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Balance disorders and falls are common in the elderly population. Regular
balance exercises are an evidence-based physical intervention to prevent
falls in older adults, while patient motivation and adherence are important
factors for intervention outcome. Exergames are a relatively new, alternative
intervention for physical rehabilitation as they improve balance and strength
in older adults. The aims of this systematic review and meta-analysis were to
assess the (1) effect of motivation factors as per the Capability, Opportunity
and Motivation model of Behavior change (COM-B) on the effectiveness
of exergame interventions in healthy older adults, (2) effectiveness of
exergames to improve balance in older healthy adults and, (3) impact
of exergames on cognitive outcomes. Results show that motivation and
capability components influence the general outcome of the exergame
training. Motivational factors should thus be considered when setting-up an
exergame intervention. Furthermore, exergame intervention appears to be
a promising training method in comparison to traditional exercise training.
However, exergame training in itself might not be sufficient to improve fall risk
and cognitive performance.

KEYWORDS

falls, exergames, motivation, cognition, elderly, meta-analysis

Introduction

Falls are common and a leading cause of disease and related disability in older
adults (1-4). Changes in balance control due to advancing age can co-occur with age-
related decline in cognition (2, 5-7). Impairment of executive functioning, in particular,
is associated with increased fall risk and, poorer gait and balance performance (7-9).
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Regular exercises are recommended to prevent falls in older
adults (10, 11) as the most effective intervention to reduce the
incidence of falls (12).

Exergames provide a combination of “exercise” and
“gaming” and have been increasingly used to improve
balance and strength in older adults (13, 14). Exergames
can offer computerized individual personalized exercises,
progress reports, auditory and visual feedback, as well as
additional motivational elements, like music and encouraging
commentaries [see (15) for a review; (16)]. In addition, they can
be practiced at home alone or in a group [(15) for a review].

Yang et al. (17) examined community older adults who
played Kinect exergames for 5 weeks, and showed that
exergames were more effective in terms of overall balance ability
especially for the Functional Reach Test (FRT). Exergames were
thus a good alternative for balance training, compared to the
control intervention of conventional exercises [based on (18)]
(17). Similarly, the Stanmore et al. randomized controlled trial
showed that a 12-week exergames program targeting balance
and strength in adults aged 55 years and older in the UK,
reduced fear of falling, improved balance and was cost-effective
in terms of fall prevention (19). Other studies have also reported
exergames as effective rehabilitation tools for balance training,
especially for the elderly population (20-22).

Exergames may also be beneficial for cognition (23-25), as
well as for combined motor and cognitive functions (22, 26, 27).
Combined physical and cognitive training interventions show
larger effects on cognitive functions than either intervention
on its own [(28-30) for reviews]. Exergaming has therefore
become an alternative to other forms of computerized and
non-computerized cognitive training (23).

Adherence to balance exercises and exergaming is essential
for these to provide benefit. Older adults at risk of falling
report that lack of motivation to exercise is a significant barrier,
but they can be motivated to adhere to balance exercises if
they perceive potential exercise benefits, such as prospects of
independence and physical balance and gait improvement (31).
Recent clinical trials include a range of motivational strategies
within their design, such as supervision or remote feedback,
prompts and memory aids, together with individualized goal
setting and exercise prescription (32), to improve adherence.
A longitudinal study of physical exercise performance by 18
older adults showed high levels of exercise adherence over 13
months, with key factors promoting adherence identified as
appropriate exercise difficulty, social interaction (friendship),
therapist attention, and exercise variety (33). Exergames are
considered as an attractive alternative to conventional leaflet-
based non-supervised exercises, in that they may promote
motivation by providing more enjoyable exercises and a social
context, in addition to automatic feedback.

The Capability, Opportunity and Motivation (COM-B)
psychological model of behavior change has been used to
identify factors related to successful behavioral change and
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specify targets to help modify health-related behavior (34)
as well as in studies assessing gamification of mobile health
interventions (35, 36), and motivational interventions for older
adults who fall (37). This theoretical framework is consistent,
parsimonious and evidence-based (38).

The purpose of this systematic review was to: (1) examine
if exergames are effective in improving balance and preventing
falls in older adults; (2) investigate the effects of exergames
on cognitive outcomes; and (3) explore if motivation factors,
identified by applying the COM-B behavior model and behavior
change wheel, have an impact on the effectiveness of exergame
interventions in older adults.

Methods

This systematic review and meta-analysis were performed in
accordance with PRISMA guidelines (39).

Eligibility criteria

Only full-text, peer reviewed, randomized control trials
published in English were included in this study. Inclusion
criteria were: (a) participants had to be at least 65 years
of age (no higher age limit), (b) participants were healthy
community-dwelling older adults without a diagnosis of
neurological conditions affecting balance such as Parkinson’s
disease and stroke, mental or memories problems, (c) exergame
interventions aimed at falls prevention and/or improvement
of balance in older adults, (d) at least one control group
who either received a conventional exercise intervention
(e.g., fall prevention exercise, ball exercise, habitual exercise,
traditional Tai-Chi) or no intervention, and had a pre-post
intervention assessment. The primary collected outcomes of this
systematic review were the effectiveness of the exergames to
improve balance and/or prevent falls. Appropriate gait, postural
balance and cognitive function measures were used to evaluate
efficacy by comparing pre-post outcome measure data for the
intervention and control groups. Exclusion criteria were as
follows: (a) participants with history of serious falls, chronic
or acute orthopedic, mental health, balance, cardiac and/or
visual impairment, (b) participants in hospital, care home, or
institutional care, and (c) studies with no control group.

Search strategy

Two searches were conducted using three electronic
databases (Pubmed, Scopus and Web of Science) to identify
the highest number of eligible articles possible. These were
searched by using the same keywords for each database and
with searches limited to manuscripts printed in English. Each

frontiersin.org


https://doi.org/10.3389/fneur.2022.903673
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Buyle et al.

electronic database was searched from January 2000 to until
May 2021.

In this systematic review, the Boolean operators AND or OR
were used in all database searches to combine search keywords.
The first search included following keywords: “older or old or
elderly or aged or ag*ing or adult* or senior™”, “fall* or balance

or vestibular OR train®* OR exercis™”, “

exergam™ or exer-gam™
or exergaming or virtual” and, “intervention or prevention”.
The second search consisted of these keywords: “older or old
or elderly or aged or aging or adult* or senior’, “fall* or

*» o«

balance or vestibular or train® or exercis*”, “exergam™ or exer-
gam™ or exergaming or virtual”, and, “fall and intervention

or prevention”.

Study strategy and data extraction

A first stage search identified 6,399 possible related papers
in total. Descriptive data and study outcome details were
synthesized and tabulated. First, 1,412 duplicates were removed,
resulting in 4,987 remaining records, respectively. Potential
relevant papers were then screened by two reviewers according
to specified inclusion criteria, which led to 280 remaining
records. These records were screened by reading the abstract
resulting in the removal of 251 records for not meeting
the inclusion criteria. Exclusion reasons are listed in the
PRISMA diagram (see Figure 1). Finally, 29 studies were
identified according to the eligibility criteria for the two
searches, and after removing duplicates a total of eighteen
studies were defined for the systematic review. Sixteen out
of eighteen studies were found to be eligible for meta-
analyses.

