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Abstract 

Background  The Austria-Slovenian project REHA2030, with a broad spectrum of expertise, was focused on making 
the process of telerehabilitation (TR) possible as valuable user-centred post-clinical rehabilitation of stroke patients in 
rural areas. Health-related factors, impairments, and environmental and demographic factors influence the patients´ 
suitability for stroke TR interventions and serve as possible risk factors for patients´ non-adherence or drop-out. The 
REHA2030 Assessment aimed to identify barriers and resources that should be considered to enable people to partici-
pate in TR according to the REHA2030 approach. For that, a structured questionnaire, the “REHA Assessment”, with 88 
items, was developed and conducted by therapists about 160 stroke survivors in two rehabilitation clinics. The effect 
of the 87 characteristics on suitability was statistically analysed using parametric and non-parametric tests.

Results  Twenty-five main personal and environmental characteristics significantly influencing TR’s suitability in stroke 
patients were identified. Significant factors differences between participants ranked as suitable or not suitable for TR 
were short-term memory, motivation, visual and hearing abilities, and the ambulation scale. Furthermore, the ability 
to use technology (self-tech knowledge), daily phone or tablet use, and the general willingness to participate in the 
therapy were considered. The living situation (housing) and their independence in performing daily tasks such as eat-
ing (grooming, dressing, and use of toilet also influence the suitability of the participants. Another essential variable to 
indicate suitability is compliance.

Conclusions  Analysis of the study results showed cognitive abilities, visual and hearing abilities, compliance and will-
ingness to participate in the therapy, together with the knowledge of using technology, as the most enabling factors 
influencing the suitability for TR in stroke patients in chronic stage. Additionally, the patients´ compliance depends on 
intrinsic motivation to participate in the REHA2030 TR system, which could be supported by increasing proficiency 
in digital technologies. In the deliberations of TR assessment, the acquired knowledge from the presented study 
should be considered with caution to limitations of the research data representing personal views of therapists on the 
patient´s suitability for REHA2030 TR.
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Introduction
Stroke rehabilitation is a significant part of patient care 
since stroke is a common, chronic, severe and disabling 
healthcare issue globally and one of the leading causes 
of acquired adult disability [1]. Providing and delivering 
intensive, continuous, highly repetitive, task-oriented 
therapy is critical, especially when increased brain plas-
ticity is presented [2]. Stroke may result in a variety of 
impaired functions. Examples of the need for multiple 
therapeutic interventions include moderate to severe 
motor deficits, cognitive deficits and communication 
deficits, with other common impairments being aphasia, 
executive dysfunction, memory loss, depression, dysar-
thria, and different types of sensory impairment such as 
loss of vision, touch, proprioception, hearing, and others 
[3]. In the assessment of disability level, measures of body 
functions, activity limitations and participation restric-
tions are used according to WHO’s International Classi-
fication of Functioning, Disability, and Health [4], which 
provides a conceptual framework for the effect of stroke 
or other diseases on the individual [1, 3, 5]. Stroke sur-
vivors experience needs and participation restrictions in 
many domains, such as difficulty with autonomy, main-
taining activities of daily living, or social reintegration 
[3]. Considering the numerous functional problems of 
people after stroke, rehabilitation requires a multidisci-
plinary team of skilled healthcare providers, including 
physiatrists, physiotherapists, speech therapists, occupa-
tional therapists, psychologists, psychiatrists and social 
workers [3, 6].

There is a growth of research in delivering rehabilita-
tion interventions to stroke survivors also via telereha-
bilitation (TR), providing the opportunity for people to 
get access to rehabilitation services and therapists with 
the use of information and communication technolo-
gies, e.g., telephone, internet-based videoconferenc-
ing, robotic devices or wearable sensors [7]. By utilizing 
telerehabilitation methods, a continuation of individu-
alized stroke rehabilitation programmes can be estab-
lished aimed at the patient’s functional needs and goals 
with remote feedback from therapists. TR is described 
as a feasible complementary or alternative method of 
providing rehabilitation services in stroke patients in 
a subacute or chronic stage [8]. Several randomized 
controlled trials have investigated the efficacy of TR 
in stroke patients compared to usual rehabilitation. 
TR appears to be as effective as usual rehabilitation 
methods for improving motor function, psychological 
status, independence and ADLs [9–11]. Nevertheless, 

little is known about the leading health, disability and 
environmental factors influencing the recommendation 
of the stroke patient to participate in TR, which was 
the reason for designing the REHA2030 Assessment. 
According to Ciortea et  al. (2021), there are no clear 
recommendations made for the most suitable ways to 
use TR because of the heterogeneity of existing data 
[11]. Current research suggests while implementing a 
home-based technology-driven program, it is needed to 
consider patient characteristics such as age, disability 
level, sensory impairments, technical proficiency and 
social context, as well as complex factors in the home 
environment [12, 13]. Regarding the complex home 
environment factors, technological equipment should 
be designed and applied to be operated by the patient 
him-/herself to motivate for an active participation and 
achievement of the rehabilitation goals [14].

