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Abstract 

Introduction  Hip and knee osteoarthritis are associated with functional limitations, pain and restrictions in quality 
of life and the ability to work. Furthermore, with growing prevalence, osteoarthritis is increasingly causing (in)direct 
costs. Guidelines recommend exercise therapy and education as primary treatment strategies. Available options for 
treatment based on physical activity promotion and lifestyle change are often insufficiently provided and used. In 
addition, the quality of current exercise programmes often does not meet the changing care needs of older people 
with comorbidities and exercise adherence is a challenge beyond personal physiotherapy. The main objective of this 
study is to investigate the short- and long-term (cost-)effectiveness of the SmArt-E programme in people with hip 
and/or knee osteoarthritis in terms of pain and physical functioning compared to usual care.

Methods  This study is designed as a multicentre randomized controlled trial with a target sample size of 330 
patients. The intervention is based on the e-Exercise intervention from the Netherlands, consists of a training and 
education programme and is conducted as a blended care intervention over 12 months. We use an app to support 
independent training and the development of self-management skills. The primary and secondary hypotheses are 
that participants in the SmArt-E intervention will have less pain (numerical rating scale) and better physical function-
ing (Hip Disability and Osteoarthritis Outcome Score, Knee Injury and Osteoarthritis Outcome Score) compared to 
participants in the usual care group after 12 and 3 months. Other secondary outcomes are based on domains of the 
Osteoarthritis Research Society International (OARSI). The study will be accompanied by a process evaluation.

Discussion  After a positive evaluation, SmArt-E can be offered in usual care, flexibly addressing different care 
situations. The desired sustainability and the support of the participants’ behavioural change are initiated via the 
app through audio-visual contact with their physiotherapists. Furthermore, the app supports the repetition and 
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consolidation of learned training and educational content. For people with osteoarthritis, the new form of care with 
proven effectiveness can lead to a reduction in underuse and misuse of care as well as contribute to a reduction in (in)
direct costs.

Trial registration  German Clinical Trials Register, DRKS00028477. Registered on August 10, 2022.

Keywords  Telerehabilitation, Osteoarthritis, Physical therapy modalities, Exercise therapy, Education, Combined 
modality therapy

Introduction
Osteoarthritis (OA) is a major public health concern, 
affecting about 12–22% of the population worldwide and 
causing enormous direct and indirect costs on health-
care systems [1–3]. The prevalence of OA continues to 
increase due to expanded life expectancy and modifi-
able risk factors, including insufficient physical activity 
(PA) and poor diet, all of which promote obesity [4]. OA 
most frequently occurs in the hip and knee joints and is 
associated with functional limitations, pain, and restric-
tions on participation, quality of life and ability to work 
[1, 5]. Moreover, patients are frequently affected from 
comorbidities such as hypertension, dyslipidaemia and 
back pain [6]. National and international guidelines rec-
ommend conservative non-pharmacological treatments; 
especially exercise therapy, education, and increased self-
management as first-line treatments for patients with hip 
and knee OA [7–9]. According to guidelines, individuali-
zation of treatment, consideration of patient preferences 
and facilitated access to ongoing (exercise) programmes 
should be considered [10]. Exercise therapy and educa-
tion are safe and effective for patients with hip and knee 
OA, including those with several comorbidities (e.g., 
cardiovascular diseases, frailty, and depression) [7, 8, 11, 
12]. Furthermore, meeting the World Health Organiza-
tion (WHO) guidelines on PA, comprising 150 minutes of 
moderate PA and at least 2 days of muscle strengthening 
activity weekly is also strongly recommended for patients 
with chronic diseases such as OA [13].

However, a systematic review and meta-analysis 
showed that the pass rate (i.e., recommendation or refer-
ral) for exercise, education and/or self-management was 
below 40% for patients with OA [14]. In Germany, 63% 
of patients diagnosed with hip and/or knee OA received 
pain medication and only about 36–43% were prescribed 
physiotherapy [5, 15]. Whether exercise therapy was 
provided at an appropriate intensity during these physi-
otherapy sessions, or whether adequate exercises were 
performed, is unknown. De Rooij et al. (2014) reported 
that exercise programmes often inadequately address the 
changing needs of older people or patients with comor-
bidities, resulting in access barriers, low adherence rates 
and poor effectiveness [16]. Moreover, a recent repre-
sentative survey from Germany revealed that not even 

half of the patients (46%) with OA meets current PA 
guidelines [17]. Regular, ongoing exercise is strongly rec-
ommended for the management of OA [18], but patient 
adherence to exercise programmes and physiotherapeu-
tic training recommendations tend to decline over time 
[19, 20]. Non-adherence to long-term exercise regimes 
may be one reason for only short-term effects of exer-
cise interventions on clinical outcomes in hip and knee 
OA [21–23]. A systematic review [24] using the Behav-
iour Change Taxonomy V1, which was initially described 
by Michie et  al. [25], identified behaviour change tech-
niques being particularly effective in physiotherapy 
interventions to promote PA initiation and maintenance 
in lower limb OA patients. Techniques associated with 
interventions being more effective were self-monitoring 
of behaviour, non-specific reward, and social support 
(unspecified).

Mobile health (mHealth), including smartphone 
health applications, web-based health promotion inter-
ventions, or virtual reality, can also be used to support 
health behaviour change and healthcare for people with 
OA [26]. mHealth is useful for PA promotion and has 
positive effects on PA levels in people with OA [27]. 
In physiotherapy care, various stand-alone mHealth 
interventions exist for the management of OA (e.g., 
Join2Move [28]) and My Dear Knee [29]). Those digital 
applications provide constant availability of exercises 
and information, which can increase patient adherence. 
In addition, the use of mHealth in daily life might com-
plement or even replace parts of personal therapy and 
increase its effectiveness and efficiency [26]. However, 
the lack of supervision by trained healthcare person-
nel, which evidently decreases the quality of movement 
execution, constitutes a major drawback [30]. Blended 
care, defined as the combination of digital intervention 
and in-person treatment, overcomes the lack in qual-
ity of movement execution [31]. Blended care in physi-
otherapy is effective in reducing pain and increasing 
physical functioning in patients with OA [32]. How-
ever, evidence on cost-effectiveness is scarce [32]. In 
Germany, the guideline on remedies regulates outpa-
tient physiotherapy, but does not include any blended 
care concepts yet. Therefore, the evaluation of blended 
care concepts in terms of (cost-) effectiveness and their 
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integration into daily care routine are of great interest 
from health services research perspective [33–35].

To our knowledge, neither did a previous trial evaluate 
a blended care concept focusing on education and train-
ing in physiotherapy for patients with hip or knee OA in 
Germany, nor did a previous study examine behaviour 
change techniques over a 12-month period to sustain-
ably modify and reinforce healthy behaviour. Thus, the 
SmArt-E trial (“Smartphone-assistiertes Training mit 
Edukation”/ “smartphone-assisted physical training with 
education”), attempts to close these research gaps. The 
aim of this multicentre, pragmatic, randomized con-
trolled trial (RCT) is to evaluate a digitally assisted thera-
peutic exercise and education programme compared to 
usual care in patients with hip and/or knee OA in a real-
world physiotherapeutic setting.

The SmArt-E trial is set up according to the Medi-
cal Research Council (MRC) framework for evaluating 
complex interventions and serves three objectives. The 
first aim is to evaluate the effectiveness of a blended care 
intervention in patients with hip and/or knee OA com-
pared to usual care on health-related measures with 
physical functioning and pain at 12-month follow-up 
being defined as primary outcomes. As a second objec-
tive, we assess the cost-effectiveness and cost-utility of 
the intervention compared to usual care. Thirdly, using 
a mixed-methods design, a process evaluation of the 
blended care approach will reveal challenges and bar-
riers related to its implementation that might affect the 
outcomes.

