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Results  Two patients in each group were lost to fol-
low-up. No adverse events occurred. All groups experi-
enced improvements at 1-month follow-up. No further 
improvements could be detected within groups over time. 
At 1-month follow-up, WOMAC pain subscale showed 
significant improvement in group 3 compared to group 1 
(p  =  0.043). WOMAC pain, stiffness and function sub-
scales showed that group 2 significantly worsened between 
1 and 6 months after treatment (p = 0.004, p = 0.026 and 
p  =  0.025, respectively). AROM revealed no significant 
differences between and within groups over time.
Conclusions  Intra-articular HA injections and individu-
alized rehabilitation programmes administered in isolation 
or in combination are effective in improving knee function 
and pain relief. The combined treatment showed the great-
est pain relief at 1-month follow-up compared to either in 
isolation. Compared to the previous studies, this is the first 
study, which proposed an EBR programme tailored to the 
compartment of the knee joint most involved in the degen-
erative process.
Level of evidence  I.

Keywords  Knee osteoarthritis · Injections · Exercise-
based programmes · Hyaluronic acid

Introduction

Knee osteoarthritis (OA) is one of the most common 
joint disorders in the world, and its prevalence increases 
with age. It affects approximately 15  % of adults 
older than 45 years and about 50 % of those aged over 
75  years [2, 25]. Numerous treatment strategies have 
been proposed, and several guidelines have been pro-
duced by international scientific authorities, such as the 

Abstract 
Purpose  To assess the efficacy of intra-articular hyalu-
ronic acid (HA) injections and exercise-based rehabilitation 
(EBR) programme, administered as isolated or integrated 
for the treatment of knee osteoarthritis.
Methods  One hundred sixty-five patients affected by 
moderate degrees of knee OA were randomly divided into 
three groups. Group 1 (HA) underwent three HA injections 
(one every 2  weeks); group 2 (EBR) underwent 20 treat-
ment sessions in a month of an individualized programme; 
and group 3 (HA + EBR) received both treatments simul-
taneously. Primary outcome was the Italian version of the 
Western Ontario and McMaster Universities (WOMAC) 
Osteoarthritis Index; secondary outcome was the evaluation 
of active range of movement (AROM). All patients were 
evaluated before and 1, 3 and 6  months after treatment. 
Significance was set at p < 0.05.
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European League Against Rheumatism (EULAR) [11], 
the American College of Rheumatology (ACR) [13], the 
Osteoarthritis Research Society International (OARSI) 
[23, 38–40], the UK National Institute for Health and 
Clinical Excellence (NICE) [26], the European Soci-
ety for Clinical and Economic Aspects of Osteoporosis 
and Osteoarthritis (ESCEO) [5]. A broader approach 
includes prevention through the reduction in risk fac-
tors, such as obesity [9, 11, 16], and combined interven-
tions that can slow down the progression of the disease. 
Non-surgical treatments, which aim to reduce pain and 
improve or, at least, stabilize function, include: physi-
cal therapy and/or rehabilitation programmes, use of oral 
corticosteroids or non-steroidal anti-inflammatory drugs 
(NSAIDs), intra-articular injections of corticosteroids, 
hyaluronic acid (HA) or platelet concentrates [3, 4, 6, 7, 
12, 17, 22, 24, 28].

According to the recent literature, exercise therapy 
remains one of the first-line options [12, 33]. It is funda-
mental to restore a muscle balance and a correct load dis-
tribution, thus relieving pain and improving function. How-
ever, the optimal exercise regimen has not been identified 
yet [20]. Several studies showed that intra-articular injec-
tions of HA and oral NSAIDs have comparable efficacy on 
symptoms, but fewer systemic adverse events have been 
reported in the HA trials [4]. On the other hand, in com-
parison with the intra-articular corticosteroids injections, 
the HA showed longer term benefits, especially between 
the 5th and 13th week after treatment [17].

