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Abstract

Background Balance training is considered an important
means to decrease fall rates in seniors. Whether virtual
reality training (VRT) might serve as an appropriate
treatment strategy to improve neuromuscular fall risk
parameters in comparison to alternative balance training
programs (AT) is as yet unclear.

Objective To examine and classify the effects of VRT on
fall-risk relevant balance performance and functional
mobility compared to AT and an inactive control condition
(CON) in healthy seniors.

Data Sources The literature search was conducted in five
databases (CINAHL, EMBASE, ISI Web of Knowledge,
PubMed, SPORTDiscus). The following search terms were
used with Boolean conjunction: (exergam* OR exer-gam*
OR videogam* OR video-gam* OR video-based OR
computer-based OR Wii OR Nintendo OR X-box OR
Kinect OR play-station OR playstation OR virtua* realit*
OR dance dance revolution) AND (sport* OR train* OR
exercis* OR intervent* OR balanc* OR strength OR
coordina* OR motor control OR postur* OR power OR
physical* OR activit* OR health* OR fall* risk OR pre-
vent*) AND (old* OR elder* OR senior*).

Study Selection Randomized and non-randomized con-
trolled trials applying VRT as interventions focusing on
improving standing balance performance (single and
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double leg stance with closed and open eyes, functional
reach test) and functional mobility (Berg balance scale,
Timed-up and go test, Tinetti test) in healthy community-
dwelling seniors of at least 60 years of age were screened
for eligibility.

Data Extraction Eligibility and study quality (PEDro
scale) were independently assessed by two researchers.
Standardized mean differences (SMDs) served as main
outcomes for the comparisons of VRT versus CON and
VRT versus AT on balance performance and functional
mobility indices. Statistical analyses were conducted using
a random effects inverse-variance model.

Results Eighteen trials (mean PEDro score: 6 + 2) with
619 healthy community dwellers were included. The mean
age of participants was 76 £ 5 years. Meaningful effects
in favor of VRT compared to CON were found for balance
performance [p < 0.001, SMD: 0.77 (95 % CI 0.45-1.09)]
and functional mobility [p = 0.004, SMD: 0.56 (95 % CI
0.25-0.78)]. Small overall effects in favor of AT compared
to VRT were found for standing balance performance
[p =031, SMD: —0.35 (95 % CI —1.03 to 0.32)] and
functional mobility [p = 0.05, SMD: —0.44 (95 % CI. —
0.87 to 0.00)]. Sensitivity analyses between “weaker”
(n =9, PEDro <5) and “stronger” (n =9, PEDro >6)
studies indicated that weaker studies showed larger effects
in favor of VRT compared to CON regarding balance
performance (p < 0.001).

Conclusions Although slightly less effective than AT,
VRT-based balance training is an acceptable method for
improving balance performance as well as functional
mobility outcomes in healthy community dwellers. VRT
might serve as an attractive complementary training
approach for the elderly. However, more high-quality
research is needed in order to derive valid VRT recom-
mendations compared to both AT and CON.
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Key Points

Virtual reality training notably improves balance and
functional mobility in community-dwelling seniors
compared to an inactive control condition.

Alternative training reveals slightly superior effects
on balance and functional mobility compared to
virtual reality training.

Larger effect sizes are relevantly driven by lower
quality studies (PEDro score: <5).

1 Introduction

Biological aging is accompanied by physical decondition-
ing that contributes to an elevated fall risk [1]. About one-
third of seniors aged >65 years fall once a year and half of
those fall again within the subsequent year [2]. Falls are a
leading cause of hospitalization due to injuries [3] and
result in immense healthcare expenditures [4]. Declines in
strength (explosive and maximal) and balance (static and
dynamic) performance were reported to contribute to an
increased fall risk [S]. Regular neuromuscular exercise in
the context of fall prevention studies can result in mean-
ingful reductions of fall events [6]. Applied exercise within
a multimodal setting [7] should provide a moderate to high
challenge to balance including, e.g., gradually reduced base
of support, unstable surfaces, and sensory modulation [7,
8]. These fall preventive training criteria were recently
extended to strength training on unstable surfaces
(metastability) and trunk muscle training [9, 10]. Thus,
neuromuscular fall prevention training should utilize a
multimodal training setting with a variety of different and
progressively challenging strength and balance tasks [11].

Virtual reality training (VRT) programs using com-
mercial consoles (e.g., Nintento Wii, Playstation EyeToy,
Microsoft Kinect, DanceDanceRevolution) are considered
appealing, motivating, and encouraging exercise concepts
in clinical and healthy populations [12—14]. This comple-
mentary and alternative training mode might bridge the gap
between playing games and exercising, commonly termed
“exergaming.” Exergaming uses a virtual reality environ-
ment and has been employed to improve general physical
fitness [15] and for therapeutic purposes (e.g., cardiac
rehabilitation, neuro-rehabilitation) [16, 17]. Depending on
the type of underlying body movements, the resulting
energy expenditure of exergames commonly varies from
light to moderate [18].

In recent years, VRT has also been applied to older
populations. This approach seems to be a promising means
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to integratively tackle increasing cognitive and physical
dysfunction in seniors [19]. The majority of available
exergaming studies in seniors focused on balance and gait
training. Stepping as well as static and dynamic balance
tasks were playfully arranged within these training con-
cepts [20]. Although the training regimes (type of exercise,
duration, repetitions, and sets) vary between studies, most
available studies revealed positive effects of exergaming
on balance parameters in the elderly [12, 21].

Previous reviews did not perform meta-analytical
statistics that distinguish between effects of VRT compared
to (a) a control condition without any exercises and (b) an
alternative exercise-based training regime (AT) that can
also improve balance performance and functional mobility.
Although the superiority of VRT compared to an inactive
control seems obvious, such an approach, however, pro-
vides an estimate on the relationship between VRT and AT
regarding improvements of fall-related balance and func-
tional mobility outcomes. Future developments of how to
set up exergaming (e.g., with regard to exercise type,
duration, frequency, repetitions) might benefit from the
present findings. As a consequence, the present meta-ana-
lytical review aimed at comparing effects of exergaming
versus a control condition and/or versus an alternative
balance-based exercise intervention.

