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Abstract
Background: High-intensity interval training (HIIT) has become a popular exercise strategy in modern society, with the
Tabata training method being the most popular. In the past, these training methods were mostly done without equipment, but
incorporating exergaming into the training may provide a new option for muscle training.
Objectives: The aim of this study was to explore the differences in upper limb muscle activation using an HIIT program
combined with exergaming.
Methods: A total of 15 healthy male participants were recruited for the study, and the differences in muscle activation were
compared between push-ups and exergaming (Nintendo Switch Ring Fit Adventure with the Ring-Con accessory) during HIIT.
Prior to the tests, participants underwent pretests, including maximal voluntary contractions of various muscle groups, maximal
push-up tests, and maximal movement tests using the exergaming device. The push-up and exergaming tests were conducted
on separate days to avoid interference, with a warm-up period of 5 minutes on a treadmill before testing. Muscle activation
in the lateral and anterior portions of the deltoid muscle, the sternal and clavicular heads of the pectoralis major muscle, and
the latissimus dorsi muscle were measured during the maximal voluntary contractions and single-round tests for each exercise
mode. A repeated measures ANOVA was used to assess the variations in muscle activation observed across the 2 distinct
modes of exercise, specifically push-ups and exergaming.
Results: In exergaming, the number of repetitions for push-ups was significantly fewer than for single-site exercises across
both exhaustive (mean 23.13, SD 6.36 vs mean 55.67, SD 17.83; P=.001; effect size [ES]: 2.43) and single-round (mean 21.93,
SD 7.67 vs mean 92.40, SD 20.47; P=.001; ES: 4.56) training. Heart rate differences were not significant (all P>.05), yet
exergaming led to better muscle activation in specific muscle groups, particularly the right anterior deltoid (mean 48.00%, SD
7.66% vs mean 32.84%, SD 10.27%; P=.001; ES: 1.67) and right pectoralis major (sternal head: mean 38.99%, SD 9.98% vs
mean 26.90%, SD 12.97%; P=.001; ES: 1.04; clavicular head: mean 43.54%, SD 9.59% vs mean 30.09%, SD 11.59%; P=.002;
ES: 1.26) during exhaustive training. In single-round training, similar patterns were observed with the anterior deltoid (mean
51.37%, SD 11.76% vs mean 35.47%, SD 12.72%; P=.002; ES: 1.30) and pectoralis major (sternal head: mean 53.27%, SD
10.79% vs mean 31.56%, SD 16.92%; P=.001; ES: 1.53; clavicular head: mean 53.75%, SD 13.01% vs mean 37.95%, SD
14.67%; P=.006; ES: 1.14). These results suggest that exergaming may be more effective for targeted muscle activation.
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Conclusions: In conclusion, HIIT can increase muscle activation in the upper extremities and can be incorporated into
exergaming strategies to provide a fun and engaging way to exercise.
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Introduction
In recent years, motion-based video games have made
substantial contributions to both medical education and sports
training [1]. They have shown notable effects in the reha-
bilitation or training of upper limbs [2-4]. The enjoyment
derived from gaming can enhance participants’ motivation,
and when combined with specific game design, it becomes
one of the hot topics in research. Compared to longer-dura-
tion, moderate-intensity exercise, the strategy of high-inten-
sity interval training (HIIT) [5] has become the mainstream
exercise approach in modern society. The most popular
approach is the Tabata training method, which involves
performing 8 cycles of 20 seconds of all-out exercise,
interspersed with 10 seconds of complete rest, for a total
exercise time of 240 seconds [6]. Results have shown
significant improvements in aerobic power [7], fat oxidation
[8], and muscular endurance [9]. It can be observed that the
HIIT strategy not only shortens exercise participation time
but also has positive effects on the body. Tabata exercises,
apart from running, also include various forms of bodyweight
exercises, such as push-ups, squats, and burpees [10]. Among
these, push-ups are the most used bodyweight exercise in
Tabata training. In a study on muscle activation for strength
training, Alizadeh et al [11] investigated the muscle activation
patterns of push-ups and sit-ups, measuring the activation of
the anterior and lateral portions of the deltoid muscle, as well
as the sternal and clavicular heads of the pectoralis major
muscle. The results showed variations in muscle activation
levels despite the similarity in the exercises, highlighting
differences in muscle engagement across different parts of
the body. Another study by Putra et al [12] explored the
muscle activation levels in the upper limbs during a box-
ing game while in standing and sitting positions in virtual
reality gaming. The study found significant differences in
the activation of the upper trapezius muscle during uppercut
punches, whereas no differences were observed in straight
and hook punches. Combining the findings of these 2 studies,
it is evident that different exercises lead to varying levels of
muscle activation in different muscle groups.

