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Abstract
Objectives

To compare the long-term effects of high and low molecular weight hyaluronic acid (HA) applications in severe (Kellgren
Lawrence stage III) osteoarthritis (OA) of the knee.

Methods
In a prospective clinical trial 184 knees (92 patients) with radiographic Kellgren Lawrence stage III OA were random-
ized to receive either 3 intra-articular high molecular weight HA (Hylan G-F 20) injections or 3 low molecular weight

HA (Orthovisc) injections at one-week intervals. Patients were evaluated by the Hospital for Special Surgery (HSS) 
Knee Score and were followed-up for 12 months.

Results
The total HSS score in high molecular weight HA patients improved from 71.8 ±11.6 to 86.7 ±11.6 and in low molecular
weight HA patients from 66.7 ±11.0 to 86.6 ±9.1 at the end of the trial (p < 0.01). There were no statistically significant

differences between the groups and both had improved in all parameters at the latest follow-up (p = 0.000).

Conclusions
Three intra-articular injections at intervals of 1 week of both HA preparations resulted in a pronounced reduction in pain

and improved function as measured by the HSS score during a period of 52 weeks, without complications.
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Introduction
Hyaluronic acid (HA) is a major com-
ponent of the extracellular matrix of
cartilage and the superficial layers of
the synovial membrane and is present
in high concentrations in the synovial
fluid (1). In osteoarthritis (OA) there is
a reduction in the elastoviscosity of the
synovial fluid secondary to a decrease
in the molecular weight and concentra-
tion of HA (2). A number of controlled
studies have documented the therapeu-
tic value of intra-articular applications
of HA (1, 3-16). Several HA prepara-
tions are currently available, in two cat-
egories: low (0.5–2 mDA) and high (6-
7 mDa) molecular weight HA (2, 17).
According to some authors higher mol-
ecular weight HA is more effective
than lowers molecular weight HA (1, 5,
7, 13, 18). However, others found no
difference in the efficacy between the
low and high molecular weight HA
preparations (6, 19). Review of the lit-
erature revealed only four studies com-
paring high and low molecular weight
HA (20-23), but the grade of OA was
not uniform in these series. Since HA
applications have proven to be an ef-
fective treatment for moderate to sev-
ere OA of the knee (24-26), we con-
ducted the present study in order to
evaluate the effects of high and low
molecular weight HA in severe (Kell-
gren Lawrence stage III) OA of the
knee with long-term follow-up.

Materials and methods
The series consisted of 92 patients (184
knees) with primary OA of the knee as
defined by the American College of
Rheumatology criteria (27), and all
were seeking treatment. All patients
had Kellgren Lawrence stage III OA
with narrowing of the joint space and
sclerosis of the subchondral bone (28).
Any patient with radiographic appear-
ance of pseudocysts was defined as
having Kellgren Lawrence grade IV
OA and excluded from the study. All
radiographs (AP, Lateral, and Mer-
chant) were evaluated by two ortho-
paedic surgeons and if consensus was
not achieved, then the patient was not
included in the study. 
All patients underwent a full medical
examination and details of medication

