NEUROCIENCIAS

Exergaming: Impact on Aerobic Capacity
and Handgrip Strength in
Autism Spectrum Disorder

Exergaming: impacto na capacidade aerdbica e forca
manual no Transtorno do Espectro Autista

Exergaming: Impacto en la Capacidad Aerdbica y la Fuerza
de Prension Manual en el Trastorno del Espectro Autista

Micaela Scodeler dos Santos!, Ana Karoline de Oliveira Pereira?,
Simone Ribeiro da Costa Soares3, Bruna Leonel Carlos?,
Ricardo da Silva Alves®

1.Physical therapist, graduate, Sapucai Valley University. Pouso Alegre-MG, Brazil. Orcid:
https://orcid.org/0000-0002-4910-7357

2.Physical therapist, graduate, Sapucai Valley University. Pouso Alegre-MG, Brazil. Orcid:
https://orcid.org/0009-0008-8866-4173

3.Physical therapist, graduate, Sapucai Valley University. Pouso Alegre-MG, Brazil. Orcid:
https://orcid.org/0000-0001-5325-6921

4.Physical therapist, PhD, Sapucai Valley University. Pouso Alegre-MG, Brazil. Orcid:
https://orcid.org/0000-0002-0569-852X

5.Physcal therapist, PhD, Professional Mastering Program in Health Applied Sciences, Professor of the
Physiotherapy Program, Sapucai Valley University. Pouso Alegre-MG, Brazil. Orcid: https://orcid.org/0000-
0001-6931-3943

Resumo

Objetivo. Analisar os efeitos do exergaming na capacidade aerdbica, percepcao de esforgo,
forga de preensdo manual e equilibrio em individuos com Transtorno do Espectro Autista (TEA).
Método. Foi realizado um ensaio clinico cruzado com 10 voluntarios de ambos os sexos,
diagnosticados com TEA (10,50+0,84 anos; Indice de Massa Corporal (IMC)
=21,51+1,38kg/m?2). Os voluntarios foram randomizados em dois momentos de intervengdo:
Exergaming (EXE) e Sem Intervencgdo (WI), com um periodo de washout de um més entre os
cruzamentos dos momentos avaliados. O momento EXE consistiu em exergaming utilizando o
Nintendo Wii®, com os jogos Basic Run Plus e Mario Kart Wii, duas vezes por semana,
totalizando 10 sess&es. Todos foram avaliados quanto a capacidade aerdbica por meio do teste
de caminhada de 6 minutos (TC6), percepcao de esforco pela Escala Modificada de Borg,
equilibrio postural na presencga e auséncia da visdo utilizando a plataforma Wii Balance Board®
(WBB) e forca de preensdo manual de ambas as mdos com um dinamdmetro digital.
Resultados. No momento EXE, foram observados aumentos na distancia percorrida no TC6
(p<0,001) e na forca de preensdao manual (Direita: p<0,001; Esquerda: p<0,001) em
comparagao ao momento WI. No momento EXE, houve redugdo na percepcao de esforgo
(p=0,011), sem alteragdes significantes nas varidveis de equilibrio postural. Conclusao. Neste
estudo, o momento EXE promoveu melhora na capacidade aerdbica, na forga de preensdo
manual e na redugdo da percepgdo de esforgo, sem alterar o equilibrio postural de voluntarios
com TEA.

Unitermos. Exergaming; Transtorno do Espectro Autista; Capacidade aerdbica; Forca de
Preensdo Manual

Abstract

Objective. To analyze the effects of exergaming on aerobic capacity, perceived exertion, and
hand grip strength and balance in individuals with autism spectrum disorder (ASD). Method.
We conducted a crossover clinical trial. A total of 10 volunteers of both sexes, diagnosed with
ASD (10.50+0.84 years; Body Mass Index (BMI)=21.51+1.38kg/m?). The volunteers were
randomized into two intervention moments: Exergaming (EXE) and Without Intervention (WI)
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and after one-month washout period of crossing of the evaluated moments. The EXE moment
consisted of exergaming using the Nintendo Wii®, with the Basic Run Plus and Mario Kart Wii
games, twice a week for 10 sessions. All volunteers were assessed for aerobic capacity through
the 6-minute walk test (6MWT), perceived exertion using the Modified Borg Scale, postural
balance in the presence and absence of vision using the Wii Balance Board® (WBB) platform,
and the grip strength of both hands through the digital dynamometer. Results: At the EXE
moment, were observed increases were observed in the distance in the 6MWT (p<0.001) and
in the handgrip strength (Right: p<0.001; Left: p<0.001) compared to the WI moment. At the
EXE moment, there was a reduction in perceived exertion (p=0.011), with no significant
changes in postural balance variables. Conclusion: In this study, the EXE moment improved
aerobic capacity, handgrip strength and reduced perceived exertion, without altering the
postural balance of volunteers with ASD.

