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Abstract
Introduction  Since rehabilitation programs often do not enhance long-term physical activity in persons with a 
health condition, there is a great need to arrange rehabilitation concepts towards a stronger emphasis on sustainable 
physical activity promotion. In this regard, the model of physical activity-related health competence (PAHCO) offers 
the potential for optimizing physical activity promotion. In the context of medical rehabilitation, the STABEKO study 
uses a co-creation approach to modify existing exercise and physical therapy according to PAHCO and long-term 
physical activity promotion in three rehabilitation centers in Bavaria, Germany. The objectives of the STABEKO study 
are A) to evaluate the implementation of modified exercise and physical therapy and to identify influencing factors 
for development and implementation, and B) to determine the short- and long-term effectiveness of the modified 
therapy on PAHCO and physical activity of the persons undergoing rehabilitation.

Methods  As part of the STABEKO study, we will use cooperative planning as a co-creation approach for planning, 
developing, and implementing actions to modify exercise and physical therapy by engaging relevant actors from 
practice, policy, and research in an equal decision-making process. Within a multicenter controlled hybrid type 
2 effectiveness-implementation study, we will simultaneously evaluate the effectiveness and implementation of 
modified exercise and physical therapy by collecting, analyzing, and triangulating qualitative and quantitative data at 
several measurement time points.
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Introduction
Rehabilitation as a health strategy aims to optimize the 
functioning of people living with a health condition [1, 
2]. This includes reducing the impact of health conditions 
on the daily lives of people affected and supporting them 
in remaining as independent as possible and participat-
ing in education, work, and meaningful life [3]. Behav-
ioral change in physical activity (PA) is key to achieving 
these rehabilitation aims, as regular PA positively influ-
ences individuals’ exercise capacity and health-related 
quality of life for more than 25 health conditions [4]. 
Despite these benefits, individuals with a health condi-
tion show considerably lower PA levels compared to 
healthy adults [5, 6]. This makes exercise and physical 
therapy a central component of a rehabilitation program, 
especially as modern rehabilitation guidelines highlight 
the importance of physical activity promotion (PAP) [7–
9]. However, increasing PA levels in people with health 
conditions is a major challenge, and sustainable changes 
toward a physically active lifestyle after rehabilitation are 
often rather limited [10].

The model of physical activity-related health compe-
tence (PAHCO) [11, 12] offers the potential for optimiz-
ing PAP in medical rehabilitation. The PAHCO model 
explicitly addresses “competencies” for physically active 
lifestyles, also in the (health) educational sense [13]. As 
such, the PAHCO model incorporates three major com-
ponents, which are formed by the interplay of basic ele-
ments (Fig.  1). The framework posits that individuals 
require (i) movement competence, (ii) self-regulation 
competence, and (iii) control competence to execute PA 
in a health-oriented way. First, movement competence 
bundles the motor-related requirements to partake in 
planned, structured exercise (e.g., individual workout, 
leisure-time team sport) and to accomplish activities 
of daily living (e.g., cycling to work, gardening, house-
hold). Second, self-regulation competence ensures the 
regularity of PA (e.g., its frequent initiation and the 
duration that has to be maintained) by providing the 

necessary motivational and volitional resources (e.g., self-
efficacy, PA-specific self-control). Third, control compe-
tence detaches from a mere orientation on quantity and 
guarantees that PA meet quality aspects by aligning with 
individual’s biopsychosocial health. This model compo-
nent is based on aspects of knowledge, self-reflection, 
and understanding, which together ensure, for example, 
that physical stresses do not fall below or exceed thresh-
olds of biopositive adaptation (i.e., physical health) and 
that activity modalities are selected that allow positive 
affective responses to PA (i.e., psychosocial health).

In summary, PAHCO overcomes the isolated functional 
orientation of PA by connecting “training and exercising” 
with “holistic individual learning” as well as “authentic 
experiencing” in contexts relevant for PA [11, 14]. Due to 
its long-term horizon, such a concept can make a pivotal 
contribution to sustainable rehabilitation success. In par-
ticular, the model can serve as a guide for exercise and 
physical therapy approaches with a focus on PAP. The 
model has found its way into the framework concepts of 
German rehabilitation standards [15]. However, recent 
analyses of the national rehabilitation landscape have 
illustrated that a minority of current exercise-related 
concepts and therapeutic practices within rehabilitation 
centers comply with the sustainable, empowering idea of 
PAHCO [16, 17]. The causes for this finding are manifold 
and mainly relate to the organizational-structural level 
(e.g., limited freedom for PA-promoting therapy due to 
rigid standard prescriptions, insufficient structures and 
processes for interprofessional collaboration) and the 
personal level (e.g., partly limited knowledge, skills, and 
abilities of therapists regarding PA-promoting therapy, 
low acceptance of PA-promoting therapy among persons 
undergoing rehabilitation) [18].

