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Changes in Healthcare  

Over the past century, we saw a transformation of healthcare within the Netherlands 

as well as in other developed countries. In the beginning of the 20 th century, our 

healthcare system was mainly focused on the treatment of life-threatening infectious 

diseases like diphtheria, cholera and tuberculosis [1]. Thanks to the access to clean 

drink water and sanitation, but also due to the introduction of antibiotics an d 

vaccines, most infectious diseases have been conquered. As a result, our life 

expectancy has increased with more than 30 years [2]. However, these extra life years 

have also introduced new challenges within healthcare. Aging is an important risk 

factor for the onset  of noncommunicable diseases like Alzheimer, cardiovascular 

diseases and osteoarthritis. Nowadays, one out of three adults live with one or more 

chronic diseases, which consequently results in an increasing demand on the 

healthcare system [3]. The rising prevalence of chronic disease has led to an alteration 

from acute to chronic care. Whereas the Dutch healthcare system, like most other 

healthcare systems, in the twentieth century was developed as a system to treat 

(infectious) diseases, in the last decades we saw a paradigm shift in healthcare 

focused on promoting health and improving management of chronic diseases [4]. 

 

Managing c hronic diseases  

Within the management of chronic diseases, healthcare has become more patient-

centered with the aim to stimulate patients to be actively involved within their own 

care team [5]. This transformation within healthcare fits the new purposed definition 

of health [6]. Health is no longer defined as a static situation but as the òability to 

adapt and to self-manage, in the face of social, physical, and emotional challengesó. 

This new definition subscribes the importance of self-management, which refers to 

individualsõ management of the chronic condition (i.e. symptoms, treatment,  

physical-, psychological- and social consequences, as well as related changes in 

lifestyle) so that the condition is optimally incorporated into someoneõs daily life [7-

9]. From previous studies we know that better self-management is effective in 

reducing clinical symptoms and improving quality of life for diff erent types of chronic 

diseases [10-13]. For example, in respiratory and cardiovascular disorders, it appeared 

that supporting self -management can reduce health service utilization, without losing 

quality of care [14]. Within self-management, five core skills are distinguished: 

problem solving, decision-making, resource utilization, taking action, and 

partnerships with health care providers [7]. These points illustrate that promotion of 

self-management requires not only new skills and behavior for the patient, but also a 
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different  role for the healthcare professional. Instead of traditional one-way 

paternalistic decision making, there is a shift to shared decision making, in which 

there is a mutual dialogue between caregivers and patients. The healthcare 

professional emerges to a coach, partner or supervisor which plays a key role in 

providing education, promoting healthy behavior and motivating patients [10].  

 

Electronic Health in chronic care management  

One emerging way for healthcare professionals to fulfill their new coaching role and 

support patients in self -managing their chronic condition, is by using electronic 

health (eHealth) [15]. Websites and apps can, for example, provide patients tailored 

information and assignments to change behavior and manage their disease 

adequately, or facilitate remote monitoring. The combination of websites and apps 

within healthcare provided by a professional (e.g. face-to-face or telephonic) is called 

òblended careó, or òtechnology supported careó [16, 17]. An example of a blended 

intervention is Return@Work, developed for sick-listed employees with mental 

disorders. Within this Dutch intervention, an eHealth module for the employee is 

embedded within the face-to-face guidance from an occupational physician [18]. 

Both treatment modalities are complement ing to  each other, since the physician can 

tailor the eHealth module to individualsõ needs and uses online progress monitoring 

for optimal treatment and referral options [18].  

 

The added value of blended care  

Blended care is promising in many ways. Three main advantages of blended care are: 

1) patients are offered a tool which can support self-management and trigger them 

24/7 in changing their health behavior; 2) the healthcare provider can provide 

irreplaceable human support, tailored to patientsõ individual needs; and 3) part of the 

face-to-face care might be substituted by online guidance, resulting in reduced 

healthcare expenditures. Each advantage will be described in more detail below.  

 

1) Self-management and behavior change support regardless of time and place 

One of the biggest challenges in chronic care management is patientsõ compliance to 

the behavior change recommendations. Within physiotherapy, for example, 45-70% 

of the patients do not (completely) follow their exercise recommendations [19, 20]. To 
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illustrate the difficulty of treatment compliance and behavior change, Box 1 describes 

a case of a patient with osteoarthritis (OA) which consulted her physiotherapist.  

 

Box 1. Case of patient with hip osteoarthritis  

 

The difficulty of Miss Jacobson in changing her behavior can be illustrated by the 

Fogg Behavioral Model (Figure 1) [21]. This model describes behavior as a product of 

three factors: 1) having sufficient motivation for changing the central behavior; 2) 

having the ability to perform the central behavior; and 3) being triggered, or 

reminded, to perform the behavior.  

All factors must be present in order to succeed in changing or maintaining  a target 

behavior, however, the quantity in which each factor is present may vary. Within the  

case of Miss Jacobson, sufficient motivation is available, caused by the pain and her 

hope to g o cycling again. The physiotherapist confronts Miss Jacobson with 

maladaptive behavior and thoughts, and helps her to change her coping style and 

increase her physical load ability with a personalized exercise schedule. However, the 

Miss Jacobson is 64 years old, has a BMI of 27 and is two years ago diagnosed with 

OA in her left hip. Because of worsening pain and stiffness, she consulted her 

physiotherapist. Her physiotherapist instructed Miss Jacobson about the importance 

of physical activity, despite OA related symptoms. Miss Jacobson shifted from cycling 

towards car using one year ago, since she always believed that cycling deteriorated 

her complaints. Since Miss Jacobson is informed and reassured by her 

physiotherapist, she is motivated to cycle again and formulated her goal: going to 

the library in the nearest town by bike (approximately 40 minutes of cycling). 

Although she is still not completely convinced about her ability to reach this goal, her 

physiotherapist ensured her that, despite her OA, she will be able to reach this goal 

within a few months. The physiotherapist and Miss Jacobson meet each other again 

after 4 weeks, since Miss Jacobson does not want to spend all her physiotherapy 

sessions (which are covered by her health insurance) in the beginning of the year. 

Unfortunately, after 4 weeks it appeared that Miss Jacobson cycled only once per 

week instead of the scheduled three times. As she said: òIõm so sorry, I just forgot to 

follow your recommendations in the daily hustl e and bustle. Maybe I should put my 

indoor cycle in the middle of the living, instead of in the shed, since I consequently 

forget to exercise on my indoor!ó     
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trigger to perform the desired behavior is missing. As a solution, Fogg promotes the 

use of technology to provide this trigger [21]. Persuasive design features like 

personalized announcements and assignments on phone or computer are 

hypothesized to support Miss Jacobson in her OA management [17]. The technology 

can also be used to remind Miss Jacobson to her preset goal, or to provide 

information about coping with OA, in order to keep her motivated. All in all, an 

importa nt advantage of blended care compared to conventional face-to-face care is 

the accessibility of technology regardless of time and place, whereas professional 

guidance is restricted to a certain amount of sessions. 

 

Figure 1. The Fogg Behavioral Model  

 

 

2) Irreplaceable guidance by a professional, tailored to individual needs 

A second advantage is related to patientsõ interaction with a healthcare professional. 

Up to now, a lot of research has focused on unguided web-applications to change 

behavior. The effectiveness of these web-applications appeared to be small and 

usage was often disappointing [17, 22]. One of the recommendations to improve the 

effectiveness and usage of web-application is by integrating on line guidance with 

professional guidance which can provide support, but also empathy, attention and 

warmth [17, 22, 23]. From the perspective of the healthcare professional, remote 

monitoring can provide valuable information to ta ilor the treatment to patientsõ 

individual needs [24]. For example, when the web-application can provide insight in 

patients experienced difficulty in executing physiotherapeutic exercises, a 

physiotherapists can use this information to adapt patientsõ exercise schedule, or 

provide extra instruction.  
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3) Reducing healthcare costs 

The last important advantage of integrating web -applications within usual care is its 

potential to reduce healthcare costs [14]. In some patients, online care might 

substitute part of the  face-to-face contacts and reduce healthcare utilization, which 

might result in reduced healthcare costs. With respect to the increasing number of 

patients with one or more chronic diseases, there is a need for affordable and cost-

effective interventions in chronic care. 

 

The participatory development of eHealth  

The use of web-applications within healthcare have been a field of interest since the 

beginning of the 21 th century. Web-applications from the òfirst generationó were 

often developed using a technology-driven approach, which frequently resulted in 

applications which did not meet the values of the end -user. To solve this problem, 

and to ensure uptake and acceptance of the intervention, participatory development 

is highly recommended [25]. Participatory development consists of co-creation 

between developers, stakeholders and end-users. A framework which can be used for 

the participatory development, evaluation and implementation of eHealth is the 

Center for eHealth Research (CeHRes) Roadmap (Figure 2) [25, 26]. The roadmap 

consists of five steps: 1) contextual inquiry in which the design team makes an 

investigation of current health problem and its context; 2) value specification in which 

the values and requirements of different end-users and stakeholders are investigated; 

3) design: based on the values of the end-users and stakeholders a prototype of the 

intervention can be built. A first prototype is tested on usability; 4) operationalization 

in which the technology is launched in daily practice; and 5) summative evaluation, an 

evaluation how the application is used, as well as the effects on clinical and economic 

outcome measures. Each step should be based on participatory approach. Alongside 

the process, business modelling is seen as crucial factor for the sustainability and 

effectiveness of eHealth. This business modelling should consist of an 

implementation strategy in an early stage of the project [27]. Next, the framework 

describes not a linear process, but an iterative process in which formative evaluations 

aim to provide ongoing information about how the intervention can be improved 

[28].  
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Figure 2. The CeHRes Roadmap 

 

 

The case: osteoarthritis of hip and/or knee  

This thesis focuses on a blended care intervention for patients with osteoarthritis (OA) 

of the hip and/or knee. OA is the most common chronic joint disease and mostly 

affects the hip and knee [29]. Prevalence of OA increases with age. Based on 

radiographical diagnosis, hip OA is seen in approximately 5-15% of people of 55 

years and older [30], knee OA in 10-30% [31]. The prevalence of OA is expected to 

increase due to the aging population and the growing number of people with obesity 

[29]. Most common symptoms of OA are pain, stiffness, crepitation, reduced range of 

motion and sometimes inflammation [32]. Due to these symptoms, daily activities 

become difficult. As a result, some patients with OA tend to avoid daily activities. In 

these patients, pain sensations are misinterpreted and patients have the idea that 

physical activity might worsen their symptoms. However, a negative spiral of physical 

inactivity may lead to muscle weakness and reduced confidence or anxiety in the 

long-term, resulting in even more limitations in daily activities [33]. A physiotherapist 

can guide these patients replacing useless thoughts and increasing patientsõ daily 

activities. 

 

Physiotherapy in osteoarthritis of hip and knee   

Physiotherapy is seen as the most recommended non-surgical and non-

pharmacological treatment for patients with OA [34, 35]. Effective physiotherapeutic 

modalities in reducing levels of pain and improving physical functioning consist of 

patient education, muscle strengthening exercises and aerobic exercises [30, 31]. A 

well-known approach to increase activity levels among patients with OA is graded 
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activity [36]. Graded activity is a behavioral approach in which levels of physical 

activity, in a time-contingent way, are gradually increased to a preset goal. Within this 

approach, positive reinforcement of performed physical activity and withdrawal of 

attention to pain are essential elements. The final goal of graded activity is that 

physical activity is integrated in individualsõ daily life in order to reach a physically 

active lifestyle [36, 37]. However, an important challenge within the physiotherapy is 

patientsõ adherence to exercise recommendations, both in the short- as in the long-

term. It appeared that between 45-70% of the patients do not (completely) follow 

their exercise recommendations which hamper the effectiveness of physiotherapy [19, 

20]. 

 

Aim of this thesis  

Within this thesis, the CeHRes Roadmap will be used as a framework for the 

development, evaluation and implementation of a blended physiotherapeutic 

intervention for patients with hip and/or knee OA. The first aim of this thesis was to 

develop a blended intervention ( e-Exercise, Box 2) for patients with OA of the hip 

and/or knee, that values the needs of patients, physiotherapists and other 

stakeholders. The second aim was to investigate the feasibility and the (cost-) 

effectiveness of e-Exercise in comparison to usual physiotherapy for patients with hip 

and/or knee OA. 

 

Outline of the thesis  

Chapter 2 describes a systematic review about the characteristics and effectiveness of 

blended interventions to change behavior in patients with a chronic somatic disorder. 

The results of this systematic review were used in the development of e-Exercise for 

patients with OA of the hip and/or knee. This participatory development -process, as 

well as the feasibility study for the first prototype of e -Exercise, are described in 

Chapter 3. Based on the results of the pilot-study, adaptations were made to improve 

e-Exercise. Chapter 4 describes the study-protocol of the multicenter randomized 

controlled trial study to study the (cost -)effectiveness of e-Exercise in patients with 

OA of the hip and/or knee. The results of effectiveness of e-Exercise compared to 

usual physiotherapy are presented in Chapter 5. The cost-effectiveness study, which 

includes both the societal- as well as the healthcare perspective, is presented in 

Chapter 6. Patients usage of the web-application of e -Exercise and an investigation of 

which patient-, intervention- and environmental factors were related to program 

usage, are presented in the mixed-methods study in Chapter 7. A second mixed-
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methods study is presented in Chapter 8, which describes the factors that were 

related to physiotherapistsõ usage or non-usage of e-Exercise. Both mixed-methods 

provided valuable information for the implementation of e -Exercise on a broader 

scale. Finally, Chapter 9 presents a general discussion of the entire e-Exercise project 

and our findings, methodological considerations and recommendations for future 

research as well as implications for daily physiotherapeutic practice. This dissertation 

ends with a summary in English and Dutch.   

 

Box 2. The e-Exercise Osteoarthritis intervention  

 

  

E-Exercise is a blended physiotherapeutic intervention for patients with hip and/or 

knee osteoarthritis. Within this 12-week intervention, five face-to-face 

physiotherapeutic sessions are integrated within a web-application. The web-

application, with a log-in for both the patient a nd the physiotherapist, consists of 

1) a graded activity module in which assignments for an individually chosen 

activity, like walking or cycling gradually, is increased until a personal short-term 

goal is reached; 2) strength & stability exercises, selected by the physiotherapists 

with instructions in text and video on the website; and 3) a weekly new information 

text and video about an osteoarthritis related theme like etiology, pain 

management or the importance of a physical active lifestyle. Patients were asked 

to evaluate their assignments weekly. Based on this evaluation, the web-

application provided automatic tailored feedback. Physiotherapists could monitor 

patientsõ evaluations and accordingly tailor the treatment to individual needs. 
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Abstract  

 

Background: Blended behavior change interventions combine therapeutic guidance with 

online care. This new way of delivering health care is supposed to stimulate patients with 

chronic somatic disorders in taking an active role in their disease management. However, 

knowledge about the effectiveness of blended behavior change interventions and how they 

should be composed is scattered.  

Objective:  This comprehensive systematic review aimed to provide an overview of 

characteristics and effectiveness of blended behavior change interventions for patients with 

chronic somatic disorders. 

Methods: We searched for randomized controlled trials published from 2000 to April 2017 in 

PubMed, Embase, CINAHL, and Cochrane Central Register of Controlled Trials. Risk of bias 

was assessed using the Cochrane Collaboration tool. Study characteristics, intervention 

characteristics, and outcome data were extracted. Studies were sorted based on their 

comparison group. A best-evidence synthesis was conducted to summarize the effectiveness. 

Results: A total of 25 out of the 29 included studies were of high quality. Most studies (n=21; 

72%) compared a blended intervention with no intervention. The majority of interventions 

focused on changing pain behavior (n=17; 59%), and the other interventions focused on 

lifestyle change (n=12; 41%). In addition, 26 studies (90%) focused on one type of behavior, 

whereas 3 studies (10%) focused on multiple behaviors. A total of 23 studies (79%) 

mentioned a theory as basis for the intervention. The therapeutic guidance in most studies 

(n=18; 62%) was non face-to-face by using email, phone, or videoconferencing, and in the 

other studies (partly), it was face-to-face (n=11; 38%). In 26 studies (90%), the online care was 

provided via a website, and in 3 studies (10%) via an app. In 22 studies (76%), the therapeutic 

guidance and online care were integrated instead of two separate aspects. A total of 26 

outcome measures were included in the evidence synthesis comparing blended interventions 

with no intervention: for the cop ing strategy catastrophizing, we found strong evidence for a 

significant effect. In addition, 1 outcome measure was included in the evidence synthesis 

comparing blended interventions with face -to-face interventions, but no evidence for a 

significant effect was found. A total of 6 outcome measures were included in the evidence 

synthesis comparing blended interventions with online interventions, but no evidence for a 

significant effect was found. 

Conclusions: Blended behavior change interventions for patients with chronic somatic 

disorders show variety in the type of therapeutic guidance, the type of online care, and how 

these two delivery modes are integrated. The evidence of the effectiveness of blended 

interventions is inconsistent and nonsignificant for mo st outcome measures. Future research 

should focus on which type of blended intervention works for whom.  
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Introduction  

 

An important challenge of todayõs health care is the management of patients with 

chronic somatic disorders. In addition, 1 out of 3 European adults deal with 

consequences of conditions such as heart failure, diabetes, asthma, or rheumatism 

[1]. Roughly, 50 million of them have even more than one chronic disorder (ie, 

multimorbidity) [2]. Patientsõ behavior can influence the progression of their disorder 

and their perceived health, particularly when it concerns a lifestyle-related chronic 

disorder [3]. For those who need support in taking actions related to their lifestyle, a 

behavior change intervention can be helpful [4]. Examples are an education program 

for patients with rheumatoid arthritis [5] or an intervention for patients with chronic 

obstructive pulmonary disease (COPD) focused on physical activity, smoking, disease 

knowledge, and emotional wellbeing [6].  

 

Blended Interventions 

An upcoming and new delivery mode for behavior change interventions is the use of 

Internet technologies, such as websites and apps. Although traditional behavior 

change interventions in primary care are restricted to face-to-face sessions, websites 

and apps are available at any time and place and can act as an extension of care 

provided by the professional. Online intervention s without therapeutic guidance, 

however, struggle with disappointing adherence rates [7]. Therefore, it is 

recommended to combine online interventions with therapeutic guidance. The 

combination of online care and therapeutic guidance is called blended care, also 

known as technology supported care [7,8]. Bringing together the personal attention 

of a professional and the accessibility of an online tool is seen as a highly promising 

combination, which can stimulate patients to take an active role in their disease 

management [9]. The potential of integrating online care and technology within 

regular care for patients with chronic somatic disorders is also described in the 

recently developed eHealth Enhanced Chronic Care Model. The authors extended the 

original Chronic Care Model with eHealth tools to promote  an informed and 

activated patient, to create productive interactions with the health care provider, and 

to increase patientsõ self-management [10,11]. 

 

Characteristics of Blended Interventions 

Present blended interventions have in common that they consist of an online element 

complemented with therapeutic guidance; however, they show a wide variety in how 
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both elements are delivered and combined. For example, the online part can be 

delivered via a website with solely information texts, but supplementary videos, 

games, and links can be used as well. In addition, the guidance by a therapist can be 

delivered in various ways, for example, by providing traditional face-to-face sessions, 

contact by email, or by videoconferencing [12]. One of the challenges in delivering 

blended care is the integration of online care and therapeutic guidance instead of 

two separate components [8]. When integrated properly, the website or app is not 

only supportive to the usual therapeu tic guidance but is also a substantial element of 

the intervention as a whole [13]. 

Although blended care is seen as promising in terms of effectiveness and improving 

health care access, the actual usage in daily primary care practice is lagging behind 

[14]. More knowledge about the characteristics and the effectiveness of blended 

behavior change interventions may support the usage in daily health care practice. 

However, to our knowledge, a clear overview of blended behavior change 

interventions is missing in literature. We conducted a systematic literature review to 

investigate the characteristics and the effectiveness of blended behavior change 

interventions for patients with chronic somatic disorders. Chronic somatic disorders 

are defined as health conditions that are persistent or long-lasting [15]. Mental 

illnesses were excluded from this review. The first goal was to investigate the varieties 

of intervention characteristics of behavior change interventions in terms of type of 

online care, type of therapeutic guidance, the extent of online and therapeutic 

integration, and the theoretical basis of the intervention [16]. The second aim was to 

study the effectiveness of blended interventions for behavior change. The following 

questions were studied:  

¶ Which types of blended behavior change interventions for patients with 

chronic somatic disorders are available in literature?  

¶ What is the effectiveness in comparison with no intervention, face-to-face 

behavior change interventions, and online behavior change interventions 

without therapeutic guidance?  

 

Methods  

 

Search Strategy 

A comprehensive literature search was conducted using PubMed, Embase, CINAHL, 

and Cochrane Central Register of Controlled Trials from January 2000 to April 2017. 

Studies published before 2000 were excluded because of the rapid developments 
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within the field  of eHealth. A combination of the following constructs was used: 

chronic somatic disorder, eHealth, behavior change intervention, and intervention 

study. Multimedia Appendix 1 shows the full range of keywords used for each 

construct. Keywords were adapted to control vocabularies for different databases. 

Additionally, reference lists of included studies and other systematic reviews [13-18] 

were hand-searched for potentially relevant studies. 

 

Study Selection and Eligibility Criteria 

First step of the study selection consisted of the screening of titles and abstracts of all 

retrieved studies on eligibility. This was performed by 2 researchers (CK and DB). 

Subsequently, full texts of all initially relevant studies were independently checked for 

inclusion by the same researchers. Disagreements about study inclusion were 

discussed until consensus was reached. Inclusion criteria are provided in Box 1. 

Studies on decision support systems or interventions using solely reminder messages 

as online component were excluded. Interventions in which the online component 

primarily consisted of health tracking technology or self -monitoring (eg, 

accelerometer or glucose meter) were also excluded, unless the tracking technology 

was integrated in a behavior change intervention with information /or assignments.  

 

Box 1. In clusion criteria for this study  

Inclusion criteria 

¶ randomized controlled trial published in the English language  

¶ the patient sample comprised adults (Ô18 years) with chronic somatic disorders  

¶ the study included an intervention aimed to change one or more of the following behaviors: 

physical activity, dietary intake, pain coping, and time spent in sedentary activity 

¶ the intervention consisted of a combination of online care provided through a website, app, or 

automatic email and contains at least two episodes of contact with a health care professional 

(either face-to-face, personal emails, telephone, or videoconference) 

¶ the blended intervention was compared with waiting list or usual care, a face-to-face 

intervention , or an online intervention  

 

Data Extraction 

Data were extracted from studies that met the inclusion criteria. These data 

comprised study characteristics (type of study, year of publication, type of control 

group, outcome measures, and timing of outcome assessment), study population 

(number of partic ipants, age, sex, and type of chronic disorder), intervention 
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characteristics (target behavior, described theoretical basis, duration of intervention, 

delivery mode and frequency of Internet -based element, delivery mode and 

frequency of therapeutic guidance, integration of online care, and therapeutic 

guidance), and type of control intervention. A modified version of the delivery coding 

schemes of Webb et al [16,17] was used for coding the Internet-based element: (1) 

assignments, (2) information, (3) enriched information environment (eg, 

supplementary content and links, videos, and games), (4) automated tailored 

feedback based on individual progress monitoring (eg, comparison with norms or 

goals, reinforcing messages, or coping messages), (5) automated follow-up messages 

(reminders, tips, and encouragement). Coded delivery modes for the therapeutic 

guidance were as follows: (1) option to request for advice (ask the expert, expert-led 

discussion board or chat sessions), (2) face-to-face contact, (3) email contact 

(scheduled), (4) phone calls,(5) short messaging service, (6) videoconferencing, and (7) 

discussion forum with peers. For the integration of therapeutic guidance and  online 

care, we distinguished: (a) an integrated blended delivery mode for studies which 

mentioned that the therapeutic guidance was related to the content of the online 

care, for example, by discussing assignments or program progress, and (b) a 

nonintegr ated blended delivery mode that was defined when the online care and the 

therapeutic guidance were described as two separate aspects or nothing was 

mentioned in the description of the therapeutic guidance about discussing or using a 

website or an app. Interventions in which the therapist only provided technical 

support and did not have access to online assignments and progress were also seen 

as nonintegrated.  

Studies were sorted based on their type of control intervention: (1) no intervention, 

(2) face-to-face behavior change intervention, and (3) online behavior change 

intervention without therapeutic guidance.  

All outcome measures were distracted and grouped into the following five constructs: 

(1) symptoms and signs, (2) limitations, (3) dealing with the chronic condition 

(cognitive and behavioral), (4) emotional outcomes, and (5) quality of life. Means and 

standard deviations for all outcome measurements (pre- and postvalues) were 

extracted. A P value of <.05 was considered a significant indication for effectiveness.  

 

Quality Assessment 

All articles were independently assessed on methodological quality by 2 researchers 

(CK and DB). For this assessment, the risk of bias criteria list of the Cochrane 

collaboration was used [18]. A total of 10 dimensions were assessed, namely, random 
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sequence generation (selection bias), allocation concealment (selection bias), blinding 

of outcome assessor (detection bias), incomplete outcome data (attrition bias), 

selective reporting of results (reporting bias), group similarity at baseline (selection 

bias), cointerventions (performance bias), compliance (performance bias), intention-

to-treat analysis, and timing of outcome assessments (detection bias). The criteria of 

blinding of participants and personnel (performance bias)  were not used, as blinding 

is not possible in the types of intervention investigated in this review. Each study was 

rated as low risk, high risk, or unclear when there were no data to assess this criterion. 

Dimensions scored as low risk received 1 point. Dimensions scored as high risk or 

unclear received 0 points. Points were counted and summarized as a risk of bias score 

(range 0-10, where 10 indicates low risk of bias for all 10 dimensions). Studies with a 

score of Ô6 were judged as high methodological quality. Interobserver agreement 

was expressed as the percentage of agreement on bias dimensions between CK and 

DB. 

 

Data Analysis 

A best-evidence synthesis was conducted to summarize the effectiveness of blended 

behavior change interventions, using the same method used by Proper et al [19]. For 

this synthesis, the number of studies, methodological quality, and consistency of 

findings were all taken into account. A distinction was made for each of the 3 types of 

control conditions. Outcome measurements that were measured 3 times or more 

were sorted on level of evidence: strong evidence, moderate evidence, and 

inconsistent evidence (Table 1). When there were at least three high methodological 

quality studies, studies with low quality were disregarded from the evidence 

synthesis. When at least 75% of the studies showed results in the same direction, 

results were considered consistent. In case of 3-arm studies, all eligible between-

group comparisons were included and treated as different studies.  

 

Table 1. Best-evidence synthesis  

Level of evidence  Description  

Strong evidence Consistent findings in multiple (Ô3) high-quality RCTs
a
  

Moderate evidence Consistent findings in at least one high-quality study and at least one 

low-quality study, or consistent findings in multiple low -quality studies 

Inconsistent evidence Inconsistent findings in multiple studies  

Insufficient evidence Only one or two studies available 
a
RCTs: randomized controlled trials. 
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Results 

 

Search Results and Study Characteristics 

The initial literature search resulted in 8992 articles. After deleting duplicates, 6192 

unique articles were screened on title and abstract. A total of 111 selected articles 

were studied on full text, whereof 29 articles met the inclusion criteria. An overview of 

the selection procedure is shown in Figure 1.  

 

Figure 1. Flow -chart of selection procedure  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Records identified through 

database searching: n= 8972 

- Pubmed n= 5115 

- Embase n= 971 
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- Cochrane n=1959 
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Additional records identified through other 

sources: n= 20 

 

Records retrieved for analyses: n= 8992 

Articles excluded after screening n= 5871 

-Based on study population, design and/or 

intervention  

 
-Based on intervention 

 
 
 

 

Full-text articles assessed for eligibility 
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Records excluded by detailed review: n= 82 

-Based on study population, design and/or 

intervention  

 

Studies included in systematic review: 

n= 29 

 

Records after duplicates removed: n= 5982 

Duplicates removed: n= 3010 
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Characteristics of Selected Studies 

An overview of study characteristics is shown in Multimedia Appendix  2. Sample size 

ranged from 45 to 463 participants. A total of 17 interventions were targeted on 

changing pain thinking and pain behavior related to chronic pain [20,27], irritable 

bowel syndrome [28,29], chronic tinnitus [30], diabetes mellitus [31], multiple sclerosis 

[32], rheumatoid arthritis [33], fibromyalgia [34], psoriasis [35], and cancer [36]. 

Furthermore, 12 studies were targeted on changing lifestyle behavior (ie, physical 

activity, nutrition, and sedentary behavior) for patients with obesity [3 7,39], diabetes 

mellitus [40,44], chronic obstructive pulmonary disease [44], multiple sclerosis [45,46], 

and rheumatoid arthritis [47]. Moreover, 1 study was targeted on asthma self-

management skills [48]. Out of all 29 included randomized controlled tria ls, 21 studies 

had 2 study arms, 5 studies had 3 study arms, and 3 studies used a 4-arm design. 

Divided per control group, 21 studies compared the blended intervention with no 

intervention, 5 studies made a comparison with a face-to-face intervention, and 10 

studies compared a blended intervention with an online self -guided intervention. The 

number of outcome measures per study ranged from 1 to 21.  

 

Methodological Quality 

Ten different sources of bias were rated to assess the methodological quality of the 

studies (Multimedia Appendix  3). There was 87% agreement between the reviewers. 

After discussion, consensus was reached and no third reviewer had to be consulted.  

In total, 25 studies were rated as high quality [20,22-27,29-45,47,49] and 4 studies as 

low quality [21,28,46,48]. The most frequent sources of bias were not reporting 

blinding of the outcome assessor (90% of studies) and information about patientsõ 

use of cointerventions (93% of studies).  

 

Characteristics of Blended Behavior Change Interventions 

An overview of intervention characteristics is shown in Multimedia Appendix  2. The 

length of the interventions ranged from 5 weeks to 12 months. Most interventions 

focused on one target behavior [20-36,38,39,41,42,44-48], and 3 interventions were 

focused on multiple behaviors (ie, nutrition and physical activity) [37,40,43]. A total of 

23 studies mentioned a theory as basis for the intervention, most frequently the 

principles of cognitive behavior therapy [20,24,25,27,28,30,32-36,39], social cognitive 

theory [37,41,46], and acceptance and commitment therapy [22,26,29]. In contrast, 6 

studies did not mention any theory [38,43 -45,47,48]. In 11 studies, the therapeutic 

guidance was delivered through face-to-face contact[27,36-40,47,48], mostly in 
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combination with email or phone communication [33,35,36,38-40,44,47,48]. In 18 

studies, the therapeutic guidance was non face-to-face [20-26,28-32,34,41-44,48]. In 

12 studies, patients had the option to request for advice at a random moment [29 -

31,33,36,38,39,41-44,48]. Frequency of therapeutic guidance varied from weekly 

contact to bimonthly. A total of 22 studies delivered online care through a website, 

and the other 3 studies via an app [37,43,44]. Furthermore, 21 interventions were 

enriched with videos, links, games, automated tailored feedback r automated 

reminder messages, and in 8 studies, the online care consisted solely of assignments 

and information [21,28-30,35,38,41,47]. In 7 studies, nothing was mentioned about 

the use of the website or app during the thera peutic guidance, and therefore, they 

were classified as nonintegrated [27,30,35-37,43,47]. In all other interventions, the 

online care and the therapeutic guidance were described to be integrated. For 

example, in the study of De Boer et al [20], the psychologist emailed personal 

feedback on homework assignments. In the study of Buhrman et al [24], the therapist 

tailored the online care by selecting treatment modules that were in line with the 

individual needs of the patient.  

 

Effectiveness of Blended Care Versus no Intervention 

Multimedia Appendix 4 demonstrates 21 studies that compared a blended behavior 

intervention with no intervention. A complete overview with levels of evidence is 

given in Table 2. Within the construct of symptoms and signs, strong evidence for a 

nonsignificant effect was seen for pain reduction [21-26,33,34,36], fatigue reduction 

[33-36], and body weight reduction [38,39]. Within the construct of limitations, 

inconsistent evidence was found for disability improvement [24 -26,29]. With regard 

to the construct dealing with the chronic condition: cognitive measures, strong 

evidence for a significant effect was found for reducing catastrophizing thoughts [21 -

24,26,28,34]. Inconsistent evidence was found for improving acceptance of the 

chronic condition [25,30], reducing fear of movement [25,34], improving pain self -

efficacy [25,34], and the coping strategy praying or hoping [21-24]. Strong evidence 

for a nonsignificant effect was found f or the coping strategies diverting attention, 

reinterpret pain sensations, coping self-statements and ignorance of pain sensations, 

perceived life control, perception of support received from others, perception of 

received punishing responses, perception of received solicitous responses, and 

perception of received distracting responses [21-24]. Within the construct dealing 

with the chronic condition: behavioral measures, strong evidence for a nonsignificant 

effect was found for pain interference with daily activities [21-24,26,34] and strong 

evidence for a nonsignificant effect was found for the coping strategy increasing 
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activity level [21-24]. Within the construct emotional outcomes, inconsistent evidence 

was found for reducing anxiety [21-26,28,30,32-35], depression [21-26,30,32-36], and 

affective distress [21-24]. Inconsistent evidence was also found for the improvement 

of generic quality of life [22 -24] and emotional and physical health-related quality of 

life [33-35,44]. 

