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Introduction

The demographic shift is leading to a growing 
proportion of people who experience movement 
insecurity, falls, and loss of independence due 
to the physiological aging process (sarcopenia, 
loss of muscle mass, and functional decline) (11). 
Scientific evidence shows that regular physical 
activity has numerous beneficial effects on phy-
sical health, cognitive performance, subjective 
well-being, and self-efficacy (6). Nevertheless, 
motivation to engage in physical activity often 
declines with increasing age, particularly when 
traditional exercise formats are perceived as 
monotonous, physically demanding, or difficult 
to access (4).

Exergames offer a promising strategy to 
counteract declining motivation for physical 
activity in older adults by integrating gamifi-
cation elements such as point systems, levels, 
or goal-oriented challenges as well as immedi-
ate visual and auditory feedback. Both factors 
increase motivation and training engagement 
while improving accessibility to regular phys-
ical activity (7). Their clinical as well as daily 

living effectiveness is largely attributed to im-
mediate visual and auditory feedback, which 
facilitates motor learning and enhances move-
ment control, a mechanism shown to be par-
ticularly relevant for motor skill acquisition in 
older adults (14, 20).

Moreover, exergames may promote a ‚flow 
state‘, i.e. a condition characterized by high 
concentration and intrinsic motivation, which 
has been shown to positively influence learning 
processes (18). The playful design of exergames 
can further reduce movement-related anxiety 
and enhance confidence in physical abilities, 
an effect that is particularly relevant for older 
adults (7). In addition to these motivational ben-
efits, the effectiveness of exergames is increas-
ingly being assessed using objective measures 
of functional performance.

Previous research indicates that exer-
game-based interventions can lead to mean-
ingful improvements in functional performance 
measures commonly applied in gerontological 
and rehabilitation research. Reported out-
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	› Background: Traditional training methods often lack motivational appeal, resulting in poor adherence. This proof-of-concept study 
examines the effects of a balance training system on cognitive and motoric function in community-dwelling older adults (CD) as well as 
in patients in geriatric rehabilitation (GR).

	› Methods: The CD sample consisted of 12 participants (4 male, 8 female, age: 70.9±4.1 years, intervention: 2x/week 20–25-min. for six weeks). 
15 patients in GR were included (10 women, 5 men, age: 84.7±4.2 years; intervention: 5x/week 20–25 min. 3 weeks). Prae- and post-assessments 
included Montreal Cognitive Assessment test (MoCA), Timed Up and Go Test (TUG) under single- (ST) and dual-task (DT) conditions, gait 
speed test (GSS) and Sit-to-Stand Test (STS). For the statistical analysis, a pre-post comparison was carried out within the groups and the 
effect size was determined.

	› Results: The intervention groups demonstrated improvements across all tests after the balance training system (prae vs post: MoCA, CD: 
25.7±2.4 vs. 27.7±1.9; GR: 23.2±4.0 vs. 24.3±3.4; TUG ST, CD: 5.9±0.6 s vs. 5.2±0.4 s; GR: 15.4±8.0 vs. 11.8±5.8 s ; TUG DT (costs) CD: 1.3±1.0 s vs. 
1.0±0.8 s; GR 21.6±9.1 vs. 16.1±7.7 s; GSS: CD: 1.7±0.3 m/s vs. 2.0±0.2 m/s; GR: 0.9±0.2 vs. 1.0±0.2 m/s; STS: CD:13.7±2.5 to 15.7±2.8; GR: 11.5±7.0 
vs. 16.2±8.3). All improvements despite GR TUG DT costs reached statistical significance.

	› Discussion: The findings indicate positive effects of a balance training system on cognitive function and functional mobility in older adults. 
The study highlights the potential of exergames as an effective training method alternative for the elderly.

Article incorporates the Creative Commons 
Attribution – Non Commercial License.
https://creativecommons.org/licenses/by-nc-sa/4.0/
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comes include enhanced lower-limb strength and func-
tional transfer ability assessed by the Sit-to-Stand test, 
increased gait speed, and improved dynamic balance re-
flected by the Timed Up and Go test (9, 15). In addition to 
motor outcomes, recent evidence suggests that cognitive-
ly enriched exergames combining physical and cognitive 
demands may also positively influence global cognitive 
functioning in older adults (20).