Since the aim of this review was to explore the
effectiveness of exergames, and which motivation factors
of exergames have an impact on improving balance and
preventing falls, interventions were identified and analyzed
using the COM-B model. The COM-B model posits that
the Capability, Opportunity
Motivation (COM) causes the changes in Behavior (B).
Capability is the “individual’s psychological and physical

interaction between and

capacity to engage in the activity concerned”. Opportunity

includes the “factors that lie outside the individual that

make the behavior possible or prompt it”. Motivation
includes Reflective Motivation (evaluations, intentions
and plans) and Automatic Motivation (emotions and

impulses arising from learning and innate dispositions)
(34). Data
consisted of the following: author, year, type of the exergame

information extracted from included studies
technologies used, motivational factors as per COM-B,
participant information, intervention setting and outcomes
(see Supplementary Table 1; Table 2). Figure I presents the
screening and selection process for the studies included in this
systematic review.
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Data analysis

Raw data was tabulated using Microsoft excel. IBM
SPSS Statistics version 26 for Mac was used for data
analysis. Meta-analysis was performed using the Cochrane
Review Manager software (RevMan 5.4). Studies that had
similar outcome measures were included in a random
effects model. Meta-analysis effect sizes (reported as Standard
Mean Differences = SMD) were calculated for pre-post
intervention comparisons within each group. Interpretation
of effect size values (SMD) was as follows: 0.20-0.49, 0.50-
0.79, and > 0.80 indicated a small, medium, and large
effect size, respectively (40). Forest plots were used to
summarize outcomes for each meta-analysis. Second, the
components of the exergames interventions were classified
following the COM-B model into those addressing capability,
opportunity and/or motivation, following the framework of
(34). I* measures of heterogeneity were used with values
of 75, 50, and 25% indicating high, medium and low

heterogeneity (41).

Results

Eighteen studies in total met the inclusion criteria and
were assessed in this systematic review. Risk of bias for
each study was assessed using the AXIS critical appraisal
Abstracts and full
articles were reviewed for inclusion criteria by MB, and

tool for cross-sectional studies (42).

double-rated by a second reviewer (D-EB) with disparities
in opinion resolved through discussion or review by a
third rater (MP). Among these, sixteen studies provided
quantitative data suitable for various quantitative meta-analyses.
Supplementary Table 1 summarizes the characteristics of the
eighteen studies, all of which were published between 2013
and 2021.

Study characteristics

All included studies aimed to evaluate the effect of exergame
training on physical functions such as balance and muscle
strength, and/or cognitive functions (see Supplementary Table 1
for details). Eleven of these (43-53) evaluated the effectiveness
of exergames on balance performance. Eight studies (45,
46, 50, 53-57) evaluated the effectiveness of exergames
on cognitive functions. All studies assessed participants
at baseline and at the end of the intervention. Only
two studies (45, 58) conducted long-term monitoring for
fall frequency and adverse events for 6-12 months’ post-
intervention.
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FIGURE 1
PRISMA flowchart of the article selection processes.

Participants characteristics

A total of 909 participants were included in the eighteen
studies. The samples included healthy community-dwelling
participants age 65 years or older, with a mean age of 77.62 +
5.78 years old, who were able to walk independently and were
capable of conducting the exergames either without supervision
after training, or with supervision depending on the study. For
each study, the number of participants ranged from 20 to 153.
The percentage of women was 60.64% (female-to-male ratio of
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approximately 6:4). Two studies (51, 59) recruited only male
participants, while all other studies included both sexes. Two
studies (53, 60) did not report sex percentage.

Outcome measures
All studies assessed the participants at baseline before

starting the intervention to compare with post-intervention. The
outcome measures were all validated measures commonly used
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in clinical practice. A diversity of outcome measures was used to
evaluate the effect of the exergame intervention vs. the control
group (see Table 1).

Balance outcome measures

The most frequently used balance outcome measures in this
review were the: Timed Up and Go test (TUG), Berg Balance
Scale (BBS), Functional Reach Test (FRT), Physiological Profile
Assessment (PPA) and Sit to Stand test (STS).

The Timed Up and Go test (TUG) is a dynamic balance and
physical function measure assessed in nine studies (43-46, 48—
51, 53). The TUG score is measured in seconds with a cut-off
value of 14's (61).

The Berg Balance Scale (BBS) is also a balance measure
implemented in five studies (43, 44, 47, 48, 52). BBS scores
evaluate a set of 14 tasks related to balance. Each task is rated
on a scale of 0-4. Total final scores compute a sum of all the 14
tasks and scores range from 0 to 56 (excellent balance). A cut-
off score of 45 has been determined to identify a greater risk of
falling (62).

The Functional Reach Test (FRT) assesses static balance and
was used in three studies (44, 48, 52). The test measures the
maximal forward distance a participant can reach beyond the
length of the arms in standing and is measured in cm against a
wall at shoulder height. A reach distance of > 25cm indicates
low falls risk (63).

TABLE 1 Outcome measures.

10.3389/fneur.2022.903673

The Physiological Profile Assessment (PPA) estimates fall
risk based on five sensory motor tasks and was used in four
studies (45, 46, 50, 53). The PPA consists of five tests that provide
scores in six levels: below —1 very low, —1 to 0 low, 0-1 mild, 1-2
moderate, 2-3 high falls risk.

The Sit to Stand test (STS), a muscle strength test, is
measured in seconds and consists of five repetitions. This was
included in two studies (46, 48). Normative scores are defined as
a cut-off value of 12s (64, 65).

Cognitive outcome measures

Eight studies (45, 46, 50, 53-57) assessed cognitive function
with outcome measure tools varying across studies: Attention
Network Test (ANT), Digit Span Backward test (DSB),
Montreal Cognitive Assessment (MoCA) and Trial Making
Test (TMT).

Three studies (45, 46, 56) assessed the Attention Network
Test (ANT). During the ANT participants need to determine
whether a central arrow points to the left or the right. Processing
efficiency within three attentional networks (alerting, orienting
and executive attention) is quantified. Influence of altering cues,
spatial cues and flankers on reaction times is measured (66).

Another cognitive measure included in two studies (45,
46) was the Digit Span Backward test (DSB), which measures
working memory and requires participants to repeat number
sequences with increasing length in reverse order (67).

References Outcome measures
Physical function = Balance  Strength  Cognitive function  Questionnaire  Others
Adcock et al. (54) v v v MRI
Chao etal. (43) v v v
Chen et al. (44) v v
Cho et al. (60) v
Eggenberger et al. (58) v v
Eggenberger et al. (57) v v v
Gschwind et al. (45) v v v
Gschwind et al. (46) v v
Katajapuu et al. (47) v v
Lee et al. (48) v v
Lietal. (56) v v v
Park et al. (49) v v
Park and Yim (55) v v v
Phirom et al. (50) v v
Sadeghi et al. (59) v
Sadeghi etal. (51) v v
Sato et al. (52) v v v
Schoene et al. (53) v v v v
Total 13 12 5 8 5 1
Frontiersin Neurology 05 frontiersin.org
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The Montreal Cognitive Assessment (MoCA), a clinical
tool for screening mild cognitive impairment, was used in
three studies (50, 55, 57). The MoCA examines eight cognitive
domains: attention and concentration, executive functions,
memory, language, visuo-constructional skills, conceptual
thinking, calculations, and orientation. The maximum score is
30 points and a score of >26 is considered normal for older
adults (68-70).

The Trial Making Test (TMT), examines psychomotor speed
and executive functioning, and was included in four studies
(45, 53, 54, 57). During the first part of the test (TMT A)
participants are asked to connect numbers from 1 to 25 in
ascending order as fast as possible. In the second part (TMT
B), participants must connect number and letters in alternating
ascending numerical and alphabetical order, as fast as possible.
Time is recorded in seconds and errors are also counted
(71-73).