Push-ups, historically used to assess upper body strength,
are frequently incorporated into HIIT sessions. This exercise
primarily targets the deltoid, pectoralis major, and latissi-
mus dorsi muscles. Similarly, virtual reality gaming offers
training modes specifically designed to target these muscle
groups. In summary, the research highlights the diverse
muscle activation patterns associated with different exerci-
ses. Push-ups, a fundamental bodyweight exercise, have
been traditionally used to assess upper body strength and
are a common component of HIIT workouts, effectively
engaging the deltoid, pectoralis major, and latissimus dorsi
muscles. Additionally, virtual reality gaming provides tailored

training modes focusing on these specific muscle groups.
For individuals engaged in recreational physical activities,
these conventional exercise methods might be perceived
as monotonous due to their limited variation, potentially
leading to reduced adherence to training. This lack of variety
could negatively impact exercise adherence, as the “lack of
enjoyment” is frequently cited as a common barrier to regular
physical activity [13].

In studies on the application of HIIT in strength
training, the focus has been on investigating the rest
intervals between exercises [14] and movement speed [15].
Tomoo et al [14] examined the effects of long and short
rest intervals between sets and found that shorter rest
intervals led to higher muscle activation levels at the same
exercise intensity. In contrast, Dora et al [15] found that
faster movement speed resulted in higher muscle activation
levels. Taken together, these studies suggest that shorter
rest intervals and faster movement speed lead to greater
muscle activation. Previous literature has also shown that
shorter rest intervals can improve muscle adaptations
during resistance training [16,17]. However, in upper body
exercise design, push-ups are commonly included as one
of the training movements and are frequently used to
assess upper body muscle strength and endurance [18].

Exergaming have been used for exercise training for
many years and have contributed to improving exercise
participation [19]. Related exergaming devices includes
Xbox 360, Nintendo Wii, Nintendo Switch, and Sony
PlayStation 2. Through exergaming, aerobic capacity, agility,
muscle strength, muscle endurance, and coordination can be
improved [20]. Regarding muscle strength training, Willaert
et al [21] showed that muscle activation can be improved by
more than 40%. Although the level of activation is relatively
low, this study aims to design a training program with
the combination of HIIT and body-sensing video games to
enhance the quality and effectiveness of the training. There
are relatively few studies on the use of HIIT for muscle
strength training, and the level of muscle activation using
exergaming combined with HIIT has not been clarified. The
aim of this study was to explore the differences in upper
limb muscle activation using an HIIT program combined with
exergaming.

