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Abstract—We investigated the role of an evidence-based integrated group rehabilitation program on the treatment of patients
with knee osteoarthritis (KOA). This was a two-group, randomized controlled, 8 wk trial with 41 patients with moderate to
very severe KOA. Patients were assigned to an intervention
group (IG) or control group (CG). After both groups had
received a self-management education program, IG participants
underwent a rehabilitation program, including educational
aspects about KOA followed by exercises. CG participants
received only general health orientation about KOA during this
period. The outcome measures were the Lequesne algofunctional index; 36-Item Short Form Health Survey (SF-36); and
chair-stand, sit-and-reach, timed up-and-go, and 6-minute walk
tests. Analysis of covariance revealed significant postintervention improvements of IG participants compared with CG participants (p < 0.05) on Lequesne total score and pain and function
subdomains; SF-36 physical function, role physical, bodily
pain, general health, vitality, and role emotional subdomains;
and performance assessed by chair-stand, timed up-and-go, and
6-minute walk tests. Focusing on the primary outcome
(Lequesne total score), the mean +/– standard deviation after
8 wk was 5.50 +/– 2.98 for the IG and 7.87 +/– 3.48 for the CG
(p = 0.009). The corresponding effect size (partial eta squared
with 90% confidence interval) was 0.23 (0.04–0.42), indicating
a large effect. The presented rehabilitation program reduced
pain and improved quality of life and function in patients with
KOA.
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INTRODUCTION
Osteoarthritis is the most common degenerative joint
disorder worldwide, especially in the elderly, and a major
cause of pain and disability [1]. The most affected joints
are the hip and knee, which usually present with loss of
articular cartilage, narrowing of joint space, and production of bone spurs [2]. The etiology of knee osteoarthritis
(KOA) is multifactorial and includes several conditions
such as aging, heredity, obesity, sex, and mechanical
overload [3]. Patients with KOA often report muscle
weakness, pain, and decreased range of motion. In turn,
these symptoms are associated with limited functional
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capacity and decreased quality of life. Thus, the goal of
clinical treatment is to improve the patient’s health condition, and one major conservative intervention involves
physical activity. In fact, regular exercise is associated
with significant improvements in pain and disability in
patients with symptomatic KOA [4].
In recent work conducted by Holden et al., it was
found that older adults were uncertain about the benefits
of exercise for knee pain, and therefore, their attitudes
and beliefs would affect exercise prescription for these
individuals [5]. To be effective, the physical activity program should include patient counseling and education in
order to promote positive changes in lifestyle, such as
increased daily physical activity and understanding and
coping with problems and limitations [6–8]. Moreover,
when physical activities are performed in groups, they
may reach a larger number of people, improve interpersonal relationships and adherence to guidelines, and provide reduction in health costs [9–10]. Group
rehabilitation programs have become more popular in
recent years, and a typical program consists of stretching,
strengthening resistance, and/or aerobic exercises [11–
12]. Despite a considerable amount of rehabilitation programs, few works report the efficacy of an integrated
group rehabilitation program for subjects with KOA [13–
14]. Moreover, the exercise protocols are commonly
established by the therapist’s personal preferences and
availability, which hinders the elucidation of which rehabilitation techniques are actually positive for KOA rehabilitation and patient adherence.
Based on the efficacy of various intervention techniques described in previous works [7,13,15], we designed
a simple and evidence-based 8 wk group rehabilitation
program consisting of exercise and a self-management
program for patients with moderate to very severe KOA.
Thus, we hypothesized that this integrated group rehabilitation program would limit pain and improve quality of
life and function in patients with KOA as compared with
those receiving no exercise intervention.

METHODS
Study Design
The present study was a single-center, single-blind,
randomized controlled trial performed with patients of
the physiotherapy clinic of the Onofre Lopes University
Hospital (Natal, Brazil). The study was carried out

