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Abstract

Introduction. The elderly are increasingly embracing exercise through video or virtual reality games, such as sports games
on platforms like Wii Fit. Additional proof about the specific dosage and types of Wii Fit games that might effectively enhance
balance in older individuals is required. This scoping study investigated the efficacy of Wii Fit in improving body balance in older
adults, including static and dynamic balance.

Methods. The study used PRISMA Extension for Scoping Review guidelines, conducting systematic searches across Scien-
ceDirect, PubMed, and Google Scholar from January 2011 to August 2023. The quality assessment employed various tools
tailored to study types, including the Joanna Briggs Institute, Case Report Guidelines, and Physiotherapy Evidence Database.
Data synthesis was facilitated by the TIDler checklist, encompassing extraction of population, intervention, and outcome meas-
ures from 21 articles.

Results. Of the 1,170,131 studies found in the databases, 258 were selected after reviewing the titles and abstracts, and 21
articles were included in the study after examining the full text. The reviewed articles showed that, although there were varia-
tions in the Wii Fit balance exercise programme, regular and structured administration of Wii Fit significantly affected balance.
Conclusions. The study suggests that incorporating Wii Fit into elderly fitness routines can notably enhance balance and po-

tentially lower fall risk.
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Introduction

Ageing is an inherent and occasionally subtle process ac-
companied by a decrease in physical, physiological, psycho-
logical, and social circumstances [1]. Maintaining balance
becomes more challenging as one gets older due to several
factors, including alterations in the sensory system (such as
the vestibular, visual, and somatosensory systems), the pres-
ence of disease (such as cerebrovascular disorders, arthritis,
and peripheral neuropathy), and reduced mobility [2]. Balance
disorders among elderly individuals may be influenced by
various factors, including age-related alterations in sensory
systems such as vision, vestibular function, and somatosen-
sation, as well as declines in musculoskeletal strength, joint
flexibility, and bone density [3]. These disorders not only affect
physical stability but also diminish confidence in activities of
daily living, leading to reduced independence and quality of life.
The deterioration of these functions leads to a lower equilib-
rium state and can give rise to instances of falls [3, 4]. Con-
sequently, understanding the mechanisms behind balance
disorders and developing effective methods for early detec-
tion and intervention becomes imperative [3].

Most patients seeking emergency care report experienc-
ing balance disorders. In otology and neurology clinics, where
balance issues and dizziness are frequently addressed, ap-
proximately 20 % of patients are affected by balance disor-
ders [5]. Additionally, 13 % of individuals aged 65-69 and
46 % of those aged 85 and older who live in the community
suffer from balance disorders [5]. A 2007 report by the World
Health Organization (WHO) examined factors associated
with fall risk in the elderly, highlighting that balance disorders
contribute significantly to falls and that engaging in balance
exercises can be an effective fall prevention strategy [5].

Virtual reality (VR) is a means of communication between
humans and computer systems via interactive simulations
[6]. The Nintendo Wii Fit, a recent type of VR, is an inventive
and interactive technology that presents difficulties to pos-
tural control stemming from the complexity of the task and the
environment. According to several neuroimaging studies,
using VR tools for neurorehabilitation can promote brain plas-
ticity and cortical remodelling [7]. Based on the specific tasks,
repetition, intensity, environmental modification and multi-
sensory connections promoted by Wii Fit (e.g., the balance
game provided), it is possible to trigger activity-dependent
brain plasticity [8]. All sequences involve synaptic plasticity,
which is the ability to create long-term experiences as neural
connections increase. In addition to the adaptation function,
neuroplasticity involves functional reorganisation that can
replace the function of the damaged brain region [9]. Although
ageing and neurodegenerative disorders can correlate with
neuromodulatory decline and contribute to the deterioration
of synaptic plasticity, movement stimulus is required to guide
neuroplasticity so that a sharp decline in cognitive function
can be prevented. The exercises accessible in the various Wii
Fit games are essentially an adaptation of the biofeedback
activity principle that helps users focus on performance while
viewing and concentrating on the instructions to be replicat-
ed, such as those showing increased activity and functional
connectivity in the frontoparietal network [10, 11].