 

Effectiveness of Blended Care Versus Face-to-Face 

Multimedia Appendix 5 demonstrates 5 studies that compared a blended behavior 

intervention with a face-to-face behavior change intervention. A complete overview 

with levels of evidence is given in Table 2. Within the construct limitation s, 

inconsistent evidence was found for increasing levels of physical activity [37,44]. All 

other outcome measures were measured less than 3 times, indicating insufficient 

evidence. 

 

Effectiveness of Blended Care Versus Online Care 

Multimedia Appendix 6 shows 10 studies that compared a blended behavior 

intervention with an online behavior change intervention. A complete overview with 

levels of evidence is given in Table 2. Within the construct symptoms and signs, 

inconsistent evidence was found for reduction of pain [25,26] and body mass index 

[37,40]. Strong evidence for a nonsignificant effect was found for body weight 

reduction [37,39,40]. Within the construct limitations, strong evidence for a 

nonsignificant effect was found for improving physical activit y levels [37,40-42,47]. 

Within the construct emotional outcomes, strong evidence for a nonsignificant effect 

was found for reducing anxiety [25,26] and depression [25,26,31,42].  

 

Table 2. Effectiveness  of blended behavior change interventions compared to 1) no intervention, 

2) face-to -face behavior change intervention, 3) online behavior change intervention  

 Outcome construct  

Control condition òno interventionó 

Construct ôsymptoms and signsõ  

Pain [21-26, 33, 34, 36] Strong evidence for a non-significant effect 

Fatigue [33-36] Strong evidence for a non-significant effect 

Body weight [38, 39]  Strong evidence for a non-significant effect 

Construct ôlimitationsõ  

Disability [24-26, 29] Inconsistent evidence 

Construct ôdealing with the chronic condition: 

cognitive measuresõ 

 

Coping strategy: Catastrophizing [21-24, 26, 28, 34] Strong evidence for a significant effect 
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Acceptance [25, 30] Inconsistent evidence 

Coping strategy: Praying or hoping [21-24] Inconsistent evidence 

Fear of movement [25, 34] Inconsistent evidence 

Pain self-efficacy [25, 34] Inconsistent evidence 

Coping strategy: Diverting attention [21-24] Strong evidence for a non-significant effect 

Coping strategy: Reinterpret pain sensation [21-24] Strong evidence for a non-significant effect 

Coping strategy: Coping self-statements [21-24] Strong evidence for a non-significant effect 

Coping strategy: Ignore pain sensations [21-24] Strong evidence for a non-significant effect 

Perceived life control [21-24] Strong evidence for a non-significant effect 

Perception of support received from others [21-24] Strong evidence for a non-significant effect 

Perception of received punishing responses [21-24] Strong evidence for a non-significant effect 

Perception of received solicitous responses [21-24] Strong evidence for a non-significant effect 

Perception of received distracting responses [21-24] Strong evidence for a non-significant effect 

Construct ôdealing with the chronic condition: 

behavior measuresõ 

 

Coping strategy: Increase activity level [21-24] Strong evidence for a non-significant effect 

Pain interference with daily activities [21-24, 26, 34] Strong evidence for a non-significant effect 

Construct ôemotional outcomesõ  

Anxiety [21-26, 28, 30, 32-35] Inconsistent evidence 

Depression [21-26, 30, 32-36] Inconsistent evidence 

Affective distress [21-24] Inconsistent evidence 

Construct ôquality of lifeõ  

Generic quality of life [22-24] Inconsistent evidence 

Health related quality of life: emotional role 

impairment [33-35, 44] 

Inconsistent evidence 

Health related quality of life: emotional r ole 

impairment [33-35, 44] 

Inconsistent evidence 

Control condition òface-to -face behavior change interventionó 

Construct ôlimitationsõ  

Physical activity [37, 44] Inconsistent evidence 

Control condition òonline behavior change interventionó 

Construct ôsymptoms and signsõ  

Pain [25, 26] Inconsistent evidence 

Body mass index [37, 40] Inconsistent evidence 

Body weight [37, 39, 40] Strong evidence for a non-significant effect 

Construct  ôlimitationsõ   

Physical activity [37, 40-42, 47] Inconsistent evidence 

Construct ôemotional outcomesõ  

Anxiety [25, 26] Strong evidence for a non-significant effect  

Depression [25, 26, 31, 42] Inconsistent evidence 
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Discussion 

 

Principal Findings 

This review provides an overview of the intervention characteristics of a new and 

promising field within health care for patients with chronic somatic disorders. The 

characteristics of the included blended behavior change interventions showed a wide 

heterogeneity. For example, length of interventions ranged from 5 weeks to 12 

months. A previous systematic review that studied factors related to online adherence 

showed that shorter interventio ns are related to higher usage rates [50]. On the other 

hand, it is also known that long-term maintenance of behavior change is challenging 

[51] and that an extension of the intervention with follow -up booster sessions 

improves the overall effectiveness of face-to-face interventions [52]. The majority of 

interventions focused on one type of behavior. As many people have multiple 

unhealthy behaviors linked to risk factors for different chronic diseases, studies 

should focus on changing multiple behaviors [4] . Such holistic programs have a great 

potential for targeting complete health profiles and stimulating patients to take an 

active role in their health management. 

The theoretical basis of the intervention content was most frequently based on the 

principles of cognitive behavior therapy. The aim of the cognitive behavior therapy is 

to change individualsõ unhelpful thoughts, beliefs, and behaviors [53]. In less than half 

of the studies, the therapeutic guidance was delivered face-to-face, whereas in the 

other studies, it was delivered completely at distance. Future research is needed to 

investigate whether face-to-face contact, guidance at distance, or a combination of 

multiple delivery modes are more or less effective for the overall effectiveness of a 

blended intervention. The review of Webb et al [16] showed that an òask the expertó 

facility is related to higher effectiveness. This additional option was used in 12 out of 

29 studies. Furthermore, it is known that the use of an enriched information 

environment is related to higher effectiveness [16]. Such supplementary content, such 

as videos and links to informative websites, was used in most interventions. In 

summary, we can conclude that a wide diversity was seen in the characteristics or 

ingredients of blen ded interventions. Given the considerable heterogeneity in the 

interventions, it was difficult to isolate subtypes of blended interventions for patients 

with chronic somatic disorders. Future research should focus on which type of 

blended intervention work s for whom, for example, by using subgroup analyses and 

comparing different types of blended care . 

Almost all included studies described that the therapeutic guidance and the online 

care were integrated with each other. Examples of integration of therapeutic 
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guidance and online care were the provision of therapeutic feedback on online 

assignments or tailoring of the online intervention by the therapist. This high number 

of integrated blended interventions surprised us, as in literature, the interconnection 

of the therapeutic and the Web -based part is described as one of the biggest 

challenges of blended care [8,54]. When Web-based apps are integrated within 

health care, online care is often used as an additional component to usual care, 

instead of being a substantial element of the intervention as a whole [8]. Although 

the interventions were described as interconnected, analyses of user experiences are 

needed to draw conclusions about actual experienced integration.  

A wide range of outcome measures were included in our evidence synthesis 

comparing blended interventions with no interventions or online blen ded 

interventions without therapeutic guidance. For some outcome measures, we found 

inconsistent evidence, and for other outcome measures, we found strong evidence 

for a nonsignificant effect . The lack of evidence for blended interventions, even when 

comparing with no intervention, is surprising. Although blended care is described as 

best of both worlds [8], results of this systematic review do not support this 

expectation. Before broad-scale implementation of blended behavior change 

interventions in daily practice, further investigation of how blended interventions 

should be composed is needed.  

A minority of studies compared blended interventions with face -to-face interventions. 

The evidence synthesis of this comparison showed inconsistent evidence for 

improvement in physical activity. Particularly, for the comparison of blended behavior 

change interventions with face-to-face interventions, it would be interesting to 

investigate cost-effectiveness, long-term effectiveness, and patient satisfaction. The 

potential added value of blended care above face-to-face care may be found in these 

outcome measures instead of outcome measures related to symptoms and signs, 

limitations, behavior, emotions, and quality of life. To illustrate, if face-to-face 

sessions are substituted by online care, blended interventions may be cheaper than 

usual care [55]. Another advantage of blended interventions over face-to-face care is 

the possibility to overcome geographical barriers, as therapeutic guidance in these 

interventions can be served by a computer or mobile phone.  

 

Limitations 

A methodological limitation of our evidence synthesis is the use of multiple outcome 

measures and multiple comparisons. This multiplicity may result in an increased risk 

of false-positive statistically significant indications of the effectiveness of blended 

behavior change interventions [56]. Moreover, 4 studies were conducted by the same 
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research group [21-24]. These 4 studies investigated interventions targeted on the 

same behavior and generally used the same measurement instruments. The 

predominance of these 4 studies within the evidence synthesis may also lead to false-

positive statistically significant indications of the effectiveness of blended behavior 

change interventions. 

 

Implications for Future Research  

This review investigated a huge heterogeneity in how blended interventions were 

composed. For future research, we suggest investigating the effectiveness of different 

intervention components such as intervention duration, type of face -to-face 

guidance, and type of online care. Studies included in this review provided the same 

intervention, with the same amount of ingredients to the  entire group of included 

patients. However, with respect to individual differences, it is presumed that different 

patients benefit from different blended interventions. For example, considering the 

ratio between online care and therapeutic guidance, one patient may benefit from 

more online support, whereas others need more therapeutic guidance. To determine 

the most optimal ratio in the treatment of patients with depression, the Fit for 

blended care instrument was recently developed [8]. Future studies could investigate 

whether such an instrument is useful in the treatment of patients with chronic 

somatic disorders.  

Next, there is a substantial need for studies that compare blended interventions with 

face-to-face interventions. Only 5 studies compared a blended intervention with face -

to-face care [20,30,37,40,44], which hampered drawing conclusions for this 

comparison. For future trials, we recommend to compare blended behavior change 

interventions with a control group that receives face -to-face treatment and also to 

include cost-effectiveness outcomes, patient satisfaction, self-management skills, 

attrition, or reach of the intervention. This will provide more clinically relevant 

information about the additional value of integrating therapeutic guidance and  

online care.  

 

Conclusions 

To our knowledge, this is the first comprehensive overview of characteristics of 

blended behavior change interventions in patients with chronic somatic disorders. 

The wide variety of intervention characteristics, in terms of type and dose of 

therapeutic guidance, the type and dose of online care, and how these two delivery 

modes are integrated, hampered the investigation of intervention subtypes within the 

entire spectrum of blended behavior change interventions. Overall, within this 
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heterogenic sample of studies, we found no evidence for the effectiveness of blended 

behavior change interventions in patients with chronic somatic disorders compared 

with no intervention, face -to-face behavior change interventions, or with online 

interventions without face-to-face support. With respect to the potential of blended 

behavior change interventions, we suggest investigating which type of blended 

intervention works for whom to come to personalized blended care for patients with 

chronic somatic disorders.  
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Appendix 1. Keywords per construct (PubMed version)  

 Aspect Chronic disorder 

1 òchronic diseaseó[MeSH Terms] OR òchronic diseaseó[tiab] OR òchronic diseasesó[tiab] OR 

òchronic illnessó[tiab] OR òchronic illnessesó[tiab] OR òchronic conditionó[tiab] OR òchronic 

conditionsó[tiab] OR òchronically illó[tiab] OR disability[tiab] OR òpulmonary disease, chronic 

obstructiveó[MeSh Terms] OR asthma[tiab] OR copd[tiab] OR òchronic obstructive 

pulmonary diseaseó[tiab] OR neoplasms[MeSh Terms] OR leukemia[MeSh Terms] OR 

neoplasms[tiab] OR neoplasm[tiab] OR cancer [tiab] OR leukemia[tiab] OR òcoronary artery 

diseaseó[MeSh Terms] OR òcoronary artery diseaseó[tiab] OR stroke[MeSH Terms] OR 

stroke[tiab] OR òheart failureó[MeSh Terms] OR òheart failureó[tiab] OR òcardiovascular 

diseaseó[tiab] OR hypertension[MeSh Terms] OR hypertension[tiab] OR òblood 

pressureó[MeSH Terms] OR òblood pressureó[tiab] OR òcardiovascular diseasesó[MeSH 

Terms] OR òcardiovascular diseasesó [tiab] OR òcardiovascular diseaseó[tiab] OR 

òcardiovascular riskó[tiab] OR òcardiovascular risksó[tiab] OR òperipheral vascular 

diseasesó[MeSh Terms] OR òvascular diseaseó[tiab] OR òvascular diseasesó[tiab] OR òliver 

diseasesó[MeSh Terms] OR òliver diseasesó[tiab] OR òliver diseaseó[tiab] OR òliver 

failureó[tiab] OR òliver dysfunctionó[tiab] OR "diabetes mellitus" [MeSh Terms] OR "diabetes 

mellitus"[tiab] OR diabetes[tiab] OR obesity[MeSh Terms] OR obesity[tiab] OR òheadache 

disordersó[MeSH Terms] OR òmigraine disordersó[MeSh Terms] OR migraine [tiab] OR 

headache [tiab] OR òback painó[MeSH Terms] OR òback painó[tiab] OR backache[tiab] OR 

"arthritis, rheumatoid" [MeSh Terms] OR òmusculoskeletal diseasesó[MeSH Terms] OR 

musculoskeletal [tiab] OR arthritis [tiab] OR osteoarthritis [tiab] OR fibromyalgia [tiab] OR 

osteoporosis [tiab] OR rheumatism [tiab] OR arthrosis [tiab] OR òmultiple sclerosisó[MeSh 

Terms] OR òmultiple sclerosisó [tiab] OR epilepsy[MeSH Terms] OR epilepsy [tiab] OR òHIV 

infectionsó [MeSH Terms] OR aids [tiab] OR òHIV infectionsó [tiab] OR òimmunodeficiency 

syndromeó[tiab] OR hiv[tiab] OR òvision disordersó[MeSH Terms] OR òvision disordersó[tiab] 

OR òvision disorderó[tiab] OR òhearing disordersó[MeSH Terms] OR òhearing disordersó[tiab] 

OR òhearing disorderó[tiab] OR òneck painó[MeSh Terms] OR òneck painó[tiab] OR 

neckache[tiab] OR òparkinson diseaseó[MeSH Terms] OR parkinson[tiab] OR òchronic 

painó[MeSh Terms] OR somatic[tiab] OR òchronic painó[tiab] OR òFatigue syndrome, 

chronicó[MeSh Terms] OR òchronic fatigueó [tiab]  

 Aspect e-Health 

2 telemedicine [MeSH Terms] OR telemedicine [tiab] OR internet [MeSH Terms] OR internet 

[tiab] OR website [tiab] OR òworld wide webó[tiab] OR web-based [tiab] OR internet-based 

[tiab] OR e-health [tiab] OR ehealth[tiab] OR blended [tiab] OR òsmart phoneó [tiab] OR 

òmobile healthó [tiab] OR Mhealth [tiab] OR M-health [tiab] OR tele-health [tiab] OR 

telehealth[tiab] OR technology[tiab]  

 Aspect behavior change intervention 

3 Behavior[MeSH Terms] OR behavior[tiab] OR behaviour[tiab] OR behavioral[tiab] OR self-

management[tiab] OR òselfmanagementó[tiab] OR lifestyle[tiab] OR behavioural[tiab] OR 

òbehavior changeó[tiab] OR òbehaviour changeó[tiab] OR òmotor activityó[MeSH Terms] OR 

òphysical activityó[tiab] OR òNutrition therapyó[MeSH Terms] OR nutrition [tiab] OR 

dietary[tiab]  

 Aspect intervention study  

4 "intervention studies"[MeSH Terms] OR "intervention studies"[tiab] OR "intervention 

study"[tiab] OR intervention[tiab] OR experimental[tiab] OR effect[tiab] OR 

effectiveness[tiab] OR evaluation[tiab] OR RCT[tiab] OR CCT[tiab] OR trial[tiab] OR 

random*[tiab]  

 Combined aspects 

 #1 AND #2 AND #3 AND #4 NOT child*[tiab]  

http://www.ncbi.nlm.nih.gov/mesh/68000163
http://www.ncbi.nlm.nih.gov/mesh/68000163
http://www.ncbi.nlm.nih.gov/mesh/68000163
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Allen, 

2013 

L  U U L L L U L H L 6 High 

Bennett, 

2010 

L  U U L L L U L L L 7 High 

De Boer, 

2014 

L  L U L L U U L L L 7 High 

Buhrman 2004 L  U U L L L U U H L 5 Low 

Buhrman 2011 L  U U L L L U U L L 6 High 

Buhrman 2013 L  L U L L L U U L L 7 High 

Buhrman, 2015 L  L U L L L U U L L 7 High 

Dear, 2015 L  L U L L L U U U L 6 High 

Dlugonski, 2012 L  H U L L L U L L L 7 High 

Ferwerda, 2017 L  L U H L L U H L L 6 High 

Friessen, 2017 L  L H L L L U L L L 8 High 

Glasgow, 2010 L  U U L L L U L L L 7 High 

Hunt, 2009 L  H U H L L U U H L 4 Low 

Jasper, 2014 L  L U L L L U L L L 8 High 

Klaren, 2014 L  L U U H H U U L L 4 Low 

Liebreich, 2009 L  U U L L H U L L L 6 High 

Ljotsson, 2011 L  L U L L L U L L L 8 High 

McKay, 2001 L  L U L L L U L L L 8 High 

Moss Morris 2012 L  U U L L H L L L L 7 High 

Nobis, 2015 L  U U L L L U L L L 7 High 

Nordin, 2016 L  L U L H L U L L L 7 High 

Steel, 2016 L  L L L L L U L L L 9 High 

Torbjørnsen 2014 L  L U L H L U U  L L 6 High 

Trompetter 2015 L  U U L L L U L L L 7 High 

V. Beugen 2016 L  L U H L L U L L L 7 High 

Vd Berg 2006 L  L L L L L L L L L 10 High 

Vd Meer 2009 L  H U H L L U U H L 4 Low 

Vd Weegen ô15 L  L L L L H U U L L 7 High 

Yardley ô14 L  H H L H L H L L L 6 High 

L=Low Risk; H=High; U=Unclear  

Total score: low risk=1 point; unclear or high risk=0 points; Low quality= 0 -5 points, High quality= 6 

points or more  



 

 

Appendix  3. Characteristics of studies, participants, and interventions.  

Author, year 

of 

publication  

Study population 

(n, mean age in 

years, F: females 

[%])  

Chronic  

disorder  

Target behavior, 

duration of 

intervention  

Theoretical 

basis 

Description of blended intervention 

(therapeutic delivery mode and frequency; 

Internet -based delivery mode and frequency)  

Therapeutic 

guidance (T
a
), 

online care (O
b
), 

and blended 

integration (B
c
)  

Type of 

control 

intervention 

(C)
d
 

Allen et al, 

2013 [37] 

n=68, mean 

age=45, F=78%  

Obesity  Weight loss 

(nutrition and 

physical activity), 6 

months 

Social 

cognitive 

theory 

T1: 9 face-to-face sessions with counselor; T2: 7 

face-to-face sessions with counselor; O: app with 

weekly assignments and (feedback) messages 

T: b 

O: a, d, e 

B: b 

C1: c 

C2: b 

Bennett et al, 

2010 [38] 

n=101, mean 

age=54, F=48%  

Obesity and 

hypertension 

Obesogenic 

behavior 

(individual 

selected), 3 months 

No T: 2 face-to-face sessions and 2 phone calls with 

dietitian, ask-the-expert option, and forum with 

peers; O: website with weekly assignments and 

information  

T: a, b, d, g 

O: a, b  

B: a 

C: a 

De Boer et al, 

2014 [20] 

n=72, mean 

age=52, F=64%  

Chronic pain Pain thinking, 

feeling, and 

behaving; 4 

months 

Cognitive 

behavioral 

therapy 

T: weekly email contact with a cognitive behavior 

therapist; O: website with weekly assignments, 

enriched information, and messages 

T: c 

O: a, b, c, e 

B: a 

C: b 

Buhrman et 

al, 2004 [21] 

n=56, mean 

age=45, F=63%  

Chronic back 

pain 

Pain thinking, 

feeling, and 

behaving, 6 weeks 

Fear avoidance 

model 

T: weekly phone calls with a therapist; O: website 

with weekly assignments and information 

T: d 

O: a, b 

B: a 

C: a 

Buhrman, 

2011 [23] 

n=54, mean 

age=43, F=69%  

Chronic back 

pain 

Pain thinking, 

feeling, and 

behaving, 11 weeks 

Fear avoidance 

model 

T: weekly email contact with psychologist; O: 

website with weekly assignments and messages 

T: c 

O: a, e 

B: a 

C: a 

Buhrman et 

al, 2013 [22] 

n=76, mean 

age=49, F=59%  

Chronic pain Pain thinking, 

feeling, and 

behaving, 7 weeks 

Acceptance 

and 

commitment 

therapy 

T: weekly email contact and 2 phone calls with 

clinical psychology graduate student; O: website 

with weekly assignments, enriched information, and 

messages 

T: c, d 

O: a, b, c, e 

B: a 

C: a 

Buhrman et n=52, mean Chronic pain Pain thinking, Cognitive T: weekly email contact and 2 phone calls with T: c, d C: a 



 

al, 2015 [24] age=51, F=85%  feeling, and 

behaving, 8 weeks 

behavioral 

therapy 

clinical psychology graduate student; O: website 

with weekly assignments, information, and 

messages 

O: a, b, e 

B: a 

Dear et al, 

2015 [25] 

n=490, mean 

age=50, F=80%  

Chronic pain Pain thinking, 

feeling, and 

behaving, 8 weeks 

Cognitive 

behavioral 

therapy 

T1: weekly telephone or email contact with 

psychologist; T2: optional telephone and email 

contact with psychologist; O: website with 7 

assignments, information, and automatic 

(feedback) messages 

T: c, d 

O: a, b, d, e 

B: a 

C1: a 

C2: c 

Dlugonski, 

2012 [45] 

n=45, mean 

age=47, F=87%  

Multiple 

sclerosis 

Physical activity, 12 

weeks 

No T: 7 videoconferencing sessions with health 

behavior coach; O: website with weekly 

assignments, information, and messages 

T: f 

O: a, b, e 

B: a 

C: a 

Ferwerda et 

al, 2017 [33] 

n=133, mean 

age=56, F=64%  

Rheumatoid 

arthritis with 

heightened 

distress 

Coping with 

symptoms, 9-65 

weeks 

Cognitive 

behavioral 

therapy 

T: 1 face-to-face session with therapist, followed by 

weekly or biweekly email contact; O: website with 

assignments and psychoeducational texts 

T: a, b, c 

O: a, b, c 

B: a 

C: a 

Friessen et al, 

2017 [34] 

n=60, mean 

age=48, F=95%  

Fibromyalgia Coping with pain, 8 

weeks 

Cognitive 

behavioral 

therapy 

T: weekly telephone contact with trained student 

and email contact; O: website with weekly 

assignments, enriched information, and automated 

messages 

T: c, d 

O: a, b, c, e 

B: a 

C: a 

Glasgow et al, 

2010 [40] 

n=463, mean 

age=58, F=50%  

Diabetes 

Mellitus type II  

Nutrition, physical 

activity, and 

medication taking, 

4 months 

Social 

ecological 

theory, 5 Aõs 

self-

management 

model 

T: 2 phone calls with therapist, 3 group sessions, 

and forum with peers; O: website with weekly 

assignments, enriched information, and automatic 

telephonic (feedback) messages  

T: b, d, g 

O: a, b, c, e 

B: a 

C: c 

 

Hunt et al, 

2009 [28] 

n=54, mean 

age=39, F=80%  

Irritable bowel 

syndrome 

Stress 

management and 

catastrophic 

thinking, 5 weeks 

Cognitive 

behavioral 

therapy 

T: weekly email contact with therapist; O: website 

with weekly assignments and information  

T: c 

O: a, b 

B: a 

C: a 



 

 

Jasper et al, 

2014 [30] 

n=128, mean 

age=51, F=40%  

Chronic tinnitus Relaxation, positive 

thinking, and 

cognitive 

restructuring, 10 

weeks 

Cognitive 

behavioral 

therapy 

T: weekly chat session and email contact with 

cognitive behavior therapist; O: website with 

weekly assignments and information  

T: a, c 

O: a, b 

B: b 

C1: b 

C2: a 

Klaren et al, 

2014 [46] 

n=70, mean 

age=50, F=78%  

Multiple 

sclerosis 

Sedentary 

behavior, 6 months 

Social 

cognitive 

theory 

T: 13 videoconferences with coach; O: website with 

13 assignments and enriched information  

T: f 

O: a, b, c 

B: a 

C: a 

Liebreich, 

Plotnikoff et 

al, 2009 [41] 

n=49, mean 

age=54, F=59%  

Diabetes 

Mellitus type II  

Physical activity, 12 

weeks 

Social 

cognitive 

theory 

T: weekly email contact with counselor and ask-the-

expert option, and forum with peers; O: website 

with weekly assignments and information  

T: a, c, g  

O: a, b 

B: a  

C: c 

Ljotsson, 

Hedman et al, 

2011 [29] 

n=61, mean 

age=35, F=74%  

Irritable bowel 

syndrome 

Avoidance 

behavior, 10 weeks 

Acceptance 

and 

commitment 

therapy 

Cognitive behavioral intervention; T: weekly email 

contact with psychologist, ask-the-expert option, 

and forum with peers; O: website with weekly 

assignments and information  

T: a, c, g 

O: a, b 

B: a 

C: a 

McKay et al, 

2001 [42] 

n=78, mean 

age=52, F=53%  

Diabetes 

Mellitus type II  

Physical activity, 8 

weeks 

Multilevel 

social 

ecological 

model of 

diabetes self-

management  

Behavioral intervention to increase physical activity; 

T: weekly email contact with occupational therapist, 

ask-the-expert option, and foru m with peers; O: 

website with weekly assignments 

T: a, c, g  

O: a, b, c, d 

B: a 

C: c 

Moss Morris 

et al, 2012 

[32] 

n=40, mean 

age=41, F=80%  

Multiple 

sclerosis  

Fatigue behavior, 

10 weeks  

Cognitive 

behavioral 

therapy 

T: 3 phone sessions of 30-60 min with assistant 

psychologist; O: website with weekly assignments 

and information  

T: d 

O: a, b, c, e  

B: a 

C: a 

Nobis et al, 

2015 [31] 

n=256, mean 

age=51, F=63%  

Diabetes 

Mellitus type I 

and II 

Depressive 

symptoms, 8 weeks 

Systematic 

behavioral 

activation and 

problem 

solving 

T: weekly email or phone contact with psychologist 

or graduate student; O: website with weekly 

assignments, information, and automatic text 

messages 

T: a, c, d, e 

O: a, b, e 

B: a 

C: c 



 

Nordin, et al, 

2016 [27] 

n=99, mean 

age=43, F=85%  

Persistent 

musculoskeletal 

pain 

Pain behavior, 4 

months 

Cognitive 

behavioral 

therapy  

T: treatments from at least three different 

occupations according to an individualized 

treatment plan; O: website with assignments, 

enriched information, and automated messages 

T: b 

O: a, b, c, e 

B: b 

C: b 

Steel et al, 

2016 [36] 

n=261, mean 

age=61, F=27%  

Advanced 

cancer 

Pain, fatigue, and 

depression, 6 

months 

Cognitive 

behavioral 

therapy  

T: email contact every 2 weeks, face-to-face contact 

with care coordinator every 2 months, and forum 

with peers; O: website with assignments and 

enriched information  

T: a, b, c, g 

O: a, b, c  

B: b 

C: a 

Torbjørnsen 

et al, 2014 

[43] 

n=151, mean 

age=57, F=41%  

Diabetes 

Mellitus type II  

Nutrition and 

physical activity, 4 

months 

No T: 5 phone sessions with a diabetes specialist nurse 

and ask-the-expert option; O: app with daily 

assignment, enriched information, and (feedback) 

messages 

T: a, d 

O: a, b, c, d, e 

B: b 

C1: c 

C2: a 

Trompetter et 

al, 2015 [26] 

n=238, mean 

age=53, F=76%  

Chronic pain Pain behavior, 3 

months 

Acceptance 

and 

commitment 

therapy 

T: weekly email contact with counselor; O: website 

with weekly assignments and enriched information 

T: c 

O: a, b, c 

B: a 

C1: c 

C2: a 

van Beugen 

et al, 2016 

[35] 

n=131, mean 

age=53, F=49%  

Psoriasis Pain, fatigue, and 

negative mood, 25 

weeks 

Cognitive 

behavioral 

therapy 

T: 2 face-to-face sessions with therapist, telephonic 

instruction, and weekly feedback emails; O: website 

with information and assignments  

T: b, c, d 

O: a, b 

B: b 

C: a 

van der Berg 

et al, 2006[47] 

n=160, mean 

age=50, F=76%  

Rheumatoid 

arthritis 

Physical activity, 12 

months 

No T: weekly email contact with physical therapist, 4 

group meetings, and forum with peers; O: website 

with weekly assignments 

T: b, c, g 

O: a  

B: b 

C: c 

Van der Meer 

et al, 2009 

[48] 

n=200, mean 

age=31, F=69%  

Asthma Asthma control: 

measuring FEV1 

and inhaler 

technique, 12 

months 

No T: 1 group session and optional phone calls and 

email contact with a respiratory nurse; O: website 

with weekly assignments, enriched information, and 

automatic (feedback) messages 

T: a, b, c, d, e  

O: a, b, d, e 

B: a 

C: a 

Van der 

Weegen et al, 

n=199, mean 

age=58, F=51%  

COPD or 

Diabetes 

Physical activity, 4-

6 months 

No T: 4 face-to-face sessions with nurse and mail 

contact, and option to request for advice; O: 

T: a, b, c 

O: a, d, e 

C1: a 

C2: b 



 

 

 

a
T: therapeutic guidance: (1) option to request for advice, (2) face-to-face contact, (3) email, (4) phone calls, (5) short messaging service, (6) videoconferencing, 

and (7) discussion forum with peers.  
b
O: online care: (1) assignments, (2) information, (3) enriched information environment, (4) automated tailored feedback, and (5) automated messages. 

c
B: blended integration: (1) online care and therapeutic guidance are integrated and (2) online care and professionals are two separate elements.  

 
d
C: control conditions: (1) no intervention, (2) face-to-face behavior change interventions, and (3) online behavior change intervention. 