during the last year were recorded. Pa-
tients receiving non-steroidal anti-in-
flammatory drugs were asked to dis-
continue them for the duration of the
study, beginning from 15 days prior to
the study. If not possible due to the pre-
sence of other diseases, then the pa-
tients were excluded from study.
Exclusion criteria included: previous
fracture around the knee, joint effusion,
inflammatory arthritis, previous intra-
articular injections or any other inva-
sive procedure in the knee, significant
comorbidity (renal, hepatic or heart di-
sease), and chicken or egg allergy.
After the written informed consent of
the patients was received, all patients
with bilateral knee involvement were
given a number and using a computer
program (Excel 2000), 46 of them were
randomly assigned to receive low mol-
ecular weight HA (group L) and 46 of
them to receive high molecular weight
hylan (group H).
Prior to the treatment, the knee func-
tion of all patients was evaluated using
the Hospital for Special Surgery (HSS)
Knee Score criteria, which is based on
a total of 100 points. The score is divid-
ed in to seven categories: pain, func-
tion, range of motion, muscle strength,
flexion deformity, instability and sub-
tractions. Scores between 100 and 85
points are considered excellent results;
scores between 84 and 70 points are
good results; scores 69 and 60 points
are fair, and scores less than 60 are con-
sidered poor results (29).
Both groups received three injections
of HA [low-molecular weight HA
(molecular weight 1.55 mDa), Ortho-
visc®, Anika, Biomeks, Turkey and
high-molecular weight hylan; cross-
linked HA (molecular weight 6 mDa),
Synvisc®; Hylan G-F 20, Wyeth, Tur-
key] separated by 1-week intervals. In
all cases, both knees were injected.
All patients in both groups were evalu-
ated at 1, 2, 3, 6 weeks and at 3, 6, 12
months by means of the HSS score.
The physician administered the injec-
tions and an independent physical ther-
apist (not involved in the therapy) as-
sessed the efficacy and safety in the
same patient. In this way, neither the
patient nor the physical therapist was
aware of the nature of the treatment.
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The patient and physician (or physical
therapist) who was responsible for the
evaluation of the patient remained
blinded throughout the entire study.

Intent-to-treat analyses
The results of treatment were assessed
during each patient visit. All patients
who received at least one intra-articular
HA injection were included in the in-
tent to treat analyses. In addition to the
analyses of the intent to treat popula-
tion, analyses were done on patients
who completed the study, had no major
protocol violations. Change from base-
line within treatment groups was as-
sessed using Wilcoxon’s signed ranks
test, where as between treatment group
differences were assessed using Mann
Whitney-U tests. Chi-square tests were
used to analyses categorical variables.
Analysis of variance with repeated
measures was applied to the efficacy
data from the beginning of the study to
12 months of follow-up. A p value of <
0.05 was considered significant. All
data analysis was performed by using
SPSS for Windows, version 10.0.

Results
Intent-to-treat population
The 92 patients constituted the intent to
treat population. The demographic data
and the baseline disease characteristics
at the start of the study are displayed in
Table I. There was no statistically sig-
nificant difference in demographic data
or clinical parameters, except walking
distance, used in the study.

Discontinuation of treatment
In the intent to treat population, 30 pa-
tients in group (63.7 %) and 32 patients
in group H (69.5 %) completed the 12
months study. Progress of patients was
displayed in Figure 1. The causes of
discontinuation are displayed in Table
II.

Effectiveness population
The effectiveness population consisted
of 62 patients (30 patients in group L
and 32 patients in group H) who com-
pleted the 12 months study without ma-
jor violations. The demographic data
and the baseline disease characteristics
at the start of the study are displayed in

Table I. Prior to treatment patients in
group H had more total HSS score (p =
0.02) and could walk more than the pa-
tients in group L (p = 0.000). This dif-
ference in walking distance persisted
up to three weeks but patients in group
L had less pain at rest at 6 weeks (p =
0.01) and less pain at activity at three
months (p = 0.03). However, there was
no difference between the groups at six
and twelve months (Table III). Both
groups improved in all parameters at
the latest follow-up (p = 0.000).
Throughout the study no complications
due to HA injection, such as pain, effu-
sion, synovitis, haemarthrosis or septic
arthritis were recorded.

Discussion
Although the pathogenesis of OA has
been elucidated in great detail, at pre-
sent no definitive treatment exists for
the majority of patients suffering from
this debilitating disease (5). The safety
and efficacy of several HA formula-
tions have been investigated in patients
with OA of the knee (1, 3, 6, 9, 10, 12,
14-16). However, there are conflicting
results about radiographic stages on
treatment outcomes (1, 5-7, 13, 18, 19).
Some studies suggest that HA therapy
is not effective in cases of advanced
OA, especially when architectural chan-
ges have already taken place (1, 5, 7,
13, 18). However, according to Neu-
stadt (24), Waddell et al. (25), and Wen
(26) HA application is effective in mo-