Accordingly, there is a great need to arrange rehabilita-
tion concepts with a stronger emphasis on PAP. In this 
regard, the use of a co-creation approach appears promis-
ing, as the collaboration of researchers and non-academic 
actors facilitates the development and implementation 
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of new actions that fit the setting and its individuals by 
taking into account the existing constraints and needs 
in such a way that these can be accepted and sustainably 
anchored within the system [19–21]. Several studies have 
demonstrated the successful application of co-creation 
approaches to improve health services and PAP in dif-
ferent settings [22–25], and the potential has also been 
addressed in the context of the rehabilitation system [26, 
27]. Cooperative planning (CP) corresponds to such a co-
creation approach and engages relevant actors from prac-
tice, policy, and research in an equal decision-making 
process to plan, develop, and implement actions to PAP 
[24, 28–31]. As a previous study from vocational educa-
tion and training has shown that PAHCO, as a complex 
concept for PAP, was successfully adopted via CP [32], it 
appears worthwhile to use this approach to optimize PAP 
in medical rehabilitation. Therefore, the STABEKO study 
uses CP to modify exercise and physical therapy accord-
ing to PAHCO and long-term PAP in three rehabilitation 
centers in Bavaria, Germany, to promote long-term PA in 
persons undergoing rehabilitation.

Following the structure of a type 2 hybrid effective-
ness-implementation study [33, 34], the study “Par-
tizipative Weiterentwicklung und Implementierung 

einer kompetenzorientierten Bewegungstherapie in 
der medizinischen Rehabilitation zur Stärkung der 
bewegungsbezogenen Gesundheitskompetenz von 
Rehabilitand*innen” (STABEKO; Eng.: Participatory 
development and implementation of competence-ori-
ented exercise and physical therapy in medical reha-
bilitation to strengthen PAHCO of persons undergoing 
rehabilitation) aims to simultaneously and equally evalu-
ate the effectiveness and implementation of exercise 
and physical therapy in medical rehabilitation, modified 
by using CP. Specifically, the research objectives are as 
follows:

A) To evaluate the implementation of modified exer-
cise and physical therapy achieved via CP and to identify 
influencing factors for development and implementation;

B) To determine the short- and long-term effectiveness 
of modified exercise and physical therapy achieved via CP 
on PAHCO and PA of persons undergoing rehabilitation.

Methods
The present study protocol follows the Standard Proto-
col Items: Recommendations for Interventional Trials 
(SPIRIT) guidelines [35]. The SPIRIT checklist is pro-
vided in the supplementary material (see Supplementary 

Fig. 1  The physical activity-related health competence (PAHCO) model [11, 12]
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Material 1). In combination with the present study proto-
col, the final reports will follow the Standards for Report-
ing Qualitative Research [36] for the implementation 
study, the 2010 Consort Statement [37] for the effective-
ness study, and the Standards for Reporting Implementa-
tion Studies (StaRI) Statement [38] for the entire hybrid 
effectiveness-implementation study.

Study design and setting
We will simultaneously evaluate the effectiveness and 
implementation of modified exercise and physical ther-
apy within a multicenter non-randomized controlled 
trial. The study will take place in three inpatient rehabili-
tation centers in Bavaria, Germany, between September 
2023 and May 2027. These rehabilitation centers are part 
of the clinic association of the German Pension Insur-
ance (Ger.: Deutsche Rentenversicherung) in Bavaria, 
Germany, with a specialization in indications in the fields 
of orthopedics, rheumatology and/or internal medicine. 
According to the tenth revision of the International Sta-
tistical Classification of Diseases and Related Health 
Problems (ICD-10) [39], examples of health conditions 
treated in these clinics include type 2 diabetes mellitus 
(E11), obesity (E66), coxarthrosis (M16), gonarthrosis 
(M17), cervical disc disorders (M50) other intervertebral 
disc disorders (M51), other dorsopathies (M53), dorsal-
gia (M54), and shoulder lesions (M75). The rehabilitation 
centers confirmed their willingness to participate in this 
study in a letter of intent. The corresponding costs for the 
personnel resources required to complete the study are 
included in the funding requested and are provided to 
the rehabilitation centers.

