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Osteoarthritis (OA) is the most common chronic-

degenerative joint disease in people of age 40 years and 

older (Arden & Leyland, 2013), and a leading cause of 

disability (Cross et al., 2014). The knee is one of the most 

affected joints by OA (Hunter & Bierma-zeinstra, 2019; 

Messier et al., 2013; Scopaz et al., 2009). This condition is 

present in 5-25% of people aged 60 years and older (Cross 

et al., 2014), and presents one of the greatest burdens in 

the health system globally (Cross et al., 2014). The pain and 

disability from OA can lead to reduced occupational 

capacity, physical activity, and a greater likelihood of co-

morbidities (Cross et al., 2014).  

Key clinical guidelines for knee OA recommend non-

surgical and non-pharmaceutical strategies (Fernandes et 

al., 2013; McAlindon et al., 2014) with a focus on active 

management as the first line treatment. The latter includes 

exercise therapy, patient education, and weight loss 

(McAlindon et al., 2014). There is compelling evidence that 

exercise in particular reduces pain and improves function 

and quality of life. However, adherence to exercise-therapy 

is important, with long term adherence one of the biggest 

challenges for people with knee OA (Hong et al., 2008). 

Exercise therapy for knee OA is typically prescribed and 

guided by physiotherapists via in-person interactions. 

However, access to such in-person healthcare can be 

limited by  physical distance and costs (Fernandes et al., 

2013),  especially in rural areas (Hinman et al., 2017).  The 

social distancing measures required by the COVID-19 global 

pandemic have also limited access to health professionals 

(Turolla et al., 2020). A potential solution to such 

accessibility challenges is telerehabilitation, which employs 

telecommunications technology to deliver rehabilitation 

across the entire acute, sub-acute, and community spectrum 

at a distance (Lee & Harada, 2013). A randomized 

controlled trial in people with knee and hip OA, compared 

usual physical therapy and a combined approach of in-

person visits and Web-based physical activity intervention 

(i.e., e-exercise), and reported clinical improvements after 

12 weeks in both groups (Kloek et al., 2018). 

ABSTRACT 

Background: The effectiveness of telerehabilitation for a patient with knee osteoarthritis may depend upon the person’s 
adherence to intervention. Thus, the aim of this study was to investigate whether people with knee osteoarthritis would 
adhere to exercise-therapy facilitated via multiple media in Brazil, a newly industrialized country. Method: This is a feasibility 
study, pre-post intervention. Middle aged (40-50 years) and elderly (≥70 years) people with knee osteoarthritis received in-
person exercise-therapy instructions on the first day, along with a booklet and DVD (videos) to take home. Participants also 
received six motivational phone calls throughout the 12-week treatment. Satisfaction and adherence were assessed one 
week after intervention with the Exercise Adherence Rating Scale (EARS), sections B and C. Preference on the method 
used to adhere to exercises was recorded. Conclusion: Telerehabilitation was well accepted by middle-aged and elderly 
Brazilians with knee osteoarthritis. The preferred media to enhance adherence, was a booklet with descriptions of the 
exercises, especially for the elderly cohort. 
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Health care models using telecommunication 

technology (e-health) such as video conferencing and even 

telephone use, can increase access to treatment and align 

with contemporary care models (Speerin et al., 2014). 

Findings from a clinical trial in the United Kingdom indicated 

that telephone services delivered by the National Health 

Service (i.e., initial assessment and exercises for acute and 

chronic musculoskeletal diseases) may be as effective as 

outpatient physiotherapy treatment, and provide faster and 

safer access to physiotherapy (Salisbury et al., 2014). 

Additionally, a systematic review reported that telephone 

interventions improved physical activity levels in adults 

managing various chronic diseases (Goode et al., 2012).  

The successful implementation of telerehabilitation 

depends upon whether patients have access to the 

telecommunications technology, and are familiar with its 

operation (Dobson et al., 2016). It follows, therefore, that 

telerehabilitation outcomes may differ by country and 

socioeconomic status. For example, the United States, 

Norway, Japan and Australia score within the top 25 

countries (of 139 countries) in the Networked Readiness 

Index (NRI), a tool to assess countries’ preparedness to 

benefit from opportunities presented by the digital 

transformation and technologies (Balleret al., 2016). 

Countries with an upper-middle income economy, such as 

Brazil, are ranked in the lower half of the list. Importantly, 

differences in NRI may influence telerehabilitation’s 

acceptability and outcomes (Allen et al., 2018; Azma et al.; 

Hinman et al., 2017). Countries ranked low in the NRI are 

likely to have gained access to computers and digital 

technology at a later stage, which may drive the observed 

age differences in the use of computers and technology in 

general (“Older adults and technology use | Pew Research 

Center,” 2014). Even in the United States, a country highly 

ranked in NRI, people over 65 years make use of 

technology below the average for the country (“Older adults 

and technology use | Pew Research Center,” 2014).  

While countries with a higher income economy have 

been using telehealth for some time, countries such as 

Brazil have just started to consider this alternative due to the 

COVID-19 crisis (Dantas et al., 2020). Up until recently, 

telerehabilitation use was not even allowed by the 

Regulatory Agency responsible for the practice of 

Physiotherapy in Brazil, with a temporary exception 

authorized in March, 2020 (Resolution no 516). 

Therefore, the primary aim for this study was to 

investigate whether people with knee OA would adhere to 

an exercise therapy program delivered via multiple 

telerehabilitation options (DVD, web-based, telephone 

support), in Brazil, a country with an upper-middle income 

economy. Our secondary aims were to (1) analyse the 

effects of intervention on pain and function, and (2) compare 

acceptability of the telerehabilitation program by the two 

distinct age groups involved in the study:  middle-aged (40 

to 50 year of age) and elderly (70 years and over). 