The resulting objectives were:

1. To calculate and classify the effects of VRT compared
to AT and CON in healthy community-dwellers

2. To comparatively describe the training characteristics
of VRT and AT for older people

3. To provide recommendations for future research in the
field of VRT in seniors.

2 Methods
2.1 Search Strategy and Study Selection

The reporting of this meta-analytical review was performed
according to the PRISMA guidelines [22]. The literature
search was independently conducted by two researchers
(LD and RR). Searches for studies were conducted in five
health-related, biomedical, and psychological databases
(CINAHL, EMBASE, ISI Web of Knowledge, PubMed,
and SPORTDiscus). The literature search was conducted
from inception of the respective journal until 10 June 2015.
Relevant search terms (operators) were combined with
Boolean conjunction (OR/AND) and applied on three
search levels (Table 1).

Citation tracking of the articles as well as hand
searching of important primary articles and review articles
were additionally carried out. After removing duplicates
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Table 1 Levels and terms of the literature search process

Search Search terms with Boolean operators

level

Search #1  exergam* OR exer-gam* OR videogam™* OR video-gam* OR video-based OR computer-based OR Wii OR Nintendo OR X-box
OR Kinect OR play-station OR playstation OR virtua* realit* OR dance dance revolution

Search #2  #1 AND (sport* OR train* OR exercis* OR intervent* OR balanc* OR strength OR coordina* OR motor control OR postur* OR
power OR physical* OR activit* OR health* OR fall* risk OR prevent*)

Search #3  #2 AND (old* OR elder* OR senior*)

the remaining studies underwent a manual screening pro-
cess. Three search levels of screening (1) title, (2) abstract,
and (3) full-text were applied. Irrelevant articles were
excluded. According to the criteria listed below, a final
inclusion/exclusion decision was made by three indepen-
dent researchers (LD, RR, and OF).

The following inclusion criteria were used:

e Full-text article published in English in a peer-reviewed
journal

e Prospective randomized-controlled and non-random-
ized controlled intervention study with pre-post testing

e At least one control group that either did not receive
any intervention (CON) and/or received a comparative
alternative exercise-based training program

e VRT served as the target interventional strategy

e Study included only healthy community-dwelling
seniors without neurological, orthopedic, and/or cardiac
conditions

e Exercise and video-based intervention program that
intended to improve standing balance and/or functional
outcomes

e Participants were at least 60 years of age.

The exclusion criteria were:

e Seniors with mental decline, chronic cardiac, orthope-
dic, and/or neurological conditions

e Hospitalized and/or institutionalized seniors

e Seniors with a serious fall event that led to medical
attention (e.g., broken bones) within 1 year prior to the
start of the study

e Inappropriate target outcome (see inclusion criteria)

e Study without comparison group (neither passive
control nor traditional exercise group)

2.2 Assessment of Methodological Quality

The methodological quality of the included randomized
controlled trials was rated using the PEDro scale. This
scale comprises 11 dichotomous items (either yes or no).
Studies were rated by two reviewers independently (LD
and OF). After completing the evaluation, both

examiners came to a consensus on every item. The raters
were not blinded to study authors, place of publication,
and results.

2.3 Data Extraction

Functional mobility outcomes (Timed-up and go test
(TUG), Berg balance scale, Tinetti test) and balance per-
formance indices (functional reach (FR), single leg stance
with open eyes (SLEO) and closed eyes (SLEC), double
leg stance with open eyes (DLEO) and closed eyes (DLEC)
were extracted by two researchers (LD and RR). Data were
transferred to an excel spread sheet. Relevant study infor-
mation regarding author, year, number of participants,
exergaming, and balance control intervention (weeks, fre-
quency, duration per session, exercises including repeti-
tions), and passive control condition were extracted.
Available training characteristics (volume, frequency,
intensity, type) were noted (Table 2).

2.4 Statistical Analysis

Standardized mean differences (SMD, with 95 % confi-
dence intervals (Cls)) were computed separately for each
study. Therefore, the difference of the target outcome
between the intervention and the respective control con-
dition including the pooled standard deviations were
computed for each functional mobility or standing balance
outcome. Standard errors were transformed to standard
deviations by multiplying standard errors by the square
root of the sample size. If studies only descriptively
reported median, minimum, and maximum values [23-25],
means and standard deviations were estimated using the
formula described in detail by Hozo and colleagues [26].
Negative effects were symbolized with a minus sign. The
Cochrane Review Manager Software (RevMan 5.3,
Cochrane Collaboration, Oxford, UK) was used to compute
the inverse-variance method according to Deeks and Hig-
gins 2010 [27]. Analyses were conducted using the random
effects model [28]. Forest plots were generated for the
respective outcome measures. The magnitude of SMD was
classified  according to the following  scale:
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36 did not meet the inclusion criteria or were excluded
according to the exclusion criteria. Eighteen studies were
finally included in the quantitative meta-analysis. All
studies were published in 2011 or later.

3.2 Study Population and Quality

Six hundred and nineteen healthy community dwellers with
a mean age of 76 £ 5 years were enrolled in the 18
included trials. The mean sample size was 32 + 10 ranging
from 12 [24] to 76 [30] seniors. The sample sizes among
the studies were not normally distributed (Kolmogorov—
Smirnov test: p = 0.003). Trials comprised various study
arms: passive control condition (total number of partici-
pants, n = 183), virtual reality training (n = 275),
VRT + traditional balance training (n = 15), traditional
balance training (n = 61), ball exercise training (n = 15),
Tai Chi (n = 11), and specific physical activity (n = 9).
We grouped balance training, ball exercise training, Tai
Chi, and specific physical activity under the heading “al-
ternative balance-based exercise training” (n = 96). The
remaining participants underwent a combination of Wii
and balance training (n = 15) or dropped out (n = 50, for
reasons of illness, changed location, lack of attendance, or
no reason available). Thus, 554 participants (619 —
(15 4+ 50); 89 %) were considered in the final meta-
analyses.