Keywords. Exergaming; Autism Spectrum Disorder; Aerobic Capacity; Handgrip Strength

Resumen

Objetivo. Analizar los efectos del exergaming sobre la capacidad aerdbica, la percepcion del
esfuerzo, la fuerza de prensién manual y el equilibrio en individuos con Trastorno del Espectro
Autista (TEA). Método. Se llevé a cabo un ensayo clinico cruzado. Participaron un total de 10
voluntarios de ambos sexos, diagnosticados con TEA (10,50+0,84 afios; Indice de Masa
Corporal (IMC) =21,51+1,38kg/m2). Todos los voluntarios fueron asignados aleatoriamente a
dos momentos de intervencion: Exergaming (EXE) y Sin Intervencion (WI), con un periodo de
lavado (washout) de um mes antes del cruce entre los momentos evaluados. El momento EXE
consistié en exergaming utilizando el Nintendo Wii®, con los juegos Basic Run Plus y Mario
Kart Wii, dos veces por semana durante 10 sesiones. Todos los voluntarios fueron evaluados
en cuanto a la capacidad aerdbica mediante la prueba de caminata de 6 minutos (6MWT), la
percepcion del esfuerzo mediante la Escala Modificada de Borg, el equilibrio postural en
presencia y ausencia de vision utilizando la plataforma Wii Balance Board® (WBB), y la fuerza
de prensién de ambas manos mediante un dinamdémetro digital. Resultados: En el momento
EXE, se observaron aumentos en la distancia recorrida en la 6MWT (p<0,001) y en la fuerza
de prensién de la mano (Derecha: p<0,001; Izquierda: p<0,001) en comparacion con el
momento WI. En el momento EXE, hubo una reducciéon en la percepcién del esfuerzo
(p=0.011), sin cambios significativos en las variables de equilibrio postural. Conclusion: En
este estudio, el momento EXE mejoré la capacidad aerdbica, la fuerza de prensidn de la mano
y redujo el esfuerzo percibido, sin alterar el equilibrio postural de los voluntarios con TEA.
Palabras clave. Exergaming; Trastorno del Espectro Autista; Capacidad Aerobica; Fuerza de
Prensién Palmar

Research developed at Sapucai Valley University. Pouso Alegre-MG, Brazil.
Conflict of interest: no Received in: 05/12/2025 Accepted in: 08/08/2025
Corresponding address: Ricardo S Alves. Professional Mastering Program in Applied Health Sciences,

University of Vale do Sapucai. Av. Prof. Tuany Toledo Avenue 470. Pouso Alegre-MG, Brazil. CEP 37554-
210. E-mail: ricardosilva.22@univas.edr.br

INTRODUCTION

Physical activity in children with autism spectrum
disorder (ASD) has shown promise for improving quality of
lifel-3. Positive impacts on cardiorespiratory function and
weight gain control have also been reported, given that these
individuals have a relatively inactive lifestyle?.

Some authors report that this population has difficulties

in adhering to the practice of physical activities, causing
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limitations in carrying out conventional treatments, through
physical exercises. Therefore, it becomes necessary to
search for new exercise strategies that provide greater
acceptance>®.

Taking this barrier into account, some efficient methods
for treating autism are described in the literature using
playful activities concomitant with therapeutic intervention,
making use of visual materials and games for better
understanding. In this sense, the use of exergaming can be
a viable rehabilitation alternative for these individuals’.