derate to severe OA of the knee. Our
results are in accordance with Neustadt
(24), Waddell et al. (25) and Wen (26),
in that 67.3% of our patients with Kell-
gren Lawrence Stage III improved at
one year of follow-up (Fig. 2). This
point is especially important in that
these patients were candidates for total
knee replacement (TKR) surgery and
our intervention either using high and
low molecular weight HA allowed us
to postpone the surgery.
There are four studies in the literature
(20-23) comparing the effects of high
and low molecular weight HA, but it is
difficult to compare our results with
them. First of all, some series included
patients with different stages of OA
(20-22) or else the staging was not
clear (23). The period of follow-up was
3 months in the studies of Wobig et al.
(20) and Bayramoglu et al. (23) and 6
months in Roman et al. (21). Also, Ro-
man et al. (21) and Bayramoglu et al.
(23) had not powered their studies for
an intent-to treat analysis, but used
only a “completers” analysis. That
these were not an intent-to treat analy-
ses becomes important when trying to
make comparisons, particularly be-
tween different HA preparations. Addi-
tionally, the studies of Roman et al.
(21) and Bayramoglu et al. (23) were
not blinded and the number of patients
included was less than 50. 
Although several complications were
reported due to HA injections (2, 5, 6,

Table I. Baseline characteristics of the 92 patients with osteoarthritis studied, expressed as
the mean (SD).

Characteristics Intent to treat population Effectiveness population

Group H Group L P value Group H Group L P value
(n = 46) (n = 46) (n = 32) (n = 30)

Age (years) 60.5 (9.5) 60.6 (9.6) 0.96 60.9 (9.5) 60.8 (9.3) 0.95

Sex (men/ women) 8/38 9/37 0.70 7/25 7/23 0.08

Body mass index (kg/m2) 30.7 (4.9) 29.6 (4.4) 0.10 29.9 (5.0) 29.2 (4.7) 0.87

Pain at activity* 5.2 (4.7) 4.4 (4.2) 0.23 6.0 (5.1) 4.3 (4.4) 0.06

Pain at rest* 8.1 (5.0) 9.1 (4.5) 0.21 8.8 (4.6) 9.4 (5.2) 0.36

Pain during climbing stairs* 2.1 (0.6) 2.1 (0.7) 0.51 2.2 (0.8) 2.1 (0.8) 0.41

Pain during transfer activities* 2.6 (1.2) 2.5 (1.1) 0.81 2.7 (1.3) 2.4 (1.0) 0.06

Walking distance* 8.3 (3.3) 5.4 (3.6) 0.00 8.4 (3.2) 5.1 (3.5) 0.00

Range of motion (degrees) 114.4 (9.2) 113.0 (10.0) 0.12 115.5 (7.4) 115.6 (8.7) 0.94

Total HSS** score 70.1 (11.7) 67.7 (10.3) 0.10 71.8 (11.6) 66.7 (11.0) 0.02

* Graded by the HSS score; ** Hospital for Special Surgery.
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8, 13, 14, 19-22, 30), we observed no
complications, either minor or major,
in the two HA groups. It is essential to
bear in mind the importance of full as-
piration of any synovial fluid that is
present and meticulous attention to
needle placement in order to optimize
efficacy and minimize adverse effects
(31). 
On the basis of this prospective, ran-

Fig. 1. Comparison of both groups throughout the study.
A. Pain at activity (*p < 0.05)
B. Pain at rest (*p < 0.05)
C. Pain during climbing stairs
D. Pain during transfer activities
E. Walking distance (*p < 0.05)
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Table II. Details of the patients excluded from the study.

Reason for exclusion Group H Group L
(pt. no.) (pt. no.)

Lost to follow-up 3 4
Due to lack of efficacy 4 5
Free from pain 3 3
Prosthesis 2 4
Second injection cure 2 -

Total 14 16



Hyaluronan in advanced OA of the knee / V. Karatosun et al. 