Primarily, it is hypothesized that the SmArt-E interven-
tion would improve physical functioning and decrease 
pain more than usual care among patients with hip and/
or knee OA. Moreover, we assume that the SmArt-E 
intervention will further increase quality of life, partici-
pation and PA, enhance empowerment, self-efficacy and 
coping skills, reduce risk factors for joint replacement 
surgery and retain work ability to a greater extent com-
pared to usual care (secondary hypothesis).

Methods
Study design
The study is a three-centre, pragmatic, randomized (1:1), 
and controlled parallel-group trial with a 12-months 
intervention period in a real-world physiotherapeutic 
setting in Germany. The target group (N = 330 partici-
pants) will be recruited from the public, supported by 
a statutory health insurance company and by publicity 
campaigns around the three study centres (see Table 1). 
Furthermore, general practitioners, family doctors, 
orthopaedists and physiotherapists will support it. Study 
centres are located in the German federal states of (1) 
North Rhine-Westphalia: University of Applied Health 

Sciences, Bochum (Bochum, Germany: target sample size 
n = 165), (2) Baden-Wuerttemberg: University Hospital, 
Medical Clinic, Department of Sports Medicine, Tuebin-
gen (Tuebingen, Germany: n = 83), and (3) Brandenburg: 
Brandenburg University of Technology Cottbus-Senf-
tenberg (Cottbus-Senftenberg, Germany: n = 82). The 
SPIRIT (Standard Protocol Items: Recommendations 
for Interventional Trials) guideline is used for reporting 
(see Additional file 1) [36]. The manuscript will follow the 
CONSORT (Consolidated Standards for Reporting Tri-
als) guidelines for transparent reporting of parallel-group 
randomized trials [37].

Study apparatus
Intervention

Summary of the intervention  The three core compo-
nents of the SmArt-E intervention comprise a neuro-
muscular exercise programme (MVI.PG.ZZ Assisting 
and leading exercise for sensations related to muscle 
and movement functions) combined with disease spe-
cific education (SH1.PM.ZZ Education about mobility, 
unspecified) and promotion of daily PA (graded or non-
graded PA) (VEB.PM.ZZ Education to influence physi-
cal activity behaviours), conveyed through blended care 
using a smartphone app.

The one-year intervention is divided into two phases (1) 
in-person sessions with a physiotherapist on a regular 
base and (2) a subsequent training and education phase, 
which is essentially assisted by the app (see Fig.  1). All 
elements being assisted by the app are initially intro-
duced in the in-person physiotherapy sessions. The in-
person treatment comprises 80-minute group-sessions 
twice a week for 6 weeks, or 4-8 sessions of 40 minutes 
within 12 weeks on an individual base, respectively. Par-
ticipants are asked to do additional exercises at home to 
accumulate three training sessions per week. Moreover, 
they should choose a preferred activity to increase or 
maintain their habitual PA level. Upon completing per-
sonal treatment, patients exclusively use the app during 
the smartphone-assisted training phase at home. At 6 
months, 1–3 individual refresher sessions are being held 
to increase commitment and adherence throughout the 
blended care phase. This is accomplished by providing 
feedback, promoting self-efficacy by highlighting accom-
plishments and barriers overcome, reviewing and adjust-
ing goals, as well as discussing and supporting problem 
solving.

Content of the intervention  The intervention is based 
on the e-Exercise intervention from the Netherlands, but 
further adapted and extended, and consists of a training 
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Table 1  Trial registration data

Data category Information

Primary registry and trial identifying number German Clinical Trials Register
DRKS00028477

Date of registration in primary registry 10.08.2022

Secondary identifying numbers NA

Source(s) of monetary or material support Innovation funds G-BA
10,596 Berlin
Germany

Primary sponsor Innovation funds G-BA
10,596 Berlin
Germany

Secondary sponsor(s) NA

Contact for public queries Hochschule für Gesundheit Bochum, Department für Angewandte Gesund-
heitswissenschaften
Dr. Carsten Müller
Gesundheitscampus 6–8
44,801 Bochum
Germany

Contact for scientific queries Hochschule für Gesundheit Bochum, Department für Angewandte Gesund-
heitswissenschaften
Prof. Dr. Dirk Peschke
Gesundheitscampus 6–8
44,801 Bochum
Germany

Public title Smartphone-assisted osteoarthritis training with education (SmArt-E)

Scientific title Smartphone-assisted training with education for patients with hip and/or knee 
osteoarthritis (SmArt-E): A multicentre pragmatic randomized controlled trial

Countries of recruitment Germany

Health condition(s) or problem(s) studied ICD10:
M15 - Polyarthrosis
ICD10:
M16 - Coxarthrosis [arthrosis of hip]
ICD10:
M17 - Gonarthrosis [arthrosis of knee]
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Table 1  (continued)

Data category Information

Intervention(s) Arm 1:
Intervention group: Implementation of the SmArt-E programme. Patients undergo 
a digitally guided training and education programme. The intervention period is 
12 months and consists of the following four components:
#1 Physical training (variant A: individual treatment, variant B: group treatment) 
Neuromuscular training (NEMEX program) comprising trunk stability, lower 
extremity strengthening, postural control, functional training. This is an evidence-
based training programme whose feasibility and effectiveness has been demon-
strated in previous international studies.
#2 Education (variant A: individual treatment, variant B: group treatment) Educa-
tion/ seminars on topics related to pain physiology, pain management, exercise 
and sport in osteoarthritis, lifestyle adaptation, empowerment/ self-efficacy, 
weight management.
#1 & #2 = > Variant A: takes place during the initial phase of the SmArt-E interven-
tion and comprises 6 to 8 appointments with a duration of 40 minutes each in 
individual mode, preferably 2 units per week. Variant B: takes place during the 
initial phase of the SmArt-E intervention for 6 weeks and comprises 2 sessions per 
week with a duration of 80 minutes each in a group setting.
#3 Smartphone-assisted support (app). Takes place over the entire intervention 
period. Training: digital follow-up of the above-mentioned exercises, available in 
video, image and text form. Participants are regularly reminded of the exercises 
(via reminder function). They can give feedback (e.g. on exercise performance, 
satisfaction, complaints). Physiotherapists thus gain insight into the progress 
and status of their patients and can make appropriate training adjustments 
(progression/ regression). Education in text and video form on topics such as 
“What is osteoarthritis?”, “Exercise with osteoarthritis”, “Origin and function of pain”, 
“Healthy body weight and other health benefits”... Physical activity: Via the app, 
participants can select a preferred physical activity that they would like to perform 
or increase. This is supported on the one hand by the educational content and 
physiotherapeutic care, and on the other hand by activity tracking and the app’s 
reminder function. Video coaching (chat option with a physiotherapist), recording 
and documentation, user evaluation (feedback) of the program, and individual 
components. Refresher (takes place after 6 months, up to three appointments 
of 40 minutes each): selected content from training management, motivational 
support, self-management, evaluation of current progress, review of goal achieve-
ment, support for continued independent progress.
#4 Individual physiotherapy on-demand component: only for participants of the 
group treatment.

Arm 2:
control group: usual care

Key inclusion and exclusion criteria Sex:
All
Minimum Age:
38 Years
Maximum Age:
no maximum age
Additional Inclusion Criteria:
Medically/physician-diagnosed osteoarthritis (ICD-10-GM: M.15 polyarthrosis, 
M16. - coxarthrosis, and M17. gonarthrosis) and fulfillment of the American Col-
lege of Rheumatology criteria for knee/hip osteoarthritis. Age > 50 and > 38 years 
for hip and knee osteoarthritis, respectively.