Study procedure
Within the STABEKO study, we will use CP as a co-cre-
ation approach to modify exercise and physical therapy 
in medical rehabilitation. More specifically, CP engages 

relevant actors from practice, policy, and research in 
an equal decision-making process to plan, develop, and 
implement actions to modify exercise and physical ther-
apy [24, 28, 29, 31]. The study procedure will consist of 
the following four phases for each rehabilitation center: 
preparation phase, development phase, implementation 
phase, and maintenance phase (see Fig. 2).

The study procedure will start with a four-month 
preparation phase, in which the researchers familiarize 
themselves with the rehabilitation center, its organiza-
tional structures and processes, the persons undergoing 
rehabilitation, and identify relevant actors for joining 
a CP group. Therefore, initial meetings between actors 
from research, practice, and policy will take place, serv-
ing the presentation of the study procedure. In addition, 
a detailed explorative situation analysis will be carried 
out using mixed methods to obtain relevant information 
about the respective rehabilitation center (e.g., thera-
peutic concept, staff, organizational structures and pro-
cesses) and its persons undergoing rehabilitation, which 
will be incorporated into the subsequent development 
phase.

The eight-month development phase is the centerpiece 
of CP. In this phase, four to six CP meetings will take 
place to jointly develop actions for modifying the existing 
exercise and physical therapy according to PAHCO and 
long-term PAP within the scope of a CP group. The CP 
group will consist of various actors from research (i.e., 
researchers), practice (e.g., exercise therapists, physi-
cal therapists, physicians, psychologists, social workers, 
administrative staff), and policy (e.g., clinic directors). 
While the researchers will provide the current scien-
tific findings, moderate, and supervise the CP meetings, 
the actors from practice and policy will contribute their 
views and suggestions for modifying exercise and physi-
cal therapy and share their opinions on the opportuni-
ties for implementation. This phase will encompass the 

Fig. 2  Overview of the study design

 



Page 5 of 12Grüne et al. BMC Sports Science, Medicine and Rehabilitation          (2025) 17:132 

following steps in accordance with current recommen-
dations for CP [28, 40]: (1) brainstorming of ideas and 
suggestions, (2) categorization of ideas and suggestions, 
(3) prioritization of suggestions, (4) definition of actions, 
(5) specification and finalization of actions, and (6) ini-
tiation. First, initial ideas for possible actions to modify 
exercise and physical therapy according to PAHCO 
and long-term PAP will be gathered based on the avail-
able scientific evidence and the results of the detailed 
explorative situation analysis. Potential starting points 
will be the therapy concept, human resource develop-
ment, and organizational development. These ideas will 
subsequently be categorized and prioritized, taking into 
account their perceived attractiveness, relevance, and 
feasibility. In the following, concrete actions to modify 
exercise and physical therapy will be developed based on 
the prioritized ideas. These actions will be documented 
in an action plan that contains a detailed description of 
the content to be implemented along with the intended 
implementation, including the associated realization 
steps (e.g., the requirements to be fulfilled, the defined 
time frame and responsibilities). Finally, this action 
plan will be discussed, reflected, and finalized through 
repeated adjustments.

In the implementation phase, which lasts four months, 
the modified exercise and physical therapy will be imple-
mented in accordance with the action plan under the 
responsibility of practitioners, with researchers providing 
advice and support. This will be followed by the mainte-
nance phase, in which the modified exercise and physical 
therapy should be continued regularly and permanently.

Parallel to the abovementioned phases, we will evalu-
ate implementation and effectiveness by collecting and 
analyzing qualitative and quantitative data at several 
measurement time points (for more details, see Imple-
mentation study or Effectiveness study). The study 
procedure will not be simultaneously launched in the 
participating rehabilitation centers; rather, the centers 

will be successively integrated with a 5-month delay 
to benefit from the experience previously gained. The 
STABEKO study will be monitored and supervised by 
an expert panel comprising various external actors (e.g., 
representatives of the German Pension Insurance [Ger.: 
Deutsche Rentenversicherung] in Bavaria, members 
of the exercise and physical therapy working group of 
the German Society for Rehabilitation Sciences [Ger.: 
Deutsche Gesellschaft für Rehabilitationswissenschaften 
e.V.], and representatives of the German Association for 
Health Sport and Sport Therapy [Ger.: Deutscher Ver-
band für Gesundheitssport & Sporttherapie e.V.]).

