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Abstract
Objective: To analyze the association between adherence to a home exercise program and central sensitization, pain
intensity, and functionality in individuals with knee osteoarthritis (KOA).
Methods: A cross-sectional study was conducted involving 57 individuals with KOA. Evaluations were performed
using the Exercise Adherence Rating Scale (EARS), the numerical rating scale (NRPS), the International Knee Documen‑
tation Committee (IKDC), The Central Sensitization Inventory (CSI), and the 30 sec sit and stand test (30SSST). Histo‑
grams were created to determine the normality of the data. The Kolmogorov-Smirnov test was used to determine the
normality of the data. Thus, Pearson’s (r) and determination (R2) correlation coefficients were calculated to determine
the strength of associations between variables.
Results: No significant association was found between adherence behavior or reasons for adherence and central
sensitization symptoms, the intensity of pain on rest and movement, knee disability symptoms, and functionality.
Conclusion: No significant association was identified between adherence to a home exercise program and central
sensitization, pain intensity, and functionality in individuals with KOA.
Keywords: Pain measurement, Chronic pain, Exercise, Knee osteoarthritis
Introduction
In terms of the clinical management of osteoarthritis of
the knee (KOA), well-established evidence supports the
use of exercise therapy as a first-line therapeutic intervention [1]. Exercise therapy is characterized as a therapeutic approach based on repeated and regular activities
to increase resistance and/or minimize the duration of
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impairment, correcting and/or improving movement
related to functional deficits and deficiencies linked to
diseases or injuries. In the case of individuals with KOA,
aquatic and/or terrestrial therapeutic exercise programs
appear to be safe and effective [1–4]. Should be performed for 8 to 12 weeks, 3 to 5 sessions per week, lasting 1 hour for each session. With an emphasis on exercise
programs that involve Pilates, aerobic, and strengthening
exercises in their composition. Due to exposure to potentially destabilizing loads and movements, the implementation of exercise programs allows adaptation of the
neuromuscular system to conditions that may induce
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joint instability, especially during functional activities.
Resulting in positive effects in improving pain, strength,
function, and quality of life, both in the short and long
term [2, 3].
In addition to these characteristics, exercise programs can be implemented through home exercises.
Performed with or without on-site supervision, they
are characterized as inexpensive and require little or no
equipment to be performed. Home exercise programs
are often provided to patients as part of or an alternative to rehabilitation performed in the clinical setting.
Its primary objectives are to enhance results achieved in
the clinical environment and/or assist and expand the
self-management of long-term health conditions [5–7].
In 1 year of follow-up, in relation to the function of the
lower limbs, they present effects almost equal to the
exercise programs performed in the clinical environment. Demonstrating that they can improve strength,
reduce pain intensity, and improve function in individuals with KOA [4, 5].
However, it is also known that individuals affected by
chronic health conditions tend to avoid exercise [4].
Specifically, in relation to KOA, low adherence rates are
reported, between 27 to 64% [8]. One of the great challenges for therapists is to maintain the adherence of individuals with chronic pain throughout the performance
of exercise programs [9]. Mainly, there are growing concerns about adherence to home exercise programs [4]. In
the case of interventions related to rehabilitation, in the
medium and long term, the rate of adherence to home
exercise programs can be low. It may limit the effectiveness of rehabilitation in terms of pain, function, and
probable protection against the recurrence of injuries.
And above all, it can reduce patients’ ability to self-manage their health problems [4, 5].
Understanding this context, adherence is defined as
the extent to which an individual’s behavior corresponds
to the recommendations agreed upon by health professionals [10]. It can be influenced by internal factors
(knowledge, understanding, beliefs, self-efficacy about
the exercises) and external factors (support, access, climate) [10, 11]. Two systematic reviews [10, 12] concluded that supervised or individualized exercise therapy
and self-management techniques can increase adherence
to exercise programs. However, the heterogeneity of the
analyzed studies made it impossible to isolate or define
the specific effects of adherence strategies [10, 12]. Specifically, when it comes to home exercises, adherence
seems to be related to the feeling of obligation towards
the therapist, the desire to avoid medication, and, over
time, the availability of time to exercise [13].
There is a notable lack of analysis related to the impact
of chronic pain and functionality variables on adherence
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to exercise programs for individuals with KOA. There
is thus clear uncertainty about how best to help people
with KOA adhere to exercise [14]. Especially in the context of home exercise programs. However, before testing
interventions or treatment plans. It is necessary to have a
better understanding of the impact of different variables
linked to chronic pain and functionality on adherence to
home exercise programs in individuals with KOA.
Therefore, the aim of this study was to analyze the association between adherence to a home exercise program
and central sensitization, pain intensity, and functionality in individuals with KOA. The hypothesis tested is that
there is a positive association between levels of adherence to a home exercise program and variables related to
chronic pain and functionality in individuals with KOA.