Technology of intervention

A variety of different technologies and exergames were
used as an intervention method to prevent falls and/or
improve balance (see Supplementary Table 1 for details). The
exergames were carried out either at home or at a place
with the right setting (i.e., welfare center, health promotion
hospital, village health club, senior center, clinic, research
institute, etc.). Only one study (46) did a comparison of two
exergame interventions.

All studies
conventional exercises (e.g.,
habitual

intervention. The exergame

included a control group who received
fall prevention exercise, ball
Tai-Chi) or

intervention duration varied

exercise, exercise, traditional no
across seventeen out of eighteen studies ranging from 4 to 24
weeks (Mean + SD = 9.76 £ 5.33); one study (52) did not
report duration. The duration and frequency of each exergame
session ranged from 17.50 to 60 min (Mean + SD = 43.19
+ 13.66) and 2-3 times weekly (Mean + SD = 2.69 + 0.44),
respectively. Two studies (45, 46) did not report the frequency
of the exergame intervention and one study (52) did not report
intervention duration. The total dosage of exergame playing for
each intervention ranged from 240 to 2,880 min (Mean £ SD =
1,063.33 £ 801.24).

In nine studies, the control group did not receive any
training intervention but was asked to perform daily activities
as usual (45, 46, 51-54, 56, 59, 60). Four (44, 49, 55, 57)
studies used a control exercise program [e.g., traditional Tai-
Chi (74) exercises; ball game proposed by (75); conventional
balance exercises], and two studies (47, 58) used two different
intervention arms: physiotherapy exercises and no intervention;
treadmill walking with memory vs. treadmill walking. Three
studies (43, 48, 50) used fall prevention/health education as the
control intervention.
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Gamification design

Most studies used commercially available and popular
gaming technologies, which are not tailored for older people but
rather designed to entertain young people. Seven studies used
the X-box Kinect games (44, 46, 47, 50-52, 59), that can be
controlled by gestures and spoken commands with no need of
a game controller (76). Four studies used the Nintendo Wii Fit
games (43, 48, 49, 60). These games use a hand controller and/or
a Wii Fit board to sense rotational motion and acceleration
and/or body movement information. Three studies used dance
video games (like for example the Dance Dance Revolution)
(53, 57, 58) which often use a dance mat with pressure sensors
for sensing steps (53). Of the remaining studies one study (55)
used a kayak exergame, one study a Virtual Reality motion
game (56), one study the iStoppFalls gamification design (45),
and a last study used the Active@Home exergame (54) (see
Supplementary Table 1 for more detailed information).

Meta-analyses

Nine studies were included in a separate meta-analysis for
balance and muscle strength. Seven studies (54-60) evaluated
balance using other tests, one study (51) showed outlier
outcomes and therefore probably implausible findings (i.e.,
effect size of 5), and one study (47) did not include sufficient
data such as SD and post outcomes, and were excluded from the
meta-analysis. Eight studies included cognitive measures, but
only five studies were included in the meta-analysis for cognitive
function, as two studies (54, 56) did not provide sufficient data
and outcomes could therefore not be evaluated.

COM-B model

In this systematic review, the eighteen identified studies
were analyzed to evaluate the effect of motivational factors
on the results of the exergame interventions using the COM-
B model. Reflective and automatic meotivation components
were incorporated within intervention in all studies, mostly
consisting of auditory and visual feedback.

Ten studies’ interventions (43, 45-48, 53, 54, 56-58)
included a physical and social opportunity component of the
COM-B model. Four studies were conducted at home without
supervision (45, 46, 53, 54) and provided support by phone call.
Two studies gave a shopping voucher when completing 90% of
all visits during the whole intervention period, or offered some
money in compensation per hour (47, 56). One study scheduled
a reminder by tablet, and provided on-site monitoring and
support by an assistant (48). Three studies provided supervision
(43,57, 58).
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TABLE 2 Elements of motivation identified using the COM-B model.

References

COM-B model components

10.3389/fneur.2022.903673

Capability

Opportunity

Motivation

Adcock et al. (54)

Chao etal. (43)

Chen et al. (44)

Cho et al. (60)

Eggenberger et al. (58)

Eggenberger et al. (57)

Gschwind et al. (45)

Gschwind et al. (46)

Katajapuu et al. (47)

Lee et al. (48)

Lietal. (56)

Park et al. (49)

Park and Yim (55)

Phirom et al. (50)

Sadeghi et al. (59)

Sadeghi et al. (51)

Sato et al. (52)

Schoene et al. (53)

Spoken and written instructions.

Health education.

Individualized exercises.

Individualized exercises.

Home visit to ensure training.

Provided manuals and instructions.

Fall prevention education.

Extra conventional exercises for

30 min.

Individualized exercises.

Individualized exercises.

Extra session (CSRT) to enhance

movement speed.

Manual with step by step instructions.

Exercise at home.

Phone support available.
Supervision provided.

Participants supported to encourage
each other.

4-point walker was provided for

safety.

Supervision provided.
Rope provided to confirm the safety.
Supervision provided.

Rope provided to maintain balance.

Exercise at home.

Phone support available and home
visit if required.

Reminders through the tablet and
assistant.

Exercise at home.

Given voucher of $70.

Supervision provided to confirm the
safety.

Assistants support to encourage

participants.

Given voucher of $10 per hour.

Exercise at home.

Phone support available.

Providing visual and auditory
feedback.

Automatically increased the levels.

Received real time feedback.
Automatic measurement of levels.
Provided accuracy movements.
Participants could see their feedback.
Participants could see their results.
Provided accuracy movements.
Participants could see their results.
Provided accuracy movements.
Automatically increased the levels.
Participants could see their results and

get feedback.

Received phone calls monthly.
Participants could see their results.

Enjoyment for exercise.

Enjoyment for exercise.

Providing visual and auditory
feedback.

Enjoyment for exercise. Providing
visual and auditory feedback.
Participants could select the levels.
Enjoyment for exercise.

Providing visual and auditory
feedback.

Enjoyment for exercise.

Enjoyment for the targets.
Automatically increased the levels.
Automatically increased the levels.
Participants could see their results and
get feedback.

Increment of levels/repetitions.
Enjoyment for exercise.

Automatically increased the levels.
Enjoyment for exercise to target.
Participants could see their feedback

and select the levels.
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The interventions of eleven studies were associated with
both the physical and psychological capability component of
the COM-B model. The interventions of seven studies (45,
51, 53, 55, 57-59) involved physical capability by receiving
extra exercises and sessions, offering additional home visits and
individualized exercises. In terms of psychological capability,
interventions consisted of education and providing a manual in
four studies (43, 46, 48, 54).

Eight studies (43, 45, 46, 48, 53, 54, 57, 58) evaluated
all three components of the COM-B model and three studies
(51, 55, 59) evaluated two components of the COM-B model,
capability and motivation. Two studies (47, 56) evaluated two
other components of the COM-B model, namely opportunity
and motivation. Five studies (44, 49, 50, 52, 60) evaluated only
the motivation component (see Table 2 for more details). As one
aim of this study was to investigate which motivational elements
may impact the effectiveness of the exergame interventions on
balance outcomes, the meta-analysis was conducted including all
nine studies that had TUG scores as common value. Therefore,
five studies acted on all three components of the COM-B
model (43, 45, 46, 48, 53), one study acted on two components
(capability and motivation: (51), and three studies acted on
motivation only (44, 49, 50). Meta-analysis results indicated
that all three components displayed small and not significant
effects (SMD = —0.14, 95% CI = —0.47 to 0.20, I> = 62%,
Chi% = 13.19, p = 0.43). Capability and motivation components

10.3389/fneur.2022.903673

indicated a large and significant effect (SMD = —2.89, 95% CI =
—4.65to —1.14, I> = 87%, Chi® = 15.57, p = 0.001). Motivation
only indicated a medium significant effect (SMD = —0.50, 95%
CI = —0.92 to —0.08, I = 0%, Chi®> = 1.30, p = 0.02), see
Figure 2.