Exclusion of participants who have already had joint replacement of the affected 
index joint (total joint arthroplasty).

Study type Interventional

Date of first enrolment Nov, 2022

Target sample size 330

Recruitment status Recruiting ongoing

Primary outcome(s) #1a: Hip Disability and Osteoarthritis Outcome Score (HOOS) OR #1b: Knee Injury 
Osteoarthritis Outcome Score (KOOS) AND #2: Numeric Rating Scale (NRS) to 
assess pain severity
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and education programme [32]. In detail, it comprises a 
progressive exercise design, based on the neuromuscu-
lar exercise (NEMEX) programme [38], with increas-
ing intensity levels over the 12-months period, either a 
graded or non-graded PA programme, as well as ongoing 
OA-related educational content, provided in five sequen-
tial protocols. Each exercise set consist of three blocks, 
which include (1) warm up, (2) main exercises and (3) 
cool down exercises. The second block integrates two 
strengthening exercises (hip and knee strengthening), a 
core stability exercise, a functional exercise (e.g. standing 

up from a chair) or a balance exercise. Those exercises 
can be increased or decreased, for instance for the knee 
extension exercise, it is possible to use an elastic band to 
increase the intensity of the exercise. The training param-
eters are set by default and are increasing from time to 
time. However, supervising physiotherapists can adapt the 
protocols as needed. The intervention features ongoing 
support for patients by their supervising physiotherapists 
to answer questions, adjust exercises, or discuss problems 
and barriers. Further details on the individual compo-
nents of SmArt-E are shown in Tables 2 and 3. The role of 

Table 1  (continued)

Data category Information

Key secondary outcomes Three assessments are scheduled:
1. T0 assessment = following enrolment and before randomization/ start of the 
intervention; 2. T1 assessment = 3 months after the start of the intervention/ 
after completion of the in-person intervention; 3. T2 = after completion of the 
12-months study period.
1. HOOS or KOOS and NRS after 3 months
2. Physical performance tests (modified Y-Balance Test; 30-second Sit-to-Stand 
Test) after 3 and 12 months
3. Daily physical activities (assessment is device-based and questionnaire-based) 
after 3 and 12 months
Questionnaire surveys:
4. Action and coping planning (Action Planning & Coping Planning) at 3 and 
12 months.
5. Quality of life/ health status (European Quality of Life 5 Dimensions 5 Level Ver-
sion (EQ-5D-5L), Patient Global Assessment (PGA) and self-rated change in health 
status after 3 and 12 months 6. Assessment of coping strategies for pain and its 
evaluation (Pain Catastrophizing Scale, PCS) after 3 and 12 months
7. Self-report behavioural automaticity index (SRBAI) after 3 and 12 months
8. Assessment of the general improvement of the disease (Patient Acceptable 
Symptom Scale, PASS) after 3 and 12 months
9. Self-efficacy/ empowerment (Arthritis Self-Efficacy Scale, ASES) after 3 and 
12 months
10. Patient satisfaction (ZUF-8) and an additional item assessing the patient’s 
perspective on the satisfaction with the results of the treatment after 3 and 
12 months
11. Physical activity health competence (short form) after 12 months
12. Usability: System Usability Scale (SUS) after 3 months and mHealth App Usabil-
ity Questionnaire (MAUQ) after 12 months
13. Questions on health care expenditures (financial expenditures due to 
osteoarthritis-related knee/hip problems for utilization of health care providers, 
therapeutic treatments, aids, etc.) for the period 12 months before study inclusion 
and during the 12-months intervention period

Fig. 1  Flow of the SmArt-E intervention programme
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Table 3  Description of the SmArt-E intervention using the TIDieR checklist

Item Description

1. Brief name Smartphone-assisted osteoarthritis training with education (SmArt-E)

2. Why Exercise therapy and education have been shown to be effective for patients with hip and knee osteoarthritis. However, 
current programmes often fail as no sustainable lifestyle changes can be achieved. The use of mobile health (mHealth) has 
the potential to support self-management and the process of behavior change in patients with chronic diseases beyond the 
traditional borders of physiotherapy practice. The blended care approach combines in-person and digital interventions and 
can increase acceptance and adherence to exercise programmes.

3. What: Materials The SmArt-E intervention includes three core components: (a) physical training, (b) education and (c) smartphone-assisted 
support via a mobile phone app.
The (a) physical training is based on the NEMEX program and includes neuromuscular exercises for trunk stability, lower 
limb strengthening, postural control and functional training. The (b) educational component comprises topics such as pain 
physiology, lifestyle adjustment, empowerment/self-efficacy, and weight management. The intervention is supported by (c) 
a mobile phone app that includes a home-based exercise programme and education in text and video formats. The app also 
aims to promote physical activity and offers the possibility of video coaching via chatting with a physiotherapist.
The following materials are used in the intervention:
• Training equipment: resistance bands (3 levels), chair, step-ups with modifiable levels, balance pad, weights.
• Presentation materials: Posters and presentations, to be used in the in-person phase for teaching educational content.
• Mobile phone app “HealthTrain”: The app will be available for download on any mobile phone. It supports the digital con-
tinuations of the NEMEX exercises, which are available in video, image, and text formats. Educational content is delivered in 
text and video formats on topics such as “What is osteoarthritis?” and “Exercise with osteoarthritis”. Activity tracking and the 
app’s reminder will support the participants to increase their physical activity.
• Participants’ manual: A manual containing general information about the study (e.g., aims, timeline), safety instructions and a 
guide on how to use the mobile phone app.
• Physiotherapists’ manual: A manual containing information about the study (e.g., aims, timeline) and safety instructions. 
There is also a summary of the educational content and all exercises including pictures and written instructions.
In case participants do not want to use their private mobile phone or do not have a suitable device, they will be provided 
with a mobile phone for the duration of the study. The physiotherapy practices are equipped with a tablet on which the 
participating physiotherapists can use the “HealthTrain” app.

4. What: Procedures The SmArt-E intervention is divided into an in-person phase and a self-training phase. If more than four persons are interested 
in participating at the same time, the intervention can take place in a group setting, otherwise it is conducted in individual 
physiotherapy sessions. Each session consists of an educational and exercise part. The first session is also about getting to 
know the app and its functions.
During the self-training phase, the participants continue the intervention with the support of the mobile phone app. In case 
of questions or problems, it is possible to contact the physiotherapist via the chat function of the app.
Six months after the start of the intervention, refresher sessions will take place to repeat specific educational content.
If necessary, additional individual physiotherapy can be delivered.

5. Who provided Trained physiotherapists perform the in-person exercise programme and education as well as the refresher sessions.
Physiotherapists receive 2 days (4 hours each) of training specific to the SmArt-E intervention from skilled members of the 
study team.
Individual therapy (if required) can be delivered by any physiotherapists without special training.

6. How During the in-person phase, the intervention is provided in either individual (one-to-one) or group setting (4–8 participants). 
After the in-person phase, SmArt-E also includes the phase of self-training planned from the distance with the support of a 
mobile phone app and with remote physiotherapeutic support using the app’s chat feature.

7. Where Three study centres: Bochum/Dortmund/Essen (North Rhine-Westphalia, Germany), Cottbus/Senftenberg (Brandenburg, 
Germany), Tübingen/Reutlingen (Baden-Württemberg, Germany)
The in-person sessions are delivered in an outpatient physiotherapy setting. During the self-training phase, participants 
decide themselves where to exercise, probably in their own homes. Individual physiotherapy and refresher sessions will also 
take place in the respective physiotherapy practice.