VR offers several advantages over traditional balance
training methods. Unlike conventional therapies, VR provides
an immersive three-dimensional environment where users
can engage in interactive exercises that simulate real-world
scenarios or entirely novel environments [12]. This realism
not only enhances motivation but also encourages greater
engagement and adherence to exercise routines crucial for
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patients undergoing treatments like chemotherapy or radi-
otherapy [12, 13]. VR’s ability to gamify experiences reduc-
es the fear and anxiety associated with rehabilitation, espe-
cially during challenging health crises like coronavirus disease
19 (COVID-19), where face-to-face interactions are limited
[14]. Moreover, VR-based exercises can be tailored to indi-
vidual needs, promoting cognitive and physical improvements
while offering a safe, low-cost alternative to traditional inpa-
tient rehabilitation [12, 13, 15]. By integrating VR into balance
training, therapists can enhance patient outcomes by fos-
tering a more enjoyable and effective experience that sup-
ports long-term health and wellness goals [3, 12, 16, 17].

Research on the use of VR and interactive interventions in
the elderly population to enhance physical activity and im-
prove balance function has significantly increased, but the
optimal Wii Fit exercise programme dose remains a topic of
debate. Therefore, we conducted a scoping study to meticu-
lously outline the existing research in this field and identify
any knowledge gaps. The study intended to gain a deeper
understanding of the optimal Wii Fit dose and determine if
other factors contribute to its impact on the balance of older
individuals by reviewing the relevant literature.

Subjects and methods

The articles were chosen using the PRISMA-ScR scoping
review approach, which follows the selected reporting items
for the PRISMA Extension for Scoping Review [18], to syn-
thesise the impact of Wii Fit on the balance of senior individu-
als. The protocol involved (1) formulating research questions,
(2) locating relevant studies, (3) selecting studies, (4) organ-
ising data, and (5) assembling, summarising, and reporting
the results. Completion of each review stage was accom-
plished by following a guide and using the Template for Inter-
vention Description and Replication (TIDleR) checklist meth-
odology.

Information sources
English language articles were searched in the Science-

Direct, PubMed, and Google Scholar databases. The search
period was between January 2011 and August 2023.

Table 1. Search terms

Figure 1. Search terms used to select the studies

Search strategy

The literature search for this investigation accounted for
the suggestions made by Peters et al. [19]. The initial approach
involved addressing a series of inquiries pertaining to the
impact of Wii Fit administration on the balance of senior indi-
viduals[19]. The search approach shown in Table 1 used the
population intervention comparison (PICO) findings method,
which involved selecting relevant keywords and organising
search terms using the “OR,” “AND,” and “NOT” operators
(Figure 1).

Eligibility criteria
Studies were selected to answer the research questions

according to the inclusion criteria described in Table 2. In gen-
eral, studies were eligible if the Wii Fit intervention aimed to

Table 2. Eligibility criteria

Research question

Study
attributes

Wii Fit in improving elderly balance

inclusion

exclusion

individuals aged 60 years and older, all genders,
Population independent ambulation minimum of four minutes,
no vision or hearing problems, and no cognitive issues

individuals aged < 60 years old, vision or hearing problems,
certain medical conditions (stroke, osteoporosis, heart problems,
Parkinson’s disease, fractures, and other disease conditions
that may interfere with the study

Intervention Nintendo Wii Fit/Wii Fit Plus

virtual reality other than Wii Fit (Virtual Kayak Paddling
Exercise, Xbox 360 Kinect, SensBalance Fitness Board,
Dance Dance Revolution, Xavix Measured Step System[XMSS])

any comparator (conventional balance training,

Comparison . .
P combined exercise)

