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cant reduction in pain assessed by WOMAC. Thera-
peutic exer cise programs led to pain relief, but no im-
provements were observed in joint stiffness and fun-
cionality.
Conclusions: Both programs were effective in reduc-
ing pain intensity and increasing PPT, however, ELG
also exhibited reduction in pain evaluated by WOMAC.

Keywords: Pain; Osteoarthritis; Pain measurement;
Exercise therapy; Lifestyle.

IntroductIon

The increase in lifespan worldwide places osteoarthri-
tis (OA) as a topic of great interest in public health, as
it is a common chronic disease that leads the causes of
pain and disability among adults and elderly people 1.
The knee is one of the joints most affected by OA,
which causes disability in 10% of the individuals over
55 years old2.
Besides pain, patients with OA may experience mus-

cle weakness, joint stiffness and crackling, deformities
and disability3,4. Several therapeutic interventions have
been tested targeting symptoms relief or function im-
provement in these patients5.
A rehabilitation strategy usually employed as an ad-

junct therapy for patients with OA is physical or thera -
peutic exercise. Because of its ability to promote an in-
crease in muscle strength, flexibility, proprioception
and, as a consequence, reduce pain, exercises are no-
torious for alleviating the symptoms of this disease6,7.
Therefore, exercise interventions have been recom-
mended as an efficient non-pharmacologic approach
for the treatment of knee OA8,9.
Amongst the various therapeutic exercises, resis-

tance exercises add an overload to the muscles10,11, and
kinesiotherapy, which involves different types of exer-
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AbstrAct 

Objectives: To compare the impact of an exercise pro-
gram vs. exercise program plus LS education in indi-
viduals with knee OA. 
Therapeutic exercise and lifestyle changes (LS) are

usua lly recommended for the treatment of knee os-
teoarthritis (OA). 
Materials and Methods: Single-blind randomized
clinical trial with individuals of both sexes with clini-
cal and radiological diagnosis of knee OA. Participants
received the treatment 2 times/week for 8 weeks. The -
rapeutic exercise involved warm-up, flexibility, muscle
strengthening, balance and proprioception. The exer-
cise plus lifestyle education group (ELG) also partici-
pated in 8 sessions of lectures and discussion on disease
self-management and healthy LS. Participants were as-
sessed for pain intensity (visual analog scale), lifestyle,
symptoms and physical disability (WOMAC) and pres-
sure pain tolerance threshold (PPT). 
Results: Sample consisted of 39 participants, divided
into exercise group (EG, n=17) and ELG (n=22).
Groups were homogeneous regarding regarding 
age, weight, height, initial pain perception (VAS) and
gender predominance. After the interventions, reduc-
tion in pain perception and increase in PPT was ob-
served in both groups. Despite the improvement in LS
of both groups, only the ELG group showed a signifi-
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cises (as aerobic, stretching and isotonic, isometric and
isokinetic strengthening) must be highlighted11. In a
recent study of our group12, both resistance exercise
and kinesiotherapy were efficient in improving pain,
joint stiffness, functional mobility and muscle strength
in patients with knee OA.
Other adjunct therapies include patient education,

lifestyle (LS) changes and the use of orthopedic appa-
ratus13. A cross-sectional study has demonstrated that,
in addition to a higher body mass index (BMI) and
lower pressure pain tolerance threshold (PPT), patients
with OA had a worse lifestyle when compared to
healthy individuals14.
Chronic pain seems to be related to lifestyle,

neverthe less, research about this issue is still scarce15.
Patients with this condition may experience 
psycho social effects, anxiety, stress, addiction, may ne-
glect usual activities and present poor health percep-
tion16. Thereby, therapeutic strategies with this group
require a contextualized and multidisciplinary 
approach aiming at reinforcing self-image, reflecting
on personal living conditions and self-care mecha-
nisms. Intervention programs must focus on LS com-
ponents, modifiable factors, overlooking pain reduc-
tion and improvement in functional capacity in
patients with OA17. Clinical practice should also spot-
light this18, as comprehensive interventions19 such as
cognitive behavioral therapy, lifestyle education, self-
care and self-management of the disease may be ben-
eficial for treating knee OA. Thus, the aim of this study
was to compare the impact of an exercise program vs.
exercise program combined with LS education in in-
dividuals with knee OA.

