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Abstract The goal of this study was to determine whe-
ther hyaluronic acid (HA) or progressive knee exercises
(PE) can improve functional parameters in patients with
osteoarthritis (OA) of the knee. In a prospective clinical
trial 200 knees (105 patients) with radiographic Kellgren
Lawrence grade III OA were randomized and received
either three intra-articular injections of hyaluronic acid
(Hylan G-F 20) at one-week intervals or PE for 6 weeks.
Patients were evaluated by use of the Hospital for Spe-
cial Surgery (HSS) Knee Score and followed-up for
18 months. Total HSS score for HA and PE patients
improved from 62.6±13.8 to 88.8±11.1 and from
65.4±12.3 to 88.3±9.1, respectively, at the end of the
trial (P<0.01). There were no statistically significant
differences between the groups. Twenty-one patients of
the HA group were excluded from the study because
they had received another form of therapy. All patients
in the PE group completed the trial. The patients who
dropped out had also significant improvement from
57.0±12.9 to 76.7±11.9 (P<0.01). This prospective
randomized trial confirmed that both HA injections and
PE result in functional improvement. HA injections also
increase the levels of satisfaction of the OA patients.
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Introduction

Current therapeutic strategies in osteoarthritis (OA) of
the knee are challenging. Although several options are
available for symptomatic treatment of OA including
simple, analgesics, non-steroidal anti-inflammatory
drugs (NSAID), weight loss, exercise and physical
therapy, intra-articular injection of corticosteroids and
hyaluronic acid (HA) preparations, no medical inter-
vention has been shown to halt disease progression or
reverse joint damage [1–3].

Hyaluronic acid is an unbranched high-molecular-
weight polysaccharide distributed throughout the body
[4] and is an important component of synovial fluid and
cartilage [5]. Randomized, controlled clinical trials of
intra-articular injections of HA for knee OA have pro-
duced variable results [2, 4–18]. These trials have in-
cluded patients of different age, disease severity, number
of injections, and duration of follow-up. Although these
trials have compared HA with placebo [4, 7, 8, 12, 15–
18], NSAID [6, 19], corticosteroids [13, 14, 20, 21], or
mucopolysaccharide polysulfuric acid ester [22], review
of the literature revealed only one study comparing the
effects of HA with those of physical therapy [23], even
though the benefits of exercise therapy to OA patients
are well known [24, 25].

The aim of this study was to compare the effects of
HA injections with progressive knee exercise (PE) in a
randomized clinical trial with long-term follow-up.

Materials and methods

The series consisted of 105 patients (200 knees) with
primary OA of the knee as defined by the American
College of Rheumatology criteria [26], and all were
seeking treatment. All patients had Kellgren Lawrence
grade III OA with narrowing of joint space and sclerosis
of the subchondral bone [27]. Any patient with radio-
graphic appearance of pseudocysts was defined as
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Kellgren Lawrence grade IV OA and excluded from the
study. All radiographs (AP, lateral, Merchant) and were
evaluated by two of us (VK, IG) and if consensus was
not achieved the patient was not included in the study.

All patients were assessed with full medical exami-
nation and details of medication during the last year.
Patients receiving NSAID were asked to discontinue
them for the duration of the study, beginning from
15 days before the study. If this was not possible, be-
cause of other diseases, the patients were excluded from
the study.

Exclusion criteria included previous fracture around
the knee, inflammatory arthritis, previous intra-articular
injections or any other invasive procedure in the knee,
significant comorbidity (renal, hepatic, or heart disease),
and chicken or egg allergy.

After written informed consent of the patients was
received, patients with bilateral knee involvement (95
patients) were given a number and, by drawing lots with
a computer program (Excel 2000), 48 of them were en-
rolled into the HA group and 47 into the PE group. The
remaining ten patients with unilateral involvement were
distributed into the groups, four for the HA group and
six for the PE group, by the same method. As a result
there were 100 knees in each group (52 patients in the
HA group and 53 in the PE group).

