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Abstract

Obijective: To analyze the effects of 8 weeks of an active
exergames training program on walking speed, static balance,
timed up-and-go test, and sit-to-stand performance in older
females. Methods: Two groups of participants were formed
by block-design randomization as follows: (i) control group
(n=12; age, 74.1+£7.9 years); (ii) 8 week exergames training
group (n=13; age, 75.619.1 years). Training was undertaken
three times per week, including athletic, bowling and table
tennis exergames. Each exergame had a duration of 8 min,
with 2 min of recovery between exergames. The intensity of
the training sessions was controlled using the 10-point rating
of perceived exertion scale. Results: Groupxtime interactions
were observed for the 4 m walking speed test, static
balance test, timed up-and-go test and the 5-repetition sit-
to-stand test (all p<0.01; d=0.46-0.80). Conclusion: Exergames
training improve physical functional performance in older
females. These results should be considered when designing
appropriate and better training programs for older adults,
since active exergames training it is an affordable and low-cost
alternative for community centres and preventive health units
working with this population.

Keywords: physical fitness, resistance training, frail elderly,
aged, video games, exercise, musculoskeletal and neural
physiological phenomena.

Resumen

Objetivo: Analizar los efectos de 8 semanas de un
programa de entrenamiento de exergames activos sobre la
velocidad de la marcha, el equilibrio estatico, la prueba de
levantarse caminar y volver a sentarse en mujeres mayores.
Métodos: Se formaron dos grupos de participantes mediante
aleatorizacion de disefio de bloques de la siguiente manera:
(i) grupo de control (n = 12; edad, 74,1 + 7,9 afos); (ii)
grupo de entrenamiento de exergames de 8 semanas (n
= 13; edad, 75,6 + 9,1 afos). El entrenamiento se llevd a
cabo tres veces por semana, incluidos ejercicios de atletismo,
bolos y tenis de mesa. Cada exergame tuvo una duracion
de 8 min, con 2 min de recuperaciéon entre exergames. La
intensidad de las sesiones de entrenamiento se controld
mediante la calificacion de 10 puntos de la escala de esfuerzo
percibido. Resultados: Se observaron interacciones de grupo
x tiempo para la prueba de velocidad de caminata de 4 m, la
prueba de equilibrio estatico, la prueba de levantamiento y
marcha cronometrada y la prueba de sentarse y pararse de
5 repeticiones (todas p <0,01; d = 0,46-0,80). Conclusion: El
entrenamiento con exergames mejora el rendimiento fisico
funcional en mujeres mayores. Estos resultados deben ser
considerados a la hora de disefiar programas de formacién
adecuados y mejores para los adultos mayores, ya que el
entrenamiento en exergames es una alternativa asequible y
de bajo costo para los centros comunitarios y unidades de
salud preventiva que trabajan con esta poblacion.

Palabras clave: condicién fisica, entrenamiento de
resistencia, anciano fragil, envejecido, videojuegos, ejercicio,
fenémenos fisiologicos neurales y musculoesqueléticos.
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INTRODUCTION

The population of older adults is increasing, with an estimated
increase from 11% to 22% worldwide between years 2000
and 2050 (WHO, 2015). The aging process brings with
it changes in the physical functional performance of the
population, as a decrease in balance and muscle strength,
leading to a deterioration in mobility, increased risk of falling,
hospitalization, thus adversely affecting their quality of life
and health, and may lead to functional dependence (Frontera,
2017; Smee et al., 2012).

Therefore, it is important to consider interventions to
counteract the decline of physical functional performance in
older adults. Physical exercise based on active exergames has
emerged as a means not only of entertainment, but also as
a strategy to improve the physical functional performance of
older adults (Fang et al., 2020). A study by Maillot et al. (2012)
demonstrated that 12 weeks of active exergames training,
including two sessions per week of 70 min each, improved
older males and females physical functional performance
in the 6 m walk test (14%) compared to the control group
(0.7%). Interventions through active exergames can offer
an alternative to traditional training programs (e.g., balance
training) in older adults. In a study it was observed that 6
weeks of exergames training, including five sessions of 30 min
per week, improved balance (10%) and the physical functional
performance in the timed up-and-go test (8.2%) in older
males and females. In addition, participants reported greater
pleasure during exergames training sessions compared to
a group of older adults who performed traditional balance
exercises (Karahan et al., 2015). In another study with older
females (Szanton etal., 2016), 4 weeks (3 sessions per week) of
active exergames improved balance, walking speed, and the
ability to stand-up from a chair.