between June 2011 and November 2011 after approval by
relevant local research ethics committees.
Subjects and Eligibility
We recruited patients aged above 18 yr with symptomatic clinical diagnosis of chronic KOA (based on the
criteria of the American College of Rheumatology) and
moderate to very severe knee pain according to the
Lequesne algofunctional index (scores ranging from 5 to
13). Patients were referred from rheumatologists and were
using stable doses of anti-inflammatory drugs. All individuals had experienced pain within the last year in or
around the knee occurring on most days for at least 3 mo.
Exclusion criteria were as follows: cognitive dysfunction,
previous participation in a similar rehabilitation program,
medical contraindication to mild to moderate physical
activity, other causes of pain in the lower limb, refusal to
continue the study, and two consecutive or three nonconsecutives absences.
Randomization
A computer-based random number sequence was
generated by a volunteer who was not involved in eligibility assessment, data collection, or analysis. The allocations were concealed from the investigators by enrolling
participants in sequentially numbered opaque, sealed
envelopes. Participants were randomized in a 1:1 allocation to the intervention group (IG) or the control group
(CG). Owing to the nature of the interventions, it was not
possible to blind the staff administering them.
Intervention
Prior to randomization, the patients participated in a
self-management program that consisted of a 90 min lecture containing general orientation about osteoarthritis. The
purpose of providing a self-management class prior to randomization was to ensure greater adhesion and providing
information about the study and KOA. After randomization, CG participants received booster educational information about the disease and how to improve quality of life
and function through leaflets for each of the 8 wk, but no
additional intervention. The themes of the leaflets were the
same basic information given to IG participants during the
same period (more detail later). The IG participated in a
group rehabilitation program that consisted of 60 min
sessions performed twice a week for a period of 8 wk and
supervised by four students of physiotherapy duly trained.
This program included educational aspects about KOA
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(15 min) followed by several physical activities (45 min).
The education sessions were adapted from Hurley et al.
[13] and consisted of seminars and discussion groups,
which had the following themes: aims and objectives of the
program; identification of personal objectives and recognition of individual functional capabilities; weight control
and constituents of a healthy diet, including possible benefits of omega-3; explanation of pain perceptions and biopsychosocial model of pain; nonpharmacological
procedures of pain management and use of ice and heat
when appropriate; and home exercise and home relaxation
techniques. Physical activities included the following:
warm-up for 10 min with a stationary bike and stretching;
exercises for the strength of the lower and upper limbs;
body mobility, functional, and balance exercises; and
relaxation (Table 1). The load used for the strength training
was defined based on a 10-repetition maximum test rather
than a 1-repetition maximum test to prevent damage
caused by an excessive muscle contraction. Fifty to sixty
percent of the estimated maximum load was used [6].
Exercise intensity was maintained at a moderate level of
perceived effort according to recommendations for individuals with disabling conditions by the American College of
Sports Medicine and American Heart Association [16]. We
used the Borg scale to assess the level of effort during and
after each exercise and to adjust exercise progression [17].
If the IG participants reported ease in performing exercises
or were able to add two extra repetitions to the set, the load
was increased in the next session. Self-reported pain was
monitored before and immediately after the intervention
sessions by using the visual analog scale, where 0 indicates
no pain and 10 indicates the worst possible pain. Levels
from 0 to 5 were defined as acceptable pain [18]. If participants had self-reported pain greater than 5 or were not able
to complete a training session, they were instructed to stop
the session.
Clinical Evaluation
The Lequesne algofunctional index was used as a
tool for primary outcome assessment (the questionnaire’s
total score). This questionnaire is a widely used instrument to measure severity of KOA, which was translated
into Portuguese and validated in 2006 [19]. It comprises
three dimensions, including pain (5 items), maximum
walking distance (2 items), and activities of daily living
(function subdomain, 8 items). Each dimension has a
maximum total score of 8. The total Lequesne score