Comparative studies between intra-articular HA injec-
tions and physical therapy did not show statistically sig-
nificant differences between the two treatments [18, 20]. 
However, few studies assessed the efficacy of isolated intra-
articular injections or exercise-based rehabilitation (EBR) 
or physical therapy modalities compared to integrated treat-
ments [14, 34]. No previous studies compared the clinical 
efficacy of intra-articular HA injections isolated or associ-
ated with an EBR programme tailored to the compartment 
of the knee joint most involved in the degenerative process 
(medial or lateral tibio-femoral or patello-femoral). The 
purpose of the present study was to assess the efficacy of 
intra-articular HA injections and individualized EBR pro-
gramme, administered as isolated or integrated therapeutic 
regimens for the treatment of knee OA. The hypothesis of 
the study was that the difference between the three thera-
peutic regimens is significant.

Material and methods

This study was designed as a blinded, prospective, ran-
domized controlled study and took place from February 
2009 through January 2013.

Participants

Participants were recruited among patients referred for 
knee pain to the outpatient clinic of the Orthopaedic Insti-
tute of the Department of Geriatrics, Neuroscience and 
Orthopaedics, “Agostino Gemelli” University Hospital at 
the Catholic University of Rome, Italy, between June 2009 
and July 2012.

Two hundred and one patients who have accepted 
our invitation to enter the study and who have signed an 
agreement disclosure form were enlisted for this study. All 
patients were carefully informed about the expected ben-
efits of the procedures.

Men and women aged 18  years or older in good gen-
eral health with knee OA according to the ACR diagnostic 
criteria [13] were eligible for inclusion. Knee malalign-
ment (varus or valgus deformity) and OA were confirmed 
by radiographic examinations in different views: weight-
bearing anteroposterior (AP), weight-bearing posteroante-
rior (PA) according to Rosenberg, standard lateral view and 
axial patella view at 30° of flexion. Radiographic evidence 
of knee OA was graded according to the Kellgren and 
Lawrence [21] classification for the tibio-femoral OA and 
according to Iwano et al. [15] for the patello-femoral OA. 
Patients with no radiographic evidence of knee OA or with 
severe OA (grade IV according to Kellgren and Lawrence 
[21] and/or stage IV according to Iwano et  al. [15]) were 
excluded. Other exclusion criteria were: inability or unwill-
ingness to sign informed consent, intra-articular injections 
with steroids or hyaluronic acid in prior 6 months, physio-
therapy for knee problems in prior 6 months, congenital or 
acquired inflammatory or neurological (systemic or local) 
diseases involving the knee, chronic treatment with steroids 
or NSAIDs and cognitive or psychiatric disorders.

Randomization

Eligible participants were referred to a physician not 
involved in the study and provided with detailed infor-
mation about the experimental protocol. Patients were 
randomly assigned to one of the three groups of treat-
ment using a random sequence generator (www.random.
org). The randomization list was kept by an independent 
researcher not involved in the study, and allocation to one 
of the three treatment arms was revealed to the patients at 
the time of confirmation of enrolment. Allocation conceal-
ment was performed using closed envelopes.

Interventions

Patients assigned to group 1 (HA group) underwent three 
intra-articular injections (one injection every 2  weeks) of 
high molecular weight hyaluronic acid (Orthovisc 2  ml; 

http://www.random.org
http://www.random.org
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15  mg/ml; Anika Therapeutics Inc., Bedford, MA). All 
devices were supplied as sterile, pre-filled syringes contain-
ing a clear colourless solution. Injections were given by a 
physician experienced in the procedure using a 21-gauge 
needle in aseptic conditions.

Patients assigned to group 2 (EBR group) received a 
detailed programme of knee exercises for a total of 20 treat-
ment sessions in a month (five sessions per week). Patients 
were further divided into three subgroups based on the 
knee compartment that was more involved in the degenera-
tive process (medial or lateral tibio-femoral compartment; 
patello-femoral compartment) (Appendix).

