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a b s t r a c t

Background and purpose: Recently, technology-based approaches have become more frequently used in
the field of rehabilitation. The aim of this study was to evaluate the effectiveness of interactive video
games on mobility, general mood, and quality of life and compare themwith physical activity approaches
in older adults.
Methods: Ninety-one residents of a nursing home were assessed and 58 volunteers who met the criteria
were included in the study. Participants in Group I (n ¼ 16) participated in a 30-min exercise program
using the “Nintendo Wii Fit Plus” twice a week for 8 weeks. Group II (n ¼ 14) participated in a physical
activity program consisting of a bicycle ergometer and treadmill for the same duration. Participants were
assessed pre- and post-intervention for functional mobility, general depression, and quality of life.
The "Wilcoxon Signed-Rank" test was used to compare the pre- and post-treatment outcomes. The
Kruskal-Wallis analysis of variance (post hoc Tukey's HSD test) was used to evaluate differences between
the groups.
Results: and Discussion: Post-intervention, the scores in the Berg Balance Scale increased significantly for
GI and GII compared to the control group (p ¼ 0.001, p ¼ 0.002) Timed Up and Go Test improved for GI
(p ¼ 0.001) and 10-Meter Walk Test improved for GI (p ¼ 0.003). Although there was a significant change
in Hamilton depression score for GI and GII (p < 0.005), between-group differences were not significant.
Conclusions: Both programs demonstrated significant improvement in in all parameters. However,
video-based program was more effective than physical activity, especially in mobility and balance
parameters.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Geriatric rehabilitation has become increasingly important
following the recent developments in medical care technology and
the increase in life expectancy. With aging, many physiological and
anatomical changes occur in systems of the organism. All systems
operate under physiological conditions with a reduced reserve
capacity, even if a pathological condition has not developed (Beger
and Yavuzer, 2013). Therefore, a decrease in physical activity is one
of the leading causes of health problems associated with aging.
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Physical activity and other exercise approaches reduce the inci-
dence of many diseases and significantly reduce the risk of death
(Arrieta et al., 2018a,b; Cakar and Cankurtaran, 2006).

Long-term, medium-intensity, and combined physical activities
are the most effective programs in geriatrics. However, these pro-
grams often become boring and continuity is not ensured (Toots
et al., 2016; Bieryla and Dold, 2013). Technology-based virtual
rehabilitation is proposed as an alternative and attractive option in
geriatric rehabilitation to provide continuity of participation in the
physical activity program (Chesler et al., 2015; Ravenek et al., 2016).
The NintendoWii Fit is one of the most used software programs for
this purpose and includes structured games, activities, and exer-
cises aimed to increase balance and physical fitness. When first
introduced,Wii Fit games were used to improve balance in children
with cerebral palsy, and thereafter it began to be used in adult
rehabilitation with different pathological conditions.
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The advantages of using the Nintendo Wii Fit as an exercise tool
for older adults are that they include motivating activity programs
and exercises and provide feedback about body movements to the
participant. It is reported that video games are also advantageous in
terms of ensuring continuity in older adults (Hasselmann et al.,
2015). Although the benefits of technology-based approaches are
mentioned in many studies, further studies with larger sample
groups and a higher level of evidence is needed in this area
(Manlapaz et al., 2017). There is a considerable increase in the
number of the studies performed which use the Nintendo Wii Fit
games and mainly investigate balance and risk of fall in older
adults. In our study we aimed to improve the general mood and
perceived quality of life for older adults in addition to increasing
functional mobility parameters.

The purpose of this study was to assess the impact of interactive
video games on mobility, general mood, and quality of life in
institutionalized geriatric populations and to compare them with
conventional physical activity approaches. It highlights alternative
choices using the latest technology in addition to traditional
methods, which can easily become boring. Since very few studies
were conducted in geriatric rehabilitation, we wanted to promote
the use of technology-based approaches in our country.