Methods
Study design and ethical considerations

A cross-sectional study was carried out between the
months of August to December 2021 in accordance with
the STrengthening the Reporting of Observational studies in Epidemiology (STROBE Statement) [15]. This type
of study was chosen due to the logistical possibility and
feasibility of the moment of carrying out the study. Since
it was carried out with a care group for individuals with
chronic musculoskeletal pain started in 2020 with the
beginning of the CoVID-19 pandemic, caused by SARSCoV 2. In this way, a home exercise program was carried
out three times a week, consisting of the following exercises: Isometric contractions of the quadriceps, Supine
straight-leg lifts, Leg lifts in the prone position, Passive
knee flexion, Passive knee extension, Resistance knee
extension, Resistance knee flexion, Shifting the center of
gravity (left and right), Shifting the center of gravity (forwards and backwards) [16]. This exercise program was
chosen because it is an inexpensive, easy-to-use, safe, and
suitable program to be practiced at home. And for presenting positive results in terms of reducing pain intensity and joint stiffness, increasing muscle strength of the
lower limbs, and improving balance, mobility, and quality
of life [16].
Two physiotherapists were responsible for demonstrating the procedures to be performed in the home exercise program. Each physical therapist had a minimum of
8 years of experience managing interventions for chronic
musculoskeletal pain. In this way, the demonstration and
training of these procedures took place through video
conference. There were no face-to-face meetings to demonstrate and carry out training and/or procedures to be
carried out by the home exercise program.
Three physical therapists with an average training
time of 8 years were responsible for the stages of carrying out the research. A physical therapist was responsible
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for subject recruitment and verifying the inclusion and
exclusion criteria. Another was responsible for applying
the assessment instruments. A third party was responsible for processing and analyzing the data.
Research participants were recruited by verbal invitation, from a list of participants in the care group for
individuals with chronic musculoskeletal pain in the
city of São Paulo (SP, Brazil). All participants signed an
informed consent form. This study was approved by the
Research Ethics Committee of Universidade Nove de
Julho (n° 47,658,721.9.0000.5511).
Participants

The sample size was calculated using G*Power 3.1 software. The detection of a moderate association (r = 0.50)
among the variables was considered for the calculation of
the sample size [17]. A statistical power of 80% and alpha
of 5% were set. Thus, a minimum number of 30 volunteers was determined.
Participants of both genders, aged between 60 and
80 years [18, 19], diagnosed with KOA, and who performed home exercises at least three times a week in
the last 3 months prior to the start of the study were
included. The diagnosis of KOA was defined according to
the medical history and should include all criteria: knee
pain and/or altered function lasting 12 weeks or longer
[18, 19], morning stiffness < 30 minutes, pain intensity
≥3, radiographic confirmation, and Grades 2 or 3 of the
Kellgren-Lawrence Classification [18, 19]. The diagnosis
of KOA was determined through an examination and the
written opinion of a specialist in rheumatic diseases, with
more than 10 years of experience. This same specialist
analyzed the following exclusion criteria adopted: history
of knee trauma and/or hip or knee replacement surgery,
cognitive impairment, psychological disorder, neurological (sensory or motor) disorder, cancer, severe comorbidities of the heart, liver, and/or kidney, serious psychiatric
diseases, systemic, autoimmune, or inflammatory any
acute adverse health condition, lameness, and the use of a
gait-assistance device.
Assessments