Patients assigned to group 3 (HA  +  EBR group) 
received both treatments at the same time: three intra-artic-
ular injections (one injection every 2 weeks) of high molec-
ular weight hyaluronic acid (Orthovisc 2  ml) associated 
with the same EBR programme assigned to the patients in 
group 2.

In the time interval between the beginning of treat-
ment and the 6-month follow-up, patients were required 
to refrain from any additional pharmacological or physical 
treatment for pain management. No instructions regarding 
activity or home exercise programme during or following 
supervised therapy were provided to the patients during the 
study.

Outcome measures

The primary outcome of the study was the Italian version of 
the Western Ontario and McMaster Universities (WOMAC) 
Osteoarthritis Index, which was proved to be valid and reli-
able, with metric properties in agreement with the original 
version [31]. The scale aims to measure dysfunction and 
pain associated with OA of the lower extremities by assess-
ing 17 functional activities, 5 pain-related activities and 2 
stiffness categories. The Italian WOMAC is available only 
in its visual analogue scale (VAS) format, and all 24 items 
are rated by the subject on a 100-mm VAS ranging from 0 
(indicating no pain, stiffness or difficulty) to 100 (indicat-
ing extreme pain, stiffness or difficulty). The range of the 
WOMAC scores is: 0–500 for pain, 0–200 for stiffness and 
0–1700 for function.

Secondary outcome measure was the objective evalua-
tion of active range of movement (AROM). It was meas-
ured with a goniometer, marked in 1° increments. This 
device has already been reported as reliable (ICC = 0.91–
0.99) [29]. The axes of the goniometer were placed at the 
intersection of the thigh and shank at the knee joint centre 
of rotation (lateral femoral condyle). One arm was placed 
along the lateral aspect of the thigh, following the line from 
the knee joint to the greater trochanter at the hip. The other 
arm was placed along the lateral aspect of the fibula. Meas-
urement of knee flexion was taken in the supine position 

by simultaneously flexing the hip and knee, with the foot 
on the measured side resting on the table as far as possible. 
The fully extended knee was considered zero position, and 
the degrees of maximum flexion were recorded. Measure-
ments were repeated three times, and average values were 
considered for data analysis.

All patients were clinically evaluated before treat-
ment (baseline, T0) and 1  month (T1), 3  months (T3) and 
6  months (T6) after treatment. Outcome measures were 
determined at baseline and follow-up visits by an investiga-
tor blind to the participant allocation.

Assessment of baseline characteristics

The following baseline variables were recorded and consid-
ered as potential predictors of outcome: age, gender, body 
mass index (BMI), timing of symptoms, previous surgeries 
to the affected knee, compartment involved, Kellgren–Law-
rence tibio-femoral OA grade, Iwano patello-femoral OA 
stage, baseline WOMAC scores and baseline knee AROM.

The protocol and informed consent process have been 
approved by the local ethics committee (Catholic Univer-
sity, Rome, P/481/CE/2011).

Statistical analysis

Statistical analysis was performed using the SPSS ver-
sion 19.0 software (IBM SPSS Statistics, Chicago, IL, 
USA). For all the outcomes and predictors, normality of 
data was ascertained by the one-sample Kolmogorov–
Smirnov’s test for continuous variables and the Chi-square 
test for categorical variables. Differences in the WOMAC 
scores between groups over time were analysed via mul-
tiple analysis of covariance (MANCOVA) for repeated 
measures. All the baseline characteristics were included 
in the model and handled as covariates. A two-factor 
(time  ×  group) analysis was performed to evaluate the 
overall group effect, overall time effect and the interac-
tion between group and time. Both multivariate and uni-
variate approaches were tested, and the multivariate model 
was selected as it yielded the highest p values. In addi-
tion, comparisons of WOMAC scores within groups over 
time were made via an analysis of variance (ANOVA) for 
repeated measures. Moreover, comparisons of WOMAC 
scores between groups at each follow-up time point were 
made via an analysis of covariance (ANCOVA) model 
adjusted for all the baseline characteristics. Multiple pair-
wise comparisons within groups and between groups were 
made by means of post hoc test with Bonferroni’s correc-
tion in order to determine the time point and the group in 
which the observed treatment effect occurred. The AROM 
was analysed in a similar manner. For all tests, signifi-
cance was set at p < 0.05.
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Missing data at follow-up were managed according to 
the last observation carried forward (LOCF) method [32]. 
Data were analysed according to the intention-to-treat prin-
ciple. Data were expressed as frequencies (percentages) for 
categorical variables and as means ±  standard deviations 
(SD) or medians and interquartile ranges for normally and 
non-normally distributed continuous variables, respectively.