The presented study was part of the REHA2030 pro-
ject (01.2019–06.2022) which aimed to develop a com-
prehensive therapy platform for stroke patients and 
therapists and a service model that enables TR (in the 
participating countries Austria and Slovenia). The tech-
nology platform consists of an app (Android tablet) for 
patients with the possibility to connect a hand therapy 
device. The app’s main features are the exercise con-
duction, activity monitoring, synchronous and asyn-
chronous communication with the therapists, visual 
and auditive feedback and personal exercise diary. The 
therapists join the REHA2030 on a website where the 
whole therapy process is integrated – from patient data 
administration through therapy planning and exercises 
to activity monitoring and communication with the 
patients. The developed REHA2030 TR system pro-
vides a comprehensive approach to post-clinical care 
of stroke patients with a flexible structure and exercise 
sessions, offering synchronous or asynchronous train-
ing sessions with possible alternation of the exercise 
depending on individual needs [15]. REHA2030 offers 
therapy modules including physiotherapy, occupational 
therapy, speech therapy and clinical psychology. The 
platform and service model were developed, imple-
mented and tested in a small-scale field trial with four 
patients and seven therapists. Another aspect of the 
REHA2030 project was to identify which prerequisites 
people after stroke should have to be suitable for a TR 
approach.

The REHA2030 Assessment aimed to identify barri-
ers and resources that should be considered to enable 
people to participate in TR according to the REHA2030 
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approach. For this purpose, practice-relevant data 
should be evaluated with the help of a comprehensive 
assessment to identify factors that determine suitability.

Methodology
The REHA assessment was filled out in the two clin-
ics URI Soca (Slovenia) and Private Clinic Laßnitzhöhe 
(Austria) between March 2021 and December 2021. The 
recruitment of the patients happened within their clini-
cal stay by the therapists and clinical experts and was for-
mally done by the signature of an informed consent. The 
questionnaire was filled out together with and about all 
patients who met the inclusion criteria (stroke patients in 
the age of 18 years old and above), agreed to participate 
(signature of the informed consent) and were not rejected 
by the exclusion criteria (severe cognitive or communi-
cation impairment restricting obtaining the consent or 
information needed).

In summary the structured questionnaire “REHA 
Assessment” with 88 items (Additional file  1; Appendix 
A) in eleven categories was filled by therapists and physi-
cians together with 160 stroke patients at the end of their 
rehabilitation in-clinic stay.

Survey items were chosen based on two workshops and 
qualitative validation with a physiotherapist, an occupa-
tional therapist, and different medical professionals from 
the participating clinics. Already existing rehabilitation 
assessments, specifically Mini Mental State Examination 
for cognitive screening [16], the Box and Block test [17], 
and 9-Hole-Peg Test [18] to examine fine motor function, 
Timed Up and Go Test [19] and 6 Minute Walk Test [20] 
assessing mobility and distance walked, Modified Ash-
worth Scale [21] assessing spasticity, Functional Ambula-
tion Categories [22] and Barthel Index [23] were included 
in the questionnaire. Besides the mentioned assessments, 
the developed questionnaire included rating of body 
functions, activities and participation categories, and 
environmental factors (housing situation, support and 
relationships, products, and technology). The indication 
of patients´ suitability for TR system was covered in the 
last category named”General recommendation for TR” 
with the question “Is the patient suitable for REHA2030?” 
and the following possible answers “not”, “rather no”, 
“rather yes” or “yes” and hereinafter described as not 
suitable, rather not suitable, rather suitable, and suitable. 
The suitability rating was a collective decision by all ther-
apists involved.

All survey categories are listed below:

•	 Personal data
•	 Cognition
•	 Motor skills and sensitivity
•	 Senses

•	 Speech related issues
•	 Independence in activities of daily living
•	 Pain
•	 Other important consequence of stroke (optional)
•	 Care and social networks
•	 Technical products, framework, and knowledge 

(including ability and willingness to use REHA2030 
technical system)

•	 General recommendation for TR

The structured questionnaire REHA Assessment con-
sisted of closed and open-ended questions and scales 
together with the scores of the described existing reha-
bilitation assessments if available.

The majority of questions needed to be answered 
according to a 4-point Likert Scale (4_LS) which was 
applied for all questions on severity level of impairments: 
no – mild – moderate – severe (coded from 0–3). Excep-
tions were made for the Spasticity, where the Modified 
Ashworth Scale (MAS) was used, and the Ambulation, 
where the Functional Ambulation Categories were used 
due to its application in clinical practice. A 5-point Likert 
scale (5_LS) was used to assess the technical knowledge 
and the compliance: none – poor – fair- good – excel-
lent (coded from 0–4). The suitability for TR was rated 
as yes – rather yes – rather no – no. A different 4-point 
Likert scale (4_LS_ADL) was also used to assess inde-
pendence in activities of daily living but with different 
expressions: independent – supervision – assistance – 
dependent (coded from 0–3). Further scales used were 
a dichotomous (dt) scale (yes – no) for general informa-
tion about, e.g., the impairment state (“Is the cognition 
impaired”) where all other questions in that section were 
only filled out if the questions were answered with “yes”. 
A dichotomous scale was also used when a finer scaling 
was not needed, e.g., if there was hemianopsia or if there 
was access to internet in the home available.

The rehabilitation clinics pseudonymized the patients’ 
data before transferred to the university. While selecting 
patients for the study, no preselection was made.

The study design as well as the questionnaire was 
cross-checked by the Ethics Committee of the Medical 
University of Graz (EK: 33–078 ex 20/21). All personal 
information of patients such as names or house address 
were excluded from the therapists and physicians before 
conducting the analysis.

