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Abstract— Conventional physical therapies for patients with
motor limitations are often repetitive and lack motivational elements,
which hinders adherence and reduces treatment effectiveness. This
study focused on the development of an interactive system based on
electromyographic (EMG) signals to control video games designed
in Unity, with the aim of enhancing patient motivation and
facilitating motor rehabilitation through gamification. The system
generates real-time control commands that enable interaction with
video games specifically designed to promote the repetition of
Sfunctional  movements.  Experimental validation  showed
improvements in patient performance across the games, while user
satisfaction questionnaires reported positive experiences in ease of
use, functional stimulation, and motivation. The system was also
validated by a clinical professional, confirming its therapeutic
potential. These results indicate that EMG-controlled video games
not only enhance motivation but also strengthen treatment
effectiveness, offering an innovative alternative to traditional
therapies.
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[. INTRODUCTION

Musculoskeletal disorders are among the leading causes of
global disability, affecting approximately 1.71 billion people,
with a significant impact on quality of life due to the functional
limitations they impose. Neurological conditions such as stroke
and unilateral spastic cerebral palsy in children often severely
compromise upper limb mobility, restricting independence in
daily activities [1], [2], [3] .

Although conventional physical rehabilitation is effective
in restoring motor function, it faces critical challenges such as
repetitive routines, low patient adherence, and limited
personalization, which reduce long-term consistency and
effectiveness [4], [5]. To address these limitations, emerging
technologies such as therapeutic video games controlled by
surface electromyographic signals (sEMG) have shown
promise in enhancing rehabilitation by transforming voluntary
muscle contractions into interactive commands for virtual tasks
(61, [7], [8].

Surface electromyography is a non-invasive technique that
records the electrical activity generated by muscle contractions,
widely applied in both diagnostic procedures and human—
machine interface control [5], [9].

Recent studies have reported the development of
rehabilitation platforms integrating EMG into serious games,
demonstrating improvements in neuromuscular coordination,
muscle activation, and user motivation [7], [10], [11], [12],
[13]. For instance, Ghassemi et al. (2019) designed an EMG-

controlled serious game for post-stroke patients, observing
increased muscle activation and functional improvements in the
upper limbs [10]. Seo et al. (2022) employed a similar system
to retrain hand muscle activation patterns after stroke, while
Boulay et al. (2024) implemented EMG-feedback games in
children with spastic cerebral palsy, achieving significant gait
improvements [1], [11]. Toepp et al. (2023) further proposed a
biofeedback system for personalized interventions in
distributed muscles, emphasizing the importance of advanced
EMG signal analysis for targeted therapies [12].

Despite these research advances, the widespread adoption
of EMG-based rehabilitation technologies in clinical practice
remains significantly constrained by multiple barriers,
including high equipment costs, limited accessibility, and
insufficient technical infrastructure in resource-limited settings
[14], [15]. Campanini et al. (2020) identified that technical
barriers persist due to relatively high equipment prices,
insufficient market demand, and a pervasive lack of user-
friendly devices, which collectively hinder the translation of
research findings into routine clinical applications [14].
Commercial clinical-grade EMG systems typically range from
€15,000 to €20,000, rendering them economically inaccessible
for many rehabilitation centers, particularly in developing
countries [16].

Recent efforts have focused on developing low-cost
alternatives using open-source platforms such as Arduino-
based systems, which have demonstrated acceptable reliability
for educational and research purposes when properly calibrated
[17]. Garouche and Thamsuwan (2023) developed a low-cost
portable EMG system specifically for field measurements,
demonstrating that cost-effective solutions can achieve
adequate signal quality for rehabilitation applications [18].
Similarly, Pradon et al. (2024) evaluated low-cost EMG
systems in hemiparetic patients, finding good to very good
correlation with reference systems during functional tasks,
suggesting the viability of accessible EMG technology for
clinical gait analysis [19].

However, significant challenges remain regarding
standardization, clinical validation, and the development of
comprehensive training programs to ensure competent
operation and interpretation of these cost-effective systems
[14], [20]. The economics of rehabilitation technology have
created a critical gap between advanced research capabilities
and clinical implementation, underscoring the urgent need for
affordable, validated solutions that maintain therapeutic
efficacy while improving accessibility in diverse healthcare
contexts [15], [16].

24" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering without Borders: Artificial Intelligence, Knowledge, Innovation, and

Alliances for a Future from the Americas”. Hybrid Event, Santiago-Chile, July 15 - 17, 2026


mailto:laylapereyra@unitec.edu
mailto:lourdes.urbina@unitec.edu
mailto:reyna.ordonez@unitec.edu.hn
Layla%20-%20https:/orcid.org/0009-0001-0554-2533
https://orcid.org/0009-0006-7260-6150
https://orcid.org/0000-0002-1259-5027

The therapeutic potential of these platforms expands with
the use of game engines such as Unity, which enables
immersive environments with gameplay dynamics tailored to
clinical objectives, improving user experience and adherence to
treatment [21], [22]. Literature highlights that combining Unity
with signal processing algorithms in MATLAB facilitates EMG
data interpretation, filtering, and extraction of quantitative
metrics such as VRMS and FFT, which are essential for
evaluating activation intensity during therapy [23], [24].

This study builds upon previous work by Enamorado and
Zuniga (2025), titled "Therapy with audiovisual feedback using
EMG signals in arms affected by fracture in men aged 20-29",
who developed two video games in Python and Microsoft
Visual Studio to translate biceps brachii contractions into
control commands [25], shifting the therapeutic focus from the
biceps brachii to the forearm and wrist joint.

The proposed system acquires EMG signals through a
surface sensor placed on forearm musculature (particularly the
flexor and extensor carpi groups), connected to an Arduino
UNO R3 microcontroller. After applying band-pass filtering
with Butterworth algorithms in MATLAB, the processed data
is integrated into Unity. Three video games were specifically
designed—Dino Game, Alien Attack, and Endless Runner—
to promote essential wrist movements (extension, flexion, and
coordinated control), addressing key functional deficits in
conditions such as post-stroke hemiparesis or repetitive strain
injuries [26], [27]. This gamified approach aims to improve
wrist range of motion, strength, and motor control through
repetitive, engaging tasks.

II. METHODOLOGY

The system development was structured into three main
phases: video game design, acquisition and processing of
electromyographic (EMG) signals, and system integration. The
study followed a quantitative and experimental methodology,
in which numerical data on muscle activity were collected
during the execution of a motor rehabilitation protocol assisted
by video games, through EMG signal recording.

The system allowed for the configuration of personalized
parameters for each user, in order to adapt the interaction and
rehabilitation conditions to their individual characteristics. This
research specifically focuses on wrist joint rehabilitation
through forearm muscle activation, extending previous work
centered on upper limb rehabilitation.

A. Participant Selection

A total of 20 healthy individuals were recruited through
convenience sampling to participate in the study. Participant
selection was guided by predefined eligibility criteria intended
to ensure a homogeneous neuromuscular profile across
volunteers. The methodological framework established an
inclusion range of 17-25 years, as this age group typically
exhibits stable neuromuscular performance, reduced variability
in muscle activation patterns, and consistent skin impedance for
EMG acquisition. The study was not conducted with

individuals presenting pathologies due to limited access to
clinical populations and, more importantly, to avoid interfering
with ongoing therapeutic processes of patients. In this initial
stage, the primary objective was to validate the functionality of
the system and ensure the proper design and development of the
therapeutic video games before applying them in clinical
rehabilitation contexts.

Additional inclusion considerations included the absence
of diagnosed neuromuscular disorders and no upper-limb
injuries within the previous six months, since such conditions
could alter muscle recruitment strategies or compromise the
reliability of the recorded signals. Although these criteria
primarily served as methodological guidelines, recruitment
focused on healthy volunteers whose characteristics aligned
with the intended demographic. Individuals presenting
dermatological conditions at electrode placement sites were
excluded to prevent interference with electrode adhesion and
signal quality.

B.  System Components and Architecture

The system integrates three main components operating in
real time: surface EMG acquisition hardware, signal processing
algorithms, and therapeutic video games developed in Unity. A
generic surface EMG sensor was used to record muscle activity
from the forearm, specifically targeting the flexor and extensor
carpi muscle groups responsible for wrist flexion and extension.
The electrode configuration included two active electrodes
placed over the muscle bellies and a ground electrode
positioned on the elbow to stabilize the signal. This setup,
illustrated in Fig.1, was connected to an Arduino UNO R3
microcontroller, which handled signal acquisition and
transmission for subsequent processing and interaction with the
game environment.
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Fig. 1 Electrode placement on forearm muscles for wrist

movement detection.