2. Methods

2.1. Study design

This study was carried out between February 8, 2017 and August
2, 2018 with older adults living in generic Nursing Home and
Rehabilitation Center. The study was designed as a nonrandomized
controlled clinical trial. An informed consent form was read and
signed by all the participants. The study was registered at
clinicaltrials.gov under NCT03175588. Approval was obtained from
Istanbul University, Ethics Committee of Cerrahpasa Medical Fac-
ulty on February 2, 2017. The study was conducted in accordance
with the Declaration of Helsinki.

2.2. Participants

The inclusion criteria were as follows: aged 65e85 years, Mini
Mental State Examination score �20, sufficient communication
skills to participate, and ability to walk 10 m with or without an
assistive device. Persons with serious neurological or orthopedic
problems or diagnosed with psychiatric illness, moderate to severe
cognitive impairment, or advanced vision and hearing problems
were excluded.

The Berg Balance Scale (BBS) was used as the primary scale to
determine the sample size required for a significant difference
between groups. Raosoft sample size calculator was used consid-
ering a population of 20,000 at the 90% confidence interval, taking
into account the minimal significant change in the BBS. According
to this calculation, 18 participants were targeted for each group
(Sample Size Calculator by Raosoft, Inc., 2004).

2.3. Outcome measures

2.3.1. Primary outcome measures
The primary outcome measure was “balance” which was

assessed using the Turkish version of the BBS (Sahin et al., 2013).
The BBS is a commonly used valid instrument for measuring bal-
ance in older adults. It consists of 14 activities with each item
ranked using a 5-point ordinal scale ranging from 0 to 4, with
0 indicating the lowest level and 4 the highest level of function
(Berg et al., 1989). Total scores range from 0 to 56. A change of 4
points is needed to be 95% confident that a true change has
occurred if a patient initially scores within 45e56, 5 points if they
score within 35e44, and more points if they score less on the BBS
(Donoghue and Stokes, 2009).

Functional mobility performance was tested using two mea-
surements. The first measurement was the Timed Up and Go (TUG)
test that is a valid and reliable test used to evaluate functional
mobility and dynamic balance in geriatrics (Wright et al., 2011;
Bohannon, 2006). The participants were asked to stand up from a
regular chair with an armrest, walk at a comfortable speed, turn
around at an object placed at a distance of 3-m, walk back, and sit
down on the chair. The average time from three consecutive trials
was recorded. Ries et al. calculated theminimum detectable change
(MDC) value at 90% confidence level as 4.09 s for the TUG test (Ries
et al., 2009). The secondmeasurement was a 10-mWalk Test which
was performed with self-selected velocity (10MWT-SSV) and fast
velocity (10MWT-FV). The test was performed according to the
procedure described previously (Bohannon,1997;Wolf et al., 1999).
For the 10-mwalk test, the MDC for fast walking is 0.23 m/s and for
self-selected pace is 0.22 m/s (Lang et al., 2016).

The Single Leg Stance Test (SLST) was used to assess the average
standing duration on the right and left foot for three trials with the
eyes open. All participants were asked to start standing on the limb
of their choice, with the other limb raised but not touching their
stance limb. The MDC at the 95% confidence level was calculated as
24.1 s for SLST (Goldberg et al, 2011).
2.3.2. Secondary outcome measures
The Turkish version of Hamilton Rating Scale for Depression

(HRSD) was used to assess the general mood of the participants.
Akdemir et al. performed the validation and reliability study and
reported suitability of the Turkish version (Akdemir et al., 1996).

HRSD is a scale based on rating of the performer, which helps to
assess the severity of depression. The scale consists of 21 items, but
4 items are not included in the scoring. Answers are scored on a 5-
point scale, where themaximum score is an indicator of very severe
depression (Williams, 1988). The MDC information was not found
for HRSD.