ranges from 0 to 24, and a higher score indicates a worse
function [20].
Secondary outcome measures were assessed by performance tests and the 36-Item Short Form Health Survey (SF-36). This survey is a commonly used measure of
general health and related quality of life that consists of
eight subscales: physical function, role physical, bodily
pain, general health, vitality, social functioning, role
emotional, and mental health [21]. The performance tests
used in this study were the chair-stand, sit-and-reach,
timed up-and-go, and 6-minute walk tests. The chairstand test can be used to monitor lower-body strength
since it quantifies the maximum number of chair-stands
completed within 30 s [22]. The sit-and-reach test is a
valid and common measure of flexibility for lower back
and hamstring muscles [23]. Finally, the timed up-and-go
and 6-minute walk tests are timed mobility tests commonly used to evaluate functional performance [24]. All
questionnaires and tests were conducted before and after
the 8 wk intervention by two blinded physiotherapists.
Data Analysis
Data analyses were conducted with SPSS version 20.0
(IBM Corporation; Armonk, New York). Independent t-tests
were used to compare the data for the two randomized
groups at baseline. Differences in week 8 outcomes
between the groups were assessed by analysis of covariance
(ANCOVA), using the pretest results as the covariate, in a
complete case analysis. ANCOVA has been recommended
to increase the precision of estimates and the statistical
power while also reducing the sample size requirements
[25–26]. As stated by White et al., complete case analysis is
appropriate for randomized trials with pretest–posttest
designs [27]. They demonstrate that including baseline values in a regression model of the posttest outcomes
(ANCOVA’s principle) account for dropout bias [27]. This
is the best approach for our study since we faced informative and completely at-random dropouts (summary of the
dropout reasons is included in the “Results” section). At the
review process, this study underwent positive changes.
Some of these included the decision to use the ANCOVA as
the primary analysis, such that reporting our previous sample size estimation (or a new one) would be pointless. Thus,
we were cautious by evaluating whether the ANCOVA
(with α = 0.05 and power = 0.8) could still ensure the effect
sizes obtained, given the final sample size. By conducting a
sensitivity power analysis with G*power software (version
3.1.6) [28], we found a minimum detectable effect (MDE)
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Table 1.
Description of exercises and other activities performed by intervention group.

Session and Intervention Type
Warm-Up
1. Stationary Bicycle
2. Stretching

Description
5 min of cycling.
Active quadriceps, hamstrings, and calf.
3 sets of 30 s each muscle group.

Progression
Increase resistance and time on bike.
—

Strength Training
1. Mini-Squats

Initially performed with stick support until Without stick until 90° of knee flexion;
increase to 3 sets of 15 repetitions.
30° of knee flexion. 3 sets of 10 repetitions.
Supine or sitting. 3 sets of 10 repetitions.
Bend and straighten against Theraband®
2. Knee Extensor and Flexor
Strengthening
resistance; increase resistance of bands
(light, moderate, and heavy).
Diagonal planes, additional resistance
3. Hip Abduction and Adduction
Standing and side lying hip abduction and
with ankle cuff weights; abduct and
adduction.
adduct against Theraband® resistance;
increase resistance of bands (light, 
moderate, and heavy).
4. Dorsal and Plantar Flexion of
In standing and sitting positions. 3 sets
Additional resistance weights; increase to
3 sets of 15 repetitions.
Ankle
of 10 repetitions
5. Bridge Exercise
Isometric. 3 sets of 10 s.
One-leg support.
6. Abdominal Exercise
Isometric. 3 sets of 10 s.
Additional resistance weights.
Diagonal planes and additional resistance;
7. Upper-Limb Strengthening
Rowing against Theraband® resistance,
shoulder flexion and abduction. 3 sets 
increase resistance of bands (light,
of 10 repetitions.
moderate, and heavy).
Function Task-Oriented and Balance Exercises
1. Step Exercises
Stepping up and down on rectangular square. Side stepping; increase to 3 sets of
15 repetitions.
3 sets of 10 repetitions.
2. Walking Circuit
Backward, figure-eight, crossing legs, multi- Increase difficulty of circuit.
ple changes in direction, and stationary
walking for 5 min.
3. Unipodal Balance
One-leg standing with eyes open for 1 min. Eyes closed; foam surface.
Without therapist’s assistance; increase
4. Body Transference
On low and flat bed, lateral body transfer
to 15 repetitions.
(with therapist’s assistance if needed).
10 repetitions.
5. Drawing with Toe Tip
Draw circles and semicircles for 1 min
Run movement smooth.
in standing and sitting positions.
6. Stand Up and Sit Down
15 repetitions.
Run movement smooth; decrease seat
height.
7. Sit Up from Lying
15 repetitions.
Run movement smooth.
—
8. Dynamic Group Activities
Ball transference with trunk rotation; dance
movements.
Relaxation
1. Rest and Deep Breathing
In supine position, eyes closed. 5 min.
—

of 0.22 in absolute values of partial eta squared (η2p). Effect
size threshold for minimum clinically important difference
(MCID) was used to supplement the conventional statistical
interpretation of the results. MCID was defined by η2p
equal to 0.01 (equivalent to a Cohen d of 0.2) based on a
commonly accepted standard for small effects. Small,

