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(re.flex): a study protocol for a randomized
controlled trial

Valerie Dieter'?"®, Peter Martus®, Pia Janssen'? and Inga Krauss'~

Abstract

Background Current health care demonstrates an insufficient provision and utilization of physical exercises

despite their recommendation as a first-line treatment in clinical guidelines for patients with knee osteoarthritis (OA).
Mobile health (m-health) technologies offer new opportunities to guide and monitor home-based exercise programs
by using mobile devices and inertial sensors in combination with a digital application (app). This study will evaluate
patient benefits resulting from the use of the specific digital health application re.flex for patients with knee OA.

Methods This monocentric, two-arm, randomized controlled parallel-group trial will evaluate the effectiveness

of the app- and sensor-guided exercise program re.flex for patients with moderate-to-severe knee OA. We aim

to recruit 200 participants via newspapers, newsletters and information events. Participants will be randomly allo-
cated to the intervention group and the control group in a 1:1 ratio. Participants in the control group will not receive
any study intervention or instruction for any change to their previous health care utilization. Despite this, they are
allowed to make use of usual care provided by their treating physician. The intervention group comprises a 12-week
home training program with three sessions per week in addition to usual care. Exercises will be guided and monitored
by use of the training app (re.flex) and two accelerometers that are attached proximally and distally to the affected
knee joint. Pre- and postmeasurements will take place at baseline (t0) and after 12 weeks (t1). Primary outcomes will
be osteoarthritis-specific pain and physical function measured with the Knee Osteoarthritis Outcome Score (KOOS)
subscales Pain and Function in daily living (ADL). Second, further self-reported health outcomes, a performance meas-
urement, app logfiles and safety will be assessed. Intervention effects will be calculated by baseline-adjusted analysis
of covariance (ANCOVA) using an intention-to-treat approach. Multiple imputation will be applied.

Discussion Reflex can bridge part of the gap between recommendations for strengthening exercises in patients
with knee OA and the insufficient actual care situation. This randomized controlled trial is designed to provide conclu-
sions on the effectiveness of the health application reflex for the population under study and will provide further
insight into adherence rates and the safety of its use.
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Trial registration The trial was registered on 20/01/2023 at www.drks.de (ID: DRKS00030932).
Keywords Digital application, m-health, Knee osteoarthritis, Exercise

Background

Osteoarthritis (OA) is the most common degenerative
joint disorder in Germany and worldwide [1]. Accord-
ing to the GEDA 2014/2015-EH Interview Survey of the
Robert Koch Institute, the 12-month prevalence of OA
in adults in Germany is assessed at 17.9% [2]. It is esti-
mated that more than half of those affected suffer from
knee OA [3]. Older age, female sex and biomechanical
stress induced by overuse or malalignment as well as
previous injuries or overweight are potential risk factors
for OA [2].

Disease progression is frequently associated with
increasing pain and growing limitations in physical func-
tioning and health-related quality of life. Due to its pro-
gressive degenerative character, interventions primarily
aim for a reduction in disease symptoms and improve-
ments in physical functioning. They further intend to
foster disease self-management and patient education.
Medical guidelines worldwide recommend physical exer-
cises and patient education as nonpharmacological core
treatments for patients with knee OA [4, 5]. However,
there is an insufficient provision and utilization of these
first-line treatments in current health care. A recent
meta-analysis of 15 studies evaluating the quality of OA
care in the community concluded that less than 40% of
eligible OA patients received recommendations to exer-
cise [6]. Furthermore, only 35% of the German people
with OA reported that they engage in strength training at
least twice a week [7]. Data from a German health insur-
ance company show that more than 60% of the insurance
holders aged 60 years and above and diagnosed with OA
received medication compared with only 41% receiving
a prescription for physiotherapy [8]. The latter does not
necessarily include exercise instructions [9].

From a mechanical perspective, strengthening exercises
aim to stabilize the affected joint and decrease abnormal
joint loads by improving muscle strength and neuromus-
cular control [10, 11]. To date, many studies on exercise
therapy in knee OA have shown increased strength in
the short and mid-term [12, 13]. In this regard, adher-
ence to exercise seems to be crucial, as exercise inter-
ventions are categorized as lifestyle interventions. Initial
instructions are given, after which the exercises should
be continued in a self-dependent manner [14]. An ongo-
ing need for the development of highly stimulating exer-
cise programs designed for long-term adherence can
therefore be postulated [13]. In this regard, home-based
exercise programs seem to be of particular relevance, as

they can be conducted independently [10]. Digital health
applications have great potential to support patients in
performing exercises correctly and safely. The outstand-
ing advantages of digital health applications are related to
their extensive availability, allowing users to be instructed
in exercises independent of time and location. They fur-
ther appeal to a wide range of possible users [15-17]
and have the possibility of closer monitoring, such as an
objective method of measuring adherence to exercise by
use of additional motion sensors [18]. In a randomized
controlled trial, Bennell and colleagues [19] compared
home exercise prescribed by therapists’ usual methods
with home exercise prescribed using a web-based exer-
cise programming system for people with musculoskel-
etal conditions. Conclusively, web-based home exercise
resulted in improved adherence and self-confidence in
the ability to perform exercises independently.