MAterIAls And Methods

This was a single-blind randomized clinical trial in
which 83 individuals (men and women) with knee OA
were invited to participate. The present study was ap-
proved by local research ethics committee (protocol
number 1.815.849).
Data collection took place at a University clinic of a

private University in the city of São Paulo (Brazil). Pa-
tients referred to exercise treatment or physical thera-
py by the public primary health attention were invit-
ed to participate in the research by the clinic’s health
professionals.
• Inclusion criteria: study participants were older
than 50 years of age, presented clinical and radio-

graphic diagnosis of unilateral or bilateral knee OA
(evaluated by and x-ray images), Kellgren-Lawrence
grading scale 1 to 4, and pain perception equal to
or above 4cm in visual analogue scale (VAS)20. 

• Exclusion criteria: patients with any other chronic
diseases such as fibromyalgia, rheumatoid arthritis,
neurologic or cardiac diseases and uncontrolled hy-
pertension were excluded from the study, as well as
the ones with total or partial prosthesis in one or
both knees or hips. The final analysis excluded pa-
tients who missed 4 or more consecutive treatment
sessions and the ones who started in any other type
of physical exercise during the course of the study.
Of the 83 patients initially enrolled, 39 were eligi-
ble to participate in the research (Figure 1). A priori
sample size estimate for an α=0,05 and statistical
power of 95% revealed that 36 participants were
necessary.
Volunteers underwent an evaluation including de-

mographic data (age, gender, weight and height), PPT
and response to some research instruments before and
after the interventions, by an evaluator who was un-
aware of which intervention group each volunteer be-
longed to.
Lifestyle was assessed by the FANTASTICO ques-

tionnaire21, in its validated Portuguese version (Brazil).
The instrument contains 25 questions with answers in
a Likert scale, and the sum of the points adds up to a
score (0-100) that points out to a better LS the higher
it is.
The evaluation of pain intensity was conducted with

a VAS, a straight line of 10cm in which the individual
marks a dash indicating the intensity of his or her pain.
The closer to the beginning of the line, the smaller the
pain, and the closer to its end, the more unbearable
the pain was20.
Western Ontario and MacMaster Universities Index

(WOMAC), in its Portuguese version22 was also com-
pleted by participants. This specific instrument for OA
patients assesses pain perception, joint stiffness and
function based on the 48 hours prior to its applica-
tion. Each of the 24 questions is scored 0-4, and the
higher the score, the worse the pain22,23.
Pressure pain tolerance thresholds were assessed by

pressure algometry with J Tech digital algometer (J
Tech Medical, Salt Lake City, UT, USA). The device
contains a rubber end of 1cm2 in diameter. Pressure
was applied at a constant rate of 1kg/s until pain or
discomfort was reported by the volunteer. Participants
were instructed to say "stop" as soon as the feeling of
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ily, friends and other social support providers, co-
existence with pain and pain management, disease
and pain coping and improvement of living condi-
tions and social relations.

• Health education (two 1-hour meetings with a
physi cal therapist and physical educator): guidance
on the disease and its symptoms, performing daily
activities without unnecessary physical efforts,
lifestyle guidance (the importance of rest, of being
physically active, healthy eating, sun exposure,
breathing fresh air, drinking plenty of water, having
good relationships, cultivating spirituality and
avoiding harmful products such as tobacco and al-
cohol).
This intervention program was developed based on

literature’s considerations that lifestyle interventions
may be beneficial for patients with knee OA18,25,26.
Treatment sessions were conducted 2 times/week dur-
ing 8 weeks.
Statistical analysis was performed with SPSS version