Characteristics of enrolled patients
To get a feeling of the involved participant’s baseline, 
medical and nonmedical variables together with their 
distribution within the suitability groups were shown in 
Tables 1, 2 and 3. The variables were presented with the 
used scale, number of participants, means for the whole 
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sample and for the suitability groups. The selection of the 
presented variables was done based on iterative discus-
sions with medical experts or show a significant differ-
ence between the groups.

A total of 160 patients were enrolled in the survey and 
their baseline characteristics were represented in Table 1- 
in summery 101 participants were identified as males 
(with age M = 59, SD = 13.8) and 59 as females (with age 
M = 60.1, SD = 13.3). Age ranged from 19 to 88  years 
(M = 59.4, SD = 13.6). All participants were diagnosed 
with a stroke of varying severity. Secondary diagnoses 
were dementia in three persons and epilepsy. Other sec-
ondary diagnoses were femoral neck fracture, obesity, 
COPD and acute psychological stress, which were each 
entered once. In 86 (55.1%) persons, only the left side, 

and 64 (41.3%) persons, only the right side and one per-
son had both sides affected by the infarction (stroke). 
At the time of the interview, 48 patients (28.7%) had an 
infarction less than a year ago (2021), 80 (47.9%) one year 
ago (2020), 12.6% two years ago (2019) and 10 (6%) more 
than two years ago.

In Table  2 are medical characteristics, which were 
included in the survey categories cognition, motors skills 
& sensitivity, senses and speech therapy issues, presented 
in detail.

In Table 3 are relevant parameters from the survey cat-
egories independence in activities of daily living, Care 
and social networks, Technical framework and miscel-
laneous and Compliance, REHA able and REHA want to 
presented in detail.

Table 1  Baseline characteristics

a missing data were omitted
b patients ranked as suitable (YES) or not suitable (NO) for the REHA2030 TR system

Variable Scale N mean mean
suitableb

mean
not suitableb

sex 1 = Male
2 = Female

160 1 = 63%
2 = 37%

1 = 59%
2 = 41%

1 = 81%
2 = 19%

Age numeric 160 59.41 ± 13.67 57 ± 13 65 ± 13

Affected Side 1 = Left
2 = right
3 = both

156 a 1.56 ± 0.5 1.5 ± 0.51 1.6 ± 0.50

Date of stroke date 159 a 2019.94 ± 1.23 2020 ± 1.2 2019 ± 0.77

Table 2  Medical characteristics (stroke-related deficits)

4_LS 4 point likert scalem, dt Dichotom
a missing data were omitted
b patients ranked as suitable (YES) or not suitable (NO) for the REHA2030 TR system

Variable Scale N mean mean
suitableb

mean
not suitableb

MMSE numeric 95a 24.77 ± 5.72 25.75 ± 4.88 21.36 ± 7.02

Time Orientation deficit dt 144a 0.12 ± 0.33 0.08 ± 027 0.39 ± 0.50

Short-term memory deficit 4_LS 138a 0.70 ± 0.72 0.63 ± 0.69 1.16 ± 0.90

Long-term memory deficit 4_LS 139a 0.19 ± 0.46 0.13 ± 0.37 0.52 ± 0.75

Deficit in Attention 4_LS 136a 0.92 ± 0.87 0.89 ± 0.85 1.20 ± 1.01

somatosensory Neglect syndrom 4_LS 138a 0.10 ± 0.39 0.05 ± 0.29 0.37 ± 0.68

Spasticity in upper limb Modified ashworh scale 150a 1.12 ± 1.38 0.96 ± 1.27 1.74 ± 1.65

Deficit in Visuoconstruction 4_LS 135a 0.53 ± 0.80 0.46 ± 0.73 1.06 ± 1.03

ldeational apraxia 4_LS 91a 0.01 ± 0.11 0.00 ± 0.00 0.13 ± 0.35

6MinWalk numeric 113 362.841 ± 147.02 365.23 ± 145.62 322.75 ± 161.43

Perceptual Disorder 4_LS 156a 0.05 ± 0.27 0.01 ± 0.09 0.22 ± 0.55

Ambulation Functional Ambulation Categories 160 3.53 ± 1.48 3.83 ± 1.16 2.31 ± 1.82

Visual impairment 4_LS 146a 0.31 ± 0.61 0.22 ± 0.52 0.65 ± 0.75

Deficit in Verbal expression 4_LS 96a 0.74 ± 0.92 0.71 ± 0.96 0.80 ± 0.77
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Statistical analysis
The data analysis process included an exploration of 
the data and correlation analysis between respondents 
marked as suitable and not suitable for TR according to 
the REHA2030 approach in general. In the second step, 
an in-depth analysis was carried out on the more finely 
defined groups. For that purpose, the software SPSS was 
used [16].

A descriptive analysis was performed for all variables, 
and the baseline characteristics were presented as mean 
values with standard deviation (M + SD). Normal distri-
bution was checked with a Kolmogorov–Smirnov test 
(KS) for two samples. To check the significant differences 
between different samples, the t-test for independent 
samples and the Mann–Whitney-U Test (MWU) (asympt 
sig.) for not normally distributed variables, was used to 
identify which differences are given between participants 
who are ranked as suitable and not suitable. The effect 
size was calculated using the Pearson correlation coeffi-
cient, interpreted according to Cohan’s d and reported as 
r = .xx. There were fewer variables in the study with nor-
mal distributed data, so variance analyses for more than 
two groups (e.g., ANOVA) between the fine-tuned suit-
ability groups were excluded.