The digital transformation in health care is advanc-
ing rapidly. One example of this ongoing process is the
Digital Care Law in Germany, which came into force in
2019 [20]. This law aims for better care using digitaliza-
tion and innovation. Among others, it allows patients
to gain access to specific health apps that are listed in a
register for disease-specific digital health applications
(DiGA). Costs for DiGAs are reimbursed from the statu-
tory health insurance companies. However, evidence of a
positive care effect, such as patient benefit, is a prerequi-
site for the final inclusion of a DiGA into the reimburs-
able DiGA register [21]. To create incentives using digital
interventions, such or similar reimbursement models are
needed from a clinician’s perspective [22].

This randomized controlled trial will investigate the
patient benefits associated with the preliminary listed
DiGA re.flex that is used to instruct and guide exercises
for patients with knee OA.

Objectives

The main objective of this study is to investigate the effec-
tiveness of a 12-week sensor-assisted and app-supported
exercise intervention in addition to usual care (interven-
tion group) in comparison to a control group with usual
care only (control group).

The two primary endpoints are the comparison of
baseline-adjusted scores between the intervention and
control group regarding osteoarthritis-specific pain (sub-
scale Pain of the Knee Osteoarthritis Outcome Score,
KOOS) and physical function (subscale Function in daily
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living (ADL) of the Knee Osteoarthritis Outcome Score,
KOOS) directly after the 12-week intervention phase.
Other study endpoints include further self-reported
health outcomes, a performance measurement, app log-
files and safety aspects (Table 2).

Methods

Study design

The study is designed as a monocentric pragmatic two-
armed randomized controlled superiority trial and will
be conducted in an academic hospital with an outpatient
clinic for Sports Medicine located in Tiibingen, Ger-
many. Subjects are randomly allocated to the interven-
tion group and control group in a 1:1 ratio with =100
in each group.

Pre- and postmeasurements will take place at base-
line (t0) and after 12 weeks (t1). The study was prospec-
tively registered in the German Clinical Trial Register
(DRKS00030932) on 20/01/2023 and will be reported
following the Standard Protocol Items: Recommenda-
tions for Interventional Trials (SPIRIT) checklist [23]
(Supplement 1).

Table 1 Inclusion and exclusion criteria
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Eligibility criteria

Eligible patients are those of any sex >18 years suffer-
ing from knee OA (International Classification of Dis-
ease, ICD codes M17.0-17.5 and 17.9). The knee must
be the primary location of OA symptoms. Knee OA
is first diagnosed via self-reported previous OA diag-
nosis by a physician according to the wording of the
GEDA questionnaire [2]. Patients are further asked
to rate their OA severity via the Subscale Pain of the
KOOS [24, 25]. Only patients with at least moderate
self-reported symptoms at the time of screening are
eligible for the study (KOOS pain<60 points, where
100 points indicate no complaints at all). To address
that criterion, the KOOS pain subscale will be admin-
istered by phone and based on possible symptoms that
typically occurred during the last week. OA diagnosis is
verified in the context of the physical examination at t0
by a physician (orthopaedist). If available, the diagno-
sis is confirmed using X-ray or MRI images provided by
the patient. Further inclusion and exclusion criteria are
outlined in Table 1.

Inclusion criteria

Exclusion criteria

->18 years
- Mobile electronic device with an iOS or Android operating system

- No mobile electronic device or device with an operating system other than iOS

or Android

- Willingness to participate in the study
- Willingness to use the app to exercise
- Informed consent of the participant

- Self-reported previous knee OA diagnosis by a physician accord-
ing to the wording of the GEDA questionnaire [2]

- Tibiofemoral OA (uni- or bicompartmental or in combination

with retro-patellar OA)

- Verification of knee OA diagnosis in the context of the physical
examination at t0 by a physician (orthopaedist)

- Self-reported KOOS Subscale Pain Score <60 during the screening
process

- The knee joint is the index joint®

- OA primarily located in the hip joint or others than the knee (the knee joint
is not the index joint?)

- Diffuse knee pain or retro-patellar pain only

- History of knee joint replacement or osteotomy on the index joint

- Any medical or physical impairment precluding safe participation in exercise,
measured by use of the Physical Activity Readiness Questionnaire (PAR-Q) [26, 27]
and verified by the physician at t0

- Any complaints of the lower extremity or lower back other than knee OA
that are currently treated by a physician and/or physiotherapist

- Any previous surgeries, injuries or complaints that are a contraindication

to exercise without supervision (e.g. injuries or complaints that are associated
with restricted motor skills and an increased risk of falling)

- Any scheduled elective orthopaedic surgery in the lower limb or lower back
in the next 4 months

- Inability to walk unaided

- (Digital) exercise interventions that are similar to the intervention under study,
i.e., other physiotherapy applications for OA or regular structured strengthen-
ing exercise for the lower extremities more than once a week during the past 6
months

- Insufficient German language skills to understand the study documents
and the instructions of the app

?The index joint is the joint that is most affected by self-reported symptoms of OA in cases of multisite OA
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Intervention

Control group

Participants in the control group will not receive any
study intervention or instruction for any change to their
previous health care utilization. They are allowed to make
use of usual health care provided by their treating physi-
cian, if applicable.