24 for Windows. Data were treated according to the in-
tention-to-treat concept and are expressed as means ±
standard deviations. Normality of data was tested by
the Kolmogorov-Smirnov method. Comparisons be-
tween groups regarding demographic data were obtai -
ned by Student’s t test or Mann-Whitney U test. Inter-
action effect was determined by 2-way ANOVA for
repeated measures. In all cases, descriptive level � was
set at 5%.

results

The study sample was composed by 39 participants,
divided into exercise group (EG, n=17) and exercise
plus lifestyle group (ELG, n=22). Groups were homo-
geneous regarding age, weight, height, BMI, pain per-
ception (VAS) and gender predominance prior to the
intervention (Table I).
Despite the lack of differences in pain perception 

between groups before the interventions, after them a
reduction in pain perception (VAS) and increase in 
PPT were observed in both groups at most sites evalu-
ated. Despite the improvement in lifestyle of both
groups, only ELG exhibited a significant reduction in
pain assessed by WOMAC (total score and pain) (Table
II).
The therapeutic exercises employed in the present

study, besides being a low-cost conservative strategy,
produced no side effects on any of the participants.

pressure changed from unpleasant to painful. The test
was interrupted as soon as the volunteer indicated the
onset of pain, and the final amount of force applied was
recorded. For the evaluation, each participant remained
in dorsal and lateral decubitus positions. Regions eval-
uated were: longus adductor, vastus lateralis, vastus
medialis and tibialis anterior muscles, patellar tendon
and center of the patella. These sites have been des -
cribed and evaluated by previous studies24,25.
Participants signed an informed written consent to

participate in the study, and were randomized (simple
draw) into one of two intervention groups:

exercIse Group (eG) 

EG participants were enrolled in a therapeutic exercise
program including warm-up, flexibility, active muscle
strengthening exercises, balance and proprioception
exercises.
In warm-up, participants were oriented to perform

brisk walking and play ball games with feet and hands.
Stretching exercises targeted the following muscle
groups: hip flexors, extensors and adductors, knee flex-
ors and extensors and plantar flexors. Strengthening
exercises were performed using the volunteer’s own
body resistance against gravity. Exercises for feet plan-
tar flexors, dorsiflexors, knee and hip extensors and
flexors, and abdominal muscles were performed.
Exercises combining sensory stimulation of feet

plantar surface and dynamic and static balance were
also proposed. Volunteers were instructed to walk for-
ward, backward and sideways on different surfaces,
with and without visual information. This intervention
program was based on the considerations reported by
a previous study12.

exercIse plus lIfestyle Group (elG) 

Volunteers of this group participated in the same
above described exercise program, and additionally
joined 8 sessions of lectures and group discussions on
the following topics:
• Nutritional counseling (three 1-hour meetings with
a nutritionist): discussion and follow-up on the im-
portance of maintaining a healthy weight, and
healthy eating based on the consumption of fresh
and minimally processed foods instead of processed
nutrition.

• Self-management of the disease (three 1-hour meet-
ings with a psychologist): educational interventions
aiming at developing self-care strategies, discussions
about the beneficial effects of relationships with fam-
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dIscussIon

This study aimed to compare the influence of an exer-
cise program vs. exercise program combined with
lifestyle education in patients with knee OA. Results
showed that both interventions were effective in re-
ducing pain, increasing PPT and improving LS in pa-
tients with knee OA.
Chronic pain affects many individuals, especially the

elderly, and knee OA is a disease that may contribute
to this condition1,3,4. For this reason, the investigation
of pain in this study was thoroughly conducted: by
VAS, a subjective measure, but widely employed in re-
search and clinical practice, and by algometry, which
evaluates the PPT, and therefore, is an objective mea-
sure. Both groups presented significant reduction in
pain intensity (VAS) after the intervention, indicating
that the therapeutic exercises were beneficial to the pa-
tients.
A recent study has shown that the effects of exercise

depend on its type and outcome, and muscle strength-
ening and flexibility exercises can be used for different
purposes27. In the present study, therapeutic exercises
were general and intended to provide joint stability,
flexibility and increase the muscle tone of the affected
region, aiming at reducing pain. The exercise program
had a positive influence not only on pain intensity as-
sessed by VAS, but also on PPT.
The increase in pain tolerance was observed in all

