled by conventional therap i e s .
The effi c a cy and safety of a rep e at
t re atment course of sodium hya l u ro -
nate was also evaluated in a small sub-
group of patients.

Patients and methods
Patients
S eventy-six patients (92 knees) with
moderate to severe osteoarthritis (OA)
of the knee whose pain was not con-
trolled by conventional measures were
studied. All patients, male and female,
ranging in age from 40 to 80 years, had
OA of the knee for more than 3 years,
with a Ke l l gre n - L aw rence class of
grades 2 to 4, and chronic knee pain
with difficulty on prolonged standing
and walking. No patient was excluded
because of age or any other reason and
all patients who re c e ived sodium
hyaluronate for OA of the knee during
the study period were included in the
data analysis. 

Study design
Five i.a. injections of 20 mg of sodium
hya l u ro n ate we re administered at we e k-
ly intervals. All injections were carried
out by the same injector. This was an
“open” study and there was no placebo
control. Clinical assessment was car-
ried out at baseline, weekly at the time
of injections, at the end of the series, at
6 months, 12 months, and 24 months,
by physical examination and outcome
measures of pain, night pain, and pain
on walking, using categorical assess-
ment and a visual analog scale (VAS)
of 1 to 10. Quality of life was assessed
by measuring Activities of Daily Liv-
ing (ADL) befo re and after therapy.
Each subject served as his or her own
c o n t rol. Standing antero p o s t e ri o r
ra d i ographs of the knees we re per-
formed at baseline, and 1 and 2 years
after completion of therapy.

Safety
Monitoring was carried out at each visit
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for any possible tre at m e n t - re l at e d
undesirable or adverse effects.

Baseline patient characteristics
D e m ographic ch a ra c t e ri s t i c s , b a s e l i n e
ra d i o l ogic cl a s s , and previous i.a.
steroid therapeutic status are shown in
Table I. Male and female patients with
a mean age of 64 ± 7.4 ye a rs we re
i n cluded in the study; 60% of the
p atients we re > 65 ye a rs of age. A l l
patients had OA of the knee for more
than 3 years. The duration of OA was
over 7 years in the majority of patients
with mean duration of 15.3 years. The
majority of patients (73%) had previ-
o u s ly re c e ived i.a. steroid injections.
Other previous drugs or tre at m e n t s
included agents commonly used in the
treatment of OA, such as a variety of
n o n s t e roidal anti-infl a m m at o ry dru g s
and non-narcotic analgesics (i.e. ,
acetaminophen and/or Darvocet N100).
A total of 92 injections of hyaluronate
were administered to 76 patients with
OA of the knee. Ten patients (3%) had
b i l at e ral injections, and 13 pat i e n t s
(17%) had a repeat course of treatment
administered to the same knee because
of inadequate response or early recur-
rence of pain. The majority of knees
were rated as Kellgren grade 3 (54/92
knees [58.7%]). 

Results
Efficacy
The results for overall assessment of
pain at baseline, at 5 weeks (after com-
pletion of therapy), and at 6, 12, and 24
months are shown in Table II. A total of
72% of patients achieved a >50% im-
provement (reduction in VAS score) for
1 year or longer. Only 3 patients (3.8%)
did not demonstrate any clinical bene-
fit. Twelve of 15 patients who had been
scheduled for total knee replacement
(TKR) surgery (based on history) no
longer considered the procedure neces-
sary.
Quality of life effects measured by
ADL,such as effects on walking, rising
from a low seat, climbing steps, and
getting in and out of a car, frequently
showed improvement.

Duration of response/clinical benefit
The duration of clinical benefit wa s

ascertained by looking at the patients’
c at ego rical assessment of pain over time.
As shown in Table III, some patients
c o n t i nued to ex p e rience no pain or
slight pain for up to 2 years. The mean
d u ration of response was 9±0.5 months.

Efficacy of sodium hyaluronate 
according to OA grade
Clinical improvement correlated some-
what with the stage of disease severity,
as related to radiologic joint space nar-
rowing. As shown in Figure 1, sodium
hyaluronate was effective in the major-
ity of patients with Kellgren grade 2
and 3 OA , resulting in clinical improve-
ment in 71% and 62% of those patients,
respectively; slightly less than half of
the patients with grade 4 OA (42%)
exhibited clinical improvement as well.
Reduced analgesic intake or use of
assistive walking devices was noted in
64%, 49%, and 27% of patients with

grades 2, 3, and 4 OA, respectively;
overall, 50% of patients reduced their
a n a l gesic intake. More ove r, no add i-
tional loss of radiologic joint space was
noted in any radiographs taken 1 year
after completion of therapy. 