Meta-analyses of balance outcome measures
Eight studies (n = 531) were included in a meta-analysis for
the effectiveness of exergame intervention on balance using the
TUG. A total of 237 participants were included in the exergame
intervention group whereas 294 participants were included in a
control group. However, note that one study (46) included two
exergame intervention groups and one control group. A small
effect size was observed: the exergaming intervention did not
significantly reduce the TUG time (SMD = —0.23, 95% CI =
—0.52 t0 0.05, I> = 57%, Chi? = 18.5, p = 0.11), see Figures 3, 4.
Five studies conducted the effect of dynamic balance using
the BBS. Only three studies (n = 98) were included in a meta-
analysis for the effectiveness of exercise intervention on balance
using the BBS test, as two studies did not include sufficient
information (47, 52). The total number of participants in the
exergame intervention group was 50 and 48 for the control
group. The exergaming intervention significantly improved the
BBS score as indicated by a medium effect (SMD = 0.47, 95% CI
=0.07 to 0.87, I = 0%, Chi? = 0.48, p = 0.02), see Figure 5.

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
10.1.1 COM
Chao 2015 -3.25 5.201 15 -1.3 14.484 15 8.5% -0.17 [-0.89, 0.54) =
Gschwind 2015a -0.2 2.751 78 -1 2.74 75 9.8% 0.29 [-0.03, 0.61] =
Gschwind 2015b (KIN) -0.4 3.404 24 0.2 4.095 61 9.4% -0.15 [-0.62, 0.32] -
Gschwind 2015b (SMT) 0 2.883 39 0.2 4.095 61 9.6%  -0.05 [-0.46, 0.35]) =
Lee 2017 -1.6 1.62 21 -0.03 1.299 19 8.7% -1.04([-1.71, -0.38) —_—
Schoene 2013 -0.5 1.353 15 -0.5 1.637 17 8.6% 0.00 [-0.69, 0.69] s
Subtotal (95% CI) 192 248 54.5% -0.14[-0.47,0.20]
Heterogeneity: Tau® = 0.10; Chi? = 13.19, df = 5 (P = 0.02); I’ = 62%
Test for overall effect: Z = 0.79 (P = 0.43)
10.1.2 Capability and Motivation
Sadeghi (BT) 2021 -1.5 1.473 14 0.3 0.854 15 8.0% -1.47(-2.30, -0.63) =
Sadeghi (Mix) 2021 -5.2 1.253 14 0.3 0.854 15 5.1% -5.02 [-6.59, -3.45]
Sadeghi (VR) 2021 -2.5 1.253 15 0.3 0.854 15 7.3% -2.54 [-3.53, -1.55] O
Subtotal (95% CI) 43 45 20.4% -2.89 [-4.65, -1.14] |
Heterogeneity: Tau® = 2.06; Chi? = 15.57, df = 2 (P = 0.0004); I* = 87%
Test for overall effect: Z = 3.23 (P = 0.001)
10.1.3 Motivation only
Chen 2020 -1.8 0.819 14 -0.6 1.709 14 8.2% -0.87 [-1.65, -0.09] =
Park 2015 -4.2 8.067 12 -23 6.811 12 8.1% -0.25 [-1.05, 0.56] -
Phirom 2020 -0.67 0.984 19 -0.13 1.451 20 8.8% -0.42 [-1.06, 0.21) -T
Subtotal (95% CI) 45 46 25.1% -0.50[-0.92, -0.08] 3
Heterogeneity: Tau? = 0.00; Chi? = 1.30, df = 2 (P = 0.52); I’ = 0%
Test for overall effect: Z = 2.35 (P = 0.02)
Total (95% CI) 280 339 100.0% -0.78 [-1.28, -0.28] &>
Heterogeneity: Tau? = 0.64; Chi’ = 84.60, df = 11 (P < 0.00001); I’ = 87% _=4 _=2 ) 2 5
Test for overall effect: Z = 3.07 (P = 0.002) Favours [experimental] Favours [control]
Test for subgroup differences: Chi? = 10.14, df = 2 (P = 0.006), I* = 80.3%
FIGURE 2
[llustration of the forest plot for evaluating interventions involving capability, opportunity and motivation vs. capability and motivation vs.
motivation only for effectiveness of intervention on measures of TUG balance outcomes.
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Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% CI

Chao 2015 -3.25 5.201 15 -1.3 14.484 15 9.1% -0.17 [-0.89, 0.54]

Chen 2020 -1.8 0.819 14 -0.6 1.709 14 8.2% -0.87 [-1.65, -0.09]

Gschwind 2015a -0.2 2.751 78 -1 2.74 75 16.7% 0.29 [-0.03, 0.61) T

Gschwind 2015b (KIN) -0.4 3.404 24 0.2 4.095 61 13.4% -0.15 [-0.62, 0.32] —l

Gschwind 2015b (SMT) 0 2.883 39 0.2 4.095 61 14.9% -0.05 [-0.46, 0.35] ——

Lee 2017 -1.6 1.62 21 -0.03 1.299 19 9.9% -1.04[-1.71, -0.38] —_—

Park 2015 -4.2 8.067 12 -2.3 6.811 12 7.9%  -0.25[-1.05, 0.56] —

Phirom 2020 -0.67 0.984 19 -0.13 1.451 20 10.4% -0.42 [-1.06, 0.21] =

Schoene 2013 -0.5 1.353 15 -0.5 1.637 17 9.4% 0.00 [-0.69, 0.69] DI

Total (95% CI) 237 294 100.0% -0.23 [-0.52, 0.05] B

Heterogeneity: Tau? = 0.10; Chi? = 18.50, df = 8 (P = 0.02); I’ = 57% -:2 _#1 5 1 é

Test for overall effect: Z = 1.60 (P = 0.11) Favours [experimental] Favours [control]
FIGURE 3
Random effects meta-analysis forest plot for effectiveness of intervention on measures of TUG balance outcomes
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FIGURE 4

Funnel plot of comparison: TUG.

Three studies (n = 122) conducted the effect of static balance
for the FRT test. The number of participants in the exercise
intervention group was 63 and 59 in the control group. A large
effect size was observed, where the exergaming intervention was
significantly more efficacious than the control intervention for
the FRT test (SMD = 0.96, 95% CI = 0.59 to 1.34, I? = 0%, Chi?
=0.71, p < 0.00001), see Figure 6.

Four studies (n = 409) were included in a meta-analysis
for the effectiveness of exercise intervention on falls risk based
on the PPA. Figure5 illustrates the effect of physiological
functions related to postural stability. A total of 175 participants
were included in the exergame intervention group whereas 234
participants were included in a control group. Small significant
effects of exergame intervention were observed for postural
stability (SMD = —0.35, 95% CI = —0.69 to —0.01, 12 = 59%,
Chi® = 9.83, p = 0.05), see Figure 7.