Furthermore, Shin et al. (2016) in an 8 week active
exergames training intervention, with two sessions per week,
observed improvements in the Berg balance scale (4.5%)
and the timed up-and-go test (8.4%) in older males and
females. In addition, improvements in the quality of life
have been observed at the physical (15.1%), social (17.5%)
and psychological levels (9.8%) (Keogh et al., 2012), with
improvements in sociability (4.3%), decreased feelings of
loneliness (6.3%) and social anxiety 2.6% (Xu et al., 2016).
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While there is evidence of the favorable effects of active
exergames interventions on the physical function of older
adults, it is important to replicate the aforementioned
findings, in order to confirm or refute results, exploring
the limits of the theories and, ultimately, to help in the
progression of science and society (Earp, 2015; Forstmeier
et al., 2017), specially for older adults. In addition, although
adequately planned active exergames interventions usually
have demonstrated a significant effect on the improvement
of several key outcomes in older females, the high inter-
individual variability in the response to exercise training
among older adults should be considered (Barbalho et al.,
2017; Bouchard & Rankinen, 2001). In this sense, familial
factors (shared environment and genetic factors) may affect
the response to exercise training (Bouchard & Rankinen,
2001). Active exergames interventions have collected data
predominantly from non-Latin-American countries, with
findings potentially differencing from those that may be
obtained in participants with different genetic component
background (Ross et al., 2019). Therefore, the objective of
this study was to replicate results previously observed in
active exergames interventions in older adults from non-Latin
American countries, through an 8 week active exergames
training program applied to female Latin American older
adults, including Amerindians (the Mapuche), to analyse its
effects on physical functional performance, including walking
speed, static balance, timed up-and-go test, and sit-to-stand
performance. Based on relevant literature (Karahan et al.,
2015; Szanton et al., 2016), it was hypothesized that 8 weeks
of training with active exergames would improve the physical
functional performance of older females.

METHODS

To analyze the effects of 8 weeks of an exergames training
program on the physical functional performance in older
females (=60 years of age), two groups of participants
were randomly formed. A block-design randomization
sequence was generated electronically at https://www.
randomizer.org and concealed until interventions were
assigned. This procedure was established according to the
“CONSORT” statement (https://www.consort-statement.org),
as graphically described in Figure 1.
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Figure 1. CONSORT diagram of recruitment and randomization process.

One group of females was deemed the control group (CG,
n=12; age 74.1+7.9 years; age range, 65-89 years; body mass,
69.5+14.4 kg; height, 147.6+6.8 cm; body mass index, 31.4+5.6
kg'm-2). A second group completed 8 weeks of an active
exergames training program, with three sessions per week
(ExG, n=13; age, 75.619.1 years; age range, 60-89 years; body
mass, 73.4+18.2 kg; height, 149.1+4.6 cm; body mass index,
33.1+6.7 kg'm-2).

Participants

Initially, 35 older females of Hispanic descent (including
Amerindians -the Mapuche), were considered for
participation in the study. Participants with similar (<600
METs-1.min-1.week-1) physical activity levels were recruited,
and females from the two groups were periodically asked
(i.e., three times per week) to notate their habitual physical
activity levels throughout the intervention. Participants
met the following inclusion criteria: (i) healthy by self-
report (i.e, completion of the revised physical activity
readiness questionnaire for older adults); (ii) free (by self-
report) of a history of heart disease, osteoarthritis, severe
visual impairment, neurological disease, pulmonary disease
requiring the use of oxygen, uncontrolled hypertension, hip
fracture, or lower extremity joint replacement in the past six
months, and no current participation in structured training
exercise or previous participation in exercise training in the
past six months. Participants taking medications considered
to affect dependentvariables (e.g., conjugated estrogen) were
excluded from the study. To be included in the final analyses,
participants who met the inclusion criteria also needed to
complete 290% of all training sessions (=21 of 24 sessions)
and attend all assessment sessions. Of the 35 females initially
considered for inclusion in the study, one was excluded due
to a history of heart disease, one due to a pre-existing
diagnosis of osteoarthritis, and eight females did not attend
all baseline measurement sessions. Therefore, 25 females
were finally included and randomly divided into the CG and
ExG. All females from the CG and ExG attend all measurement