Before the treatment the knee function of all patients
was evaluated using the Hospital for Special Surgery
(HSS) Knee Score criteria that is based on a total of 100
points. The score is divided in to seven categories: pain,
function, range of motion, muscle strength, flexion
deformity, instability, and subtractions. Scores from 100
to 85 points are considered excellent; scores from 84 and
70 are good; scores from 69 to 60 are fair, and scores less
than 60 are considered poor [28].

The HA group received three injections of hyaluronic
acid (Synvisc; Hylan G-F 20, Wyeth, Turkey) separated
by one-week intervals. In bilateral cases, both knees
were injected.

The exercise program included a series of progressive,
simple, range of motion and resistance exercises for six
weeks. The exercise program was taught to the partici-
pants by two physical therapists (ZG and AS) and per-
formed in home-based regimen, with the patients
coming to the hospital at 1, 2, 3, and 6 weeks to learn the
exercises. The details of PE program are displayed in
Table 1.

All patients in both groups were evaluated at 1, 2, 3,
6 weeks and after 3, 6, 12, and 18 months by a physical
therapist who was blind to the study.

intent-to-treat analyses

The results of treatment were assessed during each pa-
tient visit. In the intent-to-treat analysis the study was
designed to have 80% power to detect a 1-unit difference
between the two treatment groups with respect to the
total HSS scores for each of the end points, with 5%

Type I error in two-sided hypothesis tests. All patients
who received at least one intra-articular HA injection
were included in the intent-to-treat analyses. In addition
to the analyses of the intent-to-treat population, analy-
ses were done on patients who completed the study and
had no major protocol violations. Progress of patients in
both groups was analysed by the Kaplan–Meier method
[29]. Change from baseline within treatment groups was
assessed using Wilcoxon’s signed ranks test, whereas
differences between treatment groups were assessed
using Mann–Whitney U tests. v2 tests were used to
analyse categorical variables. Analysis of variance with
repeated measures was applied to the efficacy data from
the beginning of the study to 18 months of follow-up. A
P value of <0.05 was considered significant. All data
analysis was performed using SPSS for Windows, ver-
sion 10.0.

Patients, who were dropped from the study for any
reason were evaluated separately.

Results

intent-to-treat population

The 105 patients constituted the intent-to-treat popula-
tion. The demographic data and the baseline disease
characteristics at the start of the trial are displayed in
Table 2. There were no statistically significant differ-
ences between demographic data or clinical data used in
the study.

Discontinuation of treatment

In the intent-to-treat population, 31 patients in the HA
group (59.6%) and 53 patients in the PE group (100%)
completed the 18-month study. Progress of patients is
displayed in Fig. 1. The causes of discontinuation are
listed in Table 3.

Effectiveness population

The effectiveness population consisted of 84 patients (31
patients in the HA group and 53 patients in the PE

Table 1 Description of the progressive knee exercises program

Week Exercise

1 Isometric exercises (Quadriceps femoris muscle),
terminal knee extension exercises (Quadriceps
femoris muscle), stretching exercises (hamstrings
and hip flexor muscles), active knee range of
motion exercises, advices for daily living activities

2, 3 Strengthening exercises for hip muscles,
progressive resistive exercises (Quadriceps
femoris and hamstring muscles)

6 Proprioceptive exercises, closed kinetic chain
exercises
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group) who completed the 18-month study without
major violations. The demographic data and the base-
line disease characteristics at the start of the trial are
listed in Table 2. There were no statistically significant
differences among demographic or clinical data in the
intent-to-treat population. After drop out of 21 patients,
however, the PE group had more women.