Usual care is defined as any kind of prescribed phar-
macological or physical intervention a patient with knee
OA usually receives when consulting a medical doctor
because of knee OA. These may include physical thera-
pies such as regular physiotherapy, manual therapy,
electrotherapy, orthotic devices and medical prescrip-
tions for pharmacological agents such as nonsteroidal
anti-inflammatory drugs (NSAIDs) [28]. These reflect
the relevant treatment options according to the current
national guidelines in Germany [4].

App-guided exercise intervention for knee osteoarthritis
(intervention group)
The exercise intervention comprises a 12-week app-
guided home training program that was specifically
designed for patients with knee osteoarthritis. Exercises
are guided by use of the training app and two accelerom-
eters (re.flex, © 2019, KINETO TECH REHAB SRL) that
are attached proximally and distally to the affected knee
joint (Fig. 1).

The primary focus of the intervention is to strengthen
knee extensors, knee flexors and hip abductors. Further

Ausgangsposition

Minikniebeuge (Variante
A-
Oberkérpervorneigung)

Aufrechter Stand mit hiftbreitem
FuRabstand. Dabei mit beiden

UBUNG STARTEN
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exercises aim for joint mobilization, muscle flexibility and
balance training.

The first two weeks focuses on familiarization with
different kinds of exercises and exercise loads. In this
regard, patients should be enabled to adapt exercise
intensity self-determinately according to perceived
strain and pain. Therefore, patients can choose between
two different intensity grades. They further have to
comment about their strain and pain levels after each
set of exercises (see outcome measures). The fol-
lowing four weeks are designed to increase strength
endurance, enhance the range of motion of the lower
extremities and improve balance ability. In this phase,
strengthening exercises should be performed with 2
sets of 25 repetitions (Fig. 2).

The last six weeks of the intervention mainly focus
on muscle hypertrophy with higher intensities and
lower repetition numbers. Strength training should be
performed with 3 sets of 15 repetitions in this phase.
Moreover, balance and range of motion should be
further improved (Fig. 2). From week 5 onwards, the
training program can partly be modified by the users
by choosing their preferred exercises for some of the
strength, mobility, flexibility or balance exercises out of
the exercise pool that they became familiar with dur-
ing previous sessions. Alternative exercises relate to the
same musculature and task, yet they may differ regard-
ing the exercise position or an open versus closed
kinetic chain.

Fig. 1 Reflex technology (left picture) and examples for app-guided exercise instructions (middle and right pictures)
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12-week exercise program for patients with knee osteoarthritis

Timeline

—

Week 1 + 2 >

* Familiarization with different kinds of exercises and exercise loads
Get to know self-determined adaption of exercise intensity to the
perceived load and pain

Possibility to choose between two different intensity levels for
strengthening exercises

Strength endurance
2 x 25 repetitions
A

e o o 0

Week 3 -6 >

Increase strength endurance

Enhance range of motionof the lower extremities

Improve balance ability

Possibility to choose between two different intensity levels for
strengthening exercises

numbers

intensities

Muscle building
3 x 15 repetitions

and pain

—

e Muscle building with higher intensities and lower repetition
« Becoming familar with further exercise variations with higher

« Further improvement of balance and range of motion
P Week 7 - 12 * Increased ability to independently select and and adapt exercise
ST - difficulty and load dosage depending on the perception of exertion

« Possibility to choose between two different intensity levels for
strengthening exercises

« Partly choose alternative exercises relating to the same musculatur
and task, but e.g. other exercise pose

v

Fig. 2 Objectives within the different phases of the 12-week exercise program for patients with knee osteoarthritis

The use of the app and sensors will be introduced in
the context of the baseline examination on site by the
pretrained study staff, and patients will further receive
a manual for using the software and hardware.

The app acts as a virtual training partner, providing
exercise descriptions and videos (Fig. 1), setting the
number of repetitions and sets, predefining joint angles
and the related range of motion for the exercises and
defining the movement velocity of the exercises.

Each of the 12 weeks foresees 3 exercise sessions with
a respective duration of 25-30 min each, which can be
performed independently of location and time. Dif-
ferent types and variations of exercise (i.e., the use of
long or short lever arms or different starting positions:
supine, seated, standing) as well as elastic exercise bands
are used to allow progression of training loads. All one-
sided exercises are conducted alternately with each leg
to avoid muscular imbalances. Furthermore, subjects
will be instructed prior to the start of the intervention
that strength exercises are effective when the final two
to three repetitions are perceived as strenuous to very

strenuous [7, 8] on the RPE (rating of perceived exer-
tion) scale 0—10. If at the end of the exercise it is realized
that the exercise was too easy or too difficult, the exer-
cise intensity can be adjusted the next time the exercise
is performed by choosing a more difficult or easier varia-
tion of the exercise.