Exergaming is a therapeutic modality defined as the
combination of physical exercise and video games. This
equipment requires the performance of body movements
and gestures, converting these real movements into the
virtual realm. Exergaming can make the user become active,
as it combines physical and mental exercises simultaneously,
linking the movements of physical activity to the control of
the video game, executing them in a playful and interactive
way, which can provide better adherence to exercise®. Some
studies used exergaming only as an intervention protocol for
participants with ASD, achieving improvements in terms of
behavioral control®, executive functions®, cognitive
functions!*2, and motor coordination!3, in addition to
increasing physical fitness levels and decreasing body mass
index (BMI)%. Thus, exergaming provides visual and auditory
feedback that constantly stimulates the player during the
activity, improving learning and performance!4.

In the literature, there are few clinical trials
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investigating the use of exergaming as an intervention to
improve physical fitness. Moreover, the potential benefits of
exergaming on physical components in individuals with ASD
remain insufficiently explored, both in terms of the
intervention itself and the methodological designs employed.
These studies are typically described as quasi-experimental
and controlled trials using parallel-group designs, in which
participants are exposed to a single and distinct
intervention*813.15 Suych study designs may reduce the
efficiency of the trials and increase interindividual
variability 4.

Given these limitations, the need for crossover study
designs becomes evident. In crossover trials, the same
participants receive two or more interventions in a
randomized order, separated by a washout period to
minimize potential residual effects!3!4, One example of this
study design was used in cancer patients who performed
exergaming at different time points. This crossover trial
showed reductions in self-reported fatigue, improvements in
quality of life, and increases in dorsiflexor and plantar flexor
muscle strength and endurance. These outcomes reinforce
the potential of the crossover design to more accurately
assess the effects of exergaming, including in populations
such as individuals with ASD.

To date, no crossover studies have been identified that
evaluate the effects of exergaming on physical fithess
components in individuals with ASD. Therefore, the objective

of this study was to analyze the crossover effect of
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exergaming on cardiorespiratory fitness, perceived exertion,
handgrip strength and postural balance in individuals with
ASD.

METHOD
Study design

The randomized crossover trial was conducted between
October 2021 to August 2022. The study was approved by
the Research Ethics Committee of the University of Sapucai
Valley’s (Protocol n. 4.991.227) and registered in the
Registration Platform of Clinical Trials (RBR-7yryyk7;
http://www.ensaiosclinicos.gov.br/rg/?q= RBR-7yryyk7). All
volunteers were informed of the procedures involved in the
study; upon their agreement to participate, they signed an

informed consent form.

Sample

Sample size and power were previously calculated
through a pilot study. The calculation (G*Power 3.1.7; Franz
Paul, Universitat Kiel, Germany) of sampling power and
effect size was obtained through fatigue subscale scores,
using the following parameters: Test family: t-tests> Test
statistical: means: difference between two independent
means (two groups) > type of power analysis: a priori:
calculate the required sample size - given a, power and
effect size. The calculated sample presented the following
results: (EXE=241.44+£46.48m; WI=50.47+48.78;
d=4.005; power=0.982), requiring a minimum of 6
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volunteers.

Procedure

A total of 10 volunteers diagnosed with mild to
moderate autism spectrum disorder were eligible for the
study, including males and females between the ages of 8
and 14 years who attended the Associacao de Pais e Amigos
dos Excepcionais (APAE), Borda da Mata city, Minas Gerais,
Brazil, and with medical release to perform physical
exercises.

This study excluded volunteers with severe ASD,
subjects who had difficulties in carrying out the
implementation of assessment and intervention instruments,
those who disabling diseases that restrict movements with
the upper and lower limbs, individuals with contraindications
to the practice of physical exercises and those who could not
participate in the study for personal reasons.

Before starting the study protocol, volunteers were
randomized into two intervention moments: Exergaming
(EXE) and Without Intervention (WI). At the EXE moment,
the volunteers first received the intervention protocol for 10
sessions. At the WI moment, the volunteers performed only
the evaluations. After completing the first phase, all
volunteers performed one month of washout, preceded by

the crossing as shown in Figure 1.

Figure 1. Study design.
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Measures

All assessment and intervention procedures using
exergaming were conducted at APAE in the city of Borda da
Mata - Minas Gerais. All volunteers were assessed at the

beginning and after 10 sessions. Assessments were
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performed according to the procedures described below.