METHODS 

This mixed-methods study involved two parallel groups, 

pre- and post-test design and a qualitative design focused 

on identifying themes within the participants’ experience of 

receiving telerehabilitation intervention. The study was 

approved by the local Human Research Ethics Committee 

(CAAE: 79229517.7.0000.5504). Recruitment was facilitated 

by inviting participants from another study (i.e., a non-

interventional cross-sectional study). Informed written 

consent was provided by all participants. 

PARTICIPANTS 

Twenty-nine participants (13 aged 40 to 50 years; and 

16 aged > 70 years) were recruited from the community via 

radio, newspaper, and social media between April 2017 to 

November 2017. To be included participants had to meet 

the criteria of another concurrent study which aimed at 

evaluating the muscle architecture of middle-aged and older 

people with knee OA (Aily et al., 2019). Muscle architecture 

can be defined as the arrangement of muscle fibers relative 

to the axis of force generation (Lieber & Fridén, 2000). 

Inclusion criteria were age between 40 and 50 years 

(middle-aged) or ≥ 70 years (elderly), a BMI ≤ 30 kg/m2, and 

persistent pain in at least one knee for more than three 

months. Participants also had to be classified as grades II or 

III on the Kellgren and Lawrence (KL) scale (Kellgren & 

Lawrence, 1957), and meet the American College of 

Rheumatology criteria (ACR) (Altman et al., 1986). 

Exclusion criteria were previous trauma to lower limbs 

and/or knee ligament and meniscus injuries; participation in 

physical therapy in the previous six months; any previous 

lower limb surgery; or inability to comprehend and follow 

instructions as determined by de Almeida et al. (2018).  

INTERVENTION 

At first day of intervention participants received 

individual and in-person instructions on how to perform each 

exercise, and how to follow the instructions included in a 

personal DVD and a booklet. Exercises were divided into 

lower body strengthening (knee flexors, extensors, bridge, 

step up and down), trunk exercises (plank), global exercises 

(exercises in standing position, involving whole body), and 

lower body stretching. Participants were expected to 

perform six different exercises per session, of which two 

were stretching (http://exercicio-joelho.trekeducation.org), at 

least 3 times a week. The exercise program lasted 12 

weeks, with standardized bi-weekly difficulty progression 

(i.e., increase in number of repetitions or load). Instructions 

for the exercises could be accessed by the different media, 

http://exercicio-joelho.trekeducation.org/
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as per the participants’ preferences. Exercise delivery by 

telerehabilitation was asynchronous.  

The participants’ availability for regular phone calls was 

established in week 1. Participants received a phone call 

from an investigator (JA), for at least 10 minutes on weeks 

2, 3, 4, 6, 8, and 11 to monitor their engagement and 

determine how often they were exercising. The phone calls 

were aimed to motivate participants to increase their 

adherence to the exercise program. The length of calls 

followed each participant’s pace. They answered questions 

on how much exercise they had performed during the week 

and the timing of the exercise sessions. Questions also 

explored any difficulties in exercises, whether participants 

performed the exercises alone or with others, if the regimen 

had disrupted their day, and their preferences concerning 

the general exercise routine. The investigator was always 

sympathetic and encouraging.  

Beginning in week 6, the material that had been 

provided to participants in the DVD was made available via 

a website link. The purpose was to gain information on 

patients’ preferences for engaging with the exercise videos. 

They were able to choose between the DVD, internet, and 

booklet. 

PRE- AND POST-TEST DESIGN 

Participants were assessed regarding satisfaction and 

adherence to the 12-week tele-rehabilitation exercises 

(primary outcome) one week after the end of treatment. 

Secondary outcomes included change in pain and function. 

Adherence was assessed with the Brazilian-Portuguese 

version of the Exercise Adherence Rating Scale (EARS). 

EARS is a tool with three sections. Sections B and C are 5-

point Likert questions (0 - completely agree to 4 - completely 

disagree), that assess self-reported adherence to home 

exercises (first 6 questions), and circumstances that help or 

hinder exercise compliance (10 questions). Some questions 

have the score inverted (1 and 4 in section B and 4, 5 and 6 

in section C) to generate a maximal possible score of 24 for 

section B and 40 for section C. For both sections, higher 

scores represent better adherence (Newman-Beinart et al., 

2017). Participants also answered six additional questions 

based on the study by Hinman et al. (2017) related to 

adherence, satisfaction, and adverse events (supplement 

material).  Another three questions were presented to give 

participants the opportunity to describe positive and 

negative aspects of the telerehabilitation protocol. 

Pain was assessed via the visual analogue scale (VAS; 

0-100) (Bijur et al., 2001). Participants were asked about 

their worst pain in the previous week. Function was 

assessed via the Western Ontario and McMaster 

Universities Osteoarthritis Index (WOMAC) (Bellamy et al, 

1988), a self-reported tool composed of 24 items divided 

into three subscales: pain, stiffness and physical function, in 

which higher scores (0-96) indicate a worse condition. 

STATISTICAL ANALYSIS 

Data was presented descriptively through mean (SD), 

and percentages. Effect sizes (and 95% confidence 

intervals) were used to compare pre and post intervention 

for pain (VAS) and function (WOMAC) and to compare 

feasibility results (EARS) between cohorts (Table 2). 

Preference on how to inform the exercise (i.e., DVD, 

internet, booklet) was compared between cohorts via chi-

square (n-1) test (Altman et al., 2013; Richardson, 2011), 

and within the cohorts via binomial tests (Howell, 2009) by 

comparing one of the preferences against the remaining 

two. The authors followed Cohen’s  (1988) schema to 

interpret the effect sizes (ES): 0.1 to 0.3: small effect; 0.3 to 

0.5: moderate effect; 0.5 and higher: large effect.   

