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Background: Cognitive-motor training in form of exergames has been found 
to be  feasible and effective for the improvement of motor and cognitive 
functioning in older adults and several patient populations. Exergame training 
under unstable conditions might increase the proprioceptive resources needed 
and thus might be a superior training approach compared to exergame training 
on stable ground for stroke patients, who often have proprioceptive deficits.

Objective: Aim of this study is to assess the feasibility and effects of exergame-
based cognitive-motor training on a labile platform on physical and cognitive 
functioning in stroke inpatients.

Methods: This is two-armed pilot randomized controlled trial taking place 
in an inpatient neurologic rehabilitation clinic. A total of 30 persons that are 
undergoing inpatient rehabilitation due to a stroke will be  randomly assigned 
to either the intervention group (IG) or the control group (CG). Participants of 
the IG will receive exergame-based motor-cognitive training on a labile surface, 
whereas participants of the CG will train on a stable surface. Primary outcome 
is feasibility comprising measures of adherence, attrition, safety and usability. 
Secondary outcomes will be  measures of cognitive (psychomotor speed, 
inhibition, selective attention, cognitive flexibility, brain activity) and motor 
(functional mobility, gait speed, balance, proprioception) functioning.

Results: Data collection started in February 2024 and is expected to be completed 
by August 2024.

Conclusion: This is the first study looking into exergame training on labile surface 
in stroke patients. It will give valuable insights into the feasibility and potential 
added value of this type of training and thus inform further implementation 
efforts in the context of inpatient rehabilitation.

Clinical trial registration: ClinicalTrials.gov, NCT06296069.
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1 Introduction

With the growing number of older adults due to the demographic 
shift, the risk of cardiovascular and neurologic diseases and 
especially stroke rises (1). Due to an increasing prevalence and a shift 
to younger age groups, stroke is the second-leading cause of death 
and third-leading cause of death and disability combined worldwide 
(2). The inpatient care, rehabilitation and follow up care of stroke 
patients is over 3% of the value of lost welfare/gross domestic 
product in certain regions (3). Twenty-six percent of the persons 
who suffered a stroke remain with limited ability to perform 
activities of daily living (ADLs) and 50% have reduced mobility due 
to hemiparesis (4). Post-stroke cognitive impairment (PSCI) is the 
occurrence of cognitive deterioration after a stroke, which can range 
from minor impairment to dementia. Studies show that PSCI occurs 
in up to 60% (cumulative incidence) in the first year (5) as well as 
10 years (6) after stroke. PSCI can severely limit the motor and 
cognitive functioning of the patients and reduce their independence 
by affecting memory, attention and executive functions (7). 
Furthermore, the presence of any degree of cognitive impairment 
(MCI) be  a risk factor for falls and other comorbidities of the 
musculoskeletal system (8).

As a result of the impairment in cognitive and motor functioning 
after a stroke, the balance ability worsens and gait becomes unsteady. 
Of all complications following a stroke, falls are one of the most 
prevalent. Between 14–65% of people with stroke fall at least once 
during hospitalization and between 37–73% fall during the first 
six-months after discharge (9). Fall risk is up to two times higher even 
at later stages after stroke compared to similarly aged individuals (10). 
Thus, there is also an increased need for interventions in 
this population.

Balance training is an established form of exercise in people 
suffering from stroke and other neurological disabilities (11). 
However, cognitive-motor training is superior to single physical 
training in improving motor functioning, e.g., gait speed and walking 
endurance in stroke patients (12). More specifically, compared to 
sequential (e.g., cycling followed by cognitive training) and 
simultaneous-additional (e.g., cycling while solving an arithmetical 
task), simultaneous-incorporated motor-cognitive training (e.g., any 
type of training in which the cognitive task is “incorporated” into the 
motor task, i.e., the cognitive task is a relevant prerequisite to successfully 
solve the motor-cognitive task) (13) seems to be the most promising 
training type for improving gait speed, walking endurance, cadence 
and stride length in stroke patients (12).

Exergames (video games which are played by body movements) 
are an excellent tool for the delivery of simultaneous-incorporated 
cognitive-motor training and they have already been used in the 
context of several frail and neurologic populations (14–18), including 
stroke patients (19, 20).

Proprioception is used to stabilize the body by sensing its position 
in space via the sense of joint and limb positioning. Proprioception 
training addresses the balance and somatosensory stimulation and can 
therefore build a possible prevention strategy for further falls and of 
managing ADLs (21). Combining proprioceptive training with 
simultaneous cognitive tasks could have additional positive outcomes 
in stroke rehabilitation. Indeed, a recent systematic review concluded 
that proprioceptive combined with dual-task exercises stimulate and 
promote postural balance, gait, and quality of life and reduce the risk 

of falls in stroke patients compared with traditional rehabilitation 
programs (22).

There is currently just one study that has looked into the 
effects of exergame-based cognitive-motor training with the 
additional proprioceptive stimulation by playing the exergames 
on a labile platform (23). They found that compared to the 
training on a stable platform and to a passive control group, 
training on an instable platform is more effective for the 
improvement of reactive balance and functional mobility under 
dual-task conditions in healthy, community-dwelling older adults. 
The feasibility and effects of this type of exergame training on 
labile surface and thus rich in proprioceptive stimulation in stroke 
patients remains unknown.

Therefore, the aim of this study is to assess the feasibility and 
effects of exergame-based cognitive-motor training on a labile 
platform on physical and cognitive functioning in stroke inpatients.

We hypothesize that exergame-based cognitive-motor on a labile 
surface will be feasible within the context of inpatient rehabilitation of 
stroke patients. In addition, we hypothesize that compared to training 
on stable surface, training on a labile platform will be more effective 
for the improvement of motor and cognitive functioning in 
stroke inpatients.

2 Materials and methods

This study protocol was constructed using the SPIRIT reporting 
guidelines (24).

2.1 Study design and procedures

The study is a pilot randomized control trial with two parallel 
groups; a control group and an intervention group with a 1:1 allocation 
ratio. The study will only be blinded on pre-measurement. Afterward 
group assignment blinding is no longer possible because the 
pre-assessments and training sessions will be carried out by the same 
study staff. Data collection will be  carried out in the neurologic 
rehabilitation clinic in Zihlschlacht, Switzerland. All study procedures 
will be performed in accordance with the Declaration of Helsinki. The 
study protocol was reviewed and approved by the Cantonal Ethics 
Committee of Eastern Switzerland (EKOS 24/002). Any substantial 
amendment to the study protocol will have to be approved by the same 
Ethics Committees and the trial registration at clinicaltrials.gov 
NCT06296069 will be updated accordingly.