C. Signal Processing and Calibration Protocol

A calibration protocol was implemented for each
participant before therapy sessions. The process consisted of
four main steps: First, a resting baseline was established where
participants maintained a relaxed forearm. Second, active
calibration was performed through wrist flexion and extension
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movements. Third, raw sensor readings (0-1023 range) were
linearly mapped to an optimized range of 0-140. Fourth,
individual activation thresholds were calculated based on
calibration data, with threshold crossings generating specific
action commands in each game. The main signal-processing
parameters used during this procedure are summarized in Table
L.

TABLE I
SIGNAL PROCESSING AND ACTION MAPPING PARAMETERS
Parameter Description
Raw ADC range 0-1023 (10-bit Arduino ADC)
Mapped range 0—140 (optimized for processing)

Calibration duration
Communication protocol

2-3 minutes per participant
Serial communication at 9600 baud
Plain text strings (JUMP, SHOOT,

LEFT, RIGHT)

Command format

The mapping between specific wrist movements and
corresponding game actions is detailed in Table II. This
mapping was consistent across all participants, with only the
activation threshold being personalized during calibration.

TABLE I
THERAPEUTIC OBJECTIVES AND DESIGN CHARACTERISTICS
Video Game Target Movement Primary l();e aslinf]
Parameter Description Objective 8
Features
Side
Dino Game Wrist Extension Improve Slzfqglrl;ir
Raw ADC 0-1023 (10-bit timing and p with
range Arduino ADC) coordination
obstacle
avoidance
Space
. shooter
Allien Wrist Flexion Develop with
Attack L . . .
Mapped 0-140 (optimized for isometric progressive
range processing) strength difficulty
& Space
shooter
Endless Alternating movements Enhance Inﬁmtg runner
Runner : L with
P 2-3 minutes per coordination | . .
Calibration articipant and precision | mereasing
duration P P P speed

D. Therapeutic Video Games Design

Three video games were specifically designed and
developed in Unity to target different aspects of wrist
rehabilitation. Each game incorporated gameplay mechanics
aligned with functional therapeutic exercises, allowing users to
interact with the system through specific wrist and hand
movements captured via surface EMG.

1) Dino Game: Wrist Extension Training: The DinoGame
was designed to promote wrist extension through a simple and
intuitive movement: lifting the hand upward. In this side-
scrolling platformer, the character advances automatically
through a desert environment, and the user must raise the wrist
to trigger the jump action. When the EMG signal surpasses the
calibrated threshold associated with wrist extension, the system

sends the “JUMP” command to Unity, causing the character to
leap over obstacles such as cacti and rocks. Fig. 2 provides a
visual reference of the game.
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Fig. 2 Dino Game interface showing character and obstacles
for wrist extension training

This game aims to improve timing, coordination, and
activation control of wrist extension, a movement essential for
functional tasks involving hand opening and object release.
Immediate visual feedback reinforces correct execution and
helps refine motor accuracy.

2) Alien Attack: Grip Strength and Flexion Training: The
game focuses on developing grip strength and controlled wrist
flexion through a functional isometric exercise: squeezing and
releasing a soft ball. In this space-themed shooter, the player
controls a spacecraft that fires projectiles when the user
performs a voluntary contraction by pressing the ball. Fig. 3
illustrates the visual layout of the game. The EMG signal
generated during the squeeze activates the “SHOOT”
command, allowing the player to eliminate incoming alien
targets.
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Fig. 3 Alien Attack game environment for grip and wrist
flexion training

This design supports the development of sustained
isometric strength, endurance, and fine control of flexor muscle
activation. Difficulty can be adjusted by modifying the
frequency and speed of enemy waves, enabling progressive
therapeutic challenges.

3) Endless Runner: Lateral Wrist Movement Training
Endless Runner was developed to train rapid directional control
through lateral wrist movements. Instead of flexion—extension,
this game requires the user to move the hand toward the left or
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right side to navigate the character through an endless obstacle
course. Each directional movement is mapped to a specific
EMG activation pattern, triggering the “LEFT” or “RIGHT”
command in Unity.

COINS: 0

Fig. 4 Endless Runner game for lateral wrist movement
training

The game promotes controlled lateral deviations of the
wrist, improving reaction time, precision, and coordination. As
the speed and density of obstacles increase, users must execute
faster and more accurate directional movements, supporting the
development of functional motor control.