muscles and structures evaluated (without statistical
significance only at the right vastus lateralis). This in-
crease in PPT in regions not even close to the knee,
such as the adductor and tibialis anterior muscles, re-

veals that although there is pain sensitization in indi-
viduals with OA19,28, when submitted to therapeutic
exer cise, sensitization to a painful stimulus may de-
crease.
A recent meta-analysis showing that the evident sen-

sitization of individuals with OA is evidenced by PPT
reports that other treatments such as mobilization,
pharmacological and surgical interventions, in addi-
tion to therapeutic exercises, are effective forms of treat-
ment for this condition28. Accordingly, exercise is a use-
ful and effective strategy to increase pain tolerance in
individuals with OA in a short period of time28.
Several studies reported PPT assessment in indivi -

duals with OA in order to evaluate central sensitiza-
tion19,24,29. A study about the use of TENS (transcuta-
neous electrical nerve stimulation) in OA verified that
a single session produced increase in PPT30. Other au-
thors observed reduction in pressure pain sensitivity
in patients (compared to the controls) after 12 weeks
(3 weekly sessions) of supervised exercise31.
In the present study, both groups participated in su-

pervised exercise sessions for 8 weeks and with 2 week-
ly sessions. Our results, obtained by a blind evaluator
and with a digital algometer (gold standard to assess
PPT32), not only confirm the benefits of exercise as a
therapy, but also highlight the beneficial effects for pa-
tients, who experienced symptomatic relief.
Pain was also assessed by the WOMAC question-

naire, which revealed significant pain reduction in ELG
only. Pain perception assessed by this instrument was
more pronounced in the group that received the addi-
tional lifestyle education, attesting the importance of
this comprehensive approach in patients with OA.
However, an interesting fact was not observed in this

study. Changes in physical functionality and joint stiff-
ness assessed by WOMAC were not significant. There
are reports that aerobic exercise (not included in the
therapeutic exercise program) may be useful to im-
prove pain and function27. In the present study an ex-
ercise program that combined strength, flexibility and
postural control was studied, and it was efficient to re-
duce pain, but did not improve functionality. Perhaps
the lack of an aerobic exercise would justify this find-
ing, or even the short intervention period. Neverthe-
less, data herein confirm that therapeutic exercises do
contribute to the success of treatment of this complex
and multifactorial disease, and they also may minimize
the negative consequences of OA33, a condition that di-
rectly affects patients’ quality of life.
The inclusion of regular exercise in the routine of

tAble I. deMoGrAphIc And AnthropoMetrIc
dAtA

EG ELG
(n=17) (n=22) p

Age (years) 64.4±6.7 63.7±8.6 0.49*
Weight (kg) 78.4±13.5 75.8±12.0 0.53**
Height (cm) 159.4±11.2 154.4±8.6 0.12**
BMI (Kg/m2) 31.8±5.4 31.0±3.3 0.55**
VAS (cm) 6.7±1.9 6.8±1.8 0.82**
Gender (%F) 70.6 86.4 0.22#

EG: exercise group, LEG: exercise plus lifestyle education
group, BMI: body mass index, kg: kilograms, cm: centimeters,
VAS: visual analogue scale, F: female.
Data are expressed as means ± standard deviations or percentages.
*Mann-Whitney U test, **Student’s T test, #Chi-square test.
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patients with OA may have contributed to the positive
changes observed in their lifestyle. Yet, the adoption
of other healthy habits that may contribute to alleviate
the symptoms of the disease (weight management, for
example) may take longer than a few months34. In ad-
dition, ELG participants attended three sessions with
a nutritionist, who paid special attention to this topic.
Prior to the intervention, individuals from both groups
presented a high BMI (>30), so they were strongly en-
couraged to manage their own weight, as obesity itself
is a major public health issue, besides being related to
knee joint pain35.
A balanced diet is a key aspect for cartilage

metabolism and thus may be related to the course of
OA. A diet rich in antioxidant food sources may con-
tribute to attenuate the cellular oxidation process and
produce a protective effect against age-related disea -
ses36. Hence, educational actions to promote healthy
eating, a diet rich in fresh foods over processed ones,
can positively impact patients with OA.