Treatment outcomes, as the change from the baseline,
are given in Table 4. Although there were improvements
in all parameters used in the study for both HA and PE
groups in the first 6 months, some differences between
the groups were detected. At 1, 2, 3, and 6 weeks, the
improvement in pain during transfer activity was sta-
tistically significant in favour of the PE group (P=0.042,
0.000, 0.010, and 0.024, respectively). After that time
statistically significant differences were measured be-
tween the HA group and the PE group, for example pain
during activity (6 weeks and 3 months), walking dis-

tance (3 months), and total HSS score at 3 months
(P=0.039, 0.001, 0.012, 0.023, respectively). Although
all patients improved when compared with baseline
values, there were no statistically significant differences
between the groups at six months (Table 4).

Table 4 shows the improvement that had occurred in
each parameter at 12 and 18 months. Although all pa-
tients in the PE group completed the trial, 21 patients
(42 knees) of the HA group were excluded from the
study for various reasons. These patients were evaluated
separately.

After 12 and 18 months all patients in both groups
had improvement from baseline. When the groups were
compared, however, the PE group was significantly
better at performing transfer activity and had better
total HSS score at 12 months. Results from evaluation
of the patients at the beginning and at the end of the
study are listed in Table 5. All patients in both groups

Table 2 Baseline characteristics of the 105 patients with osteoarthritis studied. Mean (SD)

Characteristics intent-to-treat population Effectiveness population

HA group (n=52) PE group (n=53) P value HA group (n=31) PE group (n=53) P value

Age (years) 57.8 (12.1) 55.3 (13.6) 0.383 56.7 (13.1) 55.3 (13.6) 0.985
Sex (men/women) 8/44 7/46 0.307 5/26 7/46 0.016
Body mass index (kg m�2) 27.9 (5.6) 28.3 (4.9) 0.183 29.1 (5.8) 28.3 (4.9) 0.236
Pain during activitya 4.0 (4.3) 4.5 (4.7) 0.503 4.2 (4.4) 4.5 (4.7) 0.832
Pain at resta 7.8 (5.2) 9.1 (4.8) 0.208 8.5 (5.0) 9.1 (4.8) 0.467
Pain during climbing stairsa 2.5 (1.1) 2.5 (1.1) 0.711 2.5 (1.1) 2.5 (1.1) 0.957
Pain during transfer activitya 2.9 (1.4) 3.1 (1.4) 0.144 2.7 (1.2) 3.1 (1.4) 0.052
Walking distancea 8.1 (3.5) 7.9 (3.3) 0.326 8.3 (3.6) 7.9 (3.3) 0.315
Range of motion (�) 113.2 (15.2) 114.4 (12.5) 0.355 113.9 (14.4) 114.4 (12.5) 0.879
Total HSS score 62.6 (13.8) 65.4 (12.3) 0.419 64.1 (12.3) 65.4 (12.3) 0.258

SD standard deviation, HA hyaluronic acid, PE progressive knee exercises
HSS Hospital for Special Surgery
aGraded by the HSS score

Fig. 1 Kaplan–Meier curve showing the progress of the patients in the study. Data in the graph represent the intent-to-treat population
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had statistically significant improvement. Mean changes
in each parameter during the study are displayed in
Figs. 2 and 3.

In the HA group 21 patients with bilateral involve-
ment were excluded from the study (six patients at
12 months and 15 patients at 18 months), because all
had received another form of therapy (Table 3). When
the mean baseline total HSS score (57.0±12.9) of these
patients was compared with the last values (76.7±11.9),
there was statistically significant improvement
(P=0.0002).

Throughout the study no complications arising from
HA injection, for example pain, effusion, synovitis,
haemarthrosis, or septic arthritis, were recorded.