The app further reminds the user to conduct upcom-
ing training sessions via push notifications. All training
sessions, including the number of repetitions actually
performed compared to the given number of repetitions
of an exercise, are tracked by the two accelerometers
and thus can help to evaluate training adherence in the
future. Throughout the intervention phase, users can
contact the provider via the app messenger. The provider
is responsible for clarification of technical issues. Par-
ticipants are instructed to interrupt the training program
in case of any suspicious symptoms, fatigue or excessive
pain during the exercise intervention with the re.flex sys-
tem. They are asked to inform the study personnel about
any adverse event to allow judgement on how to proceed.
This decision is up to the study physician as well as the
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study personnel (sports scientist/physiotherapist) and
will refer to the options of modification of the training
regime or its temporary or complete discontinuation.

In correspondence to the control group, participants
of the intervention group are allowed to make use of
usual health care provided by their treating physician, if
applicable.

Outcome measures

The following Table 2 gives an overview of all outcome
measures, their study instruments with references and
their time points of assessment. Details on each meas-
ure are provided in the subsequent sections. Patient-
reported outcome measures (PROMs) will be assessed
using an online questionnaire (Questback GmbH, Koln,
Germany) during the examinations at the study site (t0,
t1) and at home (only applicable for concomitant care at
4 and 8 weeks). The physical performance measure will
be assessed on-site at t0 and t1. Sociodemographic data,
clinical status (e.g., relevant previous injuries or surger-
ies, comorbid conditions) [29], outcome expectations
[30], previous experiences with strengthening exercises
and physical activity as well as technical affinity [31] and
fear of movement [32] are assessed in addition to the
primary and secondary outcomes. The participants will
receive an e-mail prior to the data collection, reminding
them of the upcoming data collection. All used survey
instruments are license-free or, in the case of the Veter-
ans RAND 12-Item Health Survey (VR-12), permission
was obtained from the authors.

The selection of outcome measures aligns with the
Outcome Measures in Rheumatology-Osteoarthritis
Research Society International (OMERACT-OARSI) core
domain set for trials of people with hip and knee osteoar-
thritis [40]. The selection also aligns with the Consensus
of the International Consortium for Health Outcomes
Measurement Hip and Knee Osteoarthritis Working
Group (ICHOM) on Standard Outcome Measures for hip
and knee OA released in 2016 [29]. The mandatory set of
outcome measures is supplemented by further relevant
outcome measures in the context of exercise therapy and
m-Health.

Primary outcomes

The KOOS is a widely accepted and comprehensive
outcome measure for several domains, including pain
and physical function. It was developed as a nonpro-
prietary comprehensive extension to the Western
Ontario and McMaster Universities Arthritis Index
(WOMAC) and has been proven to be valid, reli-
able, and responsive to OA outcomes [25, 29]. The
test—retest reliability of the German version was in
the range of r,=0.65-0.78, which corresponds to a
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sufficiently high reliability for all subscales. The valid-
ity was determined by comparing the subscales with
the patient’s self-assessment of health status and the
results of the SF-12 (quality of life questionnaire). A
sufficiently high convergence validity was shown [24].
The Knee Injury and Osteoarthritis Outcome Score
(KOOS) [24, 25] was developed to assess the patient’s
opinion about their knee and associated problems.
The KOOS evaluates both short-term and long-term
consequences of knee injury and consequences of pri-
mary OA. It contains 42 items in five separately scored
subscales: KOOS Pain, KOOS Symptoms, Function in
daily living (KOOS ADL), Function in Sport and Rec-
reation (KOOS Sport/Rec), and knee-related Quality
of Life (KOOS QoL). All scores will be included; how-
ever, the KOOS Pain score and the KOOS ADL score
are the primary outcomes of the study.

Secondary and other outcomes
Patient-reported outcome measures (PROM:s)
(1) Further OA-specific complaints

Further subscales from the KOOS, such as the subscales
Symptoms, Function in Sport and Recreation (Sport/Rec)
and knee-related Quality of Life (QoL), will be analysed
to consider a wide range of OA-specific complaints.

(2) Patient global assessment

The patient’s global assessment of knee osteoarthri-
tis will be used as a one-item scale “Considering all the
ways your osteoarthritis in your knee affects you, how
are you doing today?” using a 5-point Likert scale (1-very
good: asymptomatic and no limitation of normal activi-
ties; 2-good: mild symptoms and no limitation of nor-
mal activities; 3-fair: moderate symptoms and limitation
of some normal activities; 4-poor: severe symptoms and
inability to carry out most normal activities; 5-very poor:
very severe symptoms that are intolerable and inability to
carry out all normal activities). The description for each
answer category refers to Schnitzer and colleagues and
will be translated into the German language [33].

(3) Health-related quality of life

The Veterans RAND 12-Item Health Survey (VR-12) [34]
is a generic questionnaire to assess the patient’s opinion
about their health-related quality of life. The VR-12 allows
the calculation of a mental as well as a physical compo-
nent scale and includes a 1-item scale for general health.
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Table 2 Outcome measures and study instruments