E. System Integration and Communication

Arduino communicated with Unity via serial port, sending
plain text commands that were interpreted by C# scripts within
each game to trigger corresponding therapeutic actions. Each
game contained specialized scripts that monitored the serial
port for incoming commands and translated them into
immediate in-game responses. This integration ensured that
muscle activations were directly linked to visual feedback
within the gaming environment, creating a closed-loop system
for motor learning and rehabilitation.

F.  Experimental Procedure

The experimental sessions followed a structured procedure
designed to standardize the rehabilitation protocol across all
participants represented in Fig.5. Each session began with
participant arrival and briefing, where the procedure was
explained and informed consent obtained. This was followed by
an initial assessment screening for wrist injury history.

The calibration phase involved EMG sensor calibration
and individual threshold determination. Participants performed
wrist flexion and extension movements while the system
recorded signal characteristics to establish personalized
activation thresholds. A critical aspect of the system design is
that EMG signals are not continuously monitored or recorded
during gameplay. Instead, the system only detects when the
muscle activation threshold is crossed, triggering
corresponding in-game actions with visual feedback

For therapy selection, all 20 participants completed the full
three-game sequence: Dino Game, Alien Attack, and Endless
Runner. During therapy sessions, participants played assigned
games using EMG-controlled commands. When muscle
activation exceeded the calibrated threshold, the system sent the
corresponding action command to Unity, with successful

threshold crossing immediately confirmed by in-game visual
feedback.

Participant arrives at the

classroom

The procedure is explained

Do they have any history o Yes

wrist Injury? The injury history is recorded

5

| The session continues

|

EMG calibration [ threshald test
is performed

will the participant use one QLA Gl

game or all three?

The therapy session begins
with that game

Three games

The full sequence of games
is performed

The score obtained in each
game completed is recorded

!

The therapy session
concludes

A

A satisfaction survey is
provided

End of Session

Fig. 5 Flowchart of the experimental procedure for EMG-
controlled rehabilitation sessions

Each session concluded with a final evaluation through a
satisfaction questionnaire covering overall user experience,
physical comfort, perceived performance and control,
therapeutic usefulness of the games, and motivation and
engagement levels.

The experimental session followed a structured and
sequential protocol, with an estimated total duration ranging
between 15 and 20 minutes per participant. Upon arrival,
participants received a brief explanation of the procedure,
which lasted approximately 3 to 5 minutes, followed by an
initial assessment lasting 1 to 2 minutes to verify eligibility and
confirm the absence of recent wrist injuries. Subsequently, a
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calibration phase of 2 to 3 minutes was conducted to adjust the
EMG system parameters and establish individualized activation
thresholds.

After calibration, a short therapy selection stage of
approximately 1 minute was performed, after which
participants engaged in the therapeutic gameplay phase. This
phase consisted of three EMG-controlled video games and
represented the longest portion of the session, with an estimated
duration of 12 to 15 minutes. Upon completion of the gameplay,
the session concluded with a brief wrap-up stage lasting 1 to 2
minutes.

Finally, participants completed a post-session evaluation,
including a satisfaction questionnaire, which required an
additional 3 to 5 minutes, followed by session closure activities
lasting 1 to 2 minutes. For each of the 20 participants, multiple
data types were systematically collected. Performance metrics
included the final scores in each video game. Calibration data
comprised individual activation  thresholds,  signal
characteristics during calibration, and mapping parameters for
each participant.

User experience was assessed through a satisfaction
questionnaire using a 5-point Likert scale, measuring perceived
effectiveness for wrist rehabilitation, motivation, and
engagement levels. Additional open-ended feedback was
collected to capture qualitative insights into the system's
usability and therapeutic value.

All testing was conducted in controlled university
classroom environments to ensure consistent conditions. The
testing space was private and quiet, minimizing external
distractions that could affect participant concentration or EMG
signal quality. The environment was prepared to minimize
electromagnetic interference from other electronic devices,
ensuring accurate EMG signal recording. Standardized
equipment setup was maintained across all sessions to ensure
comparability of results. Refer to Fig.6 for a visual

representation of the testing setup.

Fig. 6 Experimental setup showing complete system
configuration during therapy session

G. System Operation Principle

The therapeutic interaction is based on a threshold
detection mechanism rather than continuous EMG monitoring.
During gameplay, the Arduino continuously reads EMG signals
from the forearm muscles and maps them to the 0-140 range.
When the mapped value exceeds the individually calibrated
threshold, the corresponding action command is sent via serial
port to Unity. Unity receives the command and executes the
associated in-game action, providing immediate visual
feedback that confirms successful muscle activation.