Handgrip strength assessment

For all ASD volunteers, handgrip strength was
measured using the handgrip dynamometer Instrutherm®
digital, DM 90 model (Instrutherm Measuring Instruments
Ltda., Sao Paulo, Brazil). The use of the digital handgrip
dynamometer shows high correlation rates (r>0.72), for
young and old people®. The volunteers were positioned as
recommended by the American Society of Hand Therapists
for measuring handgrip strength!’. The volunteer was
positioned seated with his back supported on the backrest,
with ankles, knees and hips at 90°. The arm was positioned
close to the trunk, with the elbow flexed at 90°, the forearm
in a neutral position and the wrist positioned between 0° and
30° of extension. All volunteers received the same verbal and
demonstrative instructions on how to use the equipment.

After the rest period, all volunteers were given the same
verbal command "tighten the handle, squeeze, squeeze", to
record handgrip strength values through a maximum
voluntary isometric contraction (MVIC) using the handgrip
dynamometer. Three measurements were taken on both
hands. A one-minute rest interval was given between
repetitions. The best handgrip measurement was considered
for analysis. The values obtained were expressed in
kilograms-force (kgf). The test was performed for both

hands, before and after the EXE and WI moments.
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Assessment of aerobic capacity and perceived effort

To assess aerobic capacity, the six-minute walk test
(6MWT) was used. The 6MWT was performed following the
standards established by the American Thoracic Society
(2002)!8, To do that, a stopwatch, measuring tape, oximeter,
sphygmomanometer, and stethoscope were used. Vital signs
such as heart and respiratory rate, systemic blood pressure,
oxygen saturation, and perceived exertion by Modified Borg
Scale were assessed before and after the test.

Before starting the test, the volunteer was instructed to
rest for 10 minutes in a chair near the beginning of the
walking route, while receiving test instructions. The
examiner provided a demonstration, and each participant did
a practice round before completing an attempt at the actual
test. Volunteers were asked to walk as fast as they could
until they were asked to stop. They were instructed not to
worry if they needed to slow down or rest, but if they
stopped, they should start walking again when they felt
ready.

The test site was previously demarcated, considering a
30-meter path delimited by cones, and adhesive tapes on
the floor corresponding to 5m. The volunteers were
instructed to go around the cone and a counter was used to
record the number of laps completed in the test. Volunteers
were given the same instruction to begin the test with the
verbal command “Start now or whenever you are ready.”
Every minute the same encouragement was given “You are

doing a good job, and you have 5 minutes left”.
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After completing a six-minute walk, they were
instructed to stop at the location and the examiner placed an
adhesive tape on the floor, behind the volunteer's heel,
indicating the place to stop and measured the distance from
the last lap to the tape. Finally, the distance (in m) was
recorded on the recording sheet and later transferred to the
computer.

Perceived effort before and after performing the 6MWT
was measured using the Modified Borg Scale. Each volunteer
was instructed to indicate their perceived level of effort in
the table at the end of each session. The intensity of
perceived exertion was reported on a scale of 0 to 10 points
(0, as no shortness of breath; 10, as maximum shortness of
breath)!®. This scale determines that the lowest score

indicates the best effort condition.

Assessment of postural balance by Wii Balance Board

To assess postural balance, the WBB platform
(Nintendo, Tokyo, Japan) was used. The platform presents a
reliability index in test-retest analyses (ICC: 0,62-0,94)%°.

The volunteers were instructed to remain in
orthostatism and a neutral resting position, in bipedal
support on the WBB platform, with an intermalleolar distance
of 10 cm using a template positioned between the feet. From
this position, the volunteer was instructed to keep their gaze
directed at a fixed target, corresponding to the height of each
volunteer's eyes. The target distance was standardized to

minimize interference with the visual condition on postural
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stability??. The volunteers were previously familiarized with
the tests, in the presence and absence of vision. To assess
balance with eyes closed, volunteers were positioned on the
WBB platform, and a blindfold was placed over their eyes
during collection.

The results obtained from postural balance in the two
visual conditions using the WBB platform were expressed as
a percentage of the distribution of the center of body mass
in relation to the right and left sides. The balance assessment
consisted of three collections, lasting 30 seconds, with a

minute of rest between each collection??.