8. When and how much The SmArt-E intervention is scheduled to last 52 weeks.
In-person phase (6–12 weeks):
Individual therapy: 4–8 sessions of 40 min each for 12 weeks (20 min exercise, 20 min education)
Group therapy: 2 sessions of 80 min each per week for 6 weeks (40 min exercise, 40 min education)
Self-training phase (52 weeks):
Self-directed in part by the participants. Desired training frequency:
physical training 3x/week for 30–40 min; physical activity 3x/week.
Refresher:
1–2 sessions for 40 min, 6 months after intervention start



Page 9 of 23Weber et al. BMC Musculoskeletal Disorders          (2023) 24:221 	

the physiotherapy practices is to carry out the interven-
tion including the subsequent digital support.

SmArt‑E app  As early as the in-person treatment starts, 
patients shall also use the app for regular exercises, PA, 
and education at home. The app additionally holds a chat 
and videoconference feature to connect patients and 
their physiotherapists on demand. Moreover, the app fea-
tures support behaviour change through weekly exercise 
and PA goals, scheduling of exercise, self-monitoring of 
one’s performance and automated feedback on progress 
including positive reinforcement through compliments 
for goal achievement. Figures  2 and 3 show the today 
view and the exercise feature of this app as of December 
2022, respectively.

Behaviour change techniques  Physiotherapists are 
introduced to strengthen participants’ self-efficacy 
regarding independent training and PA. To support both 
phases, the initiation as well as the maintenance of regu-
lar exercise and PA by patients, behaviour change tech-
niques are incorporated into the intervention as part of 
the in-person physiotherapy sessions as well as the sub-
sequent smartphone-assisted training phase. Based on 
effective behaviour change techniques [24], physiothera-
pists guide participants to set long-term personal goals, 
to make action plans for exercises and PA (i.e., action 
planning) and to establish them as habitual routines by 
implementing them according to personal preferences 
and easily compatible with daily life. This planning is 
based on providing basic information on OA, pain and 

chronic disease management. Furthermore, possible bar-
riers and problem-solving strategies to deal with them in 
the sense of coping planning are discussed.

Training of physiotherapists to provide the SmArt‑E 
intervention
A structured training builds on existing knowledge and 
competences to qualify physiotherapists in the SmArt-
E intervention. Therefore, an 8-hour training (including 
pre- and post-processing) in groups of up to ten physi-
otherapists on the study itself, the components of the 
intervention, the behaviour change techniques in use 
and an app introduction will be conducted. This will be 
followed by a 1.5-hour refresher course after 3 months 
after the intervention start to expand knowledge on 
techniques for behaviour and lifestyle changes. Learn-
ing objectives for the initial training are to become 
familiar with the (1) exercise programme and educa-
tional content of the SmArt-E intervention, (2) possibil-
ities to adapt, supervise and individualize the exercise 
programme and daily PA, (3) features of the app, (4) 
blended care approach, and (5) self-management strat-
egies in SmArt-E. Moreover, physiotherapists should be 
able to (6) independently adapt the preselected exer-
cises of the app to the individual needs and preferences 
of the patients, and (7) to empower participants to per-
form physical exercises on their own, assisted by the 
app. Furthermore, they should be trained (8) to support 
participants to cope with their disease independently 
and (9) to perform health-enhancing PAs regularly 

Table 3  (continued)

Item Description

9. Tailoring During the in-person phase, the physiotherapists personalize the intensity of the exercises to each participant’s capacity.
Parallel to the in-person sessions, participants start exercising at home with the support of the app. For the first 4 weeks, the 
focus is on form and technique rather than on effort. Subsequently, the exercise programme will change every126 weeks, 
adjusting the exercises themselves, the number of repetitions and sets. The physiotherapists are able to choose one out 
of two sets of exercise with different intensities. The participants are also instructed to self-tailor the exercise programme 
themselves by choosing a level of intensity within each exercise (e.g. using a resistance band with higher/lower resistance, 
increasing/decreasing the range of motion) provided by the app.
The education content is standardized.

10. Modifications N/A

11. How well: Planned To ensure standardized delivery of the SmArt-E intervention, training for physiotherapists follows a standardized protocol 
and will be delivered by the same project members. All physiotherapists get a handbook that summarizes all exercises and 
education material.
The smartphone-assisted support via the app plays a key role in improving participants’ adherence to the SmArt-E interven-
tion. To encourage the participants to stay active, continue their exercises and reinforce the educational content, the app is 
designed to remain engaging over the 52-week period: There is a changing exercise programme every 12 weeks and new 
educational videos or texts at least every 2 weeks. The app also integrates various motivational and volitional techniques of 
behavior change to increase exercise fidelity (e.g., goal setting, action planning, self-monitoring of behavior). Moreover, the 
refresher sessions aim to support for ongoing independent continuation of the programme.
Participants‘training and app adherence will be assessed using training diaries and user data from the app.

12. How well: Actual N/A
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(graded or non-graded PA programme). The learning 
objectives of the refresher course encompass (1) addi-
tional motivational strategies, (2) specific coping strat-
egies to enable participants to integrate self-managed 
exercises into their daily life with adequate intensity. 
Furthermore, physiotherapists should (3) support par-
ticipants remotely in terms of exercise programme 
design and educational content. Additionally, they shall 
(4) support participants in behavioural and lifestyle 
changes, (5) promote PA, and (6) enable participants in 
the retention of behaviour change and development of 
coping skills in the long term, e.g., strategies to resolve 
emerging problems.

App adaptation and enhancement: thinking‑aloud method
The study app is being further developed based on an 
existing Dutch app (e-Exercise) in close collaboration 
between the research team and the technical partner 

HealthTrain (Utrecht, Netherlands). Once the app is 
ready for implementation (Android and iOS), we use the 
thinking-aloud procedure to assess its usability. There-
fore, five randomly selected participants are to accom-
plish selected tasks within the app while expressing their 
thoughts aloud. The feedback is recorded with the help 
of audio recordings and evaluated in terms of qualitative 
content analysis. This sample size is sufficient to log 85% 
of the usability problems [39].

Usual care
The control group receives usual care, which might com-
prise physiotherapy sessions, but also other treatments 
like injections, acupuncture, or no treatment at all. An 
additional 45-minute consultation with a physiothera-
pist on PA-recommendations for OA including informa-
tional material, access to the app, and a smartphone if 
sought, is offered following the final assessment.