Sample size was calculated according to the primary 
outcome measure (WOMAC scale). Previous studies on 
pharmacological treatment of knee OA reported that the 
responsiveness of the WOMAC global score showed a 
standardized effect size of 0.7. Therefore, a sample size of 
44 cases per group was determined using an a priori model 

of power analysis and a two-sided alternative hypothesis, 
given an alpha =  0.05 and a power (1 − β) =  0.90. The 
number of participants was increased to 55 per group to 
account for a 20 % rate of loss at follow-up.

Results

A total of 201 patients were eligible, and 165 were rand-
omized for the interventions (Fig.  1). Participants in the 
three groups did not differ with respect to all the baseline 
characteristics considered as potential predictors of out-
come (Table 1).

Fig. 1   Flow chart of the study
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All participants in the groups 1 and 3 completed the 
treatment protocol, while two patients in the group 2 dis-
continued the protocol after the first week. A total of six 
participants (3.6 %) (two in each group) were lost to fol-
low-up during the first month of the study. All these patients 
were called many times but refused to return for follow-up 
as they lived far from our region. None of the other par-
ticipants in the three groups missed more than one follow-
up visit. Thus, 157 patients (95 %) completed at least two 
follow-up visits. No adverse events were observed in each 
treatment arm.

Effects of treatments on primary and secondary 
outcome measures

As a whole, data analysis revealed that all treatment groups 
experienced early improvements in pain relief, stiffness 
and function compared with baseline values. However, 
after 1-month follow-up, a deterioration of results could 
be detected within groups over time, albeit significant 
improvements were still noted at 6 months from baseline.

Analysis of WOMAC pain subscale (Table 2) revealed 
that at 1  month, group 3 had a significantly better score 
than group 1. No other significant differences between 
groups were observed at the subsequent follow-ups. 
Within-group analysis revealed no significant changes 

over time in group 1, while groups 2 and 3 showed a sig-
nificant deterioration of results between T1 and T6. No 
significant overall group effect (F  =  1.522, p  =  n.s.), 
no overall time effect (F  =  1.890, p  =  n.s.) and no 
time × group interaction (F = 0.846, p = n.s.) could be 
found.

Analysis of WOMAC stiffness subscale (Table  3) 
showed no significant differences between groups at each 
follow-up. Group 2 significantly worsened between T1 
and T6, reaching no significant differences from baseline 
values. No significant overall group effect (F  =  0.930, 
p = n.s.), no overall time effect (F = 0.991, p = n.s.) and 
no time × group interaction (F = 0.311, p = n.s.) could be 
found.

Analysis of WOMAC function subscale (Table  4) 
showed no significant differences between groups at each 
follow-up. Within-group analysis revealed that group 2 
significantly worsened between T1 and T6. No significant 
overall group effect (F = 1.444, p = n.s.), no overall time 
effect (F = 1.071, p = n.s.) and no time × group interac-
tion (F = 0.491, p = n.s.) were detected.

Analysis of AROM (Table  5) revealed no significant 
differences between and within groups over time. No sig-
nificant overall group effect (F = 1.242, p = n.s.), no over-
all time effect (F = 1.076, p = n.s.) and no time × group 
interaction (F = 0.642, p = n.s.) could be found.

Table 1   Baseline characteristics of the study population according to treatment allocation

Variable Group 1 (n = 53) Group 2 (n = 51) Group 3 (n = 53) p value

Age (years) (mean ± SD) 62.8 ± 13.2 61.2 ± 10.1 61.4 ± 9.7 n.s.