To get insights into how the self-initiative can be 
strengthened by the main variables based on the results 
to influence the suitability in TR, non-parametric boot-
strapping analyses (with 5000 samples) were performed 

with different combinations to identify mediation and 
moderation effects based on causal considerations. The 
PROCESS macro by Hayes [17] using square regression 
to exhibit a model’s indirect, direct, and total effects and 
the significant results from computed confidence inter-
vals that do not include zero was used for that purpose.

Results
The research methodology used in the study provided 
insights into the personal and environmental characteris-
tics of in-clinic patients after stroke in Austria and Slove-
nia. In the case of ordinal scaled variables, it was explored 
how the respective variable differed in the suitability 
groups; in the case of dichotomous variables, the distri-
bution of suitability was evaluated. These different rep-
resentations of the variables and the description of each 
variable with significant differences between one of the 
groups as well as the results in detail and variables with 
significant differences (p < 0.050) and at least a medium 
effect size (r > 0.3), are shown in the Appendix (Additional 
file  2: Appendix B) in detail. From the presented details 
in the appendix (Additional file 2: Appendix B), it can be 
deduced how the evaluation of the variable affects the 
suitability and whether persons with a worse or better 
evaluation are more likely to be recommended for a TR. 
Described variables in this chapter refer to the main varia-
bles based on highly significant differences and effect sizes 
between the suitability groups.

Table 3  Non-medical characteristics related to person and home environment

4_LS_ADL 4 point likert scale_activities of daily living, dt dichotom, 5_LS 5 point likert scale
a missing data were omitted
b patients ranked as suitable (YES) or not suitable (NO) for the REHA2030 TR system

Variable Scale N mean mean
suitableb

mean
not suitableb

Eating 4_LS_ADL 160 0.51 ± 0.74 0.37 ± 0.64 1.03 ± 0.90

Grooming 4_LS_ADL 160 0.73 ± 0.98 0.56 ± 0.85 1.41 ± 1.16

Dressing 4_LS_ADL 159 a 0.75 ± 1.02 0.56 ± 0.87 1.58 ± 1.18

Toilet use 4_LS_ADL 159 a 0.71 ± 1.07 0.47 ± 0.86 1.63 ± 1.26

Transfers 4_LS_ADL 160 0.63 0.41 ± 0.78 1.50 ± 1.22

Use of Aids (wheelchairs) dt 160 0.29 ± 0.45 0.23 ± 0.42 0.53 ± 0.51

Use of phone 4_LS_ADL 160 0.58 ± 0.96 0.31 ± 0.67 1.63 ± 1.21

Living Situation—Housing 1 = private
2 = assisted living
3 = care home
4 = other

160 1.17 ± 0.56 1.09 ± 0.40 1.50 ± 0.88

caring needs dt 160 0.33 ± 0.47 0.26 ± 0.44 0.63 ± 0.49

Formal caregiver dt 160 0.21 ± 0.41 0.14 ± 0.35 0.47 ± 0.51

Self Assessment of technological knowledge 5_LS 152 a 1.86 ± 1.27 2.05 ± 1.20 0.89 ± 1.16

Compliance 5_LS 157 a 2.85 ± 0.94 3.07 ± 0.81 1.87 ± 0.82

Ability to use REHA2030 without support dt 158 a 0.41 ± 0.45 0.47 ± 0.50 0.13 ± 0.35

Willingness to use REHA2030 dt 142 a 0.89 ± 0.31 0.94 ± 0.24 0.62 ± 0.50
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Suitability of enrolled patients
Only six patients were identified in the survey as “not 
suitable” for TR according to the REHA2030 approach, 
and 26 were marked as “Rather not suitable”. Generally 
speaking, 32 (20%) participants were identified as not 
suitable and 124 (77,5%) participants as suitable (Table 4).

Result description – group comparisons
To get an overview of the most relevant variables with a 
high significance (p < 0,025) and high effect size (r > 0.5) 
they were listed in Table 5. The results presented Table 5 
already shows which prerequisites result in a recommen-
dation for participation in a REHA2030 TR. The variables 
describe that a minimum of cognitive and visual abilities 
(short-term memory & visual impairment) are required. 
Furthermore, a technical understanding of smart devices 
(use of phone, technical assistance) as well as a certain 
independence (independents, housing, use of aids) and 
compliance (compliance, REHA want to) are necessary.

The differences between the general groups “suitable” 
and “not suitable” related to cognitive abilities show 
that the impairment of short-term memory and the 
motivation capability influences the suitability of the 
participants for REHA2030 TR system. Considering the 
results in detail (Additional file 2: Appendix B—Cogni-
tion), it can be observed that even mild impairments 
in short-term memory and the motivation capabil-
ity are sufficient for a negative recommendation for a 
REHA2030 TR. Results related to physical abilities, 
including facial expressions and gestures, in addition to 
spasticity in the upper limb and limited visual abilities, 
and the Scale of ambulation [18], also serve as indica-
tors of the suitability of the participants. Accordingly, 
those using aids such as crutches or especially wheel-
chairs were described as rather not suitable. From the 
detailed results (Additional file 2: Appendix B—Motor 
skills and sensitivity; senses, Speech therapy issues), 
it is shown that people with limited motor control or 
proprioception in the upper and lower extremities are 
more suitable for a personal therapy. Another factor 
for recommending REHA2030 TR is independence in 
daily living (Additional file  2: Appendix B—Independ-
ence in activities of daily living, care and social net-
works). Participants who live in a care home or have a 
formal caregiver are not recommended for REHA2030 
TR. The abilities for independence in everyday life are 
also considered here, such as eating, grooming, dress-
ing, use of toilet and the transfers. Likewise, the techni-
cal ability to use technology, respectively, and the daily 