Page 7 of 14

Outcome Description Instrument [ref] Sample Collection points
Patient characteristics
Sociodemographic data, anthropometric data, Variables and definitions according to the Inter-  IG, C t0
other baseline data national Standard Set of Outcome measures
for patients with hip or knee OA [29]
Technical affinity towards electronic devices Self-report questionnaire on subjective technical 1G, C t0
affinity (Technical Affinity — Electronic Devices
(TA-EG)) [31]
Outcome expectations Expectation for Treatment Scale (ETS, German IG, C 10
version) [30]
Fear of Movement Tampa Scale for Kinesiophobia (German Version, 1G, C t0
TSK-GV) [32]
Health outcome measures
Patient reported outcome measures (PROMS)
Subscale knee pain (Co1° outcome) Knee Osteoarthritis Outcome Score KOOS [24, IG, C 10, t1
25]: A disease related questionnaire asking
for patient’s opinion about their complaints
Subscale function in daily living (ADL) (Co1° Knee Osteoarthritis Outcome Score KOOS [24, IG, C 10, t1
outcome) 25]: A disease related questionnaire asking
for patient’s opinion about their complaints
Subscales symptoms, function in sport and rec-  Knee Osteoarthritis Outcome Score KOOS [24, IG, C 10, t1
reation (Sport/Rec), knee-related quality of life 25]: A disease related questionnaire asking
(Qol) for patient’s opinion about their complaints
Patient’s global assessment Patient Global Assessment of osteoarthritis — IG, C 10, t1
Knee [33]
Health related quality of life VR-12 Questionnaire [34] IG, C 10, t1
Subjective assessment of overall change, change Transition question according to Angst, Benz IG, C tl
in pain and function [35]
Objective outcome measures
Functional strength measure for the lower 30-s Chair Stand Test [36] IG, C 10, t1
extremities
Concomitant care
Treatment progression Variables and definitions according to the Inter- |G, C 10, 11
Care utilization national Standard Set of Outcome measures IG, C 10, t1+after 4 and 8 weeks
for patients with hip or knee OA [29]
Perceived human-digital interaction, patient satisfaction
Usability of the app - mHealth App Usability Questionnaire (MAUQ) |G t1
[37]
- 1 item from Harder, Holroyd [38] (Iltem B1)
Patient satisfaction with the app Patient satisfaction questionnaire (ZUF-8) [39] IG 1
Patient satisfaction with the results of the treat-  Satisfaction with the results [29] IG, C t1
ment
Lodfiles
Adherence to exercise Lodfiles relate to adherence to overall training IG continuously during intervention phase
sessions and each exercise
Rating of perceived exertion (RPE) during exer-  Entry into the app after each exercise IG continuously during intervention phase
cising and after the training using an adapted RPE-
Scale (NRS 0-10)
Rating of perceived pain before, during and after Entry into the app before/after the training IG continuously during intervention phase
exercising and after each exercise using a faces pain scale
referring to the numbers 0, 2, 4, 6, 8, 10
Safety aspects
Exercise related pain Frequency, duration, intensity IG, C t1
Adverse event report Direct contact to study personal IG, C if reported

t0 Baseline, t1 directly after the 12- week intervention phase, IG Intervention group, C Control group
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(4) Subjective assessment of overall change, change in
pain and function

The following transition questions will be used to assess
the subjective change in health status at tl: “Please
imagine how your health status was 3 months ago. How
do you feel about your osteoarthritis in the index knee
joint today compared to 3 months ago? Please mark the
answers that are applicable: (1) in general; (2) in the area
of pain; (3) in the area of walking” The questions are each
answered with a 5-point Likert scale with the response
options “much better”, “somewhat better’, “unchanged’,
“somewhat worse” and “much worse”. The questions and
answers refer to Angst and colleagues and were trans-
lated into German by the author [35].

Objective measures The 30-s chair stand test [36] aims
to test leg strength as well as leg strength endurance.
The participant is seated in the middle of a chair with
the hands and arms crossed in front of the upper body.
Feet are completely positioned on the floor, and the back
is straight. Out of this initial position, the participant is
asked to stand up until an upright position and to sit again
as often as possible within a 30-s time window. The results
can be related to sex- and age-matched norm values.

Concomitant care Utilization of previous care and
treatment will be assessed at t0 with a retrospective time
window of 12 months. Utilization of concomitant care
(yes vs. no entry) during the study period will be assessed
4 and 8 weeks after baseline and at t1 (twelve weeks after
baseline) with a retrospective time window of 4 weeks.
Assessments will include the type of care utilization (i.e.,
physical therapist, general practitioner, dietician, etc.)
and the type of received treatment referring to different
kinds of information/advice, self-managed care, non-
surgical care, clinical care and surgery [29]. Within the
categories self-managed care/clinical care, medication
intake (regularly, sporadic, no), the type of medication
taken, and its dose and frequency of intake will explicitly
be asked for.

Perceived human-digital interaction, patient satisfac-
tion The perceived usability of the digital health appli-
cation will be assessed with the m-Health App Usability
Questionnaire (MAUQ) [37] in addition to 1 item from
Harder et al. [38] (Item B1). The MAUQ is not available
in a validated German language version and is used in a
self-translated version. The assessment of this question-
naire takes place after the exercise intervention period.

The modified version of the 8-item scale ZUF-8 will be
used to assess patient satisfaction with the received care
[39]. The modifications relate to changes according to the
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kind of care (stand-alone app here versus hospital setting
in the original version).

Patient perspective on the satisfaction with the results of
their treatment in general will be asked with the one-item
question “How satisfied are you with the results of your
treatment?” using a 5-point Likert scale (very satisfied;
satisfied; neither satisfied nor dissatisfied; unsatisfied;
very unsatisfied) [29].