medium, and large effects correspond to values of η2p of
0.01, 0.06, and 0.14, respectively [29]. A 90 percent (1 –
2α) confidence interval (CI) for η2p was also reported
since the effect size is an upper-tailed (0 to 1) parameter [30].
p-Values < 0.05 were regarded as significant. Data are
expressed as mean ± standard deviation or n (percent).
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RESULTS
A total of 52 patients were identified and selected for
participation in this study. At the baseline assessment, 11
patients were excluded due to uncontrolled hypertension
(n = 4) and Lequesne index scores higher than 13 (n = 5)
and lower than 5 (n = 2). The remaining 41 participants
were randomized to the IG (19 participants) or CG (22
participants). One erroneous inclusion occurred in favor
of the CG. During the 8 wk trial, four IG participants
declined to take part in this work due to absences (n = 1)
or personal reasons (n = 3). In parallel, seven CG participants dropped out due to health problems (n = 2) or personal reasons (n = 5). Displaying a “completely at
random” mechanism, the specific dropout reasons were
reported as absences (1 due to problems with transportation), health problems (1 due to influenza virus infection
and 1 due to muscle injury from slipping during home
cleaning) and personal reasons (2 due to incompatible
timetable, 1 due to moving away from study area, 1 due
to heavy alcohol use, 1 due to obtaining new employment, 1 due to taking care of grandchildren, 1 due to
emotional indisposition after familial conflict, and 1 due
to receiving limited support from family). At the end of
the study, 30 (73%) of the 41 participants completed the
trial (15 in each group). The dropout rates were 21 and
32 percent for the IG and CG, respectively. Figure 1 outlines the overall structure of the study.

Comparisons Between Groups at Week 8
At the end of trial, when controlling for baseline values, the IG exhibited significant differences compared
with the CG (p < 0.05) regarding most of the outcomes,
except the Lequesne distance subdomain, SF-36 social
function and mental health subdomains, and sit-andreach test (p > 0.05) (Table 3). All these differences consisted of positive responses of the IG to the group rehabilitation program, as more precisely indicated by the
week 8 adjusted outcome means and 95 percent CI of
both groups, according to the ANCOVA model. No worsening effects were verified in both groups of patients
(Table 4).
Effect Sizes
Figure 2 displays a summary of the 8 wk treatment
outcomes with regard to clinically important benefits of
the group rehabilitation program. Clinically important
benefits (i.e., an effect size greater than 0.01) were found
for most outcomes that were statistically significant with
ANCOVA. These benefits may be uncertain for the
Lequesne index function subdomain and SF-36 bodily
pain and general health subdomains, whose absolute
effect size values do not reach the MDE. When
ANCOVA exhibited nonsignificant results in the
assessed outcomes, the values of effect sizes were small
and include 0 on CI.

DISCUSSION
Basic Characteristics
Table 2 outlines the demographic and clinical characteristics of patients according to age, weight, height,
body mass index, sex, education level, comorbidities, and
lifestyle. In general, the patients of both groups were
homogeneous in these characteristics.
Comparisons Between Groups at Baseline
Prior to any intervention, the groups had no significant differences with respect to main assessed outcomes,
including Lequesne index total score and pain, distance,
and function subdomains; SF-36 physical function, role
physical, bodily pain, general health, vitality, social function, role emotional, and mental health subdomains; and
performance assessed by the chair-stand, sit-and-reach,
timed up-and-go, and 6-minute walk tests (all p > 0.05)
(Table 3).

The results of the present study showed that the
group rehabilitation program was efficacious to improve
pain, quality of life, and functionality of patients with
KOA as compared with those who only received health
educational support. There were significant improvements in the Lequesne index of pain and daily activities
subdomains as well as the total score. Furthermore, IG
participants improved in virtually all the functional performance tests. The rehabilitation program also produced
significant improvements in the SF-36 physical function,
role physical, vitality, and role emotional subdomains. In
general, these data indicate that IG participants had less
pain and functional disabilities, thus achieving a better
outcome on quality of life.
Exercise is a key component of the conservative nonpharmacological treatment for patients with osteoarthritis,
and it may decrease pain sensitivity [31] and improve
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Figure 1.
Flowchart of study participants. CG = control group, IG = intervention group, R = randomization.

muscle strength, joint range of motion, proprioception,
balance, and cardiovascular fitness [32–34] without any
large adverse effects or costs. On the other hand, inappropriate exercises can exacerbate knee pain and damage the
joint structure. We designed an integrated rehabilitation
program composed of effective, simple, and safe exercises
that are commonly used and reproduced in the clinical
practice for KOA and hip osteoarthritis management [7,15]
associated with a self-management education program.
Considering recommendations for exercise prescription [9], our program consisted mainly of lower-limb
strength and functional exercises but included some
stretching and aerobic exercise. We did not include
hydrotherapy, electrotherapy, and strength training exercises that required infrastructure and specific equipment.
This study focused on patients with moderate to very
severe levels of KOA, according to the Lequesne index.