While earlier exergame research primarily focused on 
console-based systems such as the Nintendo Wii, Xbox 
Kinect, or PlayStation Move, more recent approaches 
emphasize the combination of multisensory stimulation, 
physical exertion, and immediate feedback for producing 
sustainable training effects (9, 13). A balance training sys-
tem is used in a standing position on an unstable surface, 
which continuously challenges postural control (3) there-
by possibly activating autochthonous back muscles. This 
instability enhances proprioceptive feedback, as users 
must constantly adjust their body position to maintain 
balance while interacting with the virtual environment. 
Thus compared to traditional exergames, which operate 
on stable ground, a balance training system may there-
fore provide a more complex and realistic sensorimotor 
training stimulus.

The present study is a pilot study investigating the fea-
sibility and effects of ta balance training system on cog-
nitive function, functional mobility, lower limb strength 
and gait velocity in older adults under two conditions: a 
community-dwelling setting and a setting of geriatric 
rehabilitation. 

	 Methods	

Study Design
Two pilot feasibility studies were conducted using a 
prae–post design. One study took place in an ambulato-
ry setting at the German Sport University Cologne and 
involved community dwelling older adults, while the 
other was conducted in a geriatric rehabilitation setting 
with older patients. The primary objective of these pilot 
studies was to evaluate the feasibility and practicality 
of implementing a balance training system protocol in 
older adults. Secondary exploratory outcomes included 
potential changes in functional mobility and cognitive 
parameters. Both studies were approved by the Ethics 
Committee of the German Sport University Cologne 
(approval numbers 096/24 (community dwelling adults) 
and 251/24 (geriatric rehabilitation)). The intervention 
in community dwelling older adults was conducted over 
six weeks with two sessions per week (each lasting 30 
minutes). In contrast, the intervention in the geriatric 
rehabilitation setting lasted three weeks with four to 
five sessions per week (approximately 15–20 minutes per 
session), reflecting the specific constraints of the rehabil-
itation environment.

Participants
Community Dwelling Older Adults: As this was a pro-
of-of-concept study, the sample size was determined 
pragmatically based on recruitment feasibility and avai-
lable resources rather than on a formal power calculation. 
Participants were required to be able to walk, stand, and 
maintain balance without major limitations that would 
hinder safe participation in the training program. 

Exclusion criteria included acute or unstable chronic 
diseases that could increase health risks during physical 
activity (e.g., substantial mobility limitations such as adva 
nced osteoporosis or the need for walking aids, cognitive 
impairments or neurological disorders that would prevent 
independent participation, current involvement in other 
studies or training interventions, as well as cases in 

Figure 1  
Balance training system setup. The game was controlled through weight-shif-
ting movements while participants stood on a hemispherical balance board, 
with real-time visual feedback provided by a monitor at eye level. Copyright 
with permission by ICAROS GmbH, Martinsried, Munich, Germany. 

Figure 2  
Influence of a balance training system exergaming intervention on MoCA in 
healthy older adults as well as in patients in a geriatric rehabilitation. Error 
bars represent standard deviations.*=p<0.05 vs. prae.
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which it was known in advance that fewer than ten of the 
twelve planned training sessions could be attended).

15 community dwelling older adults were recruited for 
the study. 2 Persons stopped the study due to knee prob-
lems, 1 person due to time limits. A total of 12 communi-
ty-dwelling healthy older adults aged 65 years and older 
finally participated in the study (4 men, 8 women; age: 
70.9±4.09 years, range: 65–77 years). Since this studies was 
performed to check out the conditions for a randomized 
study, we did not yet include a control group.

Geriatric Patients – Inclusion and Exclusion Parameters: 
A total of 15 patients undergoing geriatric rehabilitati-
on were recruited for the study (5 men, 10 women; age: 
84.7±4.2 years; range: 75-91 years). Similar to the study 
with community dwelling older adults, the sample size 
was determined by the availability of eligible participants 
rather than by an a priori power analysis. To be included 
in the study, participants had to be able to independently 
mount and dismount a balance training system and stand 
for at least 30 minutes. 