Implementation study
The implementation study aims to evaluate the imple-
mentation of modified exercise and physical therapy 
achieved via CP and to identify influencing factors for 
development and implementation by collecting, analyz-
ing, and triangulating data following a mixed methods 
approach.

Outcomes
To evaluate the implementation of modified exercise 
and physical therapy, the modifications that were devel-
oped within the development phase and defined in the 
action plan (see Study procedure) will be examined. For 
this purpose, we will investigate the concept of modified 
exercise and physical therapy, the implementation status 
of the modifications, and patient-reported experience 
measures (PREMs). To evaluate the factors influencing 
the development and implementation of modified exer-
cise and physical therapy, we will assess the CP meetings 
as well as the facilitators and barriers to development 
and implementation. Table 1 provides an overview of the 
evaluation outcomes, data sources, and measurement 
time points of the implementation study.

Table 1  Overview of data to be collected in the implementation study
Evaluation outcome Data source Measurement time points

Prepara-
tion phase

Develop-
ment 
phase

Imple-
menta-
tion 
phase

Main-
te-
nance 
phase

Implementation of modi-
fied exercise and physical 
therapy

Concept of modified exercise and physi-
cal therapy

Action plans X

Implementation status of modifications Self-developed questionnaire X X
Patient-reported experience measures Self-developed questionnaire X X
Additional information on modified 
exercise and physical therapy

Semi-structured interviews (X) (X)

Influencing factors for devel-
opment and implementa-
tion of modified exercise 
and physical therapy

Cooperative planning meetings Structured minutes X
Facilitators and barriers Semi-structured interviews X X
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Data collection
To evaluate the implementation of modified exercise 
and physical therapy, an initial document analysis of 
the action plan will be conducted in the implementa-
tion phase to gain an understanding of the concept of 
modified exercise and physical therapy (e.g., number and 
content of developed actions for modifications). Next, 
the implementation status of the modifications will be 
assessed in both the implementation and maintenance 
phases via a self-developed questionnaire. An exem-
plary question on the implementation status is: “To what 
extent has the modification been implemented as defined 
in the action plan?” Data will be collected analogously 
via a paper-pencil questionnaire. Following a purpose-
ful sampling of information-rich cases [41], we will invite 
the main actors of each rehabilitation center to partici-
pate in this questionnaire survey in the respective imple-
mentation and maintenance phases. In addition, the 
PREMs will be conducted in the development phase and 
maintenance phase via a self-developed questionnaire to 
assess the experiences of the persons undergoing reha-
bilitation with exercise and physical therapy before and 
after the modification. An exemplary item of the PREMs, 
answered on a five-point Likert scale, is “During exercise 
and physical therapy, I received helpful information on 
how and where I can remain physically active indepen-
dently after rehabilitation.” This questionnaire will be part 
of the effectiveness study’s data collection at the end of 
medical rehabilitation (T1) (see Effectiveness study).

To identify the factors influencing the development 
and implementation of modified exercise and physi-
cal therapy, structured minutes of all CP meetings will 
be taken during the development phase. These will con-
tain information about the date and duration of the CP 
meetings, the participants, and the most important top-
ics discussed. In addition, the facilitators and barriers for 
development and (long-term) implementation will be 
determined through semi-structured interviews. We will 
develop an interview guide based on the domains of the 
Consolidated Framework for Implementation Research 
(CFIR) [42, 43] and inspired by the explorative situation 
analysis conducted in the preparation phase. An exem-
plary question for identifying the influencing factors is 
“What contributed to the modification(s) being imple-
mented / not being implemented?” In addition, the inter-
views will allow us to obtain additional information about 
the developed modifications, if required. In accordance 
with purposeful sampling of information-rich cases [41], 
we will again invite the main actors of each rehabilitation 
center (as described above for the questionnaire survey) 
to participate in an interview in the respective imple-
mentation and maintenance phases. One interview per 
participant will be conducted and audio-recorded either 
face-to-face, by telephone or video call.