sessions after the intervention, and all females from the
ExG attend =90% of all training sessions. Therefore, 25 older
females were included in the final analyses. The sample
size was deemed adequate for statistical power based on
recommendations in previous research (Bieryla, 2016; Padala
etal.,, 2017) examining the effects of exergames in older adults
(alpha=0.05; beta=0.80).

Apart from routine daily tasks of the two groups included
in the study, the ExG underwent an active exergames training
program (i.e., three sessions per week over 8 weeks). All
participants were carefully informed about the experimental
procedures and possible risks and benefits associated with
participation in the study, and each signed an informed
consent document before any of the tests were performed.
The study protocol was reviewed and approved by the
Scientific Ethics Committee of the Universidad Auténoma de
Chile (No. 06-2016) and the principles of the Declaration of
Helsinki were followed for its development.

Testing procedures

Testing procedures were applied to all groups at baseline
and after 8 weeks of training. The participants followed a
familiarization session of 90 min before testing to reduce the
effects of any differences in learning. The standardized tests
were completed in one session. All tests were administered
at the same location, in the same order, at the same time of
day (i.e., 10:00-13:00 h), and by the same investigator, whom
was blinded to the training group of the participants. Females
were asked to wear the same athletic clothing during each
testing session and were motivated to give their maximum
effort during performance testing.

Anthropometric measures. Standing height (m) and
body mass (kg) were assessed according to international
standards for anthropometric assessment. To evaluate height
and body mass, a stadiometer/mechanical scale (SECA, model
220, Hamburg, Germany) with accuracy of 0.1 cm and 0.1
kg, respectively, was used. These parameters were assessed
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before any physical performance test. Participants were
tested while wearing light clothing (shoes were removed).
Body mass index was calculated (kg*m-2).

4 m walking speed test. Participants were instructed to
perform two maximume-effort walking for 4 m. Participants
were instructed to walk as fast as possible, without running.
The time was measured to the nearest 0.01 s using single-
beam infrared photoelectric cells (Brower Timing System, Salt
Lake City, UT, USA). Participants had a standing start with the
toe of the preferred foot forward and just behind the starting
line. The test started when participants voluntarily initiate the
test, which triggered timing. The timing gates were positioned
at the beginning (0.3 m in front of the starting line) and at 4
m and set ~0.7 m above the floor (i.e., ~hip level). This system
ensures to capture trunk movement rather than a false trigger
from a limb. Participants performed the trials separated by 3
min of rest, on an indoor wooden track. The best result was
chosen for analysis.

Static balance. This protocol followed previous published
instructions for tandem stance (Guralnik et al., 1994). An
evaluator assistant was positioned on the right side of the
participant, another on the left, one behind and another
ahead of the participant until felt stable in the tandem
position, with one foot directly in front of and touching
the other foot. Participants self-selected the forward foot.
Support provided was the minimum needed to prevent loss
of balance and was not recorded on the data collection
form or otherwise factored into the score. Timing began
as support was released and continued for 10 seconds or
until participants moved out of tandem or contacted external
support. A stopwatch recorded the time. Two attempts were
allowed and the best performance was recorded for analysis,
with 2 min of rest between attempts. Instructions were given
to position the arms, bend at the knees, or move the body as
needed to maintain balance. The test was completed on an
indoor wooden surface.

Timed up-and-go test. The test consisted of standing up
from a chair (50 cm off the floor) with armrest, walking 3
m, and turning and returning to the initial seated position.
The test was administered according to previously described
instructions (Podsiadlo & Richardson, 1991). Participants
performed three trials, with 3 min of rest between them, on an
indoor wooden track. The time was measured to the nearest
0.01 s using single-beam infrared photoelectric cells (Brower
Timing System, Salt Lake City, UT, USA), as indicated above.
The best result was chosen for analysis.