Exclusion criteria comprised the presence of lower- or 
upper-limb prostheses following amputation; advanced 
osteoporosis (grades 2-3); recent (<4 weeks) conservati-
vely managed fractures of the extremities; recent pelvic or 
spinal fractures (< 4 weeks), regardless of treatment mo-
dality; acute ligament or tendon injuries of the lower ext-
remities; pain of unknown origin; pronounced dizziness; 
significant cognitive impairments that would preclude 
understanding the tasks or compromise safety during 
training; as well as clinically relevant visual impairments. 
Patients were pre-selected by the physicians. Since this 

studies was performed to check out the conditions for a 
randomized study, we did not yet include a control group.

Intervention: Description of the Exergaming Sys-
tem and Training Concept
Training was conducted using a balance training system 
(ICAROS Guardian, ICAROS GmbH, Martinsried, Germa-
ny), a motion-sensitive balance system equipped with saf-
ety rails and a synchronized gaming application (figure 1). 
Participants stood on a hemispherical balance board and 
controlled the game through weight-shifting movements. 
A monitor positioned at eye level provided real-time visual 
feedback on body movements. 

A qualified supervisor was present throughout the 
entire training period to ensure safety and protocol ad-
herence. The exergames were completed in the same pre-
defined order during each session. Difficulty and training 
intensity were progressively increased when appropriate 
to ensure an adequate and individualized training load.

Table 1 provides an overview of the exergames used, 
differentiated according to their motor and cognitive de-
mands as well as the respective study setting. The original 
study design was intended for both groups to complete the 
same balance training system game modules. However, 
following a pilot phase with five geriatric rehabilitation 
patients, some adjustments were introduced to ensure ap-
propriate physical load, cognitive feasibility, and safety for 
this population. In the geriatric group, Quantomize Dice, 
was implemented as a simplified version of Quantomize, 
an arithmetic mental task, replacing addition/subtrac-
tion, multiplication and division of numbers with dice-
based tasks. The Predator game was excluded because its 

Overview of the exergames used within a balance training system intervention. Motor and cognitive requirements are listed for each game, along with information 
on whether the game was applied (+) or not (-) in the geriatric patient group and/or community dwelling (Com. Dwell.) adults.

GAME MOTOR REQUIREMENTS COGNITIVE REQUIREMENTS
GERIATRIC 
PATIENTS

COM. DWELL. 
OLDER ADULTS

Static Balance 
(two-legged)

Precise and steady weight shifting Focus on stability and accuracy + +

Coordination
Rapid weight shifting, reaction speed, rhythmic 

ability
Control of movement sequences, adaptability + +

Static Balance 
(one-legged)

Postural holding capacity, stability Focus on maintaining position – +

Dynamic 
Balance

Anticipatory and reactive balance control Anticipatory movement planning, adaptability + +

Bobsleigh Core stability, targeted weight shifting Anticipatory control, visuomotor planning – +

Mental Arith-
metic

Postural holding capacity, balance control Working memory, executive functions + +

Brick Breaker Precise adjustment movements, reaction speed Visual attention, decision-making – +

Biathlon Rhythmic weight shifting, balance control Task switching, sustained attention – +

Bird’s Nest Differentiated weight shifting, reactivity Spatial orientation, color recognition + +

Boxing
Coordination, explosive strength, postural 

stability
Rapid visual stimulus processing, action planning + +

Predator
Directional changes, continuous postural 

adjustments
Reactive decision-making – +

Colorrunner / 
Collectable

Targeted weight shifting, postural  
holding capacity, coordination, dynamic stability

Rapid visual stimulus processing, reactive decisi-
on-making, color recognition

+ –

Maze
Rapid directional changes, postural holding capa-

city, core stability, targeted weight shifts

Anticipatory movement planning, rapid visual 
stimulus processing, visual attention, decisi-

on-making
+ –

Table1
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rapid task demands and dynamically shifting background 
proved overly challenging and distracting. Additional 
games used exclusively in the geriatric cohort included 
Colorunner Collectable and Maze. These adjustments en-
abled a safe and feasible group-specific intervention while 
maintaining the overall training framework.