Only three of the 18 studies did not apply a standard
randomization procedure for group assignment [23, 30,
31]. Thirteen trials used a two-armed design [24, 25, 30-
40], four studies a three-armed design [23, 41-43], and one
study a four-armed study design [44]. The mean study
quality (PEDro score) was 6 (2), ranging from 3 [23, 30] to
9 [33] (Table 3). As blinding is difficult in exercise inter-
vention studies most of the trials did not blind the
participants, supervisors, or testing personnel. Four weak
studies with a PEDro score of <5 did not report inclusion
and exclusion criteria [23, 24, 30, 31].

3.3 Risk of Bias Assessment
3.3.1 Publication Bias

The funnel plots did not show a clear funnel-shape (Fig. 2).
Studies with smaller sample sizes (higher standard errors)
that normally build the basis of the funnel shape are
missing. To a certain extent, it seems that studies with
findings not favoring VRT and with larger typical errors
(dots on the lower right side of the dashed mean line) are
also lacking. The amount of studies on the left and right
side of the dashed standardized mean difference (SMD)
line is equally distributed, except for the comparison of
VRT versus CON regarding functional mobility.

@ Springer

3.3.2 Sensitivity Analyses

We conducted sensitivity analyses on the basis of the
PEDro score. Studies with a PEDro score of 5 and lower
were labelled as “weaker” (n = 9) and studies with a
PEDro score of 6 and higher as “stronger” (n = 9). With
respect to functional mobility outcomes, only one study
(VRT vs. AT [35]) and three studies (VRT vs. CON [37,
40, 45]), respectively, had “strong” study quality accord-
ing to the PEDro scale. Thus, we only computed sensitivity
analyses for balance performance indices separately for
VRT versus CON and VRT versus AT. We found large
differences between “weak” and “strong” studies when
comparing VRT with CON (p = 0.02, I* = 81 %; Fig. 3).
“Weak” studies showed a more pronounced effect in favor
of VRT versus CON compared to “strong” studies. Inter-
estingly, no statistically significant difference was found
between “weak” and “strong” studies when comparing
VRT versus AT (p < 0.23, P =31 %; Fig. 4). However,
the effects in favor of AT compared to VRT were less clear
in the subgroup of “strong” studies.

3.4 Data Analyses of Virtual Reality Training
versus Control

Medium overall effects with narrow confidence limits were
found for standing balance performance (p < 0.001, SMD:
0.70 (95 % CI 0.42-0.99), P =53 %; Fig. 3) and func-
tional mobility outcomes (p < 0.001, SMD: 0.54 (95 % CI
0.24-0.84); I* = 55 %; Fig. 5) in favor of VRT compared
to CON.

3.5 Data Analyses of Virtual Reality Training
versus Alternative Treatment

Small overall effects were observed for standing balance
outcomes (p = 0.31, SMD: —0.35 (95 % CI —1.03 to
0.32), I* = 76 %; Fig. 4) and functional mobility indices
(p =0.05, SMD: —-0.44 (95 % CI —0.87 to 0.00),
I* = 63 %; Fig. 6) in favor of AT compared to VRT.

3.6 Association Between Training Volume
and Effect Sizes

When the number of total training sessions was multiplied
by the duration of each session, moderate correlations
between training volume and effect sizes were found for
VRT versus AT regarding standing balance outcomes
(r =—-0.71, p < 0.05) and VRT versus CON regarding
functional outcomes (r = 0.73, p < 0.05). VRT versus
CON (r =0.23, p > 0.05) for balance parameters and
VRT versus AT (r = —0.23, p > 0.05) for functional
outcomes did not reveal relevant correlations.
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Table 3 continued

1S

(items 2
to 11)

Sum

Point measures
and variability
provided

between-group

Statistical
comparison

Received
treatment as
allocated

Dropout <15 %

Blinding

of
assessor

Blinding

of
therapist

Blinding

of
subjects

Similar
baseline
values

Concealed
allocation

randomly
allocated

Subjects

Eligibility
specified

Study and

year

Springer

J
J
J

Singh et al.
2013 [38]
Szturm et al.

2011 [39]

Toulotte

et al. 2012

[44]

4 Discussion

No previous reviews have pooled data for a meta-analysis
that specifically determined the effects of VRT on balance
and functional mobility outcomes in healthy community
dwellers by comparing VRT with both an AT and an
inactive control condition. Our meta-analytical approach
provides an estimate whether VRT or AT induces superior
effects on balance performance and functional mobility
outcomes. As a consequence, one can indirectly conclude
whether VRT can be considered an alternative or com-
plementary training strategy to improve relevant fall-risk
factors. We found that VRT can be employed to improve
balance performance and functional mobility in healthy
community dwellers. However, our meta-analyses revealed
more pronounced effects in favor of AT regarding func-
tional mobility outcomes when compared with VRT.
Standing balance performance comparison only revealed
small effects in favor of AT compared to VRT. Sensitivity
analyses, however, indicated that the magnitude of the
overall effect is mainly driven by comparatively weaker
studies with a PEDro score of 5 and lower.