Data management
The analog questionnaire data will be digitalized and 
then stored and processed in SPSS (IBM, Armonk, USA). 
The structured minutes will be saved on local drives. The 
audio-recorded interviews will be transcribed verbatim. 
For reasons of anonymity, we will replace personal names 
with professional titles as well as names of rehabilitation 
centers and cities with pseudonyms. The interview data 
will be stored and analyzed using MAXQDA (VERBI 
Software, Berlin).

Data analysis
The data collected in the course of the implementation 
study will be analyzed depending on the type of data 
source used. The document analyses of action plans and 
structured minutes will draw on a qualitative content 
analysis [44] and will be performed using MAXQDA 
(VERBI Software, Berlin). Data from the questionnaire 
survey on the implementation status and PREMs will 
be analyzed descriptively by using SPSS (IBM, Armonk, 
USA). The interview transcripts will be analyzed via qual-
itative content analysis [44], which includes a deductive 
and inductive definition of categories. This data analysis 
encompasses the following steps: (1) initial text work, 
(2) deductive development of the main categories based 
on the interview guide, (3) coding of the entire material 
according to the main categories, (4) compilation of all 
coded text passages of the same main category, (5) induc-
tive definition of subcategories based on the transcribed 
material, (6) coding of the entire material according to 
the refined categories, and (7) evaluation and interpreta-
tion [44]. Two researchers will develop and double-check 
the main categories and subcategories and apply them 
to the interview transcripts. Inconsistencies will be dis-
cussed and resolved within the research team. MAXQDA 
(VERBI Software, Berlin) will be used for coding and 
analyzing the interview data.

Upon completion of the separate analyses, the data 
from the implementation study will be triangulated in the 
interpretation phase to provide a comprehensive descrip-
tion of the modifications developed and implemented 
and the factors influencing development and implemen-
tation [45]. In addition, the findings of the explorative sit-
uation analysis conducted in the preparation phase may 
be used to explore the modifications and influencing fac-
tors in more detail. Additionally, the results of the imple-
mentation study could be used to interpret the results of 
the effectiveness study.

Effectiveness study
To determine the short- and long-term effectiveness of 
modified exercise and physical therapy on PAHCO and 
PA in persons undergoing rehabilitation, these effects will 
be compared with those of exercise and physical therapy 
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conducted before modification (see Fig. 2). Owing to the 
prevailing organizational characteristics in the real-world 
setting, we will pursue a pragmatic evaluation approach 
based on a quasi-experimental design [46]. For this pur-
pose, individuals undergoing inpatient medical reha-
bilitation will be recruited at two different time periods, 
namely, (a) prior to the development of modifications in 
the preparation phase, representing the control group 
(CG) receiving usual exercise and physical therapy, and 
(b) after the implementation of the modified exercise and 
physical therapy in the maintenance phase, representing 
the intervention group (IG) receiving modified exercise 
and physical therapy. In this context, we hypothesize that 
the changes in PAHCO and PA in persons undergoing 
rehabilitation after the modification of exercise and phys-
ical therapy (i.e., IG) will be significantly higher than the 
changes in PAHCO and PA in persons undergoing reha-
bilitation before the modification of exercise and physical 
therapy (i.e., CG).

Eligibility criteria
For inclusion in the study, the persons undergoing reha-
bilitation must fulfill the following eligibility criteria: 
(A) participation in an inpatient medical rehabilitation 
program at the respective time period (i.e., preparation 
phase for CG or maintenance phase for IG), (B) sufficient 
ability to read, comprehend, and write in the German 
language, and (C) provision of written informed consent 
to participate in the study. Accordingly, all participants 
who (A) discontinue the planned medical rehabilitation 
program, (B) have an insufficient ability to read, compre-
hend, and write in the German language, or (C) withdraw 
their original consent for participation are excluded.

Intervention
The participants in the CG will receive the usual exercise 
and physical therapy provided prior to the development 
and implementation of actions for modification. In Ger-
many, a person undergoing rehabilitation usually receives 
approximately 11.8 h of physical and exercise therapy per 
week [47]. Exercise and physical therapy include services 
that use exercise and PA to achieve therapeutic goals 
(e.g., endurance, strength, and coordination training, 
treatments focusing on specific health conditions) that 
are organized either as individual or group sessions and 
delivered by qualified professionals (e.g., sports scientist, 
physiotherapists) [15]. The duration of the control period 
will correspond to the duration of the stay at the rehabili-
tation center, which is usually three weeks.