The Exercise Adherence Rating Scale (EARS) is a selfreport instrument developed to assess adherence to
home exercise [20]. Translated and cross-culturally
adapted into Brazilian Portuguese, it is structured
in three sections (A, B, and C) [21]; sections A and C
are characterized as optional. For this study, sections
B and C were applied, respectively, related to adherence behavior and reasons for adherence to exercise.
Section B comprises six items and section C comprises ten items, scored using an ordinal response scale
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(0 = strongly agree to 4 = strongly disagree). Higher
scores indicate greater adherence. A final score of
17/24 can be used as a cut-off point to indicate acceptable adherence behavior [21].
The numerical rating scale (NRPS) is a validated
scale for the Portuguese language to assess pain intensity [22]. Characterized by a sequence of numbers,
from 0 to 10, in which the value 0 indicates “no pain”
and 10 indicates “worst pain imaginable” [22]. The
intensity of the assessment was predicted (NRPS-R),
based on the previous 7 days, and following movement
(NRPS-M), after sitting and standing up from a chair
for five repetitions.
The International Knee Documentation Committee
(IKDC) is an instrument for evaluating KOA-related
symptoms and disabilities. Considered valid and reproducible to be used in the Brazilian population, it consists
of 18 items, distributed into three domains: 1. Symptoms
– with seven items, including pain, swelling, stiffness/
lock, and weakness; 2. Sports and daily activities – one
item for sports and nine for daily activities; 3. Current
knee function and knee function before injury – one
item, not included in the total score composition [23].
Item 6 dichotomizes the answer into yes/no; items 1, 4, 5,
7, 8, and 9 use five-point Likert scales; and items 2, 3, and
10 are scored on an 11-point scale. Higher scores characterize greater commitment [23].
The Central Sensitization Inventory (CSI), through
self-report, quantifies the degree of somatic and emotional complaints associated with central sensitization.
Validated for the Brazilian population showing reliability (ICC > 0.80) and internal consistency (Cronbach’s α = 0.91). It is subdivided into two parts. A (25
items), in which each item can be scored on a Likert
scale ranging from 0 to 4 points associated with the
words “never” and “always”; and part B, a list of previous diagnoses related to central sensitization conditions. Severity levels are quantified in scores from 0
to 100, higher scores represent higher levels of central
sensitization [24].
The 30 sec sit and stand test (30SSST) was performed
in order to assess lower limb strength and endurance.
For this, the same chair was used for all evaluations. The
chair was placed against the wall to keep it from moving. Participants were instructed to sit in the middle of
the chair, with their backs straight and their feet shoulder-width apart. The hands were placed on the opposite shoulder crossed at the wrists. Upon the command
“Go”, the subject stood to a full standing position and
then sat down again. In this way, the number of repetitions that the participant performed in 30 seconds was
recorded [25].
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Statistical analysis

Histograms were created to determine the normality of
the data. The Kolmogorov-Smirnov test was used to determine the normality of the data and the normal distribution
of the variables was demonstrated. Pearson’s (r) and determination (R2) correlation coefficients were calculated to
determine the strength of associations between variables.
The magnitude of correlations was determined based on
the classification proposed by Zou et al. [17]: 0 = no correlation, 0 ≥ 0.20 = weak correlation, 0.20 ≥ 0.50 = moderate correlation, 0.50 ≥ 0.80 = strong correlation, and
0.80 ≥ 1.00 = perfect correlation. All data were processed
using the Statistical Package for the Social Sciences, version 17.0 (SPSS Inc., Chicago, Illinois).

Results
A total of 78 individuals, with knee osteoarthritis, were
recruited for the study, of these, 21 were excluded,
based on the eligibility criteria; thus, the final sample
consisted of 57 individuals (Fig. 1).
Table 1 displays the demographic characteristics
and clinical variables of the individuals included in the
present study. Participants were 94.73% female, with a
mean age of 64 years and BMI of 25.9 Kg/m2 and 50.9%
had a diagnosis of KOA in the left knee.
Table 2 shows the correlations between adherence behavior, central sensitization symptoms, the intensity of pain on
rest and movement, knee disability symptoms, and functionality with no significant association between variables.
Table 3 shows the correlations between reasons for
adherence, central sensitization symptoms, the intensity of pain on rest and movement, knee disability
symptoms, and functionality with no significant association between variables.