Table 4  Distribution on suitability

Suitability groups in REHA2030

(N) (%) Group code Group name General groups

60 37.5 3 Yes suitable

64 40.0 2 Rather yes

26 16.2 1 Rather not not suitable

6 3.7 0 No

4 missing 2.5 / /

Table 5  Differences between the groupings of people who are and are not suitable for TR in detail and their categories regarding the 
REHA assessment

** highly significant
+++ large effect size

Categories Variable p Effect size

Cognition Short term memory p = 0.003** r = 0.7+++

Motor skills and sensitivity Upper limb spasticity p = 0.018** r = 1.35+++

Ambulation p =  < 0.001** r = 1.32+++

Senses Visual impairment p = 0.008** r = 0.57+++

Independence in activities of daily living Use of phone p = 0.001** r = 0.50+++

Care and social networks Housing p = 0.014** r = 0.53+++

Technical assistance p = 0.006** r = 0.79+++

Independents p = 0.003** r = 0.80+++

Technical framework and miscellaneous Use of Aids (wheelchairs) p = 0.006** r = 0.80+++

Comliance, REHA able and REHA want to Compliance p =  < 0.001** r = 0.50+++

REHA able p =  < 0.001** r = 0.73+++

REHA want to p =  < 0.001** r = 0.700+++
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use of smartphones or tablets is decisive for assessing 
suitability (Additional file  2: Appendix B—Technical 
framework and miscellaneous). Another essential point 
for the suitability classification was compliance and the 
willingness to participate in REHA2030 (Additional 
file 2: Appendix B—Compliance, REHA able and REHA 
want to).

In order to get a better understanding of the deci-
sion-making processes of the experts, the in-depth cat-
egories of suitability (not suitable, rather not suitable, 
rather suitable, suitable) were examined more closely.

For the differentiated groups “rather not suitable” and 
“rather yes suitable”, results show, in addition to the gen-
eral groups “suitable” and “not suitable”, only four highly 
significant variables with a high effect size. Based on 
the details presented in the appendix (Additional file  2: 
Appendix B), short-term memory (p = 0.017; r = 0.77), 
grooming (p = 0.009; r = 0.93), self-tech knowledge 
(p = 0.003; r = 1.20) and compliance p =  < 0.001; r = 0.50) 
are the most relevant factors for the professionals to dis-
tinct if a patient is rather suitable o rather not suitable.

In the case of the groups “suitable” or “rather yes 
suitable”, the differences were highly significant with 
a high effect size only at the lower limb proprioception 
(p = 0.009; r = 0.80). A closer look on the detailed results 
(Additional file  2: Appendix B) show that the ability to 
follow the instructions, the handling of smart devices and 
compliance are relevant factors for the medical experts to 
recommend people for a TR.

Mediation analysis
The performance of a mediation analysis resulted in 
a serial-parallel mediation model with two media-
tors (Fig. 1) tested by using model 6 with the PROCESS 
macro. In order to construct this model, causal consider-
ations were made in the first step, and the corresponding 

mediation and moderation analysis was carried out in 
the second step. For example, moderation effects of age 
and gender on the individual impact pathways could be 
excluded during this process. For increased clarity in 
this article, only significant results are presented, and 
a more in-depth analysis of the impact pathways of the 
results will be discussed separately. In summary, it can 
be shown that there is a direct effect (B = 0.609 p < 0.001) 
from the variable REHA want to (intrinsic motivation) on 
the suitability as well as a positive mediation effect from 
the self-tech knowledge together with compliance on the 
suitability (B = 0.881; P < 0.001).

The model shows that the initiative to participate 
(“REHA want to”) can be supported by increasing self-
tech knowledge, which will lead to higher compliance 
and further positively influence suitability. The model 
also shows that there is no direct mediation effect from 
the variable “REHA want to” on compliance nor from the 
self-tech knowledge on the suitability for TR.

Discussion
In the presented study, 87 items related to person, health, 
disability, or environment were explored together with 
the possible suitability of patients to REHA2030 TR sys-
tem. Both possible internal and external factors were 
considered. The analysis identified a total of 25 variables 
for which there were significant differences between the 
participants who were ranked as suitable and not suitable 
for TR.

Firstly, cognitive abilities were identified as suitability 
influencing factors. Cognitive deficit such as memory 
loss or demotivation is recognized as significant barrier 
to recommendations of TR based on the study results. 
However, cognitive impairment should be rather consid-
ered as a specific area for TR intervention since there is 
evidence of its efficacy [19]. Next, possible limited visual 

Fig. 1  Partial serial mediation model (Model 6_hayes PROCESS [ISBN 9781462549030]) to exhibit the relationship between interest in TR and 
eligibility for TR (n = 130). B = non-standardised coefficients; ** = highly significant (p < 0.025); direct effect C ‘: B = 0.609; p = 0.000, CI = [0.255; 0.964]; 
indirect effect C: B = 0.881; p = 0.000, CI = [0.544; 1.218]
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function or restriction in ambulation and activities of 
daily living serve as negative indicators of the suitability 
of the participants in the study. On the other hand, the 
technical knowledge and the ability to use smartphones 
or tablets refer to a substantial resource which could pos-
itively affect the process of TR recommendation. In reha-
bilitation, the virtual context is becoming increasingly 
essential. It refers to access and the ability to use tech-
nology such as cell or smartphones, computers or tablets 
to carry out daily routines and occupations and manage 
communication and social participation [20].