QUALITATIVE DESIGN 

Six participants were randomly selected to participate in 

a focus group after completion of the 12-week intervention. 

The interview was semi-structured, following a topic guide 

(Appendix A) created by two of the investigators (CB and 

DOS). One investigator (JA) conducted the focus group 

interview, which lasted approximately 120 minutes.  An 

inductive thematic analysis was used to generate  themes 

from the qualitative data (Braun & Clarke, 2006). The audio 

recording was transcribed in Portuguese and then translated 

to English. First, one investigator (JA) independently read 

and re-read the transcript, then coded each transcript. 

Independently, a “framework” approach (Pope et al., 2006) 

was applied by one of the investigators, with previous 

experience in conducting and evaluating interviews (CB) 

(Barton et al., 2015; Neal et al., 2018). The thematic 

framework was formed by mapping the ideas and opinions 

stated by participants, and themes were generated. A 

second investigator (JA) also read through the transcript to 

reinforce the analysis. Codes remained close to participants’ 

own words to capture their ideas. Trustworthiness of the 

qualitative data were determined by following the credibility, 

dependability, confirmability, and transferability criteria (Elo 

et al., 2014). 

RESULTS 

Twenty-three of the 29 recruited participants completed 

the study. Two stopped attending the phone calls, one 

declined post-assessment, one moved to a different city, 

and two were unable to continue. Characteristics of 

participants are presented in Table 1.  
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Table 1  

Characteristics of Participants 

  All 

Participants 

Middle 

Aged (n=10) 
Older (n=13) 

Age (y) 62.0 (15.1) 45.4 (2.4) 74.8 (2.9) 

Age range (y) 
 

40 to 50 70 to 80 

Gender 
   

    Women – n (%) 12 (52.2%) 7 (70%) 5 (38.5%) 

    Men – n (%) 11 (47.8%) 3 (30%) 8 (61.5%) 

Unilateral Knee OA – n (%) 15 (65.2%) 5 (50%) 10 (76.9%) 

Bilateral Knee OA – n (%) 8 (34.8%) 5 (50%) 3 (23.1%) 

Height (m) 1.6 (0.1) 1.6 (0.1) 1.6 (0.1) 

Weight (kg) 70.0 (12.1) 72.2 (11.4) 68.4 (12.9) 

Body Mass Index (kg/m2)  26.6 (2.9) 26.5 (3.2)  26.7 (2.9) 

Note. Data are presented as Mean (SD) where not otherwise indicated. 

 

ADHERENCE AND 

SATISFACTION 

All participants reported good overall adherence to 

exercise (Tables 2 and 3). The average scores for EARS-B 

were 17.6 (5.2) out of 24. The middle-aged group had a 

mean EARS-B score of 17.0 (4.5) and the older group had a 

mean EARS-B score of 18.1 (5.6).  For EARS-C, the total 

average score was 28.1 (6.3) out of 40. The middle-aged 

group had a mean EARS-C mean score of 26.5 (7.7) and 

the older group had a mean EARS-C score of 29.4 (4.6) 

(Table 2).  

Data from the additional six questions showed that 

participants only missed, on average, 16% of the calls, and 

were pleased to receive them (Table 3). They exercised on 

average over three times a week and felt the videos were 

helpful to maintaining regular exercise (Table 3). All but one  

 

 

participant would participate in telerehabilitation again if 

offered (Table 3).  

Regarding adverse events, two participants reported 

personal problems that affected adherence. One reported 

difficulty in performing the exercises and two others 

mentioned knee pain as the reason for not exercising 

regularly.  

Additionally, one participant expressed the preference 

for companionship during exercise. Participants’ 

suggestions included the provision of equipment by the 

researchers (n=1), completing exercises in-person in groups 

instead (n=2), and provision of a more personalised 

approach with one to two weeks of in-person exercises 

before telerehabilitation (n=1). 
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Table 2  

EARS Outcomes for All Participants, and When Split into Middle-Aged and Older Cohorts 

 

All Participants 

 

Middle Aged  

Participants 

(n=10) 

Older  

Participants 

(n=13) 

Effect Size for the 

difference between 

cohorts (95%CI) 

EARS-B - Maximal possible score of 4 in each 

question (24 total)  

Agree and 

Strongly 

Agree 

Mean 

Score (SD) 

Agree and 

Strongly 

Agree 

Mean 

Score (SD) 

 

I do my exercises as often as recommended. *  3.1 (1.0) 70% 2.9 (1.0) 83% 3.3 (1.0) 0.4 (-0.4 to 1.2) 

I forget to do my exercises. 2.9 (1.4) 70% 2.7 (1.5) 75% 3.0 (1.3) 0.2 (-0.6 to 1.0) 

I do less exercise than recommended by my 

healthcare professional. 

2.3 (1.6) 50% 2.0 (1.6) 58% 2.5 (1.6) 0.3 (-0.5 to 1.1) 

I fit my exercises into my regular routine. * 3.3 (1.1) 80% 3.3 (1.3) 83% 3.4 (1.0) 0.1 (-0.7 to 0.9) 

I don’t get around to doing my exercises. 2.8 (1.5) 80% 3.3 (1.3) 58% 2.5 (1.5) -0.5 (-1.4 to 0.3) 

I do most, or all, of my exercises. 3.2 (1.1) 70% 2.8 (1.3) 92% 3.5 (0.9) 0.6 (-0.3 to 1.4) 

Total Score 17.6 (5.2)  17.0 (4.5)  18.1 (5.6) 0.2 (-0.6 to 1.0) 

EARS-C - Maximal possible score of 4 in each 

question (40 total)      

 

I don’t have time to do my exercises. 3.3 (1.1) 80% 3.0 (1.2) 92% 3.5 (0.8) 0.4 (-0.4 to 1.3) 

Other commitments prevent me from doing my 

exercises. 