Fig. 1 Flowchart of participants
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Table 1 Demographic characteristics and clinical variables of
individuals with knee osteoarthritis (n = 57)
Variables

Mean (standard
deviation) or number
(percentage)

Body mass (kg)

65,7 (12,5)

Height (m)

1,59 (0,08)

BMI (kg/m2)

25,9 (4,6)

Age (years)

64 (5)

Sex - Male

3 (5,27%)

Sex - Female

54 (94,73%)

Affected side - left

29 (50,9%)

Affected side - right

19 (33,3%)

Affected side - bilateral

9 (15,8%)

CSI (score)

25,6 (3,4)

NRPS - R (score)
NRPS - M (score)
IKDC (score)
30SSST (repetitions)
EARS (score)
EARS-RA (score)

4,1 ± 1,0

4,8 ± 0,8

40,5 ± 3,8

10,7 ± 1,4

12,72 ± 2,0

19,3 ± 2,3

BMI Body mass index, CSI Central Sensitization Inventory, NRPS-R Numerical
rating pain scale in rest, NRPS-M Numerical rating pain scale post movement,
IKDC The International Knee Documentation Committee, 30SSST 30 sec sit and
stand test, EARS Exercise Adherence Rating Scale, EARS-RA Exercise Adherence
Rating Scale - reasons for adherence

Discussion
The present study identified no significant association
between adherence to a home exercise program and central sensitization, pain intensity, and anxiety in functionality with KOA. Our hypothesis was that variables related
to functionality and pain would be positively associated
with adherence to a home exercise program for individuals with KOA.
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Table 2 Correlation between EARS and clinical variables of
individuals with knee osteoarthritis (n = 57)
Variables

EARS
R

R2

p

CSI (score)

-0,005

< 0,0001

0,971

NRPS - R (score)

-0,091

0,0082

0,502

NRPS - M (score)

0,106

0,0112

0,431

IKDC (score)

0,144

0,0207

0,286

30SSST (repetitions)

-0,114

0,0129

0,398

CSI Central Sensitization Inventory, NRPS-R Numerical rating pain scale in rest,
NRPS-M Numerical rating pain scale post movement, IKDC The International
Knee Documentation Committee, 30SSST 30 sec sit and stand test, EARS Exercise
Adherence Rating Scale

Table 3 Correlation between EARS-RA and clinical variables of
individuals with knee osteoarthritis (n = 57)
EARS-RA

Variables

R

R2

p

CSI (score)

0,110

0,0121

0,415

NRPS - R (score)

0,031

0,0009

0,816

NRPS - M (score)

0,067

0,0044

0,619

IKDC (score)

0,136

0,0184

0,313

30SSST (repetitions)

0,116

0,0134

0,389

CSI Central Sensitization Inventory, NRPS-R Numerical rating pain scale in rest,
NRPS-M Numerical rating pain scale post movement, IKDC The International
Knee Documentation Committee, 30SSST 30 sec sit and stand test, EARS-RA
Exercise Adherence Rating Scale - reasons for adherence

It is currently understood that patient characteristics
and medical history, including clinical variables and
knowledge about prevention, are dependent variables
in relation to adherence to exercises [26]. These conclusions are supported by prediction models used to assess
adherence to exercise therapy in individuals with KOA
[26]. In the same way as variables related to motivation
levels, socioeconomic status, beliefs, goals, and personal
values are routinely associated with the ability to adhere
to exercise in individuals with osteoarthritis [5, 9, 11].
However, these results are related to exercise adherence
in general. No specific analysis related to home exercise
program protocols for individuals with KOA. The fact is
that even having carried out a cross-sectional study, limits the proof of causality of the associations. Our study
differs from the others by specifying the type of exercise
related to adherence. And even more, understanding
that signs and symptoms related to pain and disability
are highlighted as potential influencers for adherence to
exercises in different clinical conditions [5]. We use clinical and validated instruments to perform a broad analysis
of variables related to pain and disability with adherence
to the home exercise program in individuals with KOA.