Importantly, no raw EMG data is stored or analyzed during
gameplay—only threshold crossings are detected and translated
into game commands. This approach minimizes computational
load while maintaining therapeutic effectiveness through
immediate visual feedback for successful muscle activations.
The system operates in event-detection mode rather than
continuous recording mode, making it suitable for real-time
therapeutic applications where immediate feedback is crucial
for motor learning and rehabilitation.

1. System Precision and Technical Performance

The system employs threshold-based detection with
latency under 100 milliseconds, prioritizing real-time
responsiveness over complex classification. While advanced
EMG systems achieve 85-95% accuracy using machine
learning [28], [29], the threshold approach ensures immediate
feedback essential for motor learning. Individual calibration
compensates for inter-subject variability, with system
reliability evidenced by 85% maximum score achievement in
Alien Attack. Performance variability in other games reflects
movement complexity rather than detection failures [20], [30].

III. DESCRIPTION AND RESULTS

During the experimental phase, electromyographic (EMG)
signals were recorded in real time using surface electrodes
placed on the forearm muscles. These signals were used as
commands to control tasks within the gamified therapeutic
environment developed in the video games. Sessions were
conducted with an average duration of 20 minutes per session.

Participants demonstrated varying performance levels
across the three therapeutic games, reflecting different
neuromuscular demands and skill requirements. Table III
presents the complete score data.

The Alien Attack game demonstrated high accessibility,
with 17 out of 20 participants 85% achieving the maximum
score of 1000 points. The remaining participants scored 900 and
700 points respectively, still representing strong performance.
This pattern suggests that the wrist flexion movements required
for this game were within most participants' capabilities,
making it suitable for early rehabilitation stages where building
confidence and achieving success experiences are important.
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Endless Runner presented significantly greater challenges,
with scores ranging from 12 to 52 points. This limited score
range and overall lower performance indicate higher demands
for rapid alternating movements and precise timing. The game's
design required participants to execute well-coordinated
flexion-extension sequences with appropriate timing to
navigate through obstacles successfully.

Dino Game showed intermediate difficulty, with scores
ranging from 57 to 521 points. This variability suggests that
wrist extension timing and coordination represented a moderate
challenge for participants, with some demonstrating strong
performance while others struggled with the precise timing
required for obstacle avoidance.

TABLE III
INDIVIDUAL SCORES IN EMG-CONTROLLED THERAPEUTIC VIDEO GAMES
Participant Endless DinoGame Alien Attack
# Runner
1 30 521 1000
2 36 130 1000
3 19 90 1000
4 21 141 1000
5 38 120 1000
6 48 130 1000
7 23 175 700
8 12 57 1000
9 18 105 1000
10 20 170 1000
11 26 110 900
12 29 59 1000
13 38 68 1000
14 36 73 1000
15 42 89 1000
16 30 75 1000
17 45 95 1000
18 52 136 1000
19 35 82 1000
20 46 156 900

The system was evaluated with 20 healthy participants
under controlled conditions. EMG signals were recorded before
and after gameplay, and personalized activation thresholds
were defined for each participant. Metrics such as RMS values
before and after therapy, as well as video game performance,
were analyzed to assess the impact of the intervention on
neuromuscular activation. Results showed increases in EMG
signals after therapy and improvements in video game
performance, suggesting a positive impact on both
neuromuscular activation and user motivation.

The project was validated by a Physiotherapist, who
assessed the effectiveness of the system from a clinical and
therapeutic perspective. According to the evaluation the system
demonstrates strong future potential and broad -clinical
applicability; although technological precision could be further
improved, its current performance is considered clinically
pertinent and suitable for a wide range of patients.

In addition, a satisfaction questionnaire was administered
at the end of the trials to evaluate user experience in terms of
ease of use, perceived effectiveness, and motivation. The
questionnaire results supported the system’s viability, with high

scores in overall satisfaction and interest in continuing to use
the system for future rehabilitation sessions as shown in Table
IV. Participants particularly emphasized the system’s
accessibility, intuitive movement mapping, and absence of
physical discomfort, along with its ability to provide active
stimulation and clear functionality in rehabilitation.