Fig. 2  Screenshot of the SmArt-E app showing the exercise feature Fig. 3  Screenshot of the SmArt-E app showing the today view
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Table 4  Overview of outcome measures, screening instruments and descriptive measures over the course of the study

PS TS T0 T1 T2

Sociodemographic and health-related data

Date of birth, age, and sex X

School-leaving qualification; academic grades; employment; living conditions (i.e., living alone/ in a 
nursing home); monthly net income;

X

German-speaking X

Medical and medication information

Height; weight; body mass index; health status; co-morbidities; walking aids X

OA-related treatment history and surgery; previous joint replacement X

Screening for study eligibility and absence of contraindications X X

Physical functioning

P Hip Disability and Osteoarthritis Outcome Score (HOOS) X X X

P Knee injury and Osteoarthritis Outcome Score (KOOS) X X X

Pain and tiredness

P Numeric rating scale (NRS) X X X

Physical capacity

S Modified Y-Balance-Test X X X

S 30-Second Chair Stand Test (30s CST) X X X

Physical activity

S ActiGraph 3 GT3X tri-axial accelerometers and activity diary X X X

S Activity questionnaire X X X

Action planning and coping planning X X X

S Questionnaire

Health-related quality of life, health status

S European Quality of Life 5 Dimensions 5 Level Version (EQ-5D-5L) X X X

S Patient Global Assessment (PGA) X X X

S Subjective change of health status X X

Coping strategies

S Pain Catastrophizing Scale (PCS) X X X

Psychosocial status

S Self-Report Behavioral Automaticity Index (SRBAI) X X X

S Patient Acceptable Symptom State (PASS) X X X

S Arthritis Self-Efficacy Scale (ASES) X X X

Satisfaction

S ZUF-8 questionnaire + 1 item for patient perspective on satisfaction with treatment results X X

Usability

System Usability Scale (SUS) X

mHealth App Usability Questionnaire (MAUQ) X

Health literacy

European Health Literacy Survey (HLS-EU-Q16) X

eHealth Literacy Scale (eHEALS) X

S Movement-related Health Literacy X X

Technology readiness

Technology commitment X

Health Economic Evaluation
Questions on out-of-pocket expenses and resource use

X X

Health insurance routine data
Data comprise information on costs, diagnoses, procedures and the scope of services, e.g., number 
of doctor visits, length of hospital stay.

X X

Interaction between user and intervention

Thinking Aloud-Approach X

Abbreviations: PS pre-screening by general practitioner, TS telephone screening, T0 baseline assessment, T1 3-month assessment, T2 12-month assessment, P primary 
outcome measure, S secondary outcome measure
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Outcomes (measures)
Table  4 shows descriptive variables, as well as primary 
and secondary outcomes. Assessors receive 2 h of train-
ing on all aspects of the assessment to ensure a high level 
of standardization.

Primary outcomes
The primary outcomes are physical functioning and 
pain. Physical functioning will be assessed using the sub-
scale “function in daily living” of the Hip Disability and 
Osteoarthritis Outcome Score (HOOS) [40] or of the 
Knee injury and Osteoarthritis Outcome Score (KOOS) 
[41], depending on the index joint. Both questionnaires 
are validated in German language comprising 40 and 42 
items, respectively, distributed across the five subscales 
pain, symptoms and function in daily living, sports activi-
ties and quality of life [40, 41]. Each item is scored on a 
five-point Likert scale (0 = extreme symptoms/problems; 
4 = no symptoms/problems). Hence, lower scores indi-
cate higher impairments. Pain will be assessed using an 
11-item numeric rating scale (NRS) [42, 43]. Patients 
select a number (0–10 integers) that reflects their pain 
intensity best on a horizontal bar [43], ranging from zero 
(“no pain”) to ten (“worst pain imaginable”) and related to 
the previous 24 hours [42, 43].

Secondary outcomes

Knee−/hip‑related health, symptoms, and functional-
ity  The HOOS/KOOS subscales pain, symptoms, sports 
activities and quality of life of the will be assessed as sec-
ondary outcomes of the study [40, 41].

Physical performance  
The Lower Quarter Y-Balance Test (YBT) is a simpli-
fied version derived from the Star Excursion Balance 
Test that represents a valid and reliable assessment 
of lower extremity dynamic neuromuscular control 
among patients with OA [44, 45]. The YBT uses a test-
ing kit and a revised protocol to improve reliability and 
screening speed [45, 46]. Participants perform the test 
while standing in a single-leg stance and pushing a rec-
tangular box with their foot along the three axes of the 
kit. Based on three attempts into each direction and 
on each leg, the greatest reached distance in relation 
to the individual leg length as well as the according 
between-limb asymmetry will be assessed to evaluate 
the intervention effects.
The 30-Second Chair Stand Test (30-CST) is a valid and 
reliable lower extremity physical performance meas-
ure in which participants stand up and sit down as 
often as possible within 30 seconds with their arms 
crossed in front of their chest. The 30-CST demonstrate 

better responsiveness in detecting physical performance 
changes compared to other measures and is appropriate 
for older adults over the age of 60 years [47].

Physical activity (PA)  Daily PA will be assessed 
using ActiGraph GT3X triaxial accelerometers [48], 
successfully used in previous clinical trials includ-
ing patients with knee and/or hip OA [49]. Partici-
pants wear the accelerometer attached to a waist belt 
for ten consecutive days throughout their waking 
hours, except for showering or swimming. Addition-
ally, participants will be asked to complete a short 
activity diary including wearing time, unusual activi-
ties, or activities difficult to detect, as well as reasons 
and duration for removal of the device. Data will be 
recorded at a sampling rate of 100 Hz. After return-
ing the accelerometer and diary, data will be down-
loaded, processed, and analysed, for which the Freed-
son thresholds will be used. 0–99 counts per minute 
(CPM) indicate sedentary behaviour, while values 
between 100 and 1951, 1952–5724, 5725–9498, and 
values ≥9499 CPM indicate light, moderate, vigor-
ous, and very vigorous PA, respectively [50]. Valid PA 
assessments require a minimum wear time of at least 
7 days, 10 h per day [51].

Additionally, we will use a questionnaire on daily PA 
focusing on leisure and work, comprising nine items that 
are part of the “German Health Update” (GEDA) study 
of the Robert Koch Institute [52], and a single question 
derived from the Global Physical Activity Questionnaire 
developed by the WHO on daily sitting time [53].

Action & coping planning  Planning can be divided 
into action planning and coping planning, and can 
be considered a prospective self-regulatory tool that 
can help turning goals into behaviour [54]. Two scales 
measuring action planning and coping planning [54] 
will be used following an adaptation to planning regu-
lar PA, consisting of three items each that are rated on 
a four-point Likert scale ranging from “completely disa-
gree” [1] to “totally agree” [4]. The action planning scale 
assesses the extent to which a person has made specific 
plans about when, where, and how they will be physi-
cally active on a regular basis. The coping planning 
scale assesses the extent to which a person has made 
specific plans about how they will cope with potential 
barriers to regular PA.

Quality of life/health status  The European Quality of 
Life 5 Dimensions 5 Level Version (EQ-5D-5L) question-
naire is valid and reliable for the assessment of the health 
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status in clinical and health economic studies [55, 56]. 
The EQ-5D-5L covers five domains (mobility, self-care, 
usual activities, pain/discomfort, and anxiety/depres-
sion). Further, it includes five levels referring to the sever-
ity of restrictions, based on which the EQ-5D-5L-index 
is determined that expresses the health status ranging 
from zero to one with one indicating the best possible 
health status. This index will be used to calculate Quality 
Adjusted Life Years (QALYs) [57].
The Patient Global Assessment (PGA) is used to quan-
titatively assess the general health status using a single 
question from the EQ-5D-5L health questionnaire in its 
German version [56, 58, 59]. Patients score their current 
global health status on a visual analogue scale ranging 
from 0 to 100 mm using the anchors worst and best pos-
sible. The subjective health status change will be assessed 
regarding the change in general, the change in pain, and 
the change in physical functioning (walking). Accord-
ing to Angst et al. (2017) [60], participants will be asked: 
“How is your health (pain, physical function) today com-
pared to three months ago regarding OA in your affected 
knee joint or hip joint?”. Response options include the 
anchors “much better”, “slightly better”, “about the same”, 
“slightly worse”, and “much worse” [60].

Coping strategies for pain  Pain catastrophizing will 
be assessed using the Pain Catastrophizing Scale (PCS) 
comprising the three subscales helplessness, magnifica-
tion, and rumination [61]. In 13 items, participants rate 
the frequency of pain experiences on a five-point Likert 
scale ranging from zero (mild symptoms) to four (worst 
symptoms). Adding the individual items results in a total 
score ranging from zero to 52. Higher scores indicate 
more pain catastrophizing characteristics. A reliable and 
validated German version of the PCS is available [62].