Quality of life was measured using the World Health Organiza-
tion Quality of Life Questionnaire Short Form-Turkish version
(WHOQOL-BREF-Tr). WHOQOL-BREF is the 27 question short form
based on the original 100 questions WHOQOL form. The test in-
vestigates the perceived quality of life in a subjective manner in
older adults. Physical, psychological, social, environmental, and
general questions comprise 5 areas, which are scored and assessed
separately. The answers are scored on a 5-point scale where the
maximum score is an indicator of a well-perceived quality of life
(World Health Organization, 1996). The MDC for WHOQOL-BREF's
subscales were calculated from data in Lin et al. (2007). Eser et al.
confirmed the suitability of the Turkish version in their study of
validity and reliability (Eser et al., 2010).

The final evaluation was performed using the Nintendo Wii Fit
System and the balance board, which includes two basic tests
frequently used in the literature. Participants were shown how to
place their feet on the balance board and instructed to stand as still
as possible while keeping their hands to the side in a loose position.
The distribution of bodyweight; Center of Pressure on the right and
left legs (COP-R/COP-L) was recorded as a percentage. Then, par-
ticipants were asked to place their dominant side foot in the center
of the balance board. The maximum time they could stand on one-
foot with eyes open was recorded. In addition, the software pro-
gram determined a Wii Fit Age automatically depending on the
participant's body mass index (BMI) and balance skills. All mea-
surements were performed before and after the intervention.
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2.4. Allocation to the groups

Allocation to the groups was made according to participants’
preferences and their physical performances. No randomization
was done because of the fragile and sensitive nature of older adults.
Participants were assigned to the Wii Fit group (Group I) and the
physical activity group (Group II) and control group (CG). Older
adults who met the criteria but did not want to participate in the
study were included in the CG. The same physical therapist deliv-
ered pre- and post-intervention assessments and the intervention
programs for both groups. The flow diagram of the study is given in
Fig. 1.
2.5. Interventions

2.5.1. Nintendo Wii Fit group (group I)
Group I participated in a video-based exercise and game pro-

gram using the “Wii Fit Plus” software (Wii Fit™ and Wii Balance
Board™, Nintendo of Europe GmBH Grossostheim, Deutschland) to
improve aerobic capacity and balance. The exercise program
included the following games and activities carried out on a bal-
ance board: Step, Bird's Eye, Soccer Heading, Balance Bubble, Tilt
City, and Golf (more details are given in Fig. 2). The program was
delivered individually under the supervision of the physical ther-
apist to ensure safety. Repetition number was determined accord-
ing to the game duration and difficulty level increased according to
the participants' physical performance. Every session lasted 30 min
and occurred twice a week for 8 weeks. The whole study consisted
of 18 individual sessions, including initial and outcome evaluation
sessions.
Fig. 1. Study flo
2.5.2. Physical activity group (group II)
Participants in Group II participated in a 30 min training pro-

gram consisting of 10 min of cycling (Voit 6231n Stationary Bicycle-
1vtbs6231n) and 20 min of walking on a treadmill (Activa Fitness
and Leisure AC 7020) for 2 days a week for 8 weeks. The physical
activity program also was delivered individually under the super-
vision of the physical therapist. The 10 min of cycling was done at
the beginning of the session without pedal resistance for warm up.
Treadmill walking started at the participant's comfortable speed
when they were holding on to the handrails. The speed was
increased within 3 min as much as possible. Participants' heart rate
was monitored and the target heart rate was set between 60 and
80% of the maximum heart rate. When necessary, the 20 min
walking program was divided into two sets of 10 min each. All of
the exercises and assessments for the three groups were performed
at the nursing home where the participants live. The study was
executed by a physical therapist who had experience working with
older people.
2.5.3. Control group (group III)
The control group included participants who met the criteria

and did not want to join in any exercise program. They were sub-
jected to the same evaluations 8 weeks apart and during this time,
they continued their normal activities of daily living.
2.6. Statistical analysis

Statistical analysis was performed using the SPSS software
package (version 21.0; SPSS, Inc. Chicago, IL, USA) forWindows. The
level of statistical significance was set at 0.05. All the estimated P
w diagram.