5-repetition sit-to-stand test. The test consisted of
standing up from a chair (50 cm off the floor) and returning to
the initial seated position, completing five repetitions as fast
as possible, administered according to previously described
instructions (Guralnik et al.,, 1994). Time was controlled by
using a stopwatch. Participants performed two trials with at
least 4 min of rest between them. The best result was chosen
for analysis.
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Training Protocol

Training was undertaken three times per week (usually
between 11:00 and 11:40), on non-consecutive days, based
on previous interventions (Sadeghi et al., 2016). Exergames
training sessions were conducted using an X-box® Kinect
sensor containing an infrared camera that can distinguish
body parts in the environment through mathematical
algorithms. As the camera recognizes the joints and body
parts, the avatar on the screen reflects the individual
movements in real time. Participants completed the training
sessions at 1.8-2.4 m in front of a big screen television,
with the Kinect sensor placed ~1.5 m over the floor surface.
The games selected for training sessions had three levels of
intensity (difficulty): easy, moderate, and hard. In this sense, to
accomplish the training principle of overload, the participants
started training sessions using the easy level, increasing the
difficulty according to individual progression. The intensity of
the training sessions was controlled using the 10-point rating
of perceived exertion (RPE) scale. However, if the training
intensity was over an RPE of 4-5, the difficulty of the game was
reduced. A familiarization session was held where the older
females were shown how to carry out the sports games (i.e.
bowling, athletics and table tennis) that would be included
in their exergames training. After this, he was asked if there
was any doubt to explain again. Continuing with older adults
playing these games in a recreational way so they can adapt
to this technology.

Training sessions begun with a warm-up of 5 min, including
a lateral step to the right and then to the left, four times
in each direction, walking forward and energetically, raising
the left and right knee upwards, and mild stretching. The
main part of the training sessions included athletic, bowling
and table tennis exergames, each with a duration of 8 min,
with 2 min of recovery between games. All training sessions
finished with a cool-down of 5 min, including breathing deeply
while carrying both arms above the head and letting out
the air while bringing the arms back down, walking slowly,
and performing some mild stretching exercises (Sadeghi
et al., 2016). Training sessions were performed under the
direct supervision of strength and conditioning coaches to
ensure safety and the maintenance of the exercise protocol.
A supervisor-to-participant ratio method of 1:1 was used.
The strength and conditioning coaches were oriented to: (i)
control training attendance and administration (i.e., check
participants’ training logs after each training session and
help them to complete the logs); (ii) provide technical
instruction, feedback, and motivation to assure adequate
training intensity; (iii) provide social and mental support; and
(iv) exhibit a supportive attitude and avoid over-expectation.
None of the coaches was aware of the purpose of the study.
On the other hand, intensity was increased in table tennis and
athletics games by growing the speed of movements, while
for bowling, the game's complexity was increased. Figure 2
presents the summary of the intervention.
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Titmed up-and-go test
5 repetition sit-to-stand
test

Weeks 1 to2: Intensity 4-5 rating of perceived exertion scale.

Weeks 3 to5: Intensity 5-6 rating of perceived ex ertion scale.
Weeks 6 to8: Intensity 6-2 rating of perceived exertion scale.

Cool down: 5 minutes of deep breathing accompanied by
gentle static stretching
Intensity: 2-3 rating of perceived exertion scale.

Pre-test Intervention (8 weeks) Post-test
Warm-up: 5 min of movem ents walkingin different
ditections (right side, left back and forth) / Four repetitions
of each exercise. Followed by gentle stretching
Intensity: 2-4 rating of perceived exertion scale.

Assessmets . Assessmets
Anthropom etric Exergames training Anthropom etric
I . 3 wegks (24 sessions qf 30 min eachj' 0 ed ures
4 m walking speed test Bowling athletics and table tennis gamesx & min eachx 2 4 m walking speed test
Static balance minrest between games. Static balance