Two studies (n = 370) were included in a meta-analysis for
the effectiveness of exercise intervention on muscle strength.
Figure 6 illustrates the effect of muscle strength for the STS.
Only two studies conducted STS, however, one study (46)
assessed two different exercise interventions. Therefore, three
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data comparisons were pooled. The exercise intervention group
consisted of 84 participants and the control group consisted of
141 participants. Analysis of the three data sets indicated that
there was a small, though not significant, effect of the exergame
intervention compared with the control group (SMD = —0.37,
95% CI = —0.87 to 0.14, I> = 67%, Chi®> = 6.08, p = 0.15), see
Figure 8.

Meta-analyses of cognitive outcome measures

A variety of outcome measures were used across studies
to assess cognitive function. It was not possible to conduct a
meta-analysis with the eight studies that evaluated cognitive
function, because they evaluated different cognitive tests.
Five studies were therefore included in the meta-analysis.

Two out of the five studies (n 277) were included in
a separate meta-analysis using two matching outcomes,
namely the ANT. The outcomes were pooled for three
attentional components; alerting, orienting and executive
control. The total number of participants of the exercise
intervention group was 141 and 197 in the control group.
For all three components, small effects were observed
(SMD = 0.16, 95% CI = —0.06 to 0.38, I> = 0%, ChiZ
=.89, p 0.14 for alerting; SMD = —0.24, 95% CI
—0.46 to —0.02, I> = 0%, Chi’> = 071, p = 0.04 for
orienting; SMD = —0.12, 95% CI = —0.45 to 0.22, I*
= 54%, Chi? = 4.37, p 0.5 for executive control).
Figure 9 illustrates the effect of cognitive performance for
the ANT.

The same two studies were included in a meta-analysis

to illustrate the effect of cognitive performance for the DSB,
which indicated a very small, non-significant, effect of exergame
intervention in comparison to control intervention (SMD =
0.05, 95% CI = —0.17 to 0.27, I* = 0%, Chi? = 1.05, p = 0.65),
see Figure 10.

144) were
included in a meta-analysis for the effectiveness of exercise

Another three out of the eight studies (n

intervention on cognitive performance from the MoCA. The
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Test for overall effect: Z = 2.29 (P = 0.02)

FIGURE 5

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Chao 2015 3.4 6.469 15 0.93 10.778 15 31.4% 0.27 [-0.45, 0.99] =
Chen 2020 3.7 1.819 14 1.9 4.603 14 28.5% 0.50 [-0.25, 1.25] =
Lee 2017 1.5 2.515 21 -0.06 2.516 19  40.1% 0.61 [-0.03, 1.24] L
Total (95% CI) 50 48 100.0% 0.47 [0.07, 0.87] i
Heterogeneity: Tau? = 0.00; Chi? = 0.48, df = 2 (P = 0.79); I’ = 0% + + + +

0 1

-1 f 0.5
Favours [Control] Favours [Experimental]

Random effects meta-analysis forest plot for effectiveness of intervention on measures of BBS balance outcomes.

Test for overall effect: Z = 1.42 (P = 0.15)

FIGURE 8

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Rand 95% CI IV, Rand 95% CI
Chen 2020 3.8 4.151 14 0.5 4.952 14 24.3% 0.70 [-0.07, 1.47] D . S—
Lee 2017 4,27 3.651 21 -0.15 3.981 19 31.4% 1.14 [0.46, 1.81) T
Sato 2015 4.52 4.189 28 0.44 397 26 44.3% 0.98 [0.42, 1.55] _—
Total (95% CI) 63 59 100.0% 0.96 [0.59, 1.34] e
Heterogeneity: Tau® = 0.00; Chi* = 0.71, df = 2 (P = 0.70); I* = 0% + e} . 3
Test for overall effect: Z = 5.00 (P < 0.00001) Favours [control] Favours [experimental]
FIGURE 6
Random effects meta-analysis forest plot for effectiveness of intervention on measures of FRT balance outcomes.
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gschwind 2015a -0.21 0.921 78 -0.16 0.854 75 27.1% -0.06 [-0.37, 0.26) —
Gschwind 2015b (KIN) -0.2 0.985 24 -0.2 1.015 61 21.0% 0.00 [-0.47, 0.47] _—
Gschwind 2015b (SMT) -0.5 0.854 39 -0.2 1.015 61 23.6% -0.31(-0.72, 0.09] I
Phirom 2020 -0.65 0.862 19 0.22 0.792 20 14.8% -1.03[-1.70, -0.36] —
Schoene 2013 -0.6 0.721 15 0.01 0.8 17 13.6% -0.78[-1.50, -0.05) e Ty ——
Total (95% CI) 175 234 100.0% -0.35[-0.69, -0.01] -
Heterogeneity: Tau® = 0.08; Chi’ = 9.83, df = 4 (P = 0.04); I’ = 59% _92 _91 ) i 2
Test for overall effect: Z = 2.00 (P = 0.05) Favours [experimental] Favours [control]
FIGURE 7
Random effects meta-analysis forest plot for effectiveness of intervention on measures of PPA physical outcomes.
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Gschwind 2015b (KIN) -1.5 4.355 24 -1.1 4.4453 61 35.0% -0.09 [-0.56, 0.38] —_—
Gschwind 2015b (SMT) -1.7 3.387 39 -1.1 4.4453 61 38.1% -0.15 [-0.55, 0.26) —_—T
Lee 2017 -1.6 162 21 -0.03 1.299 19 26.9% -1.04[-1.71,-0.38] T i
Total (95% CI) 84 141 100.0% -0.37 [-0.87, 0.14] | —coife—
Heterogeneity: Tau® = 0.13; Chi’ = 6,08, df = 2 (P = 0.05); I’ = 67% _'2 + + 2

Random effects meta-analysis forest plot for effectiveness of intervention on measures of STS strength outcomes.

-1 0 1
Favours [experimental] Favours [control]

exercise intervention group consisted of 74 participants and
the control group consisted of 70 participants. Exergame
intervention showed a medium effect for MoCA cognitive
performance compared with the control group, which was
significant (SMD = 0.59, 95% CI = 1.12 to 1.06, I? = 45 %, Chi?
= 3.63, p = 0.01), see Figure 11.