217

domized, double-blind study of pa-
tients with more advanced knee OA
(stage III), we conclude that three intra-
articular injections at intervals of one
week of either HA preparation pro-
duced a marked reduction in pain and
improved function by the HSS score
during a period of 52 weeks, without
complications. The data presented sug-
gests that both HA preparations may
present well tolerated alternatives to
non-steroidal anti-inflammatory drugs
or the intra-articular injection of corti-
costeroids.

References
1. FRIZZIERO L, GOVONI E, BACCHINI P:

Intra-articular hyaluronic acid in the treat-

ment of osteoarthritis of the knee: clinical
and morphological study. Clin Exp Rheuma-
tol 1998; 16: 441-9.

2. MARSHALL KW: Intra-articular hyaluronan
therapy. Curr Opin Rheumatol 2000; 12:
468-74.

3. BRANDT KD, BLOCK JA, MICHALSKI JP,
MORELAND LW, CALDWELL JR, LAVIN PT:
Efficacy and safety of intraarticular sodium
hyaluronate in knee osteoarthritis. ORTHO-
VISC Study Group. Clin Orthop 2001; 385:
130-43.

4. SCALE D, WOBIG M, WOLPERT W: Visco-
supplementation of osteoarthritic knees with
hylan: a treatment schedule study. Curr Ther
Res 1996; 55: 643-7.

5. NAMIKI O, TOYOSHIMA H, MORISAKI N:
Therapeutic effect of intra-articular injection
of high molecular weight hyaluronic acid on
osteoarthritis of the knee. Int J Clin Pharma-
col Ther Toxicol 1982; 20: 501-7.

6. LEARDINI G, MATTARA L, FRANCESCHINI

M, PERBELLINI A: Intra-articular treatment
of knee osteoarthritis. A comparative study
between hyaluronic acid and 6-methyl pred-
nisolone acetate. Clin Exp Rheumatol 1991;
9: 375-81. 

7. MILTNER O, SCHNEIDER U, SIEBERT CH,
NIEDHART C, NIETHARD U: Efficacy of in-
traarticular hyaluronic acid in patients with
osteoarthritis. A prospective clinical trial.
Osteoarthritis Cartilage 2002; 10: 680-6.

8. DIXON AS, JACOBY RK, BERRY H, HAMIL-
TON EB: Clinical trial of intra-articular in-
jection of sodium hyaluronate in patients
with osteoarthritis of the knee. Curr Med Res
Opin 1988; 11: 205-13.

9. LISTRAT V, AYRAL X, PATARNELLO F et
al.: Arthroscopic evaluation of potential
structure modifying activity of hyaluronan
(Hyalgan®) in osteoarthritis of the knee. Os-
teoarthritis Cartilage 1997; 5: 153-60.

10. DOUGADOS M, NGUYEN M, LISTRAT V,
AMOR B: High molecular weight sodium hy-
aluronate (hyalectin) in osteoarthritis of the
knee: a 1 year placebo-controlled trial. Oste-
oarthritis Cartilage 1993; 1: 97-103.

11. GOORMAN SD, WATANABE TK, MILLER EH,
PERRY C: Functional outcome in knee
osteoarthritis after treatment with hylan G-F
20: a prospective study. Arch Phys Med
Rehabil 2000; 81: 479-83. 

12. WOBIG M, DICKHUT A, MAIER R, VETTER
G: Viscosupplementation with hylan G-F 20:
a 26-week controlled trial of efficacy and
safety in the osteoarthritic knee. Clin Ther
1998; 20: 410-23.

13. EVANICH JD, EVANICH CJ, WRIGHT MB,
RYDLEWICZ JA: Efficacy of intraarticular
hyaluronic acid injections in knee osteo-
arthritis. Clin Orthop 2001; 390: 173-81.

14. ALTMAN RD, MOSKOWITZ R: Intraarticular
sodium hyaluronate (Hyalgan) in the treat-
ment of patients with osteoarthritis of the
knee: a randomized clinical trial. Hyalgan
Study Group. J Rheumatol 1998; 25: 2203-
12.

Table III. Mean improvement from baseline (effectiveness populations).