After the development and implementation of actions 
to modify exercise and physical therapy in the course 
of CP (see Study procedure), the participants in the IG 
will receive the modified exercise and physical therapy. 
Given the co-creation approach, the precise content of 

the modified exercise and physical therapy cannot yet be 
outlined in more detail. Similarly, the duration of inter-
vention will equal the duration of the stay at the rehabili-
tation center (i.e., usually three weeks).

Outcomes
To evaluate whether the persons undergoing rehabilita-
tion have acquired the competencies required to lead a 
healthy, physically active lifestyle, we will employ the 
PAHCO questionnaire with 42 items [48]. The assess-
ment represents a self-report procedure and contains ten 
discriminant scales with theory-conform cross loadings 
across the three dimensions of movement competence, 
control competence, and self-regulation competence. 
The questionnaire has been validated in a stepwise man-
ner across different target groups [14, 48]. Motivational 
competence for sport and exercise describes the self-
determined ability to select convenient exercise and sport 
activities [49]. It has already been discussed as a moti-
vational facet of PA-specific self-regulation competence 
within the original work on the PAHCO model [12], but 
an assessment instrument was only recently validated 
with a sample of adults [49]. Thus, we will complement 
the PAHCO assessment through the suggested scale with 
four items [49].

Among the secondary outcomes, we will operational-
ize the volume of PA by the two-dimensional “Bewe-
gungs- und Sportaktivität” (BSA; Eng.: Physical Activity, 
Exercise, and Sport) questionnaire [50] which assesses 
leisure-time PA and sport activity over the past four 
weeks. The instrument specifies eight important activities 
of daily living (i.e., walking to work, walking to shopping, 
cycling to work, cycling for other reasons of transporta-
tion, taking a walk, gardening, strenuous housework, 
strenuous care work) for leisure-time PA and provides 
the opportunity to report three different, self-selected 
sport activities.

We will measure the general health status via the “Indi-
katoren des Reha-Status” (IRES; Eng.: Indicators of the 
Rehabilitation Status) questionnaire [51]. More specifi-
cally, we will use the IRES-24 questionnaire, which con-
stitutes the short version of a comprehensive, 144 item 
self-report survey in the German language. The 24 items 
must be answered on either a five- or six-point Likert 
scale and encompass the sub-scales of subjective health, 
functionality in everyday life, physical health, and pain.

In addition, we will acquire basic sociodemographic 
data (e.g., age, sex, height, weight, employment status, 
and education), disease-specific information (e.g., indi-
cation/diagnosis, disease severity/degree of disability, 
comorbidities), and therapy-specific information (e.g., 
duration and content of exercise and physical therapy) 
of the persons undergoing rehabilitation. Primary and 
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secondary outcomes are based on hypothesized interven-
tion effects and are listed in Table 2.

Sample size
With the three PAHCO dimensions (i.e., movement com-
petence, control competence, and self-regulation com-
petence), the present study lists three main outcomes. 
We set p ≤.05 for the repeated multivariate analyses of 
covariance (MANCOVA) and assume a pre-post correla-
tion (within-subjects factor) of r = .40, as a previous study 
revealed an autoregressive r = .418 [52]. To detect a signif-
icant intervention effect of medium magnitude (η2 = 0.04; 
f = 0.20) paired with a statistical power ≥ 80%, we must 
recruit a total of 244 persons undergoing rehabilitation. 
Given the number of rehabilitation centers (n = 3), we are 
advised to aim for 82 participants per center. Since each 
rehabilitation center includes persons undergoing reha-
bilitation at two time periods, that is, before modification 
(i.e., CG) and after modification (i.e., IG), we must recruit 
a number of n = 41 participants per time period in the 
respective rehabilitation center. Considering a longitudi-
nal dropout rate of 15%, we aim to recruit n = 48 partici-
pants per time period in each rehabilitation center.

Recruitment
The recruitment of participants will be conducted by a 
study coordinator who is employed by the rehabilita-
tion center. This study coordinator will screen all per-
sons undergoing rehabilitation, who start their medical 

rehabilitation program during either the preparation 
phase (i.e., CG) or maintenance phase (i.e., IG), for their 
eligibility.