Repeat treatment with sodium
hyaluronate
A total of 13 patients (15 knees)
received a repeat course of treatment
with sodium hyaluronate in the same
knee for either an inadequate initial
response or early recurrence of pain.
Ten of 15 knees (67%) exhibited clini-
cal improvement after a repeat treat-
ment course when assessed 6 we e k s
after the completion of therapy.

Safety
No systemic adverse effects were noted
during the 1- to 2-year follow-up peri-
od (Table IV). A dve rse events we re

Table I. Baseline patient characteristics.

Characteristic Patients
(N = 76)

Sex, n (%)
Male 60 (79)
Female 16 (21)

Mean age (± SD) 64 (± 7.4)

Patients > 65 years, n (%) 46 (60)

Ethnicity, %
White 88
Black 11
Other 1

Mean duration of disease, years 15.59 ± 3.7
> 5 years, % 95
> 10 years, % 68

Radiologic class, n (%) (n = 92 knees)
Kellgren grade 2 26 (28)
Kellgren grade 3 54 (59)
Kellgren grade 4 12 (13)

Previous i.a. steroid therapy, n (%) 67 (73)

Table II. Overall assessment of pain (VAS) (N = 92 knees).

Pain VAS rating Baseline End of series 6 months 12 months 24 months

None 0 0 0 6 5 4
Slight 1–3 0 50 (55%) 32 (35%) 25 (28%) 12 (13%)
Moderate 4–6 28 (31%) 38 (42%) 16 (18%) 9 7
Severe 7–9 54 (59%) 3 4 3 1
Extreme 9 or > 10 (11%) 1 0 0 0

Lost to FU or TKR 34 (37%) 50 (55%) 68 (74%)

FU: follow-up; TKR: total knee replacement; VAS: visual analog scale.
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minor and infre q u e n t , and incl u d e d
brief post-injection pain, minor bruis-
ing at the injection site, rare headache,
and nausea. Injection-site re a c t i o n s
were generally transient and required
only reassurance of the patient and the
ap p l i c ation of ice. No pseudosep t i c
reactions we re encountere d, and no
p atient withdrew from the series of
injections befo re completion because
of adverse effects.

Discussion
The efficacy and safety for up to 26
weeks of a 5-injection course of sodi-
um hyaluronate for treatment of OA of
the knee has been demonstrated in a
number of randomized controlled clini-
cal trials (10-13). In the United States,
a ra n d o m i ze d, saline- and nap roxe n -
c o n t ro l l e d, multicenter trial of 5 i.a.
injections of sodium hyaluronate was
carried out in 495 patients with OA of

the knee (10). Sodium hya l u ro n at e -
t re ated patients demonstrated signifi-
cantly greater beneficial effects com-
pared with patients in the saline control
group, and similar pain relief compared
with the patients re c e iving nap roxe n
500 mg twice daily. A dve rse eve n t s
were generally minimal and limited to
injection-site pain or bru i s i n g, a s
opposed to the significantly higher rate
of ga s t rointestinal complaints in the
group re c e iving nap roxen. These re -
sults were confirmed in a similar large
placebo-controlled trial carried out in
the United Kingdom (12).
Despite the efficacy observed in clini-
cal tri a l s , it is important to eva l u at e
effectiveness in a less controlled clini-
cal setting. Controlled clinical trials are
s o m ewh at art i ficial with constra i n t s ,
such as generally restricting enrollment
to patients with Kellgren grade 2 or 3,
and ex cluding patients with more
advanced disease (Kellgren grade 4).
Many of the latter OA patients are can-
didates for TKR surgery, which is a last
resort for patients whose pain is not
controlled by the usual comprehensive
t h e rapeutic ap p ro a ches. The majori t y
of patients in the present study had OA
of grades 3 or 4 (72%) and most had
received i.a. steroids without obtaining
significant duration of benefit. More-
ove r, although 26-week studies have
indicated that efficacy does not appear
to wane significantly within that peri-
od, longer-term studies are necessary to
establish the duration of pain relief that
can be obtained with a single course of
sodium hya l u ro n at e. A 12-month, o p e n -
l ab e l , u n c o n t rolled multicenter study
conducted in Au s t ria eva l u ated the
l o n g - t e rm effi c a cy and safety of i.a.
sodium hya l u ro n ate in 108 pat i e n t s
with OA of the knee, and also exam-
ined in a small subset of patients the
efficacy and safety of a repeat course of
injections for the re c u rrence of pain
(14). After a single course of treatment,
significant pain relief was observed in
more than 80% of patients and this was
maintained in over 90% of these pa-
tients at a 12-month follow-up. Signifi-
cant benefit in a number of effi c a cy
p a ra m e t e rs was also obtained in a gro u p
of 14 patients who received a repeat
treatment course. The safety and effica-

Table III. Duration of response/clinical benefit (N = 92 knees).