None of the subjects reported major difficulties in performing the exercises.
It must be highlighted that group rehabilitation programs allow a greater number of participants and gives
the opportunity to more easily sort out the most serious
cases for individual care. In fact, researchers have shown
that a group rehabilitation program is able to reduce public health costs [9,35] and may be as effective as individual treatment [13].
It is well known that KOA presents a natural progression of pain and reduced functional capacity [36–37]. CG
participants maintained pain and function level over this
8 wk study (data not shown). This may be due to the short
period (8 wk) of intervention, possibly insufficient to cause
changes in the levels of pain and function. Conversely, we
cannot rule out influence of the self-management education
program provided at the beginning of the study and during
the following weeks by means of leaflets. This notion is
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Table 2.
Demographic and clinical characteristics at baseline.
Intervention
Control
Item
Group
Group
(n = 15)
(n = 15)
Age, yr (mean ± SD)
57 ± 6.01
60 ± 7.76
Weight, kg (mean ± SD)
72.22 ± 11.43
69.43 ± 10.57
Height, m (mean ± SD)
1.57 ± 0.09
1.54 ± 0.10
Body Mass Index (mean ± SD)
29.37 ± 4.10
29.29 ± 5.00
Sex (%)
Male
2 (13.33)
2 (13.33)
Female
13 (86.87)
13 (86.67)
Education Level (%)
Illiteracy
1 (6.67)
1 (6.67)
Elementary School
4 (26.67)
8 (53.33)
High School
9 (60.00)
5 (33.33)
College
1 (6.67)
1 (6.67)
Comorbidity (%)
Diabetes Mellitus
1 (6.67)
2 (13.33)
Hypertension
11 (73.33)
7 (46.67)
Hypercholesterolemia
1 (6.67)
1 (6.67)
Lifestyle (%)
Sedentary
8 (53.33)
10 (66.67)
Alcoholism
0 (0.00)
1 (6.67)
Smoker
0 (0.00)
1 (6.67)
Former Smoker
2 (13.33)
2 (13.33)
SD = standard deviation.

shared by other works and suggests that general orientation
and health education are effective to maintain and/or
increase functionality and control pain in subjects with
KOA [35,38]. Nonetheless, Skou et al. suggest that group
education must be reinforced with exercises for better
results in individuals with osteoarthritis [39].
Our sample consisted of individuals with lower educational levels than other works [40–41]. The lower educational level of the whole sample may have influenced
some outcomes related to self-perception of health status.
It is well known that socioeconomic status is the main
factor that influences self-perception of health status,
especially among the elderly [42]. Indeed, people with
lower educational levels perceive their health as worse
than those with university diplomas [43]. It is possible
that the lower educational level of the participants may
have been partially responsible for the limited psychosocial improvements.
It is noteworthy to mention that we did not detect
improvements in the sit-and-reach test in both groups.
The sit-and-reach test is a common measure of flexibility
of the hamstrings and lower back muscles. The rehabili-