2015 [44] Mellitus type II  activity tracker, mobile app and website with 

assignments, and automated tailored feedback 

messages 

B: a 

Yardley et al, 

2014 [39] 

n=179, mean 

age=51, F=66%  

Obesity Weight 

management and 

nutrition, 6 months  

Cognitive 

behavioral 

therapy 

T1: 3 face-to-face, phone, or email contacts with a 

nurse and ask-the-expert option; T2: 7 face-to-face, 

phone, or email contacts with a nurse and ask-the-

expert option; O: website with weekly assignments, 

enriched information, and (feedback) messages 

T: a, b, c, d  

O: a, b, c, d, e 

B: a 

C1: a 

C2: c 



 

 

 Appendix 4. Outcome measures of studies with òno interventionó as control condition 

Author, year 

of publication  

Outcome 

measure 

Instrument  Time of measurement 

(pre - and post -

treatment)  

Pre-treatment 

mean (SD)  

Post-treatment 

mean (SD)  

Significant effect  

 

Symptoms and Signs  

Bennett, 2010 Body weight Weighing scale 0, 12 weeks I:101.0 (15.4) 

C: 97.3 (10.9) 

I: 98.7 (3.2) 

C: 97.6 (0.6) 

No 

 

BMI Scale and meter 0, 12 weeks I: 35.0 (3.5) 

C: 34.6 (3.2) 

I: 34.1 (1.2) 

C: 34.5 (0.8) 

No 

 

Buhrman, 2004 Pain  Scale 0-100, average score of 3 daily 

assessments  

0, 8 weeks I: 37.4 (18.2) 

C: 44.4 (14.2) 

I: 34.3 (16.8) 

C: 39.6 (16.3) 

No 

Pain  Multidimensional Pain Inventory: 

subscale pain severity  

0, 8 weeks I: 3.8 (1.9) 

C: 5.0 (1.7) 

I: 2.4 (1.1) 

C: 3.2 (0.8) 

No 

Buhrman, 2011 Pain  Multidimensional Pain Inventory: 

subscale pain severity  

0, 12 weeks I: 3.5 (2.5) 

C: 3.2 (2.2) 

I: 3.2 (2.2) 

C: 3.4 (2.6) 

No 

Buhrman, 2013 Pain  Multidimensional Pain Inventory: 

subscale pain severity  

0, 8 weeks I: 4.51 (0.80) 

C: 4.35 (0.88) 

I: 4.30 (1.04)  

C: 4.29 (1.00) 

No 

Buhrman, 2015 Pain  Multidimensional Pain Inventory: 

subscale pain severity  

0, 8 weeks I: 3.81 (1.14) 

C: 3.90 (0.89) 

I: 3.75 (1.05)  

C: 3.95 (0.93) 

No 

Dear, 2015 

*regular 

contact group  

Pain Wilcinson Brief Pain Questionnaire 0, 8 weeks I: 5.74 (1.72) 

C: 5.98 (1.53) 

I: 4.86 (1.79) 

C: 5.71 (1.50) 

Yes 

Dear, 2015 

*optional 

contact group  

Pain Wilcinson Brief Pain Questionnaire 0, 8 weeks I: 5.54 (1.74) 

C: 5.98 (1.53) 

I: 4.85 (1.73) 

C: 5.71 (1.50) 

Yes 

Ferwerda, 2017 Pain Impact of Rheumatic Diseases on 

General Health and Lifestyle 

0, post-intervention  I: 14.78 (4.76) 

C: 15.77 (3.88) 

I: 14.60 (4.50) 

C: 15.68 (3.73) 

No 



 

 

Fatigue Checklist Individual Strength 0, post-intervention  I: 35.98 (11.49) 

C: 38.24 (10.06) 

I: 32.13 (11.46) 

C: 35.88 (10.71) 

No 

Disease activity Rheumatoid Arthritis Disease Activity 

Index  

0, post-intervention  I: 3.31 (1.99) 

C: 3.84 (1.75) 

I: 3.19 (2.10) 

C: 3.62 (1.68) 

No 

Friessen, 2017 Severity and 

symptoms of 

fibromyalgia  

Revised Fibromyalgia Impact 

Questionnaire  

0, 8 weeks I: 65.19 (13.07) 

C: 67.75 (13.51) 

I: 53.39 (18.94) 

C: 64.59 (12.75) 

Yes 

Pain Brief Pain Inventory ð subscale pain 

severity 

0, 8 weeks I: 5.45 (1.10) 

C: 6.02 (1.39) 

I: 4.99 (1.66) 

C: 6.28 (1.28) 

Yes 

Fatigue Fatigue Symptom Inventory  0, 8 weeks I: 44.30 (12.83) 

C: 49.20 (14.29) 

I: 39.69 (15.10) 

C:47.87 (12.75) 

No 

Hunt, 2009 Abdominal 

symptoms: pain, 

bloating, 

constipation, 

diarrhea and 

satiety  

Gastrointestinal Symptom Rating 

Scale 

0, 5 weeks I: 57 (13) 

C: 61 (14) 

I: 35 (12) 

C: 52 (14) 

Yes 

Ljotsson, 2011 Abdominal 

symptoms: pain, 

bloating, 

constipation, 

diarrhea and 

satiety  

Gastrointestinal Symptom Rating 

Scale  

0, 10 weeks I: 44.6 (11.1) 

C: 39.8 (12.0) 

I: 31.0 (10.2) 

C: 40.9 (14.5) 

Yes 

Van der Meer, 

2009 

Forced expiratory 

volume in 1 

second (FEV1) 

Handheld electronic spirometer  0, 12 months I: 3.08 (NM) 

C: 3.13 (NM) 

I: 3.32 (NM) 

C: 3.12 (NM) 

Yes 

Steel, 2016 Fatigue Functional Assessment of Cancer 

Therapy-Fatigue 

0, 6 months I: 36.8 (7.9) 

C: 35.4 (7.1) 

I: 28.3 (9.4) 

C: 31.1 (11.4) 

No 

Pain and impact 

on functioning  

Brief Pain Inventory 0, 6 months I: 5.8 (1.2) 

C: 6.1 (1.6) 

I: 4.7 (1.5) 

C: 6.1 (2.6) 

No 

Torbjørnsen, 

2014 

Hemoglobin  DCA Vantage Analyzer 0, 4 months I: 8.2 (1.08) 

C: 8.3 (1.08) 

I: 7.8 (1.44) 

C: 8.0 (1.44) 

No 

Trompetter, 

2015 

Pain Pain NRS 0, 3 months I: 6.3 (1.6) 

C: 6.2 (1.6) 

I: 5.4 (2.2) 

C: 5.6 (2.1) 

No 



 

 

  Van Beugen, 

2016 

Fatigue Checklist Individual Strength 0, post-treatment  I: 37.70 (10.68) 

C: 34.31 (10.30) 

I: 30.77 (12.46) 

C: 33.8 (9.19) 

Yes 

Itch Impact of chronic Skin Disease on 

daily Life ð itch subscale 

0, post-treatment  I: 9.44 (3.50) 

C: 9.06 (3.75) 

I: 7.09 (3.51) 

C: 7.44 (3.67) 

No 

Psoriasis severity ð 

clinician rated 

Psoriasis Area and Severity Index 0, post-treatment  I: 5.99 (5.61) 

C: 4.20 (2.87) 

I: 5.04 (4.59) 

C: 3.79 (2.94) 

No 

Psoriasis severity ð 

self-reported  

Psoriasis Area and Severity Index 0, post-treatment  I: 5.27 (3.29) 

C: 4.48 (2.41) 

I: 4.61 (5.39) 

C: 3.95 (2.26) 

No 

Yardley, 2014 

*basic nurse 

support  

Body weight Weighing scale 0, 6 months I: 103.43 

(25.23) 

C: 103.27 

(20.09) 

I: 97.92 (5.80) 

C: 99.38 (5.75) 

No 

Yardley, 2014 

*regular nurse 

support  

Body weight Weighing scale 0, 6 months I: 100.36 

(19.38) 

C: 103.27 

(20.09) 

I: 97.14 (5.74) 

C: 99.38 (5.75) 

No 



 

 

  Limitations in daily activities  

Buhrman, 2015 Disruption of daily 

activities by 

chronic pain  

Pain Disability Index 0, 8 weeks I: 36.71 (9.96) 

C: 36.96 (10.25) 

I: 32.13 (9.64)  

C: 36.65 (9.91) 

Yes 

Dear, 2015 

*regular 

contact group  

Backpain 

associated 

disability in daily 

activities 

Roland-Morris Disability Questionnaire 0, 8 weeks I: 13.47 (5.23) 

C: 13.93 (5.22) 

I: 11.05 (5.63) 

C: 13.97 (5.17) 

Yes 

Dear, 2015 

*optional 

contact group  

Backpain 

associated 

disability in daily 

activities 

Roland-Morris Disability Questionnaire 0, 8 weeks I: 13.24 (5.60) 

C: 13.93 (5.22) 

I: 10.95 (5.84) 

C: 13.97 (5.17) 

Yes 

Dlugonski, 

2012 

Walking mobility  Multiple Sclerosis Walking Scale-12 0, 3 months  I: 27.4 (22.0)  

C: 24.9 (25.0) 

I: 30.9 (22.1) 

C: 27.0 (25.6) 

No 

Physical activity Godin Leisure-Time Exercise 

Questionnaire 

0, 3 months  I: 13.6 (11.6) 

C: 16.1 (14.2) 

I: 28.2 (15.6) 

C: 15.4 (13.9) 

Yes 

Ferwerda, 2017 Self-care Impact of Rheumatic Diseases on 

General Health and Lifestyle 

0, post-intervention  I: 27.39 (5.72) 

C: 25.04 (6.52) 

I: 27.35 (5.94) 

C: 24.41 (6.92) 

No 

Mobility  Impact of Rheumatic Diseases on 

General Health and Lifestyle 

0, post-intervention  I: 22.00 (5.78) 

C: 19.82 (6.40) 

I: 22.30 (5.55) 

C: 19.37 (6.55) 

No 

Jasper, 2014 Insomnia Insomnia Severity index 0, 10 weeks I: 12.68 (5.91) 

C: 11.25 (6.51) 

I: 8.70 (5.80) 

C: 10.91 (7.21) 

Yes 

Klaren, 2014 Sedentary 

behavior  

International Physical Activity 

Questionnaire  

0, 6 months I: 550 (233) 

C: 412 (193) 

I: 429.2 (201.2) 

C: 528.2 (200.7) 

Yes 

Ljotsson, 2011 Functional 

impairment in 

work/school, social 

life and family 

Sheehan Disability Scales  0, 10 weeks I: 11.9 (8.1) 

C: 6.4 (6.7) 

I: 8.7 (6.3) 

C: 7.8 (7.6) 

Yes 

Trompetter, 

2015 

Disruption of daily 

activities by 

chronic pain 

Pain Disability Index 0, 3 months I: 36.0 (12.7) 

C: 36.1 (12.7) 

I: 30.6 (14.5) 

C: 33.0 (14.0) 

No 

Van der 

Weegen, 2015 

Physical activity Pam accelerometer 0, post-intervention  I: 39.29 (18.1) 

C: 44.13 (20.3) 

I: 48.16 (23.8) 

C: 39.16 (19.5 

Yes 



 

 

Dealing with the chronic condition: cognitive measures  

Buhrman, 2004 Coping strategy: 

diverting attention  

Coping Strategy Questionnaire: 

subscale diverting attention  

0, 8 weeks I: 11.6 (5.7) 

C: 12.3 (7.4) 

I: 12.3 (5.2) 

C: 11.9 (6.9) 

No 

Coping strategy: 

reinterpret pain 

sensation 

Coping Strategy Questionnaire: 

subscale reinterpret pain sensation 

0, 8 weeks I: 3.6 (3.5) 

C: 5.4 (6.5) 

I: 4.4 (3.6) 

C: 4.6 (5.9 

No 

Coping strategy: 

coping self-statements 

Coping Strategy Questionnaire: 

subscale coping self-statements 

0, 8 weeks I: 18.4 (6.5) 

C: 18.3 (6.6) 

I: 19.1 (5.8) 

C: 17.3 (6.7) 

No 

Coping strategy: ignore 

pain sensations 

Coping Strategy Questionnaire: 

subscale ignore pain sensations 

0, 8 weeks I: 13.1 (13.7) 

C: 13.5 (6.6) 

I: 13.7 (7.0) 

C: 12.9 (6.5) 

No 

Coping strategy: 

praying or hoping  

Coping Strategy Questionnaire: 

subscale praying or hoping  

0, 8 weeks I: 12.0 (6.9) 

C: 10.4 (6.7) 

I: 9.8 (5.1) 

C: 8.5 (6.0) 

No 

Coping strategy: 

catastrophizing 

Coping Strategy Questionnaire: 

subscale catastrophizing 

0, 8 weeks I: 13.6 (7.7) 

C: 13.7 (6.9) 

I: 8.6 (5.2)  

C: 12.3 (7.2) 

Yes 

Coping strategy: 

control over pain  

Coping Strategy Questionnaire: 

subscale control over pain 

0, 8 weeks I: 2.8 (1.0) 

C: 2.9 (1.1) 

I: 3.9 (0.7) 

C: 2.9 (1.0) 

Yes 

Coping strategy: ability 

to decrease pain 

Coping Strategy Questionnaire: 

subscale ability to decrease pain 

0, 8 weeks I: 3.0 (0.8) 

C: 2.6 (1.0) 

I: 3.9 (0.9) 

C: 2.9 (1.0) 

Yes 

Perceived life control Multidimensional Pain Inventory: 

subscale life control 

0, 8 weeks I: 3.1 (1.1) 

C:2.7 (0.9) 

I: 3.9 (1.0) 

C: 3.1 (0.9) 

No 

Perception of support 

received from others 

Multidimensional Pain Inventory: 

subscale 

0, 8 weeks I: 4.0 (1.6) 

C: 3.9 (1.5) 

I: 4.2 (1.3) 

C: 3.8 (1.6) 

No 

Perception of received 

punishing responses 

Multidimensional Pain Inventory: 

subscale punishing responses 

0, 8 weeks I: 1.0 (1.4) 

C:1.5 (1.4) 

I: 0.7 (1.1) 

C: 1.2 (1.3) 

No 

Perception of received 

solicitous responses 

Multidimensional Pain Inventory: 

subscale solicitous responses 

0, 8 weeks I: 2.3 (1.4) 

C: 2.1 (1.4) 

I: 2.3 (1.2) 

C: 1.9 (1.5) 

No 

Perception of received 

distracting responses 

Multidimensional Pain Inventory: 

subscale distracting responses  

0, 8 weeks I: 2.5 (1.7) 

C: 2.7 (1.7) 

I: 2.5 (1.6) 

C: 2.5 (1.7) 

No 

Buhrman, 2011 Beliefs and attitudes 

associated with chronic 

pain 

Pain and Impairment Relationship 

Scale 

0, 12 weeks I: 53.3 (10.4) 

C: 48.3 (13.7) 

I: 49.1 (11.0) 

C: 46.1 (18.7) 

No 

Coping strategy: 

diverting attention  

Coping Strategy Questionnaire: 

subscale diverting attention  

0, 12 weeks I: 11.2 (5.9) 

C: 11.4 (5.7) 

I: 11.5 (6.5) 

C: 10.8 (5.5) 

No 

Coping strategy: Coping Strategy Questionnaire: 0, 12 weeks I: 5.3 (5.2) I: 6.2 (4.5) No 



 

 

reinterpret pain 

sensation 

subscale reinterpret pain sensation C: 5.4 (3.9) C: 6.1 (5.1) 

Coping strategy: 

coping self-statements 

Coping Strategy Questionnaire: 

subscale coping self-statements 

0, 12 weeks I: 21.0 (5.9) 

C: 18.3 (6.7) 

I: 19.1 (7.6) 

C: 19.4 (7.5) 

No 

Coping strategy: ignore 

pain sensations 

Coping Strategy Questionnaire: 

subscale ignore pain sensations 

0, 12 weeks I: 15.4 (6.0) 

C: 15.3 (7.0) 

I: 17.6 (7.7) 

C: 14.7 (7.4) 

No 

Coping strategy: 

praying or hoping  

Coping Strategy Questionnaire: 

subscale praying or hoping  

0, 12 weeks I: 11.0 (7.4) 

C: 10.8 (5.9) 

I: 10.8 (7.0) 

C: 9.2 (5.9) 

No 

Coping strategy: 

catastrophizing 

Coping Strategy Questionnaire: 

subscale catastrophizing 

0, 12 weeks I: 14.3 (6.1) 

C: 12.0 (8.2) 

I: 9.5 (5.5) 

C: 11.6 (8.2) 

Yes 

Coping strategy: 

control over pain  

Coping Strategy Questionnaire: 

subscale control over pain 

0, 12 weeks I: 3.3 (1.3) 

C: 2.9 (1.4) 

I: 3.0 (1.1) 

C:2.8 (1.5) 

No 

Coping strategy: ability 

to decrease pain 

Coping Strategy Questionnaire: 

subscale ability to decrease pain 

0, 12 weeks I: 3.1 (0.9) 

C: 3.0 (1.0) 

I: 3.3 (0.8) 

C: 3.0 (1.2) 

No 

Perceived life control Multidimensional Pain Inventory: 

subscale life control 

0, 12 weeks I: 3.1 (1.1) 

C: 2.7 (0.9) 

I: 3.9 (1.0) 

C: 3.1 (0.9) 

No 

Perception of support 

received from others 

Multidimensional Pain Inventory: 

subscale 

0, 12 weeks I: 4.0 (1.6) 

C: 3.9 (1.5) 

I: 4.2 (1.3) 

C: 3.8 (1.6) 

No 

Perception of received 

punishing responses 

Multidimensional Pain Inventory: 

subscale punishing responses 

0, 12 weeks I: 1.0 (1.4) 

C: 1.5 (1.4) 

I: 0.7 (1.1) 

C:1.2 (1.3) 

No 

Perception of received 

solicitous responses 

Multidimensional Pain Inventory: 

subscale solicitous responses 

0, 12 weeks I: 2.3 (1.4) 

C: 2.1 (1.4) 

I: 2.3 (1.2) 

C: 1.9 (1.5) 

No 

Perception of received 

distracting responses 

Multidimensional Pain Inventory: 

subscale distracting responses  

0, 12 weeks I: 2.5 (1.7) 

C: 2.7 (1.7) 

I: 2.5 (1.6) 

C: 2.5 (1.7) 

No 

Buhrman, 2013 Beliefs and attitudes 

associated with chronic 

pain 

Pain And Impairment Relationship 

Scale 

0, 8 weeks I: 60.89 (10.27) 

C: 59.79 (9.93) 

I: 55.88 (12.43) 

C: 59.24 (10.29) 

No 

Coping strategy: 

diverting attention  

Coping Strategy Questionnaire: 

subscale diverting attention  

0, 8 weeks I: 15.01 (6.15) 

C: 14.87 (6.10) 

I: 14.54 (6.08)  

C: 14.76 (6.48) 

No 

Coping strategy: 

reinterpret pain 

sensation 

Coping Strategy Questionnaire: 

subscale reinterpret pain sensation 

0, 8 weeks I: 9.03 (5.65) 

C:8.29 (5.57) 

I: 9.39 (6.97) 

C: 7.88 (5.25) 

No 

Coping strategy: 

coping self-statements 

Coping Strategy Questionnaire: 

subscale coping self-statements 

0, 8 weeks I: 17.79 (5.58) 

C: 18.18 (6.43) 

I: 18.66 (6.23) 

C: 19.20 (6.24) 

No 



 

 

Coping strategy: ignore 

pain sensations 

Coping Strategy Questionnaire: 

subscale ignore pain sensations 

0, 8 weeks I: 13.66 (5.85) 

C: 14.26 (5.20) 

I: 14.40 (5.59)  

C: 15.50 (5.33) 

No 

Coping strategy: 

praying or hoping  

Coping Strategy Questionnaire: 

subscale praying or hoping  

0, 8 weeks I: 12.00 (7.42) 

C: 11.34 (6.73) 

I: 11.93 (7.96)  

C: 13.96 (6.33) 

Yes 

Coping strategy: 

catastrophizing 

Coping Strategy Questionnaire: 

subscale catastrophizing 

0, 8 weeks I: 17.82 (5.78) 

C: 18.58 (6.42) 

I: 16.08 (5.91)  

C: 19.00 (5.56) 

Yes 

Perceived life control Multidimensional Pain Inventory: 

subscale life control 

0, 8 weeks I: 2.62 (0.96) 

C: 2.41 (1.21) 

I: 2.96 (1.67)  

C: 2.54 (1.22) 

No 

Perception of support 

received from others 

Multidimensional Pain Inventory: 

subscale 

0, 8 weeks I: 4.06 (1.55) 

C: 4.11 (1.38) 

I: 3.69 (1.66) 

C: 4.05 (1.33) 

No 

Perception of received 

punishing responses 

Multidimensional Pain Inventory: 

subscale punishing responses 

0, 8 weeks I: 2.17 (1.38) 

C: 2.25 (1.52) 

I: 1.84 (1.49)  

C: 2.15 (1.40) 

No 

Perception of received 

solicitous responses 

Multidimensional Pain Inventory: 

subscale solicitous responses 

0, 8 weeks I: 2.72 (1.60)  

C:2.73 (1.25) 

I: 2.44 (1.64) 

C: 2.72 (1.34) 

No 

Perception of received 

distracting responses 

Multidimensional Pain Inventory: 

subscale distracting responses  

0, 8 weeks I: 2.55 (1.36) 

C: 2.19 (1.03) 

I: 2.60 (1.43) 

C: 2.18 (1.16) 

No 

Buhrman, 2015 Fear of symptoms Anxiety Sensitivity Index 0, 8 weeks I: 24.57 (2.61) 

C:18.87 (8.16) 

I: 18.90 (12.23)  

C: 17.37 (7.50) 

No 

Pain-related 

catastrophizing 

Pain Catastrophizing Scale 0, 8 weeks I: 22.71 (8.58) 

C: 24.58 (9.20) 

I: 14.49 (9.49)  

C:22.94 (11.65) 

Yes 

Coping strategy: 

diverting attention  

Coping Strategy Questionnaire: 

subscale diverting attention  

0, 8 weeks I: 13.69 (5.06) 

C: 11.87 (5.41) 

I:13.07 (6.09) 

C: 12.41 (4.84) 

No 

Coping strategy: 

reinterpret pain 

sensation 

Coping Strategy Questionnaire: 

subscale reinterpret pain sensation 

0, 8 weeks I: 6.25 (5.43) 

C: 6.54 (6.09) 

I: 7.10 (6.22) 

C: 5.75 (5.73) 

No 

Coping strategy: 

coping self-statements 

Coping Strategy Questionnaire: 

subscale coping self-statements 

0, 8 weeks I: 17.25 (5.68) 

C: 16.70 (5.00) 

I: 19.04 (6.63)  

C: 18.86 (6.08) 

No 

Coping strategy: ignore 

pain sensations 

Coping Strategy Questionnaire: 

subscale ignore pain sensations 

0, 8 weeks I: 13.86 (8.98) 

C: 14.96 (6.13) 

I: 15.36 (7.64) 

C: 16.73 (5.84) 

No 

Coping strategy: 

praying or hoping  

Coping Strategy Questionnaire: 

subscale praying or hoping  

0, 8 weeks I: 9.68 (6.56) 

C:10.58 (7.91) 

I: 10.77 (7.49) 

C: 9.62 (8.00)  

No 

Coping strategy: 

catastrophizing 

Coping Strategy Questionnaire: 

subscale catastrophizing 

0, 8 weeks I: 16.36 (7.12) 

C: 17.83 (6.84) 

I: 10.06 (6.35) 

C: 16.36 (5.64) 

Yes 

Perceived life control Multidimensional Pain Inventory: 0, 8 weeks I: 2.41 (0.87) I: 3.48 (1.42) No 



 

 

subscale life control C: 2.51 (0.79) C: 2.94 (0.74) 

Perception of support 

received from others 

Multidimensional Pain Inventory: 

subscale 

0, 8 weeks I: 3.36 (1.57) 

C:3.61 (1.36) 

I: 3.26 (1.70) 

C: 3.89 (1.31) 

No 

Perception of received 

punishing responses 

Multidimensional Pain Inventory: 

subscale punishing responses 

0, 8 weeks I: 2.05 (1.51) 

C: 2.10 (1.73) 

I: 2.13 (1.72)  

C: 2.13 (1.72) 

No 

Perception of received 

solicitous responses 

Multidimensional Pain Inventory: 

subscale solicitous responses 

0, 8 weeks I: 2.57 (1.56) 

C:2.41 (1.30) 

I: 2.17 (1.44) 

C: 2.50 (1.38) 

No 

Perception of received 

distracting responses 

Multidimensional Pain Inventory: 

subscale distracting responses  

0, 8 weeks I: 3.42 (5.35) 

C:2.29 (1.16) 

I: 2.41 (1.05)  

C: 2.48 (1.30) 

No 

Dear, 2015 

*regular 

contact group  

Pain self-efficacy Pain Self-efficacy Questionnaire 0, 8 weeks I: 28.86 (12.93) 

C: 28.63 (12.10) 

I: 35.94 (12.98) 

C: 29.68 (12.11) 

Yes 

Fear of movement TAMPA Scale of Kinesiophobia 0, 8 weeks I: 38.59 (7.99) 

C: 39.56 (8.67) 

I: 34.48 (7.00) 

C: 37.65 (8.60)  

Yes 

Acceptance of pain Chronic Pain Acceptance 

Questionnaire  

0, 8 weeks I: 22.58 (7.53) 

C: 22.67 (7.52) 

I: 26.79 (6.69) 

C: 23.66 (7.66) 

Yes 

Dear, 2015 

*optional 

contact group  

Pain self-efficacy Pain Self-efficacy Questionnaire 0, 8 weeks I: 28.61 (14.08) 

C: 28.63 (12.10) 

I: 33.60 (13.83) 

C: 29.68 (12.11) 

Yes 

Fear of movement TAMPA Scale of Kinesiophobia 0, 8 weeks I: 37.60 (8.40) 

C:39.56 (8.67) 

I: 34.88 (7.80) 

C: 37.65 (8.60) 

Yes 

Acceptance of pain Chronic Pain Acceptance 

Questionnaire  

0, 8 weeks I: 23.30 (7.72) 

C: 22.67 (7.52) 

I: 25.40 (8.01) 

C: 23.66 (7.66) 

No 

Friessen, 2017 Fear of movement TAMPA Scale of Kinesiophobia  0, 8 weeks I: 38.35 (7.39) 

C: 40.57 (5.55) 

I: 33.87 (6.25) 

C: 42.73 (4.64) 

No 

Pain self-efficacy Pain Self-Efficacy Questionnaire 0, 8 weeks I: 22.93 (9.78) 

C: 19.83 (10.25) 

I: 29.99 (11.10) 

C: 22.00 (10.18) 

No 

Pain coping Pain Responses Self-Statements: 

subscale coping 

0, 8 weeks I: 29.73 (5.94) 

C: 23.77 (8.22) 

I: 31.99 (5.72) 

C: 23.75 (7.74) 

No 

Pain catastrophizing Pain Responses Self-Statements: 

subscale catastrophizing  

0, 8 weeks I: 21.52 (7.37) 

C: 24.53 (9.77) 

I: 17.23 (9.26) 

C: 24.09 (9.51) 

No 

Hunt, 2009 Catastrophizing  Consequences of Physical 

Sensations Questionnaire 

0, 5 weeks I: 2.1 (0.51) 

C: 2.1 (0.57) 

I: 1.25 (0.39) 

C: 2.1 (0.56) 

Yes 

Jasper, 2014 Acceptance Tinitis Acceptance Questionnaire 0, 10 weeks I: 42.07 (11.70) 

C: 42.84 (13.48) 

I: 47.91 (11.70) 

C: 43.99 (13.51) 

Yes 

Ljotsson, 2011 Fear of irritable bowel Visceral Sensitivity Index 0, 10 weeks I: 32.5 (18.0) I: 14.1 (15.1) Yes 



 

 

syndrome symptoms  C: 27.5 (16.3) C: 26.2 (17.9) 

Moss Morris, 

2012 

The impact of fatigue 

on patientõs daily life  

Modified fatigue impact scale  0, 10 weeks I: 13.17 (3.81) 

C: 12.69 (3.89) 

I: 9.00 (3.75) 

C: 12.88 (3.89) 

Yes 

Trompetter, 

2015 

Mindfulness skills Five Facet Mindfulness 

Questionnaire-Short Form 

0, 3 months I: 81.4 (10.7) 

C: 80.4 (10.7) 

I: 86.7 (12.2) 

C: 83.3 (11.7) 

No 

Avoidance of pain and 

cognitive fusion with 

pain  

Psychological Inflexibility in Pain 

Scale 

0, 3 months I: 55.0 (11.6) 

C: 54.5 (11.6) 

I: 40.7 (13.8) 

C: 48.8 (13.1) 

Yes 

Pain catastrophizing Pain Catastrophizing Scale 0, 3 months I: 18.6 (9.5) 

C: 19.1 (9.6) 

I: 13.5 (11.3) 

C: 17.8 (11.0) 

Yes  

Van der 

Weegen, 2015 

General self-efficacy General Self-Efficacy Scale 0, post-intervention  I: 3.2 (0.5) 

C: 3.1 (0.5) 

I: 3.3 (0.4) 

C: 3.2 (0.4) 

No 

Exercise self-efficacy Exercise Self-Efficacy Scale 0, post-intervention  I: 55.4 (17.0) 

C: 54.0 (19.2) 

I: 59.7 (17.3) 

C: 54.5 (17.4) 

No 

Dealing with the chronic condition: behavioral measures  

Buhrman, 2004 Coping strategy: 

Increase activity level 

Coping Strategy Questionnaire: 

subscale increase activity level 

0, 8 weeks I: 14.4 (5.0) 

C: 17.3 (6.1) 

I: 14.8 (5.6) 

C: 16.9 (6.3) 

No 

Pain interference with 

daily activities  

Multidimensional Pain Inventory: 

subscale pain interference 

0, 8 weeks I: 3.6 (1.2) 

C: 3.9 (1.3) 

I: 3.2 (1.4) 

C: 3.5 (1.2) 

No 

Buhrman, 2011 Coping strategy: 

Increase activity level 

Coping Strategy Questionnaire: 

subscale increase activity level 

0, 12 weeks I: 16.0 (6.0) 

C: 15.6 (4.5) 

I: 14.3 (5.4) 

C: 15.9 (5.7) 

No 

Pain interference with 

daily activities  

Multidimensional Pain Inventory: 

subscale pain interference 

0, 12 weeks I: 3.6 (1.2) 

C:3.9 (1.3) 

I: 3.2 (1.4) 

C: 3.5 (1.2) 

No 

Buhrman, 2013 Coping Strategy: 

Increase activity level 

Coping Strategy Questionnaire: 

subscale increase activity level 

0, 8 weeks I: 16.32 (6.41) 

C: 16.05 (5.15) 

I: 15.76 (5.56)  

C: 18.07 (4.60) 

No 

Coping Strategy: Pain 

behavior 

Coping Strategy Questionnaire: 

subscale pain behavior 

0, 8 weeks I: 18.26 (4.85) 

C: 18.71 (4.67) 

I: 18.07 (4.60) 

C: 18.69 (5.39) 

No 

Coping Strategy: the 

extent to which a 

person follows their 

activities regardless of 

pain  

Chronic pain acceptance 

questionnaire: subscale activities 

engagement 

0, 8 weeks  I: 22.84 (11.02) 

C: 21.18 (9.70) 

I: 28.62 (11.15) 

C: 22.22 (11.17) 

Yes 

Coping Strategy: the 

extent to which a 

Chronic pain acceptance 

questionnaire: subscale pain 

0, 8 weeks I: 18.13 (8.85) 

C: 20.61 (8.68) 

I: 23.53 (8.32) 

C: 21.53 (7.94) 

Yes 



 

 

person believes that 

avoiding activities 

prevents pain  

willingness  

Pain interference with 

daily activities  

Multidimensional Pain Inventory: 

subscale pain interference 

0, 8 weeks I: 4.76 (0.88) 

C: 4.85 (0.89) 

I: 4.37 (1.09) 

C:4.94 (0.93) 

Yes 

Buhrman, 2015 Coping Strategy: 

Increase activity level 

Coping Strategy Questionnaire: 

subscale increase activity level 

0, 8 weeks I: 14.93 (5.13) 

C: 15.92 (5.23) 

I: 16.40 (5.69) 

C: 15.76 (5.07) 

No 

Coping Strategy: Pain 

behavior 

Coping Strategy Questionnaire: 

subscale pain behavior 

0, 8 weeks I: 17.07 (5.00) 

C: 17.67 (4.14) 

I: 17.64 (5.38) 

C:18.33 (5.50) 

No 

Coping Strategy: the 

extent to which a 

person follows their 

activities regardless of 

pan  

Chronic pain acceptance 

questionnaire: subscale activities 

engagement 

0, 8 weeks I: 38.00 (11.45) 

C: 38.54 (11.68) 

I: 45.11 (12.03)  

C: 40.37 (9.16) 

Yes 

Coping Strategy: the 

extent to which a 

person believes that 

avoiding activities 

prevents pain  

Chronic pain acceptance 

questionnaire: subscale pain 

willingness  

0, 8 weeks I: 30.46 (8.00) 

C: 31.58 (7.76) 

I: 34.73 (7.15)  

C: 32.38 (5.72) 

No 

Pain interference with 

daily activities  

Multidimensional Pain Inventory: 

subscale pain interference 

 I: 3.91 (1.20) 

C: 4.14 (1.03) 

I: 3.31 (1.29)  

C: 3.80 (1.21) 

No 

Ferwerda, 2017 Compliance to 

standard 

rheumatological care 

5-point Likert scales for  

rheumatologic care   

0, post-intervention  I: 4.15 (0.92) 

C: 4.20 (0.89) 

I: 4.43 (0.67) 

C: 4.28 (0.71 

No 

Friessen, 2017 Pain interference with 

daily activities 

Brief Pain Inventory: subscale 

interference 

0, 8 weeks I: 6.56 (1.90) 

C: 7.48 (1.71) 

I: 5.46 (2.11) 

C: 7.32 (1.58) 

No 

Van der Meer, 

2009 

Adequacy of asthma 

control  

Asthma Control Questionnaire 0, 12 months I: 1.12 (NM) 

C:1.11 (NM) 

I: 0.59 (NM) 

C: 1.04 (NM) 

Yes 

Torbjørnsen, 

2014 

Self-management: skills 

and technique 

acquisition 

Hei-Q 0, 4 months I: 2.87 (0.43) 

C: 2.92 (0.34) 

I: 3.04 (0.52) 

C: 2.92 (0.56) 

Yes 

Self-management: 

Health service 

navigation  

Hei-Q 0, 4 months I: 3.08 (0.43) 

C: 3.13 (0.40) 

I: 3.27 (0.56) 

C: 3.20 (0.54) 

Yes 



 

 

Trompetter, 

2015 

Awareness of personal 

values and the degree 

to which this guide 

personõs actions in daily 

life  

Engaged Living Scale 0, 3 months I: 51.5 (10.4) 

C: 49.8 (9.1) 

I: 55.1 (12.4) 

C: 52.8 (11.8) 

No 

Pain interference with 

daily activities  

Multidimensional Pain Inventory: 

subscale pain interference 

0, 3 months  I: 32.3 (9.8) 

C: 33.3 (9.8) 

I: 28.7 (12.0) 

C: 32.1 (11.5) 

No 

Emotional outcomes  

Buhrman, 2004 Anxiety Hospital Anxiety and Depression 

Scale 

0, 8 weeks I: 7.4 (4.5) 

C: 7.0 (3.3) 

I: 7.2 (4.0) 

C: 6.0 (3.3) 

No 

Depression Hospital Anxiety and Depression 

Scale 

0, 8 weeks I: 6.9 (4.8) 

C: 6.6 (4.1) 

I: 6.0 (4.7) 

C: 5.4 (4.0) 

No 

Affective distress Multidimensional Pain Inventory: 

subscale affective distress 

0, 8 weeks I: 2.9 (0.9) 

C: 3.0 (0.6) 

I: 2.8 (0.9) 

C: 3.1 (0.6) 

No 

Buhrman, 2011 Anxiety Hospital Anxiety and Depression 

Scale 

0, 12 weeks I: 7.6 (3.7) 