At clinic admission, patients potentially fulfilling the eligibility 
criteria will be informed in oral and written form about the study and 
asked if they wish to participate. All interested participants will then 
be  screened for eligibility by the local principal investigator. The 
included participants will undergo the baseline assessments (T1) and 
will be subsequently randomly allocated to the intervention or the 
control group using permuted block randomization with blocks of 
four. Screening and baseline measurements will be conducted within 
the first two days upon admission. To minimize physical and cognitive 
fatigue, a consistent assessment sequence alternating between physical 
and cognitive tests will be enforced. Participants will be encouraged 
to ask for a break whenever needed. One day after the T1 
measurements, the intervention period will begin. The intervention 
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period will be equal to the length of the stay in the rehabilitation clinic 
(between 3–4 weeks, according to cantonal/regional regulations and 
insurance coverage). At the last two days before discharge, post-
measurements (T2-measurements) will be  performed with all 
(intervention & control) study participants. Participants will 
be withdrawn from the study if they develop symptoms or diseases 
regarded as exclusion criteria during the study.

2.2 Participants and eligibility

Primary outcomes of this pilot study are feasibility measures (e.g., 
adherence, attrition, motivation, enjoyment, adverse events) which 
do not require an a priori sample size calculation. The selected sample 
size is based on the recommendations of Whitehead et al. (25). Since 
we are aiming for a future main trial designed with 90% power and 
two-sided 5% significance and aim to be able to detect medium effect 
sizes, we will use a sample size of n = 15 per treatment arm. Therefore, 
30 participants will be  included in the study with 15 participants 
allocated to each group (intervention or control group). Inclusion 
criteria are: prescription for inpatient rehabilitation due to a stroke, 
ability to provide a signed informed consent, age ≥ 50 years, Mini 
Mental State Examination (MMSE) ≥ 20, ability to stand for at least 
3 min without external support. Exclusion criteria are: depending on 
assistance for ambulation (Functional Ambulation Categories <2), 
insufficient knowledge of the German language to understand the 
instructions and games, conservatively treated osteoporotic fractures 
in the last 16 weeks and presence of any mobility, cognitive, sensory 
and/or psychiatric limitations or comorbidities which impair the 
ability to play the exergames and/or conduct the pre-/
post assessments.

2.3 Interventions

This study will have two arms: a control group for which the 
conventional treatment during the stay in the inpatient rehabilitation 
clinic includes a cognitive-motor intervention on a stable surface 
using the exergame device Senso (Dividat AG, Schindellegi, 
Switzerland, CE certified, see Figure 1) and an intervention group 
where the conventional treatment during the stay in the inpatient 
rehabilitation clinic is extended with an exergame-based cognitive-
sensorimotor intervention on an unstable surface by placing the Senso 
on an unstable surface (Senso-Swing, see Figure 2).

The Senso is a platform for the dynamic recording of steps, weight 
shifts and other body movements producing forces. The feedback for 
the user is given visually and auditory by the screen and tactile by 
vibrating plates. For the labile condition, the Senso is mounted on steel 
balls, allowing the platform to swing freely along the horizontal plane. 
There is no movement induced by the platform itself. Sway is only 
induced when the participant steps and shifts the center of pressure. 
The degree of instability and movement of the platform can 
be adjusted by inducing a dampening. The dampening can be set 
manually, either to on or off. When damping is on, the movement can 
be reduced by predefined percentages. The maximum displacement of 
the platform is thereby 100 mm to each side.

The exergames delivered by the Senso specifically target cognitive 
functions relevant for the successful mastering of activities of daily 
living, such as executive and attentional functions and physical 
functions such as balance and coordination. The games are played by 
conducting body movements, mainly steps in four directions (front, 
right, left, back) but also body weight shifting. An overview of the 18 
existing games and the cognitive/physical domain they train is 
provided in Supplementary material A.

All training sessions will be supervised by a qualified study/clinic 
staff who will carefully observe patients while training and aid 
if necessary.

FIGURE 1

Senso.

FIGURE 2

Senso-Swing.
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In general, both groups will conduct the same training program 
meaning it will have the same volume and the training of participants 
from both groups will be personalized and designed based on the 
same progression principles: training duration (15 min training time 
at the first session up to 28 min in the last session) and game difficulty 
(starting from rather simple and progressing to more demanding 
games) (26). In addition to those principles, for the intervention group 
the degree of instability of the labile platform also will be gradually 
increased (starting with 75% of the movement damped up until no 
dampening at the last sessions). The detailed training plan across the 
4 weeks of the intervention is presented in Supplementary material B.

After each training session participants will be  asked the two 
questions from the NASA Task Load Index (27) regarding Physical 
Demand and Mental Demand namely: “How mentally demanding 
was the training?” and “How physically demanding was the task?.” 
Answers at the NASA-TLX are in a scale of 1 to 20. Any answer 
between 10–15 is considered the “sweet spot” (20) for which the 
pre-defined training plan will be  applied as described in 
Supplementary material C.

Since training intensity is decisive for the success of the 
intervention, in case participants rate either of the questions between 
1–9 or 16–20 and in order to decrease the risk of losing the potential 
benefit or, respectively, the safety risk (28) the next training session 
will be adapted either by increasing/decreasing the duration of the 
next training session or by increasing/decreasing difficulty of 
the exergames.

Adaptations of the pre-defined plan can also be made based on 
the trainer’s evaluation of participant’s safety and training success, 
meaning they can decide at their own discretion whether the 
adaptation (based on participant’s perceptions) is justified or whether 
patients are at risk due to overestimating themselves. Figure 3 provides 
a detailed description of the training progression adaptation guidelines.

2.4 Outcomes

2.4.1 Primary outcomes
Primary outcome of this study is feasibility, defined as an umbrella 

term comprising several measures of acceptance and safety. They are 
hereinafter described.

2.4.1.1 Safety
Adverse events throughout the intervention period will 

be protocolled and categorized into serious and non-serious as well as 
intervention-related and intervention-unrelated. All serious 
intervention-related adverse events will be  reported to the 
ethics committee.