The added value of the presented study is the developed 
model based on the mediation analysis, which represents 
the relationship between the ability to use technology, 
patients´ compliance and suitability for TR. Patient’s will-
ingness and initiative to participate in rehabilitation, in 
general, can be supported by an increase in technology 
knowledge, such as the ability to use a phone or tablet 
as well as knowledge of using apps. However, mediation 
analyses were performed ad hoc for a first insight into the 
impact pathways of the given variables. The model can-
not be seen as definite because the used variables were 
all rated on a subjective perception of a therapist or by 
the participants themselves. Also, some variables cannot 
be included in a mediation analysis due to their dichoto-
mous scale. In the interpretation of the model, it should 
be considered that compliance is about the general will-
ingness for therapy and not exclusively about compliance 
for TR. At this point, a more in-depth analysis is also 
needed in order to understand the influencing factors in 
the background more deeply.

Our findings are in line with other studies regarding the 
barriers and resources for telerehabilitation [2, 10, 13, 21]. 
Furthermore, our findings within the mediation model 
can be compared to outcomes of other studies concern-
ing to training and support [10, 22] as well as the medi-
cal characteristics of patients [2, 23]. What is different 
to the presented findings is for example that Tyagi et al. 
[13] describes the age as a barrier to use an iPad, which 
is not evident in the presented study. Although, the data 
in the presented study indicate that technical knowledge 
is lower among people of higher age. There is also a lack 
of studies dealing with medical characteristics of stroke 
patients affect participation in a TR. In agreement with 
previous research, it can be seen that the reported higher 
patient age is not a barrier for home-based TR [24, 25] or 
for virtual reality therapy [26]. More likely, it is necessary 
to consider disability level and local context [27], together 
with patient’s motivation as well as ability and willingness 
to participate [2]

The investigation of personal and environmental char-
acteristics influencing the TR is needed for healthcare 
providers to recognize possible risk factors of patients´ 

non-adherence or drop-out. Patients´ selection for tel-
ehealth based on WFOT [28] should include therapists´ 
clinical reasoning to determine the appropriateness of 
telehealth use, namely the client’s diagnosis and impair-
ments, nature of the interventions to be provided and 
ability to access technologies.. Poor awareness of tech-
nology and lack of motivation to understand or improve 
health are well recognized factors affecting digital health 
engagement and recruitment [29], whereas highly moti-
vated patients and patients accustomed to the internet 
and technological devices benefit most from TR [11, 30]. 
However, patients´ engagement can be supported with 
strategies tackling demotivation (such as reminders, 
weekly challenges, meaningful activities, and others) or 
with the provision of an adequate explanation and feed-
back [31]. To overcome technical barriers when recom-
mending patients to TR, it is necessary to validate that 
technical requirements are ensured, and access to techni-
cal support and training is also provided [7]. The media-
tion analyses performed in the study support the concept 
of organizing practical workshops and training in the use 
of a TR system such as REHA2030 to strengthen digital 
literacy and technical skills after a stroke. Based on previ-
ous research, ensuring adequate training in used technol-
ogy for patients and clinicians, and support provision is 
essential for adopting the TR service model [32].

A limiting factor of the study is, that the REHA2030 
Assessment was designed with a high level of practical 
relevance and expertise to collect as many influencing 
factors as possible. The assessment of suitability, which 
has emerged from a practical approach, is a weakness in 
the study and as well a gap in the literature because no 
validated questionnaires can currently be found in the 
literature to assess the suitability for telerehabilitation in 
stroke patients. As a follow up, the results of this study 
will be used to structure a valid questionnaire on partici-
pation in a TR. Although the evaluation was carried out 
by a team of medical experts, bias cannot be completely 
avoided. Therefor should be noted that there are different 
factors behind the identified variables; for example, it is 
not entirely clear why the fact that people using aids and 
especially wheelchairs tend to be classified as unsuitable. 
Further research should focus on this background infor-
mation in order to be able to make explicit statements. 
Certain variables could not be carried out with all partici-
pants (e.g., people using a wheelchair could not perform 
the 6 Minute Walking Test). As a result, 15% of the entire 
data set can be described as missing. In consideration of 
data collection, it must be emphasized that each thera-
pist evaluated the patients´ suitability for the REHA2030 
TR system according to their opinion and experience. 
Therefore, it is necessary and planned to validate the 
technology-support therapy with the REHA2030 system 
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in cooperation with future users (interested parties, both 
patients and therapists) and to evaluate the suitability 
and effectiveness under real-life conditions.

Conclusions
A simplified insight into the possible barriers limiting 
participation in TR system and possible resources which 
enhance the process of recommendation a patient for TR 
system is presented in Table  6. Given factors are based 
on the interpretation of the most recurring study results 
presented in Table 5. Presented factors need to be consid-
ered individually taking into consideration patients´ level 
of functioning, motivation and need for an assistance.