C: 7.6 (5.1) 

I: 5.8 (3.5) 

C: 7.0 (6.0) 

No 

Depression Hospital Anxiety and Depression 

Scale 

0, 12 weeks I: 6.3 (4.2) 

C: 6.3 (4.5) 

I: 4.9 (3.6) 

C: 6.3 (5.2) 

No 

Affective distress Multidimensional Pain Inventory: 

subscale affective distress 

0, 12 weeks I: 2.9 (0.9) 

C: 3.0 (0.6) 

I: 2.8 (0.9) 

C: 3.1 (0.6) 

No 

Buhrman, 2013 Anxiety Hospital Anxiety and Depression 

Scale 

0, 8 weeks I: 9.89 (4.19) 

C: 9.13 (4.26) 

I: 8.97 (4.33) 

C: 9.67 (3.50) 

Yes 

Depression Hospital Anxiety and Depression 

Scale 

0, 8 weeks I: 9.58 (4.57) 

C: 9.63 (4.04) 

I: 8.85 (4.40) 

C: 10.52 (3.77) 

Yes 

Affective distress Multidimensional Pain Inventory: 

subscale affective distress 

0, 8 weeks I: 3.32 (0.78) 

C: 3.14 (0.73) 

I: 3.08 (0.74)  

C: 3.31 (0.64) 

Yes 

Buhrman, 2015 Anxiety Beck Anxiety Inventory 0, 8 weeks I: 20.36 (9.54) 

C:17.83 (7.56) 

I: 11.99 (8.13)  

C: 14.57 (6.81) 

Yes 



 

 

Depression Montgomery Asberg Depression 

Rating Scale 

0, 8 weeks I: 23.14 (6.94) 

C: 20.83 (6.19) 

I: 15.77 (7.79)  

C: 17.95 (6.51) 

Yes 

Affective distress Multidimensional Pain Inventory: 

subscale affective distress 

0, 8 weeks I: 3.25 (0.61)  

C: 3.26 (0.81) 

I: 3.17 (0.56)  

C:3.31 (0.64) 

No 

Dear, 2015 

*regular 

contact group  

Depression Patient Health Questionnaire 9-item 0, 8 weeks I: 11.55 (5.88) 

C: 10.37 (5.47) 

I: 6.30 (4.57) 

C: 11.11 (5.51) 

Yes 

Anxiety Generalized Anxiety Disorder 7-item  0, 8 weeks I: 8.40 (5.52) 

C: 8.21 (5.92) 

I: 4.91 (4.40) 

C: 7.89 (5.29)  

Yes 

Dear, 2015 

*optional 

contact group  

Depression Patient Health Questionnaire 9-item 0, 8 weeks I: 10.60 (5.33) 

C: 10.37 (5.47) 

I: 7.20 (5.25) 

C: 11.11 (5.51) 

Yes 

Anxiety Generalized Anxiety Disorder 7-item  0, 8 weeks I: 7.98 (4.67) 

C: 8.21 (5.92) 

I: 5.66 (4.94) 

C: 7.89 (5.29) 

Yes 

Ferwerda, 2016 Depression Beck Depression Inventory 0, post-intervention  I: 11.53 (6.99)  

C: 13.38 (6.46) 

I: 8.16 (5.67)  

C: 12.27 (5.97) 

Yes 

Negative mood  Impact of Rheumatic Diseases on 

General Health and Lifestyle 

0, post-intervention  I: 4.07 (2.56) 

C: 5.42 (4.21) 

I: 3.25 (2.39)  

C: 4.95 (4.17) 

Yes 

Anxiety Impact of Rheumatic Diseases on 

General Health and Lifestyle 

0, post-intervention  I: 20.82 (4.85) 

C: 21.40 (4.85) 

I: 18.12 (4.13) 

C: 20.61 (4.99) 

Yes 

Friessen, 2017 Anxiety Generalized Anxiety Disorder 7-item 

(GAD7) 

0, 8 weeks I: 10.87 (4.65) 

C: 9.93 (4.88) 

I: 7.83 (5.70) 

C: 9.98 (5.15) 

Yes 

Depression Patient Health Questionnaire 9-

item(PHQ9) 

0, 8 weeks I: 14.07 (4.66) 

C: 14.07 (4.93) 

I: 10.13 (5.30) 

C: 14.00 (5.44) 

Yes 

Anxiety Hospital Anxiety and Depression 

Scale 

0, 8 weeks I: 11.60 (4.00 ) 

C: 10.17 (3.98) 

I: 9.22 (4.33) 

C: 10.43 (4.69) 

Yes 

Depression Hospital Anxiety and Depression 

Scale 

0, 8 weeks I: 9.90 (3.37) 

C: 9.97 (3.82) 

I: 7.97 (3.55) 

C: 10.17 (3.42) 

Yes 

Hunt, 2009 Anxiety Anxiety Sensitivity Index 0, 5 weeks I: 2.9 (0.91) 

C: 2.7 (0.99) 

I: 1.9 (0.93) 

C: 2.5 (0.95) 

Yes 



 

 

Jasper, 2014 Tinnitus associated 

distress 

Mini -Tinnitus Questionnaire 0, 10 weeks I: 12.20 (4.58) 

C: 12.50 (4.83) 

I: 7.44 (5.30) 

C: 11.09 (5.77) 

Yes 

Tinnitus associated 

distress 

Tinnitus Handicap Inventory 0, 10 weeks I: 40.34 (17.64) 

C: 40.23 (20.54) 

I: 26.67 (20.75) 

C: 37.46 (18.94) 

Yes 

Anxiety Hospital Anxiety and Depression 

Scale 

0, 10 weeks I: 7.41 (3.56) 

C: 8.00 (4.24) 

I: 5.44 (3.23) 

C: 7.67 (4.68) 

Yes 

Depression Hospital Anxiety and Depression 

Scale 

0, 10 weeks I: 5.95 (4.21) 

C: 6.43 (4.48) 

I: 4.41 (3.72) 

C: 5.88 (4.41) 

No 

Moss Morris, 

2012 

Anxiety Hospital Anxiety and Depression 

Scale 

0, 10 weeks I: 8.26 (4.31) 

C: 9.56 (4.50) 

I: 6.44 (3.91) 

C: 11.65 (5.26) 

Yes 

Depression Hospital Anxiety and Depression 

Scale 

0, 10 weeks I: 7.96 (3.64) 

C: 6.75 (2.72) 

I: 5.18 (3.38) 

C: 8.73 (3.62) 

Yes 

Steel, 2016 Depression Center for Epidemiologic Studies 

Depression Scale 

0, 6 months I: 25.9 (9.8) 

C: 25.49 (6.9) 

I: 15.3 (10.5) 

C: 24.7 (15.1) 

No 

Trompetter, 

2015 

Anxiety Hospital Anxiety and Depression 

Scale 

0, 3 months I: 7.2 (3.3) 

C: 6.9 (3.3) 

I: 6.0 (3.8) 

C: 6.1 (3.6)  

No 

Depression Hospital Anxiety and Depression 

Scale 

0, 3 months I: 6.1 (3.4) 

C: 6.1 (3.4) 

I: 5.1 (3.7) 

C: 5.8 (3.5) 

No 

Positive mental health Mental Health Continuum-Short 

Form 

0, 3 months I: 52.6 (11.8) 

C:49.9 (12.8) 

I: 54.7 (12.2) 

C: 52.6 (14.3) 

No 

Van Beugen, 

2016 

Negative mood  Impact of chronic Skin Disease on 

Daily Life 

0, post-treatment  I: 5.29 (3.77) 

C: 5.39 (3.72) 

I: 3.69 (3.36) 

C: 4.60 (3.21) 

No 

Anxiety Impact of chronic Skin Disease on 

Daily Life 

0, post-treatment  I: 21.85 (4.61) 

C: 22.10 (4.58) 

I: 19.36 (4.37) 

C: 21.02 (5.74) 

No 

Depression Beck Depression Inventory 0, post-treatment  I: 12.78 (7.50) 

C: 11.50 (6.23) 

I: 8.46 (5.34)  

C: 8.89 (6.82) 

No 

Quality of life  

Buhrman, 2011 Generic quality of life Quality Of Life Inventory 0, 12 weeks I: 1.2 (1.4) 

C: 1.8 (1.5) 

I: 1.7 (1.4) 

C: 1.1 (1.6) 

Yes 

Buhrman, 2013 Generic quality of life Quality Of Life Inventory 0, 8 weeks  I: 0.26 (2.18) 

C: 0.15 (1.97) 

I: 0.56 (2.07) 

C: 0.39 (1.77) 

No 

Buhrman, 2015 Generic quality of life Quality of Life Inventory 0, 8 weeks I: 0.65 (1.65) 

C: 0.70 (1.39) 

I: 1.38 (1.78) 

C: 1.39 (1.59) 

No 



 

 

Dlugonski, 

2012 

Multiple Sclerosis-

specific health related 

quality of life: physical 

impact  

Multiple Sclerosis Impact Scale  0, 12 weeks I: 44.3 (19.8) 

C: 38.3 (19.0) 

I: 44.8 (21.2)  

C: 41.1 (20.6) 

No 

Multiple Sclerosis-

specific health related 

quality of life: 

psychological impact  

Multiple Sclerosis Impact Scale  0, 12 weeks I: 20.0 (8.2) 

C: 18.5 (8.0) 

I: 19.5 (7.9) 

C: 19.6 (9.2) 

No 

Ferwerda, 2017 Health related quality 

of life: Role impairment 

(physical) 

RAND-36 subscale Role impairment 

(physical)  

0, post-intervention  I: 39.58 (39.94) 

C: 26.49 (38.65) 

I: 48.91 (45.02) 

C: 33.19 (39.84) 

No 

Health related quality 

of life: Role impairment 

(emotional) 

RAND-36 subscale Role impairment 

(emotional)  

0, post-intervention  I: 69.44 (39.91) 

C: 58.82 (46.47)  

I: 83.33 (28.76)  

C: 62.15 (45.26) 

Yes 

Friessen, 2017 Quality of life, physical 

component  

Medical Outcomes Study Short 

Form (SF 12) 

0, 8 weeks I: 30.81 (7.82) 

C: 32.17 (7.35) 

I: 34.70 (7.94) 

C: 32.82 (8.20) 

Yes 

Quality of life, mental 

component  

Medical Outcomes Study Short 

Form (SF 12) 

0, 8 weeks I: 34.42 (8.52) 

C: 36.12 (7.60) 

I: 39.62 (11.22) 

C: 38.95 9.16) 

No 

Hunt, 2009 Irritable bowel -specific 

health related quality of 

life 

Irritable Bowel Syndrome Quality of 

Life Impairment 

0, 5 weeks I: 122 (27) 

C: 84 (26) 

I: 123 (26) 

C: 111 (25) 

Yes 

Ljotsson, 2011 Irritable bowel -specific 

health related quality of 

life 

Irritable Bowel Syndrom Quality of 

Life Instrument 

0, 10 weeks I: 67.4 (20.9) 

C: 76.1 (18.8) 

I: 82.6 (13.4) 

C: 67.4 (23.1) 

Yes 

Van Beugen, 

2016 

Health related quality 

of life: Role impairment 

(physical) 

RAND-36 subscale Role impairment 

(physical)  

0, post-intervention  I: 53.02 (41.90) 

C: 58.89 (43.09) 

I: 72.09 (36.68) 

C:73.94 (40.03) 

Yes 

Health related quality 

of life: Role impairment 

(emotional) 

RAND-36 subscale Role impairment 

(emotional)  

0, post-intervention  I: 78.16 (35.07 ) 

C: 67.54 (39.89) 

I: 86.6 (23.09) 

C: 76.09 (38.27) 

No 

Van der Meer 

2009 

Asthma-specific health 

related quality of life  

Asthma Quality of Life 

Questionnaire 

0, 12 months I: 5.73 (NM) 

C: 5.79 (NM) 

I: 6.29 (NM) 

C: 5.97 (NM) 

Yes 



 

 

Van der 

Weegen, 2015 

Health related quality 

of life: Role impairment 

(physical) 

RAND-36 subscale Role impairment 

(physical)  

0, post-intervention  I: 42.5 (11.1) 

C: 45.8 (9.4) 

I: 45.2 (9.5) 

C: 47.0 (10.0) 

No 

Health related quality 

of life: Role impairment 

(emotional) 

RAND-36 subscale Role impairment 

(emotional)  

0, post-intervention  I: 48.2 (10.3) 

C: 50.1 (9.5) 

I: 48.8 (10.6) 

C: 47.7 (9.8) 

Yes 

Steel, 2016 Cancer-specific health 

related quality of life  

Functional Assessment of Cancer 

Therapy-General 

0, 6 months I: 67.2 (17.1) 

C: 65.8 (16.9) 

I: 82.4 (15.2)  

C: 63.2 (21.5) 

Yes 



 

 

Appendix 5. Outcome measures of studies with control conditions òface-to -face behavior change intervention  

       

Author, year 

of publication  

Outcome measure  Instrument  Time of measurement 

(pre - and post -

treatment)  

Pre-treatment mean 

(SD)  

Post-treatment 

mean (SD)  

Significant effect  

 

Symptoms and signs  

Allen, 2013 

* intensive 

counseling 

Body weight Weighing scale 0, 6 months I: 100.3 (16.5) 

C: 96.0 (17.4) 

I: 94.9 (4.0) 

C: 93.5 (4.1) 

No 

BMI Scale and meter 0, 6 months I: 34.3 (3.9) 

C: 34.1 (4.1 

I: 32.5 (1.3) 

C: 33.3 (1.4) 

No 

Male waist 

circumference 

Measuring tape 0, 6 months I: 119.4 (11.6) 

C: 117.3 (15.5) 

I: 112.4 (2.6) 

C: 114.3 (2.4) 

No 

Female waist 

circumference 

Measuring tape 0, 6 months I: 109.7 (11.4) 

C: 106.4 (14.5) 

I: 104.0 (3.7) 

C: 103.2 (7.4) 

No 

Allen, 2013 

*less intensive 

counseling 

Body weight Weighing scale 0, 6 months I: 96.8 (14.8) 

C:96.0 (17.4) 

I: 93.5 (5.9)  

C: 93.5 (4.1) 

No 

BMI Scale and meter 0, 6 months I: 33.5 (3.5) 

C: 34.1 (4.1) 

I: 32.4 (2.0) 

C: 33.3 (1.4) 

No 

Male waist 

circumference 

Measuring tape 0, 6 months I:116.4 (4.6) 

C: 117.3 (15.5) 

I: 109.9 (0.35) 

C: 114.3 (2.4) 

No 

Female waist 

circumference 

Measuring tape 0, 6 months I: 108.7 (8.4) 

C: 106.4 (14.5) 

I: 105.1 (7.9) 

C: 103.2 (7.4) 

No 

De Boer, 2014 Pain-intensity Visual analogue scale 0, 4 months I: 6.59 (1.94) 

C: 5.61 (1.94) 

I: 5.19 (2.53) 

C: 5.49 (2.32) 

No 

Extend of fatigue Visual analogue scale 0, 4 months I: 6.34 (2.28) 

C: 6.63 (2.23) 

I: 5.91 (2.44) 

C: 6.88 (2.32) 

No 

Mean arterial blood 

pressure 

Blood pressure test 0, 4 months I: 95.1 (0.8) 

C: 95.4 (0.8) 

I: 94.4 (0.9) 

C: 94.6 (0.9) 

Yes 



 

 

Nordin, 2016 Pain Visual Analogue Scale 

(average of 7 days) 

0, 4 months I: 66.1 (16.7) 

C: 64.7 (16.2) 

I: 59.6 (21.0) 

C: 54.8 (21.9) 

No 

Daily activity related limitations  

Allen, 2013 

* intensive 

counseling 

Self-reported activity  Stanford 7-Day Physical 

Activity Recall 

0, 6 months I:4.9 (5.7) 

C:5.0 (5.2) 

I: 2.9 (5.4) 

C: 3.6 (7.1) 

No 

Allen, 2013 

*less intensive 

counseling 

Self-reported activity  Stanford 7-Day Physical 

Activity Recall 

0, 6 months I: 5.3 (5.4) 

C:5.0 (5.2) 

I:1.7 (5.5) 

C: 3.6 (7.1) 

No 

Jasper, 2014 Insomnia Insomnia Severity Index 0, 10 weeks I: 12.68 (5.91) 

C: 12.40 (6.08) 

I: 8.70 (5.80) 

C: 9.03 (6.75) 

No 

Van der 

Weegen, 2015 

Physical activity Pam accelerometer 0, post-intervention  I: 39.29 (18.1) 

C: 47.47 (26.5) 

I: 48.16 (23.8) 

C: 46.28 (30.8) 

Yes 

Dealing with the chronic condition: cognitive measures  

De Boer, 2014 Pain-related 

catastrophizing 

Pain catastrophizing scale 0, 4 months I: 19.82 (13.9) 

C: 20.38 (11.38) 

I: 11.00 (11.49) 

C: 16.10 (11.56) 

Yes 

Catastrophizing Pain coping and cognition list  0, 4 months I: 3.12 (0.72) 

C: 3.19 (0.89) 

I: 2.57 (0.86) 

C: 3.11 (0.88) 

Yes 

Pain coping Pain coping and cognition list  0, 4 months I: 3.17 (0.96) 

C: 3.00 (0.64) 

I: 3.72 (0.79) 

C: 3.14 (0.61) 

Yes 

Internal pain 

management 

Pain coping and cognition list  0, 4 months I: 3.55 (0.67) 

C: 3.15 (0.98) 

I: 4.30 (0.73) 

C: 3.57 (0.84) 

Yes 

External pain 

management 

Pain coping and cognition list  0, 4 months I: 2.23 (0.86) 

C: 2.59 (0.94) 

I: 1.99 (0.63) 

C: 2.40 (0.92) 

Yes 

Jasper, 2014 Acceptance Tinitis Acceptance 

Questionnaire 

0, 10 weeks I: 42.07 (11.70) 

C: 40.26 (11.87) 

I: 47.91 (11.70) 

C: 46.31 (11.96) 

No 

Nordin, 2016 Self-efficacy pain Arthritis Self-Efficacy Scale: 

pain subscale 

0, 4 months I: 45.8 (21.6) 

C: 49.0 (20.4) 

I: 50.0 (23.4) 

C: 49.3 (21.9) 

Yes 

Self-efficacy other 

symptoms 

Arthritis Self-Efficacy Scale: 

pain subscale 

0, 4 months I: 52.6 (19.2) 

C: 52.0 (16.7) 

I: 58.1 (21.5) 

C: 56.1 (19.8) 

No 



 

 

Self-efficacy general General Self-Efficacy Scale 0, 4 months I: 2.90 (0.60) 

C: 2.97 (0.46) 

I: 2.88 (0.58) 

C: 3.06 (0.53) 

No 

Coping strategy: 

diverting attention  

Coping Strategy 

Questionnaire: subscale 

diverting attention  

0, 4 months I: 2.9 (1.4) 

C: 2.8 (1.5) 

I: 3.2 (1.4) 

C: 2.9 (1.7) 

No 

Coping strategy: 

reinterpret pain 

sensation 

Coping Strategy 

Questionnaire: subscale 

reinterpret pain sensation 

0, 4 months I: 1.8 (1.4) 

C: 1.7 (1.4) 

I: 2.1 (1.3) 

C: 1.8 (1.4) 

No 

Coping strategy: 

catastrophizing 

Coping Strategy 

Questionnaire: subscale 

catastrophizing 

0, 4 months I: 3.2 (1.4) 

C: 2.8 (1.2) 

I: 2.8 (1.4) 

C: 2.8 (1.4) 

Yes 

Coping strategy: 

ignore pain 

sensations 

Coping Strategy 

Questionnaire: subscale 

ignore pain sensations 

0, 4 months I: 2.7 (1.2) 

C: 2.8 (1.2) 

I: 2.9 (1.1) 

C: 2.9 (1.3) 

Yes 

Coping strategy: 

praying or hoping  

Coping Strategy 

Questionnaire: subscale 

praying or hoping  

0, 4 months I: 2.7 (1.6) 

C: 2.6 (1.5) 

I: 2.8 (1.6) 

C: 2.5 (1.7) 

No 

Coping strategy: self-

statements 

Coping Strategy 

Questionnaire: subscale 

ignore pain sensations 

0, 4 months I: 3.1 (1.1) 

C:3.1 (1.3) 

I: 3.0 (1.2) 

C: 2.9 (1.3) 

No 

Van der 

Weegen, 2015 

General self-efficacy General Self-Efficacy Scale 0, post-intervention  I: 3.2 (0.5) 

C: 3.2 (0.5) 

I: 3.3 (0.4) 

C: 3.3 (0.5) 

No 

Exercise self-efficacy Exercise Self-Efficacy Scale 0, post-intervention  I: 55.4 (17.0) 

C: 53.1 (21.3) 

I: 59.7 (17.3) 

C: 59.7 (19.6) 

No 

Dealing with the chronic condition: behavioral measures  

De Boer, 2014 Pain interference with 

daily activities 

Visual analogue scale 0, 4 months I: 5.89 (2.14) 

C: 5.93 (2.40) 

I: 5.13 (2.52) 

C: 6.33 (2.21) 

No 

Nordin, 2016 Coping strategy: 

Increased behavioral 

activities 

Coping Strategy 

Questionnaire: subscale 

praying or hoping  

0, 4 months I: 3.3 (1.1) 

C: 3.1 (1.3) 

I: 3.4 (1.0) 

C: 2.9 (1.3) 

No 



 

 

   Emotional outcomes  

Jasper, 2014 Tinnitus associated 

distress 

Mini -Tinnitus Questionnaire 0, 10 weeks I: 12.20 (4.58) 

C: 14.19 (4.51) 

I: 7.44 (5.30) 

C: 8.09 (4.93) 

No 

Tinnitus associated 

distress 

Tinnitus Handicap Inventory 0, 10 weeks I: 40.34 (17.64) 

C: 44.33 (19.17) 

I: 26.67 (20.75) 

C: 27.70 (21.93) 

No 

Anxiety Hospital Anxiety and 

Depressiona Scale 

0, 10 weeks I: 7.41 (3.56) 

C: 7.79 (3.73) 

I: 5.44 (3.23) 

C: 5.84 (3.82) 

No 

Depression Hospital Anxiety and 

Depressiona Scale 

0, 10 weeks I: 5.95 (4.21) 

C: 6.02 (3.79) 

I: 4.41 (3.72) 

C: 4.41 (3.92) 

No 

Quality of life  

Van der 

Weegen, 2015 

Health related quality 

of life: Role impairment 

(physical) 

RAND-36 subscale Role 

impairment (physical) 

0, post-intervention  I: 42.5 (11.1) 

C: 46.1 (9.8) 

I: 45.2 (9.5) 

C: 46.8 (10.0) 

No 

 Health related quality 

of life: Role impairment 

(emotional ) 

RAND-36 subscale Role 

impairment (emotional)  

0, post-intervention  I: 48.2 (10.3) 

C: 48.6 (11.7) 

I: 48.8 (10.6) 

C: 51.6 (11.3) 

No 

 

       

      



 

 

Appendix 6. Outcome measures of studies with control conditions òonline behavior change interventionó 

Author, year 

of publication  

Outcome measure  Instrument  Time of 

measurement (pre - 

and post -treatment)  

Pre-treatment 

mean (SD)  

Post-treatment 

mean (SD)  

Significant 

effect  

 

Symptoms and signs  

Allen, 2013 

*intensive 

counseling 

Body weight Weighing scale 0, 6 months I: 100.3 (16.5) 

C:96.4 (16.9) 

I: 94.9 (4.0) 

C:94.6 (3.7) 

No 

BMI Scale and meter 0, 6 months I: 34.3 (3.9) 

C: 35.3 (4.1) 

I: 32.5 (1.3) 

C: 34.7 (1.3) 

No 

Male waist circumference Measuring tape 0, 6 months I: 119.4 (11.6) 

C: 113.8 (23.0) 

I: 112.4 (2.6) 

C: 110.4 (8.3) 

No 

Female waist circumference Measuring tape 0, 6 months I: 109.7 (11.4) 

C: 105.5 (11.1) 

I: 104.0 (3.7) 

C: 110.4 (8.3) 

No 

Allen, 2013 

*less intensive 

counseling 

Body weight Weighing scale 0, 6 months I: 96.8 (14.8) 

C: 96.4 (16.9) 

I: 93.5 (5.9)  

C: 94.6 (3.7) 

No 

BMI Scale and meter 0, 6 months I: 33.5 (3.5) 

C: 35.3 (4.1) 

I: 32.4 (2.0) 

C: 34.7 (1.3) 

No 

Male waist circumference Measuring tape 0, 6 months I: 116.4 (4.6) 

C: 113.8 (23.0) 

I: 109.9 (0.35) 

C: 110.4 (8.3) 

No 

Female waist circumference Measuring tape 0, 6 months I: 108.7 (8.4) 

C: 105.5 (11.1) 

I: 105.1 (7.9) 

C: 110.4 (8.3) 

No 

Dear, 2015 

*regular 

contact group  

Average pain Wilcinson Brief Pain 

Questionnaire 

0, 8 weeks I: 5.74 (1.72) 

C: 5.72 (1.63) 

I: 4.86 (1.79) 

C: 5.20 (1.80) 

No 

Dear, 2015 

*optional 

contact group  

Average pain Wilcinson Brief Pain 

Questionnaire 

0, 8 weeks I: 5.54 (1.74) 

C: 5.72 (1.63) 

I: 4.85 (1.73) 

C: 5.20 (1.80) 

No 

Glasgow, 2010 BMI Scale and meter 0, 4 months I: 35.2 (6.78) 

C: 34.5 (6.28) 

I: 35.1 (6.83) 

C: 34.4 (6.27) 

Yes 

Hemoglobin  Bio-Rad Variant II Turbo liquid 

by high pressure liquid 

0, 4 months I: 8.26 (1.75) 

C: 8.01 (1.85) 

I: 8.05 (1.48) 

C: 7.84 (1.67) 

No 



 

 

chromatography  

Lipid ratio (total / HDL)  Modular chemistry analyzer, 

Abell Kendall method  

0, 4 months I: 4.04 (1.11) 

C: 4.00 (1.25) 

I: 3.94 (1.16) 

C: 3.84 (1.06) 

No 

Mean arterial blood 

pressure 

Blood pressure meter 0, 4 months I: 95.12 (10.54) 

C: 95.42 (10.40) 

I: 94.58 (10.50) 

C: 94.27 (10.20) 

No 

Torbjørnsen, 

2014 

Hemoglobin  Blood test 0, 4 months I: 8.2 (1.08) 

C: 8.1 (1.09) 

I: 7.8 (1.44) 

C: 7.8 (0.91) 

No 

Trompetter, 

2015 

 

Pain Pain NRS 0, 3 months I: 6.3 (1.6) 

C: 6.1 (1.6) 

I: 5.4 (2.2) 

C: 5.9 (2.3) 

Yes 

Van den Berg, 

2006 

 

Disease activity: pain, 

swelling and tenderness  

Reumatoid Arthritis Disease 

Activity: DAS28 

0, 12 months I: 3.5 (2.3) 

C: 3.3 (2.1) 

I: 3.1 (1.6) 

C: 2.8 (2.0) 

No 

Yardley, 2014 

*basic nurse 

support  

Body weight Weighing scale 0, 6 months I: 103.43 (25.23) 

C: 98.25 (18.11) 

I: 97.92 (5.80) 

C: 99.00 (5.75) 

No 

Yardley, 2014 

*regular nurse 

support  

Body weight Weighing scale 0, 6 months I: 100.36 (19.38) 

C: 98.25 (18.11) 

I: 97.14 (5.74)  

C: 99.00 (5.75) 

No 

Daily activity related limitations  

Allen, 2013 

* intensive 

counseling 

Self-reported activity  Stanford 7-Day Physical Activity 

Recall 

0, 6 months I:4.9 (5.7) 

C:3.5 (3.7) 

I: 2.9 (5.4) 

C:3.3 (5.1) 

No 

Allen, 2013 

*less intensive 

counseling 

Self-reported activity  Stanford 7-Day Physical Activity 

Recall 

0, 6 months I: 5.3 (5.4) 

C:3.5 (3.7) 

I:1.7 (5.5) 

C:3.3 (5.1) 

No 

Van den Berg, 

2006 

 

Functional ability  MACTAR 0, 12 months I: 51.0 (4.0) 

C: 50.0 (4.0) 

I: 55.2 (8.1) 

C: 52.5 (10.1) 

Yes 

Rheumatoid related 

disabilities  

Health Assessment Questionnaire  0, 12 months I: 0.75 (1.13) 

C: 0.75 (0.75) 

I: 0.66 (0.35) 

C: 0.71 (0.16) 

Yes 

Dear, 2015 

*regular 

contact group  

Backpain associated 

disability in daily activities 

Roland-Morris Disability 

Questionnaire 

0, 8 weeks I: 13.47 (5.23) 

C: 13.92 (5.06) 

I: 11.05 (5.63) 

C: 11.36 (5.22) 

No 



 

 

Dear, 2015 

*optional 

contact group  

Backpain associated 

disability in daily activities 

Roland-Morris Disability 

Questionnaire 

0, 8 weeks I: 13.24 (5.60) 

C: 13.92 (5.06) 

I: 10.95 (.84) 

C: 11.36 (5.22) 

No 

Glasgow, 2010 

 

Physical activity CHAMPS instrument 0, 4 months I: 3664 (2959) 

C: 4294 (3054) 

I: 3697 (3272) 

C: 4146 (3578) 

No 

Liebreich, 2009 Leisure-time Physical activity Modified version Godin Leisure-

Time Exercise Questionnaire 

0, 3 months I: 483 (620) 

C: 501 (582) 

I: 654 (659) 

C: 490 (562) 

Yes 

McKay, 2001 Moderate-to-vigorous 

exercise  

Behavioral Risk Factor Surveillance 

system  

0, 2 months I: 5.6 (6.2) 

C: 7.3 (6.2) 

I : 17.6 (15.3) 

C : 18.0 (17.3) 

No 

Walking Behavioral Risk Factor Surveillance 

system 

0, 2 months I: 6.4 (6.2) 

C: 8.4 (8.4) 

I: 12.5 (9.5) 

C: 16.8 (22.8) 

No 

Van den Berg, 

2006 

 

Meeting physical activity 

recommendations  

Self-reported, percentage of total 

sample 

0, 12 months I: 0 (0) 

C: 0 (0) 

I: 19 (26) 

C: 11 (15) 

No 

Physical activity score  Number of acceleration per 5-

minute period throughout the day, 

Actilog V3.0 activity monitor  

0, 12 months I: 72.0 (33.5) 

C: 79.0 (25.8) 

I: 72.3 (34.0) 

C: 80.7 (30.6) 

No 

Trompetter, 

2015 

Disruption of daily activities 

by chronic pain 

Pain Disability Index 0, 3 months I: 36.0 (12.7) 

C: 36.4 (12.7) 

I: 30.6 (14.5) 

C: 34.6 (14.3) 

No 

Dealing with the chronic condition: cognitive measures  

Dear, 2015 

*regular 

contact group  

Pain Self-efficacy Pain Self-efficacy Questionnaire 0, 8 weeks I: 28.86 (12.93) 

C: 26.80 (11.52) 

I: 35.94 (12.98) 

C: 33.21 (11.97) 

Yes 

Fear of movement TAMPA Scale of Kinesiophobia 0, 8 weeks I: 38.59 (7.99) 

C: 39.35 (7.37) 

I: 34.48 (7.00) 

C: 34.59 (6.80) 

No 

Pain acceptance Chronic Pain Acceptance 

Questionnaire  

0, 8 weeks I: 22.58 (7.53) 

C: 22.26 (7.19) 

I: 26.79 (6.69) 

C: 25.76 (6.65) 

No 

Dear, 2015 

*optional 

contact group  

Pain Self-efficacy Pain Self-efficacy Questionnaire 0, 8 weeks I: 28.61 (14.08) 

C: 26.80 (11.52) 

I: 33.60 (13.83) 

C: 33.21 (11.97) 

No 

Fear of movement TAMPA Scale of Kinesiophobia 0, 8 weeks I: 37.60 (8.40) 

C: 39.35 (7.37) 

I: 34.88 (7.80) 

C: 34.59 (6.80) 

No 

Pain acceptance Chronic Pain Acceptance 

Questionnaire  

0, 8 weeks I: 23.30 (7.72) 

C: 22.26 (7.19) 

I: 25.40 (8.01) 

C: 25.76 (6.65) 

No 

Liebreich, 2009 Self-efficacy in performing 

regular physical activity 

Self-efficacy 12-item scale, 

Plotnikoff et al.  

0, 3 months I: 3.00 (0.74) 

C: 3.01 (0.71) 

I: 2.99 (0.84) 

C: 2.82 (0.84) 

No 



 

 

Outcome expectations of 

engaging in physical activity 

Modified version of the Decisional 

Balance Scale and Physical Activity 

Expectations Scale 

0, 3 months I: 4.66 (0.87) 

C: 4.62 (0.37) 

 

I: 4.57 (0.54) 

C: 4.57 (0.42) 

No 

The perceived importance of 

outcome expectations 

Perceived importance of the 

Outcome Expectations  

0, 3 months I: 2.73 (0.29) 

C: 2.71 (0.34) 

I: 2.69 (0.39) 

C: 2.65 (0.36) 

No 

The degree to which 

participants rewarded 

themselves ans set realistic 

goals 

Reinforcement 4-item scale, Marcus 

et al. 