Outcomes balance and fall risk

randomised controlled trial, pilot study,

Study design experimental study, case report

meta-analysis, review of reviews

Year range January 2011 to August 2023 (12 years)

before January 2011

\

Description Search terms
Focus Wii Fit
What usage dosage and types of Wii Fit games
Who aged > 60 years
Why effects of Wii Fit on balance and fall risk
Where hospital, clinic, nursing home, and home
(CIR keywords keywords keywords
Older Adult Virtual Reality Balance
Elderly Augmented Virtual Reality Dynamic Balance
Geriatric Immersive Virtual Reality Static Balance
Exergame Fall
Exergaming Fall Risk
Nintendo Wii Fit
Nintendo Wii Fit Plus
Wii Fit Plus
Wii Fit
Nintendo Wii Fit Balance Board
Wii Fit Balance Board
\AND )
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improve balance. After reviewing the titles and abstracts,
the sources were reviewed in their complete form. A list of
approved sources was manually retrieved. Relevant sourc-
es were not identified in the initial strategy as appropriate to
the question; thus, we proceeded to a full review. Exclusion
criteria were developed by reviewing titles, abstracts, and
the entire content, based on inclusion criteria, and were agreed
upon independently by the researcher. Some additional cri-
teria were also attached. Exclusion was required when the
article did not answer the study question.

Data extraction and synthesis

Articles were compiled in Microsoft Excel, and data were
extracted, including author, title, study type (all study types
that used primary data testing), publication year, country,
study sample (elderly > 60 years old), and findings (whether
or not Wii Fit improved balance or reduced the risk of falls,
types of Wii Fit games and doses that may affect balance
improvement in the elderly).

To assess the quality of each article, researchers used as-
sessment tools that have been recognised as appropriate for
assessing certain types of methodologies, namely the Joanna
Brigs Institute (JBI) checklist for quasi-experimental studies,
Case Report Guidelines (CARE) for case reports, and Phys-
iotherapy Evidence Database (PEDro) for randomised con-
trolled trials (RCTs).

Data synthesis for each article used the TIDler checklist
to collect various information related to the provision of Wii
Fit interventions and their effects on balance and the risk of
falling. Articles were eliminated if there was duplication. A re-
searcher conducted screening by reading the title and ab-
stract, reading the text thoroughly, and filtering based on the
inclusion criteria shown in Table 2.

Results

The preliminary search yielded 1,170,131 items, and
after eliminating 1,169,873 duplicate entries, 258 research
publications were examined (see Figure 2). Upon conduct-
ing a thorough examination of the articles by carefully scru-
tinising the complete text, 215 articles were deemed irrel-
evant, and 21 satisfactorily fulfilled the inclusion criteria.

-§ Articles were identified through several databases
.§ or search engines: Google Scholar (n = 5,470),
= ScienceDirect (n = 987,270), and PubMed (n =
3 177,391).

=

=

& Screened articles (n=258)

g

2

S Full-textscreening for

5 eligibility (n = 43)

T}

2

© Selected articles according to inclusion and

% exclusion criteria (n=21)

=

Figure 2. PRISMA study selection flow diagram (here)

Table 2 presents a comprehensive overview of the attrib-
utes of the examined studies. Most publications consisted
of RCTs and repeated measures studies involving within-
group and between-group comparisons of elderly individuals
who were in good health and resided in retirement commu-
nities. Table 3 provides a detailed summary of the research
included.

Quality of evidence

The overall quality of the studies using an RCT design
was rated greater than seven by PEDro, while the JBI rated
quasi-experimental studies higher than seven, and CARE
scored case series studies higher than nine, indicating that
the studies were high quality and reliable (Table 3).

Discussion

The selected studies included 1,761 elderly participants,
with an average sample size of 83.8. Although not all papers
provided complete and consistent information regarding the
age of participants, the mean age exceeded 60 years. Despite
most individuals involved in the research being able to walk
without assistance and live freely, 11 studies specifically ex-
amined older persons with mild to severe balance impairment.
The study participants resided in a community, senior living
facility, or retirement centre, though several trials included
a hospital environment [30]. All investigations shared the
same sample characteristics, with all participants free of cog-
nitive impairment, as the capacity to comprehend instructions
for using the device was necessary [40, 41].