Discussion

For symptomatic treatment of OA of the knee, thera-
peutic options other than NSAID may benefit patients
by reducing the morbidity associated with the latter [2].
Although HA preparations have been used to treat OA
of the knee for more than 20 years, most experience has
been much more recent [2, 6, 9–11, 18]. Review of the
literature revealed several clinical trials comparing HA
with placebo [4, 7, 8, 12, 15–18], NSAID [6, 19], corti-
costeroids [13, 14, 20, 21], and mucopolysaccharide
polysulfuric acid ester [22]. The benefits of exercise
programs for OA of the knee are also well-known [24,
25]. In the study of Petrella and Bartha [30] a simple 8-
week home-based exercise program improved pain and
functional performance over and above that seen with
NSAID treatment alone. Puett and Griffen [31] reviewed
15 controlled trials of non-invasive therapy for OA from
1966 to 1993 and concluded that exercise reduced pain

Table 3 Details of the patients excluded from the study

Patient Exclusion reason Exclusion
time(months)

Baseline
HSS score

Last HSS
score

1 Exercise 12 69 77
2 Exercise 12 26 74
3 Exercise+NSAID 12 56 77
4 Exercise 12 50 83
5 Exercise 12 67 87
6 NSAID 12 68 89
7 NSAID 18 51 59
8 Exercise 18 31 83
9 NSAID 18 57 71
10 Exercise 18 65 82
11 Exercise 18 74 98
12 Exercise 18 71 87
13 Exercise 18 68 86
14 Exercise+NSAID 18 67 58
15 Prosthesis 18 47 85
16 Prosthesis 18 45 70
17 NSAID 18 58 53
18 NSAID 18 49 61
19 Exercise 18 54 67
20 Exercise 18 56 87
21 Exercise 18 70 78

NSAID non-steroidal anti inflammatory drugs, HSS Hospital for
Special Surgery

Table 4 Mean improvement from baseline (effectiveness population)

Group 1 week 2 weeks 3 weeks 6 weeks 3 months 6 months 12 months 18 months

Pain during activity HA 3.4 5.2 5.9 6.3a 6.8a 5.0 6.1 8.7
PE 2.7 4.6 4.4 4.6 4.1 5.7 5.7 7.6

Pain at rest HA 1.5 3.1 4.1 3.9 4.3 3.1 3.1 5.2
PE 1.6 2.8 3.1 3.6 3.3 3.3 3.8 4.1

Pain during climbing stairs HA 0.3 0.6 0.7 0.8 0.8 0.7 0.7 1.4
PE 0.2 0.5 0.5 0.7 0.7 0.7 0.7 1.2

Pain during transfer activity HA 0.2 0.5 1.1 1.2 1.4 1.3 1.1 1.4
PE 0.6a 0.9a 1.2a 1.3a 1.2 1.2 1.5a 1.1

Walking distance HA 0.9 1.6 1.8 2.1 2.4a 1.3 1.3 2.1
PE 0.7 1.5 1.4 2.2 1.8 1.8 2.0 2.4

Range of motion (�) HA 0.3 1.1 1.8 3.0 3.5 3.8 4.7 4.7
PE 0.7 2.0 2.7 3.5 3.4 3.4 3.4 3.4

Total HSS score HA 6.7 12.3 15.8 16.2 18.8a 14.4 14.1 24.7
PE 7.9 13.3 14.4 16.1 14.6 14.6 17.3a 22.9

HA hyaluronic acid, PE progressive knee exercises, HSS Hospital for Special Surgery
aIndicates statistically significant improvement compared with the other group

Table 5 Treatment outcomes. Mean (SD)

Group Baseline 18 months

Pain during activity HA 4.2 (4.4) 12.9 (3.4)
PE 4.5 (4.7) 12.1 (3.1)

Pain at rest HA 8.5 (5.0) 13.7 (2.5)
PE 9.1 (4.8) 13.2 (3.0)

Pain during climbing stairs HA 2.5 (1.1) 3.9 (1.4)
PE 2.5 (1.1) 3.7 (1.4)

Pain during transfer activity HA 2.7 (1.2) 4.1 (1.3)
PE 3.1 (1.4) 4.2 (1.3)

Walking distance HA 8.3 (3.6) 10.4 (2.8)
PE 7.9 (3.3) 10.3 (2.1)