The process of recommending patients for a TR could 
be a clinical challenge because of the need to recognize 
possible barriers limiting the patients´ engagement in 
TR. In this study, the results of REHA2030 Assessment 
were described, and the main factors influencing the 
suitability of patients for REHA2030 TR were intro-
duced. For the further development and dissemination 
of a TR assessment and system, the study results show 
to consider as main characteristics influencing the suit-
ability: cognition abilities, sensory functions, the scale 
of ambulation, independence, therapy compliance and 
technical skills (technical knowledge and ability to use 
phone or tablet). Based on the study results presented, 
it is further suggested that increasing the ability to use 
technology such as smartphones or tablets in patients 
positively affects patient´s initiative to participate in 
TR. As presented, acquired technology knowledge 
directly increases suitability and possible recommenda-
tion of the patient for TR. Further research should aim 
at exploring the given areas’ impact pathways and set-
ting up a validated assessment of abilities and technical 
skills needed for REHA2030 or other TR systems based 
on the results presented.
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Upper limb spasticity Visual and hearing ability

Neglect syndrome perceptual ability

Apraxia

https://doi.org/10.1186/s44247-023-00021-4
https://doi.org/10.1186/s44247-023-00021-4


Page 10 of 10Fink et al. BMC Digital Health            (2023) 1:19 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Competing interests
The authors declare no competing interests.

Author details
1 Research Unit for Active and Assisted Living, Carinthia University of Applied 
Sciences, Primoschgasse 8‑10, 9020 Klagenfurt, Austria. 2 Institute for Applied 
Research On Ageing, Carinthia University of Applied Sciences, Europastraße 
4, 9524 Villach, Austria. 3 Department of Rehabilitation Medicine, General 
Teaching Hospital in Prague, First Faculty of Medicine, Charles University, 121 
08 Prague, Czech Republic. 4 Faculty of Biomedical Engineering, Czech Techni-
cal University in Prague, 272 01 Kladno, Czech Republic. 

Received: 17 November 2022   Accepted: 11 May 2023

References
	1.	 Langhorne P, Bernhardt J, Kwakkel G. Stroke rehabilitation. Lancet. 

2011;377:1693–702.
	2.	 Ostrowska PM, Śliwiński M, Studnicki R, Hansdorfer-Korzon R. Telerehabili-

tation of Post-Stroke Patients as a Therapeutic Solution in the Era of the 
Covid-19 Pandemic. Healthcare (Basel, Switzerland). 2021;9:654. https://​
doi.​org/​10.​3390/​healt​hcare​90606​54.

	3.	 Winstein CJ, Stein J, Arena R, Bates B, Cherney LR, Cramer SC, Deruyter 
F, Eng JJ, Fisher B, Harvey RL, Lang CE, MacKay-Lyons M, Ottenbacher 
KJ, Pugh S, Reeves MJ, Richards LG, Stiers W, Zorowitz RD. Guidelines for 
Adult Stroke Rehabilitation and Recovery: A Guideline for Healthcare 
Professionals From the American Heart Association/American Stroke 
Association. Stroke. 2016;47:e98–169.

	4.	 World Health Organization. International Classification of Functioning 
Disability and Health (ICF). Geneva: World Health Organization; 2001.

	5.	 Geyh S, Peter C, Müller R, Bickenbach JE, Kostanjsek N, Ustün BT, Stucki 
G, Cieza A. The Personal Factors of the International Classification of 
Functioning, Disability and Health in the literature - a systematic review 
and content analysis. Disabil Rehabil. 2011;33:1089–102.

	6.	 Sarfo FS, Ulasavets U, Opare-Sem OK, Ovbiagele B. Tele-Rehabilitation 
after Stroke: An Updated Systematic Review of the Literature. J Stroke 
Cerebrovasc Dis. 2018;27:2306–18.

	7.	 Laver KE, Adey-Wakeling Z, Crotty M, Lannin NA, George S, Sherrington 
C. Telerehabilitation services for stroke. Cochrane Database Syst Rev. 
2020;1:CD010255.

	8.	 Nikolaev VA, Nikolaev AA. Recent trends in telerehabilitation of stroke 
patients: A narrative review. NeuroRehabilitation. 2022;51:1–22.

	9.	 Tchero H, TabueTeguo M, Lannuzel A, Rusch E. Telerehabilitation for 
Stroke Survivors: Systematic Review and Meta-Analysis. J Med Internet 
Res. 2018;20:e10867.

	10.	 Appleby E, Gill ST, Hayes LK, Walker TL, Walsh M, Kumar S. Effectiveness of 
telerehabilitation in the management of adults with stroke: A systematic 
review. PLoS ONE. 2019;14:e0225150.

	11.	 Ciortea VM, Motoașcă I, Ungur RA, Borda IM, Ciubean AD, Irsay L. Telereha-
bilitation—A Viable Option for the Recovery of Post-Stroke Patients. Appl 
Sci. 2021;11:10116.

	12.	 Chen Y, Abel KT, Janecek JT, Chen Y, Zheng K, Cramer SC. Home-based 
technologies for stroke rehabilitation: A systematic review. Int J Med 
Informatics. 2019;123:11–22.