Despite different methodologies and the fact that we
used a valid and specific instrument to analyze adherence
to home exercises. Our results complement the findings
of Vries et al. [27], who carried out a convergent mixed
methods study (qualitative and quantitative analysis),
attesting that intrinsic factors involving pain and functionality are not related to the behavior of adherence to
home exercises. Vries et al. [27], also suggest that, when
it comes to exercises performed at home, the physical
therapist exerts a positive influence on adherence, mainly
through the customization of the program to be applied
and the participant’s motivation.
Our results do not define the causality of associations
between variables related to pain and functionality with
adherence to a home exercise program. However, the
analysis of this association serves to alert clinicians and
researchers to be aware that variables related to pain and
functionality do not seem to be associated with the adherence of individuals with KOA to home exercise protocols.
Perhaps, our results point to the need to carry out longer,
more robust future studies, with specific assessment instruments and focused on the behavior of participants and
therapists [27, 28]. Especially when we analyze the results
highlighted by Jouper et al. [28], where they indicated that
health professionals should strengthen the individual’s
intention to exercise, allowing a calm state of energy before
the beginning of the exercise and stimulating concentration
during the performance of the exercises are fundamental.
Specifically on the level of adherence found in our
results, even using a home exercise protocol characterized by promoting a reduction in pain intensity, and joint
stiffness, increasing muscle strength of the lower limbs
and promoting improved balance and mobility [16]. Our
participants did not reach 17/24 points on the EARS,
defined as an acceptable cut-off point for adherence [21].
However, two other studies [14, 29] with longer followups and composed of participants with characteristics
like our study also did not reach this cut-off point.
The issue of adherence to home exercises is complex
and with several nuances for clinicians and researchers. However, both must bear in mind that in addition to increased adherence to exercises, it does not
directly translate into improved pain and functionality [14]. Apparently, the variables central sensitization,
pain intensity, and functionality are not associated
with adherence to a home exercise program for individuals with KOA. We believe that our results do not
define causal associations, nor do they directly change
clinical strategies. However, they open the possibility for further studies to be carried out. Mainly, prioritizing not only the analysis of variables linked to pain
or function. And yes, of variables not analyzed in this
study. Focused on behavioral changes, awareness, and
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understanding of the disease by the individual diagnosed with KOA and therapist-related behaviors [30].
Several limitations are acknowledged. First, as this is
a cross-sectional study, the results presented here must
be interpreted with caution. For it does not define the
causality of associations. It only analyzes the association between adherence to a home exercise program and
central sensitization, pain intensity, and functionality in
individuals with KOA. A maximum limit was defined in
relation to the age of the participants, a fact that may limit
the overlapping of the results for age groups not covered.
Still, on the characteristics of the study participants, radiographic confirmation, and Grades 2 or 3 of the KellgrenLawrence Classification were used. Even though they are
classically recommended [18], they may limit the extrapolations of results to grade 4. Participants had already
participated in activities related to the pain care group.
Therefore, they may have been more motivated to participate in the study. This characteristic may not be replicated
for other groups involving individuals with KOA. As it is
an already structured care group, we did not interfere in
the composition and planning of the therapeutic plan carried out. Finally, data were collected during the second
half of 2021. During this period, some government measures to combat COVID-19 were in effect, which may have
influenced the participation of individuals.

Conclusion
No significant association was identified between adherence to a home exercise program and central sensitization,
pain intensity, and functionality in individuals with KOA.
Acknowledgements
None.
Authors’ contributions
ACBS, CAFPG and JEFS designed the study; GNS, SFCJ and PGS collected the
data; AVDF, CAFPG analyzed and interpreted the data; CAFPG, AVDF and ACBS
wrote the initial draft; All authors read and approved the final manuscript.
Funding
This work was partially supported by Coordenação de Aperfeiçoamento de
Pessoal de Nível Superior (CAPES), finance code 001 and Conselho Nacional
de Desenvolvimento Científico e Tecnológico (CNPq), Programa Institucional
de Bolsas de Iniciação Científica (PIBIC).
Availability of data and materials
The datasets generated and/or analyzed during the current study are not pub‑
licly available due to our limitation of digital data stores for collective access
but are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This study was carried out in accordance with relevant international guide‑
lines and regulations and the methods was approved by the Research
Ethics Committee of the Nove de Julho University (protocol number
47658721.9.0000.5511). All study participants signed an informed consent form.

Page 6 of 7

Consent for publication
Not applicable.
Competing interests
AVDF and CAFPG are associate editors for BMC Musculoskeletal Disorders. The
other authors declare that they have no conflicting interests.
Author details
Postgraduate Program in Rehabilitation Sciences, Nove de Julho University,
Rua Vergueiro, 235/249, Liberdade, CEP, São Paulo, SP 01504‑001, Brazil. 2 Post‑
graduate Program in Physical Education, Universidade Federal do Maranhão,
São Luís, MA, Brazil.