Exergaming protocol

The exergaming protocol was performed in the
Associacdo de Pais e Amigos dos Excepcionais, Borda da
Mata, Minas Gerais, Brazil, which equipped with portable
projectors and Nintendo Wii® consoles (Nintendo, Tokyo,
Japan). The study used the game Wii Fit Plus and Mario Kart
Wii (Nintendo, Japan). All ASD volunteers participated in
exergaming sessions twice a week, for 10 sessions, with a
weekly volume of approximately 90 minutes. The duration of
training per week considered the individuality and tolerance
of each individual to perform the intervention with
exergaming. In addition, this study also sought to meet the
individual needs of each volunteer. During the intervention
period, perceived exertion was measured using the Modified
Borg Scale and if an extreme exertion was reported, the

intervention was suspended?®®.
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The chosen games within “"Wii Fit Plus” were “Basic Run
Plus”, and Mario Kart Wii. The goal of the Basic Run Plus is
to run a route and reach the finish line. The game simulates
running, a condition determined by game, performing lowers
limbs movements. aimed to promote an increase in physical
conditioning, consequently increasing aerobic capacity and
improving postural balance.

After completing the first task of the intervention
protocol, the Mario Kart Wii game was included. A Wii Kart
accessory steering wheel was made available to the
volunteer, which they had to hold firmly with their hands to
perform upper limb movements to control the kart on a
racetrack predetermined by the game, and must cross the
finish line in the shortest possible time. The objective of
choosing the game was aimed at improving upper limb

mobility and handgrip strength to hold the steering wheel.

Statistical analysis

For statistical analysis of the data, the Statistical
Package for the Social Sciences (SPSS; IBM Corp., Chicago,
USA), version 20.0, was used. To test the normality of the
data, the Shapiro-Wilk test was used, considering p> 0.05
as normal distribution.

To compare the differences of each EXE (pre and post)
and WI (pre and post) moment, the data were submitted to
the paired t-test if the sample presented normal distribution,
otherwise, the data were submitted to the Wilcoxon test. In

addition, to analyze the differences in means obtained
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between the EXE and WI moments, the data were submitted
to the independent t-test in case of normal distribution,
otherwise, the data was submitted to the Mann-Whitney
test?>.

The effect size (Cohen's d) between the EXE and WI
moments was obtained using the G*Power 3.1.7 software,
complying with the following parameters: Values equal to
and greater than 0.8 represent a large effect size; values
between 0.8 and 0.2 represent medium effect size values;
and values below 0.2 represent a small effect size?!. In all

analyses, a significance level of 5% was considered.

RESULTS

The sociodemographic and clinical characteristics of the
sample of the present study are presented in Table 1.

The values obtained for handgrip, postural balance with
eyes open and closed using the WBB platform, 6MWT
distance covered, and perceived exertion using the modified
Borg scale are presented in Table 2. At the EXE moment,
there was an increase in handgrip values
(Left=6.04+2.38kgf;  p<0.001;  Right=5.18+2.73kgf;
p<0.001), in the distance covered in the O6MWT
(241.44+£46.48m; p<0.001), and a reduction in the scores
on the modified Borg scale (-2.70+2.66; p=0.011). At the
WI moment, the left handgrip strength showed an increase
(0.62+0.85kgf; p=0.048) and 6MWT showed an decrease in
the distance covered (-50.47+48.78m; p=0.010). At the

EXE moment, increases in handgrip strength of both hands,
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respiratory capacity and reduced perception of effort in the
ASD volunteers were observed when compared to the WI
moment. At the EXE and WI moments, no changes in
postural balance were observed in either visual condition, as
assessed by the WBB platform. In addition, the EXE moment
showed a large effect size for the analyzed variables (Table
2).

Table 1. Clinical and sociodemographic characteristics of the volunteers at baseline.

Results
Age (years) 10.50+0.84
Body mass (kg) 46.53+4.40
Height (m) 1.46+0.04
BMI (kg/m?) 21.51+1.38
Sex - n(%)
Male 7 (70)
Female 3 (30)
Level of ASD - n(%)
Level 1 7 (70)
Level 2 3 (30)
Exergaming protocol (x/week) 2.00
Training volume (time per week) 90.36+21.23

BMI: Body Mass Index; ASD: Austism Spectrum Disorder; kg: Kilogram (kg); m: meters; kg/m?: Kilograms per square
meter; n: Sample number; %: Percentage; x/ week: times a week

DISCUSSION

The ASD has shown a significant increase in incidence??.
Studies show that these individuals present deficits in social
interaction, communication, motor skills, fitness, cognitive
and executive funtions, motor coordination, restricted and

repetitive interests, and emotional reciprocity deficits>%23,
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Table 2. Comparative analysis of mean values, standard error, mean difference,
standard deviation and 95% confidence interval (95% CI) of palmar grip of both
hands, percentage of center of gravity with eyes open and closed using the Wii
Balance Board (Nintendo Wii), distance covered in the 6-minute walk test (6MWT)
and perceived exertion using the modified BORG scale, assessed in volunteers with
ASD, in moments of exergaming (EXE) and without intervention (WI).