Tithed up-and-go test
5 repetition sit-to-stand
test

Figure 2.Intervention program
Statistical analysis

Data are presented as group mean values + standard
deviations. Normality and homoscedasticity assumptions
for all data before and after intervention were checked
with Shapiro-Wilk and Levene tests, respectively. Differences
between groups at baseline were investigated using one-way
ANOVA test. To establish the effects of the intervention on
the outcomes, ANOVA with repeated measures (two groups
[Control and Experimental] x two time points [pre- and post-
test]) were performed. Post-hoc tests with a Bonferroni-
adjusted a were conducted to identify comparisons that
were statistically significant. Effect sizes for main effects of
group, time, as well as group x time interactions were taken
from the ANOVA output (partial eta squared). Within-group
Cohen’s d effect sizes were computed, using the following
equation: effect sizes = (mean_post - mean_pre)/pooled
standard deviation. Statistical analyses were conducted using
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STATISTICA statistical package (Version 8.0; StatSoft, Inc,
Tulsa). Significance level was set at a = 5%. Tests' reliability was
determined using the intra-class correlation coefficient, with
threshold set at 20.80 in order to include data for analysis.

RESULTS

No injuries occurred in any of the females during the
completion of this study. Moreover, although participants
described mild levels of muscle soreness after the initial
testing and training sessions, none of them suspended
training or their normal daily live activities due to muscle
soreness.

There were no significant (all p>0.05, d=0.01-0.11) baseline
differences between-groups for all dependentvariables (Table

1).
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Table 1. Baseline pre and changes post in dependent variables after 8 weeks of intervention

Variables Experime | Control ANOVA outcomes
ntal group Group Time Group x Time
group (n=12) F(1, 23), p-value F(1, 23), p-value (d) F(1, 23), p-value (d)
(n=13) (d)
4-m walking
speed test (s) F=2.1, p=0.2 F=2.8, p=0.11 (0.11) F=19.7, p<0.001 (0.46)
Pre 2.520.6 2.610.5 (0.09)
Post 2.4+0.5% | 2.8+0.5
Static balance
(s) F=0.1, p=0.7 F=45.1, p<0.001 (0.66) | F=60.1, p<0.001 (0.72)
Pre 3.0£2.6 4.7+2.3 (0.01)
Post 6.7+2.0% 4.4+2.3
Timed up-and-
go test (s) F=0.1, p=0.7 F=8.4, p<0.01 (0.27) F=26.9, p<0.01 (0.54)
Pre 7.9+0.7 7.3+0.9 (0.01)
Post 7.2£0.7% | 7.5£0.9
5-repetition
sit-to-stand F=0.1, p=1.0 F=40.0, p<0.001 (0.64) | F=88.9, p<0.001 (0.80)
test (s) (0.00)
Pre 15.0£2.5 13.54£2.3
Post 12.541.8* | 14.0+2.2

Group x time interactions were observed for the 4 m
walking speed test, static balance, timed up-and-go test, and
5-repetition sit-to-stand test (all p<0.01; d=0.46-0.80). For the
ExG, the improvements in the 4 m walking speed test was
A4.1% (d=0.22), static balance A199% (d=1.42), timed up-and-
g0 test A8.5% (d=0.85), and 5-repetition sit-to-stand test A16%
(d=1.07). Aside from trivial (ES <0.2) changes in the CG for
the static balance, timed up-and-go test, and 5-repetition sit-
to-stand test, a detrimental change was detected in the 4 m
walking speed test after 8 weeks (A10.9%, d=0.5).

DISCUSSION

The objective of this study was to replicate results previously
observed in active exergames interventions in older adults
from non-Latin-American countries, through an 8 week active
exergames training program applied to female Latin American
older adults, including Amerindians (the Mapuche), to analyze
its effects on walking speed, static balance, timed up-and-go
test, and sit-to-stand performance. The main results suggest
that an 8-week active exergames training program induced
meaningful improvements in the 4 m walking speed test,
static balance, timed up-and-go test, and 5-repetition sit-to-
stand test, as compared to a control group.

Walking is an essential part of daily living, and even a
performance increase of 0.1 m.s-1 in walking speed has
been associated with increased survival, especially in older
females (Studenski et al., 2011). Additionally, improvements
in this physical capability may reduce the difficulty with
which older females perform their daily living activities,
giving them the possibility of better walking habits and,
hence, improved health (Mosallanezhad et al., 2013). In
this sense, current results show that the ExG, after an
exergames training program intervention, improved in the 4
m walking speed test (d=0.22), similar to previous exergames
training interventions in older females. According to Garcia
et al. (2016) improvements in walking speed (29%) were
observed after an intervention with twelve weeks and three

sessions per week in older females and males. Szanton et
al. (2016), after a 4-week intervention, with three sessions
per week, induced a 19.4% improvement in walking speed in
older adults. Improvements may be associated with greater
neuromuscular activation and muscle power (Clark et al.,
2011; Suzuki et al., 2001).