2.4.1.2 Attrition
The number of participants that dropped-out during the trial 

will be  recorded for both groups. Drop-out reasons will 
be  documented if available. Considering the median rate for 
attrition in preventive interventions for older adults in community 
settings for clinical trials (29) a 10% attrition rate can 
be deemed acceptable.

2.4.1.3 Adherence
Attendance of each training session will be  recorded in an 

attendance protocol by the study investigator. Average adherence rates 
across the intervention period will be calculated. The adherence will 
be calculated as the mean adherence rate (%) = number of training 
sessions attended / total number of training sessions offered. A review 
by Nyman and Victor (29) reveals a 50% attendance rate to preventive 
interventions for older adults in clinical trials. Nevertheless, in this 
study, an 80% adherence rate for the training sessions is set as the 
definition for being adherent to the training program.

FIGURE 3

Training adaptation concept.
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2.4.1.4 Usability
The overall usability of the exergame training system will 

be assessed post-intervention with the System Usability Scale (SUS) 
(30). The SUS provides a global view of subjective assessments of 
usability such as the need for support, training and complexity. 
We use a German translation which has already been used in large 
studies (31). The scale was successfully applied in previous studies 
looking into the feasibility of exergame training in the context of 
inpatient rehabilitation of older adults and neurologic populations 
(15, 16). Based on the verbal categorization/adjective rating of 
Bangor (32) we  expect a SUS score of at least 70 to have an 
“acceptable” solution (52 = ok, 73 = good, 85 = excellent, 
100 = best imaginable).

2.4.1.5 Training load
Physical and cognitive load of each training session will 

be  assessed using the Nasa Task Load Index (NASA-TLX). The 
NASA-TLX is a self-report, multidimensional assessment tool that 
rates perceived workload in order to assess a task, a system, or other 
aspects of performance (in this case the exergame training). Originally 
it consists of five subscales, but this study uses only: Mental Demand 
and Physical Demand. Answers will be  in a scale of 1 to 20 (33). 
Answers will be presented descriptively for each training session as 
well as aggregated by averaging values across all training sessions 
(though separately for the physical and cognitive workload).

2.4.1.6 Enjoyment
To assess training enjoyment, we will use the Exergame Enjoyment 

Questionnaire (EEQ). This questionnaire consists of a 5-point Likert 
scale which you reflect your enjoyment and feelings from “do not 
agree at all” to “I fully agree” while training on the device. The score 
will be calculated by adding up the points of each question resulting 
in a minimum of 20 points and a maximum score of 100. The higher 
the score the greater the exergame enjoyment (34).

2.4.1.7 User experience
Several questions specifically tailored to this study regarding 

perceived safety, perceived positive effects, intention to recommend 
etc. will be used. Most questions will have a 7step Likert Scale answers. 
However, there will also be two open ended questions asking for any 
positive/negative feedback and other general remarks by 
the participants.

2.4.1.8 Training goals
Personal goals regarding rehabilitation/training will be assessed 

with the Goal Attainment Scale (GAS). The GAS is an individual 
approach to defining and evaluating personal rehabilitation goals (35, 
36). The goals will be defined at the beginning of the intervention and 
will be reevaluated in the middle (after 8 trainings) and at the end of 
the intervention period. The scale consists of a five-point rating of the 
achievement of the specified goals. A score of 0 corresponds to the 
expected improvement or achievement of the predefined goal. A 
negative score of −1 or −2 is considered worse than expected. A 
positive score of 1 and 2 is given when the goal is achieved even better 
than expected. Interpersonal scores for the three time-points will 
be evaluated descriptively for each participant separately.

The feasibility of the intervention is pre-determined using the 
following feasibility criteria:

 • no intervention-related adverse events.
 • maximum 10% attrition rate.
 • at least 70% adherence rate.

If all three criteria are met, we deem the intervention to be feasible. 
If one to two criteria are not met, the intervention is feasible but needs 
modifications. If none of the criteria are met, the intervention will 
be deemed not feasible.

2.4.2 Secondary outcomes
Secondary outcomes of this study are measures of physical and 

cognitive functioning.

2.4.2.1 Cognitive functions

2.4.2.1.1 Cognitive flexibility
Cognitive flexibility will be assessed using the Trail making test 

(TMT): The TMT is a widely used neuropsychological test only 
requiring paper and pencil (37–39) and has two parts, TMT.A and 
TMT.B. Circled numbers from 1 to 25 are allocated randomly on a 
sheet which participants have to connect in the right order (TMT.A). 
At TMT.B, circled numbers and letters are randomly allocated on a 
sheet and the participants have to connect circled numbers and letters 
in the right order and in alternating manner. The required time to 
complete each task as well as the difference between the scores TMT.B-
TMT.A measured in both parts will be evaluated.

2.4.2.1.2 Psychomotor speed
The Step Reaction Time Test will be conducted using the Dividat 

Senso and it measures psychomotor speed in terms of reaction to 
visual stimuli using the lower extremities in 6 directions (front right, 
front left, right, left, back right & back left). There are six light grey 
triangles on the screen and each time one of then turns black, 
participants need to step as quickly as possible in the respective 
direction (Figure  4). Average reaction time across all stimuli will 
be used for analyses.

FIGURE 4

Display of step reaction time test.
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2.4.2.1.3 Selective attention
The Go/No-Go test will be conducted using the Dividat Senso and 

it measures selective attention and inhibition (40). Participants fixate 
on a small grey dot in the middle of the screen. Crosses (+) and Xs (X) 
appear on the right and left side of the grey dot in a randomised order. 
The task is to ignore the + and just conduct a step as quickly as possible 
in the direction that an (X) appears (Figure 5).