Methods
Study Participants
In this study, we recruited 15 healthy male participants.
They had an average age of 24.4 (SD 10.4) years, stood
at an average height of 174 cm with a minimal variance
of 0.05 cm, and weighed an average of 71.9 (SD 13)
kg. Their BMI averaged at 23.5 (SD 3.57) kg/m2. All
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participants maintained a regular exercise routine, engaging
in physical activity 3 times per week over the past year,
and had experience in performing push-ups correctly. They
also completed the Physical Activity Readiness Questionnaire
[22] and confirmed that they had no history of upper or
lower limb skeletal muscle injury or major injury. Participants
were instructed to avoid vigorous activity and the intake of
caffeine or supplements that enhance muscle performance for
24 hours prior to the experiment. Before the study began, all
participants provided their personal information and medical
history and filled out the health questionnaires and informed
consent form. Additionally, the data were proofread to ensure
accuracy and readability.
Ethical Considerations
The human research ethics committee of the local univer-
sity approved this study, which was also approved by the
human research ethics committee of the National Cheng Kung
University, Taiwan (approval NCKU HREC-E-112-419-2).
Users volunteered for this study and agreed to participate by
signing an informed consent form. The research ensures the
issues of privacy and confidentiality by assigning participants
with numerical identifiers during the experiment to safeguard
the confidentiality of their personal information. In terms of
compensation, participants were volunteers and there was no
remuneration involved.

Experimental Design

Overview
This study used a randomized, crossover, and repeated
measures experimental design to compare the differences in
muscle activation between push-up exercise and a Nintendo
Switch Ring Fit Adventure exercise. Prior to the tests,
participants underwent pretests, which included maximal
voluntary contractions (MVCs) for each muscle group,
maximal push-up tests, and maximal exercise tests for each
part of the Nintendo Switch Ring Fit Adventure exercise. The
2 types of tests were conducted with a minimum interval of
3 days to avoid interference. Prior to each test, a 5-minute
warm-up on the treadmill at a speed of 2 m/s was recommen-
ded. During the tests, muscle activation in various muscle
groups was observed and measured, including the lateral
and anterior portions of the deltoid muscle, the sternal and
clavicular heads of the pectoralis major muscle, and the
latissimus dorsi muscle, which were referenced and modified
from previous studies by van den Tillaar [23], Alizadeh et al
[11], and Maeo et al [24] (Figure 1). The aim was to explore
the differences in upper limb muscle activation using an HIIT
program combined with exergaming.

Figure 1. Experimental procedure diagram.

Exergaming
The exergaming selected for this study was Nintendo Switch
Ring Fit Adventure, which combines exercise, adventure,
and entertainment, allowing players to enjoy both physical
workouts and gaming fun simultaneously. The game features
an intuitive and user-friendly interface, suitable for players
of all ages. It comes with a specialized fitness ring device
(Ring-Con), an intelligent accessory that connects to the
Nintendo Switch console. Through this ring, players can
engage in various physical activities such as weightlifting,
yoga, and aerobic exercises. The fitness ring sensor accurately
captures players’ movements and incorporates them into
the gameplay. The game content involves unlocking levels
and participating in fitness competitions through real-life

physical movements. It offers a variety of fitness activities,
each targeting different muscle groups, while also providing
enjoyable gaming challenges. The trained muscle groups were
the pectoralis major, deltoid, and latissimus dorsi muscles.
The testing consisted of 2 modes: (1) maximum repetition test
and (2) single-round test. The maximum repetition test was
conducted using the extreme challenge mode. Participants
were instructed to follow the game’s pace of 60 beats per
minute as closely as possible and maintain proper posture
during each muscle group’s testing to avoid compensation
from other muscles. The single-round test was conducted
using the challenge mode. Participants were instructed to
perform repetitive actions as quickly as possible for 20
seconds (Figure 2).
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Figure 2. Exercise training and exergaming model: (A) pectoralis major, (B) deltoid, and (C) latissimus dorsi.

Push-Up Tests
The push-up tests included 2 types of tests: (1) maximum
repetition test and (2) single-round test. The maximum
repetition test was based on the testing method described
by Eckel et al [25]. Participants were guided to execute the
test while in sync with a metronome set at 60 beats per
minute, ensuring each movement, 1 second downward and
1 second upward, matched the rhythm precisely. This cadence
was chosen to align with the pace of exercises conducted in
the Nintendo Switch Ring Fit Adventure exercise, facilitat-
ing a consistent and controlled environment for comparison.
During the test, the distance between the hands at the sternal
notch level was measured and must be the same as the
distance used in the single-round test. The elbow must be
bent at 90° and the elbow must be fully extended when
straightened. The single-round test was designed to match the
duration of a single round of the Nintendo Switch Ring Fit
Adventure exercise and involved performing the maximum
number of squats possible within 20 seconds.