	13.	 Tyagi S, Lim DSY, Ho WHH, Koh YQ, Cai V, Koh GCH, Legido-Quigley H. 
Acceptance of Tele-Rehabilitation by Stroke Patients: Perceived Barriers 
and Facilitators. Arch Phys Med Rehabil. 2018;99:2472-2477.e2.

	14.	 Schubert P, Wohofsky L, Olip m, Krainer D (Eds). Requirements for Imple-
mentation of Therapy Devices in a Tele-Rehabilitation Solution; 2022. 
http://​ffhoa​rep.​fhooe.​at/​handle/​12345​6789/​1603.

	15.	 Krainer D, Wohofsky L, Schubert P. Design Requirements for a (Tele-) 
Rehabilitation Platform: Results from a Participatory Process. Stud Health 
Technol Inform. 2022;293:224–31.

	16.	 IBM Corp. IBM SPSS Statistics for Windows. Armonk, NY: IBM Corp; 2021.
	17.	 Hayes AF. Introduction to mediation, moderation, and conditional 

process analysis: A regression-based approach. New York, London: The 
Guilford Press; 2022. Methodology in the Social Sciences.

	18.	 Holden MK, Gill KM, Magliozzi MR, Nathan J, Piehl-Baker L. Clinical gait 
assessment in the neurologically impaired. Reliability Meaningfulness 
Phys Ther. 1984;64:35–40.

	19.	 Cacciante L, Della Pietà C, Rutkowski S, Cieślik B, Szczepańska-Gieracha J, 
Agostini M, Kiper P. Cognitive telerehabilitation in neurological patients: 
systematic review and meta-analysis. Neuro Sci. 2022;43:847–62.

	20.	 Occupational Therapy Practice Framework. Domain and Process (3rd Edi-
tion). Am Journal Occup Ther. 2014;68:S1–48.

	21.	 Almojaibel AA, Munk N, Goodfellow LT, Fisher TF, Miller KK, Comer AR, 
Bakas T, Justiss MD. Determinants of Telerehabilitation Acceptance 
among Patients Attending Pulmonary Rehabilitation Programs in the 
United States. Saudi J Med Medical Sci. 2021;9:230–4.

	22.	 Johansson T, Wild C. Telerehabilitation in stroke care–a systematic review. 
J Telemed Telecare. 2011;17:1–6.

	23.	 Brouns B, Meesters JJL, Wentink MM, de Kloet AJ, Arwert HJ, Vliet Vlieland 
TPM, Boyce LW, van Bodegom-Vos L. Why the uptake of eRehabilitation 
programs in stroke care is so difficult-a focus group study in the Nether-
lands. Implementation Sci IS. 2018;13:133.

	24.	 Saito T, Izawa KP. Effectiveness and feasibility of home-based teler-
ehabilitation for community-dwelling elderly people in Southeast 
Asian countries and regions: a systematic review. Aging Clin Exp Res. 
2021;33:2657–69.

	25.	 Oh-Park M, Lew HL, Raghavan P. Telerehabilitation for Geriatrics. Phys Med 
Rehabil Clin N Am. 2021;32:291–305.

	26.	 Gueye T, Dedkova M, Rogalewicz V, Grunerova-Lippertova M, Angerova 
Y. Early post-stroke rehabilitation for upper limb motor function using 
virtual reality and exoskeleton: equally efficient in older patients. Neurol 
Neurochir Pol. 2021;55:91–6.

	27.	 Tombaugh TN, McIntyre NJ. The mini-mental state examination: a com-
prehensive review. J Am Geriatr Soc. 1992;40:922–35.

	28.	 World Federation Of Occupational Therapists. World Federation of occu-
pational therapists’ position statement on telehealth. Int J Telerehabilita-
tion. 2014;6:37–39. https://​doi.​org/​10.​5195/​ijt.​2014.​6153.

	29.	 O’Connor S, Hanlon P, O’Donnell CA, Garcia S, Glanville J, Mair FS. Under-
standing factors affecting patient and public engagement and recruit-
ment to digital health interventions: a systematic review of qualitative 
studies. BMC Med Inform Decis Mak. 2016;16:120.

	30.	 Rozevink SG, van der Sluis CK, Garzo A, Keller T, Hijmans JM. HoMEcare 
aRm rehabiLItatioN (MERLIN): telerehabilitation using an unactuated 
device based on serious games improves the upper limb function in 
chronic stroke. J Neuroeng Rehabil. 2021;18:48.

	31.	 Fioratti I, Fernandes LG, Reis FJ, Saragiotto BT. Strategies for a safe and 
assertive telerehabilitation practice. Braz J Phys Ther. 2021;25:113–6.

	32.	 Stephenson A, Howes S, Murphy PJ, Deutsch JE, Stokes M, Pedlow K, 
McDonough SM. Factors influencing the delivery of telerehabilitation for 
stroke: A systematic review. PLoS ONE. 2022;17:e0265828.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3390/healthcare9060654
https://doi.org/10.3390/healthcare9060654
http://ffhoarep.fhooe.at/handle/123456789/1603
https://doi.org/10.5195/ijt.2014.6153

	Identification of main characteristics influencing the suitability for telerehabilitation in stroke patients: Quantitative analyses of the REHA2030 Assessment
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Methodology
	Characteristics of enrolled patients
	Statistical analysis

	Results
	Suitability of enrolled patients
	Result description – group comparisons
	Mediation analysis

	Discussion
	Conclusions
	Anchor 16
	Acknowledgements
	References