Frontiersin Neurology

Four out of the eight studies mentioned above conducted the
TMT to assess cognitive function. One study (53) did not include
sufficient data and used different outcome values. Therefore,
only three studies (n = 271) were included (45, 54, 57) in a
meta-analysis evaluating the effectiveness of intervention on
TMT scores. The TMT test consists of two parts, part A and
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.1.1 ANT-Alert (ms)
Gschwind 2015a 7.8 32.485 78 3.7 33.029 75 14.1% 0.12 [-0.19, 0.44] —
Gschwind 2015b (KIN) 11 34176 24 -2 35.763 61 8.5% 0.36 [-0.11, 0.84] -
Gschwind 2015b (SMT) 1 34.044 39 -2 35.763 61 10.7% 0.08 [-0.32, 0.49) [ —
Subtotal (95% CI) 141 197 33.4% 0.16 [-0.06, 0.38] il
Heterogeneity: Tau® = 0.00; Chi* = 0.89, df = 2 (P = 0.64); I’ = 0%
Test for overall effect: Z = 1.46 (P = 0.14)
6.1.2 ANT-Orient (ms)
Gschwind 2015a -0.4 39.185 78 7.5 4137 75  14.1% -0.20[-0.51, 0.12) —
Gschwind 2015b (KIN) 7 45133 24 13 42.72 61 8.6%  -0.14 [-0.61, 0.34] —
Gschwind 2015b (SMT) -3 40.731 39 13 42.72 61 10.6% -0.38(-0.78, 0.03) r
Subtotal (95% CI) 141 197 33.3% -0.24 [-0.46, -0.02] i
Heterogeneity: Tau® = 0.00; Chi* = 0.71, df = 2 (P = 0.70); I = 0%
Test for overall effect: Z = 2.10 (P = 0.04)
6.1.3 ANT-Conflict (ms)
Gschwind 2015a -17 66.629 78 -0.4 61.962 75 14.1%  -0.26 [-0.57, 0.06] ——
Gschwind 2015b (KIN) -7 59.355 24 -26 64.715 61 8.6% 0.30(-0.18, 0.77) —
Gschwind 2015b (SMT) -51 105.646 39 -26 64.715 61 10.7%  -0.30(-0.70, 0.11) e ——
Subtotal (95% CI) 141 197 33.3% -0.12 [-0.45, 0.22] ——
Heterogeneity: Tau® = 0.05; Chi* = 4.37,df = 2 (P = 0.11); I = 54%
Test for overall effect: Z = 0.68 (P = 0.50)
-1 -0.5 0 0.5 1
Favours [experimental] Favours [control]
FIGURE 9
Random effects meta-analysis forest plot for effectiveness of intervention on measures of ANT cognitive performance outcomes.

B. The outcomes were pooled from part A and B, respectively.
The number of participants of the exercise intervention group
was 112 and 105 in the control group. For both TMT part A
and part B, small although not significant effects for exergame
intervention were observed compared with control intervention
(SMD = 0.07, 95% CI = —0.20 to 0.33, I? = 0%, Chi? = 0.95, p
= 0.62 for TMT part A; SMD = 0.07, 95% CI = —0.30 to 0.43,
12 = 30%, ChiZ = 2.84, p = 0.73 for TMT part B), see Figure 12.

Discussion

To our knowledge, this is the first systematic review to
evaluate the role of motivation during exergames and how it
impacts the effectiveness of exergames on improving balance,
cognition and preventing falls in healthy older adults by
applying the COM-B model.

COM-B model meta-analysis

Meta-analysis results indicated that, overall, motivational
components might impact the effectiveness of exergames on
improving TUG scores when motivation alone, or capability
and motivation are considered: A large significant effect was
observed when capability and motivation components are
considered during intervention. Including motivational factors
alone resulted in a medium significant effect on the TUG
outcome. Only Sadeghi et al. (51) included both components
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by providing individualized exercises, and by increasing the
levels/repetitions. Three studies (44, 49, 50) included the
motivation component in terms of providing visual and auditory
feedback, enjoyment for the exercises, and by automatically
increasing the levels. The impact of these factors have been
considered before: healthy adults who performed exergame
exercises with provision of feedback, for example, reported
significantly higher enjoyment than adults performing the
exercises in a conventional manner, with similar dynamic
balance benefits in the two groups (77). Meekes and Stanmore
(78) conducted interviews on older adults who performed 6
weeks of exergames (OTAGO and Fame provided on Microsoft
Kinect) to improve their balance, in order to define factors that
motivate. Enjoyment was one of the main motivational factors.
Although feedback was provided by the games both during and
after the game, participants stated that they wished for additional
progress feedback provided by the physiotherapist (78).

van Het Reve et al. (79) found that tablet-based balance
exercises together with motivational elements led to better
exercise adherence and better gait outcomes when dual-
tasking, compared to a brochure-based intervention. Inclusion
of individual vs. social motivation strategies did not significantly
impact on the gait parameter outcome measures, but exercise
adherence was marginally better. Notably, active exercise
performers were significantly more in the social vs. the
individual motivation group (79). Silveira et al. similarly
showed better (but not significantly) exercise adherence and
lower attrition in the social vs. the individual motivation
group, highlighting the importance of social interaction as a
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Test for overall effect: Z = 0.45 (P = 0.65)

FIGURE 10

-0.5

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% ClI
Gschwind 2015a 0.1 2.207 78 -0.2 2.406 75 48.2% 0.13 [-0.19, 0.45]) — -
Gschwind 2015b (KIN) -0.3 2.6 24 0 1.4 61 21.7% -0.16 [-0.64, 0.31]
Gschwind 2015b (SMT) 0.1 1 39 0 1.4 61 30.1% 0.08 [-0.32, 0.48)
Total (95% CI) 141 197 100.0% 0.05 [-0.17, 0.27] -—’-
Heterogeneity: Tau® = 0.00; Chi* = 1.05, df = 2 (P = 0.59); I’ = 0%

-0.25 0 0.25 0.5

Favours [control] Favours [experimental]

Random effects meta-analysis forest plot for effectiveness of intervention on measures of DSB cognitive performance outcomes.

Test for overall effect: Z = 2.47 (P = 0.01)

FIGURE 11

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Eggenberger 2016 1.31 3.335 19 1.07 2.971 14 28.4% 0.07 [-0.62, 0.76] e
Park 2016 2.06 4.785 36 -1.11 4.766 36 42.0% 0.66 [0.18, 1.13] —a—
Phirom 2020 1.79 3.166 19 -1.35 3.012 20 29.5% 1.00 [0.33, 1.67] .
Total (95% CI) 74 70 100.0% 0.59 [0.12, 1.06] e
Heterogeneity: Tau? = 0.08; Chi? = 3.63, df = 2 (P = 0.16); I* = 45% _=2 + + +

2

-1 0 2 &
Favours [control] Favours [experimental]

Random effects meta-analysis forest plot for effectiveness of intervention on measures of MoCA cognitive performance outcomes.

FIGURE 12

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand 95% CI IV, Random, 95% CI
11.2.1 TMT PartA
Adcock 2020 -6.5 12.807 15 -2.92 15.081 16 7.1%  -0.25[-0.96, 0.46] —
Eggenberger 2016 -5.5 7.652 19 -5.8 6.811 14 7.5% 0.04 [-0.65, 0.73]) e
Gschwind 2015a -2.4 17.022 78 -4.7 16.468 75 35.5% 0.14 [-0.18, 0.45) i
Subtotal (95% CI) 12 105 50.1% 0.07 [-0.20, 0.33] <>
Heterogeneity: Tau® = 0.00; Chi? = 0.95, df = 2 (P = 0.62); I’ = 0%
Test for overall effect: Z = 0.49 (P = 0.62)
11.2.2 TMT PartB
Adcock 2020 -21.67 49.986 15 -2.17 38.765 16 7.0% -0.43 (-1.14, 0.29) —_—t 1
Eggenberger 2016 -15.5 11.503 19 -20 9.46 14 7.3% 0.41[-0.29, 1.11]) .
Gschwind 2015a -13.9 53.605 78 -19.9 50.188 75  35.5% 0.11 [-0.20, 0.43]) =
Subtotal (95% CI) 105 49.9% 0.07 [-0.30, 0.43] P
Heterogeneity: Tau® = 0.03; Chi® = 2.84, df = 2 (P = 0.24); I’ = 30%
Test for overall effect: Z = 0.35 (P = 0.73)

-2 -1 0 1 2

Random effects meta-analysis forest plot for effectiveness of intervention on measures of TMT cognitive performance outcomes.

Favours [experimental] Favours [control]

motivational factor for exercise performance (80). Li et al. on
the other hand found that social interaction significantly affected
the changes of extrinsic motivation over time, while competitive
information affected intrinsic motivation significantly (81).
Two out of the three studies in this meta-analysis were
performed in an exercise group, so social motivation could have
possibly contributed.