Fig. 2. Nintendo Wii Fit Plus program.
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values were two-tailed. The normality of the data distribution was
assessed by the Shapiro-Wilk test.

The "Wilcoxon Signed-Rank" test was used to compare the pre-
and post-treatment outcomes of groups. Bonferroni's correction
was applied (P < 0.05/n; where n ¼ number of comparisons) so
p < 0.005 and p < 0.012 were considered statistically significant for
multiple comparisons. The Kruskal-Wallis analysis of variance (post
hoc Tukey's HSD test) was used to evaluate the differences between
groups in all parameters.

3. Results

Baseline demographic data and clinical characteristics were
similar in all three groups (p > 0.05). According to our clinical
observations, participants who had a higher level of confidence
about their physical performance were interested in Group I, in
which the interactive video games program took place. Neverthe-
less, there was no statistically significant difference among the
physical characteristics of the groups (Table 1).

Baselinevaluesof primaryand secondaryoutcomemeasureswere
investigatedforallgroups.Nosignificantdifferenceswereseenamong
groups in any primary outcome measures at baseline (Table 2). Sec-
ondary outcomes, which consist of depressive symptoms and quality
of life perceptions, alsowere similar at baseline in all groups (Table 3).

Nintendo Wii Fit measurements, which include adjusting the
center of gravity and ability of balancing,were also similar at baseline
and there was no statistically significant difference between groups
(Table 4).



Table 1
Baseline comparison of demographic and clinical characteristics between groups.

Group I (n ¼ 16)
Mean ± SD (Median)

Group II (n ¼ 14)
Mean ± SD (Median)

Group III (n ¼ 14)
Mean ± SD (Median)

pa

Age (years) 72.25 ± 5.95 (72.50) 75.14 ± 5.50 (77.00) 73.86 ± 4.63 (74.50) 0.329
BMI (kg/m2) 27.81 ± 4.45 (27.98) 31.71 ± 4.29 (32.29) 27.91 ± 4.81 (27.36) 0.063
Gender n (%)
Female 9 (56.3) 8 (57.1) 5 (35.7)
Male 7 (43.8) 6 (42.9) 9 (64.3) 0.323

Comorbid Diseases n (%)
Hypertension 11 (68.8) 13 (92.9) 11 (78.6) 0.262
Diabetes 3 (18.8) 6 (42.9) 6 (42.9) 0.268

Group I: Nintendo Wii Fit, Group II: Physical Activity, Group III: Control, BMI: Body Mass Index, SD: Standard Deviation.
a Independent-Samples Kruskal-Wallis Test.

Table 2
Pre- and post-treatment comparison of the primary outcome measures and between-group differences.

Primary Outcomes Group I (n ¼ 16) Group II (n ¼ 14) Group III (n ¼ 14) Between-group
Differences

Pre-tr
Mean ± SD

Post-tr
Mean ± SD

p * Pre-tr
Mean ± SD

Post-tr
Mean ± SD

p* Pre-tr
Mean ± SD

Post-tr
Mean ± SD

p* Pre-tr p Post-tr p**

BBS (MDC95 ¼ 4 points) 50.94 ± 4.46 53 ± 3.03 0.002 49.71 ± 4.10 51.57 ± 3.41 0.002 51 ± 4.07 50.93 ± 4.19 0.705 0.660 0.001
GI-GII ¼ 0.917
GI-GIII ¼ 0.001
GII-GIII ¼ 0.002

TUG (s) (MDC90 ¼ 4.09) 10.65 ± 2.28 9.10 ± 2.05 0.001 10.12 ± 2.12 9.75 ± 1.89 0.158 9.45 ± 1.34 9.46 ± 1.31 0.414 0.277 0.001
GI-GII ¼ 0.007
GI-GIII ¼ 0.001
GII-GIII ¼ 0.578