Gender [N (%)]

 Male 11 (20.8 %) 18 (35.3 %) 15 (28.3 %) n.s.

 Female

BMI [median (interquartile range)] 27.5 (25; 29) 27.5 (25; 29.8) 28.9 (25.9; 31.2) n.s.

Timing of symptoms (months) [median (interquartile range)] 24 (12; 60) 24 (10; 80) 36 (15; 77) n.s.

Previous surgery (Y/N) [N (%)]

 Yes 10 (18.9 %) 6 (11.8 %) 13 (24.5 %) n.s.

 No 43 (81.1 %) 45 (88.2 %) 40 (75.5 %)

Compartment involved [N (%)]

 Medial 27 (50.9 %) 26 (51 %) 24 (45.3 %) n.s.

 Patello-femoral 15 (28.3 %) 17 (33.3 %) 17 (32.1 %)

 Lateral 11 (20.8 %) 8 (15.7 %) 12 (22.6 %)

Kellgren–Lawrence grade [N (%)]

 Grade I 25 (65.8 %) 23 (67.6 %) 24 (66.7 %) n.s.

 Grade II 5 (13.2 %) 8 (23.5 %) 8 (22.2 %)

 Grade III 8 (21.1 %) 3 (8.8 %) 4 (11.1 %)

Iwano stage [N (%)]

 Stage I 9 (60 %) 12 (70.6 %) 11 (64.7 %) n.s.

 Stage II 3 (20 %) 4 (23.5 %) 4 (22.4 %)

 Stage III 3 (20 %) 1 (5.9 %) 2 (12.2 %)
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Discussion

The main purpose of the present trial was to determine the 
efficacy of intra-articular HA injections and individualized 
EBR programmes administered in isolation or in com-
bination. All treatment arms showed an early significant 

improvement from baseline in the primary outcome meas-
ures. After the first month, results maintained stable or dete-
riorated over time, albeit significant improvements from 
baseline values were still evident at the final follow-up in 
each group. Patients treated with HA injections showed the 
smallest treatment effect, but with maintenance of results 

Table 2   Comparison between 
groups at each time interval 
and within groups over time for 
WOMAC pain outcome

a  Significantly different from group 3—T1 (p = 0.043)
b  Significantly different from group 1—T1, T3 and T6 (p < 0.0001)
c  Significantly different from group 2—T1, T3 and T6 (p < 0.0001)
d  Significantly different from group 2—T3 (p = 0.009) and T6 (p = 0.004)
e  Significantly different from group 3—T1 and T3 (p < 0.0001) and T6 (p = 0.002)
f  Significantly different from group 3—T1 (p = 0.001) and T3 (p = 0.045)

WOMAC pain Treatment groups p value

Group 1 (n = 53) Group 2 (n = 51) Group 3 (n = 53)

Baseline 241.2 ± 101.9b 216 ± 97.5c 216.1 ± 99.2e n.s.

T1 177 ± 98.2a 135.8 ± 85.3d 134.8 ± 77.6 0.030

T3 177.7 ± 100.5 154.6 ± 92 154.9 ± 102.1 n.s.

T6 181.5 ± 98 161.6 ± 90.2 173.7 ± 101.6f n.s.

p value <0.0001 <0.0001 <0.0001

Table 3   Comparison between 
groups at each time interval 
and within groups over time for 
WOMAC stiffness outcome

a  Significantly different from group 1—T1 (p = 0.009), T3 (p = 0.006) and T6 (p = 0.01)
b  Significantly different from group 2—T1 (p = 0.001) and T3 (p = 0.013)
c  Significantly different from group 2—T6 (p = 0.026)
d  Significantly different from group 3—T1 (p < 0.0001), T3 (p = 0.005) and T6 (p = 0.001)

WOMAC stiffness Treatment groups p value

Group 1 (n = 53) Group 2 (n = 51) Group 3 (n = 53)

Baseline 90.7 ± 53.3a 79.1 ± 46.5b 89.9 ± 44.7d n.s.