4.1 Comparison with Other (Systematic) Reviews

Most of the available reviews on VRT in the elderly have
been published within the last 2 years [46-50]. The
included studies provide notable heterogeneity regarding
age (older adults to old seniors), clinical background
(healthy to clinical conditions), institutionalization (inde-
pendently living to residential care) of the elderly, study
quality (many low quality trials to few high quality trials),
target outcomes (cognition, physical function, psychosocial
health, balance, flexibility), and interventional programs
(no control, two to four arms, poor to detailed description
of the interventional details—such as frequency, volume,
intensity, type, repetitions, pause). However, our study also
comprises notable heterogeneity in terms of multiple study
arms, lack of blinding, and diverse AT program contents.
The most recent review included 22 empirical studies that
revealed positive effects of Wii-based exergaming on
physical and cognitive function as well as psychosocial
outcomes (depression, quality of life) in seniors between 61
and 86 years of age [50]. The exercise duration varied
between 2-20 weeks. Training attendance ranged from
72-100 %. Clinical (e.g., patients suffering from Parkinson
disease, Alzheimer disease or stroke) and healthy partici-
pants were considered. As with the current meta-analysis,
study quality was variable (e.g., uncontrolled studies, lack
of randomization, and blinding). In comparison, our study
also included three non-randomized and 17 non-blinded
studies. Blinding of exercise intervention has been
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1V independent variable, CI Merriman et al. [33] (DLEO) 118 04 63%  1.18(0.40,1.96) —
fid interval. FR Nicholson et al. [34] (FR) 022 037 68%  0.22[-0.51,0.95) -1
confidence interval, Nicholson et al. [34] (SLEO) 033 036 7.0%  039}0.321.10) -
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SLEO single leg stance eyes Test for overall effect: Z= 4.32 (P < 0.0001)
open, DLEO double leg stance 9.1.2 Strong PEDro score
eyes open, DLEC double leg Schwenk et al. [40] (DLEO) 079 038 67%  0.79(0.05,1.53) [
Lai et al. [43] (SLEO) 061 037 68% 061012134 e
stance eyes closed Schwenk et al. [40] (DLEC) 064 037 68%  064(0.09,1.37) —
Lai etal. [43] (DLEC) 013 037 68%  0.13[-0.60,0.86) —fe—
Lai etal. [43] (DLEO) 041 037 68%  0.41[0.321.14) B
Schoene et al. [39] (DLEO) 047 035 7.2%  047[0.22,1.18) —
Jorgensen 2013 (DLEO) 0.01 026 8.8% 0.01 [-0.50, 0.52) =
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-4 -2 0 2 4
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Test for subaroun differences: Chi*= 5.35, df=1 (P =0.02), F=81.3%

frequently considered very challenging. The review article
of Chao and colleagues concluded that Wii exercise can be
feasibly employed as an adjunct therapy in therapeutic
settings. However, a systematic meta-analytical compar-
ison between an alternative exercise-based treatment and
inactive control condition was not conducted. In line with
our meta-analysis, the review by Bleakley and co-workers
[49] also revealed evidence that interactive computer
gaming beneficially affects physical and cognitive function
in healthy community-dwelling and residential seniors with

mild depressive symptoms, balance disorders, and a history
of falls in a similar age range. Comparable to our study, the
database was not large and included subjects varying in
terms of clinical background and institutionalization.
However, focusing on non-institutionalized healthy seniors
without clinical conditions decreases variability of the data
pool. Moreover, quantitative meta-analytical comparisons
of VRT with alternative exercise programs (e.g., Tai Chi,
strength and balance training, stabilization) is lacking [41,
43, 44, 51] and the study quality of the four cited studies

@ Springer
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Fig. 4 Forest plots of the
sensitivity analysis on standing
balance performance between
virtual reality training (VRT)
vs. alternative exercise training
(AT) for “weak” and “strong”
PEDro score studies. SE
standard error, /V independent
variable, CI confidence interval,
FR functional reach test, SLEC
single leg stance eyes closed,
SLEO single leg stance eyes
open, DLEO double leg stance
eyes open, DLEC double leg
stance eyes closed
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Fig. 5 Functional mobility outcomes for virtual reality training (VRT) vs. control (CON) groups. SE standard error, CI confidence interval, Std.
standardized, /V independent variable, BBS Berg balance scale, TUG Timed up and go test

was considered moderate (5—6 of the PEDro score). This is
also true for our comparison. Only 50 % of the studies
included in our meta-analytical review met adequate study
quality criteria above a PEDro score of 5. In this regard,
Bleakley and colleagues though concluded that interactive
video-gaming might be a safe and effective intervention for
cognitive and physical function in seniors, but also called
for more tailored, sustainable, motivational, and high
quality trials (blinding outcome assessment, intention to
treat analyses, subgroup analyses, and clear dosage rec-
ommendations) in the long term [49].

Another systematic review by Laufer and co-workers
[12] concluded that Wii-based exercise training can be
regarded as an appropriate balance training alternative
compared to an AT in independently functioning older
adults. Although Laufer and colleagues only considered
trials with a PEDro score higher than 4, only three of the
seven included trials comprised a comparison between Wii

@ Springer

and an alternative exercise condition. Hence, this conclu-
sion was obtained despite a lack of data and quantitative
analyses. Corroboratively, a further review on balance
improvements in healthy community dwellers by Molina
and colleagues [48] emphasizing potential benefits of VRT
on physical function in seniors also evaluated a small
database and did not conduct quantitative analyses. How-
ever, Molina and colleagues also pointed to a lack of
methodologically suitable studies (lacking data on minimal
clinical important differences, inappropriate statistical
analyses and lacking sample size estimations, unclear
exercise prescriptions in terms of games and dosage). As
comparisons to alternative exercise treatment are scarcely
available to date, recommendations on the use of VRT as
an alternative treatment approach (e.g., for physical func-
tion, cognition, balance, functional mobility) should be
interpreted cautiously on the basis of the available ran-
domized controlled trials. Most studies were conducted
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Fig. 6 Functional mobility outcomes compared between virtual reality training (VRT) and alternative treatment (AT). SE standard error, CI
confidence interval, Std. standardized, /V independent variable, BBS Berg balance scale, TUG Timed up and go test

with seniors and more clinical applications have been
called for. This conclusion has been further underpinned by
Goble and co-workers [46]. Goble and colleagues found
effects (partly moderate and large) of Wii-fit balance
training on functional mobility (Berg balance scale, Tinetti
test) and standing balance performance in neuro-rehabili-
tative settings. Goble and co-workers, however, called for
VRT research on meaningful balance improvements in
various clinical populations with larger sample sizes and
multiple comparisons. Similarly, Schoene et al. [47] as well
as Pichierri et al. [52] argued that limited high level evi-
dence exists regarding the effects of interactive cognitive
motor training (ICMT) on physical and cognitive function.
Adequate longitudinal studies with clear endpoints (e.g.,
assessing fall rates) in the long term are needed.