For the community dwelling older adults, the interven-
tion consisted of a six-week training programme using 
a balance training system. Participants completed two 
supervised sessions per week, each lasting 20–25 min-
utes, resulting in a total of twelve sessions. A minimum 
rest period of 24 hours between sessions was ensured. All 
assessments were conducted in a controlled laboratory 
environment at the German Sport University Cologne.

The geriatric patients participated in a customised 
training programme. Over the course of their approxi-
mately three-week rehabilitation stay, they completed a 
total of twelve training sessions of about 20 minutes each 
on the balance training system Each session was super-
vised by a certified physiotherapist and conducted in a 
shared therapy room where other therapeutic activities 
were taking place simultaneously. Consequently, dis-
tracting external stimuli could not be fully controlled or 
eliminated.

Test Battery
At both baseline (T0) and post-intervention (T1), parti-
cipants completed a standardised test battery in a fixed 
order. Baseline and post-intervention testing took place 
witin one week before, respectively after the last training 
regarding the community dwelling older adults. The ba-
seline measurement of the geriatric patients took place 
on the day after recruitment and at least one day before 
the training intervention started. Post-intervention took 
place one day after the last training intervention. Assess-
ments began with the Montreal Cognitive Assessment 
(MoCA) to evaluate global cognitive functioning, inclu-
ding memory, executive functions, visuospatial abilities, 
and attention (8). 

Functional mobility was then assessed using the Timed 
Up and Go Test, during which participants stood up from 
a chair, walked three metres, turned around, returned, 

and sat down again (26). Immediately afterwards, du-
al-task ability was evaluated using the Dual-Task Timed 
Up and Go. Prior to standing up, participants were given 
a specific initial letter and instructed to name as many 
words as possible beginning with that letter while com-
pleting the Timed Up and Go sequence. Verbal fluency was 
chosen as the cognitive task for the Dual-Task Timed Up 
and Go rather than arithmetic tasks, as it engages exec-
utive functions (word retrieval, mental flexibility, inhibi-
tion) more comprehensively (1).

Lower-limb strength was assessed using the Sit-to-
Stand Test (STS), with community-dwelling participants 
performing as many sit-to-stand repetitions as possible 
within 30 seconds (17). The group of geriatric rehabilita-
tion patients completed a 60-second version.

The test battery concluded with an assessment of gait 
speed based on the principles of the 10-Metre Walking 
Test, an established and well-validated measure of func-
tional capacity and mobility in older adults (24). Commu-
nity-dwelling participants completed a 20-metre walk-
ing task, consisting of 10 metres forward and 10 metres 
back, whereas geriatric patients completed the standard 
10-metre walking test due to feasibility constraints in the 
clinical setting.

All tests were administered by the same examiners fol-
lowing standardised procedures to ensure consistency 
across both measurement time points. 

Statistical Analysis
Due to the exploratory design of this pilot study, data 
analyses focused predominantly on descriptive statistics 
to detect preliminary trends rather than confirm group 
differences. Data analysis was conducted using SPSS. The 
two settings (community-dwelling or geriatric rehabilita-
tion) were analyzed separately. Descriptive statistics were 
calculated, and the Shapiro–Wilk test was used to assess 
normality. For normally distributed variables, paired 
t-tests were performed to evaluate prae–post differences, 
with results considered significant at p < 0,05. Effect si-
zes (Cohen‘s d) were computed to contextualise outcomes 
and inform power calculations for future confirmatory 
trials. The specific thresholds used for interpreting 

Figure 3  
Functional mobility as measured by the Timed-Up-And-Go Test under single task conditions measured as task duration (left panel) and dual task conditions as 
measured by duals task costs (right panel). Error bars represent standard deviations. *=p<0.05 vs. prae
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Cohen‘s d were: 0.2 (small effect), 0.5 (medium effect) and 
0,8 (large effect) (10).Parametric or non-parametric tests 
were employed as appropriate based on data distribution. 