Blinding
As all participants will receive both verbal and written 
information about the study as the legal basis for their 
informed consent to participate, they will be aware of 
the scientific purpose of evaluating exercise and physical 
therapy in medical rehabilitation. However, concealment 
can be ensured as to whether participants are part of the 
IG or CG. In contrast, exercise and physical therapists, 
as providers of the intervention, will be fully aware of the 
study procedure, meaning that no blinding can be real-
ized at the facilitator level.

Data collection
To evaluate the effectiveness of the modified exercise and 
physical therapy in the short- and long-term, outcomes 
will be assessed at the beginning of medical rehabilitation 
(T0), at the end of medical rehabilitation (T1), and one 
year after the beginning of medical rehabilitation (T2) 
(see Fig. 2). We will collect participants’ data on PAHCO, 
PA, general health and basic socio-demographic infor-
mation via a paper-pencil questionnaire. The disease-
specific information will be obtained via a medical form, 
which will be used as part of routine diagnostics at the 
participating rehabilitation centers, and the therapy-spe-
cific information will be gathered via a documentation 

Table 2  Overview of data to be collected in the effectiveness study
Construct Assessment and reference Measurement time points

Beginning 
of medical 
rehabilita-
tion (T0)

End of medi-
cal rehabili-
tation (T1)

1-year 
follow-
up 
(T2)

Primary outcome: Physical activity-related health competence (PAHCO)
Movement competence PAHCO Questionnaire: subscales of movement competence [48] X X X
Control competence PAHCO Questionnaire: subscales of control competence [48] X X X
Self-regulation competence PAHCO Questionnaire: subscales of self-regulation competence [48] X X X

Questionnaire on motivational competence in exercise and sport [49] X X X
Secondary outcomes
Physical activity “Bewegungs- und Sportaktivität” (BSA; Eng.: Physical Activity, Exercise, and 

Sport) questionnaire (with the dimensions leisure-time PA and sport activity) 
[50]

X X

General health Short version of the “Indikatoren des Reha-Status” (IRES; Eng.: Indicators of 
the Rehabilitation Status) questionnaire [51]

X X X

Further participant data
Basic sociodemographic data Questionnaire on age, height, weight, sex, work ability, employment status, 

education
X

Disease-specific information1 Medical form stating indication/diagnosis, disease severity/degree of dis-
ability, comorbidities

X

Therapy-specific information1 Documentation form stating duration and content of exercise and physical 
therapy

X

Note: 1We cannot assume uniform assessments for these data, as the assessments may vary between the rehabilitation centers, for example due to different standard 
diagnostics or therapy documentation
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form, which will be completed by the study coordina-
tor. The study coordinator located at each rehabilitation 
center will administer the data collection procedure by 
handing out the questionnaires at the beginning (T0) and 
end (T1) of medical rehabilitation and sending them via 
postal mail at the 1-year follow up (T2).

Data management
In addition to the self-reported data of the persons 
undergoing rehabilitation, the study coordinator will 
digitalize the disease-specific information from the medi-
cal form. A continuous pseudonym will link all the data 
sources of the participants across the time points. The 
storage and processing of the data collected will be per-
formed in SPSS (IBM, Armonk, USA).

Data analysis
The data set for persons undergoing rehabilitation will 
contain longitudinal data at the individual level. Specifi-
able as within-subjects factors, calculations can encom-
pass comparisons between the beginning (T0) and the 
end of medical rehabilitation (T1) as short-term effects 
and respective comparisons with data at one year after 
starting medical rehabilitation (T2) as follow-up effects. 
In addition, the data set will contain longitudinal data 
on the level of the rehabilitation center (i.e., prior to the 
development of modifications, representing the CG, and 
after the implementation of the modified exercise and 
physical therapy, representing the IG; between-subjects 
factor). Since the effectiveness may vary among the three 
rehabilitation centers, we consider the setting as a control 
variate. We will integrate all these factors into repeated 
MANCOVA with the primary outcomes. To counteract 
outlier problems with the PA outcome, we will apply the 
winsorization technique to cut all values beyond the 95th 
percentile [53]. We will subsequently use the indicated 
frequencies and mean durations to calculate a corre-
sponding total index in addition to a separate sport activ-
ity index. Calculations with the secondary outcomes will 
be treated as exploratory analyses. Nevertheless, we will 
adopt an intention-to-treat paradigm, meaning that all 
persons undergoing rehabilitation meeting the eligibility 
criteria and initially providing consent will be included 
in the statistical effectiveness computations. Reasonable 
dropouts (e.g., discontinuation of the planned medical 
rehabilitation program) will be treated as structurally 
missing data, whereas other missing items and measure-
ments will be imputed with the expectation maximiza-
tion algorithm [54]. We will run the analyses with the 
open source R (version 4.3.1 or higher) and interpret 
effect sizes (η²) according to the guidelines by Cohen 
[55], providing benchmarks to define small (η2 = 0.01), 
medium (η2 = 0.06), and large (η2 = 0.14) effects.