The intervention groups of 21 publications employed ex-
ercises, mostly Wii Fit, for the purpose of balance training
and fall prevention. The sessions were conducted bi-weekly
for a duration of more than four weeks, with each session last-
ing between 15 and 60 min. The frequency varied between
two and five times per week, and the total duration ranged
from three to 10 weeks. However, one study failed to specify
the length of time that Wii Fit was used, though it did note
that participants engaged in three sessions per week for four
weeks [34].

Most research regularly used balancing and exercise ac-
tivities, such as soccer heading, table tilt, penguin slides, ski
jumping, and ski slalom, as exercise applications for balance
training and fall risk intervention. Soccer heading is a game
that specifically targets improvements in static balance, quick
motor reaction, attention, and coordination, as well as visual
and aural feedback [38]. Users position themselves on the
Wii Fit balancing board and adjust their centre of gravity to
strike a simulated ball approaching them from the television
screen. Points can be earned by heading the soccer ball, but
points will be deducted if the ball is struck by cleats or pandas.
Table tilt is a Wii Fit game designed to enhance balance [37]
in which the player places their weight on the balancing board
and manipulates their body movements to send the ball into
a hole on a platform that is in motion. Penguin slide focuses
on enhancing dynamic postural balance [30, 36], with play-
ers using their balance board by shifting their weight later-
ally so that a penguin can successfully capture a fish.

Several studies have indicated that Wii Fit has improved
balance in elderly individuals, although Montero-Alia et al.
[32] observed no significant change in their study due to an
unequal distribution of samples. Specifically, the intervention
group had a large sample size (n = 977) and a higher number
of older women who were more likely to experience falls.
This might have influenced the results in a biased manner.
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Of the 21 studies examined, four used a single-group pre-
post design, meaning they did not have a control group. Out
of the remaining 14 studies employing a control group, 10 in-
cluded older individuals who did not receive any intervention
or just engaged in routine activities as the control group.
Seven trials employed traditional exercise or other therapies
as a control. Most studies (19 of 21) indicated that the exer-
cise intervention group demonstrated notable enhancements
in static and dynamic balance following the intervention period.

Meanwhile, a study involving three groups found that
the Wii Fit group only improved static balance [6]. Contrary
to this, combining Wii Fit with conventional intervention en-
hanced static and dynamic balance. However, another study
noted insignificant improvement post-Wii Fit due to a short
three-week intervention period [22]. Moreover, older adults
engaging in Wii Fit for at least one hour twice a week for
6-8 weeks showed moderate to strong balance improvements
[21, 24, 28, 29, 36]. Increasing task complexity enhances func-
tional upper-body stretching, lower-body and trunk posture
control, and weight transfer. Moreover, heightened complexity
boosts movement speed and shifts the body’s centre of grav-
ity beyond the base of support, enhancing joint propriocep-
tion and balance maintenance capacity [42].

Balance was measured using the Timed Up and Go test
(TUG) and Berg Balance Scale (BBS). TUG correlated posi-
tively with walking speed (r = 0.75) and negatively with pos-
tural sway (r = —0.48), step length (r = -0.74), Barthel Index
(r = =0.79), and step frequency (r = —0.59). BBS showed
strong predictive validity in the elderly, correlating highly with
the Dynamic Gait Index (r = 0.67) [43]. The TUG instrument
demonstrates exceptional test-retest reliability, as indicated
by an intraclass correlation coefficient (ICC) ranging from
0.92 to 0.99 [43], while the BBS shows high test-retest reli-
ability among community-dwelling seniors (ICC = 0.98) and
elderly individuals in institutions (ICC = 0.97) [43].

One of the principal challenges in reviewing the articles
was the heterogeneity in the outcome measures, while differ-
ences in the measurement methods used between the stud-
ies made direct comparisons difficult. Seven articles used
TUG, nine used BBS, two used the Falls Efficacy Scale (FES),
one used the Tinetti fall efficacy test, and two employed the
Romberg test. The Wii Fit games used also varied between
studies. Such variability not only complicates the analysis
process but may also affect the validity and reliability of the
conclusions that can be drawn from this review.