2.4.2.1.4 Inhibition and brain activity
The Stroop Test assesses inhibition (cognitive interference). The 

interference occurs when a specific stimulus is impeded by a second 
stimulus attribute, known as Stroop Effect (41). A computer-based 
version of the Stroop Colour-Word will be conducted to assess the 
inhibitory component of executive functioning (42–44). In 
compatible trials of the task, colour words are presented in the same 
colour (e.g., “green” printed in green), whereas in incompatible trials, 
colour words are presented appearing in a different colour (e.g., 
“yellow” printed in blue). Participants are instructed to press a 
button corresponding to the word meaning, ignoring the colour of 
ink the word is written in. Before the test, 4 examples are shown and 
a practice round is administered, which includes 12 trials with 
feedback on the response. Afterwards, compatible and incompatible 
trials are presented in 8 alternating blocks (with 12 trials each), 
which are interspersed by a recovery period. On each block, colour 
words are presented for 350 milliseconds (ms) on black background 
and responses are allowed within a 1,250 ms time window. To avoid 
habituation, the inter-stimulus interval varies randomly between 900 

and 1,100 ms. Reaction time in ms on response-correct trials and 
accuracy in % is extracted separately for compatible and incompatible 
trials. Interference in ms is calculated as the difference in reaction 
time (on trials with correct responses) between compatible and 
incompatible trials. The Stroop Test will be coupled with a functional 
near-infrared spectroscopy (fNIRS) system (NIRx Medical 
Technologies, NIRSport2, Berlin, Germany) to assess changes in 
cortical haemodynamics during the cognitive test. The systems 
combines 8 light sources and 7 detectors, which are evenly 
distributed over the prefrontal cortex, resulting in 20 measurement 
channels. Based on neurovascular coupling, these measured changes 
allow conclusions on neural activity in this brain area of interest 
(45). Outcomes are the peak and average changes from resting 
baseline concentration of oxygenated (HbO2) and deoxygenated 
haemoglobin (HHb) during compatible and incompatible test 
blocks, respectively.

2.4.2.2 Physical functions

2.4.2.2.1 Functional mobility
Functional mobility will be measured using the instrumented 

version of the Timed Up and Go Test (iTUG). The iTUG (46), is based 
on the “normal” TUG test developed by Podsiadlo and colleagues 
1991 (47). It is an easy-to-do test that requires only a chair and a 
stopwatch. Four inertial sensor units (Opal, APDM, Oregon, 
United States) are attached to the participant’s body with elastic straps. 
At the start signal participants must stand up from a chair, walk 3 m 
at a comfortable walking speed, come back and sit down on the chair 
again. Time to complete the task as well as several other performance 
metrics from all the test’s phases (sit-to-stand transition, gait, turn and 
turn-to-sit transitions) are computed with the Software “Mobility Lab 
2®; Oregon, Version 2.0.0.201903301644,” that comes along with the 
inertial sensor system. A dual-task condition will also be conducted. 
In the dual-task condition, a second (cognitive) task is added; 
participants have to count backwards in steps of three from a random 
given number between 200 and 250 while they are performing the test 
(“serial threes”). Following outcome measures will be used for further 
analyses for the single task and the dual-task conditions respectively: 
total duration, sit-to-stand duration, turn velocity, turn-to-sit 
duration. Additionally, relative dual task costs (DTC) of walking as 
percentage of loss relative to the single-task walking performance, 
according to the formula DTC [%] = 100 * (single-task score − dual-
task score)/single-task score (48) will be calculated.

2.4.2.2.2 Coordination
Motor coordination is assessed using the 4 Step Square test 

(4SST). The 4SST assess a person’s ability to step as quickly as possible 
in all 4 directions: forward, backward and sidewards. At the start, the 
participant stands in Square 1, facing Square 2 and will step clockwise 
over every Square until Square 4 and anti-clockwise back to Square 1. 
Time is measured to complete this task (49).

2.4.2.2.3 Dynamic balance
Dynamic balance is assessed with the Shape Tracking Test. 

Participants are asked to move their center of pressure (COP) 
displacement by bending or rotating their body without moving the 
feet, so that they remain within the track that is shown on the screen 
(see Figure 6).

FIGURE 5

Display of the Go/No-Go test.

FIGURE 6

Display of shape tracking test.
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2.4.2.2.4 Static balance
Postural Sway will be  assessed with the iSway test (50) of the 

APDM inertial sensor system. One inertial sensor unit (Opal, APDM, 
Oregon USA) is attached to the participant’s body (lower back) with 
an elastic strap. Participants are required to stand as still as possible 
for 30 s. Several center of pressure (COP) displacement measures are 
computed with the Software “Mobility Lab 2®; Oregon, Version 
2.0.0.201903301644,” that comes along with the inertial sensor system. 
Mean displacement velocity and sway area will be  used for 
further analyses.

2.4.2.2.5 Gait
Gait Analysis will be conducted with the iWalk test of the APDM 

inertial sensor system. Four inertial sensor units (Opal, APDM, 
Oregon United States) (two at the feet, one at the lower back and one 
on the chest) are attached to the participant’s body with elastic straps. 
Participants are required to walk for 2 min as fast as possible (but 
without running). Several gait performances metrics are computed 
with the software “Mobility Lab 2®; Oregon, Version 
2.0.0.201903301644” (51), that comes along with the inertial sensor 
system. Stride length, stride velocity, and gait variability will be used 
for further analyses.

2.4.2.2.6 Leg proprioception
Leg proprioception will be  assessed using the Dynamic 

Position Test of the ProMeTo-System. In this test, the examiner will 
move participants joints (extension or flexion) into several 
positions/angles. Participants will be  asked to memorize and 
replicate exactly the position that the examiner specified without 
visual control. Three different joints are tested: hip, knee and ankle. 
The range of motion (ROM) of every joint is measured by moving 
the joint two times in either full internal rotation and external 
rotation for the hip or extension and flexion in the knee prior to 
the onset of the test. In the ankle joint the plantarflexion and 
dorsiflexion ROM will be measured. Inertial sensors (Shimmer 
Research Ltd., Dublin, Ireland) provide the angle difference (in 
degrees) between the position given by the test leader and the 
position imitated as accurately as possible by the participant. 
Average angle differences for each joint will be  used for 
further analyses.

Because there are currently no reference values and/or standard 
error measurement values for this population, this test will 
be repeated twice before the onset of the intervention (once during 
the pre-assessment, together with all the rest of the pre-port 
assessments and once again one day later, just before starting the first 
training session) in order to calculate its test–retest reliability and 
assessment error (minimum detectable difference) for 
this population.

2.4.2.2.7 Balance confidence
The German version of the Activity-specific balance confidence 

scale (ABC-D) will be used to assess balance confidence in various 
activities in older people (52). The questionnaire uses an answer scale 
from 0 to 100% about the confidence of maintaining balance by 
activities. An answer of 0% indicates no confidence in conducting the 
activity and 100% suggests full confidence in performing the activity. 
In total 16 questions will be asked, and the total mean scores will 
be calculated.

2.4.2.2.8 Gait confidence
The German version of the Modified gait efficacy scale (mGES-D) 

will be  used to assess perception of confidence in walking under 
challenging circumstances. It is a 10-item questionnaire on a 10-point 
Likert scale. 1 means no confidence; 10 means full confidence. 100 
points means complete confidence in every task (53).