0, 3 months I: 2.73 (0.66) 

C: 2.58 (0.84) 

I: 2.83 (0.74) 

C: 2.70 (0.91) 

No 

Emotional coping response Emotional well-being subscale 0, 3 months I: 2.93 (0.76) 

C: 2.78 (0.67) 

I: 2.90 (0.67) 

C: 2.90 (0.67) 

No 

 Participantsõindication of 

how true a variety of 

reasons to exercise were 

(e.g. ôI value the benefits of 

exerciseõ) 

Subscale of Behavior Regulation in 

Exercise Questionnaire  

0, 3 months I: 3.81 (0.54) 

C: 3.94 (0.53) 

I: 3.56 (0.91) 

C: 3.75 (1.05) 

No 

Experienced confidence in 

performing physical activity  

Behavioral capacity 4-item scale, 

Rogers et al. 

0, 3 months I: 3.10 (1.18) 

C: 3.25 (0.98) 

I: 3.23 (1.32) 

C: 2.97 (0.98) 

Yes 

Indication of how often 

external situations 

prevented participants from 

getting a physical active 

lifestyle 

Situation 17-item scale, Rogers et al.  0, 3 months I: 2.41 (0.66) 

C: 2.11 (0.55) 

I: 2.35 (0.67) 

C: 2.16 (0.59) 

No 

Experienced social support 

in getting a physical active 

lifestyle 

Social support 2-item scale, 

Cournya et al. 

0, 3 months I: 5.06 (1.52) 

C: 4.58 (1.99) 

I: 4.18 (2.10) 

C: 4.27 (2.05) 

No 

The degree to which 

participants observed others 

being physical active  

Observational learning 2-item scale, 

Plotnikoff et al.  

0, 3 months I: 4.14 (0.78) 

C: 3.25 (0.98) 

I: 3.96 (0.92) 

C: 2.97 (0.98) 

No 

Trompetter, 

2015 

Positive mental health Mental Health Continuum -Short 

Form 

0, 3 months I: 52.6 (11.8) 

C: 53.1 (11.8) 

I: 54.7 (12.2) 

C: 55.9 (15.2) 

No 

Avoidance of pain and 

cognitive fusion with pain  

Psychological Inflexibility in Pain 

Scale 

0, 3 months I: 55.0 (11.6) 

C:55.1 (11.6) 

I: 40.7 (13.8) 

C: 46.3 (14.1) 

Yes 



 

 

Mindfulness skills Five Facet Mindfulness 

Questionnaire-Short Form 

0, 3 months I:81.4 (10.7) 

C:83.2 (10.7) 

I:86.7 (12.2) 

C: 88.8 (12.5) 

No 

Pain catastrophizing Pain Catastrophizing Scale 0, 3 months I: 18.6 (9.5) 

C: 17.6 (10.2) 

I: 13.5 (11.3) 

C: 15.6 (11.7) 

No 

Dealing with the chronic condition: behavioral measures  

Nobis, 2015 Coping with diabetes Acceptance and Action Diabetes 

Questionnaire 

0, 2 months I: 36.93 (8.96) 

C: 36.56 (10.27) 

I: 34.13 (8.45) 

C: 36.11 (9.86) 

Yes 

Diabetes specific self-

management 

Diabetes Self-Management 

Questionnaire 

0, 2 months I: 4.78 (0.65) 

C:4.68 (0.65) 

I: 4.76 (0.55) 

C: 4.72 (0.62) 

No 

Torbjørnsen, 

2014 

Self-management: skills and 

technique acquisition 

Hei-Q 0, 4 months 

 

I: 2.87 (0.43) 

C: 2.95 (0.46) 

I: 3.04 (0.52) 

C: 2.98 (0.62) 

No 

Self-management: Health 

service navigation  

Hei-Q 0, 4 months I: 3.08 (0.43) 

C: 3.14 (0.51) 

I: 3.27 (0.56) 

C: 3.21 (0.60) 

Yes 

Trompetter, 

2015 

Awareness of personal 

values and the degree to 

which this guide personõs 

actions in daily life 

Engaged Living Scale 0, 3 months I:51.5 (10.4) 

C: 51.5 (9.9) 

I: 55.1 (12.4) 

C: 56.1 (12.8) 

No 

The degree to which pain 

interferes with daily 

activities 

Multidimensional Pain Inventory  0, 3 months  I: 32.3 (9.8) 

C: 32.2 (9.8) 

I: 28.7 (12.0) 

C: 32.7 (12.3) 

Yes 

Emotional outcomes  

Dear, 2015 

*regular 

contact group  

Depression Patient Health Questionnaire 9-item 0, 8 weeks I: 11.55 (5.88) 

C: 10.90 (4.76) 

I: 6.30 (4.57) 

C: 6.96 (4.29) 

No 

Anxiety Generalized Anxiety Disorder 7-item   I: 8.40 (5.52) 

C: 8.28 (4.60) 

I: 4.91 (4.40) 

C: 5.16 (3.91) 

No 

Dear, 2015 

*optional 

contact group  

Depression Patient Health Questionnaire 9-item 0, 8 weeks I: 10.60 (5.33) 

C: 10.90 (4.76) 

I: 7.20 (5.25) 

C: 6.96 (4.29) 

No 

Anxiety Generalized Anxiety Disorder 7-item   I: 7.98 (4.67) 

C: 8.28 (4.60) 

I: 5.66 (4.94) 

C: 5.16 (3.91) 

No 

McKay, 2001 Depression 10-item version of the Center for 

Epidemiologic Studies Depression 

scale 

0, 2 months I: 16.9 (11.6) 

C: 17.6 (10.4) 

I: 14.9 (12.5) 

C: 19.9 (14.2) 

No 

Nobis, 2015 Depressive symptom Center for Epidemiologic Studies 0, 2 months I: 32.7 (6.95) I: 21.08 (8.84) Yes 



 

 

  severity Depression Scale C:32.53 (7.51) C: 28.90 (8.65) 

Depressive symptoms Hospital Anxiety and Depression 

Scale 

0, 2 months I: 11.99 (3.23) 

C: 11.69 (3.08) 

I: 8.12 (3.92) 

C: 11.26 (3.72) 

Yes 

Emotional distress related to 

living with DM  

Problem Areas in Diabetes Scale 0, 2 months I: 10.24 (4.27) 

C: 10.57 (4.52) 

I: 8.35 (3.94) 

C: 10.87 (4.67) 

Yes 

Trompetter, 

2015 

Anxiety Hospital Anxiety and Depression 

Scale 

0, 3 months I: 7.2 (3.3) 

C: 6.5 (3.4) 

I: 6.0 (3.8) 

C: 5.7 (3.8) 

No 

Depression Hospital Anxiety and Depression 

Scale 

0, 3 months I: 6.1 (3.4) 

C: 7.5 (3.3) 

I: 5.1 (3.7) 

C: 5.9 (3.9) 

No 

Quality of life  

De Boer, 2014 Health related quality of life: 

Physical functioning 

RAND-36 subscale Physical 

functioning  

0, 4 months I: 50.10 (17.20) 

C: 52.50 (22.94) 

I: 58.50 (22.37) 

C: 55.88 (22.35) 

Yes 

Health related quality of life: 

Social functioning 

RAND-36 subscale Social 

functioning   

0, 4 months I: 49.34 (23.74) 

C: 47.92 (23.79) 

I: 65.79 (26.95) 

C: 54.17 (27.00) 

Yes 

Health related quality of life: 

Role impairment (physical) 

RAND-36 subscale Role impairment 

(physical)  

0, 4 months I: 15.79 (29.12) 

C: 15.63 (24.24) 

I: 37.24 (41.89) 

C: 22.19 (34.89) 

No 

Health related quality of life: 

Role impairment (emotional)  

RAND-36 subscale Role impairment 

(emotional)  

0, 4 months I: 59.65 (42.42) 

C: 57.97 (44.06) 

I: 71.93 (41.96) 

C: 67.39 (40.97) 

No 

Health related quality of life: 

Mental health  

RAND-36 subscale Mental health  0, 4 months I: 62.74 (18.95) 

C: 65.83 (18.80) 

I: 70.11 (20.76) 

C: 66.17 (17.61) 

No 

Health related quality of life: 

Vitality  

RAND-36 subscale Vitality  0, 4 months I: 41.32 (15.35) 

C: 39.79 (16.84) 

I: 52.63 (20.30) 

C: 40.63 (14.69) 

Yes 

Health related quality of life: 

Pain 

RAND-36 subscale Pain  0, 4 months I: 37.16 (14.73) 

C: 38.76 (17.87) 

I: 50.70 (18.60) 

C:39.80 (19.35) 

Yes 

Health related quality of life: 

General health appraisal 

RAND-36 subscale General health 

appraisal   

0, 4 months I: 49.33 (23.35) 

C: 42.50 (22.84) 

I: 56.63 (27.69) 

C: 43.54 (20.51) 

No 

Health related quality of life: 

Perceived health change 

RAND-36 subscale Perceived health 

change  

0, 4 months I: 28.75 (24.70) 

C: 38.54 (30.38) 

I: 51.25 (23.61) 

C: 38.54 (34.56) 

Yes 



 

 

 

 

 

 

Van den Berg, 

2006 

Disease related quality of 

life 

Rheumatoid Arthritis Quality of Life  0, 12 months I: 10.0 (10.2) 

C: 10.0 (9.5) 

I: 8.7 (6.1) 

C: 9.4 (3.6) 

Yes 

Quality of life: physical 

summary scale 

RAND-36: physical summary  0, 12 months I: 52.8 (40.1) 

C: 54.4 (42.8) 

I: 47.9 (17.6) 

C: 50.4 (18.2) 

Yes 

Quality of life: mental 

summary  

RAND-36: mental summary 0, 12 months I: 75.1 (26.2) 

C: 73.0 (30.5) 

I: 74.9 (21.0) 

C: 72.2 (12.2) 

No 
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Abstract  

 

Background:  Blended care, a combination of online and face -to-face care, is seen as 

a promising treatment option. However, actual use of blended interventions in 

practice is disappointing. The objective of this study was two folded.  

Objective: The first aim was to develop a blended exercise therapy intervention for 

patients with knee and hip osteoarthritis that matches the values of the users and 

which can be implemented in the daily routine of physical therapists. The second aim 

was to investigate the feasibility through interviews and a pilot study.  

Methods:  In this paper, we employed the first three steps of the CeHRes roadmap to 

develop a blended intervention for patients with knee and hip osteoarthritis. We used 

interviews, a focus group and discussions with stakeholders to explore the needs, 

values and requirements with respect to our to -be-developed blended intervention. 

The first version of e-Exercise was tested in a pre- and post-test pilot study. Feasibility 

outcomes, including recruitm ent rates within each practice, website usage 

(assignments completed and website visits), health related outcomes (physical 

activity, physical functioning pain and fatigue) and user satisfaction, were measured. 

In addition, therapists and patients from the  pilot study were interviewed to 

investigate usersõ experiences.     

Results: The study captured important information about stakeholdersõ needs and 

perspectives. Based on our findings, we created a first version and attuned the 

applicationõs content, functionality and structure.  Patients and, to lesser extent, 

physical therapists were satisfied with the e-Exercise intervention. Eight patients were 

recruited by eight physical therapists. Six out of the eighth patients completed more 

than seven of twelve modules. Results from the pilot study showed small but non-

significant improvements for the outcomes physical functioning, pain and tiredness. 

No improvements were found in physical activity levels.  

Conclusion:  This study outlines the development and feasibility of a blended exercise 

therapy intervention for patients with knee and hip osteoarthritis. E -Exercise offers an 

alternative approach in the physical therapy treatment of knee and hip osteoarthritis. 

This study provides valuable information to conduct a further trial to evaluate the 

(cost) effectiveness of e-Exercise compared to usual physical therapy.  
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Introduction  

 

Knee and hip osteoarthritis (OA) are leading causes of disability in older people [1]. In 

the upcoming years, the number of people with knee and hip OA will grow due to the 

aging population and escalating risk factors, such as obesity [2]. Since there is no cure 

for OA, exercise, education and medication are considered to be cornerstones in the 

treatment of knee and hip OA [3,4].  

 

Although generally patients with knee and hip OA tend to avoid physical activity [5], 

physical exercise is one of the most effective and recommended treatment modalities 

[3,4]. Exercise therapy, generally provided by a physical therapist, is a regimen of 

physical activities with the aim to change patientõs lifestyle behavior and improve 

patientsõ overall function [6]. 

Therapeutic exercise therapy consists of strengthening, aerobic, flexibility and/or 

functional exercises. Multiple studies have demonstrated beneficial effects of exercise 

therapy in patients with knee and hip OA. Exercise therapy has positive effects on 

pain perception and self-reported physical function [7,8]. However, therapeutic 

exercise therapy is labor-intensive, costly and often not covered by the healthcare 

insurances, especially over the long term. So, although helpful, physical therapy is not 

accessible for many OA patients. According current estimates, only 7% of all patients 

with knee and hip OA seen in general practice is actually referred to a physical 

therapist [9].  

 

There is a clear need for more feasible and easy accessible strategies in order to 

regulate therapeutic costs and make exercise therapy attainable for a broader range 

of OA patients. This can be accomplished through self-management support. Self-

management implies individualsõ ability to manage symptoms, treatment, physical 

and psychosocial consequences and lifestyle changes inherent in living with a chronic 

disease [10]. The use of eHealth has the potential support self-management in 

patients with OA treatment beyond the walls of the physical therapy practice. 

Examples include, but are not limited to, web -based interventions and mobile health 

interventions which can help to improve patientsõ health behavior and corresponding 

health outcomes [11,12]. The 24/7 availability of information may improve treatment 

compliance which is critical for the success of physical therapy [13]. Moreover, 

embedding e-Health within daily practice has also the potential to substitute a part of 

the face-to-face contacts and alleviate the pressure on health services. Furthermore, 



 

Development and feasibility of e-Exercise | 83 

eHealth opens up new avenues to reach new patient groups, especially for those who 

have minimal or no coverage for physical therapy expenses. 

Although promising in terms of evidence and accessibility, the adoption of eHealth 

technologies is disappointing [14].  Embedding eHealth technologies in daily practice 

is a complex and time-consuming process, more than initially anticipated [15]. So far, 

eHealth interventions are primarily used outside the healthcare setting and rarely 

integrated as part of the treatment. To illustrate, only 1% of a ll patients in the physical 

therapy practice use therapeutic-provided eHealth interventions, such as online self-

management treatments or online exercises [16]. The uptake and implementation of 

eHealth innovations in practice is dependent on various factors which can be broadly 

divided into four categories: (i) characteristics of the technology itself, such as ease-

of-use and quality of the intervention; (ii) characteristics of the end-users, such as 

perceived usefulness, perceived support from family/colleagues, skills and knowledge; 

(iii) characteristics of the organization, such as formal endorsement and costs; and (iv) 

policy and legislation, such as privacy issues and reimbursement schemes for eHealth 

services [17]. 

The success of eHealth is hampered by insufficient attention paid to abovementioned 

determinants during the development process. The majority of eHealth technologies 

is created through ad-hoc procedures without a thoughtful approach [18]. High rates 

of non-usage and implementation difficultie s are normative phenomena in eHealth 

[14, 19, 20]. The peripheral position of end-users and inadequate input of other 

stakeholders lead to a mismatch between technology and context which explains why 

eHealth do not reach its full potential in practice [21] . The involvement of 

stakeholders, such as healthcare providers, policy makers and health insurers, 

provides direction for the development of eHealth technologies. Co -creation, the 

engagement of users and other stakeholders throughout the development proce ss, is 

an important strategy in order to meet the values and needs of stakeholders.  

The Centre for eHealth Research and Disease management (CeHRes) roadmap is a 

development approach in which co-creation plays a central role [21]. This CeHRes 

roadmap anticipates on the needs and values of stakeholders and consists of five 

steps (figure 1). In this article, we employed the CeHRes roadmap to develop a new 

blended intervention for patients with knee and/or hip OA. This intervention, which 

will be a combination  of eHealth and face-to-face care, will be integrated in the daily 

physical therapy practice. This proposed program aims to promote a physically active 

lifestyle among patients with knee and hip OA. The objective of this study was two 

folded. The first aim of this study is to develop a human-centred eHealth physical 

activity intervention that matches the values of users and which can be implemented 
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in the daily routine of physical therapists. The second aim was to investigate the 

feasibility through intervi ews and a pilot study. To our knowledge this is the first 

study investigating a blended exercise therapy intervention for physical therapists. 

 

Figure 1 . CeHRes roadmap 

  

 

Methods & Results  

 

In the following section we describe the first three steps of the CeHRes roadmap, 

namely the contextual inquiry, the value specification and design. In addition, we 

conducted a pilot study in order to determine the feasibility of the blended 

intervention. The first three stages of the CeHRes roadmap and the pilot study 

provide the basis for step four (operationalization) and five (summative evaluation), 

which will be conducted in a later phase of the project. In order to enhance clarity 

and optimize the execution of each step, we have chosen to present the methods and 

results sections together. The study has been approved by the Medical Ethical 

Committee of the St. Elisabeth hospital Tilburg, the Netherlands (Dutch Trial Register 

NTR4224). 

 

Contextual inquir y and value specification  

Methods  

During the contextual inquiry and value specification we aimed to establish 

stakeholdersõ most important needs, values and requirements with respect to our to -

be-developed blended intervention.  The input of this phase was mainly based on 
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another project, executed by the same authors [22]. In this previous work, we 

developed and evaluated the web-based intervention Join2move. Join2move is a self- 

 

Figure 2 . Stakeholdersõ needs and perspectives 

 

 Stakeholder 1 Stakeholder 2 Stakeholder 3 Stakeholder ê 

Why are you 

participating in this 

committee? 

    

What is your added 

value to the team? 

    

Is there a need for a 

blended intervention 

for your organization? 

Please explain 

    

Potential advantages 

of the blended 

intervention  

    

Potential 

disadvantages of the 

blended intervention  

    

Potential facilitators for 

implementation  

    

Potential barriers for 

implementation  

    

 

guided intervention and contains automatic functions without human support. The 9 -

week program is directed at increasing the level of physical activities in a time-

contingent manner (fixed time points). More information about the intervention and 

used methods can be found elsewhere [22]. For the development of e-Exercise, a 

focus group among seven physical therapists was conducted. Physical therapists, who 

had an extensive experience in the field of OA, were recruited through the website of 

The Royal Dutch Society for Physical Therapy to participate. The focus group was 

facilitated by two moderators (CK and DB) and lasted approximately 120 minutes. 

During the focus group, we used a topic guide that contain ed questions related to 

the content needs of the intervention, reimbursement and frequency of face -to-face 

contact. The focus group discussion was audio-taped and subsequently summarized. 

An implementation committee was formed with different stakeholders. The 

stakeholder committee consisted of patients with knee and/or hip OA, the Royal 

Dutch Society for Physical Therapy, two rehabilitation centers, the Dutch arthritis 
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foundation, an eHealth entrepreneur and a health insurer. The committee meetings 

were held three times and were led by the last author (CV). At each meeting, 

stakeholder members were encouraged to discuss and share their thoughts about the 

development and implementation process of the blended intervention. The results 

from these discussions provided direction for further development of the blended 

intervention. We created a matrix in order to summarize and analyze needs and 

perspectives of the individual committee members (see figure 2). 

 

Results  

The interviews showed that patients have a positive attitude towards the idea that 

eHealth will be integrated as a part of their treatment, especially for information and 

education purposes. These findings were also found in a previous study by Pietrzak et 

al. [23]. In accordance with the patients, physical therapists in the focus group also 

indicated that a blended intervention will be a useful instrument in the treatment of 

OA patients. The 24/7 availability of information and exercises, the possibility to 

extent the physical therapy treatment in the home environment and the potential to 

enhance the adherence of home exercises were mentioned as possible advantages. 

On the other hand, the fact that the proposed blended intervention aims to 

substitute conventional visits may lead to reduced revenues per patient. According to 

physical therapists, this lack of financial incentive was seen as a potential barrier to 

use the proposed intervention in practice . The stakeholder committee was also 

positive towards the to be developed blended intervention. As a stakeholder from a 

rehabilitation institute cited: òPatients will benefit from the blended intervention 

because it is cheap, independent of time or place and promotes self-management in 

the home environment of OA patientsó. Another facilitator for implementation is the 

potential reduction in treatment costs. An employee of a health insurance company 

summarized this by: òThe proposed blended intervention will possibly result in lower 

costs since the average number of sessions will be decreased. This will lead to a cost 

reduction of the OA treatmentó.  

 

Design  

Methods  

E-Exercise is a combination of (i) visits with a physical therapist, and (ii) a web-based 

physical activity intervention. The technical functionality of the web -based part is 

based on a previously developed physical activity intervention [24]. This initial web-
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based intervention contained only self-directed features without the integration of 

physical therapy sessions. To investigate whether and how the initial web-based 

intervention fits the day -to-day requirements and routines of physical therapists, 

different content scenarios were presented during a second focus group session with 

physical therapists. These scenarios concentrated on several themes, such as the 

number of face-to-face visits, extent of (online) interaction between patient and 

physical therapist and website content such as videos, design and education topics. 

Results were used to change the first web-based intervention and create the blended 

intervention e-Exercise. This first blended version of e-Exercise was tested in a pilot 

study. 

 

Results  

Over the course of a half year, a team of experts from the NIVEL developed the e-

Exercise program. The starting point of the development process was a previously 

developed web-based exercise intervention [25] and the  Dutch guideline for physical 

therapists [26]. The intervention is delivered over a period of 12 weeks. During the 12 

weeks, patients receive four face-to-face sessions with a physical therapist and are 

supposed to complete 12 onli ne assignments (see figure 3). The physical therapists 

were encouraged to follow a fixed treatment protocol.  The website has a portal for 

both patients and physical therapists and contains text- and video-based information. 

The core element of the website activities is the promotion of moderate physical 

activities, such as cycling, walking or swimming in the home environment of patients. 

Every week, automatic generated physical activity exercises are posted on a 

password-secured website in which a self-chosen physical activity is gradually 

increased in a time contingent manner (i.e. fixed time points). Time-contingency 

means that physical activities are increased on fixed time quotas rather than guided 

by OA related symptoms such as pain and fatigue. This strategy is derived from the 

behavioral graded activity intervention and concepts of operant conditioning [27]. 

The homepage is shown in figure 4. Screenshots with illustrative screenshots of the e-

Exercise website are presented in Multimedia appendix 1.  
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Figure 3 . Overview of the 12 -week e-Exercise treatment   

 

 

Figure 4 . E-Exercise homepage  

 

 

Pilot study  

Methods  

 

Study design and objective:  

This pilot study employed a multicentre one -group pre -and post-test design. The 

purpose was to evaluate the feasibility of the e-Exercise treatment in the daily 

practice of physical therapists.  
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Procedures and participants: 

Physical therapists working in a private practice were recruited through the website of 

the Royal Dutch Society for Physical Therapy and the social network of the authors. 

Eventually, eight physical therapists were included in the pilot study. All participating 

physical therapists received a half day training about the study procedures and how 

to use e-Exercise in their practice. Eligible patients, who visited a participating centre 

during the study period, were enrolled by the physical therapists. Enrolment started 

on March 3, 2014, and ended May 6, 2014. Participants were suitable for inclusion if 

they (i) were aged 40 to 80 age and (ii) had the diagnosis OA of the knee and/or hip 

according to the clinical criteria of the American College of Rheumatology [28]. 

Participants were not suitable if they (i) were on a waiting list for a hip or knee 

replacement surgery, (ii) had contra-indications for physical activity without 

supervision, (iii) had a physically active lifestyle (iv) participated in a physical therapy 

for OA and/or PA program i n the last six months (v) had no access to internet and (vi) 

were unable to understand the Dutch language. Interested patients who were willing 

to participate and met the eligibility criteria were sent an information letter about the 

study and an informed consent. Once written informed consent was obtained, 

participants were invited to fill out an online baseline questionnaire. After baseline 

completion, participants were included in the study. Follow-up testing for post -

intervention results was performed 12 weeks after the baseline assessment. 

 

Feasibility: 

Feasibility measures included website usage, user satisfaction with the website and 

recruitment rates of participants within each practice. Program use was measured by 

the number of modules completed. User satisfaction was measured through the 

System Usability Scale [29]. Moreover, participating physical therapists and 

participants were invited for interviews to obtain experiences with respect to e -

Exercise. Semi-structured interviews were conducted on a sub-sample of five physical 

therapists and four patients. Interviews were audio-recorded and transcribed with 

interviewee's permission. An interview guide with open questions was employed to 

provide structure to the interviews (see Appendix 1). Transcribed texts were read and 

thematic trend analysis was conducted to identify, analyze and report recurrent 

patterns. Themes were discussed by CK and DB to gain an overall understanding of 

the usability and user satisfaction.  
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Health measurements: 

Self-reported online questionnaires were used to investigate the potential 

effectiveness of e-Exercise. Physical functioning was assessed the Hip Osteoarthritis 

Outcome Score (HOOS) [30] and/or the Knee Injury and Osteoarthritis Outcome 

Score (KOOS) [31]. Recreational physical activity was assessed by the Short 

Questionnaire to Assess Health-enhancing physical activity (SQUASH) [32]. Pain and 

fatigue were examined with a 10-point numerical rating scale (0 is no pain/not tired, 

10 is worst possible pain/extremely tired). Descriptive statistics were used to analyze 

the data. Analyses were conducted using SPSS Statistics 20.0.  

 

Results  

Feasibility: 

Overall, patients and, to a lesser extent, physical therapists were satisfied with the e-

Exercise intervention. Results from the system usability scale among patients revealed 

an average score of 79 points (SD 8.7) on a 100-point scale questionnaire, which can 

be considered as a good score [33]. Usability scores from physical therapists were 

considerably lower, namely 64 (SD 7.7). This rating can be interpreted as ôfairlyõ good 

[33]. Login-analyses showed that six out of the eighth patients completed more t han 

seven of the twelve modules. Over the twelve week intervention period , patients 

visited the website 33 times on average. Prior the study, we intended to recruit two 

patients per participating physical therapist. However, during the 10-week enrollment 

period, only five of the eight physical therapists recruited eight patients in total. 

Physical therapists reported that e-Exercise is only suitable for a small subset of 

patients. Most of the patients with knee and hip OA prefer traditional face -to-face 

treatments over the blended intervention or did not meet the study inclusion criteria. 

One physical therapist said: òMost of the patients with knee or hip osteoarthritis that I 

have seen were not interested in participating in e-Exercise because they preferred face-

to-face guidance. Other patients did not have a computer or had an already physically 

active lifestyleó.Overall, interviewees were satisfied with the intervention. One patient 

summarized this sentiment by saying: òI have told many friends and family that this is 

a great program because the program motivates you to perform exercises in your own 

time. I would therefore definitely recommend e-Exercise to othersó. Physical therapists 

expressed also positive feedback regarding the content of e-Exercise. To cite one 

therapist: òI am especially pleased with the information about osteoarthritis provided by 

the videos. More insight into the disease and the role of pain is important prerequisite 

to encourage a physically active lifestyleó. Although physical therapists were generally 
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satisfied, they stressed that e-Exercise must be adapted for suitable integration into 

practice. As one physical therapist commented:òThe program provides no insight 

which modules patients receive. This was a truly downside of the program because I 

had little or no control over patientsõ progressó. It was also reported by some patients 

that they liked effective approach of e -Exercise. One patient commented: òI liked the 

effective approach of the intervention. You need only a few face-to-face treatments to 

get on track. The provision of weekly physical therapy sessions is not useful because you 

have to exercise yourselfó. 

 

Health measurements: 

After all, eight eligible OA patients were included by the  nine participating physical 

therapists. Patients were on average 62 years old, had one or more comorbidities 

(88%) and most of them were female (75%). None of the participants withdrew from 

the study. An overview of the sample characteristics are presented in Table 1. Over 

the twelve week intervention period, total minutes spent on physical activity 

decreased from 2123 to 1727 min/week. Knee and hip functioning scores, measured 

with the HOOS and KOOS, showed in most cases a small improvement. Overall, 

patients reported lower levels of pain and fatigue compared to the baseline (f rom 5,9 

to 4,9 and 5,5 to 5,1. An overview of investigated outcome measures is provided in 

Table 2. 
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Table 1. Baseline demographics and characteristics OA patients  

Participants (n=8)   

Gender, n (%) Female 6 (75) 

 Male 2 (25) 

Mean age (years, (SD)  61.88 (14.53) 

Location OA, n Knee 4 

 Hip 3 

 Both 1 

Duration of symptoms, n  < 1 year 2 

 1-3 year 1 

 3-7 year 2 

 Ô7 year 3 

Education, n Low  2 

 Middle  2 

 High 4 

Comorbidity, n  None 1 

 One 4 

 Two or more 3 

OA, osteoarthritis; SD, standard deviation. 
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Table 2.Outcome measurements  

  Baseline, mean (SD) 12 weeks, mean (SD) 

Physical activity     

Total PA (min)  2123 (969) 1727.5 (907) 

Light PA (min)  1446 (796) 1124.4 (909) 

Moderate PA (min)  676 (342) 603.1 (451) 

Vigorous PA (min)  0 0 

    

Knee function      

Symptoms (0-100)  61.0 (4.2) 62.0 (17.9) 

Stiffness (0-100)   37.5 (23.4) 50.0 (29.3) 

Pain (0-100)  43.1 (10.7) 54.4 (21.0) 

ADL (0-100)  58.2 (17.4) 60.9 (24.1) 

Sport (0-100)  15.0 (22.4) 36.0 (32.7) 

QOL (0-100)  30.0 (16.2) 37.5 (21.2) 

    

Hip function    

Symptoms (0-100)  37.5 (14.4) 43.8 (23.9) 

Stiffness (0-100)  56.3 (23.9) 62.5 (30.6) 

Pain (0-100)  63.1 (21.0) 61.8 (15.4) 

ADL (0-100)  69.1 (24.1) 65.4 (18.5) 

Sport (0-100)  46.9 (15.8) 43.8 (30.2) 

QOL (0-100)  53.1 (18.8) 53.1 (13.0) 

    

Pain (0-10)  5.9 (2.8) 4.9 (3.0) 

 

Tiredness (0-10) 

  

5.5 (3.0) 

 

5.1 (3.6) 

SD, standard deviation;PA, Physical Activity; ADL, activities of daily life; QOL, Quality of life For physical 

activity, knee 

function and hip function,  a higher score indicates an improvement. For pain and tiredness, a lower 

score indicates an improvement.  
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Discussion 

 

Provision of blended care requires a harmonious integration of technology into 

practice, combining complementary face-to-face treatments with eHealth technology. 

Implementing a blended intervention into healthcare is a complex process that 

changes existing routines, relationships and budgets. Developers and researchers 

have to anticipate on these implementation difficulties. While research supports the 

effectiveness of health technology, healthcare professionals often lack time, skills and 

resources to integrate eHealth in their daily practice. Input of end -users and others 

stakeholders throughout the development process is prerequisite for successful 

implementation of blended interventions into practice [21].  The aim of this study was 

to develop and investigate the feasibility of a blended exercise therapy intervention 

for patients with knee and hip OA which can be implemented in the daily routine of 

physical therapists. 

 

The involvement of patients, physical therapists and other stakeholders was extremely 

valuable throughout the development process . The first three phases of the CeHRes 

roadmap yielded unique insights into different needs and values of end -users and 

various stakeholders. Steps from the CeHRes model were not purely sequentially 

executed but involved a continuous process. For instance, the identification of needs 

and problems was mainly derived from experiences with a previous eHealth project, 

rather than a separate phase in the current project. Results from the post-pilot 

interviews demonstrated that e-Exercise is feasible in the treatment of patients with 

knee and hip OA. Users considered the usability of e-Exercise as ôgoodõ. Interviews 

with physical therapists and patients revealed a beneficial impact on the organization 

process of care. The possibility to stimulate exercises in the home environment and to 

enhance exercise adherence were cited as major advantages. However, the inability to 

monitor patientsô progress between consultations seemed to be a drawback. 

Monitoring was therefore added  in the latest version of e-Exercise. Another sign that 

demonstrated the feasibility of e -Exercise were the usage rates. Six of the eight 

participants completed more than seven of the twelve modules. These usage rates 

can be reasonable high when compared with a previous study [22]. Results from the 

pilot study showed small non-significant improvements for the outcomes physical 

functioning, pain and tiredness. However, patients reported a small decrease in the 

amount of physical activity. To explore the unexpected decrease of physical activity 
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levels, a combination of questionnaires and accelerometers will be used in an 

ongoing randomized controlled trial.  

The visit-based method of recruitment was challenging. Over the 10-week enrollment 

period, we intended to recruit two patients per participating physical therapist. 

However, only eight eligible patients were recruited by eight physical therapists. 

Others have reported similar challenges with the recruitment of patients[34 -36]. The 

lack of remuneration may have contributed to the disappointing recruitment rates 

since there is no financial incentive to adopt e-Exercise in practice. In the contrary, the 

use of e-Exercise might even lead to reduced revenues per patient. Another possible 

explanation for the poor r ecruitment rates is the small pool of eligible OA patients. 