tation program contained stretching exercises for the
major muscle groups of the lower limbs, as recommended in the literature [6,44]. However, it is possible
that this ability has not improved due to the duration
(about 5 min) and frequency (2 times/wk) of the stretching exercises, which are below the recommended levels
for people with osteoarthritis [45–46].
In this work, we employed the ANCOVA to assess
differences between the groups at the end of the trial. The
covariate adjustment for baseline values avoided possible
interference in the results due to variation of the sample,
which was present since the initial assessment. We can
ensure that 8 wk effects on the parameters where the
groups showed differences were due to the rehabilitation
program. The presented data characterize precise intervention effects, as indicated for obtained η2p and its
90 percent CIs. Like the η2p estimate, the corresponding
CIs cannot be less than 0. Since the CI represents the precision with which we are able to report the effect size,
employing a confidence coefficient of 90 percent is an
appropriate way to verify the size of an effect [30]. It must
be pointed out that some CIs covered small or medium
parameter values despite a corresponding large η2p absolute value. Lower confidence bounds, including values
from 0.01 to 0.05, were observed for Lequesne index total
score and pain and function subdomains and SF-36 bodily
pain, general health, and role emotional subdomains.
Thus, a small effect could not be refuted for these outcomes. In the case of the η2p values for SF-36 physical
function and vitality subdomains and chair-stand and 6minute walk tests, its corresponding lower confidence
bounds included values from 0.07 to 0.13, so that a
medium effect could not be rejected for these outcomes.
Very large effects were found for the SF-36 role physical
subdomain and for the timed up-and-go test. For these, all
effect size values were accompanied by lower confidence
bounds above 0.14. As might be expected from an exercise-based rehabilitation program, these results indicate a
greater magnitude of improvement on the physical performance-related outcomes, followed by minor improvements on psychosocial-related outcomes. In general,
clinically important benefits were found for all the outcomes that were statistically significant with ANCOVA,
without noticeable harm for the studied participants. From
a conservative point of view, however, we are not certain
about clinically important benefits for the Lequesne index
function subdomain or SF-36 bodily pain and general
health subdomains, since their effect sizes (in absolute
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Table 3.
Comparison between intervention group (IG) (n = 15) and control group (CG) (n = 15) at baseline and at end of trial (week 8).

Outcome

Baseline
CG

Lequesne Index (mean ± SD)
Pain
4.93 ± 1.33
Distance
1.13 ± 0.83
Function
3.57 ± 1.08
Total
9.63 ± 1.91
SF-36 (mean ± SD)
Physical Function
39.67 ± 15.86
Role Physical
30.00 ± 35.61
Bodily Pain
44.47 ± 11.78
General Health
52.40 ± 24.50
Vitality
56.00 ± 19.20
Social Function
86.67 ± 13.75
Role Emotional
53.27 ± 43.33
Mental Health
71.20 ± 21.97
Performance Test (mean ± SD)
Chair-Stand Test
10.07 ± 2.49
Sit-and-Reach Test
20.81 ± 9.31
Timed Up-and-Go Test
8.70 ± 1.48
6-Minute Walk Test
409.77 ± 48.11

Week 8
CG

p-Value*

IG

4.47 ± 1.46
1.07 ± 0.88
3.23 ± 1.53
8.77 ± 3.18

0.37
0.83
0.49
0.38

2.60 ± 1.55
0.60 ± 0.51
2.30 ± 1.36
5.50 ± 2.98

4.00 ± 1.56
0.73 ± 0.80
3.13 ± 1.45
7.87 ± 3.48

0.009
0.51
0.02
0.009

47.67 ± 29.99
28.33 ± 31.15
41.27 ± 17.88
52.07 ± 20.78
60.00 ± 12.54
87.50 ± 16.37
51.00 ± 39.65
57.87 ± 15.03

0.37
0.89
0.57
0.97
0.51
0.88
0.88
0.06

65.33 ± 11.57
88.33 ± 20.85
57.60 ± 12.48
69.00 ± 18.59
72.00 ± 15.56
91.67 ± 12.20
86.67 ± 30.37
75.20 ± 18.77

51.33 ± 21.25
35.00 ± 39.87
42.80 ± 21.52
55.27 ± 17.86
58.33 ± 16.22
90.83 ± 13.75
53.20 ± 32.99
61.07 ± 20.92

0.001
<0.001
0.03
0.02
0.003
0.83
0.006
0.40

11.27 ± 2.89
18.33 ± 6.44
9.25 ± 2.76
417.20 ± 67.90

0.23
0.40
0.50
0.73

14.07 ± 2.52
22.27 ± 7.83
7.17 ± 0.94
485.47 ± 57.99

11.33 ± 3.24
17.78 ± 7.83
9.22 ± 1.89
435.07 ± 64.40

<0.001
0.19
<0.001
0.001

IG

p-Value†

*Represents
†

comparison in baseline outcomes between groups, assessed by independent t-tests.
Represents comparison in week 8 outcomes between groups, adjusted for baseline values, assessed by analysis of covariance. Significant at p < 0.05.
SD = standard deviation, SF-36 = 36-item Short Form Health Survey.

Table 4.
Posttest adjusted mean and 95 percent confidence interval (CI) of variables in intervention group (IG) and control group (CG), using pretest as
covariate.