2.4.3 Demographic data
The following demographic data will be  collected to further 

describe the study population: age, years of education, body weight, 
body height, NIH Stroke Severity Scale (54), main symptoms, time since 
stroke, comorbidities using the Cumulative Illness Rating Scale (CIRS) 
(55) and further treatments received during the intervention period.

2.4.4 Statistical analyses
All statistical procedures will be conducted with the IBM SPSS 

statistics software or R (RStudio, Boston, MA, United  States). For 
demographics as well as training adherence and compliance, all collected 
data will be included (i.e., including data of dropouts up to the time 
point of their withdrawal). For all further analyses, only data of 
participants with an adherence ≥70% will be analyzed (per protocol 
analysis). A separate descriptive analysis of data from withdrawn 
participants who terminated the intervention prematurely or had to 
be excluded during the study or participants with adherence <70% will 
also be  provided. Data will be  reported as mean (SD) values for 
continuous parametric data and median (IQR) values for continuous 
nonparametric data. Data will be tested for normal distribution using 
Shapiro-Wilks Test and Q-Q-plots as well as for homogeneity of variance 
using Levene test. General level of significance used is established as 
p = 0.05. For the physical and cognitive tests that serve as secondary 
outcomes and are assessed in a pre-post manner, a two-way repeated 
measures ANOVA with group assignment (control vs. intervention 
group) as between subject factor and time-point (pre- vs. post-training) 
as within factor will be conducted. In case length of stay (and thus 
number of training sessions) vary across participants, we will conduct 
repeat our analyses controlling for this parameter. In order to determine 
the effects of the outcomes, effect sizes will be calculated for all primary 
and secondary outcomes. If any of the assumptions for parametric 
testing is not met, the non-parametric alternative (Friedman’s ANOVA) 
will be used. If the two-way mixed ANOVA or Friedman’s ANOVA 
report a significant group, time or interaction effect, data will be further 
analyzed using post-hoc tests. To calculate effect sizes of intragroup 
differences between post- and baseline measurements, a dependent 
T-test or its non-parametric equivalent (Wilcoxon signed rank test) will 
be used. The effect size will be interpreted using benchmarks describing 
the effect size as small (r ≥ 0.01), medium (r ≥ 0.3), or large (r ≥ 0.5) (56).

3 Results

Data collection is expected to start in February 2024 and to 
be completed in August 2024.

4 Discussion

The goal of this pilot RCT is to evaluate the feasibility and effects 
of an exergame-based cognitive-motor training intervention on a 
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labile surface in stroke inpatients. We  expect the intervention to 
be  feasible and more effective in improving motor and cognitive 
functioning compared to training on a stable surface.

Previous studies using the same exergame device in the same 
setting (inpatient rehabilitation) with geriatric and Parkinson’s 
inpatients reported no adverse events, very high adherence and 
enjoyment levels as well as significant time-group interaction effects 
for, e.g., gait speed, balance, psychomotor speed and inhibition (15, 
16). However, exergame training on a labile surface has not been 
investigated neither for this population (stroke patients) nor in this 
setting (inpatient rehabilitation). Therefore, we  extend previous 
intervention approaches by increasing proprioceptive stimulation 
during training and consequently training effects.

The main challenge we anticipate is low recruitment rate. Inpatient 
clinics (at least in Switzerland) offer a wide variety of therapies which 
are offered in a very intensive manner; patients can have up to 1.5 h of 
therapy per day. This can lead to participation in the study be seen as 
a burden. Moreover, the study population (persons in the early-
subacute phase) is extremely heterogeneous which can affect 
interpretation of the effect results. What is more, the study will take 
place in an inpatient rehabilitation clinic and thus training volume will 
not correspond to the current training recommendations for stroke 
patients. After a systematic review, healthy elderly people should 
perform exergame training two to three times per week for 45–60 min 
for 12 weeks and more to improve cognition (57). In addition, this 
study’s results will not be generalizable to other stages of the disease 
(e.g., chronic stroke) or settings (e.g., outpatient rehabilitation). 
However, examining the feasibility of this intervention within the 
scope of this study will give valuable information about whether or 
not such training can be  integrated in the inpatient rehabilitation 
therapy plans. In addition, if found effective, this study would be the 
foundation for a larger study that is powered to detect effects. Most 
importantly, the information and knowledge gained from this project 
will help to adapt and further develop digital solutions and 
technologies to support patients, therapists, geriatric rehabilitation 
and potentially the whole health care system.

Author contributions

JB: Project administration, Writing – original draft, Writing – 
review & editing. DM: Investigation, Methodology, Project 
administration, Resources, Writing – review & editing. MH: 
Resources, Software, Writing – review & editing. SL: Resources, 
Software, Writing – review & editing. PM: Resources, Software, 
Writing – review & editing. BE: Resources, Software, Writing – review 

& editing. EG: Conceptualization, Funding acquisition, Methodology, 
Project administration, Resources, Supervision, Writing – review & 
editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This study is 
funded by Innosuisse—the Swiss Innovation Agency. The project 
number is 100.839 IP-LS. Open access funding by ETH Zurich.

Acknowledgments

We gratefully acknowledge Silvia Rohner at the Eastern 
Switzerland University of Applied Sciences (FH OST) for her 
contribution in developing the Senso-Swing prototype.

Conflict of interest

The Senso-Swing prototype formally belongs to Dividat 
AG. Dividat AG provides the Senso-Swing free of charge for the 
duration of the study. Dividat AG was not involved in the study 
design, collection, analysis, interpretation of data, the writing of this 
article, or the decision to submit it for publication.