4.2 Standing Balance Performance

VRT revealed a moderate effect on standing balance per-
formance parameters compared to an inactive control
condition. This effect clearly decreased after correcting for
study quality. In contrast, AT showed small and slightly
superior effects on balance performance compared to VRT.
However, after adjusting for study quality this tendency
disappeared.

4.2.1 Virtual Reality Training versus Control

The majority of the applied VRT games have been con-
ducted on the Nintento Wii console using a stationary
balance platform (force plate). Although functional
aspects, such as stepping, obstacle and walking tasks were
rarely considered within VRT concepts, meaningful
effects on functional outcomes can be elicited by VRT
[11, 20, 47, 52, 53]. In line with this point, VRT games
require a dynamic and combined manipulation of the
bodyweight. Simply standing still with a small center of

pressure (COP) displacement and sway area or velocity is
rarely required [54, 55]. As task execution of Wii-games
differ depending on the game character, Wii games can
be considered as functional. This statement is consistent
with the task-specificity principle of neuromuscular
training adaptations [55, 56]. Interestingly, Jung et al. [51]
found very large improvements of FR performance
[SMD: 1.8 (95 % CI 0.10-2.26)] after playing Wii games
for 8 weeks twice a week, 30 min each. In turn, Nichol-
son et al. (2015) did not find meaningful improvements of
FR [31]. Both studies had methodological limitations
(Pedro score 5) and training outline (supervised vs. un-
supervised) and volume (6 weeks vs. 8 weeks) differed in
terms of functional demands and training volume. As
neuromuscular training adaptations are considered task
specific [55, 58, 59], VRT should comprise dynamic and
functional balance demands. Otherwise, only small or
absent transfer effects on upright standing with open or
closed eyes can be achieved. Although standing balance
testing during upright stance is often considered
unspecific in terms of daily activities or fall-prone situa-
tions, there is evidence showing that sway velocity during
static standing balancing provided notable predictive
power for future fall events [59]. Moreover, simple
standing balance tasks can be feasibly included into both
VRT and traditional balance training approaches [7]
designed according to current best practice recommen-
dations for balance training in the elderly [8, 60] and
multimodal agility-based approaches [11].

4.2.2 Virtual Reality Training versus Alternative
Treatment

A small overall effect in favor of AT has been found. As
this overall effect was mainly driven by weaker studies, the
effect disappeared after adjusting for study quality. Only
two studies comparing VRT and AT achieved PEDro
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scores above 5 [38, 41]. Both studies applied comparable
training criteria in both the VRT and AT group. In this
case, VRT and AT might be applied interchangeably in
terms of standing balance performance improvements.
However, the database for a conclusive statement on this
issue is too small. Seniors’ daily activities and functioning
also rely on functional mobility with appropriate agility
capacity enabling changes of movement patterns in time
and space without losing balance [11, 61].

4.3 Functional Mobility

We found a moderate overall effect in favor to VRT
compared to an inactive control condition. When compar-
ing VRT with AT, functional mobility parameters seem to
superiorly benefit from AT condition. Unfortunately, the
overall quality of the studies addressing functional mobility
outcomes was comparably low. Therefore, we refrained
from conducting a quantitative sensitivity analysis in this
regard.

4.3.1 Virtual Reality Training versus Control

Functional mobility outcomes seem to benefit from VRT
using stationary balance training games compared to an
inactive control condition. However, the effects sizes and
confidence limits of studies with higher quality do not
contribute to a clear picture. The largest effects have been
shown by comparatively weaker studies [34, 44, 51]. These
studies included comparably aged seniors of around
80 years. The applied games also required a certain amount
of leg strength and reactivity. It seems reasonable to
assume that increases of leg strength/power mainly account
for the improvements of functional mobility. This
assumption is in line with findings of Chen et al. [62] and
Madureira et al. [63]. However, it needs to be noted that the
participants included in these two studies were older
women with meaningful clinical conditions (e.g., osteo-
porosis). It might be possible that transfer effects from
standing balance games to functional mobility outcomes
occur earlier and are more pronounced in frailer or older
seniors having clinical conditions [57]. Interestingly, Singh
and co-workers [38] found notable improvements of
functional mobility (TUG, Ten step tests) after Wii-based
VRT in female seniors. This finding is particularly inter-
esting, since neuromuscular adaptations seem to be highly
related to the trained task [56]. It seems that dynamic
aspects and strength requirements of VRT training can
provide notable stimuli to induce positive changes of
functional mobility in seniors. These aspects should be
further examined with regard to the population, training
dosage, accompanied activities and clinical background
conditions. To address these issues with certainty, studies
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examining performance related to strength, functional
mobility, and standing balance independently after VRT in
seniors are needed.

4.3.2 Virtual Reality Training versus Alternative
Treatment

The overall effect on functional mobility favors AT
compared to VRT. However, the largest effects in favor
of AT have been derived from comparatively weaker
studies [44, 51]. Jung and colleagues [51] applied lumbar
stabilization as AT and Toulotte and co-workers [44]
employed multimodal physical exercise as AT. Both AT
programs included multimodal balancing, strength and
stepping tasks that exceed the demands of stationary
balance games of VRT. Higher quality trials showing
trivial effect sizes [39, 41, 43] have used VRT programs
that comprised similar training criteria and exercise
characteristics compared to those of AT. Consequently,
one might assume that VRT serves as an appropriate
alternative training strategy in terms of functional
mobility training [39]. However, Pluchino et al. [41] had
a large dropout rate in the Wii-group and Szturm et al.
[39] applied training tasks during their VRT session that
were closely related to the Berg balance tests and Timed-
up and go test in the evaluated cohorts. The generaliz-
ability of this assumption needs to be handled with
caution.