In one of the first sessions ELG, researchers were
surprised by the fact that some individuals were un-
aware of elementary healthy habits and basic features
of OA itself. The ability to self-manage the disease is
essential to the success of any treatment, and the
knowledge about the mechanisms of pain and related
phenomena (catastrophizing, for example) can help
guide positive health behaviors and self-management
of OA37,38. In addition, other healthy LS habits encour-
aged by ELG are known to be beneficial to overall
health, including that of patients with OA5,39,40-43. Al-
though LS improved in both groups, we believed that
8 weeks were not enough time to produce consistent
and lasting changes in patients’ habits. The instrument
may not have been sensitive enough to capture con-
scious and intentional changes in the lifestyle of ELG,
but in the long run they may impact treatment success.
This study has limitations. As changes in LS need a

long period to be internalized and incorporated into
patients’ routine, a follow-up would bring interesting

tAble II. pAIn IntensIty pressure pAIn thresholds, lIfestyle And physIcAl functIonAlIty

EG before EG after ELG before ELG after
(n=17) (n=17) (n-22) (n-22) p*

BMI 30.7±3.0 30.7±3.2 31.8±4.9 31.6±4.9 0.77
VAS 6.7±1.6 5.5±2.3 6.8±1.9 4.7±3.4 0.01#
PPT R longus adductor 1.65±0.6 3.4±2.5 1.7±0.9 2.6±1.5 <0.001#
PPT R vastus lateralis 3.0±0.8 4.1±2.9 3.0±1.4 3.6±2.2 0.43
PPT R vastus medialis 2.8±1.0 3.7±2.2 2.7±0.9 3.5±1.8 0.03#
PPT R patellar tendon 4.1±1.9 5.9±3.4 4.5±2.4 5.4±2.5 0.01§
PPT R center of patella 3.4±1.2 5.4±3.6 3.3±1.6 4.5±2.7 0.008#
PPT R tibialis anterior 3.6±1.5 5.1±2.5 3.6±1.6 4.8±2.1 0.001#
PPT L longus adductor 1.6±0.9 3.2±2.3 1.7±0.8 2.3±1.6 0.02§
PPT L vastus lateralis 2.6±0.7 4.5±2.7 2.7±1.1 3.8±1.9 <0.001#
PPT L vastus medialis 1.9±1.0 4.3±2.9 1.9±1.1 3.4±2.0 <0.001#
PPT L patellar tendon 3.6±1.5 6.3±3.4 3.4±2.4 5.8±3.4 <0.001#
PPT L center of patella 3.4±0.9 4.8±3.1 2.6±1.2 4.3±2.6 0.003#
PPT L tibialis anterior 3.4±1.2 5.1±2.8 2.8±1.1 4.4±2.3 0.001#
Lifestyle 66.3±7.8 74.2±9.7 72.6±11.3 77.3±11.4 0.01#
WOMAC 42.2±16.9 47.0±17.4 48.4±24.5 41.3±26.7 0.03&
WOMAC - Pain 48.1±18.6 43.5±21.1 55.2±26.1 41.8±28.0 0.03&
WOMAC - Joint stiffness 37.7±21.9 47.0±19.1 45.4±28.5 43.7±29.3 0.19
WOMAC - Functionality 38.7±19.2 35.2±18.6 42.1±28.0 38.4±30.9 0.99

EG: exercise group, LEG: exercise plus lifestyle education group, PPT: pressure pain tolerance threshold (kgf), R: right side, L: left side.
Data are expressed as means ± standard deviations.
*2-way ANOVA for repeated measures.
#Difference between before and after in both groups, § Difference between before and after in EG only, &Difference between before and after
in ELG only.
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ments in joint stiffness and physical functionality were
observed. The group that received additional lifestyle
education also exhibited pain reduction assessed by the
disease-specific questionnaire.
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