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1402145/
full#supplementary-material

References
 1. Abbott RD, Curb JD, Rodriguez BL, Masaki KH, Popper JS, Ross GW, et al. Age-

related changes in risk factor effects on the incidence of thromboembolic and hemorrhagic 
stroke. J Clin Epidemiol. (2003) 56:479–86. doi: 10.1016/S0895-4356(02)00611-X

 2. Feigin VL, Stark BA, Johnson CO, Roth GA, Bisignano C, Abady GG, et al. Global, 
regional, and national burden of stroke and its risk factors, 1990-2019: a systematic 
analysis for the global burden of disease study 2019. Lancet Neurol. (2021) 20:795–820. 
doi: 10.1016/S1474-4422(21)00252-0

 3. Gerstl JVE, Blitz SE, Yearley AG, Lassarén P, Lindberg R, Gupta S, et al. Global, 
regional, and national economic consequences of stroke. Stroke. (2023) 54:2380–9. doi: 
10.1161/STROKEAHA.123.043131

 4. Katan M, Luft A. Global burden of stroke. Semin Neurol. (2021):208–11. doi: 
10.1055/s-0038-1649503

 5. El Husseini N, Katzan IL, Rost NS, Blake ML, Byun E, Pendlebury ST, et al. 
Cognitive impairment after ischemic and hemorrhagic stroke: a scientific statement 
from the American Heart Association/American Stroke Association. Stroke. (2023) 
54:E272–91. doi: 10.1161/STR.0000000000000430

 6. Delavaran H, Jönsson AC, Lövkvist H, Iwarsson S, Elmståhl S, Norrving B, et al. 
Cognitive function in stroke survivors: a 10-year follow-up study. Acta Neurol Scand. 
(2017) 136:187–94. doi: 10.1111/ane.12709

https://doi.org/10.3389/fneur.2024.1402145
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1402145/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1402145/full#supplementary-material
https://doi.org/10.1016/S0895-4356(02)00611-X
https://doi.org/10.1016/S1474-4422(21)00252-0
https://doi.org/10.1161/STROKEAHA.123.043131
https://doi.org/10.1055/s-0038-1649503
https://doi.org/10.1161/STR.0000000000000430
https://doi.org/10.1111/ane.12709


Büttiker et al. 10.3389/fneur.2024.1402145

Frontiers in Neurology 09 frontiersin.org

 7. Chen X, Liu F, Lin S, Yu L, Lin R. Effects of virtual reality rehabilitation training on 
cognitive function and activities of daily living of patients with poststroke cognitive 
impairment: a systematic review and meta-analysis. Arch Phys Med Rehabil. (2022) 
103:1422–35. doi: 10.1016/j.apmr.2022.03.012

 8. Lipardo DS, Tsang WWN. Falls prevention through physical and cognitive training 
(falls PACT) in older adults with mild cognitive impairment: a randomized controlled 
trial protocol. BMC Geriatr. (2018) 18:1–12. doi: 10.1186/s12877-018-0868-2

 9. Batchelor FA, Mackintosh SF, Said CM, Hill KD. Falls after stroke. Int J Stroke. 
(2012) 7:482–90. doi: 10.1111/j.1747-4949.2012.00796.x

 10. Jørgensen L, Engstad T, Jacobsen BK. Higher incidence of falls in long-term stroke 
survivors than in population controls. Stroke. (2002) 33:542–7. doi: 10.1161/
hs0202.102375

 11. Abbruzzese G, Marchese R, Avanzino L, Pelosin E. Rehabilitation for Parkinson’s 
disease: current outlook and future challenges. Parkinsonism Relat Disord. (2016) 
22:S60–4. doi: 10.1016/j.parkreldis.2015.09.005

 12. Huber SK, Knols RH, Arnet P, de Bruin ED. Motor-cognitive intervention concepts 
can improve gait in chronic stroke, but their effect on cognitive functions is unclear: a 
systematic review with meta-analyses. Neurosci Biobehav Rev. (2022) 132:818–37. doi: 
10.1016/j.neubiorev.2021.11.013

 13. Herold F, Hamacher D, Schega L, Müller NG. Thinking while moving or moving 
while thinking – concepts of motor-cognitive training for cognitive performance 
enhancement. Front Aging Neurosci. (2018) 10:228. doi: 10.3389/fnagi.2018.00228

 14. Wüest S, van de Langenberg R, de Bruin ED. Design considerations for a theory-
driven exergame-based rehabilitation program to improve walking of persons with 
stroke. Eur Rev Aging Phys Act. (2014) 11:119–29. doi: 10.1007/s11556-013-0136-6

 15. Jäggi S, Wachter A, Adcock M, de Bruin ED, Möller JC, Marks D, et al. Feasibility 
and effects of cognitive–motor exergames on fall risk factors in typical and atypical 
Parkinson’s inpatients: a randomized controlled pilot study. Eur J Med Res. (2023) 28. 
doi: 10.1186/s40001-022-00963-x

 16. Altorfer P, Adcock M, de Bruin ED, Graf F, Giannouli E. Feasibility of cognitive-
motor exergames in geriatric inpatient rehabilitation: a pilot randomized controlled 
study. Front Aging Neurosci. (2021) 13:842. doi: 10.3389/fnagi.2021.739948

 17. Schättin A, Häfliger S, Meyer A, Früh B, Böckler S, Hungerbühler Y, et al. Design 
and evaluation of user-centered exergames for patients with multiple sclerosis:  
multilevel usability and feasibility studies. JMIR Serious Games. (2021) 9:e22826. doi: 
10.2196/22826

 18. Mura G, Carta MG, Sancassiani F, Machado S, Prosperini L. Active exergames to 
improve cognitive functioning in neurological disabilities: a systematic review and meta-
analysis. Eura Medicophys. (2018) 54:450–62. doi: 10.23736/S1973-9087.17.04680-9

 19. Subramaniam S, Wang S, Bhatt T. Dance-based exergaming on postural stability 
and kinematics in people with chronic stroke – a preliminary study. Physiother Theory 
Pract. (2022) 38:2714–26. doi: 10.1080/09593985.2021.1994072

 20. Huber SK, Held JPO, de Bruin ED, Knols RH. Personalized motor-cognitive 
exergame training in chronic stroke patients—a feasibility study. Front Aging Neurosci. 
(2021) 13:663. doi: 10.3389/fnagi.2021.730801

 21. Pšeničnik Sluga S, Kozinc Z. Sensorimotor and proprioceptive exercise programs 
to improve balance in older adults: a systematic review with meta-analysis. Eur J Transl 
Myol. (2024) 34. doi: 10.4081/ejtm.2024.12010

 22. Chiaramonte R, Bonfiglio M, Leonforte P, Coltraro GL, Guerrera CS, Vecchio M. 
Proprioceptive and dual-task training: the key of stroke rehabilitation, a systematic 
review. J Funct Morphol Kinesiol. (2022) 7. doi: 10.3390/jfmk7030053

 23. Morat M, Bakker J, Hammes V, Morat T, Giannouli E, Zijlstra W, et al. Effects of 
stepping exergames under stable versus unstable conditions on balance and strength in 
healthy community-dwelling older adults: a three-armed randomized controlled trial. 
Exp Gerontol. (2019) 127:110719. doi: 10.1016/j.exger.2019.110719