1 2 3 6 3 6 12 
Group week week week week months months months

Pain at activity Group H 3.3 4.2 5.2 5.2 4.6 5.3 5.1
Group L 4.8 6.0 7.0 7.0 7.5* 7.0 6.5

Pain at rest Group H 3.0 4.3 4.1 4.2 4.6 5.1 4.3
Group L 3.5 4.0 4.4 4.7* 4.0 4.1 4.0

Pain while climbing stairs Group H 0.4 0.8 0.9 0.9 1.3 1.0 1.2
Group L 0.7 1.2 1.4 1.3 1.5 0.9 0.9

Pain during transfer activities Group H 0.6 0.8 1.3 1.4 1.4 1.3 1.4
Group L 1.1 1.2 1.7 1.7 2.0 1.7 1.9

Walking distance Group H 1.0 1.8 1.8 1.8 1.7 1.7 1.8
Group L 2.8* 2.4* 2.6* 4.0 4.1 4.4 4.5

Range of motion (degrees) Group H 3.7 4.9 5.6 6.8 6.4 5.5 5.8
Group L 2.8 3.1 4.5 7.4 7.4 4.3 6.4

Total HSS** score Group H 9.3 12.9 14.4 14.7 15.0 16.0 14.9
Group L 14.2 16.5 18.7 20.4 20.8 21.0 19.9

* Indicates statistically significant improvement as compared to the other group.
** Hospital for Special Surgery.

Hospital For Special Surgery Score

Weeks

S
co

re

Fig. 2. Mean Hospital for Special Surgery Score.



Hyaluronan in advanced OA of the knee / V. Karatosun et al.  

218

15. LOHMANDER LS, DALEN N, ENGLUND G
et al.: Intra-articular hyaluronan injections in
the treatment of osteoarthritis of the knee: a
randomised, double blind, placebo controlled
multicentre trial. Hyaluronan Multicentre
Trial Group. Ann Rheum Dis 1996; 55: 424-
31.

16. ADAMS ME, ATKINSON MH, LUSSIER AJ et
al.: The role of viscosupplementation with
hylan G-F 20 (Synvisc®) in the treatment of
osteoarthritis of the knee: a Canadian multi-
center trial comparing hylan G-F 20 alone,
hylan G-F 20 with non-steroidal anti-inflam-
matory drugs (NSAIDs) and NSAIDs alone.
Osteoarthritis Cartilage 1995; 3: 213-26.

17. AYRAL X: Injections in the treatment of os-
teoarthritis. Best Pract Res Clin Rheumatol
2001; 15: 609-26.

18. LUSSIER A, CIVIDINO AA, MCFARLANE C,
OLSZYNSKI WP, POTASHNER WJ, MEDICIS
R: Viscosupplementation with Hylan for the
treatment of osteoarthritis: findings from
clinical practice in Canada. J Rheumatol
1996; 23: 1579-85.

19. HENDERSON EB, SMITH EC, PEGLEY F,
BLAKE DR: Intra-articular injections of 750
kD hyaluronan in the treatment of osteo-
arthritis: a randomised single centre double-
blind placebo-controlled trial of 91 patients
demonstrating lack of efficacy. Ann Rheum
Dis 1994; 53: 529-34.

20. WOBIG M, BACH G, BEKS P et al.: The role
of elastoviscosity in the efficacy of viscosup-
plementation for osteoarthritis of the knee: a
comparison of Hylan G-F 20 and a lower-
molecular weight hyaluronan. Clin Ther
1999; 21: 1549-62.

21. ROMAN JA, CHISMOL J, MORALES M,
DONDERIS JL: Intra-articular treatment with
hyaluronic acid. Comparative study of Hyal-
gan and Adant. Clin Rheumatol 2000; 19:
204-6.

22. KARLSSON J, SJOGREN LS, LOHMANDER
LS: Comparison of two hyaluronan drugs and
placebo in patients with knee osteoarthritis.
A controlled, randomized, double-blind, par-
allel-design multicentre study. Rheumatology
2002; 41: 1240-8.

23. BAYRAMOGLU M, KARATAŞ M, ÇETIN N,
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