2.9 (1.4) 60% 2.4 (1.6) 92% 3.2 (1.0) 0.6 (-0.2 to 1.5) 

I don’t do my exercises when I am tired.  2.7 (1.5) 70% 2.9 (1.4) 67% 2.5 (1.5) -0.2 (-1.1 to 0.6) 

I feel confident about doing my exercises. * 3.4 (0.9) 60% 3.0 (1.2) 92% 3.7 (0.6) 0.8 (-0.1 to 1.6) 

My family and friends encourage me to do my 

exercises. * 

3.0 (1.3) 50% 2.5 (1.4) 92% 3.3 (1.1) 0.7 (-0.2 to 1.5) 
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I do my exercises to improve my health. * 3.3 (1.2) 80% 3.1 (1.4) 83% 3.5 (0.9) 0.3 (-0.5 to 1.1) 

I do my exercises because I enjoy them.  2.9 (1.2) 70% 2.9 (1.0) 67% 2.8 (1.3) 0.0 (-0.9 to 0.8) 

I adjust the way I do my exercises to suit myself. 1.1 (1.3) 30% 1.4 (1.5) 17% 0.9 (1.1) -0.4 (-1.2 to 0.5) 

I stop exercising when my pain is worse.  2.2 (1.8) 50% 2.0 (1.8) 58% 2.3 (1.8) 0.2 (-0.6 to 1.0) 

I’m not sure how to do my exercises  3.4 (1.0) 90% 3.3 (1.3) 92% 3.5 (0.7) 0.2 (-0.6 to 1.1) 

Total Score 28.1 (6.3)  26.5 (7.7)  29.4 (4.6) 0.5 (-0.4 to 1.3) 

Note. *Questions with scores inverted 

 

Table 3  

Call Frequency, Weekly Exercise Session and Personal Perception of Tele-Rehabilitation 

 All Participants 

 

Middle Aged  

Participants 

(n=10) 

Older  

Participants 

(n=13) 

Number of calls  6.7 (0.7) 6.6 (0.5) 6.7 (0.8) 

Average sessions per week   3.3 (1.6) 3.1 (1.1) 3.5 (1.8) 

How satisfied are you with the exercise protocol followed up by 

phone calls? (0 to 7) 6.6 (0.7) 6.6 (0.8) 6.6 (0.6) 

Did the videos help you to exercise regularly? (0 to 4) 3.1 (1.0) 3.7 (0.6) 2.6 (0.9) 

Would you participate again in a telerehabilitation program? 

(YES/NO) 96% YES 100% YES 90% YES 

What was your preferred way to follow the exercises? 

(DVD/internet/Booklet) n and % 

n = 10/3*/16* 

% = 43/13/70 

4/2/6 

40/20/60 

6/1/10* 

46/8/77 

Note. *binomial test - statistically significant when compared to remaining options within cohort.  
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EFFECT OF INTERVENTION ON PAIN AND FUNCTION AND COMPARISONS 

BETWEEN MIDDLE-AGED AND ELDERLY COHORT 

Improvement occurred for all participants (n=23) following the intervention for both pain (mean difference (MD), 95%CI = 

2.5, 1.9 to 3.2; effect size (ES), 95%CI = -1.3, -2.1 to -0.5) and function (WOMAC MD, 95%CI = 15.7, 10.3 to 21.4; ES, 95%CI 

= -1.0, -1.8 to -0.2). No differences were identified when younger (n=10) and older (n=13) cohorts were compared. 

PREFERENCE OF INSTRUCTIONS (DVD, INTERNET, BOOKLET) 

The booklet was the preferred media among all participants (p=0.0005), with a mean preference of 70% (95%CI 49% to 

85%) and among the elderly cohort (p=0.002, mean preference 77%; 95%CI 49% to 93%). Internet was the least preferred 

option (all participants: p=0.045, mean preference 13%; 95%CI 3.7% to 32.98%). There were no other significant preferences 

within the different cohorts. 

QUALITATIVE FINDINGS 

The themes generated were (1) Participants’ perceptions about the outcome (including 2 subthemes); (2) Preferences; (3) 

Barriers; (4) Enablers; (5) Benefits and limitations of options provided; (6) Ongoing exercise or other options. A summary of 

themes and subthemes from patient’s opinion is provided in table 4. 

 

Table 4  

Post Intervention Focus Group Qualitative Findings 

Themes / Sub-themes Quotes 

1. Participant’s perception about 

the outcome 

 

1.1 Success/Happiness “I thought it was great. As I already told you, I was thinking about replacing my 

knee with a prosthesis ….. but now it is better.  Now I go up and down stairs, I 

am driving. To get inside the car, I needed to sit down and then, pull my leg on. 

Now, I do not need to do this anymore.” 

“I think that the most important were the exercises, because before I was very 

lazy, doing nothing. Now, I am feeling much better. In the first day of exercise, I 

was a little sore, then my body got used to it. It was very good.” 

“I do not have knee pain anymore” 

1.2 Previous unsuccessful 

outcomes 

“I did many other things before starting this project. I visited many medical 

doctors before coming to this project. They prescribed me lots of medicines, 

pills. Sometimes neighbours said to me "Wow, you are much better now.” 

“I visited a physiotherapist once a week. I attended 12 sessions. After that, I 

did 10 more sessions, and then, once again more 15 sessions. When I was 

there, he did some things... do you know? I went to my home better, without 

pain. However, in the next day, my knee was sore again. It means that the pain 

relief was only for a few hours.” 