4.4 Strengths and Limitations

The reporting of this systematic meta-analytical review
was conducted according to the PRISMA statement [22].
This is the first meta-analysis that provides pooled effect
sizes of VRT in comparison with an AT condition and an
inactive control condition in healthy community-dwelling
seniors. Sensitivity analyses enable a differentiation
between studies with higher and lower quality as only a
small number of studies could be identified for analysis. As
a consequence, the “risk of bias assessment” should be
interpreted cautiously when outcomes from one study are
separately and multiply considered for calculation of the
present meta-analysis. Thus, the weight of one study might
be disproportionately high (e.g., VRT vs. AT: the cumu-
lative weight of Pluchino et al. [41] is 37 %). However, this
is a common meta-analytical procedure but should be taken
cautiously into account, specifically in small databases.
Despite notable heterogeneity of the included studies
(number of study arms, fallers vs. non-fallers, diverse
alternative exercise programs), our findings provide a
comprehensive, structured and quantitative view on current
scientific evidence regarding the effects of VRT on balance
and functional mobility outcomes. Previous systematic
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reviews also comprised notable heterogeneity and did not
provide quantitative analyses, due to a lack of data and
varying target outcomes among the included studies. The
18 studies included in this meta-analysis though provide a
sufficient data pool for specific meta-analyses on overall
and subgroup effects, however, considered AT programs
here also comprise noteworthy heterogeneity (e.g., com-
paring Tai-Chi with lumbar spine training). This might bias
the effects as these training interventions do not primarily
promote balance performance. Despite diverse AT char-
acteristics, the effects on balance performance are notably
higher compared to VRT that is intended to specifically
challenge balance. This finding might be due to the fact
that lumbar training tackles core performance that can also
beneficially affect balance performance. High quality
studies, particularly on functional mobility outcomes are
very rare. This is particularly true with respect to ran-
domization and assignment of the respective study popu-
lations, types of interventions (content, dose, and duration),
appropriate statistics (power analyses and analyses of
covariance to take baseline differences into account) and
study duration. Many studies do not exceed preliminary
evidence level as sample size estimations and clear primary
endpoints were not adequately reported. Studies using a
clear endpoint (fall rate) are lacking. However, most of
these studies focused on feasibility, safety, compliance, and
effectiveness in terms of fall predictors (e.g., balance, gait
speed, lower limb strength). Such studies are needed prior
to the initiation of larger scaled studies. Also studies that
compare motivation, adherence and fall-related outcomes
in home-based VRT settings including AT are not avail-
able. The results of this review may then help to shape
future studies.

5 Conclusion

The present systematic review and meta-analysis reveals
evidence that VRT may serve as an appropriate comple-
mentary training approach in order to improve balance and
functional mobility in healthy community-dwelling
seniors. VRT programs should be conducted in line with
current best-practice recommendation of balance training
in fall prevention studies [8]. Structured and multimodal
AT seems to be slightly superior compared to the majority
of VRT regimes and higher training volumes over time
seem to increase the effect sizes. However, the gap
between VRT and AT is smaller when training volume,
time and exercise character are similar in both settings. The
potential of VRT regarding fall prevention training should
be rated with caution. An interchangeable use of VRT and
AT seems to be only indicated when training time volume
and content is comparable. Most of the applied VRT games

merely performed tasks without changes in space or step-
ping tasks with cognitive demands in enrichment envi-
ronments [47]. Obstacle tasks, stepping tasks, strength, and
dynamic balance requirements for the limbs and trunk
muscles should be tackled within VRT concepts. Thus, the
requirements for appropriate balance and strength training
in fall prevention studies [5, 7, 9] could be implemented
into VRT concepts. Such considerations could be easily
translated into appealing, easy applicable, and potentially
cost-effective video-based training regimes (including for
the home setting) or intergenerational balance training
targeting fall prevention in the elderly [1].

Compliance with Ethical Standards

This article was written according to the ethical standards of scientific
writing and publishing.

Funding No sources of funding were used to assist in the prepa-
ration of this article.

Conflicts of interest Lars Donath, Roland Rdssler, and Oliver
Faude declare that they have no conflicts of interest relevant to the
content of this review.

References

1. Granacher U, Muehlbauer T, Gollhofer A, et al. An intergener-
ational approach in the promotion of balance and strength for fall
prevention—a mini-review. Gerontology. 2011;57(4):304-15.

2. Rubenstein LZ. Falls in older people: epidemiology, risk factors
and strategies for prevention. Age Ageing. 2006;35(Suppl
2):1i37-41.

3. Jones TS, Ghosh TS, Horn K, et al. Primary care physicians
perceptions and practices regarding fall prevention in adult’s
65 years and over. Accid Anal Prev. 2011;43(5):1605-9.

4. Stevens JA, Corso PS, Finkelstein EA, et al. The costs of fatal and
non-fatal falls among older adults. Inj Prev. 2006;12(5):290-5.

5. Granacher U, Muehlbauer T, Gruber M. A qualitative review of
balance and strength performance in healthy older adults: impact
for testing and training. J Aging Res. 2012;2012:708905.

6. Gillespie LD, Robertson MC, Gillespie WJ, et al. Interventions
for preventing falls in older people living in the community.
Cochrane Database Syst Rev. 2012;9:CD007146.

7. Granacher U, Muehlbauer T, Zahner L, et al. Comparison of
traditional and recent approaches in the promotion of balance and
strength in older adults. Sports Med. 2011;41(5):377-400.

8. Sherrington C, Tiedemann A, Fairhall N, et al. Exercise to pre-
vent falls in older adults: an updated meta-analysis and best
practice recommendations. N S W Public Health Bull.
2011;22(3-4):78-83.

9. Granacher U, Gollhofer A, Hortobagyi T, et al. The importance
of trunk muscle strength for balance, functional performance, and
fall prevention in seniors: a systematic review. Sports Med.
2013;43(7):627-41.