Range of motion (�) HA 113.9 (14.4) 118.6 (11.5)
PE 114.4 (12.5) 117.9 (9.2)

Total HSSa score HA 64.1 (12.3) 88.8 (11.1)
PE 65.4 (12.3) 88.3 (9.1)

SD standard deviation, HA hyaluronic acid, PE progressive knee
exercises, HSS Hospital for Special Surgery
For all parameters for both groups P=0.000
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and improved function in patients with OA of the knee.
Review of the literature revealed no report comparing
results of exercise therapy with those from HA injec-
tions, however, so this study seems to be the first.

The results of this study indicate that patients with
moderate OA of the knee (Kellgren Lawrence Grade III)
benefit either from three injections of HA or 6 weeks of
exercise therapy. In both groups the results after

Fig. 2 Comparison of both groups throughout the study: A. pain during activity, B. pain at rest, C. pain during climbing stairs, D. pain
during transfer activity, E. walking distance, F. range of motion (degrees) *P<0.05

281



Fig. 2 (Contd.)
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18 months were statistically significantly different from
the baseline values (Table 5). Although there were some
differences between the groups, especially in the short
term (Table 4), long-term results (18 months) showed
improvement was almost equal (Figs. 2 and 3).

The drop out rate of the present study is relatively
high (42 of 200 knees). Although higher rates have been
reported in the literature [2, 12, 21], critical evaluation
of these patients resulted in some important conclu-
sions. First, detailed history is mandatory and should
be recorded for all controls, especially in trials with
long-term follow-up, for such an approach revealed
various form of therapy received by the patients
(Table 3). Interestingly, all patients excluded from the
study were in HA group. Although these patients had
statistically very significant improvement from the
baseline (P=0.0002), the reason for seeking another
form of therapy may be because of the increase in their
satisfaction levels. It is well-known that any form of
treatment has a placebo effect to some extent. During
the study, we observed that the patients in the PE
group continued to perform the exercises irregularly;
treatment of the HA group, however, was stopped at
three weeks. This is probably the reason why about
20% of the HA group sought another form of therapy,
even though their scores were equal to those of the PE
group.

As far as we know, our study has the longest follow-
up of HA patients in the literature (1.5 years). In other
series with long term follow-up trials had been ceased
after one year [4, 8, 13, 15]. As discussed previously, the
exclusion of the patients from our study happened after
a year. So we believe clinical trials of HA injections
should be with longer follow-up.

In this study, we tried to overcome several problems
encountered in HA trials [12, 32]. All our patients had
Kellgren Lawrence grade III osteoarthritis with inter-
observer agreement, all patients in the HA group
received same number of injections, relatively more

patients were evaluated and with longer follow-up.
However, there are still some weak points of the study.
For example our study is not suitable for blind-type
evaluation. The drop out rate after one year necessitates
larger trials with longer follow-up.

Another unique feature of this study is that almost all
of the patients (91%) had bilateral involvement and
both knees were included in the study. Except for range
of motion, it is not logical to include only one knee of
bilateral involvement in measurement of the parameters
of the rating systems when evaluating general perfor-
mance, for example walking distance or climbing stairs,
because the uninvolved healthy or diseased knee may
affect the results either positively or negatively. This may
explain why our results were superior to those of other
series.

Although several complications arising from HA
injections have been reported [4–9, 12, 13, 19, 22, 33], we
observed no complications either minor or major. To
optimize efficacy and minimize adverse effects it is
essential to bear in mind the importance of full aspira-
tion of any synovial fluid present and of meticulous
attention to needle placement [34].

As a result we conclude that hyaluronic acid or
progressive knee exercise are effective in alleviating the
symptoms of osteoarthritis, postponing total knee
replacement for 18 months, and increasing the satisfac-
tion levels of the patients. Additionally bilateral therapy
seems more appropriate.
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