2. Preferences “I followed the exercises through the booklet and the DVD, but I think that the 

DVD is better, because you can see the exercises” 

“We have access to Internet at home, but we did not access the exercises by 

the Internet or television (DVD) …. It was easier looking at the booklet.” 
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“Inside the house I do not have DVD player, so I used the booklet ….. And by 

the Internet, I also do not have access, because I do not know how to use it 

….. I used the booklet, because I did not have access to the DVD player… 

However, if I had access, it could be better than the booklet, because in the 

DVD I can watch the explanation about how to do the exercise, and in the 

booklet I can’t.” 

3. Barriers “Laziness! I have it. But I don’t know… Even with my laziness I did it. 

Sometimes, I thought "Oh, I will do it again...", but I did it.  I think laziness was 

my main barrier.”  

“The hardest barrier for me was using the DVD because of my hearing loss.” 

“I had pain… In the beginning I had much pain, but I did the exercises slowly.” 

4. Enablers “We knew that you would call, so I thought like, "Oh, she is going to call" so, I 

had the commitment to do the exercises.” 

“If the exercises were done here at the university, this would be better for some 

people. I think at home was the best way for me. I did not have to come here 

and I could do the exercises anytime.” 

5. Benefits and limitations of 

options provided 

“Unless the face-to-face sessions occur periodically… to correct some 

exercises that we probably are doing wrong. Because with the 

telerehabilitation, if we are doing the exercises wrong, we will keep doing the 

exercises wrong, right?” 

“I think we do not need to come here every single time that we will do the 

exercises. There is no need to do this” 

“I guess nothing replaces the physiotherapist…… I could come here and say to 

you “look, I do this one and it hurts me,” then you would say “Let’s change the 

exercise, let’s do another one.”  I do not know, something like this.” 

6. Ongoing exercise or other 

options 

“Sometimes I think that I do exercises even more than I should.” 

“The more you do, the better it is.” 

“Look, although I have a computer, I have never used Skype before. I do not 

know if I would have conditions to use it.” 

 

 

DISCUSSION 

To our knowledge, this is the first study to test an 

intervention for people with knee OA delivered via 

telerehabilitation in a newly industrialized country. Although 

the characteristics of Brazil may impose specific challenges 

for telerehabilitation, our results show good overall 

adherence, satisfaction, and acceptability of this method of 

exercise delivery. Importantly, feasibility of telerehabilitation 

was demonstrated in both middle-aged and elderly people, 

indicating the treatment may have wide reaching 

acceptance among people with knee OA. 

Our results on adherence and satisfaction are similar to 

results reported from countries with a higher income 

economy (Choi et al., 2016; Nelson et al., 2017; Renda & 

Lape, 2018). Our findings align with those reported by  

 

Nelson et al. (2017), who investigated preferences in using 

technology to facilitate rehabilitation following total knee or 

hip replacement. Their online intervention, accessed via 

computer, tablet, or phone, showed older people feeling less 

comfortable in using the required technology, and preferring 

booklets to guide exercises. Current evidence indicates that 

it is important to consider that many older people seem to 

feel less comfortable with technology, regardless of their 

country of origin (Nelson et al., 2017; “Older adults and 

technology use | Pew Research Center,” 2014). 

Interestingly, the current study also identified a clear 

preference towards booklets. Therefore, in Brazil, booklets 

should still be considered as an option for treatment 

reinforcement, particularly when combined with phone calls, 

following principles of evidence based practice, where a 

patient’s preference needs to be considered (Herbert, 2011). 

Additionally, strategies to minimise this discomfort, such as 

hands-on training on technology, along with regular 
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encouragement could be trialed to decrease resistance to 

technology.  

Phone calls in our intervention seemed to have had a 

role in optimising adherence. Most participants were 

satisfied by being regularly called, and in most instances 

answered the phone calls (Table 3). Similar to previous 

studies in other settings (Goode et al., 2012; Hinman et al., 

2017; Salisbury et al., 2014), this indicates that a phone 

conversation remains an effective way to maintain regular 

communication with patients and improve treatment 

adherence.  

Our findings indicate large within participant 

improvement for both pain and function following 

telerehabilitation. However, these preliminary findings 

should be interpreted with caution, as this study did not 

contain a control group, and was not powered to compare 

cohorts. Nonetheless, pain reductions were approximately 

2.5 points in a 10 point VAS, which is consistent with 

intervention arms in clinical trials, showing a reduction of two 

points in the VAS compared to a control group (Bellamy et 

al., 1992).  

A positive response related to our intervention 

discerned from the focus group was the flexibility that 

telerehabilitation can offer. Participants were generally 

pleased they could choose the time that best fit their daily 

schedule to complete their exercise. One limitation shared 

by a participant was the lack of equipment provided to 

complete the exercises. Due to financial constrains for most 

participants, the acquisition of equipment was not viable. 

Therefore, participants were instructed to use any domestic 

objects instead of proper free weights (e.g., bags of beans, 

can of corn, etc.). Clinicians and researchers should 

consider financial constrains when implementing 

telerehabilitation that requires equipment, particularly when 

the population is of low socioeconomic status. One simple 

solution is to provide patients with the necessary equipment; 

although this would likely require additional funding. 

Alternative ways could be used to minimise costs, for 

example by using plastic water bottles in creative ways 

along with other low-cost material such as rubber balls and 

elastic bands. Furthermore, additional videos teaching 

participants to use objects found in the home could be used 

to help overcome exercise equipment cost barriers.  