	 Results	

In the cohort of community-dwelling older adults, cog-
nitive performance increased significantly from prae- to 
post-intervention (mean MoCA score prae- vs. post-inter-
vention: 25.7±2.4 vs. 27.7±1.9; p=0.0015, Cohen’s d=0.95; fig-
ure 2A). In patients undergoing geriatric rehabilitation, 
cognitive performance also improved following the inter-
vention. Mean MoCA scores increased from 23.20±3.97 at 
baseline to 24.73±3.43 post-intervention (p=0.003, Cohen’s 
d=0.93, figure 2B). 

Functional mobility was assessed using the Timed 
Up and Go test under single- and dual-task conditions. 
In community-dwelling older adults, single-task Timed 
Up and Go completion time decreased significantly from 
5.86±0.59 s at baseline to 5.24±0.40 s post-intervention 
(p=0.0003, figure 3). Dual-task Timed Up and Go perfor-
mance also improved, as indicated by a reduction in du-
al-task costs from 1.29±0.98 s at baseline to 0.95±0.79 s 
post-intervention (p=0.0014, figure 3).

In the geriatric rehabilitation group, functional mo-
bility improved substantially, with single-task Timed 
Up and Go completion time decreasing from 15.40±8.04 
s at baseline to 11.76±5.78 s post-intervention (p=0.001, 
figure 3). Dual-task functional mobility likewise showed 
improvement, reflected by a reduction in dual-task costs 
from 6.15±3.25 s to 4.29±3.43 s; however, this change did 
not reach statistical significance (p=0.053, figure 3). Elev-
en participants demonstrated reduced dual-task costs, 
whereas four showed increased costs.

Gait performance improved in both groups following 
the intervention. In community-dwelling older adults, 
gait speed increased from 1.74±0.28 m/s to 2.01±0.22 m/s 
(p=0.003, Cohen’s d=1.12, figure 4). In the geriatric rehabil-
itation group, gait speed increased from 0.87±0.18 m/s to 
1.02±0.15 m/s post-intervention (p<0.001, Cohen’s d=1.49, 
figure 4). All participants demonstrated increased gait 

speed, indicating a consistent enhancement in walking 
performance.

Lower-body functional strength also improved signifi-
cantly (figure 4). In healthy older adults, performance in 
the 30-second sit-to-stand test increased from 13.7±2.5 to 
15.7±2.8 repetitions (p=0.015, Cohen’s d=0.76). In the geri-
atric rehabilitation group, lower-body functional strength 
likewise improved, with repetitions in the 60-second sit-
to-stand test increasing from 11.5±7.0 to 16.2±8.3, cor-
responding to a very large effect size (p<0.001, Cohen’s 
d=1.29).

	 Discussion	

The present study investigated the effects of a balance 
training system intervention in community-dwelling ol-
der adults as well as patients undergoing geriatric rehabi-
litation. Significant improvements in both cognitive and 
physical health outcomes were observed in both groups 
by the exergame training intervention. 

In the present study, a significant increase in cognitive 
function was observed in both the community-dwelling 
group and the participants undergoing geriatric rehabil-
itation. Our results are in line with the findings of Phirom 
et al. (25), who investigated the effects of interactive phys-
ical–cognitive exergame training. Significant improve-
ments in cognitive function were particularly evident in 
the memory and orientation subdomains of MoCA.

The potential effects of interactive exergames on cog-
nitive function can be supported by evidence from basic 
neurophysiological research. As summarized in a recent 
systematic review, there is evidence that console-based 
exergaming can induce neurophysiological adaptations, 
including increased release of brain-derived neurotroph-
ic factor (BDNF) and alterations in neuronal networks 
associated with attention and working memory (2). An 
increase in BDNF was also demonstrated in a previous 
study conducted by our research group, which examined 
the effects of balance training using the Nintendo Wii in 
individuals with diabetes (19). In addition, a recent pub-
lication by Müller and colleagues (22) employing electro-

Figure 4  
Alterations of gait velocity (left panel) and muscle strength (Sit-to-Stand test (STS), right panel) before (prae) and after (post) balance training system in com-
munity dwelling older adults as well as in patients in a geriatric rehabilitation. Due to practical reasons, duration of the STS was 30 s for the communiy dwelling 
group and 60 s for the geriatric rehabilitation patients. Error bar represent standard deviations.=p<0.05 vs. prae
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encephalography reported significant activations in the 
prefrontal cortex following exergame activity in older 
adults. These findings further support the assumption 
that exergame-based interventions may positively influ-
ence cognitive processing and neural activity.