Primary care data from the Netherlands shows that only 2% of all patients seen in the 

physical therapy practice have OA [37]. General practitioners, the gatekeepers of the 

Dutch healthcare system, have a strong influence on the influx of patients into 

physical therapy setting. General practitioners should therefore be informed of the 

availability and possibilities of blended interventions. This might influence the referral 

behavior of general practitioners positively.  

 

Limitations 

The findings of the pilot study need to be interpreted in light of several 

limitations. The small number of participants and the absence of a control group are 

major limitations of the current study. It is worth noting, however, that this small pilot 

study (n=8) was not meant to investigate the actual effectiveness of e-Exercise. 

Moreover, the generalizability might be limited by the self -selected sample in this 

study. Obviously, included physical therapists are techno-enthusiasts who are more 

willing to adopt technology in their practice than others.  

 

Implications for future research 

Results from this study are valuable to set up a follow-up study to compare e-

Exercise with usual physical therapy. We have planned to conduct a larger, 

adequately powered, randomized controlled trial to investigate the (cost)effectiveness 

of e-Exercise [38]. The recruitment of patients was a true challenge in this study. We 

therefore need to pay extra attention to the recruitment process and find additional 

avenues to increase recruitment rates for the randomized controlled trial . Given the 

1:1 recruitment ratio of this pilot study, we should aim to recruit at least 200 physical 

therapists. We should use strategies to encourage physical therapists to include 
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participants and we also have planned to engage general practitioners in the 

recruitment of patients and extent the inclusion period of patients.  
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Abstract  

 

Background:  Exercise therapy in patients with hip and/or knee osteoarthritis is 

effective in reducing pain, increasing physical activity and physical functioning, but 

costly and a burden for the health care budget. A web-based intervention is cheap in 

comparison to face-to-face exercise therapy and has the advantage of supporting in 

home exercises because of the 24/7 accessibility. However, the lack of face-to-face 

contact with a professional is a disadvantage of web-based interventions and is 

probably one of the reasons for low adherence rates. In order to combine the best of 

two worlds, we have developed the intervention e-Exercise. In this blended 

intervention face-to-face contacts with a physical therapist are partially replaced by a 

web-based exercise intervention. The aim of this study is to investigate the short- (3 

months) and long-term (12 months) (cost)-effectiveness of e-Exercise compared to 

usual care physical therapy. Our hypothesis is that e-Exercise is more effective and 

cost-effective in increasing physical functioning and physical activity compared to 

usual care.  

Methods/design:  This paper presents the protocol of a prospective, single-blinded, 

multicenter cluster randomized controlled trial. In total, 200 patients with OA of the 

hip and/or knee will be  randomly allocated into either e -Exercise or usual care 

(physical therapy). E-Exercise is a 12-week intervention, consisting of maximum five 

face-to-face physical therapy contacts supplemented with a web-based program. The 

web-based program contains assignments to gradually increase patientsõ physical 

activity, strength and stability exercises and information about OA related topics. 

Primary outcomes are physical activity and physical functioning. Secondary outcomes 

are health related quality of life, self-perceived effect, pain, tiredness and self-efficacy. 

All measurements will be performed at baseline, 3 and 12 months after inclusion. 

Retrospective cost questionnaires will be sent at 3, 6, 9 and 12 months and used for 

the cost-effectiveness and cost-util ity analysis.  

Discussion: This study is the first randomized controlled trial in the (cost) -

effectiveness of a blended exercise intervention for patients with osteoarthritis of the 

hip and/or knee. The findings will help to improve the treatment of patien ts with 

osteoarthritis. 

Trial registration: NTR4224  
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Background  

 

Osteoarthritis (OA) is worldwide one of the leading causes of pain and disability. Most 

common affected sites are the hip and knee joints [1]. In the United States, 

prevalence of knee OA for patients of 45 years or older is 17 percent and prevalence 

of hip OA 10 percent [2]. In the Netherlands, it is estimated that 312.000 persons 

suffer from knee OA (19.1/1000) and 238.000 from hip OA (14.5/1000) [3]. 

Presumably, these prevalence rates are underestimated since these data are solely 

based on general practice patientsõ registrations [3]. OA is an age-related disease and 

besides pain and disability characterized by morning stiffness, reduced range of 

motion, instability of the joint and loss of health related quality of life [4, 5]. These 

symptoms induce that people with hip and/or knee OA are physically less active than 

the general population [6, 7]. In the long term, physical inactivity may lead to 

functional decline and psychological problems [8, 9].  

 

Exercise therapy is the widely recommended non-pharmacological interventi on in 

patients with hip and/or knee OA [10ð13]. Therapeutic exercise, most of the time 

provided by a physical therapist, can consist of strengthening exercises, functional 

task-oriented exercises and/or aerobic training [10]. Many studies have shown the 

effectiveness of exercise therapy on patientsõ physical functioning in daily life, for 

example stair climbing, rising from a chair or getting in or out a car [14, 15]. Besides, 

exercise therapy is effective in reducing patientsõ levels of pain and increasing their 

physical activity [14, 15]. Unfortunately, the face-to-face contacts with a physical 

therapist are costly and a burden for the health care budget. To illustrate, Dutch 

healthcare costs related to OA were about 1,112 million euro in 2011 [16]. Likewise, 

the prevalence of hip and knee OA is expected to increase with 52% in 2040, due to 

the aging population and an increasing number of obese people [3]. In order to 

regulate OA costs there is a need for more (cost)-effective strategies to manage hip 

and/or knee OA. 

 

The internet has created new possibilities to combine face-to-face care with online 

care, called blended healthcare [17]. The partial substitution of a web-based 

intervention  for exercise therapy sessions is hypothesized to result in a (cost)-

effective intervention in many ways. In the first place, a blended intervention will 

result in lower costs since the average number of physical therapy sessions for 

patients with OA will decrease. A second advantage of a blended intervention is the 

24/7 online support for ex ercises at home. Support in exercises at home is important 

since adherence to self-directed exercise is a common problem in exercise therapy 
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[18, 19]. Research highlighted the importance of adherence to exercises at home, 

since this positively influences treatment effects on pain and physical functioning [19]. 

Third, a well-designed web-based intervention in which patientsõ can report their 

experiences with home exercises provides physical therapists information about 

patientsõ individual needs for guidance. 

 

Up till now, previous research in web-based interventions has focused on 

interventions without human support. Unfortunately, the effects of these 

interventions are small, especially in the long-term [20ð24]. These modest effects can 

partly be explained by the absence of personal guidance [17]. To illustrate, in the 

study by Bossen et al. [23], patients cited that the lack of face-to-face contact in a 

self-guided web-based intervention was an important reason to discontinue. Hence, 

the combination of a web -based intervention with face-to-face contact has been 

recommended by several researchers [20, 25, 26]. To date, there are no studies 

investigating the (cost)-effectiveness of a blended intervention in the physical therapy 

setting. Therefore, we have developed e-Exercise and have planned to evaluate and 

implement this blended intervention. The interventio n will be based on the Dutch 

òKNGF guideline OA hip-kneeó for physical therapists [10]. The web-based part will be 

an adapted version of the previously developed and evaluated online PA program 

Join2Move [24], a web-based intervention for OA patients without support of a 

physical therapist. The aim of this study is to determine the (cost)-effectiveness of e-

Exercise compared to usual care (physical therapy). Our first hypothesis is that e-

Exercise will be more effective in terms of increasing PA and improving physical 

functioning in patients with hip and/or knee OA as compared to usual care. The 

second hypothesis is that e-Exercise will be cost-effective in comparison to usual care 

by physical therapists. The research question of this RCT study is: What is the short- 

(3 months) and long-term (12 months) (cost)-effectiveness of e-Exercise in patients 

with hip and/or knee OA on PA and physical functioning in comparison to usual care? 

 

Methods/design  

 

Study design 

A prospective, single-blinded, multicenter cluster randomized controlled trial (RCT) 

will be conducted. The study has been approved by the medical ethical committee of 

the St. Elisabeth hospital Tilburg, the Netherlands (Dutch Trial Register NTR4224). The 

e-Exercise intervention will be compared with usual care (i.e. physical therapy). A flow 

diagram of the study protocol is shown in Figure 1.  
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Figure 1 . RCT study procedures  
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Participants 

 

- Physical therapists  

A stratified random sample of 800 physical therapy practices in three provinces of the 

Netherlands (e.g. Noord-Holland, Utrecht and Gelderland) will be invited by letter to 

participate in the study. Contact information of physical therapy practices will be  

obtained from the national database for physical therapists of the Netherlands 

Institute for Health Services Research (NIVEL). Additionally, a recruitment 

advertisement will be placed in the online newsletter of The Royal Dutch Society for 

Physical Therapy (KNGF). Each participating physical therapy practice will be asked to 

enroll one or two physical therapists. The researchers will recruit 100 physical 

therapists. Inclusion criteria for physical therapists will concern: (i) practicing in 

primary care, (ii) treating at least six patients with OA of the hip and/or knee each 

year. Physical therapists practicing in another physical therapy practice participating 

in the study will be excluded.  

 

- Patients 

In order to include 200 participants, each physical therapist is requested to recruit 

about two patients. Since the study of Veenhof et al. [27] showed that recruitment of 

OA patients in the physical therapy practice is difficult and research has shown that 

different recruitment strategies do not affect treatment outcomes [28], this study uses 

various recruitment strategies. First, patients with hip and/or knee OA who visit a 

physical therapy practice will be invited to participate in the study. Second, 

recruitment advertisements will be placed in local newspapers. Third, information 

letters and flyers will be sent to general practitioners. Responders to these articles 

and flyers will be allocated to the nearest participating physical therapist. Eligibility 

criteria of patients interested in the study concern: (i) age 40-80 years, (ii) OA of the 

hip and/or knee according to the clinical criteria of the American College of 

Rheumatology (ACR) [29]. Exclusion criteria will include: (i) being on a waiting list for a 

hip or knee replacement surgery, (ii) being contra-indicated for PA without 

supervision, (iii) being sufficiently physically active according to the physical therapist, 

(iv) participation in a physical therapy and/or PA program in the last six months, (v) 

no access to internet, (vi) inability to understand the Dutch language. The diagnostic 

ACR clinical criteria for knee OA are: knee pain and at least three of the following six 

criteria: age > 50 years, morning stiffness <30 minutes, crepitation, bony tenderness, 

bony enlargement and no palpable warmth. Diagnostic ACR clinical criteria for hip 

OA are: hip pain and hip internal rotation < 15 degree and hip flexion Ó 115 degree; 

or hip internal rotation Ô 15 degree and pain on hip internal rotation and morning 
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stiffness of the hip Ó 60 minutes and age > 50 years [29]. Contra-indications for PA 

will be determined using the adapted Physical Activity Readiness Questionnaire (PAR-

Q) [30]. This questionnaire is used to identify patients for whom PA is inappropriate.  

 

 

Study procedure 

Physical therapists willing to participate in the study will be screened on in- and 

exclusion criteria by a researcher (CK). Cluster randomization will be performed at the 

level of the participating physical therapy practices that will randomly be assigned to 

the intervention (e-Exercise) or the control group (usual care) by means of a 

computer-generated random sequence table. Physical therapists will receive a half 

day training about e -Exercise and the study procedure (intervention group) or about 

practicing according to the òKNGF guideline OA hip-kneeó [10] and the study 

procedure (control group). Physical therapists will inform eligible patients about the 

study and screen them on in- and exclusion criteria. All suitable patients will be 

stimulated to contact the research team by telephon e, e-mail or reply card. After an 

informative phone call with one of the researchers (CK or DB), interested patients will 

receive a letter about the trial and a request to complete an informed consent form. 

Patients recruited by the additional recruitment strategies (i.e. advertisements in 

newspapers and flyers from the general practitioner) will be informed by the 

researchers before they visit their physical therapist. Physical therapists in both 

groups will be asked to record the content of their treatmen t on a registration form. 

During the study period, both patient groups will continue their medication and usual 

care managed by other caregivers. 

 

Blinding  

In this single-blind study , the physical therapists are not blinded since they will treat 

patients according to the randomization. The researchers will be blinded to group 

allocation until completion of the statistical analyses. Participants will be assigned to 

a unique digital trial code to ensure that treatment outcome measurement and 

statistical analysis will be performed blind to treatment allocation. Patient information 

will be stored in a separate database. 
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Interventions 

- e-Exercise 

The 3-month pro gram e-Exercise is based on the Dutch guideline for physical 

therapists (10) and is a combination of (i) maximum five face-to-face sessions with a 

physical therapist, and (ii) a web-based PA intervention. Table 1 provides an overview 

of the program content  of e-Exercise.  

 

Table 1. Description e -Exercise intervention  

Intake 

 

Physical therapist  

 

 

Anamnesis and physical examination 

Assessment in- and exclusion criteria 

Providing information about osteoarthritis, e -Exercise and study 

Scheduling a follow-up appointment for week 1  

 

 

Patient Reading patient information letter   

Signing an informed consent 

Completing baseline measurement  

 

Start e-Exercise 

Week 1 

 

Physical therapist  

 

 

 

Physical therapist & 

Patient 

                      

 

 

Patient 

 

 

Providing Information about osteoarthritis and e -Exercise 

Providing information about the 3 -day baseline self-test 

Instruction of the 4 stability/mobility exercises  

 

Registration on website to participate in e -Exercise  

Online selection of central activity and 4 stability/mobility exercises  

Providing information about the 3 -day baseline self-test 

Scheduling a follow-up appointment for week 2  

 

Signing online treatment agreement  

Performance of a 3-day baseline test 

Performance of 4 stability/mobility exercises 

Week 2 Physical therapist 

 

Physical therapist & 

Patient 

 

 

 

 

Patient  

Providing information about physical activity and pain  

 

Evaluation results from the 3-day self-test  

Determining short -term goal  

Discussing the gradual increase of the selected activity   

Evaluation stability/mobility exercises 

Scheduling a follow-up appointment for week 6  

 

Performance of online module 1, each module consists of:  

- Gradually increase selected activity 

- Video home exercises  

- Video/text self -management themes 

Week 3-5 Patient  Online modules 2-4 

Week 6  

Physical therapist & 

Patient 

Patient 

Evaluation online modules 1-4 

Discussing the upcoming steps and weeks  

Evaluation stability/mobility exercises 

If necessary, scheduling an additional treatment between week 7 -11 



 

110 | Chapter 4 

Scheduling a follow-up appointment for week 12  

Online module 5 

Week 7-11 Patient Online modules 5-10 

Week 12 

 

Physical therapist  

 

 

Patient 

Discussing long-term goals  

Support to maintain a physically active lifestyle 

 

Online module 11 

 

A) Face-to-face sessions 

During the first face-to-face session (week 1), physical therapists will provide 

information about OA, the importance of PA and the relation of PA with pain. 

Together with their physical therapist, patients choose one physical activity, for 

example, walking, cycling or swimming. Physical therapists select and instruct four 

strength & stability exercises. Patients are instructed to perform the first module of 

the web-based part of the intervention. In this module, the patients will be asked to 

determine thei r physical load ability based on a 3-day self-test. The second 

assignment is the execution of strength & stability exercises. During the second face-

to-face session (week 2), patientsõ physical load ability will be discussed and personal 

short and long-term goals will be formulated according to the principles of Goal 

Setting, which is based on the idea that goals can affect action [31]. The strength & 

stability exercises will be trained again. After the second appointment, patients are 

instructed to perform four online modules for the duration of four weeks. In week 6, a 

third face-to-face treatment takes place. Patientsõ progress will be discussed, based 

on an online report which is automatically sent to the physical therapists. This report 

contains a summary of website-visits and patientsõ experiences with the strength and 

stability exercises. After the third face-to-face treatment, patients perform another six 

online modules. The final face-to-face appointment will take place in week 12. In this 

final treatment physical therapists will support and encourage patients to maintain a 

physically active lifestyle. If necessary, physical therapists can plan an additional fifth 

session. This optional session is especially for patients who are less capable to 

perform unsupervised physical exercises. Physical therapists are recommended to 

treat patients according to the e -Exercise protocol, however, with respect to their 

clinical competences, physical therapist are free to deviate from the protocol. 

 

B)  Web-based PA intervention  

The web-based part of e-Exercise is based on the web-based intervention Join2move 

[32] and consists of three topics: (i) Graded Activity; the duration of patientsõ chosen 

physical activity (e.g. walking, cycling, swimming) will gradually be increased until 
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patients reach their personal short-term goal. (ii) Strength & Stability; each module 

contains two exercises. The number of repeats will gradually increase per 4 weeks. (iii) 

Information; topics about OA, PA, aetiology of OA, pain-management, weight-

management, motivation, medication and social influences on pain will be discussed. 

Automatic emails are generated if participants do not visit the website once a week. 

 

Usual care 

Patients in the control group will receive usual care. For the current study, usual care 

is defined as any treatment provided by physical therapists. Physical therapists will be 

encouraged to practice according to the òKNGF guideline OA Hip-Kneeó [10]. 

According to the guideline, the phys ical therapy treatment comprises the same three 

elements as e-Exercise: (i) information, (ii) physical exercise and (iii) strength and 

stability exercises. Practical content considerations can be made by therapists 

themselves. The number of sessions will differ per patient. From the NIVEL Primary 

Care Database we know that the average number of physical therapy sessions in 

patients with OA is 17.1 [33]. 

 

Measurements 

Three online questionnaires (0, 3 and 12 months) will be used for data collection. 

Participants will receive an accelerometer for the measurement of objective PA (0, 3 

and 12 months). The physical therapists will measure physical functioning objectively 

at baseline and post-treatment (3 months). In addition, online cost questionnaires will 

be sent (0, 3, 6, 9 and 12 months). We offer no financial incentives to complete 

questionnaires or to wear accelerometers. Table 2 gives a summary of all measures 

that wi ll be collected. 

 

Table 2. Summary of measures to be collected  

Primary Outcome measures  Data collection Instrument  Collection Points  

Physical functioning HOOS and/or KOOS 0, 3, 12 months 

 Timed òUp & Goó test 0, 3 months,  

Physical activity SQUASH 0, 3, 12 months 

 ActiGraph GT3X tri -axial 

accelerometers 

0, 3, 12 months 
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Secondary Outcome measures  

OA related costs Cost questionnaire 3, 6, 9, 12 months 

Health Related Quality of Life EQ-5D 0, 3, 12 months 

Self-perceived effect 7-point Likert Scale 3, 12 months 

Pain NRS 0, 3, 12 months 

Tiredness NRS 0, 3, 12 months 

Self-efficacy Arthritis Self-efficacy Scale 0, 3, 12 months 

Other measures  

Age Questionnaire 0 months 

Sex Questionnaire 0 months 

Height Questionnaire 0 months 

Weight Questionnaire 0, 3, 12 months 

Educational level Questionnaire 0 months 

Location of OA  Questionnaire 0 months 

Disease duration Questionnaire 0 months 

Presence of comorbidities Questionnaire 0 months 

Adherence Completed web-modules During intervention  

 

 

Primary outcome measures  

-Physical functioning will be assessed subjectively with the subscale ôfunction in daily 

livingõ of the Hip OA Outcome Score (HOOS) [34] and/or the Knee Injury and OA 

Outcome Score (KOOS) [35], depending their affected joint. The HOOS and the KOOS 

assess 5 indicators: pain, symptoms, physical function, sport and recreation function 

and quality of life, in relation to patientsõ hip or knee complaints. Each indicator is 

scored on a 5-point Likert scale (0=extreme symptoms/problems; 4=no 

symptoms/problems). A lower score indicates respectively more pain, symptoms, 

problems in physical functions, problems in sports and recreation activities and a 

lower quality of life. In addition, objectively physical functioning will be measured by 

the physical therapist with timed òUp & Goó test (TUG) [36]. In this easily administered 

test, the patient is requested to rise from an arm chair, walk three meters, turn, walk 

back again and sit down. Meanwhile, the physical therapist observes the patient and 

measures the time. 



 

Study protocol of e -Exercise | 113 

 

-Physical activity will be measured subjectively with the SQUASH [37]. The 

questionnaire measures habitual PA during a normal week over the last few months. 

The total score is expressed as minutes per week. In addition, data can also be 

analysed according to whether the activity is light, moderate or vigorous. Objective 

PA will be measured through ActiGraph GT3X tri-axial accelerometers. Participants 

will be instructed to wear the monitor on a belt around their waist for five executive 

days [38], except during sleeping, showering or swimming. In addition, participants 

will be requested to fill out a short acti vity diary. This diary contains questions about 

wearing time, unusual activities and reasons for device removal. When accelerometers 

and diaries are returned by post, data can be downloaded, processed and 

subsequently analyzed. The widely accepted PA thresholds of Freedson et al.[39] will 

be used: 0-99 counts for sedentary activities, 100-1951 for light PA, 1952-5724 

moderate PA, 5725-9498 for vigorous PA and 9499- max for very vigorous activities. 

The total time spent in light, mod erate and vigorous PA will be summed and 

subsequently divided by the number of days worn to compute the daily average time 

spent in total activity.  For analysis, data will be recorded at 1-minute intervals. 

 

Secondary outcome measures 

-Information on the patientsõ healthcare utilization, (unpaid) productivity losses, and 

sports costs due to OA will be gathered with four retrospective 3 -month cost 

questionnaires that cover the full 12-months of the program. Healthcare utilization 

due to OA comprises of visits to a physical therapist, general practitioner, massage 

therapist, alternative therapist, medical specialist, as well as informal care, hospital 

care, the use of both prescribed and over the counter drugs and medical devices. 

Healthcare utilization will be valued using Dutch standards costs [40]. If these are 

unavailable, prices reported by professional organizations will be used. Medication 

use will be valued using unit prices derived from the òRoyal Dutch Society of 

Pharmacyó [41]. Unpaid productivity losses will be valued in accordance with the 

òDutch Manual of Costingó [40]. Paid productivity losses comprise of both sickness 

absence and presenteeism (i.e. reduced productivity while at work). Sickness absence 

will be valued in accordance with the òFriction Cost Approachó (FCA), with a friction 

period of 23 weeks and an elasticity of 0.8, using age- and gender-specific price 

weights [40]. The FCA assumes that production losses are confined to the òfriction 

periodó (i.e. time needed to replace a sick worker) and that a 100 percent loss of 

labour input corresponds with an 80 percent reduction in productivity (i.e. an 
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elasticity of 0.8) [42]. The participantsõ level of presenteeism will be measured using 

the òWorld Health Organization ð Work Performance Questionnaireó as well as the 

òProductivity and Disease Questionnaireó, and valued using age- and gender-specific 

price weights [40, 43ð45]. The cost of the e-Exercise intervention will be estimated 

using a bottom -up micro-costing approach [46]. 

-Health Related Quality of Life will be measured with the EuroQol-5D (EQ-5D) [47]. 

This questionnaire comprises of 5 dimensions i.e., mobility, self-care, usual activities, 

pain/discomfort and anxiety/depression. Per dimension, patients are asked to 

indicate their health state on a 3-point Likert scale (1=no problems; 3=extreme 

problems). The questionnaire differentiates between 245 health states. These health 

states will be converted into utility units by using the Dutch tariff [48]. Utilities 

represent quality of life into a single number that ranges from 0 (death) to 1(full 

health). Quality adjusted life years (QALYõs) will subsequently be calculated by 

multiplying the participantsõ health state utilities by the duration of time they spent in 

that particular health state.  

-Self-perceived effect will be assessed by a single question about the degree of 

change in osteoarthritis symptoms since their previous assessment. Patients will score 

this effect on a 7-point Likert scale (1=much worse; 7= much better). A higher score 

indicates a better self-perceived effect.  

-Pain and tiredness will be measured with a numeric rating scale (NRS; 0 is no 

pain/not tired and 10 is worst possible pain/very tired). Furthermore, pain will be 

assessed with the pain subscale of the HOOS and/or the KOOS [34, 35].  

-Self-efficacy will be measured by the Arthritis Self-efficacy Scale (ASES) [49]. 

Subscales for the ASES are pain, symptoms and physical functioning, the 19 

statements can be scored on a 5 point-Likert scale (1=fully disagree; 5=fully agree). A 

higher score indicates more self-efficacy.  

 

Other measures 

-Adherence will be measured objectively by quantitative data about usage which is 

automatically stored on the backend of the website. Usage is defined as completed 

week modules. Subjective adherence is measured by a questionnaire about patientsõ 

adherence to the Graded Activity modules and Strength & Stability exercises 

(frequency and intensity).  
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-Content of physical therapy sessions will be measured trough registrations forms, 

developed by the researchers. The registrations forms collect information about the 

adherence and content of the sessions.  

-Patient characteristics i.e. age, sex, height, weight, educational level, location of OA, 

disease duration and the presence of comorbidities will be assessed at baseline.  

 

Sample Size 

The power calculation is based on a previous multicenter cluster RCT study among 

patients with hip and/or knee OA [27] and performed for the primary outcome 

measure physical functioning (power 0.8; alpha 0.05). In this current RCT study, the 

target sample size will be 200 participants to detect a small to medium effect size 

(0.2-0.4) in physical functioning at a 2-sided significance level of 0.05 and anticipating 

on maximum loss to follow up of 20%.  

 

Statistical analysis 

Descriptive statistics will be used to describe the main characteristics of the study 

population and to explore baseline comparability (frequencies, t -test, Chi-square). 

Primary baseline variables between the response and the non-response group will be 

performed in order to investigate selective attrition.  The primary analysis will be 

performed according to the intention -to-treat principle. In addition, per -protocol 

analyses that include only adherent patients of the intervention group and the entire 

contro l group will be performed. For all analyses, a two-tailed significance level of p < 

0.05 is considered to be statistically significant. All analyses will be carried out with 

the statistical package STATA. 

 

Effectiveness 

To determine the short (baseline-3 months) and long term (baseline -12 months) 

effectiveness of e-Exercise on primary and secondary outcomes, multi-level modelling 

of repeated measures will be performed controlling for baseline values and relevant 

confounders such as age, OA location and gender. With multilevel modelling of 

repeated measures it is possible to correct on one side for dependency of 

observations within subjects and, on the other side, to take into account the variation 

between physical therapists [50, 51]. The three-level hierarchy will exist of repeated 
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measurements (level 1), nested within patients (level 2), nested within physical 

therapists (level 3).  

 

Economic evaluation 

A cost-utility analysis (CUA) and a cost-effectiveness analysis (CEA) will be performed 

from the societal and the healthcare perspective. From the societal perspective all 

costs will be taken into account irrespective of who pays or benefits, whereas solely 

those borne by the healthcare sector will be included when the healthcare 

perspective is applied [40]. For the CUA and CEA, missing cost and effect data will be 

imputed using multiple imputation [52]. The results of the imputed datasets will be 

pooled using Rubinõs rules [52]. In order to account for the highly skewed nature of 

cost data, bias-corrected and accelerated bootstrapping with 5000 replications will be 

used to estimate 95% confidence intervals around the mean differences in costs 

between the study groups. Incremental Cost-Effectiveness Ratios (ICERs) will 

subsequently be calculated by dividing the differences in costs between study groups 

by their respective differences in QALYs for the CUA. For the CEA, ICERs will be 

calculated by dividing the difference in costs by the difference in PA and physical 

functioning. The uncertainty surrounding the ICERs will be graphically illustrated by 

plotting bootstrapped incremental cost -effect pairs on cost-effectiveness planes [53]. 

Moreover, cost-effectiveness acceptability curves (CEACs) will be constructed to 

provide a summary measure of the joint uncertainty of costs and effects. CEACs 

indicate the probability of the e-Exercise intervention being cost -effective in 

comparison to usual care at different willingness-to-pay values [54]. To test the 

robustness of the study results, several sensitivity analyses will be performed.  

 

Timeline 

Recruitment of physical therapy practices begun in May 2014. The trial will start in 

September 2014. Until December 2014 patients are able to enrol the program. The 

follow-up will last until December 2015. Analysis of the data will start in January 2016.  
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Discussion  

 

Scarce health resources and a growing number of patients with OA of the hip and/or 

knee require cost-effective treatment strategies in patients with OA. The presented 

RCT will study the (cost)-effectiveness of e-Exercise, an intervention in which face-to-

face exercise therapy sessions are partly replaced by a web-based PA intervention. 

This study is, as far as we know, the first RCT that investigates the (cost)-effectiveness 

of a blended intervention in patients with knee and hip OA. Theref ore, this RCT will 

provide internationally relevant results regarding the short - and long-term (cost)-

effectiveness of an exercise therapy intervention that incorporates modern 

technologies.  

 

The primary goal of e-Exercise is to improve levels of PA and physical functioning in a 

cost-effective manner. In addition to our outcome measurements, e-Exercise might 

have several other benefits beyond the primary scope of this study. First, a number of 

studies showed that exercise therapy may help to postpone joint replacement surgery 

[55ð57]. For example, in the study of Pisters et al.[56], a 60 month follow-up showed 

that 20% of the patients from the exercise therapy group underwent total hip surgery, 

compared to 45% of the patients from the usual care group. The exercise therapy 

consisted of a 12-week Behavioral Graded Activity treatment [27], which is also 

incorporated in e-Exercise. Second, it is known that most people with OA of the hip 

and/or knee suffer from at least one comorbidity, such as cardiovascular diseases and 

diabetes mellitus. It is presumable that improving PA contribute to patientsõ general 

health status, since PA has several health advantages for these comorbidities [58].  

 

Although the study is well -considered, we take into account potential operational 

issues. First challenge is the recruitment of sufficient numbers of physical therapists. 

Since e-Exercise is characterized by fewer physical therapy sessions, physical 

therapists will receive less reimbursement from health insurances compared to usual 

care. To deal with this challenge, accreditation points for participating physical 

therapists will be supplied in order to make study participation more attractive. 

Another incentive is that physical therapists keep their access to the website after the 

study is finished. The second challenge is the non-usage of the web-based part of e-

Exercise. Previous studies have indicated that participants in online interventions are 

less motivated and feel less pressure to continue compared to traditional face -to-face 

interventions [59]. However, in order to stimulate website usage, we will incorporate 

email reminders into the program. But most importantly, since this study concerns a 
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blended intervention, which is a combination of face -to-face contact with e-health, e-

Exercise is expected to maximize adherence compared to self-guided internet 

interventions [17, 23].  

 

There are several strengths in the design of this study. First, we elaborate on the 

study results of Joint2Move [24]. This intervention showed to be an effective web-

based intervention for patients with OA of the hip and/or knee and w ill be the 

fundament for e -Exercise. Second, the primary outcome measurements PA and 

physical functioning will be measured subjectively (questionnaires) and objectively by 

means of accelerometers and the timed òUp & Go testó. Third, the 12-month follow -

up will result in data about long -term effectiveness. The last strength is that e-

Exercise will be evaluated in daily physical therapy practice, the setting in which the 

intervention will be implemented after the presented trial. Therefore, user experiences 

can be used in order to improve e-Exercise and to facilitate implementation.  
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Abstract  

 

Background: Integrating physiotherapy sessions and an online application might 

support patients with hip/knee osteoarthritis in taking an active role in the 

management of their chronic condition and may reduce the number of physiotherapy 

sessions.  

Objective: To investigate the short - and long-term effectiveness of e-Exercise 

compared to usual physiotherapy in patients with hip/knee osteoarthritis.  

Design: A prospective, single-blinded, multicenter, superiority, cluster randomized 

controlled trial.  

Setting: 143 primary care physiotherapy practices. 

Patients: 208 patients with hip and/or knee osteoarthritis, aged 40 -80 years.  

Intervention: E-Exercise is a 3-month intervention in which about five face -to-face 

physiotherapy sessions are integrated with an online application consisting graded 

activity, exercise and information modules. Usual physiotherapy was according to the 

Dutch physiotherapy guideline.  

Measurements:  Primary patient-outcomes, measured at baseline, after 3 and 12 

months, were physical functioning and free-living physical activity. Secondary 

outcome measures were pain, tiredness, quality of life, self-efficacy and the number 

of physiotherapy sessions.  

Results: The e-Exercise group (N=109) received on average 5 face-to face sessions, 

the usual physiotherapy group (N=99) 12. No significant differences in primary 

outcomes between e-Exercise and usual physiotherapy were found. Within group 

analyses showed for both groups a significant improvement in physical functioning. 

After 3 months, the e-Exercise group reported an increase in physical activity, 

however, no objectively measured physical activity differences were found. With 

respect to the secondary outcomes, after 12 months sedentary behavior significantly 

increased in the e-Exercise group compared to usual physiotherapy. Within both 

groups there were significant improvements for pain, tiredness, quality of life and 

self-efficacy.  

Limitations: The response rate at 12 months was 65%. 

Conclusions: The blended intervention e-Exercise was not more effective than usual 

physiotherapy in patients with hip/knee osteoarthritis.  
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Introduction  

 

Osteoarthritis (OA) is the most common chronic condition of the joints [1]. Prevalence 

of this rheumatic disease increases with age and mostly affects the hip and knee. 

Based on radiographic diagnosis 5-15% of people of 55 years and older are affected 

with hip OA [2] and 10-30% with knee OA [3]. Due to the aging pop ulation and the 

growing number of people with obesity the prevalence of OA is expected to increase 

[1], with an extra demand on health services as a consequence. People suffering from 

OA of the hip and/or knee experience pain, stiffness, crepitation, reduced range of 

motion and sometimes inflammation [4]. Daily activities become more problematic 

and in combination with psychological factors people are at risk for a negative spiral 

of inactivity, resulting in muscle weakness and even more limitations in daily activities 

[5].  