10MWT-SSV (MDC95 ¼ 0.22 m/s) 6.28 ± 2.75 5.87 ± 2.35 0.139 6.04 ± 1.22 5.96 ± 1.30 0.232 5.67 ± 1.15 5.68 ± 1.06 0.705 0.686 0.179
10MWT -FV (MDC95 ¼ 0.23 m/s) 4.82 ± 1.85 4.27 ± 1.34 0.015 4.41 ± 0.91 4.42 ± 1.09 0.529 4.11 ± 0.77 4.27 ± 0.85 0.038 0.331 0.003

GI-GII ¼ 0.023
GI-GIII ¼ 0.003
GII-GIII ¼ 0.761

SLST-R (MDC95 ¼ 24.1s) 19.11 ± 18.76 29.82 ± 30.92 0.005 12.92 ± 19.96 15.38 ± 23.73 0.173 12.76 ± 16.07 13.02 ± 16.41 0.109 0.557 0.023
SLST-L (MDC95 ¼ 24.1s) 20.13 ± 21.92 37.46 ± 48.54 0.010 12.62 ± 21.80 14.76 ± 26.65 0.140 12.55 ± 11.85 12.73 ± 12.44 0.730 0.465 0.085

Group I: NintendoWii Fit, Group II: Physical Activity, Group III: Control, Pre-tr: Pre-treatment, Post-tr: Post-treatment, SD: Standard Deviation, TUG: Timed Up and Go Test,
BBS: Berg Balance Scale, SLST-R: Single Leg Stance Test-Right, SLST-L: Single Leg Stance Test-Left, 10MWT-SSV: 10 Meter Walking Test-Self-Selected Velocity, 10MWT-FV: 10
Meter Walking Test-Fast Velocity.
*Wilcoxon Signed-Rank Test, Bonferroni Correction p < 0.005.
**Independent-Samples Kruskal-Wallis Test, Post hoc Tukey's HSD.

Table 3
Pre- and post-treatment comparison of secondary outcome measures and between-group differences.

Secondary Outcomes Group I (n ¼ 16) Group II (n ¼ 14) Group III (n ¼ 14) Between-group
Differences

Pre-tr
Mean ± SD

Post-tr
Mean ± SD

p * Pre-tr
Mean ± SD

Post-tr
Mean ± SD

p * Pre-tr
Mean ± SD

Post-tr
Mean ± SD

p * Pre-tr p** Post-tr p **

HRSD 5.50 ± 3.98 3.63 ± 3.40 0.001 5.36 ± 3.12 4.79 ± 2.54 0.001 5.07 ± 3.64 5.36 ± 3.43 0.203 0.948 0.038
WHOQOL-Bref
General health (MDC95 ¼ 21.5) 63.33 ± 14.53 66.40 ± 15.62 0.689 53.57 ± 17.28 60.41 ± 15.82 0.137 52.69 ± 18.44 51.19 ± 14.56 0.516 0.176 0.337
Physical health (MDC95 ¼ 14.4) 66.94 ± 15.98 66.96 ± 16.87 0.994 63 ± 13.03 62.24 ± 11.09 0.817 61.46 ± 15.91 57.26 ± 16.64 0.012 0.592 0.458
Psychological h. (MDC95 ¼ 6.6) 61.71 ± 12.92 65.08 ± 12.74 0.128 57.73 ± 11.88 61.89 ± 11.53 0.110 58.62 ± 12.06 57.73 ± 10.57 0.583 0.649 0.202
Social Relation (MDC95 ¼ 17.9) 56.76 ± 12.25 58.33 ± 14.90 0.646 55.94 ± 10.55 58.92 ± 10.57 0.355 46.42 ± 11.18 48.80 ± 11.25 0.165 0.034 0.939
Environmental h. (MDC95 ¼ 14.1) 64.06 ± 8.30 65.81 ± 8.42 0.482 58.47 ± 10.13 64.28 ± 5.84 0.075 55.35 ± 7.98 53.79 ± 6.50 0.335 0.032 0.121