 24. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K, et al. 
SPIRIT 2013 statement: defining standard protocol items for clinical trials. Ann Intern 
Med. (2013) 158:200–7. doi: 10.7326/0003-4819-158-3-201302050-00583

 25. Whitehead AL, Julious SA, Cooper CL, Campbell MJ. Estimating the sample size 
for a pilot randomised trial to minimise the overall trial sample size for the external pilot 
and main trial for a continuous outcome variable. Stat Methods Med Res. (2016) 
25:1057–73. doi: 10.1177/0962280215588241

 26. Hardy S, Dutz T, Wiemeyer J, Göbel S, Steinmetz R. Framework for personalized 
and adaptive game-based training programs in health sport. Multimed Tools Appl. (2015) 
74:5289–311. doi: 10.1007/s11042-014-2009-z

 27. Hart SG, Staveland LE. Development of NASA-TLX (task load index): results of 
empirical and theoretical research. Adv Psychol. North-Holland: (1988)  52:139–183. doi: 
10.1016/S0166-4115(08)62386-9

 28. Knols RH, Vanderhenst T, Verra ML, de Bruin ED. Exergames for patients in acute 
care settings: systematic review of the reporting of methodological quality, FITT 
components, and program intervention details. Games Health J. (2016) 5:224–35. doi: 
10.1089/g4h.2015.0067

 29. Nyman SR, Victor CR. Older people’s participation in and engagement with falls 
prevention interventions in community settings: an augment to the cochrane systematic 
review. Age Ageing. (2012) 41:16–23. doi: 10.1093/ageing/afr103

 30. Brooke J. SUS-A quick and dirty usability scale. Usability Eval Ind. (1996) 189:4–7.

 31. Gao M, Kortum P, Oswald FL. Multi-language toolkit for the system usability scale. 
Int J Human–Computer Interact. (2020) 36:1883–901. doi: 10.1080/10447318.2020.1801173

 32. Bangor A, Staff TKortum P, Miller JStaff T. Determining what individual SUS 
scores mean: adding an adjective rating scale. J Usability Stud. (2009) 4:114–23.

 33. Turner-Stokes L. Goal attainment scaling (GAS) in rehabilitation: a practical guide. 
Clin Rehabil. (2009) 23:362–70. doi: 10.1177/0269215508101742

 34. Manser P, Huber S, Seinsche J, de Bruin E, Giannouli E. Development and initial 
validation of the German version of the Exergame enjoyment. PLoS One. (2023) 18:1–17. 
doi: 10.1371/journal.pone.0286556

 35. Jung Y, Sim J, Park J, Kim J, Kim MY. Usefulness of goal attainment scaling in 
intensive stroke rehabilitation during the subacute stage. Ann Rehabil Med. (2020) 
44:181–94. doi: 10.5535/arm.19087

 36. Bouwens SFM, van Heugten CM, Verhey FRJ. The practical use of goal attainment 
scaling for people with acquired brain injury who receive cognitive rehabilitation. Clin 
Rehabil. (2009) 23:310–20. doi: 10.1177/0269215508101744

 37. Bowie CR, Harvey PD. Administration and interpretation of the trail making test. 
Nat Protoc. (2006) 1:2277–81. doi: 10.1038/nprot.2006.390

 38. Reitan RM. Validity of the trail making test as an indicator of organic brain 
damage. Percept Mot Skills. (1958) 8:271–6. doi: 10.2466/pms.1958.8.3.271

 39. Tombaugh TN. Trail making test A and B: normative data stratified by age and 
education. Arch Clin Neuropsychol. (2004) 19:203–14. doi: 10.1016/
S0887-6177(03)00039-8

 40. Donders FC. On the speed of mental processes. Acta Psychol (Amst). (1969) 
30:412–31. doi: 10.1016/0001-6918(69)90065-1

 41. Scarpina F, Tagini S. The stroop color and word test. Front Psychol. (2017) 8:1–8. 
doi: 10.3389/fpsyg.2017.00557

 42. Ludyga S, Gerber M, Herold F, Schwarz A, Looser VN, Hanke M. Cortical 
hemodynamics and inhibitory processing in preadolescent children with low and high 
physical activity. Int J Clin Health Psychol. (2024) 24 Available at: https://pubmed.ncbi.
nlm.nih.gov/38226004/

 43. Mücke M, Ludyga S, Colledge F, Pühse U, Gerber M. Association of Exercise with 
inhibitory control and prefrontal brain activity under acute psychosocial stress. Brain 
Sci. (2020) 10:1–18. Available at: https://pubmed.ncbi.nlm.nih.gov/32664420/

 44. Ludyga S, Mücke M, Colledge FMA, Pühse U, Gerber M. A combined EEG-fNIRS 
study investigating mechanisms underlying the association between aerobic fitness and 
inhibitory control in young adults. Neuroscience. (2019) 419:23–33. doi: 10.1016/j.
neuroscience.2019.08.045

 45. Herold F, Wiegel P, Scholkmann F, Müller N, Herold F, Wiegel P, et al. Applications 
of functional near-infrared spectroscopy (fNIRS) neuroimaging in exercise–cognition 
science: a systematic, methodology-focused review. J Clin Med. (2018) 7:466. Available 
at: http://www.mdpi.com/2077-0383/7/12/466

 46. Salarian A, Horak FB, Zampieri C, Carlson-Kuhta P, Nutt JG, Aminian K. iTUG, 
a sensitive and reliable measure of mobility. IEEE Trans Neural Syst Rehabil Eng. (2010) 
18:303–10. doi: 10.1109/TNSRE.2010.2047606

 47. Podsiadlo D, Richardson S. The timed “up & go”: a test of basic functional mobility 
for frail elderly persons. J Am Geriatr Soc. (1991) 39:142–8. doi: 10.1111/j.1532-5415.1991.
tb01616.x

 48. Plummer P, Eskes G. Measuring treatment effects on dual-task performance: a 
framework for research and clinical practice. Front Hum Neurosci. (2015) 9:1–7. 
Available at: http://www.ncbi.nlm.nih.gov/pubmed/25972801

 49. Dite W, Temple VA. A clinical test of stepping and change of direction to identify 
multiple falling older adults. Arch Phys Med Rehabil. (2002) 83:1566–71. doi: 10.1053/
apmr.2002.35469