Heart Rate Tests
Heart rate measurements were taken using the iHeart heart
rate sensor (Hexin) during push-up tests and exergaming
sessions. The heart rate sensor was worn directly below
the sternum and in direct contact with the skin, ensuring a
comfortable fit that remained secure without slipping, even
during exercise. After being fitted, the sensor was connected
to the Polar Beat app (Polar Electro) for monitoring and
recording purposes.

Electromyography

MVC Testing
In MVC testing, each muscle group underwent an isomet-
ric MVC prior to the test. After a running warm-up and a
3-minute rest period, the MVC test was performed accord-
ing to the movements described by Konrad [26]. The test
consisted of 3 attempts, each lasting 5 seconds with 1-minute
rest intervals in between, and the participant was encouraged
to exert maximum effort during each attempt. If the peak
MVC values differed by more than 5%, additional testing was
performed. The test procedures for each muscle group were
as follows. (1) Deltoid: the participants were seated with their
backs supported, and their arms were abducted to a position
where they formed a 90° angle with the trunk, maintaining a
horizontal plane. A rope, fixed to the arm, was then pulled
upward to measure the force exerted. (2) Pectoralis major: the
participants performed the test in a lying position with the
elbows extended and flexed at 90°, holding onto a long bar
with a fixed rope attached to each side of the bar and pulling
upward as hard as possible to measure the force exerted.
(3) Latissimus dorsi: the participants performed the test in a
seated position, simulating the movement of a pull-up. The
axis joint was flexed and abducted at 90°, and the rope was
pulled downward the measure the force exerted, as shown in
Figure 3. After the MVC testing, electromyography (EMG)
electrodes were placed on the skin over the belly of the tested
muscles for subsequent signal recording and analysis.

Figure 3. (A) Standardized illustrations for the MVC action of each muscle. (B) MVC sensor placement for each muscle. MVC: maximal voluntary
contraction.
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EMG Measurement and Analysis
The Trigno TM wireless foundation system (Delsys-EMG-
works) was used for data collection in this study, measuring
the anterior and lateral portions of the deltoid muscle, the
sternal and clavicular heads of the pectoralis major muscle,
and the latissimus dorsi muscle [11,23,24]. The system was
configured with a sampling rate set at 2000 Hz per channel,
tailored to the desired sample rate specifications. For the
processing of EMG data, we used the EMGwork analysis
software, which included steps of filtering and smoothing the
EMG signals to ensure clarity and accuracy. The filtering
process used a band-pass filter with a low-frequency cutoff at
20 Hz and a high-frequency cutoff at 500 Hz. Following this,
the rectified EMG signals underwent further refinement using
the root mean square method, which facilitated a detailed
analysis of the signal’s magnitude. During the MVC test, we
determined the highest EMG amplitude recorded for each
muscle group, referred to as EMGmax. The data processing
method in exergaming was the same as the above, and the
degree of muscle activation was calculated based on the
values obtained from the standardized action test, expressed
as a percentage of EMGmax.
Statistical Analysis
Data processing and analysis were performed using SPSS
for Windows (version 20.0; IBM Corp). The data were
presented as mean and SD. To investigate the variance in
motion and heart rate across different movements derived
from the 2 exercise models—strength endurance and single
round—we used a repeated measures ANOVA. Furthermore,
to assess the discrepancies in muscle activation elicited by the
2 distinct types of exercises, namely push-ups and exergam-
ing, a paired-samples 2-tailed t test was used. Cohen d for
effect size (ES) was calculated by the G*Power 3.1 software

program (Heinrich-Heine-Universität), where the ESs of 0.2,
0.5, and 0.8 were considered small, medium, and large,
respectively. Statistical significance was set as P<.05.