T1 70 ± 41.9 54.4 ± 39c 67.2 ± 42.2 n.s.

T3 69.8 ± 44.5 61.6 ± 41.8 72.2 ± 44.3 n.s.

T6 72.5 ± 47.4 65.9 ± 40.3 68.9 ± 45.5 n.s.

p value 0.005 0.001 <0.0001

Table 4   Comparison between 
groups at each time interval 
and within groups over time for 
WOMAC function outcome

a  Significantly different from group 1—T1 and T3 (p < 0.0001) and T6 (p = 0.001)
b  Significantly different from group 2—T1 (p < 0.0001), T3 (p = 0.001) and T6 (p = 0.014)
c  Significantly different from group 2—T6 (p = 0.025)
d  Significantly different from group 3—T1 and T3 (p < 0.0001) and T6 (p = 0.001)

WOMAC function Treatment groups p value

Group 1 (n = 53) Group 2 (n = 51) Group 3 (n = 53)

Baseline 842.4 ± 384.9a 706.9 ± 254b 799.1 ± 312.5d n.s.

T1 675.8 ± 342.7 548.3 ± 325.8c 589.8 ± 320.1 n.s.

T3 685.7 ± 360 596.5 ± 298.9 625.8 ± 327 n.s.

T6 691.4 ± 363.8 618.5 ± 310.4 643.5 ± 336.4 n.s.

p value <0.0001 <0.0001 <0.0001
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over time, while patients who underwent an isolated EBR 
programme showed a significant deterioration of results for 
pain, stiffness and function between the first and the last 
follow-up. Patients who underwent the integrated treatment 
showed the greatest effect on pain reduction at 1-month 
follow-up, albeit the result significantly deteriorated at 
6 months. No other significant differences between groups 
were observed at the different time intervals. No signifi-
cant differences could be found between and within groups 
over time in the assessment of AROM. Hence, our findings 
showed that isolated and combined treatments improved 
knee pain relief and function relative to baseline and that 
the maintenance of this effect over time was similar in the 
different treatment arms. Moreover, integrated treatment 
provided a greater improvement in knee pain relief in the 
short term.

The optimal management of moderate knee OA is still 
under debate. It is well known that progression of knee 
OA depends not only on biological factors, but also on 
intrinsic and extrinsic mechanical factors that affect load 
distribution on the lower limbs. Therefore, adequate reha-
bilitation programmes are fundamental to control, as far as 
possible, mechanical factors acting on muscle contractures 
and restoring knee joint moments during walking. A recent 
systematic review revealed that individually delivered pro-
grammes tended to result in greater pain reduction and 
improvement in physical function, compared to class-based 
exercise or home-based programmes [12].

Intra-articular injections of HA, corticosteroids or plate-
let concentrates find their applicability in the treatment of 
knee OA because they might counterbalance the negative 
effect of inflammatory mediators on the progression of the 
disease, thus limiting cartilage destruction, chronic synovi-
tis, joint capsule hypertrophy, subchondral bone remodel-
ling and degenerative changes in ligaments and menisci. 
Particularly, HA injections aimed to restore the lubricat-
ing and shock-absorbing effects of the altered synovial 
fluid [3]. Recent reviews questioned the real cost-effec-
tiveness of this treatment strategy [1, 3, 30, 34]. It is inter-
esting to notice that the recently published second edition 
of the evidence-based guidelines approved by the Ameri-
can Academy of Orthopaedic Surgeons (AAOS) [16] did 

not recommend the use of intra-articular HA injections. 
Authors explained that although the literature reported 
statistically significant improvements with the use of high 
molecular weight HA preparations, these effects were not 
clinically significant, based on a lack of minimum clini-
cally important improvement (MCII). Moreover, the risk 
of publication bias was judged to be very high [4, 16, 30]. 
Obviously, this strong recommendation can have a huge 
impact on clinical daily practice. Hence, looking at the 
results of the present study, we cannot affirm the superior-
ity of one treatment over another, but we support the idea 
that combined treatment can substantially improve pain 
relief in the short term.