  

The most recommended non-surgical and non-pharmacological treatment for 

patients with OA is physiotherapy [6, 7]. Physiotherapy consisting of muscle 

strengthening exercises, aerobic exercises and patient education has shown to be 

effective in reducing levels of pain and improving physical functioning [2, 3]. One of 

the approaches to increase activity levels among patients with OA is graded activity 

[8]. However, the downside of face-to-face physiotherapy sessions is that they are 

costly. With the increasing prevalence of OA, there is a need for (cost-) effective 

interventions to manage hip and knee OA. 

 

Technological developments provide new solutions for guiding patients to a 

physically active lifestyle. For example internet-based interventions, which are 

accessible at any time and place, might have the possibility to replace part of 

physiotherapistsõ face-to-face guidance. In literature, the integration of therapeutic 

guidance and online care is called òblended careó [9]. One of the main advantages of 

blended care is that the online part can support patients 24/7 in exerci se at home. 

Well-designed online applications can be used as a medium for many behavior 

change techniques like goal setting assignments, monitoring of outcomes and 

behavior, instruction and providing information [10, 11]. Next, patientsõ online 

evaluations of home assignments can provide valuable information for 

physiotherapists about patientsõ individual needs for guidance. Whereas online self-

guided interventions oftentimes struggle with high rates of non -usage, the 

combination with therapeutic guidance is seen as highly promising in terms of usage, 

effectiveness and cost-effectiveness [12, 13].  
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Given the high potential of blended interventions for OA patie nts we developed the 

intervention e-Exercise [14]. In e-Exercise, physiotherapy sessions are combined with 

an online application to improve free-living physical activity in patients with hip 

and/or knee OA. The integration of physiotherapy sessions and an online application 

might replace part of the therapeutic guidance. Next to this, we expect that the 

online application can support patients in taking a n active role in the management of 

their chronic condition in daily living by providing access to a 24/7 available 

behavior-change application. Therefore, we hypothesize e-Exercise to be more 

effective than usual physiotherapy. The aim of this multicenter superiority cluster 

randomized controlled trial study was to investigate the short - and long-term 

effectiveness on physical functioning and free-living physical activity of e-Exercise 

compared to usual physiotherapy in patients with OA of hip and/or knee.  

 

Methods  

 

Design Overview 

A prospective, single-blinded, multicenter, superiority, cluster randomized controlled 

trial (RCT) was conducted. From May 2014 till August 2014 248 physiotherapist, 

working in 143 primary care physiotherapy practices, were recruited. Half of the 

physiotherapists were instructed to treat patients with hip and/or knee OA according 

to the e-Exercise protocol and the other half of the physiotherapist were instructed to 

treat patients as usual. Enrollment of patients started in September 2014 and ended 

in March 2015. Study outcomes were assessed at baseline, 3 and 12 months. The 

study design and protocol were approved by the Medical Ethical Committee of the St. 

Elisabeth hospital Tilburg, the Netherlands (Dutch Trial Register NTR4224). Since we 

wanted to prevent for less accurate answers or non-responding, we deleted some 

secondary outcome measures (i.e. motivation, locus of control, depression and 

anxiety, subjective adherence, and self-management) which are listed in the trial 

register, and executed the study as described in the study protocol [15]. The trial is 

reported according to the CONSORT Cluster Trial checklist (Appendix 1). 

 

Setting and Randomization  

Physiotherapists were recruited in two ways. First, an invitational letter was send to a 

random sample of 800 physiotherapy practices in three provinces of the Netherlands. 

Second, an advertisement was placed in the online newsletter of The Royal Dutch 

Society for Physiotherapy (KNGF). Physiotherapy practices could participate with one 

or two physiotherapists. Inclusion criteria for physiotherapist were: (1) practicing in 
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primary care; and (2) treating at least six patients with OA of the hip and/or knee per 

year. Physiotherapist were cluster-randomized on the level of physiotherapy practice 

using a computer-generated sequence table. To avoid contamination across 

physiotherapists working in the same practice, randomization of the 248 eligible 

physiotherapists took place at the level of the physiotherapy practice using an 1:1 

allocation ratio. By e-mail they were informed about their allocation. Physiotherapists 

were not blinded, since they had to treat according to the randomization . The main 

investigator (CK) was blinded to group assignment until completion of statistical 

analyses. Participants were assigned to a unique trial code. Patient information was 

stored separately.  

All physiotherapists were invited for a half-day training. Physiotherapists allocated to 

e-Exercise (N=123) were instructed about the study procedure and how to use the 

online application. Physiotherapists allocated to òusual physiotherapyó (N=125) were 

also instructed on the study procedure and received a presentation about the Dutch 

OA guideline [16]. Physiotherapists who followed the training and recruited at least 

two patients received accreditation points for the Dutch physiotherapy registration. 

Physiotherapists from the òusual physiotherapyó group received e-Exercise log in 

codes and an invitation for an instruction -session after the study period.  

 

Participants 

Patients with hip and/or knee  OA visiting a participating physiotherapist were invited 

to participate in the study. Also, recruitment advertisement were placed in local 

newspapers and information brochures were sent to general practitioners. 

Physiotherapists verified patientõs eligibility for study participation. Eligibility criteria 

concerned: (1) age 40-80 year, (2) OA of the hip and/or knee according to the clinical 

criteria of the American College of Rheumatology (ACR) [17]. Exclusion criteria were 

(1) being on a waiting list for a hip or knee replacement surgery, (2) contraindications 

for PA without supervision according to the Physical Activity Readiness Questionnaire 

(PAR-Q), (3) sufficiently physically active according to the physiotherapist, (4) 

participation in a physiotherapy and/or PA program in the last six months, (5) no 

access to internet, (6) inability to understand the Dutch language. Eligible patients 

were informed by their physiotherapist about the study and received an information 

letter and informed consent form. Patients were blinded to the study hypotheses, but 

unblinded  to the comparator intervention. After an informative phone call with the 

researcher (CK), patients were asked to return their informed consent form. 
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Intervention: e-Exercise  

The development and pilot study of e -Exercise is described elsewhere [14]. The 

overall aim of e-Exercise is to stimulate a physical active lifestyle regardless of OA 

related sensations. The intervention e-Exercise takes 12 weeks and is a combination 

of (1) about five face-to-face sessions with a physiotherapist and (2) an online 

application focusing on behavioral graded activity, exercises and information. The e-

Exercise protocol is based on the Dutch OA guideline [16]. In patientsõ first session 

(week 1), the therapist created an e-Exercise account and provided support in the 

selection of one type of PA, for example walking or cycling and four strength & 

stability exercises. The patient was informed about the first online assignment, which 

was a three-day baseline test to assess patientsô physical load ability. The results were 

discussed during the second face-to-face session and used for the formulation of a 

short- and long-term goal. During the third session in week 6, patientsõ progress were 

discussed using the online progress-reports (i.e. a summary of website-visits and 

patientsõ experiences with the exercises). In the last session (week 12), the 

maintenance of PA was discussed and supported. Although physiotherapists were 

recommended to treat according the e -Exercise protocol, they were free to deviate 

from the protocol with respect to their clinical competences.  

The online part of e-Exercise consisted of three modules: 1) Graded Activity in which 

the duration of patientsõ chosen PA gradually increased until the individual short-

term goal. 2) Strength & Stability, each week the patient was asked to perform two 

video-supported exercises on three different days. The number of repetitions 

increased gradually per 4 weeks. 3) Information: each week a new video was 

generated about OA etiology, pain -management, weight-management, motivation, 

medication and social influences on pain. Weekly automatic emails informed and 

reminded patients about new assignments and content. At the end of the week 

patients were asked to evaluate the execution of their assignments. Depending on 

their answer to the question: òwere you able to execute the Graded Activity 

assignment, or did you do less or more?ó, automatic tailored feedback was generated. 

The online application of e-Exercise can be visited at https:// www.e-exercise.nl (in 

Dutch), a promotional video with English subtitles at 

https://www.youtube.com/watch?v=4l9GoQWWy58 .  

 

Intervention: Usual physiotherapy  

Usual physiotherapy in the current study was defined as any treatment provided by 

the physiotherapist. Physiotherapists were encouraged to practice according to the 

Dutch OA guideline, which recommends the same three elements as e-Exercise: 1) 

http://www.e-exercise.nl/
https://www.youtube.com/watch?v=4l9GoQWWy58
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information,  2) physical exercise and 3) strength and stability exercises [16]. No 

restrictions were given with regard to the number of face -to-face sessions.  

 

Outcomes and Follow-up 

Patients received an online questionnaire and an accelerometer at baseline, after 12 

weeks and after 12 months. The physiotherapist measured physical functioning 

objectively at baseline and post-treatment. No financial incentives were offered to 

complete the measurements. In case of an unfilled questionnaire, a first reminder was 

sent after ten days and a second reminder or a phone call after fifteen days. A 

detailed description of outcome measures and interpretation is given in Appendix 2. 

 

Demographics 

Patient characteristics: age, sex, height, weight, educational level, location of OA, 

duration of OA and the presence of comorbidities was assessed as part of the 

baseline questionnaire.  

 

Primary outcome measures  

-Physical functioning, assessed subjectively with the subscale òfunction in daily livingõõ 

of the Hip OA Outcome Score (HOOS) and/or the Knee Injury and OA Outcome Score 

(KOOS) [18, 19]. A lower score on the sum-score (0-100) indicates problems in 

physical functioning. Physical functioning was objectively assessed by the 

physiotherapists using the Timed Up and Go (TUG) test [20].  

Free-living physical activity, assessed subjectively with the SQUASH, a questionnaire 

that measures habitual PA during the last week [21]. PA was objectively assessed 

using ActiGraph GT3x tri-axial accelerometers. Patients were instructed to wear the 

accelerometer on a belt around their waist for five executive days, except during the 

night, showering or swimming. Accelerometer data were eligible if patients had worn 

the meter at least 3 days, for 8 hours or more [22]. PA thresholds of Freedson et al. 

[23] were used to distinguish sedentary activity, light, moderate and vigorous PA. 

Moderate and vigorous activity were summed and divided by the number of wearing 

days to calculate a PA score in minutes per day.  

 

Secondary outcome measures 

-Other symptoms and functional limitations: The HOOS and the KOOS assesses, next 

to function in daily living, 4 other subscales: pain, symptoms, sport/recreation 

function and quality of life [18, 19].  

-Self-perceived effect: assessed by a single question about the degree of change in 

OA symptoms. A score ranged from 1 (=much better) till 6 (much worse). 
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-Pain and tiredness: assessed with a numeric rating scale ranged from 0 (=no 

pain/not tired) till 10 (=worst possible pain/very tired).  

-Self-efficacy: assessed by the Arthritis Self-efficacy Scale (ASES), using the subscale 

pain and symptoms [24]. Scores ranged from 1 till 5, a higher score indicates more 

self-efficacy. 

 

Other measures 

-Online adherence: quantitative data about website usage, stored on the backend of 

the website, was used to analyze adherence to the online application.  

-Usability: assessed by the System Usability Scale (SUS). A higher SUS score (range 0-

100) indicates better usability. For interpretation a grading system introduced by 

Sauro and Lews was used [25, 26]. 

-Content of and number of  physiotherapy sessions. Physiotherapists were asked to fill 

out a registration form about the number and content of face -to-face sessions. 

 

Statistical Analysis  

Descriptive statistics were used to describe patientsõ general characteristics and the 

number and content of the physiotherapy sessions. Frequencies, t-tests and Chi-

squares were used to explore differences in demographics between both groups. 

Primary analysis were performed according to the intention -to-treat principle. Per-

protocol analyses were performed using the adherent e-Exercise patients and the 

entire usual physiotherapy group. Patients were seen as adherent if they completed 

at least 8 out of 12 modules [27].  

 

Multilevel repeated measures analyses were used to determine short- (3 months) and 

long term (12 months) effectiveness of e-Exercise compared to usual physiotherapy 

on primary and secondary outcome measures. The three-level hierarchy existed of 

repeated measurements (level 1), nested within patients (level 2) and nested within 

physiotherapists (level 3). Analyses were controlled for the physiotherapist, baseline 

values, sex, BMI, level of education and location of OA. Between group effect sizes 

(ES) were calculated according Cohenõs d using the pooled standard deviation. An 

effect size of 0.2 was considered as a "small" effect, 0.5 as "medium" effect and 0.8 

and larger as a "large" effect [28]. According to the recommendations of Twisk et al. 

about handling missing data in longitudinal mixed -model analyses, no imputation 

techniques were used [29, 30]. In order to investigate selective attrition, a non-

response analyses with t-tests and chi-squares was performed by comparing general 
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characteristics and primary baseline variables of responders and non-responders at 3 

and 12 months. For per-protocol analyses, adherent patients that completed Ô8 

modules were compared with the usual physical therapy group. Per-protocol analyses 

consisted of multilevel analyses controlling for the same variables as the primary 

analysis.  

  

Sample size 

The power calculation was based on a previous multicenter cluster RCT among 

patients with hip and/or knee OA [8] and performed for the primary outcome 

measure physical functioning (power 0.8; alpha 0.05). The target sample size was 200 

patients to detect a small to medium effect size (0.2-0.4) in physical functioning at a 

2-sided significance level of 0.05, anticipating on maximum loss to follow up of 20% 

over the study period of 12 months. Since we had four primary outcome measures we 

applied a Bonferroni correction. A two-tailed significance level of 0.05/4=0.0125 was 

considered as statistically significant. Analyses were carried out using SPSS Statistics 

23.0. 

 

Results 

 

Patients 

In total, 246 eligible patients were included (Figure 1). A number of 38 patients did 

not return informed consent after reading the patient information letter because of 

lack of time (N=7), priority for another medical treatment (N=6), a physically active 

lifestyle (N=3), financial reasons (N=2), a lack of ICT skills (N=2) or other/unknown 

reasons (N=18). From the physiotherapy practices allocated to e-Exercise, 109 

patients filled out the first questionnaire. From the physiotherapy practices allocated 

to usual physiotherapy, 99 patients completed the first questionnaire. The response 

rate for the follow -up questionnaire at 3 months was 85% (e-Exercise N=89; usual PT 

N=87), and 65% (e-Exercise: N=66; usual PT: N=69) at 12 months. Eligible 

accelerometer data at baseline, 3 and 12 months were available for respectively 88%, 

73% and 51% of the 208 patients. Demographics and characteristics are shown in 

table 1. The e-Exercise group consisted of more low educated people (e-Exercise 

24.8%; usual PT 12.1%; p=0.04) at baseline. No other differences in demographics 

were seen between groups. Responders after 3 months differed from non-responders 

in BMI (responders 27.0 (SD 4.1); non-responders 29.0 (4.1); p=0.02). No statistical 

differences were seen between patients which wore the accelerometer or not.  
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Figure 1. Flow chart  

  
Interested physiotherapy (PT) practices: 182 

No returned informed consent: N=38  

- Lack of time: 7 

- Priorities another medical treatment: 6 

- Is already enough physically active: 3 

- Financial reasons: 2 

- Lack of ICT skills: 2 

- Other or unknown: 18 

Interested and eligible patients: 

N=123 

109 (100%) questionnaires completed 
95 (87%) accelerometers returned 

Enrolled PT practices: 143 

(248 physiotherapists) 

Allocated to e-Exercise: 

72 PT practices 

(123 physiotherapists) 

Allocated to usual PT:  

71 PT practices  

(125 physiotherapists) 

Not interested after further 

information:  

39 PT practices 

Allocation 

Interested and eligible patients: 

N=123 

Returned informed consent 

forms:N=109 
Returned informed consent 

forms:N=99 
Enrollment of 

patients 

Baseline 99 (100%) questionnaires completed 
88 (89%) accelerometers returned 

Enrollment of PT 

practices 

3 months 

12 months 

89 (82%) questionnaires completed 
78 (72%) accelerometers returned 

87 (88%) questionnaires completed 
73 (74%) accelerometers returned 

66 (61%) questionnaires completed 
56 (51%) accelerometers returned 

 

69 (70%) questionnaires completed 
50 (51%) accelerometers returned 
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Content and number of physiotherapy sessions 

In total, 149 physiotherapist registration forms were returned, 77 about patients 

which received usual physiotherapy and 72 about patients which received e-Exercise. 

Figure 2 shows the content of physiotherapy sessions of usual physiotherapy and e-

Exercise. Overall, physiotherapists that applied usual physiotherapy provided more 

often active and passive mobilizations, endurance training, functional- and strength 

exercises. Patients in the usual physiotherapy group received 12 sessions (range 2-

29), patients in the e-Exercise group received on average 5 sessions (range 2-16). 

 

Figure 2. Applied physiotherapy interventions (% of patients that received the 

given intervention as part of thei r OA physiotherapy treatment)  

 

 

Usability and adherence  

At 3 months, the average System Usability Score of 85 responders was 73.1 (SD 18.6), 

which correspondents with a Grade B-usability. For 90 out of 109 patients adherence 

data was available. Of these patients, 73 (81.1%) completed at least 8 out of 12 

modules and were classified as adherent. A detailed overview of adherence to e-

Exercise and related factors is published elsewhere [27].  

 

Short-term effectiveness 

After 3 months no statistically significant differences were seen between e-Exercise 

and usual physiotherapy for the primary outcome measures physical functioning and 

physical activity (table 2) and the secondary outcome measures (table 3). Within the 
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usual physiotherapy group, significant improvements were seen for physical 

functioning, the timed up -and-go test, sub-scales of the HOOS and KOOS (pain, sport 

and quality of life), NRS pain and self-efficacy (subscales pain and symptoms). Within 

the e-Exercise group, significant improvements were seen for physical functioning, 

subjective PA, pain (NRS and HOOS/KOOS), tiredness and self-efficacy (sub-scales 

pain and symptoms). Self-perceived effect of patients in the e-Exercise group was 3.1 

(SD 1.2) and in the usual physiotherapy group 3.1 (SD 1.3), a score of 3 means òa little 

bit betteró. Results of the per-protocol analyses showed that there were no 

statistically significant differences between the adherent e-Exercise group and the 

regular physiotherapy group  (results not presented). 

 

Long-term effectiveness 

At 12 months follow -up, no statistically significant differences were seen between 

groups for the primary outcome measures. For secondary outcome measures, a 

significant difference was seen on changes in sedentary behavior (usual PT group: -

29.4 minutes/day; e-Exercise: +8.3 minutes/day; p=<0.01; ES= -0.73). Within the usual 

physiotherapy group, statistical significant improvements were seen on physical 

functioning, sub-scales of the HOOS and KOOS (pain and quality of life), NRS pain, 

NRS tiredness and self-efficacy (subscales pain and quality of life). Within the e-

Exercise group, statistical significant improvements were seen on physical 

functioning, sub-scales of the HOOS and KOOS (pain, symptoms, quality of life), NRS 

pain, NRS tiredness and self-efficacy (subscales pain and quality of life). Results are 

reported in table 2 and 3. Self-perceived effect of patients in the e-Exercise group 

was 3.4 (SD 1.4) and in the usual PT group 3.1 (SD 1.6). Long-term results of the per-

protocol analyses showed that there were no statistically significant differences 

between the adherent e-Exercise group and usual physiotherapy (results not 

presented). The Intraclass Correlation coefficient (ICC) ranged from 0.0%-1.4%. 

 

 

 

  



 

 

Table 1. Demographics and unadjusted primary outcome measures of participants at baseline, 3 months and 12 months  

Time of measurement   Baseline Baseline 3 months  3 months  12 months  12 months  

Intervention   e-Exercise  Usual PT e-Exercise Usual PT e-Exercise Usual PT 

Number of respondents   N=109  N=99  N=89  N=87  N=66  N=69  

Sex, N (%) Female 74 (67.9) 67 (67.7) 60 (67.4) 57 (65.5) 44 (66.7) 44 (63.8) 

 Male 35 (32.1) 32 (32.3) 29 (32.6) 30 (34.5) 22 (33.3) 25 (36.2) 

Age (years), mean (SD)   63.8 (8.5) 62.3 (8.9) 63.6 (8.1) 62.6 (9.1) 64.1 (7.7) 61.7 (8.8) 

BMI (kg/m
2
), mean (SD)   27.8 (4.2) 27.9 (4.9) 27.4 (4.4) 27.7 (4.8) 26.9 (4.2) 27.7 (4.9) 

Location OA, N (%) Knee 71 (65.1) 67 (67.6) 59 (66.3) 58 (66.7) 45 (68.2) 48 (69.6) 

 Hip 21 (19.3) 17 (17.2) 19 (21.3) 16 (18.4) 16 (24.2) 12 (17.4) 

 Both 17 (15.6) 15 (15.2) 11 (12.4) 13 (14.9) 5 (7.6) 9 (13.0) 

Duration of symptoms, N (%) < 1 year 21 (19.3) 20 (20.2) 14 (15.7) 19 (21.8) 11 (16.7) 14 (20.3) 

 1-5 year 42 (38.5) 38 (38.4) 38 (42.7) 33 (37.9) 31 (47.0) 31 (44.9) 

 Ô5 year 46 (42.2) 41 (41.4) 37 (41.6) 35 (40.2) 24 (36.4) 24 (34.8) 

Education, N (%) Low  27 (24.8) 12 (12.1) 23 (25.8) 9 (10.3) 17 (25.8) 8 (11.6) 

 Middle  41 (37.6) 51 (51.5) 35 (39.3) 46 (52.9) 26 (39.4) 34 (49.3) 

 High 41 (37.6) 36 (36.4) 31 (34.8) 32 (36.8) 23 (34.8) 27 (39.1) 

Comorbidity, N (%) 0 62 (56.9) 62 (62.6) 47 (52.8) 53 (60.9) 37 (56.1) 40 (58.0) 

 1 20 (18.3) 20 (20.2) 16 (18.0) 18 (20.7) 11 (16.7) 15 (21.7) 

 Ô2 27 (24.8) 17 (17.2) 26 (29.2) 16 (18.4) 18 (27.3) 14 (20.3) 

Physical functioning (0 -100)  61.3 (18.3) 55.5 (21.4) 66.7 (18.2) 62.2 (20.4) 69.3 (18.7) 65.3 (22.8) 

Timed Up and Go test (sec)   8.4 (2.1) 8.6 (5.8) 7.3 (1.7) 7.3 (2.4)   

Physical activity, subjective  Min/day  98.4 (118.4) 107.0 (103.3) 120.4 (111.0) 131.4 (122.2) 105.6 (97.2) 125.8 (123.0) 

Physical activity, objective  Min/day  25.2 (23.1) 22.5 (21.8) 25.5 (17.7) 25.5 (23.7) 23.5 (19.9) 25.3 (22.8) 

 

  



 

 

Table 2. Primary adjusted outcome measures: improvements and differences within and between groups  

 

Outcome measures  N e-Exercise,  

mean ( 95% 

CI) 

Within 

group 

differences, 

p-value*  

N Usual PT,  

mean (95% 

CI) 

Within 

group 

differences, 

p-value*  

Difference in 

difference, 

mean (95% CI)
^  

Between 

group 

differences,  

p-value*  

Between 

group effect 

size 

Physical 

functioning (0 -100) 

         

Baseline 109 52.7 

(47.3;58.0) 

 99 50.7 

(45.1;56.4) 

    

3 months 87 56.8 

(51.0;62.7) 

<0.01 87 56.3 

(50.2;62.4) 

<0.01 -1.4 (-5.6;2.8) 0.52 0.01 

12 months
 

65 59.8 

(51.4;68.1) 

<0.01 69 58.0 

(49.6;66.5) 

<0.01 -0.2 (-6.4;6.0) 0.95 0.04 

Timed Up and Go 

test (sec)  

         

Baseline 72 9.6 (8.1;11.1)  74 9.8 (8.3;11.3)     

3 months 68 8.5 (7.3;9.7) 0.01 66 8.4 (7.1;9.7) <0.01 0.3 (-0.8;1.5) 0.58 0.02 

Physical activity
#
, 

subjective 

(min/day)  

         

Baseline 109 126.7 

(73.7;179.6) 

 99 129.8 

(73.8;185.9) 

    

3 months 87 154.2 

(100.2;208.1) 

<0.01 87 141.7 

(85.0;198.4) 

0.26 15.7 (-13.4;44.7) 0.26 0.04 

12 months 65 193.1 

(122.5;263.8) 

0.41 69 200.9 

(129.5;272.4) 

0.22 4.6 (-27.9;37.2) 0.78 -0.02 

Physical activity
#
, 

objective (min/day)  

         

Baseline 95 35.4 

(25.3;45.5) 

 88 33.7 

(23.1;44.3) 

    

3 months 79 34.9 

(24.7;45.1) 

0.78 72 35.0 

(24.3;45.6) 

0.52 -1.8 (-7.2;3.6) 0.51 0.00 

12 months 56 43.4 

(30.1;56.8) 

0.28 50 44.6 

(30.8;57.6) 

0.89 3.0 (-3.9;10.0) 0.39 -0.02 

*adjusted for baseline, sex, BMI, level of education, pain, type of osteoarthritis, physiotherapist 
# 

moderate and vigorous intensity 
^
Difference between baseline and 3 months in e-Exercise vs. usual physiotherapy; difference between baseline and 12 months in e-Exercise vs. usual 

physiotherapy 

Baseline and 3 month data were extracted from short-term analyses, 12 month data from long-term analysis  

 

  



 

 

Table 3. Secondary adjusted outcome measures: improvements and differences within and between groups  

 

Outcome measures  N e-Exercise,  

mean ( 95% CI) 

Within 

group 

differences, 

p-value*  

N Usual PT,  

mean (95% CI)  

Within 

group 

differences, 

p-value*  

Difference in 

difference, 

mean (95% 

CI)
^
 

Between 

group 

differences,     

p-value*  

Between 

group 

effect 

size 

Pain (0-100)          

Baseline 109 50.4 (42.1;58.8)  99 43.9 (35.2;52.7)     

3 months 87 55.8 (47.3;64.3) <0.01 87 48.8 (39.9;57.7) <0.01 0.5 (-4.1;5.0) 0.84 0.14 

12 months 65 65.9 (54.3;77.5) <0.01 69 61.6 (49.9;73.4) <0.01 -2.0 (-8.9;4.8) 0.56 0.07 

Symptoms (0 -100)          

Baseline 109 53.1 (45.9;60.4)  99 51.2 (43.5;58.8)     

3 months 87 54.2 (46.7;61.7) 0.50 87 54.4 (46.5;62.3) 0.05 -2.1 (-6.6;2.4) 0.35 0.00 

12 months 65 56.7 (46.3;67.1) <0.01 69 62.1 (51.6;72.6) 0.03 -7.4 (-13.8;-1.0) 0.73 -0.10 

Sport (0 -100)          

Baseline 109 36.3 (39.2;50.8)  99 39.7 (29.8;49.6)     

3 months 87 39.3 (42.7;55.4) 0.23 87 46.6 (36.1;57.1) <0.01 -3.9 (-11.0;3.1) 0.27 -0.16 

12 months 65 45.9 (32.5;59.3) 0.05 69 49.1 (35.5;62.6) 0.04 0 (-8.3;8.3) 0.99 -0.05 

QOL (0-100)          

Baseline 109 45.0 (39.2;50.8)  99 44.2 (38.1;50.4)     

3 months 87 49.1 (42.7;55.4) 0.02 87 53.0 (46.3;59.7) <0.01 -4.7 (-9.5;0.2) 0.06 -0.10 

12 months 65 52.5 (43.6;61.4) <0.01 69 56.1 (47.0;65.1) <0.01 -4.3 (-10.3;1.8) 0.16 -0.08 

Sedentary behavior , 

objective (min/day)  

         

Baseline 95 495.5 

(457.3;533.6) 

 88 514.0 

(474.1;553.9) 

    

3 months 79 505.8 

(466.5;545.0) 

0.19 72 498.3 

(457.4;539.3) 

0.05 26.0 (3.9;48.1) 0.02 0.03 

12 months 56 521.0 

(467.5;574.6) 

0.37 50 501.3 

(447.0;555.7) 

<0.01 29.4 (10.3;48.6) <0.01 0.08 

Pain (0-10)          

Baseline 109 5.4 (4.3;6.4)  99 6.1 (4.9;7.2)     



 

 

3 months 87 4.1 (3.0;5.2) <0.01 87 5.3 (4.1;6.4) <0.01 -0.5 (-1.1;0.2) 0.16 -0.18 

12 months 65 3.8 (2.4;5.2) <0.01 69 4.0 (2.6;5.5) <0.01 0.4 (-0.5;1.3) 0.40 -0.03 

Tiredness (0 -10)          

Baseline 109 6.1 (5.1;7.2)  99 6.1 (5.1;7.2)     

3 months 87 4.8 (3.8;5.8) <0.01 87 5.6 (4.5;6.7) 0.02 -0.8 (-1.4;-0.1) 0.02 -0.13 

12 months 65 5.6 (4.2;7.0) <0.01 69 5.6 (4.2;7.1) <0.01 -0.1 (-0.9;0.8) 0.84 0 

Self-efficacy pain (1 -

5) 

         

Baseline 109 3.6 (3.3;4.0)  99 3.5 (3.2;3.9)     

3 months 87 3.9 (3.6;4.3) <0.01 87 4.0 (3.6;4.4) <0.01 -0.1 (-0.4;0.1) 0.33 -0.05 

12 months 65 4.1 (3.6;4.6) <0.01 69 4.0 (3.5;4.5) <0.01 0 (-0.3;0.3) 0.99 0.04 

Self-efficacy 

symptoms (1 -5) 

         

Baseline 109 3.5 (3.1;3.8)  99 3.4 (3.0;3.7)     

3 months 87 3.7 (3.4;4.1) <0.01 87 3.8 (3.4;4.2) <0.01 -0.2 (-0.4;0.1) 0.20 -0.05 

12 months 65 3.7 (3.2;4.2) <0.01 69 3.7 (3.2;4.3) <0.01 -0.1 (-0.4;0.1) 0.29 0 

Pain reported by PT 

(0-10) 

         

Baseline 72 6.4 (5.5;7.3)  74 6.6 (5.7;7.5)     

3 months 69 4.2 (3.2;5.1) <0.01 73 4.5 (3.6;5.5) <0.01 -0.2 (-0.9;0.6) 0.64 -0.06 

*adjusted for baseline, sex, BMI, level of education, pain, type of osteoarthritis, physiotherapist 
^
Difference between baseline and 3 months in e-Exercise vs. usual physiotherapy; difference between baseline and 12 months in e-Exercise vs. usual 

physiotherapy 

Baseline and 3 month data were extracted from short-term analyses, 12 month data from long -term analysis 
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Discussion   

 

The aim of this multicenter superiority cluster randomized controlled trial study was 

to investigate the short - and long-term effectiveness of e-Exercise compared to usual 

physiotherapy in patients with OA of hip and/or knee. Since online applications can 

support patients in exercise at home [13, 31], we expected that e-Exercise would be 

more effective than usual physiotherapy. The results of this RCT study showed that 

there we no significant differences between e-Exercise and usual physiotherapy with 

respect to physical functioning and free-living physical activity. However, within 

group differences showed that both interventions were significantly effective with 

respect to physical functioning and most secondary outcomes, post-treatment and 

after 12 months. Notably, patients in the e-Exercise group visited the physiotherapist 

five times, whereas the usual physiotherapy group received on average twelve 

sessions. This reduction of face-to-face sessions might lead to a reduction of 

healthcare costs, which will be investigated in a future cost-effectiveness study. 

 

Integrating face-to-face physiotherapy with online applications is an upcoming field 

and this is the first RCT evaluating the effectiveness of blended care in patients with 

OA of hip and/or knee compared to usual physiotherapy. The comparison of the 

average change in both treatment groups show minimal differences with small effect 

sizes in all primary and secondary outcome measures. To illustrate, patients improved 

on average 7.2 points on physical functioning (e-Exercise +7.1; usual PT +7.3; 

ES=0.04; p=0.95) and 16.1 points on pain (e-Exercise +15.5; usual PT +17.7; ES=0.07; 

p=0.56) as measured with the HOOS and KOOS (scale 0-100). If we would have used 

a non-inferiority design, we probably would have specified a non-inferiority margin of 

0.5x 0.3=0.15 [2, 3, 32]. Since all our between group effect sizes were below this value, 

e-Exercise and usual physiotherapy are likely to be equally effective. These within 

group effects of are comparable with other studies in exercise therapy for patients 

with hip/knee OA [2, 3] and underline the potential of blended care.   

 

Although patients in the e -Exercise group reported a significantly increase of physical 

activity after 3 months, in both groups no significant improvements in objective 

physical activity were found. This result is in accordance with a recent meta-analysis 

that found no consistent eviden ce for improvement of objective physical activity in 

lower limb OA [33]. Next to the difficulty of measuring free-living physical activity 
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[34], an explanation in our trial might be patientsõ high level of physical activity at 

baseline. Whereas physical inactivity was set as an inclusion criteria (administered 

during physiotherapistsõ anamnesis), baseline data show that patients already met the 

global recommendations for physical activity [35]. Physiotherapists might have 

underestimated patients level of physical activity, leading to a physical active study 

population with less room for improvement. Next to this, a significant increase of 

sedentary behavior within the e-Exercise group compared to usual physiotherapy was 

determined. Since sedentary behavior increases the morbidity and mortality risk [36], 

we will include an information module about this topic within a future e -Exercise 

intervention. Taking in account the difficulty of changing physical activity and 

sedentary behavior, we also recommend to combine e -Exercise with wrist worn 

activity trackers, for self-monitoring. In the same time, these trackers can be used for 

continuously measurement of intervention compliance [37, 38].  