Results
Study Participants
For this study, a total of 15 male participants from the
community were recruited. These participants were generally
in good health. However, finding healthy female participants
capable of performing push-ups was challenging due to
their limited availability. Therefore, this study predominantly
concentrated on male participants.
Comparing Strength, Performance,
and Heart Rate: Push-Ups Versus
Exergaming
The results showed that regardless of the exhaustive or
single-round mode, the number of single-site repetitions in
exergaming was significantly higher than that of push-ups
(exhaustive: deltoid, mean 55.67, SD17.83; pectoralis major,
mean 52.53, SD 13.61; and latissimus dorsi, mean 82.30,
SD 20.82 vs push-up, 23.13, SD 6.36; P=.001; ES: 2.43,
2.77, and 3.84, respectively; single round: deltoid, mean
92.40, SD 20.47; pectoralis major, mean 104.27, SD 13.48;
and latissimus dorsi, mean 97.33, SD 16.77 vs push-ups
mean 21.93, SD 7.67; P=.001; ES: 4.56, 7.51, and 5.78,
respectively). However, there was no difference in heart
rate between the 2 modes (all P>.05). Taken together, these
results suggest that both whole-body push-ups and single-site
exergaming training can increase heart rate and can be used to
train cardiorespiratory fitness (Table 1).

Table 1. Comparison of strength endurance, single-round performance, and heart rate between push-ups and exergaming.

Model and motion
Repetitions, mean
(SD)

F test
(df) P value

Heart rate (bpma), mean
(SD)

F test
(df) P value

Strength endurance test 50.83 .001 3.92 .07
Push-up 23.13 (06.36) 101.27 (14.79)
Exergaming, deltoid 55.67 (17.83) 96.80 (21.29)
Exergaming, pectoralis major 52.53 (13.61) 98.06 (18.76)
Exergaming, latissimus dorsi 82.30 (20.82) 91.40 (14.23)

Single-round performance (20 s) 143.27 .001 1.56 .21
Push-up 21.93 (07.67) 100.33 (16.32)
Exergaming, deltoid 92.40 (20.47) 104.80 (14.63)
Exergaming, pectoralis major 104.27 (13.48) 93.67 (17.11)
Exergaming, latissimus dorsi 97.33 (16.77) 104.13 (16.05)

abpm: beats per minute.

Strength Endurance: Push-Ups Versus
Exergaming
According to the statistical results, in the exhaustive mode,
the activation levels of the right anterior deltoid (mean
48.00%, SD 7.66% vs mean 32.84%, SD 10.27%; P=.001;
ES: 1.67), right pectoralis major—sternal head (mean

38.99%, SD 9.98% vs mean 26.90%, SD 12.97%; P=.001;
ES: 1.04), and right pectoralis major—clavicular head (mean
43.54%, SD 9.59% vs mean 30.09%, SD 11.59%; P=.002;
ES:1.26) were significantly greater in the exergaming group
than in the push-up group. Thus, these results suggest that
exergaming have a better training effect on specific muscle
groups (Table 2).
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Table 2. Comparison of muscle activation between traditional push-ups and exergaming in the strength endurance test.
Muscle Push-up activation (%), mean (SD) Exergaming activation (%), mean (SD) t test (df) P value
Anterior deltoid 32.84 (10.27) 48.00 (7.66) −4.096 .001
Lateral deltoid 37.36 (13.79) 44.56 (8.82) −1.737 .10
Pectoralis major, sternal head 26.90 (12.97) 38.99 (9.98) −4.358 .001
Pectoralis major, clavicular head 30.09 (11.59) 43.54 (9.59) −3.784 .002
Latissimus dorsi 35.43 (10.39) 34.01 (18.05) 0.329 .75