EXE (n= 10) WI (n= 10) L
. 'S
Variables Pre Post Mean Pre Post Mean p-value* p-value =
(0 session) (10th session) difference+SD P-value* (0 session) (10th session) difference£SD
Left
handgrip 10.99 17.03 6.04+2.38 11.55 1217 0.62+0.85
strength (1.33) (1.79)  (-0.85-14.27) <0001 773 (1.67)  (4.96-17.33) 0048 <0.001  3.032
(kgf)
Right
handgrip 12.23 17.41 5.1842.73 12.05 12.04 -0.01£0.52
Strenght  (1.64) (211)  (-1.23-11.97) <0001 173 (1.79)  (-11.25- 14.82) 0953  <0.001  2.641
(kgf)
COGWii EO  52.91 52.46 -0.44+4.62 53.76 56.12 2.35+15.33
Left (%)  (2.44) (1.51)  (-1.09-21.70) ©0-765 (4.18) (3.59)  (-12.37-9.54) 0639 0.586  0.241
COG Wii-
47.15 49.23 2.08+4.81 47.75 43.54 -4.20+13.22
Rigfto(%) (2.43) (1.57)  (4.04-22.95) 0-204 (4.07) (3.59)  (3.63-27.86) 034t 0174 0.631
COG Wii-EC ~ 53.68 53.67 -0.00+5.95 53.16 55.80 2.63£16.08
Left (%) (2.81) (1.18)  (2.73-17.88) 0:996 (4.37) (5.14)  (-6.43-7.00) 0616 0631 0.178
COG Wi EC  45.91 46.42 0.5046.43 46.64 43.28 -3.35+16.37
Right (%)  (2.94) (1.16)  (-17.99 - 4.57) 0-808 (4.32) (3.04)  (-14.17-7.09) 0533 0.491  0.309
476.89 718.34 241.44+46.48 520.81 470.34 -50.47+48.78
6-MWT(M)  (26.30) (29.39)  (-0.85-14.27) <0001 (3687)  (30.58) (-0.85-14.27) 0:010  <0.001 4.008
4.10 -2.7042.66 6.90 5.70 -1.2043.19
BORG  6.80(0-66)  (550)  (-0.85-14.27) 2011 (0.78) (0.63)  (-0.85-14.27) 0265 0.269  0.511
* paired t-test; * independent t-test. EXE: Exergaming; WI: Without intervention; ES: Effect Size; SD: Standard
Deviation; COG: center of gravity; EO: eyes open; EC: eyes closed; %: percentage; 6-MWT: six-minute walk test.
Another factor that appears to affect motor skills is
associated with a relatively inactive lifestyle, as a decrease
in physical fitness and muscular strength has been observed
due to motor deficits and impairments in postural balance??,
leading to inability or difficulty in performing more complex
motor skills which are necessary in various physical and
sporting activities, resulting in low adherence to physical
exercise!!?>, Studies show that individuals with ASD tend to
prioritize video games for exercise and play more
15
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frequently’-°26, Therefore, the use of this tool is suggested
as it is a viable and appropriate alternative for practicing
physical exercises in this individualsi!. The exergaming
protocol using the Nintendo Wii® for individuals with ASD
promoted improvement in physical and functional condition.
After 10 sessions, there was an increase in handgrip strength
and distance covered in the 6MWT, associated with a
reduction in perceived exertion using the modified Borg
Scale, showing a rise in physical fitness and improvement in
cardiorespiratory capacity.