10. Kibele A, Classen C, Muehlbauer T, et al. Metastability in ply-
ometric training on unstable surfaces: a pilot study. BMC Sports
Sci Med Rehabil. 2014;6:30.

11. Donath L, van Dieen JH, Faude O. Exercise-based fall prevention
in the elderly: What about agility? Sports Med. 2016;46(2):143-9.
doi:10.1007/s40279-015-0389-5.

@ Springer


http://dx.doi.org/10.1007/s40279-015-0389-5

L. Donath et al.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Laufer Y, Dar G, Kodesh E. Does a Wii-based exercise program
enhance balance control of independently functioning older
adults? A systematic review. Clin Interv Aging. 2014;9:1803-13.

. Owens SG, Garner JC 3rd, Loftin JM, et al. Changes in physical

activity and fitness after 3 months of home Wii Fit use. J Strength
Cond Res. 2011;25(11):3191-7.

Bryanton C, Bosse J, Brien M, et al. Feasibility, motivation, and
selective motor control: virtual reality compared to conventional
home exercise in children with cerebral palsy. Cyberpsychol
Behav. 2006;9(2):123-8.

Boulos MN, Yang SP. Exergames for health and fitness: the roles
of GPS and geosocial apps. Int J Health Geogr. 2013;12:18.
Ruivo JA. Exergames and cardiac rehabilitation: a review. Car-
diopulm Rehabil Prev. 2014;34(1):2-20.

Lange B, Koenig S, Chang CY, et al. Designing informed game-
based rehabilitation tasks leveraging advances in virtual reality.
Disabil Rehabil. 2012;34(22):1863-70.

Sween J, Wallington SF, Sheppard V, et al. The role of
exergaming in improving physical activity: a review. J Phys Act
Health. 2014;11(4):864-70.

Bamidis PD, Vivas AB, Styliadis C, et al. A review of physical
and cognitive interventions in aging. Neurosci Biobehav Rev.
2014;44:206-20.

Wauest S, Borghese NA, Pirovano M, et al. Usability and effects
of an exergame-based balance training program. Games Health J.
2014;3(2):106-14.

van Diest M, Lamoth CJ, Stegenga J, et al. Exergaming for
balance training of elderly: state of the art and future develop-
ments. J Neuroeng Rehabil. 2013;10:101.

Hutton B, Salanti G, Caldwell DM, et al. The PRISMA extension
statement for reporting of systematic reviews incorporating net-
work meta-analyses of health care interventions: checklist and
explanations. Ann Intern Med. 2015;162(11):777-84.

Bateni H. Changes in balance in older adults based on use of
physical therapy vs the Wii Fit gaming system: a preliminary
study. Physiotherapy. 2012;98(3):211-6.

Bieryla KA, Dold NM. Feasibility of Wii Fit training to improve
clinical measures of balance in older adults. Clin Interv Aging.
2013;8:775-81.

Rendon AA, Lohman EB, Thorpe D, et al. The effect of virtual
reality gaming on dynamic balance in older adults. Age Ageing.
2012;41(4):549-52.

Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and
variance from the median, range, and the size of a sample. BMC
Med Res Methodol. 2005;5:13.

Deeks J, Higgins J. Statistical algorithms in review manager 5:
The Cochrane Collaboration; 2010.

Borenstein M, Hedges LV, Higgins JP, et al. A basic introduction
to fixed-effect and random-effects models for meta-analysis. Res
Synth Methods. 2010;1(2):97-111.

Cohen J. Statistical power analysis for the behavioral sciences.
Hillsdale: Lawrence Erlbaum Associates; 1988.

Merriman NA, Whyatt C, Setti A, et al. Successful balance
training is associated with improved multisensory function in fall-
prone older adults. Comput Hum Behav. 2015;45:192-203.
Nicholson VP, McKean M, Lowe J, et al. Six weeks of unsu-
pervised Nintendo Wii Fit gaming is effective at improving
balance in independent older adults. J Aging Phys Act.
2015;23(1):153-8.

Cho GH, Hwangbo G, Shin HS. The effects of virtual reality-
based balance training on balance of the elderly. J Phys Ther Sci.
2014;26(4):615-7.

Jorgensen MG, Laessoe U, Hendriksen C, et al. Efficacy of
Nintendo Wii training on mechanical leg muscle function and
postural balance in community-dwelling older adults: a

@ Springer

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

S1.

randomized controlled trial. J Gerontol A Biol Sci Med Sci.
2013;68(7):845-52.

Maillot P, Perrot A, Hartley A. Effects of interactive physical-
activity video-game training on physical and cognitive function
in older adults. Psychol Aging. 2012;27(3):589-600.

Park EC, Kim SG, Lee CW. The effects of virtual reality game
exercise on balance and gait of the elderly. J Phys Ther Sci.
2015;27(4):1157-9.

Schoene D, Lord SR, Delbaere K, et al. A randomized controlled
pilot study of home-based step training in older people using
videogame technology. PLoS One. 2013;8(3):e57734.

Schwenk M, Grewal GS, Honarvar B, et al. Interactive balance
training integrating sensor-based visual feedback of movement
performance: a pilot study in older adults. J] Neuroeng Rehabil.
2014;12:11.

Singh DK, Rajaratnam BS, Palaniswamy V, et al. Effects of
balance-focused interactive games compared to therapeutic bal-
ance classes for older women. Climacteric. 2013;16(1):141-6.
Szturm T, Betker AL, Moussavi Z, et al. Effects of an interactive
computer game exercise regimen on balance impairment in frail
community-dwelling older adults: a randomized controlled trial.
Phys Ther. 2011;91(10):1449-62.

Lai C-H, Peng C-W, Chen Y-L, et al. Effects of interactive video-
game based system exercise on the balance of the elderly. Gait
Posture. 2013;37(4):511-5.