Group I:NintendoWii Fit, Group II: Physical Activity, Group III: Control, Pre-tr: Pre-treatment, Post-tr: Post-treatment, SD: Standard Deviation,HRSD: Hamilton Rating Scale
for Depression, WHOQOL-Bref: Word Health Organization Quality of Life Questionnaire Short Form.
*Wilcoxon Signed-Rank Test, Bonferroni Correction p < 0.005.
**Independent-Samples Kruskal-Wallis Test, Post hoc Tukey's HSD.
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Pre- and post-treatment within-group comparisons of primary
outcome measures were given in Table 2. There was a statistically
significant change in BBS score for Group I (p¼ 0.002). However the
average increase of 2.06 ± 1.87 points seen in Group I BBS scorewas
smaller than the MDC. This change was statistically significant, but
not clinically significant, because the MDC was not met.

The group also demonstrated a statistically significant difference
in the TUG test (p ¼ 0.001). The mean change was a decrease of
1.55 ± 1.31 s indicating an increase in the TUG test speed for group I.
Although this improved score was statistically significant, it was not
clinically significant since the MDC could not be met. Participants in
this groupdid not demonstrate significant improvement in the rest of
the mobility parameters after training.

Group II demonstrated improvement in BBS score, which was



Table 4
Pre- and post treatment comparison of Nintendo Wii measures and between-group differences.

Nintendo Wii
Measures

Group I (n ¼ 16) Group II (n ¼ 14) Group III (n ¼ 14) Between-group
Differences

Pre-tr
Mean ± SD

Post-tr
Mean ± SD

p* Pre-tr
Mean ± SD

Post-tr
Mean ± SD

p* Pre-tr
Mean ± SD

Post-tr
Mean ± SD

p* Pre-tr p** Post-tr p**

COP-R (%) 51.50 ± 5.70 52.08 ± 5.67 0.756 52.24 ± 4.98 50.50 ± 4.52 0.132 51.74 ± 4.79 51.73 ± 3.04 0.730 0.924 0.282
COP-L (%) 48.50 ± 5.70 47.53 ± 6.59 0.569 47.75 ± 4.98 46.24 ± 5.29 0.132 48.96 ± 5.81 48.19 ± 3.12 0.875 0.844 0.197
Wii-SLST (sec) 8.53 ± 10.01 13.43 ± 9.33 0.048 5.46 ± 5.60 10 ± 17.32 0.308 6.97 ± 4.68 7.03 ± 4.51 0.861 0.524 0.407
Wii Fit Age (years) 71.75 ± 7.97 71.88 ± 5.71 0.929 76 ± 4.27 76.14 ± 3.20 0.715 74.71 ± 4.06 75.21 ± 3.88 0.398 0.135 0.972

Group I: Nintendo Wii Fit, Group II: Physical Activity, Group III: Control, Pre-tr: Pre-treatment, Post-tr: Post-treatment, SD: Standard Deviation, COP-R: Center of Pressure-
Right, COP-L: Center of Pressure-Left, Wii-SLST: Nintendo Wii-Single Leg Stance Test, Wii-fit-Age: Nintendo Wii Fit Age.
*Wilcoxon Signed-Rank Test, Bonferroni Correction p < 0.012.
**Independent-Samples Kruskal-Wallis Test, Post hoc Tukey's HSD.
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statistically significant but not clinically (p ¼ 0.002). The mean
change of BBS score in Group II was 1.85 ± 1.29 points, which was
smaller than the MDC. Post-intervention changes in all other
mobility parameters were not significant for this group.