Single-Round Test: Push-Ups Versus
Exergaming
Based on the statistical analysis, in the single-round mode, the
activation levels of the right anterior deltoid (mean 51.37%,
SD 11.76% vs mean 35.47%, SD 12.72%; P=.002; ES: 1.30),
right lateral deltoid (mean 52.08%, SD 10.79% vs mean
43.86%, SD 10.48%; P=.046; ES: 0.77), right pectoralis
major–sternum head (mean 53.27%, SD 10.79% vs mean

31.56%, SD 16.92%; P=.001; ES: 1.53), and right pectoralis
major–clavicle head (mean 53.75%, SD 13.01% vs mean
37.95%, SD 14.67%; P=.006; ES: 1.14) were significantly
greater in the exergaming group than the push-up group.
These results suggest that the exergaming designed as an
HIIT exercise targeting a specific muscle group resulted in
significantly higher muscle activation compared to push-ups
(Table 3).

Table 3. Comparison of muscle activation between traditional push-ups and exergaming in the single-round test.
Muscle Push-up activation (%), mean (SD) Exergaming activation (%), mean (SD) t test (df) P value
Anterior deltoid 35.47 (12.72) 51.37 (11.76) −3.705 .002
Lateral deltoid 43.86 (10.48) 52.08 (10.79) −2.190 .046
Pectoralis major, sternal head 31.56 (16.92) 53.27 (10.79) −4.266 .001
Pectoralis major, clavicular head 37.95 (14.67) 53.75 (13.01) −3.236 .006
Latissimus dorsi 41.49 (11.00) 38.17 (16.87) 0.645 .529

Discussion
Principal Findings
The results indicated that, in terms of the number of
repetitions performed, both the strength endurance and
single-round tests showed significantly higher execution rates
for the exergaming training mode compared to push-ups.
However, there were no significant differences in heart rate
between the 2 modes. Regarding muscle activation, in the
strength endurance test, exergaming exhibited significantly
higher activation levels than push-ups in the anterior deltoid,
pectoralis major–sternal head, and pectoralis major–clavicular
head muscles. In the single-round test, exergaming demon-
strated significantly higher activation levels than push-ups in
the anterior deltoid, lateral deltoid, pectoralis major–sternal
head, and pectoralis major–clavicular head muscles.
Heart Rate Response in Exergaming
Interestingly, the study did not observe significant differences
in heart rate between the exergaming and push-up groups.
This result contrasts with previous studies indicating that
exergaming can lead to higher heart rates due to the immer-
sive and stimulating nature of video game–based exercises
[27,28]. The lack of significant heart rate differences could
be attributed to the individual variability in cardiovascular
responses and the adaptability of participants to the exer-
gaming interface. HIIT has been shown to be an effective
way to improve cardiovascular fitness and overall health [7].
Heart rate is an important factor in both exergaming and
HIIT. Monitoring heart rate can help individuals ensure that

they are working at an appropriate intensity level to achieve
their fitness goals. In HIIT, heart rate can be used to guide
the high-intensity intervals and rest periods to optimize the
workout’s effectiveness [29]. Overall, the use of exergaming
and HIIT can provide a fun and effective way to improve
physical fitness and health, with heart rate monitoring serving
as an important tool to help individuals achieve their goals.