Outcome
Lequesne Index
Pain*
Distance
Function*
Total*
SF-36
Physical Function*
Role Physical*
Bodily Pain*
General Health*
Vitality*
Social Function
Role Emotional*
Mental Health
Performance Test
Chair-Stand Test*
Sit-and-Reach Test
Timed Up-and-Go Test*
6-Minute Walk Test*
*Significant

IG (n = 15)
Mean ± SE
2.52 ± 0.39
0.59 ± 0.16
2.19 ± 0.29
5.22 ± 0.73
67.34 ± 3.23
88.19 ± 8.23
56.61 ± 3.92
68.92 ± 3.74
73.16 ± 3.38
91.76 ± 3.30
86.36 ± 7.79
70.74 ± 4.18
14.46 ± 0.61
21.42 ± 1.46
7.28 ± 0.32
488.47 ± 10.16

at p < 0.05 with analysis of covariance.
SE = standard error, SF-36 = 36-item Short Form Health Survey.

95% CI
1.72–3.33
0.26–0.93
1.59–2.79
3.72–6.72
60.72–73.96
71.31–105.07
48.56–64.66
61.24–76.59
66.22–80.10
85.00–98.52
70.37–102.35
62.17–79.32
13.21–15.72
18.41–24.42
6.64–7.93
467.62–509.33

CG (n = 15)
Mean ± SE
95% CI
4.08 ± 0.39
0.74 ± 0.16
3.24 ± 0.29
8.15 ± 0.73)

3.28–4.88
0.41–1.08
2.64–3.84
6.65–9.65

49.33 ± 3.23
35.14 ± 8.23
43.79 ± 3.92
55.35 ± 3.74
57.17 ± 3.38
90.74 ± 3.30
53.51 ± 7.79
65.52 ± 4.18

42.71–55.95
18.26–52.03
35.74–51.84
47.67–63.03
50.23–64.11
83.98–97.50
37.52–69.50
56.95–74.10

10.94 ± 0.61
18.64 ± 1.46
9.11 ± 0.32
432.06 ± 10.16

9.68–12.19
15.64–21.64
8.46–9.76
411.21–452.92
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Figure 2.
Graphical summary of intervention effects. Results are presented as effect size (η2p) and 90 percent confidence interval (CI). MCID =
minimum clinically important difference, MDE = minimum detectable effect, SF-36 = 36-Item Short Form Health Survey.

values) were inferior to the MDE (η2p = 0.22). Thus, the
set of results presented here allows us to infer equivalent
therapeutic effects for a population with KOA with similar characteristics to the sample of the study.
This study has some limitations. We focused only on
short-term effects of the 8 wk rehabilitation program. The
generalization of our findings is limited since it is not
known whether the positive effects will be long-term or
not. In a recent work, Pisters et al. showed that two different physical therapy interventions were effective longterm for patients with KOA and hip osteoarthritis,
improved pain and physical function, and showed that
patients’ global assessment persisted for up to 60 mo
[47]. In a previous systematic review, the same group
found that the positive posttreatment effects of exercise
therapy on pain and physical function in patients with
KOA or hip osteoarthritis were not sustained in the longterm [7]. Conversely, the long-term effectiveness for
patients’ global assessment persisted. Also, they found
that booster sessions performed periodically could influence maintenance of beneficial posttreatment effects on

pain and physical function in the long-term. In this way,
it is reasonable to believe that the group rehabilitation
program presented here may improve adherence via
eventual booster sessions that may facilitate control of
progression of the disease.
It is well known that exercises may increase muscle
strength, agility and speed, dynamic balance, and aerobic
capacity [22]. Notwithstanding, we did not perform
quantitative measurements of muscle strength, and future
studies should investigate these issues to determine the
efficacy and intensity of training strength.
Finally, CG participants only received health information through leaflets after randomization and, therefore, received less attention than IG participants. Thus,
we cannot exclude the influence of the Hawthorne Effect
[48]. However, this approach has been carried out before
for a CG via an arthritis self-management book and no
change in pain, self-efficacy, disability, or mental health
was observed [49]. Moreover, the leaflets contained the
same educational instructions presented to the IG during
the 8 wk rehabilitation program.
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CONCLUSIONS
This research establishes a simple and evidencebased integrated group rehabilitation program consisting
of exercise and a self-management program for patients
with KOA. From the data gathered in this study, patients
with moderate to very severe KOA who participated in
this 8 wk study had alleviated pain and exhibited superior
aspects of quality of life and functional outcomes compared with the CG. This rehabilitation protocol is presented as an acceptable option for KOA rehabilitation in
clinical practice and research.
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