After reviewing the research, it was determined that the
optimal amount of Wii Fit training sessions required to en-
hance balance in the elderly is around 18, with an average
duration of 39 min each session for 6-8 weeks. The findings
of this research indicate that administering a certain amount
of Wii Fit can have a substantial positive impact on the bal-
ance of older individuals. Indeed, regular Wii Fit training,
with an average total usage of 702 min, can have a beneficial
impact on balance. In a separate study using median Wii Fit
dosage data, it was shown that a Wii Fit intervention con-
sisting of 12 30-minute sessions would be more effective
with a total intervention duration of 485 min [44]. These re-
sults may be used as a reference to effectively develop the
appropriate dosage of Wii Fit for improving balance in senior
individuals in the future.

Considerations for the preparation of exercise pro-
grammes based on Wii Fit/VR, in addition to being based on
functional improvement targets, must pay attention to the con-
ditions and treatment methods the patient is undergoing so
that physiotherapists can modify exercise activities and as-
sess their feasibility. The 2023 Takashi study reported that

VR exercise cannot be performed to ideal standards in dialy-
sis patients since they are required to rest on a bed all day and
cannot use the supporting facilities needed, such as ergom-
eters and treadmills. However, VR exercise modifications can
be made to involve a bed-based activity that can be carried
out for 5-10 min, depending on patient tolerance [45]. There-
fore, exercise programmes can personalised to obtain ef-
fective target outcomes for patients/clients.

Limitations

The predetermined criteria assessed the evidence in this
study as high-quality. Nevertheless, the investigations were
subject to some methodological restrictions, which increases
the likelihood of bias. The diverse range of Wii Fit games leads
to less uniform data, making it difficult to precisely establish
which specific games had the most significant impact on bal-
ance. While the study findings revealed differences in the
efficacy of Wii Fit exercise programmes, it is important to
acknowledge other constraints in this review. Specifically,
the generalisability of the results should be taken into ac-
count because the studies were solely published in English
and exclusively recruited adults aged = 60 years who pos-
sessed the ability to transfer and walk without assistance.
Hence, the conclusions drawn from this analysis may not
apply to different groups. Additionally, a limitation of this study
was its potential bias towards including only articles that show
improvements in balance through VR, neglecting studies that
reported a lack of improvement or mixed results. By narrow-
ing the search criteria to only positive outcomes, the review
may not have fully captured the nuanced effects of VR on
balance in the elderly. Future research should consider in-
cluding studies that also address non-significant or adverse
effects to provide a more comprehensive understanding of
VRs impact on balance in older adults.

Conclusions

Wii Fit is a game-based exercise with a VR approach that
focuses on balance. Wii Fit offers an innovative solution that
can help reduce the risk of falls and improve coordination in
the elderly population. This review demonstrated the impor-
tance of regular engagement in Wii Fit exercise for improv-
ing balance in older adults, and the findings provide a solid
basis for the development of focused and structured Wii Fit
exercise programmes to improve balance and overall quality
of life in older adults.

Integrating Wii Fit into elderly healthcare programmes
could be a positive step towards injury prevention and im-
proving the quality of life. Future research could focus on op-
timal implementation strategies and the long-term effects of
exergaming interventions in various clinical settings. In addi-
tion, exploring the feasibility and effectiveness of integrating
exergaming into community-based fall prevention pro-
grammes is crucial. By utilising exergaming technology, health-
care providers and community organisations have the poten-
tial to deliver innovative and accessible interventions aimed
at reducing fall risk and improving overall health among the
elderly. Therefore, fostering collaboration between research-
ers, clinicians, and community stakeholders is crucial to fur-
thering our understanding of the role of exergaming in re-
habilitation and fall prevention efforts, which will ultimately
improve outcomes and quality of life for the elderly.
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