A reported point of dissatisfaction was the lack of 

companionship while performing exercises. Previous studies 

have shown that there is a potential relationship between 

companionship and adherence to exercise (Cavallo et al., 

2014; Hong et al,, 2008; Marquez et al., 2016). Therefore, it 

is possible that, for some people with knee OA, 

telerehabilitation intervention may only be adhered to when 

alternative companionship (family, friends, other patients) 

can be arranged. 

Key limitations for this study are the small sample size, 

the lack of a control group, and the short follow-up period. 

Furthermore, because the present study was a secondary 

analysis of a non-interventional cross-sectional study, there 

was a gap in the age bracket of participants (no participants 

between the ages 50 and 70), and all participants had a BMI 

of 30 or below and knee OA grades II and III in the KL scale. 

Also, two investigators were involved in interviewing 

participants and conducting the regular phone calls. Ideally 

a person not involved in the study would perform these 

tasks; due to lack of funding this limitation was unavoidable. 

Nevertheless, due to the nature of the study, which was 

related to feasibility (i.e., adherence and satisfaction), the 

authors believe this limitation did not have a significant 

impact on the study results.  

In conclusion, participants in Brazil with knee OA 

adhered to an exercise regimen supported asynchronously 

by videos (i.e., DVD and web-based) and booklets, and 

monitored by phone calls. Booklets were the preferred 

supportive media to perform exercises, particularly in the 

older cohort, who were less comfortable using technology. It 

is important to understand the factors that influence 

adherence to exercise regimens, especially patients’ 

preferred supportive media and any limitations related to 

their country of residence.  

Cost savings, shorter waiting times, and reduced travel 

expenses will likely drive the increased adoption of 

telerehabilitation service delivery in newly industrialized 

countries such as Brazil.  Progress could be accelerated by 

governmental actions that include investments in innovative 

technologies, training on the use of telehealth tools, and 

allowing wide population access to telerehabilitation.  

CONFLICT OF INTEREST 

The authors declare no conflicts of interests.  

REFERENCES 
Aily, J. B., de Noronha, M., de Almeida, A. C., Pedroso, M. G., 

Maciel, J. G., Mattiello-Sverzut, A. C., & Mattiello, S. M. (2019). 
Evaluation of vastus lateralis architecture and strength of knee 
extensors in middle-aged and older individuals with knee 
osteoarthritis. Clinical Rheumatology, 1–9. 
https://doi.org/10.1007/s10067-019-04539-9  

Allen, K. D., Arbeeva, L., Callahan, L. F., Golightly, Y. M., Goode, A. 
P., Heiderscheit, B. C., … Schwartz, T. A. (2018). Physical 
therapy vs internet-based exercise training for patients with 
knee osteoarthritis: results of a randomized controlled trial. 
Osteoarthritis and Cartilage, 26(3), 383–396. 
https://doi.org/10.1016/j.joca.2017.12.008 

Altman, D., Machin, D., Bryant, T., & Gardner, M. (2013). Statistics 
with confidence: confidence intervals and statistical guidelines. 
John Wiley & Sons. 

Altman, R., Asch, E., Bloch, D., Bole, G., Borenstein, D., Brandt, K., 
… Wolfe, F. (1986). Development of criteria for the 



 

   

 

 

  International Journal of Telerehabilitation • telerehab.pitt.edu 
 

 

146 International Journal of Telerehabilitation •   Vol. 12, No. 2  Fall 2020   •   (10.5195/ijt.2020.6323) 

 

 

classification and reporting of osteoarthritis: Classification of 
osteoarthritis of the knee. Arthritis & Rheumatism, 29(8), 
1039–1049. https://doi.org/10.1002/art.1780290816 

Arden, N. K., & Leyland, K. M. (2013). Osteoarthritis year 2013 in 
review: Clinical. Osteoarthritis and Cartilage, 21(10), 1409–
1413. https://doi.org/10.1016/j.joca.2013.06.021 

Azma, K., RezaSoltani, Z., Rezaeimoghaddam, F., Dadarkhah, A., 
& Mohsenolhosseini, S. (2018). Efficacy of tele-rehabilitation 
compared with office-based physical therapy in patients with 
knee osteoarthritis: A randomized clinical trial. Journal of 
Telemedicine and Telecare, 24(8), 560–565. 
https://doi.org/10.1177/1357633X17723368 

Baller, S., Dutta, S., & Lanvin, B. (2016). Global information 
technology report 2016. Ouranos Geneva. 

Barton, C. J., Lack, S., Hemmings, S., Tufail, S., & Morrissey, D. 
(2015). The “Best Practice Guide to Conservative 
Management of Patellofemoral Pain”: Incorporating level 1 
evidence with expert clinical reasoning. British Journal of 
Sports Medicine, 49(14), 923–934. 
https://doi.org/10.1136/bjsports-2014-093637 

Bellamy, N., Buchanan, W. W., Goldsmith, C. H., Campbell, J., & 
Stitt, L. W. (1988). Validation study of WOMAC: A health 
status instrument for measuring clinically important patient 
relevant outcomes to antirheumatic drug therapy in patients 
with osteoarthritis of the hip or knee. The Journal of 
Rheumatology, 15, 1833–1840. 

Bellamy, N., Carette, S., Ford, P. M., Kean, W. F., Lussier, A., 
Wells, G. A., & Campbell, J. (1992). Osteoarthritis 
antirheumatic drug trials. II. Tables for calculating sample size 
for clinical trials. The Journal of Rheumatology, 19(3), 444–
450. 

Bijur, P., Silver, W., & Gallagher, E. (2001). Reliability of the visual 
analog scale for measurement of acute pain. Academic 
Emergency Medicine, 8(12), 1153–1157. 
https://doi.org/10.1111/j.1553-2712.2001.tb01132.x 

Braun, V., & Clarke, V. (2006). Using thematic analysis in 
psychology. Qualitative Research in Psychology, 3(2), 77–101. 