Pluchino A, Lee SY, Asfour S, et al. Pilot study comparing
changes in postural control after training using a video game
balance board program and standard activity-based balance
intervention  programs.  Arch  Phys = Med  Rehabil.
2012;93(7):1138-46.

Kim J, Son J, Ko N, et al. Unsupervised virtual reality-based
exercise program improveship muscle strength and balance
control in older adults: a pilot study. Arch Phys Med Rehabil.
2013;94(5):937-43.

Franco JR, Jacobs K, Inzerillo C, et al. The effect of the Nintendo
Wii Fit and exercise in improving balance and quality of life in
community  dwelling elders. Technol Health Care.
2012;20(2):95-115.

Toulotte C, Toursel C, Olivier N. Wii Fit® training vs. adapted
physical activities: which one is the most appropriate to improve
the balance of independent senior subjects? A randomized con-
trolled study. Clin Rehabil. 2012;26(9):827-35.

Jung Eun Y, Suk Min LEE, Hee Sung LIM, et al. The effects of
cognitive activity combined with active extremity exercise on bal-
ance, walking activity, memory level and quality of life of an older
adult sample with dementia. J Phys Ther Sci. 2013;25(12):1601-4.
Goble DJ, Cone BL, Fling BW. Using the Wii Fit as a tool for
balance assessment and neurorehabilitation: the first half decade
of “Wii-search”. J Neuroeng Rehabil. 2014;11:12.

Schoene D, Valenzuela T, Lord SR, et al. The effect of interactive
cognitive-motor training in reducing fall risk in older people: a
systematic review. BMC Geriatr. 2014;14:107.

Molina KI, Ricci NA, de Moraes SA, et al. Virtual reality using
games for improving physical functioning in older adults: a
systematic review. J Neuroeng Rehabil. 2014;11:156.

Bleakley CM, Charles D, Porter-Armstrong A, et al. Gaming for
health: a systematic review of the physical and cognitive effects
of interactive computer games in older adults. J Appl Gerontol.
2015;34(3):NP166-89.

Chao YY, Scherer YK, Montgomery CA. Effects of using Nin-
tendo Wii exergames in older adults: a review of the literature.
J Aging Health. 2015;27(3):379—402.

Jung DI, Ko DS, Jeong MA. Kinematic effect of Nintendo
Wii(TM) sports program exercise on obstacle gait in elderly
women with falling risk. J Phys Ther Sci. 2015;27(5):1397-400.



Exergaming and Balance Performance in Seniors

52.

53.

54.

55.

56.

57.

58.

Pichierri G, Wolf P, Murer K, et al. Cognitive and cognitive-
motor interventions affecting physical functioning: a systematic
review. BMC Geriatr. 2011;11:29.

van het Reve E, de Bruin ED. Strength-balance supplemented
with computerized cognitive training to improve dual task gait
and divided attention in older adults: a multicenter randomized-
controlled trial. BMC Geriatr. 2014;14:134.

Donath L, Roth R, Zahner L, et al. Testing single and double limb
standing balance performance: comparison of COP path length
evaluation between two devices. Gait Posture.
2012;36(3):439-43.

Giboin LS, Gruber M, Kramer A. Task-specificity of balance
training. Hum Mov Sci. 2015;20(44):22-31.

Donath L, Roth R, Rueegge A, et al. Effects of slackline training
on balance, jump performance and muscle activity in young
children. Int J Sports Med. 2013;34(12):1093-8

Donath L, Faude O, Bridenbaugh SA, et al. Transfer effects of
fall training on balance performance and spatiotemporal gait
parameters in healthy community-dwelling older adults: a pilot
study. J Aging Phys Act. 2014;22(3):324-33.

Donath L, Roth R, Zahner L, et al. Slackline training and neu-
romuscular performance in seniors: a randomized controlled trial.
Scand J Med Sci Sports. 2015. doi:10.1111/sms.12423.

59.

60.

61.

62.

63.

Piirtola M, Era P. Force platform measurements as predictors of
falls among older people—a review. Gerontology.
2006;52(1):1-16.

Tiedemann A, Sherrington C, Close JC, Exercise, Sports Science
A, et al. Exercise and Sports Science Australia position statement
on exercise and falls prevention in older people. J Sci Med Sport.
2011;14(6):489-95.

Sheppard JM, Young WB. Agility literature review: classifica-
tions, training and testing. J Sports Sci. 2006;24(9):919-32.
Chen PY, Wei SH, Hsieh WL, et al. Lower limb power reha-
bilitation (LLPR) using interactive video game for improvement
of balance function in older people. Arch Gerontol Geriatr.
2012;55(3):677-82.

Madureira MM, Takayama L, Gallinaro AL, et al. Balance
training program is highly effective in improving functional
status and reducing the risk of falls in elderly women with
osteoporosis: a randomized controlled trial. Osteoporos Int.
2007;18(4):419-25.

@ Springer


http://dx.doi.org/10.1111/sms.12423

	Effects of Virtual Reality Training (Exergaming) Compared to Alternative Exercise Training and Passive Control on Standing Balance and Functional Mobility in Healthy Community-Dwelling Seniors: A Meta-Analytical Review
	Abstract
	Background
	Objective
	Data Sources
	Study Selection
	Data Extraction
	Results
	Conclusions

	Introduction
	Methods
	Search Strategy and Study Selection
	Assessment of Methodological Quality
	Data Extraction
	Statistical Analysis

	Results
	Trial Flow
	Study Population and Quality
	Risk of Bias Assessment
	Publication Bias
	Sensitivity Analyses

	Data Analyses of Virtual Reality Training versus Control
	Data Analyses of Virtual Reality Training versus Alternative Treatment
	Association Between Training Volume and Effect Sizes

	Discussion
	Comparison with Other (Systematic) Reviews
	Standing Balance Performance
	Virtual Reality Training versus Control
	Virtual Reality Training versus Alternative Treatment

	Functional Mobility
	Virtual Reality Training versus Control
	Virtual Reality Training versus Alternative Treatment

	Strengths and Limitations

	Conclusion
	References