 

A remarkable difference between e-Exercise and usual physiotherapy is the content of 

the physiotherapy sessions. Physiotherapists that applied e-Exercise provided in a 

smaller proportion of patients active and passive mobilizations, endurance training, 

functional - and strength exercises. A possible explanation is that patients in the e-

Exercise group were extensively stimulated to take an active role within their 

treatment. A detailed description of patientsõ and physiotherapistsõ experiences with 

e-Exercise is published elsewhere [39, 40].  

 

Strengths and limitations  

The strength of this study is that we compared e -Exercise with usual physiotherapy. 

This design made it possible to set up conclusions about the additional value of a 

blended delivery mode compared to face-to-face physiotherapy. Unfortunately, we 

had to deal with high dropout rates: 15% after 3 months and 35% after 12 months. 

Percentages of missing data in our accelerometer data were even higher. Possibly, we 

might have overloaded the participants with too many measurements. Although we 

did not find clinical r elevant differences in baseline demographics between 

responders and non-responders, results should be interpreted with caution. It is 

known that drop -out rates in eHealth studies are accompanied with non-usage 

attrition [41]. For future studies, we recommend to use in-person survey visits since 

this might increase response-rates and would also provide the possibility to measure 

objective physical functioning by an independent researcher [42]. Final limitation is 

the discrepancy between our intended study population an d the actual study 
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population. Inclusion of patients was done by the physiotherapists and clinical 

diagnosis of OA was not confirmed by an independent caregiver. Next, 

physiotherapists assessed patientsõ level of physical activity during anamneses with 

one single question. After analyses of the baseline data, it turned out that patients 

were already sufficient physical active at baseline. On the one hand, it is a limitation 

that our inclusion strategy resulted in a physical active population which had less 

room for improvement on this outcome measurement during the intervention. On 

the other hand, our inclusion strategy has the advantage that it reflects 

physiotherapistsõ clinical reasoning process in daily practice. After implementation of 

e-Exercise, physiotherapists will select patients for e-Exercise in the same way.    

 

Clinical implications and future directions  

We recommend to further elaborate on an instrument to determine patientsõ 

suitability for a (partly) online intervention. In line with a stepp ed care strategy that 

promotes to start with relatively simple treatment modalities [43], patients could start 

with an unguided internet -delivered intervention like Join2Move [12]. If this simple 

treatment modality appears to be inadequate, physiotherapeutic guidance can be 

added (e-Exercise). In case of deterioration of symptoms or unsatisfying results, the 

frequency of face-to-face contact can be increased [43]. In a future study we will 

describe the cost-effectiveness of e-Exercise compared to usual physiotherapy from 

societal perspective. 

 

Conclusions  

The blended intervention e-Exercise was not more effective than usual physiotherapy 

in patients with hip/knee osteoarthritis. Both interventions led to clinical 

improvements.  

 

The study is funded by ZonMw, the Dutch Rheumatoid Arthritis Foundation and the 

Royal Dutch Society for Physiotherapy. The authors declare that they have no 

competing interests. We would like to thank Prof. Dr. Jos W.R. Twisk for his advice in 

the statistical analysis.  
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Appendix 2. Detailed overview of o utcome measures  

PRIMARY OUTCOME MEASURES 

Physical functioning 

(subjective)  

Subjectively assessed with the subscale òfunction in daily livingõõ of 

the Hip OA Outcome Score (HOOS) and/or the Knee Injury and OA 

Outcome Score (KOOS) [18, 19]. Based on the 17 items a sum score 

was calculated, ranging from 0 to 100. A lower score indicates 

problems in physical functioning. Patients with hip OA filled out the 

HOOS, patients with knee OA the KOOS and patients with hip and 

knee OA filled out the HOOS and KOOS. In patients with both hip 

and knee OA the lowest score of the HOOS and KOOS was used for 

analysis of this primary outcome measure. 

Physical functioning 

(objective)  

Objectively assessed by the physiotherapists using the Timed Up 

and Go (TUG) test [20]. Patients were asked to rise from an arm 

chair, walk three meters, turn, walk back and sit down. The 

physiotherapists measured the time. 

Physical activity 

(subjective)  

Subjectively assessed with the SQUASH, a questionnaire that 

measures habitual PA during the last week [21]. A PA score was 

expressed as minutes of moderate and vigorous PA per day. 

Physical activity (objective)  Objectively assessed using ActiGraph GT3x tri-axial accelerometers. 

Patients were instructed to wear the accelerometer on a belt around 

their waist for five executive days, except during the night, 

showering or swimming. Accelerometer data were eligible if 

patients had worn the meter at least 3 days, for 8 hours or more 

[22]. PA thresholds of Freedson et al. [23] were used to distinguish 

sedentary activity, light, moderate and vigorous PA. Moderate and 

vigorous activity were summed and divided by the number of 

wearing days to calculate a PA score. 

SECONDARY OUTCOME MEASURES 

Other symptoms and 

functional limitations  

The HOOS and the KOOS assesses, next to function in daily living, 4 

other subscales: pain, symptoms, sport/recreation function and 

quality of life [18, 19]. For each subscale a sum score is calculated, 

ranging from 0 to 100. A lower score indicates respectively more 

pain, symptoms, problems in sports and recreation activities and a 

lower quality of life.  

Self-perceived effect  Assessed by a single question about the degree of change in OA 

symptoms. A score ranged from 1 (=much better) till 6 (much 

worse).  

Pain and tiredness  Assessed with a numeric rating scale ranged from 0 (=no pain/not 

tired) till 10 (=worst possible pain/very tired).  

Self-efficacy  Assessed by the Arthritis Self-efficacy Scale (ASES), using the 

subscale pain and symptoms [24]. Scores ranged from 1 till 5, a 

higher score indicates more self-efficacy.  

OTHER MEASURES 

Online adherence  Quantitative data about website usage, stored on the backend of 

the website, was used to analyze adherence to the online 

application.  
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Usability  Assessed by the System Usability Scale (SUS). A higher SUS score 

(range 0-100) indicates better usability. For interpretation a grading 

system introduced by Sauro and Lews was used [25, 26]: Grade F (0ð

51.7); Grade D (51.8ð62.6); Grade C- (62.7ð64.9); Grade C (65.0ð

71.0); Grade C+ (71.1ð72.5); Grade B- (72.6ð74.0); Grade B (74,1ð

77.1); Grade B+ (77.2ð78.8); Grade A- (78.9ð80.7); Grade A (80.8ð

84.0); Grade A+ (84.1ð100). 

Content of physiotherapy 

sessions 

Physiotherapists were asked to fill out a registration form about the 

number and content of face -to-face sessions.  

Patient characteristics  Age, sex, height, weight, educational level, location of OA, duration 

of OA and the presence of comorbidities  
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Abstract  

 

Background:  Blended physiotherapy, in which physiotherapy sessions and an online 

application are integrated, might support patients in taking an active role in the 

management of their chronic condition and may reduce disease related costs. The 

aim of this study was to evaluate the cost-effectiveness of a blended physiotherapy 

intervention (e-Exercise) compared to usual physiotherapy in patients with 

osteoarthritis of hip and/or knee, from the societal as well as the healthcare 

perspective. 

Methods: This economic evaluation was conducted alongside a 12-month cluster 

randomized controlled trial, in which 108 patients received e-Exercise, consisting of 

physiotherapy sessions and a web-application, and 99 patients received usual 

physiotherapy. Clinical outcome measures were quality-adjusted life years (QALYs) 

according to the EuroQol (EQ-5D-3L), physical functioning (HOOS/KOOS) and 

physical activity (Actigraph Accelerometer). Costs were measured using self-reported 

questionnaires. Missing data were multiply imputed and bootstrapping was used to 

estimate statistical uncertainty.  

Results: Intervention costs and medication costs were significantly lower in e-Exercise 

compared to usual physiotherapy. Total societal costs and total healthcare costs did 

not significantly differ between groups. No significant dif ferences in effectiveness 

were found between groups. For physical functioning and physical activity, the 

maximum probability of e -Exercise being cost-effective compared to usual 

physiotherapy was moderate (<0.82) from both perspectives. For QALYs, the 

probability of e-Exercise being cost-effective compared to usual physiotherapy was 

0.68/0.84 at a willingness to pay of û10.000,- and 0.70/0.80 at a willingness to pay of 

û80.000,- per gained QALY, from respectively the societal and the healthcare 

perspective.  

Conclusions: E-Exercise itself was significantly cheaper compared to usual 

physiotherapy in patients with hip and/or knee osteoarthritis, but not cost -effective 

from the societal- as well as healthcare perspective. The decision between both 

interventions can be based on the preferences of the patient and the physiotherapist.  

Trial registration:  NTR4224 

(http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=4224 ) 
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Background  

 

Osteoarthritis (OA) is a chronic disease which mostly affects the hip and knee. People 

with OA experience pain, stiffness and limitations in physical functioning [1]. 

Worldwide, OA is the most common joint disease [2]. In the Netherlands, the 

prevalence is 22.5 per 1,000 for hip OA and 32.2 per 1000 for knee OA [3]. In 2011, 

Dutch healthcare costs related to OA, including primary care, secondary care, 

alternative medicine and medication expenditures, were estimated to be about 1.1 

billion Euros [4]. Due to the rising life expectancy and number of people with obesity, 

the prevalence of OA is expected to further increase during the next decades [2], 

which will in turn lead to an extra demand for OA -related healthcare services.  

Physiotherapy is the most recommended conservative treatment for patients with hip 

and knee OA [5,6]. Physiotherapeutic modalities like aerobic exercise, muscle 

strengthening and education have shown to be effective in reducing pain and 

improving physical functioning  [7,8]. However, face-to-face physiotherapy is costly 

and the rising number of people with OA r equires new solutions to regulate OA-

related healthcare costs. A promising strategy for reducing OA-related healthcare 

costs is the use of web-applications [9]. Websites and apps have the potential to 

partly replace face-to-face physiotherapy sessions. Next to this, websites and apps 

provide possibilities to support patients in taking an active role within their disease 

management. This new way of delivering physiotherapy, in which therapeutic 

guidance and an online support are integrated, is called òblended careó [10].  

To the best of our knowledge, studies on the cost-effectiveness of blended 

interventions for patients with OA are lacking. Within mental healthcare, however, 

blended care for anxiety disorders, depression, smoking cessation and alcohol misuse 

was found to have a high probability of being cost -effective compared with wait -list, 

face-to-face mental healthcare, telephone counseling or unguided online care [11]. In 

the field of physiotherapy, a recent study showed that a blended cardiac 

rehabilitation intervention with minimal therapeutic guidance was cost -effective 

compared to center-based cardiac rehabilitation [12]. 

In order to investigate whether the integration of a web -application within 

physiotherapeutic treatment for patients with hip  and/or knee OA can substitute a 

part of the face-to-face sessions, we developed and evaluated e-Exercise [13-15]. This 

blended intervention consists of a web-application integrated within regular face -to-

face physiotherapy sessions. A recent cluster randomized controlled trial revealed no 
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differences in effectiveness for physical functioning and physical activity compared to 

usual physiotherapy. Within group improvements in physical functioning of e -

Exercise were somewhat comparable with usual physiotherapy, both at the short - and 

long-term. Although e-Exercise was not more effective than usual physiotherapy, a 

difference between both groups was found in terms of the number of face -to-face 

sessions: i.e. the usual physiotherapy group received twelve face-to-face sessions and 

the e-Exercise group received five sessions [14]. It is unknown whether this reduction 

in face-to-face sessions also leads to a reduction of societal and/or healthcare costs 

and whether e-Exercise is cost-effective compared to usual physiotherapy. Therefore, 

the aim of this study is to evaluate the cost-effectiveness of e-Exercise compared to 

usual physiotherapy in patients with OA of hip and/or knee. A primary analysis was 

performed from the societal perspective and a secondary analysis from that of the 

healthcare sector. 

 

Methods  

 

Design Overview 

This economic evaluation was conducted alongside a prospective, single-blinded, 

multicenter cluster randomized controlled trial (RCT) [14,15]. The Medical Ethical 

Committee of the St. Elisabeth hospital Tilburg in the Netherlands approved the study 

design and protocol (Dutch Trial Register NTR4224 

http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=4224  ). The trial is reported 

according to the CONSORT Cluster Trials checklist. 

A total of 1 43 primary care physiotherapy practices from the Dutch provinces Utrecht, 

Noord -Holland and Gelderland with 248 eligible physiotherapists, which treated at 

least six OA patients per year, were randomized according to an 1:1 allocation ratio 

using a computer-generated sequence table. Half of the physiotherapist (N=123) 

were instructed to treat their patients with OA of the hip and/or knee according to 

the e-Exercise protocol, the other half (N=125) treated their patients as usual. All 

physiotherapists received an half-day instruction course about the study procedure. 

Physiotherapists allocated to e-Exercise also received an account to the website and 

instructions about the intervention. Physiotherapists allocated to usual physiotherapy 

received their e-Exercise account and instructions after the study period. Enrollment 

of patients lasted from September 2014 till March 2015, after which they were 

followed -up for 12 months.  
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Participants 

Patients who visited a participating physiotherapy practice were invited t o participate 

in the study. The physiotherapist assessed eligibility, which concerned: (1) age 40-80 

year, (2) OA of the hip and/or knee according to the clinical criteria of the American 

College of Rheumatology (ACR) [16], (3) not on a waiting list for hi p or knee 

replacement surgery, (4) no contra-indications for physical activity without 

supervision according to the Physical Activity Readiness Questionnaire (PAR-Q), (5) 

being insufficiently physically active according to the physiotherapist, (6) no 

participation in a physiotherapy and/or physical activity program in the last six 

months, (7) access to internet, and (8) ability to understand the Dutch language. 

Interested patients received an information letter, an informative phone call from the 

main investigator (CK) and were asked to sign informed consent. Gathered patient 

information was stored separately from study outcomes, using an individual trial 

code. The main investigator (CK) was blinded to group assignment until completion 

of the statistical analyses. 

 

Intervention: e-Exercise 

E-Exercise is a 12-weeks intervention, in which (1) five face-to-face half-our sessions 

with a physiotherapist are integrated with (2) a web-application consisting of a 

graded activity, exercise, and an information module. The e-Exercise intervention is 

based on cognitive behavioral principles and the Dutch OA guideline [17]. The 

physiotherapist and patient both have an e-Exercise account. The physiotherapists 

could adapt the online program to the patientsõ individual needs and monitor 

patientsõ log-in frequencies and assignment evaluations. The patientsõ online graded 

activity module started with a baseline-measurement and formulation of a short - and 

long-term goal. Next, assignments for a self-chosen activity, for example walking or 

cycling, gradually increased up to the personal short-term goal. The online exercise 

modules consisted of strength- and stability exercises selected by the 

physiotherapists. Online information modules provided weekly new content (text and 

video) about OA etiology, pain -management, and physical activity. Patients were 

asked to evaluate the execution of their assignments every week, followed by tailored 

feedback. Automatic emails reminded patients about new assignments and content 

every week. During the face-to-face physiotherapy sessions, the patientsõ progress 

was discussed. The online e-Exercise application can be visited at https://www.e -

exercise.nl [in Dutch] and a promotional video with English subtitles can be found at 

https://www.youtube.com/ watch?v=4l9GoQWWy58. 
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Intervention: usual physiotherapy  

Usual physiotherapists were encouraged to treat their patients with OA according to 

the Dutch OA guideline, which recommends: 1) information, 2) physical exercise, and 

3) strength and stability exercises 17. No restrictions were given with regard to the 

number of face-to-face sessions. 

 

Clinical outcome measures 

Clinical outcomes for this cost-effectiveness analyses included health-related quality 

of life, physical functioning and physical activity. Outcomes were assessed at baseline, 

3 and 12 months using online questionnaires.  

-Health-related quality of life was assessed using the EQ-5D-3L [18]. This 

questionnaire differentiates 245 health states, which were converted into a utility 

score (0-1), based on the Dutch tariff [19]. Quality-adjusted life years (QALYõs) were 

calculated by multiplying patientsõ utility score by their time spent in that particular 

health state. 

-Physical functioning was assessed with the subscale òfunction in daily livingõõ of the 

Hip OA Outcome Score (HOOS) for patients with hip OA and/or the Knee Injury and 

OA Outcome Score (KOOS) for patients with knee OA [20,21]. In patients with hip and 

knee OA, the lowest score of the HOOS and KOOS was used (0-100).  

-Physical activity was assessed with Actigraph GT3x tri-axial accelerometers. Data 

were eligible if patients wore the meter Ô3 days, for Ô8 hours per day [22]. Sedentary 

activity, light, moderate and vigorous physical activity were distinguished according 

to the thresholds of Freedson et al [23]. Moderate and vigorous physical activity were 

summed and translated into a score of minutes moderate and/or vigorous physical 

activity/day.  

 

Cost outcome measures 

Costs included intervention, healthcare, sports, informal care, absenteeism, 

presenteeism, and unpaid productivity costs related to OA of hip and/or knee. Cost 

outcome measures were assessed at baseline, 3, 6 and 12 months using online self-

reported questionnaires. All costs were converted to Euros 2015, using consumer 

price indices [24].  
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-Intervention costs: Costs of both intervention groups consisted of the self-reported 

number of face-to-face physiotherapy sessions, valued by Dutch standard costs [25]. 

For the e-Exercise group, intervention costs also comprised development, hosting, 

and maintenance costs of the website, divided by the number of patients allocated to 

e-Exercise.  

-Healthcare costs: Patients reported their total number of physiotherapy visits after 

the intervention period, as well as their total number of visits to a general 

practitioner, massage therapist, alternative therapist, medical specialist, their hospital 

use as well as their use of prescribed and over the counter drugs and medical devises 

during the entire study period. During data -cleaning it appeared that 16 people 

reported 2 or 3 hip or knee replacements within 1 year. To validate these data, all 

patients that reported Ô1 surgeries were contacted again in June 2017. Data derived 

during this contact were used for further analyses. Healthcare volumes were valued 

using Dutch standard costs [25], prices according to professional organizations, and 

unit prices of the Royal Dutch Society of Pharmacy [26].  

-Sports costs: Patients reported their sports membership costs as well as their 

expenses on sports equipment (e.g. shoes, clothes, racket).  

-Informal care costs: Care by family and other volunteers was valued using a 

recommended Dutch shadow price of û14.58/h [25]. 

-Absenteeism costs: Patients were asked to report their total number of sickness 

absence days due to OA of hip and/or knee. In accordance with the Friction Cost 

Approach (friction period=60 days), sickness absence days were valued using gender-

specific price weights [27].  

-Presenteeism costs: Presenteeism was estimated using the Productivity and Disease 

Questionnaire (PRODISQ), valued using gender-specific price weights [25,28-31].  

-Unpaid productivity costs: volunteer and domestic work that patients were not able 

to perform due to their OA was valued using a recommended Dutch shadow price of 

û14.58/h [25]. 

 

Demographics 

Patient characteristics, including age, sex, height, weight, educational level, location of 

OA, duration of OA and the presence of comorbidities, were assessed at baseline.  

Statistical analysis 
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Statistical analysis were performed according to the intention-to-treat principle. 

Descriptive statistics were used to describe and compare general characteristics of 

patients in the e-Exercise group and the usual physiotherapy group, and patients with 

complete and incomplete data. Missing data were multiply imputed in accordance 

with the MICE procedure [32]. The imputation model included variables that differed 

between e-Exercise and usual physiotherapy at baseline, variables that were related 

to the òmissingnessó of data, variables related to the outcomes, and all available 

baseline and follow-up cost and effect measure values. Results of each dataset were 

analyzed separately as described below, and pooled according to Rubinõs rules [32].  

A primary analysis was performed from the societal perspective and a secondary 

analysis from that of the healthcare sector. The societal perspective consisted of all 

costs related to the intervention under study, irrespective of who paid or benefitted 

from them. The healthcare perspective included only costs accruing to the healthcare 

sector.  

Effectiveness of e-Exercise on clinical outcomes at 12-month follow -up was analyzed 

using linear multilevel analyses. Two levels were identified: patients (n=208) and 

physiotherapists (n=108). Analyses were adjusted for baseline values, sex, BMI, level 

of education and location of OA. The same analysis were used to compare costs 

between both groups. The 95%CIõs around all cost differences were estimated using 

bias-corrected bootstrap intervals, with 5000 replications ð stratified by 

physiotherapist. Incremental cost-effectiveness ratios (ICERs) were calculated by 

dividing the differences in costs between both groups by the difference in effects. 

Bootstrapped incremental cost-effect pairs were plotted on cost -effectiveness planes 

(5000 replications). Next, cost-effectiveness acceptability curves (CEACs) were 

constructed to provide a summary measure of the joint uncertainty of surrounding 

costs and effects. CEACs provide an indication of the probability of e-Exercise being 

cost-effective compared to usual physiotherapy at different will ingness-to-pay values. 

For QALYõs, the probabilities were provided for a willingness-to-pay of û10.000,- and 

û80.00,- per patient. For physical functioning and physical activity, the maximum 

probabilities were provided.  

 

Sensitivity analysis 

Two sensitivity analysis were performed. The first sensitivity analysis was performed 

by using only data of complete cases. The second sensitivity analysis was a per-

protocol analyses, performed by comparing patients from the e -Exercise group that 

completed Ô8 modules (out of 12) with the entire usual physiotherapy group.  
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For the cost and effect differences, a two-tailed significance level of 0.05 was 

considered as statistically significant. Analyses were carried out using STATA Corp 

13.0 and SPSS Statistics 23.0. 

 

Results 

 

Participants 

In total, 208 eligible patients participated in this study; 109 in the e -Exercise group 

and 99 in the usual physiotherapy group (figure 1). At baseline, the e-Exercise group 

consisted of more low educated people compared to the usual physiotherapy group 

(e-Exercise 24.8%; usual PT 12.1%; p=0.04). Also, physical functioning was significantly 

higher in the e-Exercise group compared to the usual physiotherapy group (e-

Exercise 61.3 (SD 18.3); usual physiotherapy 55.5 (SD 21.4);p=0.04). Clinical outcome 

questionnaires were complete in 135 patients (65%), accelerometer data were 

complete in 106 patients (51%) and cost outcome measures were complete in 113 

participants (54%). Demographics and characteristics are shown in table 1.  
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Figure 1. Flow chart  

 

  

No returned informed consent: N=38  
- Lack of time: 7 

- Priorities another medical treatment: 6 

- Is already enough physically active: 3 
- Financial reasons: 2 

- Lack of ICT skills: 2 
- Other or unknown: 18 

Interested and eligible patients: 

N=123 

109 (100%) questionnaires completed 
95 (87%) accelerometers returned 

Enrolled PT practices: 143 

(248 physiotherapists) 

Allocated to e-Exercise: 

72 PT practices 

(123 physiotherapists) 

Allocated to usual PT:  

71 PT practices  

(125 physiotherapists) 

Interested and eligible patients: 

N=123 

Returned informed consent forms: 

N=109 

Returned informed consent forms: 

N=99 

Base- 

line 
99 (100%) questionnaires completed 

88 (89%) accelerometers returned 

3 

months 

89 (82%) questionnaires completed 
78 (72%) accelerometers returned 

84 (77%) cost-questionnaires completed 
 

87 (88%) questionnaires completed 
73 (74%) accelerometers returned 

89 (99%) cost-questionnaires completed 
 

71 (65%) cost-questionnaires completed 

 

72 (73%) cost-questionnaires completed 
 

65 (60%) cost-questionnaires completed 
 

72 (73%) cost-questionnaires completed 
 

66 (61%) questionnaires completed 
56 (51%) accelerometers returned 

59 (54%) cost-questionnaires completed 
 

 

69 (70%) questionnaires completed 
50 (51%) accelerometers returned 

62 (63%) cost-questionnaires completed 
 

 
Complete cases: 56 (51%) 

 
Complete cases: 57 (58%) 

 

Imputed dataset: 109 (100%) 
 

Imputed dataset: 99 (100%) 
 

6 

months 

9 

months 

12 

months 
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Table 1. Baseline characteristics of e -Exercise and usual physiotherapy (PT) 

patients  

Intervention   e-Exercise  e-Exercise e-Exercise Usual PT Usual PT Usual PT 

  All  Complete Incomplete All  Complete Incomplete 

Number of respondents   N=109 N=56 N=53 N=99 N=57 N=42 

Sex, N (%) Female 74 (67.9) 35 (62.5) 39 (73.6) 67 (67.7) 39 28 

 Male 35 (32.1) 21 (37.5) 14 (26.4) 32 (32.3) 18 24 

Age (years), mean (SD)  63.8 (8.5) 64.0 (3.9) 63.5 (10.0) 62.3 (8.9) 61.9 (8.8) 62.9 (9.2) 

BMI (kg/m
2
), mean (SD)  27.8 (4.2) 27.1 (4.2) 28.5 (4.2) 27.9 (4.9) 27.7 (4.9) 28.1 (4.8) 

Location OA, N (%) Knee 71 (65.1) 37 (66.1) 34 (64.2) 67 (67.6) 38 (66.7) 29 (69.0) 

 Hip 21 (19.3) 15 (26.8) 6 (11.3) 17 (17.2) 11 (19.3) 6 (14.3) 

 Both 17 (15.6) 4 (7.1) 13 (24.5) 15 (15.2) 8 (14.0) 7 (16.7) 

Duration of symptoms, N 

(%) 

< 1 year 21 (19.3) 8 (14.3) 13 (24.5) 20 (20.2) 14 (24.6) 6 (14.1) 

 1-5 year 42 (38.5) 28 (50.0) 14 (26.4) 38 (38.4) 23 (40.4) 15 (35.7) 

 Ô5 year 46 (42.2) 20 (35.7) 26 (49.1) 41 (41.4) 20 (35.1) 21 (50.0) 

Education, N (%) Low  27 (24.8) 14 (25.0) 13 (24.5) 12 (12.1) 6 (10.5) 6 (14.3) 

 Middle  41 (37.6) 24 (42.9) 17 (32.1) 51 (51.5) 29 (50.9) 22 (52.4) 

 High 41 (37.6) 18 (32.1) 23 (43.4) 36 (36.4) 22 (38.6) 14 (33.3) 

Comorbidity, N (%) 0 62 (56.9) 29 (51.8) 33 (62.3) 62 (62.6) 31 (54.4) 31 (73.8) 

 1 20 (18.3) 11 (19.6) 9 (17.0) 20 (20.2) 15 (26.3) 5 (11.9) 

 Ô2 27 (24.8) 16 (28.6) 11 (20.8) 17 (17.2) 11 (19.3) 6 (14.3) 

Physical functioning, 

mean (SD) 

0-100 61.3 (18.3) 64.8 (15.1) 57.6 (20.7) 55.5 (21.4) 55.9 (21.7) 55.0 (21.2) 

Physical activity, mean 

(SD) 

Min/day  25.2 (23.1) 27.3 (26.0) 22.6 (18.8) 22.5 (21.8) 25.8 (23.7) 17.1 (17.3) 

Pain, mean (SD) 0-10 5.1 (2.2) 4.7 (2.1) 5.5 (2.3) 5.7 (2.3) 5.8 (2.4) 5.5 (2.1) 

Utility score, mean (SD) 0-1 0.8 (0.1) 0.8 (0.1) 0.7 (0.2) 0.7 (0.2) 0.7 (0.2) 0.7 (0.2) 

 

Effects 

At 12 months, no significant differences were seen between the e-Exercise group and 

the usual physiotherapy group on health -related quality of life ( B=0.01; 95%CI: -0.03 

to 0.04), physical functioning (B=1.49; 95%CI: -4.70 to 7.69) and physical activity (B=-

3.46; 95%CI: -11.66 to 4.73).  

 

Resource use and costs 

Patients in the e-Exercise group reported to have had on average 5 face-to-face 

physiotherapy sessions, whereas patients in the usual physiotherapy group reported 

to have had on average 12 face-to-face sessions. Consequently, intervention costs of 

e-Exercise were significantly lower compared to usual physiotherapy. Medication 

costs and sports costs were also significantly lower in the e-Exercise group compared 

to the usual physiotherapy group. Primary healthcare costs, secondary healthcare 
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costs, informal care costs, absenteeism costs, presenteeism costs and unpaid 

productivity costs did not significantly differ between groups. Overall, total societal 

costs and total healthcare costs showed no statistical significant differences between 

groups (Table 2). 

 

Table 2. Mean costs per participant in the e -Exercise group and usual 

physiotherapy (PT) group and mean differences between both groups during 12 

months follow -up  

Cost category e-Exercise 

(N=109);   

mean costs 

(SEM)  

Usual PT 

(N=99);   

mean costs 

(SEM) 

Unadjusted mean 

cost difference (95% 

CI) 

Adjusted mean cost 

difference (95% CI) 

Intervention  241 (37) 451 (55) -209 (-294 to -128) -202 (-286 to -120) 

Primary healthcare 438 (63) 536 (84) -98 (-306 to 80) -107 (-340 to 82) 

Secondary 

healthcare 

3143 (711) 3819 (885) -677 (-2699 to 1138) -332 (-2134 to 1444) 

Medication   106 (24) 299 (90) -192 (-436 to -79) -151 (-340 to -52) 

Sport  159 (26) 292 (73) -133 (-242 to -51) -126 (-237 to -43) 

Informal care 327 (109) 327 (80) 1 (-173 to 156) 46 (-117 to 205) 

Absenteeism 927 (434) 743 (304) 184 (-64 to 1092) 368 (-459 to 1365) 

Presenteeism 237 (74) 429 (121) -191 (-533 to 12) -120 (-411 to 64) 

Unpaid productivity  768 (137) 823 (162) -55 (-397 to 256) 97 (-219 to 413) 

Healthcare costs* 3928 (744) 5105 (937) -1177 (-3340 to 763) -792 (-2720 to 1100) 

Total costs 6348 (1007) 7718 (1292) -1371 (-4512 to 

1240) 

-529 (-3315 to 2057) 

 
Significant difference between e-Exercise and usual PT 

*Healthcare costs= intervention costs + primary healthcare costs + secondary healthcare costs + 

medication costs 

 

Cost-effectiveness analysis  

-Primary analysis: societal perspective 

For QALYs, the ICER was -52.900, demonstrating that one QALY gained in e-Exercise 

was on average associated with a societal cost saving of û52.900,- compared to usual 

physiotherapy (Table 3, Figure 2a). The CEAC (Figure 3a) showed that the probability 

of e-Exercise being cost-effective compared to usual physiotherapy was 0.68 at a 

willingness to pay of û10.000,- per QALY gained and 0.70 at a willingness to pay of 

û80.000,- per QALY gained.  

For physical functioning, the ICER was -355, demonstrating that a 1-point 

improvement on the HOOS or KOOS in e-Exercise was on average associated with a 

societal cost saving of û355,- compared to usual physiotherapy (Table 3, Figure 2b). 

The CEAC (Figure 3b) showed that if decision makers are not willing to pay anything 
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per 1-point improvement on the HOOS/KOOS, the probability of e -Exercise being 

cost-effective compared to usual physiotherapy was 0.67. At higher willingness to 

pays, this probability remained about the same. 

For physical activity, the ICER was 153, indicating that a decrease of 1-minute 

moderate or vigorous physical activity per day in e-Exercise was on average 

associated with a societal cost saving of û153,- compared to usual physiotherapy 

(Table 3, Figure 2c). The CEAC (Figure 3c) showed that if decision makers are not 

willing to pay anything per 1 -minute improvement of physical activity per day, the 

probability of e -Exercise being cost-effective compared to usual physiotherapy was 

0.67. At higher willingness to pays, this probability decreased. 

Overall, from the societal perspective, the maximum probability of e-Exercise being 

cost-effective compared with usual physical therapy was moderate.  

-Secondary analysis: healthcare perspective 

The ICER for QALYs was -79.200, indicating that one QALY gained in e-Exercise was 

on average associated with a healthcare cost saving of û79.200.- compared to usual 

physiotherapy (Table 3). The CEAC (not shown) indicated that the probability of cost -

effectiveness was 0.84 at a willingness to pay of û10.000,- per QALY gained and 0.80 

at a willingness to pay of û80.000,- per QALY gained. 

The ICER for physical functioning was -532, indicating that a 1-point improvement on 

the HOOS or KOOS in e-Exercise was on average associated with a healthcare cost 

saving of û532,- compared to usual physiotherapy (Table 3). The CEAC (not shown) 

showed that if decision makers are not willing to pay anything per 1 -point 

improvement on the HOOS/KOOS, the probability of cost-effectiveness was 0.82. At 

higher willingness to pays, this probability remained about the same. 

For physical activity, the ICER was 229, demonstrating that a decrease of 1-minute 

moderate or vigorous physical activity per day in e-Exercise was on average 

associated with a healthcare cost saving of û229,- compared to usual physiotherapy 

(Table 3). The CEAC (not shown) showed that if decision makers are not willing to pay 

anything per 1-minute improvement of physical activity p er day, the probability of 

cost-effectiveness was 0.82. At higher willingness to pays, this probability remained 

about the same. 

Overall, from the healthcare perspective, the maximum probability of e-Exercise being 

cost-effective compared with usual physical therapy was moderate.  
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Figure 2. Cost effectiveness planes from societal perspective  

 

2a Difference in QALY (range 0-1, EQ-5D) 

 

2b. Difference in objectively measured physical functioning (0-100, HOOS or KOOS)  

 

  