Psychosocial status  
The Self-Report Behavioural Automaticity Index (SRBAI) 
is a four-item subscale of the Self-Report Habit Index 
(SRHI) that reliably captures habitual behaviour pat-
terns and can be used to predict future behaviour or to 
track habit formation or disruption [63, 64]. Being more 
succinct than the SRHI, the SRBAI is easier to adminis-
ter, but still sensitive to effects that characterize habits 
[63].
The Patient Acceptable Symptom State (PASS) uses a 
single question to assess the level of symptoms at which 
patients consider themselves healthy [65]. The PASS 
will be assessed using the global question: “Assum-
ing you remain in the present condition for the next 
few months, do you believe that your current state is 
acceptable?”. A dichotomous yes/no response option 

indicates the patient’s satisfaction with their current 
symptoms state.
The Arthritis Self-Efficacy Scale (ASES) was originally 
developed as a 20-items questionnaire to assess OA-
specific self-efficacy in patients and to explain changes 
resulting from (educational) interventions [66]. A short-
ened and validated German version comprises eight 
items rated on a visual analogue scale ranging from one 
(very uncertain) to ten (very certain), with higher scores 
indicating increased perceived efficacy [67].

Physical activity related health competence  The con-
struct PA-related health competence comprises the three 
domains movement control, control competence, and 
self-regulation, required to perform health-promoting 
PA on a regular base [68]. A shortened 14-items version 
derived from the validated original instrument is avail-
able in German language for assessing PA-related health 
literacy in rehabilitation and prevention settings [69, 70].

Patient satisfaction  The ZUF-8 measures global, unidi-
mensional patient satisfaction with received care [71]. It 
covers eight items that are rated on a four-point Likert 
scale ranging from one (least favourable) to four (most 
positive characteristic), available in German language 
with excellent psychometric properties [71, 72]. For eval-
uating the app satisfaction, participants of the interven-
tion group will respond to three additional questions, 
analogously to the original ZUF-8 items, but related to 
the app. The questions are: 1. “To what extent did the app 
meet your needs?”, 2. “Would you recommend the app to 
a friend if they needed similar help?” and 3. “Would you 
use the app again if you needed help?”. To add the patient 
perspective on their satisfaction with the treatment 
results, the following item will accompany the ZUF-
8: “How satisfied are you with the results of your treat-
ment?”, rated on a five-point Likert scale ranging from 
“very satisfied to very unsatisfied” [73].

Covariates

Health literacy  Health literacy will be assessed using 
the European Health Literacy Survey (HLS-EU-Q16) 
[74]. The questionnaire addresses the four dimensions of 
general health literacy encompassing access, understand-
ing, assessment, and use of health information in disease 
prevention, health promotion, and healthcare [74]. The 
participants rate tasks and activities related to health-
care, disease prevention, and health promotion on a four-
point Likert scale. The eHealth Literacy Scale (eHEALS) 
is developed to meet the growing requirement to assess 
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digital health literacy [75]. The questionnaire includes 
eight items and assesses the perception of knowledge and 
skills in finding, evaluating, and using electronic health 
information on a five-point Likert scale. eHEALS is avail-
able in German language [76] and represents a valid and 
reliable scale for perceived measurement of eHealth lit-
eracy among adult populations and patients with chronic 
diseases [77].

Technology commitment  Technology commitment is 
thought to predict the successful use of new technolo-
gies, particularly at older ages. A 12-item scale for meas-
uring technology commitment with good psychometric 
properties has been developed and validated in German 
language [78]. The scale addresses three different facets 
of handling technology, comprising technology accept-
ance, technology competence beliefs, and technology 
control beliefs.

Participants
Participant timeline
Study participation begins with an initial assessment 
(t0), followed by randomization of participants. The 
SmArt-E intervention expands over 12 months with 
follow-up assessments at 3 (t1) and 12 months (t2) after 
the start of the intervention and starting with in-per-
son physiotherapy. A refresher session is held after 6 
months (see Fig. 4).

Sample size
We aim to recruit 330 patients, equally distributed 
among the intervention and control group. The sam-
ple size calculation assumes an effect size of Cohen’s 
d = 0.34 for the comparison of the SmArt-E interven-
tion and usual care for the primary outcomes of pain 
and physical functioning after 12 months. This assump-
tion is derived from a recent meta-analysis involving 44 
clinical studies evaluating internationally established, 
comparable exercise therapy compared to do-noth-
ing or sham control conditions and a dropout rate of 
15%, resulting in effect sizes of d = 0.49 for pain and 
d = 0.52 for physical functioning [23]. A comparable 
RCT with digital support demonstrate similar results, 
in which the authors find a greater pain reduction of 
approximately − 1.0 (±2.3) points on a 11-point NRS 
in the intervention group compared with the control 
group, corresponding to an effect size of d = 0.44 [33]. 
Regarding physical functioning, an effect of d = 0.66 
is observed. We assume smaller effect sizes for the 
SmArt-E intervention as this will be compared to cur-
rent usual care, which should be more effective than 

Do-Nothing or Sham. Based on a t-test for independ-
ent samples, one-sided α = 0.05 and β = 0.80, a sample 
size of n = 274 is necessary when considering the num-
ber of outcomes and Bonferroni corrections (n = 137 
per group). Target sample size is increased to n = 330 
to compensate for dropouts of up to 20%. Additional 
power is gained by statistically accounting for age, gen-
der, and the baseline value of the respective outcome.

Recruitment
The three study centres engage in the recruitment of par-
ticipants and physiotherapy practices by means of let-
ter mailings, press releases, print media (flyers, posters), 
information events, newsletter, websites, an animated 
explanatory film and an article in the customer magazine 
of the health insurance company (Techniker Krankenkasse 
(TK)). In addition, a personalized mailing will be sent from 
the TK to eligible patients in the regions of interest. Coop-
erating physicians are asked to make their patients aware 
of the study. Patients interested in participating must con-
tact their trial centre for a comprehensive informed inter-
view addressing questions and study eligibility.

Patient recruitment will extend over 9 months (Novem-
ber 2022 to June 2023). An extension may be required, 
should the COVID-19 pandemic result in restrictions at 
cooperating institutions that cannot be controlled by the 
study centres. Figure 5 provides an overview of the entire 
recruitment process.

Eligibility criteria
Patients with OA at the hip and/or knee joint diagnosed 
by a physician according to the criteria of the “American 
College of Rheumatology” [79, 80] are eligible for this 
trial. The minimum age for patients with hip and knee 
OA is 50 and 38 years, respectively. The responsible phy-
sician must verify the patient’s eligibility for inclusion in 
advance with the “Infozept” (green prescription). Addi-
tionally, participants need to be insured with TK, and 
have sufficient German language skills for the assess-
ments and the intervention of at least B2 level according 
to the Common European Framework of Reference for 
Languages [81]. In addition, participants need internet 
access at home and a SIM card (see Table  5). A smart-
phone can be provided, if wanted.

Randomization and blinding
At t0 (initial assessment) the assessors will allocate par-
ticipants to the intervention or control group by block 
randomization using REDCap (Vanderbilt University, 
Nashville, Tennessee, USA), for which a 1:1 alloca-
tion ratio stratified by the affected joint (hip vs. knee), 
sex, and study centre will be applied. Participants of the 
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Fig. 4  Patient flow of the SmArt-E study
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Fig. 5  Flow-Chart of the recruitment, screening, assessment and randomization process
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intervention group will be treated in the nearest partici-
pating physiotherapy practice.