The results of this study show an improvement in
aerobic capacity and handgrip strength after exergaming. It
is possible that the protocol used seems to induce adaptation
in the pulmonary, cardiovascular and neuromuscular
systems, generating improvements in the supply of oxygen
to the mitochondria and in the metabolic control of muscle
fibers?’. In addition, it can be seen that at the WI moment,
there was a reduction in the distance covered on the 6MWT,
highlighting that the that the regular practice of exergaming
seems to be an important factor for these individuals, in
which the activities encourage players to constantly improve
their performance!! and facilitate motor learning%12:23,

Additionally, exergaming provides feedback on
participants' physical fithess through scoring and verbal
command?. Another factor to be considered to improve these
variables may be associated with repeating video games
during the sessions, which may have promoted improvement

in motor and memory areas, cognitive functions, with
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positive effects on behavior!!, although we have not
evaluated.

For postural balance with the WBB platform, no
significant differences were found after the intervention
period, suggesting that the intervention models adopted in
the study were not sufficient to promote changes in postural
balance variables. It is understood that the improvement in
physical fitness obtained in this study may have led to
neuromuscular system adaptations, as well as at the
supraspinal and spinal levels, which modify muscle spindle
sensory impulses and the excitability of peripheral nerves in
order to influence motor responses in postural balance?®. As
a consequence, the orthostatic position in double support
and static requires low levels of muscle contraction and the
adoption of balance control strategies?®, associated with
factors such as visual feedback, lack of anteroposterior
oscillation parameters and oscillation area and time
predetermined by the WBB platform, may have limited the
obtaining of oscillation parameters of the center of mass, not
allowing improvements in postural balance variables to be
evidenced at the EXE and WI moments. Therefore,
assessment protocols and the choice of games to stimulate
postural control need to be considered.

The improvement of physical fitness is recognized as a
factor correlated with increased quality of life. As happens
with children with typical development, regular physical
activity in children and adolescents with ASD shows lower

blood pressure levels, greater bone density, and a reduction
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in BMI, when compared to sedentary individuals.
Furthermore, physical exercise has a beneficial effect on
psychological health, improvements in social behavior,
reduction of stereotypical behaviors, and increased
academic performancel 3,

Handgrip strength represents several indices of physical
function, predicting disability, morbidity, mortality, and
dependence in activities of daily living, in addition to being
an indicator of quality of life. Our findings show that the
improvement in handgrip strength observed in ASD
individuals may be associated with the exergaming protocol
that requires grip and pinch. In this sense, specific training
for the upper limbs suggests an essential component for the
execution of functional motor tasks and quality of life30,

The crossover study proved to be effective in assessing
the effects of interventions at two moments. Furthermore, a
washout period was important to help eliminate possible
residual effects of an intervention!?. It is notable that in the
EXE moment, there was an increase in aerobic capacity and
effort tolerance. However, at the WI moment, it was also
possible to observe a reduction in the distance covered in the
6MWT and in handgrip strength. With the crossover study
design, it demonstrates that not exercising for one to two
weeks leads to a reduction in physical fitness levels, such as
cardiorespiratory capacity and muscular strength?®s.
Therefore, the results of this study suggest maintaining a
continuous physical activity program for individuals with
ASD.
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This study has some limitations. Firstly, although the
sample power was satisfactory, we highlight that there was
difficulty in recruiting volunteers with ASD, due to the study
period being carried out during the COVID-19 pandemic. As
a result, sanitary measures made difficult access to the
institutions that served these volunteers, as well as being
far from the place where the study was carried out. The fact
that we are not in a large city reduced the number of
volunteers and the predominance of males. In addition, the
gender distribution of the sample reflects current
epidemiological data, which indicate a higher prevalence of
ASD among men compared to women. Another limitation
may be associated with the use of the WBB platform, where
visual feedback, the absence of anteroposterior oscillation
measurements, and the collection time pre-determined by
the equipment. Another factor to be considered is
performance assessment, as it is associated with learning
retention through scores obtained in games, which were not
evaluated. These characteristics should be taken into
account when interpreting the results and generalizing the

conclusions.

CONCLUSION

In this study, the EXE moment promoted improvements
in aerobic capacity, as evidenced by an increase in the
distance covered in the 6MWT, enhanced handgrip strength
in both hands, and reduced perceived effort, without altering

postural balance variables in children and adolescents with
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ASD. Although the study demonstrated benefits in this
population, the continuation of physical interventions is
recommended to further improve the functional capacities of
these individuals. Additionally, future studies with larger and
more heterogeneous samples are needed to confirm and

generalize the observed effects.
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