Another potential explanation for these results is that the
use of exergaming may increase motivation and engagement
in physical activity, leading to greater adherence to exercise
programs [30]. This is especially important given the high
rates of sedentary behavior and physical inactivity in modern
society. Exergaming may provide a fun and enjoyable way to
engage in physical activity, potentially leading to increased
frequency and duration of exercise sessions [31,32]. This
is particularly relevant for individuals who may struggle to
engage in more traditional forms of exercise due to boredom,
lack of motivation, or physical limitations.
EMG Response in Exergaming
This study investigated the effects of HIIT on muscle
activation in the upper extremities. The results suggest that
exergaming may be a more effective training method for
upper extremity muscle activation compared to push-up
exercises. The reason for this difference may be due to
the specific muscles activated during exergaming, as the
Nintendo Switch Ring-Con requires movements that engage
the lateral and anterior parts of the deltoid muscle, pectoralis
major muscle, and latissimus dorsi muscle. These findings
suggest that exergaming can be a viable option for those
looking to improve upper extremity muscle activation.
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In interpreting the results, the study found that the
exergaming training mode exhibited superior performance
in terms of the number of repetitions compared to tradi-
tional push-ups, both in the strength endurance test and
the single-round test. This finding aligns with previous
research indicating the effectiveness of exergaming in
enhancing endurance and strength capacities [33,34]. The
higher execution rates in the exergaming group suggest
that this interactive gaming approach offers a more engag-
ing and motivating environment, encouraging participants to
perform better and prolong their workout sessions compared
to conventional push-ups. EMG can reflect the response
of muscles during strength training. Alizadeh et al [11]
investigated 2 common strength training exercises, push-ups
and sit-ups, and measured muscle activation in the major
muscle groups involved, such as the lateral and anterior
portions of the deltoid and the sternal and clavicular heads
of the pectoralis major. The results showed that even with
the same exercise, different muscle groups were activated
to varying degrees, indicating the importance of focusing
on specific muscle group activation for muscle training.
Compared to traditional strength training, there has been
relatively little research on exergaming, but Putra et al
[12] investigated the activation levels of upper limb mus-
cles during a punching game while in standing and sitting
positions. The results showed significant differences in the
activation of the upper trapezius muscle during the execution
of an uppercut punch, but not for straight or hook punches,
indicating that the fixedness of the movements also affects
the activation levels of different muscle groups in exergam-
ing. Taken together, these studies suggest that different
movements can affect muscle activation levels in different
muscle groups. Therefore, choosing appropriate exercises and
training modes is important for muscle strength training.
Push-ups are a common exercise that mainly trains muscle
groups, such as the deltoid, pectoralis major, and latissimus
dorsi muscles, and are commonly used in HIIT. Training
modes in exergaming are also available for these muscle
groups, providing more diverse options for muscle train-
ing. Overall, these research results indicate the importance
of understanding the relationship between movements and
muscle groups.

Regarding muscle activation patterns, the exergaming
group demonstrated significantly higher activation levels in
specific muscles compared to traditional push-ups. In the
strength endurance test, the anterior deltoid, pectoralis major–
sternal head, and pectoralis major–clavicular head muscles
exhibited increased activation during exergaming sessions.
These findings corroborate with prior studies highlighting
the targeted muscle engagement achieved through exergam-
ing interventions [21]. The single-round test further showed
elevated muscle activation in the anterior deltoid, lateral
deltoid, pectoralis major–sternal head, and pectoralis major–
clavicular head muscles during exergaming activities. This
specific muscle activation pattern emphasizes the comprehen-
sive nature of exergaming exercises, engaging various upper
body muscles simultaneously [35]. One potential explanation
for these results is that the Ring-Con is a novel type of
resistance training that provides a more targeted and isolated
workout for specific muscle groups [36]. This may allow
individuals to activate and recruit more muscle fibers, leading
to increased muscle activation compared to more traditional
exercises such as push-ups. Additionally, the Ring-Con
provides a unique form of resistance that can be adjusted
to individual fitness levels, potentially allowing for greater
customization and variety in workout routines [12].
Conclusions
In conclusion, this study demonstrated that exergaming may
be a more effective strategy for upper extremity muscle
activation compared to push-up exercises during HIIT.
The specific movements required by the Nintendo Switch
Ring-Con may activate the lateral and anterior parts of the
deltoid muscle, pectoralis major muscle, and latissimus dorsi
muscle more effectively. Furthermore, the HIIT protocol used
in this study provides a time-efficient method for strength
training. Incorporating exergaming into an HIIT program may
provide a more engaging and effective strategy for improving
upper extremity muscle activation. Further research is needed
to investigate the long-term effects of exergaming on upper
extremity muscle activation and strength.
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