Group comparisons were done to investigate changes in post-
intervention primary and secondary outcomes. There was a sig-
nificant change for the primary outcomemeasures between groups
in favor of the Nintendo Wii Fit group. The difference in BBS was
statistically significant in both Group I and II compared to the CG
(GI-GIII; p ¼ 0.001, GII-GIII; p ¼ 0.002). In the TUG test there was a
statistically significant difference in Group I compared to Group II
and the CG (GI-GII; p ¼ 0.007, GI-GIII; p ¼ 0.001).

There was no significant difference for 10MWT-FV post-
intervention, but between-group differences were statistically
significant. The difference in Group I was significant compared to
Group III (GI-GIII; p ¼ 0.003). Group II demonstrated a statistically
significant difference only in BBS compared to the CG (p ¼ 0.002)
(Table 2).

Comparison of secondary outcome measures within-group and
between-group differences was given in Table 3. Pre- and post-
treatment comparison of secondary outcome showed statistically
significant improvement in HRDS both for Group I (p ¼ 001) and
Group II (p ¼ 001). There was a decrease of 1.87 ± 3.03 points for
Group I and 0.57 ± 1.94 points for Group II in depression score.
These changes were clinically not significant because they were
smaller than the MDC. In multiple comparisons of differences be-
tween groups for HRDS was not statistically significant.

Sub-test scores of quality of life (WHOQOL-BREF) demonstrated
a positive improvement in Group I and Group II, but within-group
and between-group differences were not statistically significant.

Pre- and post-treatment comparison of Nintendo Wii measures
and between-group differences were given in Table 4. There was no
statistically significant change found post-intervention in any
Nintendo Wii Fit measurements within groups or between groups.

4. Discussion

In our study, the effects of video games and physical activity on
functional mobility, general mood, and quality of life were
comparedwith an inactive control group among older adults. At the
end of the study, therewas a significant positive effect on functional
mobility, balance and depression score in both active groups.
However, the effects of the Nintendo Wii Fit video games were
more significant than conventional physical activity (p** ¼ 0.001).

Demographic data of participants were similar in all groups.
Post-intervention comparison of the difference between groups
demonstrated significant improvement in balance parameters and
increased gait speed for the Nintendo Wii group compared to the
control group. Participants in the physical activity group showed
improvement in these parameters, but the difference was not
statically significant compared to the control group (p > 0.005).
Similarly, Da Rocha et al. stated that 30 min of treadmill walking
does not increase gait speed (Da Rocha et al., 2018). Our results
were consistent with the literature suggesting that interactive
video games are superior to traditional physical activity approaches
for improving balance and mobility parameters (Taylor et al.,
2018a,b; Chao et al., 2015; Arrieta et al., 2018a,b). Improvement in
the Nintendo Wii Fit group's gait speed may have been due to
improvement in balance and self-confidence (Chao et al., 2013).

Post-intervention comparison of functional mobility and bal-
ance parameters between groups demonstrated significant
improvement in the Nintendo and physical activity groups on an
equal level (p ¼ 0.002). Although the exercises performed by the
physical activity group would be expected to benefit cardiovascular
status more than balance and gait, in our opinion, this improve-
ment of balance could be related to the strengthening effect of
physical activity on the lower limbs, as stated in different studies
(Jorgensen et al., 2012).

In a meta-analysis from Tripette et al., traditional approaches
and the Nintendo Wii Fit applications did not show any significant
difference in balance, but there was significant improvement in the
Timed Up&GoTest in the Nintendo group than the physical activity
group (Tripette et al., 2017). Similarly, in our study the Timed Up &
Go Test was completed faster in the Nintendo group. This result
may be because the Timed Up & Go Test is a functional activity that
requires simple but dynamic balance, such as standing up from a
regular chair, walking, and turning back (Taylor et al., 2018a,b).
Rendon et al. reported that under supervised and safe conditions,
gaming systems such as the Nintendo Wii Fit might be used to
increase dynamic balance and postural stability and reduce the risk
of falls in older adults (Rendon et al., 2012).