Data collection and management
The Competence Centre for Clinical Trials Bremen 
(KKSB) links data from different sources for the sum-
mative, the health economic and the process evaluation 
(data acquired during baseline and follow-up assess-
ments, routine data from TK, and app-based data). In 
the assessments, we use machine-readable paper docu-
ments, pseudonymized in the Trust Centre at the KKSB 
and forwarded to the data management department of 
the KKSB for conducting the summative evaluation fol-
lowing checks for missing data and plausibility to ensure 
data quality.

Data protection
In accordance with data protection legislation, the Trust 
Centre of the KKSB destroys the key at the earliest pos-
sible time when no further requests are open. Data access 
is exclusively granted to authorized employees of the 
KKSB involved in this project. All study data is stored in 
a secured network. A joint controller agreement regu-
lates joint responsibilities among the consortium part-
ners in the processing of personal data pursuant to article 
26 General Data Protection Regulation (GDPR).

Statistical analysis
The primary outcomes comprising physical functioning 
(HOOS/KOOS) and pain reduction (NRS) at 12 months 
from baseline are compared between the intervention 
and control group using Bonferroni-adjusted analysis of 
covariance with gender, index joint, allocation (individ-
ual/group treatment), baseline values (pain and physical 
functioning) and the study centre as covariates. In sub-
group analyses, corresponding models will be applied 
only to patients with hip or knee OA and only to women 
or men, respectively. Wherever required, differences in 
the effects are tested by expanding the overall model with 
corresponding interaction terms. Study centre effects are 

studied in a similar way. A secondary analysis will exam-
ine intervention group differences in the time course of 
pain and physical functioning, including all assessment 
appointments and using mixed models. Effects on the 
secondary outcomes are investigated descriptively (and 
without Bonferroni correction) using appropriate regres-
sion models. The analysis is primarily based on the inten-
tion-to-treat principle. Missing values will be considered 
by multiple imputation and maximum likelihood princi-
ple, respectively. If large numbers of imputations will be 
necessary, a robustness analysis with alternative imputa-
tion strategies will be carried out. All statistical analyses 
are defined in a Statistical Analysis Plan prior to the com-
pletion of patient recruitment.

Health economic evaluation
A cost-effectiveness and a cost-utility analysis will be per-
formed from the societal perspective and from the per-
spective of the German statutory health insurance. Direct 
costs (inpatient and outpatient services, rehabilitation, 
home care, medication, and aids) will be calculated using 
data from the statutory health insurance and from the 
patient questionnaire. The questionnaire includes ques-
tions on patient out-of-pocket expenses and on home 
care. Both cost components are relevant from the societal 
perspective. Home care will be valued according to the 
opportunity cost approach. Indirect costs will be calcu-
lated using data from the statutory health insurance and 
quantified using the human capital approach. All time 
components will be valued by average German wages. 
Costs will be collected at t0 and t2 for the previous 12 
months.

In the cost-effectiveness analysis, the effects will be 
measured using the primary outcomes of physical func-
tioning and subjective pain, that is, the HOOS [40], the 
KOOS [41], and the NRS [42]. In the cost-utility analy-
sis, the effect will be measured using QALYs [57] based 
on the EQ-5D-5L [56]. In both analyses, costs and con-
sequences will be compared by calculating the incremen-
tal cost-effectiveness ratio. To account for uncertainty, 

Table 5  Inclusion and exclusion criteria for study participation

Inclusion criteria Exclusion criteria

• Physician-diagnosed OA of the hip and/or knee according to the clinical 
criteria of the American College of Rheumatology (ACR) [79, 80] ICD-
10-GM: M15 polyarthrosis, M16 coxarthrosis; M17 gonarthrosis

• Patients with a fixed date for a replacement surgery of the affected joint or 
already having a total replacement of the affected joint

• Patients with hip OA aged > 50 years; patients with knee OA aged 
> 38 years according to the ACR [79, 80]

• Patients without internet access at home

• Medically eligible to participate in the SmArt-E intervention • Inability to understand the German language (B2-level)

• Patients who are not medically eligible to participate in the Smart-E inter-
vention (e.g. contraindications like cardiovascular or neurological diseases)
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cost-effectiveness acceptability curves will be calculated 
based on net-benefit regressions and sensitivity analyses 
will be performed [82, 83].

Process evaluation
The process evaluation takes place in parallel to the study 
and serves as a quality criterion, as well as to increase the 
measurability of the study. The process evaluation exam-
ines the mechanisms by which the SmArt-E programme 
interventions bring about change [84] and how the con-
text affects the implementation and potential outcomes 
[85]. The process evaluation will evaluate (1) whether 
the programme is implemented as intended (fidelity), (2) 
to what extent the implementation succeeds (dose), (3) 
whether the targeted addressees are reached (reach), and 
(4) which factors hinder or facilitate the implementation 
and intervention outcomes (context). By identifying con-
text factors needed to be considered in the interpretation 
of the results, the process evaluation allows concluding 
on the generalizability and transferability of the interven-
tion [85]. The focus of the process evaluation lies on the 
three key components of the intervention: The physical 
training of the patients, their educational training, and 
their use of the app. A mixed-methods-approach will be 
used to collect qualitative and quantitative data regarding 
attitudes and opinions of all target groups towards the 
intervention components, the communication and inter-
action among the participants, influential context factors, 
or perceived barriers during the intervention [86, 87].

The mixed-methods-approach comprises three main 
methodological components: First, semi-structured 
guided interviews of 45 to 60 minutes will be performed 
with 15 patients, 15 physiotherapists, and staff from the 
trial centres. Secondly, a questionnaire based on the 
results of the first interviews will be handed out to all 
patients, and physiotherapists to determine their atti-
tudes, opinions, and the acceptance of the intervention 
on a quantitative basis. As part of this survey, previously 
collected data such as socio-demographic factors, qual-
ity of life, coping strategies and (digital) health literacy 
will be referenced to identify potential patient clusters. 
Thirdly, homogeneous focus group interviews are con-
ducted with groups of physiotherapists and groups of 
patients separately. The focus group interviews intend 
to clarify unresolved questions from the interviews and 
questionnaires, to validate the results from the initial 
interviews and to reveal information that emerge through 
the dynamics of a discussion within a peer group. For 
each of the three study centres, one group of ten physi-
otherapists and one group of ten patients will be formed 
leading to a total of six focus group interviews. Each 
focus group interview will last between 60 and 90 min-
utes. The quantitative and qualitative data collected in 

the process evaluation will be complemented by focused 
ethnographic participatory observations in each study 
centre at one point in time [88].

Usability
As part of the process evaluation, the System Usability 
Scale (SUS) will additionally be used among participants 
of the intervention group as a well-established self-report 
instrument to evaluate perceived user-friendliness (usa-
bility) [89]. The scale covers ten items, uses a five-point 
Likert scale with anchors ranging from “strongly disa-
gree” to “strongly agree”, and is available in German lan-
guage [90]. The mHealth App Usability Questionnaire 
(MAUQ) was developed to assess the perceived usability 
of digital health applications, comprising 18 items rated 
on a seven-point Likert scale from one (strongly agree) 
to seven (strongly disagree) [91]. The questionnaire is 
not (yet) available in a validated German-language ver-
sion but will be used in a self-translated version that has 
already been used in previous studies [92].

Discussion
This pragmatic multicentre RCT will evaluate the (cost-) 
effectiveness of a blended care intervention, with in-per-
son and app-assisted therapy components in a real-world 
physiotherapeutic setting.