1

Received: 2 May 2022 Accepted: 7 November 2022

References
1. Goh SL, Persson MSM, Stocks J, et al. Efficacy and potential determi‑
nants of exercise therapy in knee and hip osteoarthritis: a systematic
review and meta-analysis. Ann Phys Rehabil Med. 2019;62(5):356–65.
https://doi.org/10.1016/j.rehab.2019.04.006.
2. Raposo F, Ramos M, Lúcia CA. Effects of exercise on knee osteoar‑
thritis: a systematic review. Musculoskelet Care. 2021;19(4):399–435.
https://doi.org/10.1002/msc.1538.
3. Denham-Jones L, Gaskell L, Spence N, Pigott T. A systematic review of the
effectiveness of Pilates on pain, disability, physical function, and quality of
life in older adults with chronic musculoskeletal conditions. Musculo‑
skelet Care. 2022;20(1):10–30. https://doi.org/10.1002/msc.1563.
4. Anwer S, Alghadir A, Brismée JM. Effect of home exercise program in
patients with knee osteoarthritis: a systematic review and Meta-analysis.
J Geriatr Phys Ther. 2016;39(1):38–48. https://doi.org/10.1519/JPT.00000
00000000045.
5. Loew L, Brosseau L, Kenny GP, et al. Factors influencing adherence among
older people with osteoarthritis. Clin Rheumatol. 2016;35(9):2283–91.
https://doi.org/10.1007/s10067-015-3141-5.
6. Lang S, McLelland C, MacDonald D, Hamilton DF. Do digital interven‑
tions increase adherence to home exercise rehabilitation? A systematic
review of randomised controlled trials. Arch Physiother. 2022;12(1):24.
https://doi.org/10.1186/s40945-022-00148-z.
7. Naci H, Ioannidis JP. Comparative effectiveness of exercise and drug
interventions on mortality outcomes: meta epidemiological study. BMJ.
2013;347:f5577. https://doi.org/10.1136/bmj.f5577.
8. Loew L, Brosseau L, Wells GA, et al. Ottawa panel evidence-based clini‑
cal practice guidelines for aerobic walking programs in the manage‑
ment of osteoarthritis. Arch Phys Med Rehabil. 2012;93(7):1269–85.
https://doi.org/10.1016/j.apmr.2012.01.024.
9. Marks R, Allegrante JP. Chronic osteoarthritis and adherence to exer‑
cise: a review of the literature. J Aging Phys Act. 2005;13(4):434–60.
https://doi.org/10.1123/japa.13.4.434.
10. Jordan JL, Holden MA, Mason EE, Foster NE. Interventions to improve
adherence to exercise for chronic musculoskeletal pain in adults.
Cochrane Database Syst Rev. 2010;2010(1):CD005956. Published 2010 Jan
20. https://doi.org/10.1002/14651858.CD005956.pub2.
11. Marks R. Knee osteoarthritis and exercise adherence: a review. Curr Aging
Sci. 2012;5(1):72–83. https://doi.org/10.2174/1874609811205010072.
12. Ezzat AM, MacPherson K, Leese J, Li LC. The effects of interventions
to increase exercise adherence in people with arthritis: a systematic
review. Musculoskelet Care. 2015;13(1):1–18. https://doi.org/10.1002/
msc.1084.
13. Campbell R, Evans M, Tucker M, Quilty B, Dieppe P, Donovan JL. Why don’t
patients do their exercises? Understanding non-compliance with physi‑
otherapy in patients with osteoarthritis of the knee. J Epidemiol Community
Health. 2001;55(2):132–8. https://doi.org/10.1136/jech.55.2.132.
14. Bennell K, Nelligan RK, Schwartz S, et al. Behavior change text mes‑
sages for home exercise adherence in knee osteoarthritis: randomized
trial. J Med Internet Res. 2020;22(9):e21749. Published 2020 Sep 28.
https://doi.org/10.2196/21749.
15. von Elm E, Altman DG, Egger M, et al. The strengthening the reporting of
observational studies in epidemiology (STROBE) statement: guidelines

de Santana et al. BMC Musculoskeletal Disorders

16.

17.
18.

19.

20.

21.

22.
23.

24.

25.
26.

27.

28.
29.

30.