Cavallo, D. N., Brown, J. D., Tate, D. F., DeVellis, R. F., Zimmer, 
C., & Ammerman, A. S. (2014). The role of companionship, 
esteem, and informational support in explaining physical 
activity among young women in an online social network 
intervention. Journal of Behavioral Medicine, 37(5), 955. 
https://doi.org/10.1007/s10865-013-9534-5 

Choi, J., Hergenroeder, A. L., Burke, L., Dabbs, A. D., Morrell, M., 
Saptono, A., & Parmanto, B. (2016). Delivering an in-home 
exercise program via telerehabilitation: A pilot study of lung 
transplant go (LTGO). International Journal of 
Telerehabilitation, 8(2), 15–26. 
https://doi.org/10.5195/IJT.2016.6201 

Cohen, J. (1988). Statistical power analysis for the behavioral 
sciences. Statistical Power Analysis for the Behavioral 
Sciences. https://doi.org/10.1234/12345678 

Cross, M., Smith, E., Hoy, D., Nolte, S., Ackerman, I., Fransen, M., 
… March, L. (2014). The global burden of hip and knee 
osteoarthritis: Estimates from the Global Burden of Disease 
2010 study. Annals of the Rheumatic Diseases, 73(7), 1323–
1330. https://doi.org/10.1136/annrheumdis-2013-204763 

Dantas, L. O., Barreto, R. P., & Ferreira, C. H. (2020). Digital 
physical therapy in the COVID-19 pandemic. Brazilian Journal 
of Physical Therapy, 24, 381–383. 

de Almeida, A. C., Pedroso, M. G., Aily, J. B., Gonçalves, G. H., 
Pastre, C. M., & Mattiello, S. M. (2018). Influence of a 
periodized circuit training protocol on intermuscular adipose 
tissue of patients with knee osteoarthritis: protocol for a 
randomized controlled trial. BMC Musculoskeletal Disorders, 
19(1), 421. https://doi.org/10.1186/s12891-018-2325-y 

Dobson, F., Bennell, K. L., French, S. D., Nicolson, P. J. A., 
Klaasman, R. N., Holden, M. A., … Hinman, R. S. (2016). 
Barriers and Facilitators to Exercise Participation in People 
with Hip and/or Knee Osteoarthritis: Synthesis of the Literature 
Using Behavior Change Theory. American Journal of Physical 
Medicine and Rehabilitation, 95(5), 372–389. 
https://doi.org/10.1097/PHM.0000000000000448 

Elo, S., Kääriäinen, M., Kanste, O., Pölkki, T., Utriainen, K., & 
Kyngäs, H. (2014). Qualitative Content Analysis: A Focus on 
Trustworthiness. SAGE Open, 4(1), 215824401452263. 
https://doi.org/10.1177/2158244014522633 

Fernandes, L., Hagen, K. B., Bijlsma, J. W. J., Andreassen, O., 
Christensen, P., Conaghan, P. G., … Vliet Vlieland, T. P. M. 
(2013). EULAR recommendations for the non-pharmacological 
core management of hip and knee osteoarthritis. Annals of the 
Rheumatic Diseases, 72(7), 1125–1135. 
https://doi.org/10.1136/annrheumdis-2012-202745 

Goode, A. D., Reeves, M. M., & Eakin, E. G. (2012). Telephone-
delivered interventions for physical activity and dietary 
behavior change: An updated systematic review. American 
Journal of Preventive Medicine, 42(1), 81–88. 
https://doi.org/10.1016/j.amepre.2011.08.025 

Herbert, R., Jamtvedt, G., Hagen, K. B., Mead, J., & Chalmers, I. 
(2011). Practical evidence-based physiotherapy-E-Book. 
Elsevier Health Sciences. 

Hinman, R. S., Lawford, B. J., Campbell, P. K., Briggs, A. M., Gale, 
J., Bills, C., … Bennell, K. L. (2017). Telephone-delivered 
exercise advice and behavior change support by physical 
therapists for people with knee osteoarthritis: Protocol for the 
telecare randomized controlled trial. Physical Therapy, 97, 1–
59. 

Hong, S.-Y., Hughes, S., & Prohaska, T. (2008). Factors affecting 
exercise attendance and completion in sedentary older adults: 
a meta-analytic approach. Journal of Physical Activity & 
Health, 5(3), 385–397. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/18579917 

Howell, D. C. (2009). Statistical methods for psychology. Cengage 
Learning. 

Hunter, D. J., & Bierma-zeinstra, S. (2019). Osteoarthritis. Lancet, 
393, 1745–1759. https://doi.org/10.1016/S0140-
6736(19)30417-9 

Kellgren, J. H., & Lawrence, J. S. (1957). Radiological assessment 
of osteo-arthrosis. Annals of the Rheumatic Diseases, 16(4), 
494–502. https://doi.org/10.1136/ard.16.4.494 

Kloek, C. J. J., Bossen, D., Spreeuwenberg, P. M., Dekker, J., de 
Bakker, D. H., & Veenhof, C. (2018). Effectiveness of a 
blended physical therapist intervention in people with hip 
osteoarthritis, knee osteoarthritis, or both: A cluster-
randomized controlled trial. Physical Therapy, 98(7), 560–570. 
https://doi.org/10.1093/ptj/pzy045 



 

 

 

 

  International Journal of Telerehabilitation • telerehab.pitt.edu 
 

 

International Journal of Telerehabilitation •   Vol. 12, No. 2  Fall 2020   •   (10.5195/ijt.2020.6323) 147 

 

Lee, A. C. W., & Harada, N. D. (2013). Telerehabilitation as a 
means of health-care delivery. In S. Kumar & E. R. Cohn 
(Eds.), Telerehabilitation (pp. 79–89). London: Springer 
London. Retrieved from https://doi.org/10.1007/978-1-4471-
4198-3_6 

Lieber, R. L., & Fridén, J. (2000). Functional and clinical 
significance of skeletal muscle architecture. Muscle Nerve, 
23(November), 1647–1666. 