Degree of pain* Baseline End of series 6 weeks 6 months 12 months 24 months ++

None 0 4 7 5 6 3

Slight 1+ 0 31 (34%) 34 (37%) 29 (32%) 21 (23%) 11 (12%)

Moderate 2+ 13 (14%) 50 (55%) 32 (35%) 20 (22%) 12 (13%) 7

Severe 3+ 73 (80%) 6 5 3 3 1

Extreme 4+ 6 1 0 0 1 0

Lost to FU or TKR 0 0 14 (15%) 35 (38%) 49 (54%) 70 (76%)

* Categorical assessment of pain

Fig. 1. Effectiveness of sodium hyaluronate in Kellgren-Lawrence (radiologic) categories. The per-
centage of patients (N = 76 patients, 92 knees) with Kellg ren-Lawrence grade 2, 3, or 4 who showed
clinical improvement (defined as a > 50% reduction in the VAS score for pain at rest, night pain, and
pain on walking) or reduced analgesic consumption and/or use of assistive walking devices (consider-
ing only patients who showed improvement for > 1 year).

Table IV. Adverse effects reported during the 1- to 2-year follow-up period (N = 92
knees)*.

Adverse effects Percentage of patients

Injection-site pain 20%
1–2 hours after injection 12%
24 hours after injection 2%

Injection-site bruising 9%
24 hours after injection 4.7%

Headache, 24 hours after injection 7.5%

Nausea 3%

* No systemic adverse events, no “dropouts”
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cy of up to 5 repeat courses of i.a. sodi-
um hya l u ro n ate over 25 months (regard-
less of whether pain recurred) was also
demonstrated in a study involving 75
patients reported by Scali (15).
The data from our study augments
o b s e rvations from controlled and
u n c o n t rolled clinical tri a l s , p rov i d i n g
evidence for the ameliorative effect and
safety of a 5-injection course of sodium
hyaluronate in difficult-to-treat patients
whose pain has not been controlled by
other approaches, including those with
advanced OA who may have been con-
sidered as candidates for joint replace-
ment. Although patients with Kellgren
grades 2 or 3 OA experienced some-
what greater benefit than did patients
with more severe OA (71% and 62%
improvement in patients with grades 2
and 3, respectively), nearly half (42%)
of patients with advanced OA derived
clinical improvement.

The power of the needle
In the absence of blinding or control
group, it is relevant to comment on the
confounding factor of the “Power of
the Needle”. It is important to point out
that sham knee injections provide tran-
sient relief of symptoms in a certain
p e rc e n t age of patients. Howeve r, a l -
most all of the patients in this data base
we re long-term “ ve t e ra n s ” of seve re
OA , who had endured a va riety of
forms of therapy in the past without
obtaining significant benefit. In addi-
t i o n , it was unusual for patients to
report any improvement until after the
third injection, and in many instances,
not until after the fourth or fifth injec-
tion. Thus, the occurrence of a strong
placebo effect in this group of patients

is considered to be highly unlikely. 
Conclusion
In concl u s i o n , this clinical rep o rt of
patients with moderate to severe OA of
the knee indicated that treatment with
i.a. sodium hyaluronate was effective in
the majority of patients, and may have
p revented or delayed TKR in some
patients with end-stage (Kellgren grade
4) disease. Twelve patients were able to
avoid scheduled TKR surge ry, a n d
additional patients were able to delay
the surgery. Significant pain relief was
noted up to 2 years after completion of
therapy in many patients. Repeat radio-
graphs of the injected knee demonstrat-
ed no new or progre s s ive ch a n ge s .
Sodium hya l u ro n ate demonstrated an
excellent safety profile, and was associ-
ated with only minor and infre q u e n t
local adve rse reactions. The fi n d i n g s
also confirm the efficacy and safety of
a r epeat course of sodium hyaluronate
t re atment for the re c u rrence of pain.
These results indicate that i.a. sodium
hyaluronate, as either a single course or
in repeated courses of treatment, is a
wo rt h while tre atment option in diffi-
cult-to-treat patients with moderate to
s eve re OA whose pain has not been
controlled by usual conventional treat-
ment options.
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