(2022) 23:989

for reporting observational studies. Int J Surg. 2014;12(12):1495–9.
https://doi.org/10.1016/j.ijsu.2014.07.013.
Chen H, Zheng X, Huang H, Liu C, Wan Q, Shang S. The effects of a homebased exercise intervention on elderly patients with knee osteoarthritis:
a quasi-experimental study. BMC Musculoskelet Disord. 2019;20(1):160.
Published 2019 Apr 9. https://doi.org/10.1186/s12891-019-2521-4.
Zou KH, Tuncali K, Silverman SG. Correlation and simple linear regression.
Radiology. 2003;227(3):617–22. https://doi.org/10.1148/radiol.2273011499.
Altman R, Asch E, Bloch D, et al. Development of criteria for the classifi‑
cation and reporting of osteoarthritis. Classification of osteoarthritis of
the knee. Diagnostic and therapeutic criteria Committee of the Ameri‑
can Rheumatism Association. Arthritis Rheum. 1986;29(8):1039–49.
https://doi.org/10.1002/art.1780290816.
Dório M, RMR P, AGB L, Deveza LA, de Oliveira RM, Fuller R. Efficacy of
platelet-rich plasma and plasma for symptomatic treatment of knee
osteoarthritis: a double-blinded placebo-controlled randomized clinical
trial. BMC Musculoskelet Disord. 2021;22(1):822. Published 2021 Sep 24.
https://doi.org/10.1186/s12891-021-04706-7.
Newman-Beinart NA, Norton S, Dowling D, et al. The development and
initial psychometric evaluation of a measure assessing adherence to pre‑
scribed exercise: the exercise adherence rating scale (EARS). Physiotherapy.
2017;103(2):180–5. https://doi.org/10.1016/j.physio.2016.11.001.
de Lira MR, de Oliveira AS, França RA, Pereira AC, Godfrey EL, Chaves TC.
The Brazilian Portuguese version of the Exercise Adherence Rating Scale
(EARS-Br) showed acceptable reliability, validity and responsiveness in
chronic low back pain. BMC Musculoskelet Disord. 2020;21(1):294. Pub‑
lished 2020 May 12. https://doi.org/10.1186/s12891-020-03308-z.
Ferreira-Valente MA, Pais-Ribeiro JL, Jensen MP. Validity of four pain inten‑
sity rating scales. Pain. 2011;152(10):2399–404. https://doi.org/10.1016/j.
pain.2011.07.005.
Metsavaht L, Leporace G, Riberto M, de Mello Sposito MM, Batista LA.
Translation and cross-cultural adaptation of the Brazilian version of
the international knee documentation committee subjective knee
form: validity and reproducibility. Am J Sports Med. 2010;38(9):1894–9.
https://doi.org/10.1177/0363546510365314.
Caumo W, Antunes LC, Elkfury JL, et al. The Central Sensitization Inventory vali‑
dated and adapted for a Brazilian population: psychometric properties and its
relationship with brain-derived neurotrophic factor. J Pain Res. 2017;10:2109–
22. Published 2017 Sep 1. https://doi.org/10.2147/JPR.S131479.
Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as a measure of lower
body strength in community-residing older adults. Res Q Exerc Sport.
1999;70(2):113–9. https://doi.org/10.1080/02701367.1999.10608028.
Wang J, Yang L, Li Q, et al. Construction of an adherence rating scale for
exercise therapy for patients with knee osteoarthritis. BMC Musculoskelet
Disord. 2018;19(1):263. Published 2018 Jul 27. https://doi.org/10.1186/
s12891-018-2200-x
de Vries HJ, Kloek CJJ, de Bakker DH, Dekker J, Bossen D, Veenhof C.
Determinants of adherence to the online component of a blended
intervention for patients with hip and/or knee osteoarthritis: a mixed
methods study embedded in the e-exercise trial. Telemed J E Health.
2017;23(12):1002–10. https://doi.org/10.1089/tmj.2016.0264.
Jouper J, Hassmén P. Exercise intention, age, and stress predict increased
qigong exercise adherence. J Bodyw Mov Ther. 2009;13(2):205–11.
https://doi.org/10.1016/j.jbmt.2008.08.002.
Nelligan RK, Hinman RS, Kasza J, Crofts SJC, Bennell KL. Effects of a
self-directed web-based strengthening exercise and physical activ‑
ity program supported by automated text messages for people with
knee osteoarthritis: a randomized clinical trial. JAMA Intern Med.
2021;181(6):776–85. https://doi.org/10.1001/jamainternmed.2021.0991.
Cinthuja P, Krishnamoorthy N, Shivapatham G. Effective interventions to
improve long-term physiotherapy exercise adherence among patients
with lower limb osteoarthritis. A systematic review. BMC Musculoskelet
Disord. 2022;23(1):147. Published 2022 Feb 14. https://doi.org/10.1186/
s12891-022-05050-0.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Page 7 of 7

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