Dissemination
In addition to the study procedure outlined previously, a 
scaling-up phase is intended in which researchers, in col-
laboration with further actors from policy and practice, 
develop a strategy for disseminating exercise and physical 
therapy focused on PAP at the regional or national level 
based on the results of the implementation and effective-
ness study. This strategy will be developed based on an 
appropriate concept for dissemination or scaling-up (e.g., 
PRACTical planning for Implementation and Scale-up 
[56], ExpandNet/WHO conceptual framework for scal-
ing-up [57]).

The study results will be published in peer-reviewed 
journals and presented at national and international sci-
entific conferences.

Discussion
Current practices in rehabilitation are insufficiently suc-
cessful in preparing individuals for a self-organized phys-
ically active lifestyle. Previous studies, including those 
from the specific German context, have shown that the 
majority of concepts in exercise and physical therapy 
focus overly on functional aspects instead of compre-
hensively addressing the breadth of modifiable personal 
determinants of health-enhancing PA behavior [16–18]. 
In this regard, the present study will apply a co-creation 
approach to revise and ideally improve current PAP con-
cepts within three German rehabilitation centers. With 
the structure of a type 2 hybrid effectiveness-imple-
mentation study, this study will provide comprehensive 
insights into the implementation and effectiveness of 
modified exercise and physical therapy in medical reha-
bilitation. More specifically, the implementation study 
will indicate which modifications could be achieved and 
which factors have influenced their development and 
implementation, whereas the effectiveness study will 
investigate whether modified exercise and physical ther-
apy lead to improvements in PAHCO and PA among per-
sons undergoing rehabilitation.

Although the present study may add value to PAP 
within medical rehabilitation, we consider the follow-
ing limitations. First, all rehabilitation centers are lon-
gitudinally compared against their previous concept 
(i.e., intra-organizational control with intervention and 
control periods). Against this background, we cannot 
fully exclude that cohort or historical effects over time 
(e.g., reforms of the entire rehabilitation system, severe 
disease waves, labor disputes of therapist associations) 
may affect the results, which cannot be methodologi-
cally controlled by this study design. In any case, we will 
closely follow relevant processes within the rehabilita-
tion centers (e.g., other interventions being conducted 
in parallel with our study) as well as the political atmo-
sphere, health-related debates, and upcoming guidelines 
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relevant for the German rehabilitation system (e.g., via 
the expert panel) to provide potential explanations for 
the final interpretation of the results. Furthermore, the 
study procedure causes a 16-month time gap between 
the measurement time points of the CG and the IG, so 
that potential seasonal effects cannot be eliminated. 
However, the seasonal effects across the three rehabilita-
tion centers are not systematically distributed for either 
the IG or the CG because of the sequential design and 
the associated measurement time points. Second, to the 
best of our knowledge, this study is the first to apply a co-
creation approach to modify exercise and physical ther-
apy in medical rehabilitation, with the aim of promoting 
long-term PA among persons undergoing rehabilitation 
in Germany. Owing to the complex approach to modify-
ing the therapy concept, the study can only include three 
rehabilitation centers. Accordingly, we can only treat the 
rehabilitation centers as covariates instead of system-
atically considering the cluster effect through multilevel 
modeling (for sample requirements, see [58]).

Nevertheless, this study could serve as a starting point 
for promoting long-term health-enhancing PA in the 
context of medical rehabilitation. The evaluation will pro-
vide empirical arguments as to whether and how such a 
co-creation approach can contribute to the promotion 
of a healthy, physically active lifestyle among inpatient 
persons undergoing rehabilitation. Thus, the findings 
of this study will not only determine the dissemination 
of PAHCO in the German rehabilitation sector but will 
also provide important information for the modifica-
tion of current exercise and physical therapy concepts 
to improve their effectiveness and implementation at an 
international level.
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