Previous studies [14] compared the use of isolated and 
combined therapies and showed results consistent with the 
findings of the present study, albeit this is the first study 
which proposed an EBR programme tailored to the com-
partment of the knee joint most involved in the degenerative 
process. Huang et al. [14] compared the effect of isolated 
and combined treatments with isokinetic exercises, pulsed 
ultrasounds and intra-articular hyaluronan therapy in 140 
patients and showed that integration of the three modalities 
led to the best functional results. Similarly, Stitik et al. [34] 
assessed the efficacy of intra-articular HA injections used 
in isolation or in association with a home exercise pro-
gramme in 60 patients. The authors reported that patients 
who underwent the combined treatment showed a signifi-
cantly faster pain relief.

The present study has several important limitations. 
The main limitation is probably the absence of a placebo 
group, which does not allow to rule out the possibility 
that the improvements detected were due to a placebo 
effect. However, several placebo-controlled studies sup-
port the efficacy of HA [6, 8, 10, 19, 27, 35–37]. Sec-
ondly, although a radiographic staging of knee OA was 
performed as inclusion criteria in the study, no further 
imaging examinations were required at follow-up visits; 
therefore, it was not possible to infer about the effects of 
treatments on the progression of the disease. Finally, only 
patients with moderate knee OA were included, and then, 
results cannot be extended to patients with more severe 
grade of OA.

Table 5   Comparison between 
groups at each time interval 
and within groups over time for 
AROM (flexion) outcome

AROM (flexion) Treatment groups p value

Group 1 (n = 53) Group 2 (n = 51) Group 3 (n = 53)

Baseline 120.9 ± 9.2 123.3 ± 10.2 121.1 ± 12.1 n.s.

T1 124.5 ± 10.4 123.1 ± 9.3 122.1 ± 10 n.s.

T3 123.7 ± 11.1 122.8 ± 9.9 120.7 ± 11.6 n.s.

T6 122.2 ± 13.3 122.3 ± 11.1 119.5 ± 13.6 n.s.

p value n.s. n.s. n.s.
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Conclusion

The use of intra-articular HA injections and individual-
ized rehabilitation programmes administered in isolation 
or in combination for the conservative management of mild 
to moderate degrees of knee OA is effective in improving 
knee function and pain relief relative to baseline values. 
The combined treatment showed the greatest pain relief at 
1-month follow-up.

Appendix: Rehabilitation protocols

•	 Varus knee (medial tibio-femoral compartment)

•	 Manual therapy;
•	 Stretching of the following muscles: psoas, hip 

external rotators, medial flexors, biceps femoris and 
gastrocnemius;

•	 Isometric exercises for quadriceps, biceps femoris 
and tensor fascia lata;

•	 Isotonic exercises with elastic resistance (tubing) for 
quadriceps, biceps femoris and tensor fascia lata;

•	 Proprioceptive rehabilitation.
•	 Valgus knee (lateral tibio-femoral compartment)

•	 Manual therapy;
•	 Stretching of the following muscles: psoas, medial 

flexors, biceps femoris, tensor fascia lata and gas-
trocnemius;

•	 Isometric exercises for quadriceps, hip adductors 
and medial flexors;

•	 Isotonic exercises with elastic resistance (tubing) for 
quadriceps, hip adductors and medial flexors;

•	 Proprioceptive rehabilitation.
•	 Patello-femoral osteoarthritis

•	 Manual therapy;
•	 Stretching of the following muscles: psoas, hip 

external rotators, medial flexors, biceps femoris, ten-
sor fascia lata and gastrocnemius;

•	 Isometric exercises for quadriceps;
•	 Isotonic exercises in closed kinetic chain for quadri-

ceps with elastic resistance;
•	 Proprioceptive rehabilitation.
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