However, compared to community-dwelling older 
adults, the exergame intervention required specific ad-
aptations for use in a geriatric rehabilitation setting. 
Accordingly, game speed was reduced and cognitive de-
mands were adjusted, for example by replacing mathe-
matical equations with a visually guided numerical task 
using two dice. Age-related changes in sensory and motor 
performance are accompanied by an increasing reliance 
on central control processes. Within the framework of the 
Reduced Capacity Hypothesis, it is argued that sensory 
decline and reduced motor efficiency in older age lead 
to actions that were largely automated in younger years 
requiring increased cognitive supervision and executive 
attentional resources (29). The resulting cognitive–mo-
tor interference leads to significantly increased dual-task 
costs in older adults, which become apparent even under 
low cognitive load, particularly during postural tasks 
such as standing or walking (5). 

Taken together, the present findings and the existing 
literature suggest that future research should focus on 
dose–response relationships, particularly with regard to 
the severity of cognitive demands, the type of cognitive 
tasks combined with physical activity, and their influence 
on neural adaptations.

Functional mobility refers to the practical, everyday 
movement ability that enables an individual to perform 
mobility-related tasks in daily life safely and efficiently 
(28). In the present study, functional mobility was as-
sessed using the Timed Up and Go test under single- and 
dual-task conditions. Notably, improvements were ob-
served despite shorter training sessions (approximately 
25 minutes, twice weekly) compared with typical recom-
mendations reported in previous exergame studies [for 
a review, see (15)]. These findings suggest that meaning-
ful benefits may be achievable with more time-efficient 
training protocols, which may also improve feasibility and 
adherence in older adults.

Lower limb strength and gait velocity were addition-
ally assessed to gain further insight into the effects of 
a balance training system exergaming intervention on 
functional mobility. Both parameters are key indicators 
of the functional status associated with sarcopenia (27), a 
condition that substantially impairs functional capacity 
and mobility in older adults (23). Although the present 
study was not specifically designed as an intervention to 
prevent sarcopenia, it may indicate that improvements 
in lower limb strength and gait velocity resulting from a 
balance training system may contribute to the longterm 
prevention of sarcopenia. This is consistent with previous 
research demonstrating that regular physical activity has 
numerous beneficial effects on physical health, including 
the prevention of sarcopenia (23), improvements in func-
tional mobility (16), as well as enhancements in cognitive 
performance, subjective well-being, and self-efficacy (6).

The present study is a pilot study with a relatively small 
sample size. In addition, a control group was lacking in 
both conditions, which should be addressed in future 
studies. Interestingly, the composition of the sample, 
particularly the overrepresentation of women, reflects 

a phenomenon well documented in ageing research (21). 
Further studies are required to examine whether this 
phenomenon should be taken into account in the devel-
opment and design of exergames. 

It has to be kept in mind that in the geriatric rehabil-
itation setting the balance training system intervention 
was an add on to the care as usual, i.e. instead of either a 
30 min physio- or ergotherapeutic session. The conditions 
for the performance of exergames had to be adapted for 
the geriatric participants. Neurocognitive tasks had to 
be simplified (e.g. picture of dicers instead of calculation 
tasks). Exergames which depended on a fast motoric flex-
ibility were substituted by slow balance exergames. It has 
to be further investigated whether these adaptations may 
be generalized for geriatric patients.

In the present study, the gender distribution of women 
and men is not equal. As previous studies have shown (12), 
the higher life expectancy of women leads to a greater 
proportion of women, particularly in samples with older 
participants. This “feminization” of aging should be tak-
en into account in the future when (further) developing 
digital physical activity approaches.�
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This proof-of-concept study investigated the effects of a balan-
ce training system on cognitive function and functional mobility 
in community-dwelling older adults and geriatric rehabilitation 
patients. After 3 to 6 weeks of training, both groups showed si-
gnificant improvements in cognition (MoCA) as well as mobility 
and strength measures (TUG, gait speed, Sit-to-Stand). The fin-
dings suggest that exergames offer a motivating and effective 
alternative to traditional exercise for older adults.
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