Dockx et al. showed that attitudes toward Virtual Reality
exergames can positively change following exposure to it
(82). Older people became enthusiastic about it, and showed
improved health and physical functioning. In line with this,
Subramanian et al. found that older adults were more motivated
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by the perceived health effects (both physical and cognitive) and
the joy of playing, than by the in-game rewards (83). Game
enjoyment was reported for exergames [see (76) for a review],
and all studies included in the review of van Diest et al. showed
that exergame intervention was more appealing than traditional
exercises (13).

Hughes et al. (37) conducted a meta-analysis to assess how
effective the different methods employed to promote exercise
adherence are for older, non-neurological adults at risk of
falls. The included studies were evaluated using the COM-B
model to define the domains of the interventions. All of the
studies included motivation for exercise, and some included
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opportunity, capability, or both. Studies using exergames,
telecommunication, self-efficacy targeting, and integration of
exercise into daily activity that provided good quality data
were entered into a meta-analysis and showed significantly
better adherence in the intervention group vs. the control
indicating that motivational strategies are important for exercise
adherence (37).

Overall, motivation is one of the most important factors
to keep participants’ adherence. Increasing enjoyment in
exergames can be obtained via providing feedback and
rewards, self-identification with the game characters (84, 85),
and enjoyment (86). Several factors like self-determination,
motivational feedback, competition and coordination, social
interaction, and situational interest are active approaches.
Moreover, personality-based tailoring is being explored to better
satisfy individual and group differences [see (84) for a review].

Nevertheless, caution should be taken while interpreting
the results of this studys meta-analysis, as the sample size
was lower compared to the analysis with studies including all
three components. When all three components of the COM-B
model were included, a small, non-significant effect was seen.
It is noteworthy that all measurements in the study of Lee et
al. (48) significantly improved in the exergame intervention
group. The other three studies also reported that there was an
overall improvement in functions and abilities (45, 46, 53). The
major difference lies in the fact that the three studies conducted
the exergames at home without supervision, while the study
of Lee et al. (48) was undertaken in a clinical setting with
a supervisor.

The opportunity component of the COM-B model can
be divided in physical opportunity and social opportunity.
Three studies were home-based (physical opportunity) and
provided phone support or tablet support (social opportunity,
although not fully adapted) (45, 46, 53). Lee et al. (48)
adopted fully social opportunity since assistants consistently
monitored participants on-site to handle procedures and assure
safety, during the whole program. The assistants also explained
how to play the games, and encouraged the participants to
actively participate (48). Although opportunity—combined with
capability and motivation—did not show a significant impact on
the effectiveness of exergames, the presence of a physiotherapist
or supervision might have an influence too, as suggested by
previously stated literature, and the fact that exercises were
performed in classes in 2:3 studies, which could induce an
opportunity and/or social motivation component.

The results from this review revealed that providing
immediate feedback, and/or including a capability component
(i.e., individualized exercises) in the exergaming training could
potentially have a vital role in enhancing the effect of the
exergames on TUG performance. Importantly, caution should
be taken when interpreting the meta-analysis concerning the
influence of motivation and capability components on exergame
outcomes, because this analysis only included one study (51).
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Balance meta-analysis

Results of the meta-analyses indicated favorable outcomes
for the exergaming intervention group compared to the control
group for all balance measures. Statistically significant effects
were found for the BBS, FRT, and PPA measures indicating a
significant positive effect of exergame interventions on multiple
balance measures. However, these findings should be interpreted
with caution with regards to their clinical significance due to the
rather small sample sizes. Nevertheless, the magnitude of effects
sizes ranged from 0.35 to 0.96, suggesting medium to large
effect sizes for these aforementioned tests. Although the Minimal
Clinically Important Difference (MCID) of these tasks did not
fall within the confidence interval (CI) ranges (87), we could
argue that the changes for these tests might be consistent with
clinical significance. The MCID for the BBS is determined to be
3 points [(88) however, (89) did not provide any MCID value for
the BBS due to its low area under the curve value]. When looking
at the baseline vs. follow-up scores for the exergaming groups,
there was an improvement in the intervention group of 3.7
points vs. 1.9 points in the control group (44), an improvement
of 1.5 points vs. a decrement of 0.06 points for (48), and 3.4
points improvement in the intervention groups vs. 0.93 points
in the control group (43). Nevertheless, the rather large CI in
the positive range, could indicate that the intervention might be
beneficial, but larger sample sizes are needed (87).

The MCDys5 of the FRT test was determined as 4-11 cm
(90). For subacute stroke patients 6.79 cm has been set (91),
and 7.32 cm for Parkinson’s Disease patients (92). Lee et al. (48)
reported a decrement of 0.15cm in the control group vs. an
increment of 4.27 cm in the intervention group. Chen et al. (44)
intervention group showed an improvement of 3.80, while the
control group only showed 0.50 of increment. The intervention
group improved with 4.52 cm, while the control group improved
only with 0.44 cm in (52). The test range for the PPA lies between
0 and 3 points, with three indicating a high risk of falling (93).
More improvement was seen in interventions groups compared
to controls groups among all studies: 0.21 vs. 0.16 (45), 0.20 (KIN
intervention = Microsoft Kinect exergames) and 0.50 (SMT
intervention = step mat training) vs. 0.20 (46), 0.65 vs. —0.22
(50), and 0.60 vs. —0.01 (53).

Despite this caveat, these findings are in line with recent
systematic reviews indicating that exergames induce positive
changes in balance function in older adults without neurological
disorders (94-96). Pacheco et al. (94) quantitative synthesis
showed significant improvements in the BBS (MD = 2.15, 95%
CI = 1.77 to 2.56, p = 0.0001, I = 96%). Chan et al. (89)
concluded that exergames did not significantly improve balance
when they examined the effect of different types of exergame
interventions on the BBS test (SMD = 0.18, z = 0.53, p =
0.60, 1> =71%, Chi? = 6.86). However, in general, they found
that exergames reduced the proportion of older adults who
fall in the intervention group vs. those in the control groups.
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The systematic literature review of Choi et al. also suggests
that the majority of exergames improve fall prevention, but
that it remains inconclusive whether exergames are superior to
conventional physical therapy (76).

Favorable outcomes were observed in the exergaming group
for muscle strength (STS test), but this did not reach statistical
significance. MCIDs were identified as 2.3 s for the ST test (97).
While the study by Lee et al. (48) indicated that an exergame
intervention had a significant improvement on muscle strength,
and that the experimental group showed greater improvements
compared to the control group (difference of 4.32s for the
intervention group compared to 0.44s in the control group);
the study of Gschwind et al. (46) reported that only the SMT
intervention group showed a clear significant improvement for
the STS test (1.70 s). Surprisingly, a small non-significant effect
was also found for the TUG test, since almost all intervention
groups showed higher improvements compared to the control
groups. TUG improvements in intervention groups vs. controls
groups were: 1.80 vs. 0.60's (44), 0.20 vs. 1.00 s (45), 0.40 s (KIN)
and 0.00s (SMT) vs. —0.20s (46), 1.60 vs. 0.03s (48), 4.20 vs.
2.30s (49), 0.67 vs. 0.13s (50), 0.50 vs. 0.50s (53), and 3.25
vs. 1.3s (43). However, the MCID for the TUG test has been
determined as 3.40's (98, 99). In contrast to this result, Pacheco
et al. (94) showed significant improvements for this test (MD
= —2.48, 95% CI = —3.83 to —1.12, p = 0.0003; ? = 0%).
Exergaming intervention indicated also a moderate effect on
TUG performance in the study of Fang et al. (Hedges’ g = 0.36,
95% CI = 0.26 to 1.30, p < 0.001, I? = 0%) (95).