Logfiles Logfiles of the re.flex digital application for the
evaluation of adherence to exercise, rating of perceived
exertion during exercising and perceived pain before,
during and after exercising will be read out for each
training session separately.

(1) Adherence to exercise

Overall adherence will be quantified using the percent-
age of conducted exercise sessions relative to the overall
number of prescribed exercise sessions, irrespective of
compliance with the prescribed exercise dosage. In addi-
tion, logfiles of the app provide detailed information on
the number of valid repetitions and sets of each exercise
within a given training session as well as overall data for
each training session during the 12-week intervention
phase for the sensor-equipped leg. Training adherence is
therefore further quantified by calculating the percent-
age of all valid repetitions conducted with the affected leg
during the training related to the number of requested
repetitions. The overall exercise repetition adherence is
the mean value of the adherence of all training sessions of
the 12-week program considering the calculation proce-
dure as mentioned before. Further data include the time
in action as well as the total training time (including cali-
bration, instruction, training of the other leg, etc.).

(2)Rating of perceived exertion (RPE) during exercising

Participants are asked to rate their exertion using the
entry field of the app after each set of exercises as well
as overall exertion at the end of the training session. RPE
is measured using a numerical rating scale (NRS) with 0
indicating no exertion at all and 10 indicating the maxi-
mal conceivable exertion. Values are read out for each set
of an exercise separately. Average values are calculated.

(3) Perceived pain before, during and after exercising

Pain ratings are requested before and after each training
as well as after each exercise set. Values are read out for
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each exercise separately. Patients are asked to rate their
pain using the entry field of the app. Perceived pain is
measured using the Faces Pain Scale (FPS-R) [41]. Face
emojis are scored 0 (no pain), 2 (little pain), 4 (moderate
pain), 6 (much pain), 8 (very much pain) or 10 (highest
imaginable pain). In case of an entry with a pain index of
more than 8, the user gets a recommendation to pause
training and to contact the physician in charge.

The In-app pain report is not aimed at replacing the com-
prehensive KOOS. Rather, it is intended to be used to
monitor pain levels throughout the course of the exercise
intervention.

Safety aspects Exercise-related pain and adverse events
will be assessed retrospectively at t1, including frequency,
duration, intensity, and potential causes. Exercise-related
pain will only be assessed in participants in the interven-
tion group, and adverse events (AEs) will be assessed in
both study arms.
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Participants are informed at tO to contact the study per-
sonal in case of AEs during the study period. Minor AEs
must be reported to the responsible study personnel
within one week (postal letter, email, telephone, in-app
support chat). Adverse events causing the need for refer-
ral to a physician or hospital have to be reported to the
responsible study personnel immediately. Judgement on
whether the AE is related to the intervention is carried
out by an orthopaedist or physician for internal medicine
of the Dept. of Sports Medicine. In case of an unclear con-
nection between an AE and the intervention or in case of
a serious AE, representatives of the study sponsor Spor-
lastic and other study independent physicians of the Uni-
versity Hospital will report the situation to a safety board.
This safety board will then decide on the continuation or
premature termination of the trial for safety reasons.

Participant timeline and recruitment
The first patient was recruited in January 2023.
Continued inclusion of patients is planned until the
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end of April 2023. Assessments at baseline (t0) and
immediately after the 12-week intervention/control
phase (t1) will be conducted on-site at the Univer-
sity Hospital, Tibingen, Germany, and data will be
collected as outlined in Fig. 3 and Table 2. Asses-
sors for the performance outcome measure are thor-
oughly instructed by the study personnel who are
responsible for the use of the measurement instru-
ment as well as for all other assessments, includ-
ing the randomization process prior to the start of
the study. Prior to the independent execution of the
tests, all assessors performed up to three supervised
assessments until these were carried out correctly.
Additionally, an online questionnaire asking for con-
comitant care will be sent at weeks 4 and 8. All par-
ticipants are expected to have completed the study
by the end of July 2023.

A detailed timeline for the individual patients can be
seen in the study flow chart in Fig. 3.

Potential study participants will be recruited via
newspaper, newsletter for employees of the Uni-
versity Hospital and the University and people who
were interested in participating in a previous study
(DRKS00023269) but could not be included because
of bicondylar symptoms (eligibility criteria have been
changed for this trial).

Recruiting will take place in a two-step procedure.
The first contact will be held by telephone or email. The
purpose of this contact is to inform the interested per-
son about the content and aims of the study as well as its
timeline. The first screening for eligibility by querying the
inclusion and exclusion criteria is also part of this con-
tact. In this regard, the Physical Activity Readiness-Ques-
tionnaire PAR-Q is used to screen for exercise suitability.
If one or more questions related to restrictions other
than musculoskeletal are answered with “yes’, the inter-
ested person must provide a confirmation for cardio-
pulmonal exercise suitability from his personal doctor in
case of further interest in study participation. This step
takes place before study inclusion and must be done on
the patient’s initiative.