 50. Mancini M, Salarian A, Carlson-Kuhta P, Zampieri C, King L, Chiari L, et al. 
ISway: a sensitive, valid and reliable measure of postural control. J Neuroeng Rehabil. 
(2012) 9:59. doi: 10.1186/1743-0003-9-59

 51. Mancini M, King L, Salarian A, Holmstrom L, McNames J, Horak FB. Mobility lab 
to assess balance and gait with synchronized body-worn sensors. J Bioeng Biomed Sci. 
(2011) Suppl 1:007. Available at: http://www.ncbi.nlm.nih.gov/pubmed/24955286

 52. Schott N. Deutsche Adaptation der “Activities-Specific Balance Confidence (ABC) 
Scale” zur Erfassung der sturzassoziierten Selbstwirksamkeit. Z Gerontol Geriatr. (2008) 
41:475–85. doi: 10.1007/s00391-007-0504-9

 53. Altmeier D, Giannouli E. German translation and psychometric properties of the 
modified gait efficacy scale (mGES). Z Gerontol Geriatr. (2019) 53:251–5. doi: 10.1007/
s00391-019-01507-5

 54. NIHSS. Available at: https://www.nihstrokescale.org/

 55. Parmelee PA, Thuras PD, Katz IR, Lawton MP. Validation of the cumulative illness 
rating scale in a geriatric residential population. J Am Geriatr Soc. (1995) 43:130–7. doi: 
10.1111/j.1532-5415.1995.tb06377.x

 56. Tomczak M, Tomczak E. The need to report effect size estimates revisited. An 
overview of some recommended measures of effect size. Trends Sport Sci. (2014) 
1:19–25.

 57. Stojan R, Voelcker-Rehage C. A systematic review on the cognitive benefits and 
neurophysiological correlates of exergaming in healthy older adults. J Clin Med. (2019) 
8 Available at: https://pubmed.ncbi.nlm.nih.gov/31126052/

https://doi.org/10.3389/fneur.2024.1402145
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.apmr.2022.03.012
https://doi.org/10.1186/s12877-018-0868-2
https://doi.org/10.1111/j.1747-4949.2012.00796.x
https://doi.org/10.1161/hs0202.102375
https://doi.org/10.1161/hs0202.102375
https://doi.org/10.1016/j.parkreldis.2015.09.005
https://doi.org/10.1016/j.neubiorev.2021.11.013
https://doi.org/10.3389/fnagi.2018.00228
https://doi.org/10.1007/s11556-013-0136-6
https://doi.org/10.1186/s40001-022-00963-x
https://doi.org/10.3389/fnagi.2021.739948
https://doi.org/10.2196/22826
https://doi.org/10.23736/S1973-9087.17.04680-9
https://doi.org/10.1080/09593985.2021.1994072
https://doi.org/10.3389/fnagi.2021.730801
https://doi.org/10.4081/ejtm.2024.12010
https://doi.org/10.3390/jfmk7030053
https://doi.org/10.1016/j.exger.2019.110719
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.1177/0962280215588241
https://doi.org/10.1007/s11042-014-2009-z
https://doi.org/10.1016/S0166-4115(08)62386-9
https://doi.org/10.1089/g4h.2015.0067
https://doi.org/10.1093/ageing/afr103
https://doi.org/10.1080/10447318.2020.1801173
https://doi.org/10.1177/0269215508101742
https://doi.org/10.1371/journal.pone.0286556
https://doi.org/10.5535/arm.19087
https://doi.org/10.1177/0269215508101744
https://doi.org/10.1038/nprot.2006.390
https://doi.org/10.2466/pms.1958.8.3.271
https://doi.org/10.1016/S0887-6177(03)00039-8
https://doi.org/10.1016/S0887-6177(03)00039-8
https://doi.org/10.1016/0001-6918(69)90065-1
https://doi.org/10.3389/fpsyg.2017.00557
https://pubmed.ncbi.nlm.nih.gov/38226004/
https://pubmed.ncbi.nlm.nih.gov/38226004/
https://pubmed.ncbi.nlm.nih.gov/32664420/
https://doi.org/10.1016/j.neuroscience.2019.08.045
https://doi.org/10.1016/j.neuroscience.2019.08.045
http://www.mdpi.com/2077-0383/7/12/466
https://doi.org/10.1109/TNSRE.2010.2047606
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x
http://www.ncbi.nlm.nih.gov/pubmed/25972801
https://doi.org/10.1053/apmr.2002.35469
https://doi.org/10.1053/apmr.2002.35469
https://doi.org/10.1186/1743-0003-9-59
http://www.ncbi.nlm.nih.gov/pubmed/24955286
https://doi.org/10.1007/s00391-007-0504-9
https://doi.org/10.1007/s00391-019-01507-5
https://doi.org/10.1007/s00391-019-01507-5
https://www.nihstrokescale.org/
https://doi.org/10.1111/j.1532-5415.1995.tb06377.x
https://pubmed.ncbi.nlm.nih.gov/31126052/

	Cognitive-motor exergame training on a labile surface in stroke inpatients: study protocol for a randomized controlled trial
	1 Introduction
	2 Materials and methods
	2.1 Study design and procedures
	2.2 Participants and eligibility
	2.3 Interventions
	2.4 Outcomes
	2.4.1 Primary outcomes
	2.4.1.1 Safety
	2.4.1.2 Attrition
	2.4.1.3 Adherence
	2.4.1.4 Usability
	2.4.1.5 Training load
	2.4.1.6 Enjoyment
	2.4.1.7 User experience
	2.4.1.8 Training goals
	2.4.2 Secondary outcomes
	2.4.2.1 Cognitive functions
	2.4.2.1.1 Cognitive flexibility
	2.4.2.1.2 Psychomotor speed
	2.4.2.1.3 Selective attention
	2.4.2.1.4 Inhibition and brain activity
	2.4.2.2 Physical functions
	2.4.2.2.1 Functional mobility
	2.4.2.2.2 Coordination
	2.4.2.2.3 Dynamic balance
	2.4.2.2.4 Static balance
	2.4.2.2.5 Gait
	2.4.2.2.6 Leg proprioception
	2.4.2.2.7 Balance confidence
	2.4.2.2.8 Gait confidence
	2.4.3 Demographic data
	2.4.4 Statistical analyses

	3 Results
	4 Discussion
	Author contributions

	References