The post-intervention depression score was significantly
reduced in both the Nintendo and physical activity groups
(p ¼ 0.001), but comparing intergroup changes there was no sta-
tistically significant difference between groups. According to this
improvement in general mood, which means a decrease in
depression score, both groups had a positive change. These results
can be explained by the positive effects of exercise training on
psychology in general, but video-based programs were found to be
more entertaining and motivational (Lee et al., 2017; Laver et al.,
2012). These findings were consistent with other studies that re-
ported higher effects on motivation from video games, especially
the Nintendo Wii Fit (Franco et al., 2012). Based on our clinical
observations, participants in the Nintendo Wii Fit games program
had more fun while exercising and the drop-out rate was lower
than in the physical activity group.

In this study, quality of life values did not improve significantly
in either group. This result may be due to the small sample sizes of
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the groups. Further studies with larger samples are needed in order
to generalize the effects of interactive video games on quality of life
and to obtain better-analyzed results (Donath et al., 2016).

In comparing the NintendoWii Measures, the post-intervention
change was not statistically significant for any parameters. It is
known that the Nintendo Wii Fit balance board is a valid and reli-
able tool in measuring changes in the body's center of pressure in
older adults (Scaglioni-Solano and Arag�on-Vargas, 2014). However,
in our study there was no statistically significant difference be-
tween the groupscomparison of Center of Pressure-Right side and
Center of Pressure-Left side. We believe that this result was related
to the absence of a pathology that may cause asymmetry in body
weight distribution of the participants. Although there was some
improvement in balance measurements of both active groups, it
was not statistically significant.

Overall results demonstrated positive contributions of interac-
tive video games and traditional methods on functional mobility
and general mood in older adults. However, the number of
improved parameters and the amount of change was greater in the
Nintendo group. These results support the idea that the Nintendo
Wii Fit game programs are superior to traditional approaches for
improving balance and mobility (Agmon et al., 2011; Valenzuela
et al., 2018; Szturm et al., 2011). However, in order to make more
precise judgments about the effectiveness of these programs,
studies with larger sample groups are still required.

4.1. Limitations

Several limitations of this study should be considered. The
biggest limitation was the lack of randomization in the distribution
of participants to the groups. Although a larger group was targeted,
the sample size was small due to participants dropping out for
personal reasons. Therefore, the study may have a reduced power
for some outcome measures. Future research should include larger
sample groups in order to increase the power of outcomes and to
generalize the benefits of the Nintendo Wii Fit on healthy aging.
Another limitation was that the physical therapist who delivered
the assessments and interventions was the same person and not
blinded to the study. Finally, even though the exercises performed
by the physical activity group would be expected to benefit car-
diovascular status, the absence of cardiovascular outcomes was
another limitation of the study.

5. Clinical relevance

Our study is important for encouraging the provision and uti-
lization of alternative physical activity tools in residential envi-
ronments such as nursing homes and care centers in our country. It
contributes to the evidence in the literature on the use of Nintendo
as a rehabilitation tool. Many studies in the literature focus on the
fear of falling and balance in older people. We investigated the
effects of video game-based exercises on general mood and quality
of life in addition to functional mobility parameters. In light of our
results, it can be stated that interactive video game-based exercise
programs had positive effects on developing mobility, general
mood and quality of life.

6. Conclusion

It is known that older people are reluctant to participate in
physical activity and exercise due to physiological changes and
deceleration in all bodily functions with aging. However, decreased
physical performance and limited participation in social activities
bring about a vicious circle that results in a negative mood and
negative quality of life perception. Exercise is one of the most
important ways to protect older adults from such physical and
mental health problems. However, it is difficult to persuade older
adults to exercise and ensure continuity. Therefore, new and
different approaches are needed to attract their attention and in-
crease adherence as much as possible.

Consequently, the NintendoWii Fit and similar interactive video
games should be integrated as a complementary and attractive
exercising method in the field of geriatric rehabilitation to prevent
the negative effects of physical inactivity.
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