In the context of the second step, the eligible patient is
invited to a face-to-face meeting. This meeting includes
comprehensive oral and written study information and
the option for the patient to ask and respond to open
study-related questions. After providing written con-
sent, the patient is included on a provisional basis and
referred to the study physician (orthopaedist) for medical
examination (anamnesis and physical examination). The
patient is finally included in case of alignment to inclu-
sion criteria and absence of exclusion criteria. Otherwise,
the subject is definitely excluded before randomization
takes place.
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The examination is followed by the outcome assess-
ments. Finally, patients will be randomized to the
intervention or control group. This first baseline exami-
nation will take approximately two hours. The first
examination (t0) is followed by the 12-week interven-
tion or control phase. Follow-up measures (t1) will be
conducted directly after the 12-week intervention or
control phase. The complete study duration for each
participant will be approximately 14 weeks, including
two assessments as well as the 12-week intervention or
control phase.

Sample size

The two primary endpoints of the study are the KOOS
subscales of pain and ADL. The results of a pilot study
comparing the KOOS pain subscale and KOOS ADL
subscale of 29 patients in the control group (usual care)
with 15 patients in the intervention group (re.flex) using
baseline adjusted analysis of covariance revealed effect
sizes of 1.16 (Pain subscale) and 1.03 (ADL subscale). A
recent meta-analysis on exercise interventions in patients
with knee OA reported a standardized mean difference of
0.5 (95% CI 0.37 to 0.63) for pain reduction immediately
posttreatment in comparison to usual care or minimal
treatment [42]. Additionally, minimal clinically impor-
tant differences (MCIDs) were reported between 5.5 and
8.7 points on the WOMAC pain subscale (score 0—100)
for nonsurgical treatment strategies in patients with knee
OA [35, 43]. These correspond to standardized mean dif-
ferences between 0.59 and 0.94. Based on the preceding,
rather heterogeneous results with effect sizes between
0.5 and 1.2 from the results of the pilot study and find-
ings and recommendations of other sources, the planned
study is powered to demonstrate a MCID of 5 points
(0-100) on the KOOS Pain Subscale between the inter-
vention and control group with a standard deviation of
10. This leads to an effect size of 0.5 and to a sample size
of evaluable participants of 2*78=156. For adjustment
of baseline, aetiology, medication and laterality, 4 addi-
tional degrees of freedom are spent, and the sample size
is increased to 160. Considering a drop-out rate of ~ 20%,
200 patients will be recruited to achieve a power of 80%
with a type 1 error of 0.025 (two-sided Bonferroni correc-
tion for two confirmatory outcomes) by baseline adjusted
comparison of outcome values at t1 between study arms
(analysis of covariance, ANCOVA).

Randomization

Before the study start, randomization lists will be created
for each of the eight combinations of the strata aetiology
(primary, secondary), medication (regularly/no or spo-
radic) and laterality of the disease (one-sided, two-sided)
using computer-generated random numbers (0;1) with
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varying block lengths and 50 subjects per stratum com-
bination. The randomization list will be transferred to the
data management system SecuTrial (Interactive Systems
Berlin). Online randomization will be performed after
confirmation that the respective subject fulfils all selec-
tion criteria, after baseline assessments take place and
after entry of the stratification criteria. Randomization
will be performed on site using the randomization tool
SecuTrial and will be conducted in the order of patient
appearance by the assessors.

Participants will not be randomized in case of exclu-
sion before completion of the examination and tests at t0.

Blinding

The study intervention is obvious, and therefore, an ade-
quate comparable placebo intervention is not possible.
As such, this trial is nonblinded for participants. Blind-
ing of health care providers is not applicable, as the inter-
vention of interest is a stand-alone app without human
interaction. Baseline assessments will take place before
randomization, and data collectors for the performance
test will be blinded to the group allocation of the partici-
pants for follow-up assessment. All other outcomes are
self-reported, and blinding is not possible, as they include
outcomes that are only assessed in the intervention group
(e.g., logfiles, patient satisfaction with the app); thus,
group allocation is obvious. The creation of the com-
puter-generated randomization list using the software
nQuery will be done by an employee of the IKEAB who
is not involved in the conduction and assessment of the
study. Statisticians will be blinded for the analyses of the
primary endpoints and all other health outcome meas-
ures. For further analyses, statisticians will be unblinded,
as treatment allocation is obvious (i.e., perceived human-
digital interaction, logfiles, etc.).

Statistical methods

The two primary endpoints of the statistical analyses are
the KOOS subscales pain and KOOS ADL. They will be
analysed at t1 immediately after the termination of the
intervention using a baseline adjusted analysis of covari-
ance (ANCOVA) with the primary factor “study arm” The
level of significance will be 0.025 (two-sided Bonferroni
correction for two confirmatory outcomes). We hypoth-
esize that the exercise intervention will be superior to the
control. Additionally, the stratification factors aetiology
(primary, secondary), medication (regularly/no or spo-
radic) and laterality of the disease (one-sided, two-sided)
will be coded by binary variables. The model equation is:
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Y: KOOS (Pain resp. ADL) at t1, BL: baseline KOOS
(Pain resp. ADL), Arm: study arm coded as 0 (control) and
1 (exercise intervention), € random error (normally dis-
tributed, equal variance, independent). Reference catego-
ries “primary’, “no or sporadic medication’; and “one-sided
disease’, HO: B2=0, H1: p2#0 (two-sided test, scientific
hypothesis: superiority of exercise intervention, i.e., 2 <0).