Alterations in the proprioceptive, sensory and vestibular
systems occur frequently during aging (Clark et al., 2015),
leading to a loss of control of the knee joint and balance (Relph
& Herrington, 2016). Such changes may be counteracted
by appropriate interventions. In this sense, current results
show that the ExG, after an exergames training program,
improved in the static balance test (d=1.42). Similar to the
current results, Karahan et al. (2015) after 6 weeks and 5
sessions per week, observed improvements (10.2%) in the
Berg balance scale in older adults. Changes in balance after
exergames training might be related to an improvement in
the proprioception of the knee joint (Sadeghi et al., 2016).
After 8 weeks of exergames training, with 3 sessions per
week (as in the current study), an improvement in knee
proprioception was observed in the dominant and non-
dominant leg in older participants (Sadeghi et al., 2016).
Exergames training programs combines sensory stimulation
with cognitive stimulation (Saposnik et al., 2009) including
multisensory feedback (Pichierri et al., 2011) which may be
related to the aforementioned proprioception and balance
improvement. Therefore, to counteract the falls during aging
due to poor proprioception and postural stability (Sohn &
Kim, 2015) the sensorial motor-control stimulation induced
by exergames training, especially in the lower-limbs, may be
important for balance.

Limitations in the mobility of the lower limbs, such as
walking or getting up from a chair are also indicators of a
marked decline in functional health (Verbrugge & Jette, 1994).
In this sense, a key finding in this study was the improvement
in the timed up-and-go test (A8.5%, d=0.85) in the EXG,
corroborating previous results. For example, after 12 weeks of
exergames training, with 3 sessions per week, improvements
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(13%) were observed in the timed up-and-go test in older
adults (Garcia et al., 2016). In addition, Grigorova et al. (2015)
observed improvements (6.8%) in the timed up-and-go test
after 4 weeks. Interventions with exergames may lead to
an increase in the strength of the lower limbs and balance,
potentially related to improvements in the timed up-and-go
test (Grigorova et al., 2015; Lee, 2013). Such adaptations may
lead to decreased fear and risk of falling.

Improvements in the 5-repetition sit-to-stand test (A16%,
d=1.07) was also observed in this study. Similarly, Sato et al.
(2015) after 24 active exergames training sessions, observed
improvements (37.1%) in standing and sitting from a chair in
older adults. As some of the games included in the current
intervention required that participants perform movements
similar to the sit-to-stand test, this may have contributed to
the observed changes in physical functional performance.
For example, during bowling, table-tennis and the long jump
in athletics exergames the participants frequently adopted
a ~90° knee angle, similar to the knee angle that may be
considered key for the performance of the sit-to-stand test.
In this line, a previous study in older adults also observed
improvements in the sit-to-stand test after an exergames
intervention that included games with a similar pattern of
movement (Sato et al., 2015). Improvements in the sit-to-
stand test may be considered key for the physical autonomy
of older adults to carry out their activities of daily living.

A possible limitation of the present study was the absence
of more physiological measurements, which may have helped
in better understanding the underlying mechanisms of active
exergames training. Moreover, further studies should aim to
replicate current results with greater samples sizes of older
females, and older males, including long-term assessments.
Despite of these limitations, this study provides support for
using active exergames training as an accessible alternative to
promote active aging.

CONCLUSION

An 8-week active exergames training program induced
meaningful improvements in the physical functional
performance of older females, including improvements in the
4 m walking speed test, static balance, timed up-and-go test,
and the 5-repetition sit-to-stand test, as compared to a control
group of females that continued with their habitual non-active
lifestyle.

PRACTICAL APPLICATIONS

Active exergames training approaches may be an effective
and safe strategy to achieve significant and clinically relevant
improvements in physical functional performance relevant
to activities of daily living and the quality of life of older
females. These results should be considered when designing
appropriate and better training programs for older adults,
since active exergames training it is an affordable and low-
cost alternative for community centers and preventive health
units working with this population.
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