Opverall, exergames have an effect on a number of balance
measures, but this effect is not very large and does not reach
what is normally thought as clinically significant. In addition,
rather basic balance measures were included in the meta-
analyses. Future studies might consider the need to incorporate
outcomes for fear of falling, balance confidence, changes in
physical activity, dynamic balance and gait measures, such as
the Functional Gait Assessment or Mini-BEST, to have a more
comprehensive understanding of the benefit of exergames. On
the other hand, when looking more closely at the type of
exergames used for balance exercises, the X-box Kinect and
Nintendo Wii Fit seemed to induce more positive effects than the
other exergames. The possible positive influence of exergames
on balance performance and the preferable type of exergames to
do so should therefore be further examined.

Cognitive meta-analysis

The results of the meta-analyses show a statistically
significant improvement for ANT orienting and MoCA
performance, but only a general trend (not statistically
significant, small effect sizes) toward improvement of cognitive
performance for ANT alerting, ANT executive function,
DSB, TMT-A, and TMT-B scores, induced by exergaming
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intervention. In general, smaller effect sizes were observed for
cognition (0.05-0.59) than for balance and physical measures.
ANT, DSB, and TMT scores are unlikely to reach clinical
significance due to point estimates closer to zero, uncertainty
indicated by the large CI intervals, and MCIDs not falling
into the CI ranges [not determined for the ANT and TMT
yet; 0.45 (1sgv.) to 0.88 (1.96g g Mm.) for the DSB test (100)].
DSB scores showed smaller improvements compared to their
baseline score in the intervention groups, while no improvement
was seen for the control groups: 0.10 vs. —0.20 (45), and 0.30
(KIN) and 0.10 (SMT) vs. 0.00 (46). ANT orienting reaction
times differences varied from —7.00 ms (KIN), 3.00 ms (SMT),
and —13.00 ms (control) in (46), to 0.40 ms (intervention) vs.
—7.50ms (control) in (45). Regarding TMT scores, all three
studies included showed post-test improvements, however not
significant: for TMT-A, the intervention group improved with
5.5s (57), 5s (54), and 2.4s (45) compared to the control
group with 5.8s (57), 4.5s (54), and 4.7s (45). For TMT-B,
the intervention group improved with 15.5s (57), 19s (54),
and 13.9s (45) vs. 20s (57), 7.5s (54), and 19.9s (45) for the
control group.

The MCID for the MoCA is around 2-3 points (101-
103)—which does not fall into its CI range—however, the
improvement in MoCA performance might indicate clinical
significance because of the summary point estimate further
from zero, a more positive effect represented by point estimates
relatively further from zero, the rather shorter CI intervals,
and the more pronounced statistical significance (p = 0.01).
Participants in the intervention groups of Phirom et al. (50) and
Park and Yim (55) demonstrated a significant improvement in
MoCA scores compared to their control groups (1.79 vs. —1.35,
and 2.06 vs. —1.11, respectively). For Eggenberger et al. (57) only
a significant difference between the two groups was found pre-
test (for post-test differences of 1.31 vs. 1.07 were found). In line
with our results, the meta-analysis of Soares et al. also showed
a statistically significant difference between groups for MoCA
scores (MD = —1.22, 95% CI: —2.24 to —0.20, p = 0.019) (104).

Gschwind et al. conducted a study that comprised two
different exergame interventions, which had different outcomes
(46). The SMT exergame training showed significant positive
pre-post treatment effects for cognitive function performance,
while the KIN training would have greater effects on strength
and balance (46). On the other hand, X-box Kinect and Kayak
3D exergames improved the MoCA scores significantly. The
iStoppFalls used in the study of Gschwind et al. (45) showed
rather little improvement for the ANT orienting reaction time.
These findings suggest that the type of exergame intervention
can have a significant impact on specific outcome measures and
the target of the intervention should be carefully considered.
Furthermore, Gschwind et al. (45) post-hoc analysis revealed a
significantly larger effect in favor of the high-adherence group
compared to the control group for executive functioning. They
suggest that the duration of the exergame training might play
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a role, as participants who practiced the exergames for over
90 min per week could improve executive functioning compared
to participants who practiced less (45).

In the systematic review of Stojan and Voelcker-Rehage (23)
almost all studies reported positive effects of exergame training
on cognitive functioning. However, no consistent results could
be reported for individual cognitive domains (23). In the
literature review of Piech et al, most studies showed that
exergames significantly improved various cognitive functions
among elderly (22).

Since the exergames used in the studies of these meta-
analyses were primarily interested in balance improvement,
the cognitive tests used might not have been optimal in
terms of detecting cognitive benefits. Exergames which are
designed for cognitive improvement might thus result in
greater achievements.

Limitations

There were a number of limitations in the present study.
First, the number of studies identified in this review was limited,
thereby resulting in small sample sizes in most meta-analyses
conducted. There was also marked heterogeneity across studies,
with a variety of tools, methods and evaluation strategies used
by different studies. This heterogeneity, particularly regarding
outcome measures, precluded quantitative meta-analysis for
some outcomes. Another limitation of the included studies
was lack of long-term follow-up and lack of blinding of
interventions or masking of outcome collection. Furthermore,
some studies lacked active control intervention, and instead
the control groups were asked to perform their usual activity
and/or exercises during the trial period. The effectiveness of
exergaming may therefore not be completely accurate as the
control group can either increase the level of exercises or not
perform any exercise regularly. In addition, we did not include
languages other than English in our search. In the quantitative
meta-analysis of the COM-B model subcomponents, we found
that while motivation alone, and capability plus motivation,
were associated with improvements in the effectiveness of the
intervention, the combination of capability, opportunity and
motivation elements in an intervention were not associated with
statistically significant changes in effectiveness (Figure 2). We
think that this rather counterintuitive finding may be linked
to limitations in the evidence that we identified. Whilst we
found eighteen eligible studies from which we could extract
data on COM-B subcomponents (Table 2), only eight of those
presented information on TUG performance and were therefore
suitable for the quantitative meta-analysis. Each subcomponent
analyses depended on a subset of these eight studies, and in
our view should therefore be taken as preliminary findings,
pending confirmation in larger samples. Finally, it should be
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noted that instead of using COM-B to classify components
targeting behavior change, a more thorough method could have
been adapted at the level of behavior change technique (BCT)
for example.

Conclusion

Motivational factors seem to have an impact on the
results of the exergame intervention at least for balance
(TUG) performance as examined in this study. Especially
motivation components (like providing feedback) and capability
components (like individualized exercises) appear to influence
the general outcome of the exergame training. Motivational
factors could thus be important to consider while setting-up an
exergame intervention program for healthy elderly.

This systematic review and meta-analysis suggests that
exergame intervention appears to be a promising training
method in comparison to traditional exercise training, with
positive changes in balance and cognitive performance.
However, caution should be taken when drawing conclusions
because of heterogeneity in technologies, protocols, sample
sizes and outcome evaluation across studies included in the
systematic review. Exergame effects were modest to moderate
so they may not be sufficient on their own to improve fall
risk and cognitive outcomes to a clinically significant degree,
but they might supplement traditional physical exercises, or be
implemented as part of a multicomponent rehabilitation.
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