Continuous secondary endpoints will be analysed
using the same statistical methods (analysis of covariance
(ANCOVA) if baseline values are available; otherwise,
analysis of variance else). For the main results, two-sided
95% confidence limits will be given in addition to signifi-
cance tests.

The success of randomization will be assessed using
baseline comparisons between both study arms. The
primary analysis population will be the intent-to-treat
population. This population includes all patients who
contribute at least baseline values of the primary out-
comes. Multiple imputation will be applied to subjects
who drop out or do not contribute measurements of the
primary outcome for other reasons. Five hundred impu-
tation samples will be drawn. Baseline measurements
will be included as predictors (c.f. definition of intent-to-
treat population). The “jump to reference” method will
be used for the primary analysis, i.e., patients who drop
out will be assigned to the control arm in the imputation
model but not in the analysis model. Sensitivity analyses
will be performed with “complete case analysis’, “base-
line observation carried forward” (single imputation) and
with inclusion of the correct study arm in the imputa-
tion model (multiple imputation). A per protocol analysis
will be conducted with all participants of the interven-
tion group complying with the study criteria and still
using the app until the last two weeks of the intervention
phase with an overall adherence rate of 80% of the sched-
uled sessions. The same procedure will be performed for
all other secondary health outcome measures for which
baseline values are complete.

Exploratory subgroup analyses will be performed for
the stratification factors and patient age (18—40 years,
40-55 years, 55—65 years, older than 65 years). Addi-
tionally, in the case of frequent or differential occurrence
of concomitant care (medication, physical therapy —
active treatment) between the study groups, an explora-
tory subgroup analysis will be performed. P values for
interaction of study arm with stratification factors and
patient age as well as p values of study arms within
strata will be reported but should not be interpreted as
confirmatory.

Y = B0+ B1xBL+ P2 Arm + B3 * aetiology + B4 * medication + B5 x laterality + €.
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An additional analysis is planned for subjective rat-
ings of overall change (general, pain, function). Response
scales will be first dichotomized into improved (some-
what/much better) and not improved (unchanged or
worse). Between-group comparisons will be expressed as
relative risks of improvement [44]. Exploratory, prognos-
tic factors, including baseline pain, age, BMI, sex, techni-
cal affinity and fear of movement, will be analysed using
multiple regression models (linear regression) to identify
potential responders to the training. Binary outcomes
will be analysed using similar logistic regression models.

Data management

Data from all participants with informed written con-
sent will be pseudonymized. On-site data will be cap-
tured with paper and pencil case report forms (CRFs)
and using an online questionnaire (Questback GmbH,
Koéln, Germany) for PROMS. Log-Data of app usage will
be captured by the software and transferred to the study
team (*.csv-file). Paper and pencil CRFs will be double
entered into an electronic data sheet (Excel). Doubly
entry will be checked for errors. The data bank will be
closed after the last patient out and after all queries are
processed. Study data are then exported via *.csv-File to
the statistical programs in use.

Data monitoring
There is no external data monitoring committee for this
study.

Discussion

M-health interventions such as the sensor-guided digital-
based exercise intervention re.flex can be used indepen-
dently from time and location and allow most patients
to gain access to this kind of exercise guidance. Re.flex
was specifically developed to support home training in
patients with knee OA. If effective, it can bridge part of
the gap between recommendations for strengthening
exercises in patients with knee OA and the insufficient
actual care situation. However, to be classified as a digital
health application reimbursed by German health insur-
ance companies, the intervention must prove patient
benefit. There are several ways to define appropriate
controls for digital therapeutic clinical trials, e.g., using
a sham control intervention such as a low-functional
digital health tool lacking the elements to be reasonably
effective [45]. The selection of the control group in this
trial agreed with the responsible authority (Federal Insti-
tute for Drugs and Medical Devices in Germany, BfArM).

Limitations
The following limitations must be addressed for the out-
lined study. All participants are allowed to make use of
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usual health care provided by their treating physician
during the study period. This concerns the interven-
tion and control group, and cannot be prohibited, as all
persons with German health insurance have a right to
receive physician-recommended usual care treatments.
Exclusive participation in re.flex (intervention) or doing
nothing (control) cannot be ensured. To address this
issue, all concomitant care will be queried retrospectively
for one year and every 4 weeks until the end of the study.

Considering the intervention duration of 12 weeks,
only short-term effects can be assessed. Long-term
effects will not be determined.

Conclusion

This randomized controlled trial is designed to provide
conclusions on the effectiveness of re.flex for the popu-
lation under study. Patient benefit is primarily related to
OA-specific pain reduction and improvement of physical
function. Superiority of re.flex versus control for pain and
function is a prerequisite for the permanent listing of the
app into the DiGA register.

In addition, this study will add important knowledge to
the scientific community on the short-term effectiveness
of exercise-related digital health interventions on health
outcomes in general, and it will further provide evidence
on its usability, patient acceptance and safety. Regarding
this, sensor-based technology allows objective measures
of exercise performance and may therefore help to con-
trol and analyse exercise training at home.
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