Marquez, B., Anderson, A., Wing, R. R., West, D. S., Newton, R. L., 
Meacham, M., … Group, T. L. A. R. (2016). The relationship of 
social support with treatment adherence and weight loss in 
Latinos with type 2 diabetes. Obesity (Silver Spring, Md.), 
24(3), 568. https://doi.org/10.1002/oby.21382 

McAlindon, T. E., Bannuru, R. R., Sullivan, M. C., Arden, N. K., 
Berenbaum, F., Bierma-Zeinstra, S. M., … Underwood, M. 
(2014). OARSI guidelines for the non-surgical management of 
knee osteoarthritis. Osteoarthritis and Cartilage, 22(3), 363–
388. https://doi.org/10.1016/j.joca.2014.01.003 

Messier, S. P., Mihalko, S. L., Beavers, D. P., Nicklas, B. J., Devita, 
P., Carr, J. J., … Loeser, R. F. (2013). Strength Training for 
Arthritis Trial (START): Design and rationale. BMC 
Musculoskeletal Disorders, 14(1), 208. 
https://doi.org/10.1186/1471-2474-14-208 

Neal, B. S., Barton, C. J., Birn-Jeffrey, A., Daley, M., & Morrissey, 
D. (2018). The effects and mechanisms of increasing running 
step rate: A feasibility study in a mixed-sex group of runners 
with patellofemoral pain. Physical Therapy in Sport, 32, 244–
251. https://doi.org/10.1016/j.ptsp.2018.05.018 

Nelson, M. J., Crossley, K. M., Bourke, M. G., & Russell, T. G. 
(2017). Telerehabilitation feasibility in total joint replacement. 
International Journal of Telerehabilitation, 9(2), 31–38. 
https://doi.org/10.5195/IJT.2017.6235 

Newman-Beinart, N. A., Norton, S., Dowling, D., Gavriloff, D., Vari, 
C., Weinman, J. A., & Godfrey, E. L. (2017). The development 
and initial psychometric evaluation of a measure assessing 
adherence to prescribed exercise: the Exercise Adherence 
Rating Scale (EARS). Physiotherapy (United Kingdom), 
103(2), 180–185. https://doi.org/10.1016/j.physio.2016.11.001 

Older adults and technology use | Pew Research Center. (2014, 
April 15). Retrieved from 
https://www.pewinternet.org/2014/04/03/older-adults-and-
technology-use/ 

Pope, C., Ziebland, S., & Mays, N. (2006). Analysing qualitative 
data. Qualitative Research in Health Care, 63–81. 

Renda, M., & Lape, J. E. (2018). Feasibility and effectiveness of 
telehealth occupational therapy home modification 
interventions. International Journal of Telerehabilitation, 10(1), 
3–14. https://doi.org/10.5195/IJT.2018.6244 

Richardson, J. T. E. (2011). The analysis of 2× 2 contingency 
tables—Yet again. Statistics in Medicine, 30(8), 890. 

Salisbury, C., Montgomery, A. A., Hollinghurst, S., Hopper, C., 
Bishop, A., Franchini, A., … Foster, N. E. (2014). Effectiveness 
of PhysioDirect telephone assessment and advice services for 
patients with musculoskeletal problems. British Journal of 
Sports Medicine, 48(18), 1391. 
https://doi.org/10.1136/bjsports-2014-f43rep 

Scopaz, K. A., Piva, S. R., Gil, A. B., Woollard, J. D., Oddis, C. V, & 
Fitzgerald, G. K. (2009). Effect of baseline quadriceps 
activation on changes in quadriceps strength after  exercise 
therapy in subjects with knee osteoarthritis. Arthritis and 
Rheumatism, 61(7), 951–957. 
https://doi.org/10.1002/art.24650 

Speerin, R., Slater, H., Li, L., Moore, K., Chan, M., Dreinhöfer, K., 
… Briggs, A. M. (2014). Moving from evidence to practice: 
Models of care for the prevention and management of 
musculoskeletal conditions. Best Practice and Research: 
Clinical Rheumatology, 28(3), 479–515. 
https://doi.org/10.1016/j.berh.2014.07.001 

Turolla, A., Rossettini, G., Viceconti, A., Palese, A., & Tommaso, G. 
(2020). Musculoskeletal physical therapy during the COVID-19 
Pandemic: Is telerehabilitation the answer? Physical Therapy, 
1–56. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

 

 

  International Journal of Telerehabilitation • telerehab.pitt.edu 
 

 

148 International Journal of Telerehabilitation •   Vol. 12, No. 2  Fall 2020   •   (10.5195/ijt.2020.6323) 

 

 

APPENDIX 

 

Topic Guide for the Semi-Structured Focus Group 

 

1) What was the best way to access the exercises (booklet, DVD or internet) and why do you think this was the best way? 

 

2) What was the reason that disturbed you most to do the exercises? (For example, I didn't use the internet because I don't 

have internet at home or I didn't use the DVD because I don't have time to watch, etc.). 

 

3) What could we do for you to participate even more in the exercises? 

 

4) In your opinion, can these delivery methods of treatment (booklet, DVD and internet) replace the face-to-face treatment 

supervised by a physical therapist? Why? 
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