The benefit of conservative treatment options for patients 
with OA has already been proven, however, they are still 
underutilized. Further, digital care has shown its value in 
various settings and several countries and proven to be 
useful to increase the sustainability of interventions [26, 
93]. However, exclusively digital care is not appropriate for 
every patient [28]. In this regard, blended care might ren-
der positive outcomes and overcome potential barriers by 
integrating in-person and digital therapy [32, 94].

Purpose
The primary goal of the SmArt-E intervention is to 
reduce pain and improve physical functioning. Addi-
tionally, in the long term we expect the intervention to 
postpone or prevent joint replacement surgeries and 
retain work ability, as was demonstrated in a previous 
study combining exercise therapy with education [21, 
95]. Compared to exercise therapy alone, the integra-
tion of behaviour change techniques and graded PA, 
core elements of the SmArt-E intervention, decrease 
the likelihood for joint replacement [21, 95] surgeries. 
Likewise, a RCT demonstrated that an exercise inter-
vention improved work ability, underlining beneficial 
effects of physical exercise in patients with OA in retain-
ing work ability [96]. Secondly, many patients with OA 
also suffer from comorbidities, most often hypertension, 
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dyslipidaemia and back pain [6], for which PA, exercises, 
and education proved to be beneficial treatments [97]. 
Thus, we expect SmArt-E to be an effective intervention 
for patients with OA. We further aim to reveal potential 
barriers and facilitators to prepare this intervention for 
implementation in a healthcare setting. For this purpose, 
the process evaluation shall identify important details 
to be considered during the roll out and in relation to 
design and arrangement.

Expected challenges
Even though this RCT is well designed and planned to 
determine the effectiveness under the conditions of eve-
ryday physiotherapeutic care in Germany, some chal-
lenges remain. First, timely recruitment of physiotherapy 
practices in all three study centres will be crucial regard-
ing the training and education of therapists before the 
intervention starts. As an incentive for participation, each 
physiotherapy practice will be equipped with a tablet for 
the duration of the intervention and receives remunera-
tions comparable to/slightly higher than remunerations 
according to regular care. Secondly, only patients with 
hip and/or knee OA insured with TK will be eligible to 
participate, posing additional challenges with respect to 
the limited recruitment period of 9 months. However, 
an initial potential analysis conducted by TK revealed 
areas with high density of eligible patients. This allows 
us to focus our recruitment efforts on regions with about 
30,000 potential study participants who meet the inclu-
sion criteria.

Other typical challenges might be low adherence or 
even non-use of the app. To improve adherence to exer-
cise therapy and maintain positive effects on outcomes on 
the long-term, it is considered important to implement 
strategies to support lasting behaviour change and inte-
gration of exercise and PA into patients’ daily lives [19]. 
Therefore, behaviour change techniques were included 
in the intervention that have been applied in PA promot-
ing interventions that resulted in improved adherence 
in patients with chronic musculoskeletal conditions and 
specifically OA, according to systematic reviews [24, 98]. 
Previous studies revealed low adherence rates for exclu-
sively digital care [28]. We aim to overcome this barrier 
by an initial in-person treatment period, followed by 
a blended-care intervention, in which patients keep in 
touch with their therapists, receive exercise reminders, 
and use behaviour change techniques, including weekly 
reviews on completed exercises, PA, and educational 
content, action planning, goal setting, and others. Addi-
tionally, we expect the refresher sessions at 6 months to 
further motivate participants continuing the interven-
tion with increased programme adherence compared to 
exclusively digital interventions [28].

The process evaluation serves to capture the adher-
ence and further aspects to better understand the factors, 
which may enhance or mitigate intervention effects.

Health economic evaluation
An economic evaluation, as it will be conducted in this 
study, has been recommended as one of the most urgently 
required strategies to close the gap between evidence and 
clinical practice [99]. In general, exercise interventions 
with or without education appear to be cost-effective 
in patients with hip and knee OA if compared to phy-
sician-delivered usual care [100]. The combined super-
vised patient education and exercise therapy programme 
GLA:D, a programme similar to NEMEX, has been shown 
to be cost-effective in the Danish setting [101]. How-
ever, blended physiotherapy has not been shown to be 
cost-effective if compared to usual physiotherapy [102]. 
The cost-effectiveness of a programme like SmArt-E 
that combines both approaches is, therefore, not a priori 
clear. Economic evaluations of OA interventions should 
use administrative data for collecting health resource use 
and cost-questionnaires to collect patient out-of-pocket 
expenses. In addition, sensitivity analyses should be per-
formed [100]. The results of this economic evaluation will 
provide a meaningful comparison of SmArt-E’s costs and 
consequences by taking timely recommendations for eco-
nomic evaluations of OA interventions into account.

Strengths and limitations
There are several strengths of this study. First, conducted 
as a pragmatic, multicentre RCT, SmArt-E is more pow-
erful and less prone to several biases (e.g., local effect 
bias, selection and performance bias, or concomitant 
therapy bias) compared to single-centre studies. Second, 
we evaluate an evidence-based exercise intervention [32], 
incorporating the NEMEX programme [38] and effec-
tive behaviour change techniques [103]. Third, given an 
overall 12-month intervention period, the implementa-
tion of refresher sessions after 6 months shall increase 
programme adherence. Fourth, SmArt-E as novel health-
care will be conducted and evaluated in physiotherapy 
practices and thus in a real-world environment, support-
ing its integration into regular healthcare, in case SmArt-
E will be evaluated positively. Furthermore, structured 
feedback in form of exercise diaries, documentation 
sheets, questionnaires, and process audits from partici-
pants (patients, physical therapists, and physicians) will 
be collected as part of the process evaluation, which can 
be used for further adaptation, implementation processes 
and a direct rollout in the healthcare setting. In terms of 
limitations, even though the study takes place in a real-
world setting, physicians and physiotherapists participat-
ing in the trial may be not completely representative of all 
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physicians and physiotherapists in Germany. Further, the 
trial centres will provide implementation support. Find-
ings may therefore not be generalized to other physicians 
and physiotherapists with limited interest or capacity. As 
typical of healthcare service research, participants may 
take part in other healthcare offers, which might delude 
specific SmArt-E effects. More specifically, control group 
participants may be sensitized to the relevance of exer-
cise and PA. Obviously, we will ask for participation in 
any healthcare during the study period. Although follow-
up is 12 months, long-term effects of the intervention, 
such as rates of post-study surgery and disease specific 
healthcare costs, may not be captured adequately. If the 
12-month evaluations are promising, a long-term fol-
low up should be considered. Further limitations include 
socially desirable reporting at both the level of physi-
otherapists and patients. Based on our results, as usual, 
prediction of benefits and harms of the intervention will 
be possible on a group, but not an individual level.

In brief, this study will provide insight into the (cost-) 
effectiveness and implementation of a blended care inter-
vention for patients with hip and/or knee OA, which is 
designed to decrease pain and increase physical func-
tioning. If evaluated positively, the SmArt-E interven-
tion will improve healthcare for patients with OA and 
alleviate the pressure on healthcare services. Decreasing 
pain and increasing physical functioning could prevent 
joint replacement surgeries, retain work ability, improve 
quality of life and participation, and reduce healthcare 
costs. Furthermore, as an evaluated smartphone-assisted 
training and education programme, it can be smoothly 
implemented into daily physiotherapeutic practice and is 
therefore ready to use.

Trial status
Recruitment of participating physiotherapy practices has 
ended in August 2022. The official start of participant 
recruitment was mid of November 2022; enrolment of 
the last participant is planned for June 30, 2023. By the 
time of submission (January 10, 2023), n = 85 partici-
pants have already been enrolled in the trial.
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