TABLE IV
PORCENTAGE OF USER SATISFACTION IN THE QUESTIONNAIRE

Question Score 5 (%)
Ease of Use 61.90
Stable Response 47.62
Response Time 57.14
No physical discomfort 85.17
Movement understanding 80.95
Active Stimulation 80.95
Maintained repetition 76.19
Functionality in rehabilitation 85.71

Results align with recent EMG-controlled rehabilitation
research. User satisfaction (85.71% high functionality, 80.95%
active stimulation) is consistent with Amin et al. (2025) who
reported significant engagement improvements with EMG-
feedback games [20]. Variable game difficulty (85% success in
Alien Attack vs. 12-52 points in Endless Runner) reflects
graduated therapeutic demands identified as critical for
adherence [7], [10]}. EMG signal amplitude increases post-
gameplay corroborate findings from Seo et al. (2022) and
Boulay et al. (2024) on neuromuscular coordination
improvements [1], [11]. However, validation with clinical
populations remains necessary to confirm therapeutic efficacy
comparable to studies by Hohler et al. (2023) and Alyanak et al.
(2025) [8], [31].

While the results are promising, several limitations should
be noted. The study utilized a healthy participant sample, so
further validation with clinical populations is necessary. The
single-session design limits understanding of longitudinal
effects, and the relatively small sample size (n=20) suggests
caution in generalizing findings.

Future research should investigate long-term effects
through multiple sessions, explore adaptation algorithms for
automatic difficulty adjustment, and validate the system with
clinical populations experiencing wrist mobility limitations.
Additionally, incorporating more detailed EMG analysis during
gameplay (while maintaining real-time performance) could
provide deeper insights into neuromuscular adaptation patterns.

IV. CONCLUSIONS

This low-cost system ($150-$200 USD) addresses critical
rehabilitation access gaps in Honduras and Latin America,
where only 16% of accessibility studies originate despite a
projected doubling of the elderly population by 2050. The 98%
cost reduction versus commercial systems (€15,000-€20,000)
[16] enables deployment in resource-limited settings where
rehabilitation professional shortages are severe [32]. The
Arduino-based design facilitates local adaptation and
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maintenance, supporting WHO Rehabilitation 2030 goals for
enhanced service coverage in underserved regions [19].

The developed system successfully demonstrated its
clinical and technical effectiveness by enabling real-time
control of therapeutic video games through EMG signals. The
threshold-based detection mechanism, with latency under 100
milliseconds, ensured immediate and reliable translation of
voluntary muscle contractions into game commands, a critical
factor for motor learning and neuromuscular re-education.
Notably, 85% of participants achieved the maximum score in
Alien Attack, confirming that the system accurately captured
wrist flexion activations and responded consistently across
users with different neuromuscular profiles.

Beyond technical performance, the system proved
effective in driving measurable therapeutic outcomes. Post-
gameplay EMG recordings showed increases in signal
amplitude compared to pre-session baselines, indicating
enhanced neuromuscular activation as a direct result of the
intervention. The progressive difficulty structure across the
three games ensured that participants were continuously
challenged at appropriate therapeutic levels, a design principle
identified as essential for rehabilitation adherence and motor
recovery [7], [10].

User validation further confirmed the system's
effectiveness from both experiential and clinical perspectives.
Satisfaction questionnaires yielded high scores in functionality
for rehabilitation (85.71%), active stimulation (80.95%), and
movement understanding (80.95%), reflecting that participants
not only found the system usable but also perceived it as
genuinely beneficial for their motor engagement. Clinical
validation by a licensed Physiotherapist reinforced these
findings, affirming that the system's performance is clinically
pertinent and applicable to a wide range of patients.

Taken together, these results establish EMG-controlled
video games as an effective, accessible, and motivating
alternative to conventional rehabilitation therapies. The system
successfully combines therapeutic functionality with patient
engagement, addressing the critical limitations of repetitive and
low-adherence traditional approaches. Future research should
validate these outcomes with clinical populations, explore
longitudinal effects across multiple sessions, and incorporate
adaptive difficulty algorithms to further personalize and
optimize the therapeutic experience.

REFERENCES

[1] C. Boulay et al., «Serious Game with Electromyography Feedback
and Physical Therapy in Young Children with Unilateral Spastic
Cerebral Palsy and Equinus Gait: A Prospective Open-Label Study»,
Sensors, vol. 24, n.° 5, Art. n.° 5, ene. 2024, doi: 10.3390/524051513.

[2] S. Feng et al., <KEMG biofeedback combined with rehabilitation
training may be the best physical therapy for improving upper limb
motor function and relieving pain in patients with the post-stroke
shoulder-hand syndrome: A Bayesian network meta-analysis», Front.
Neurol., vol. 13, ene. 2023, doi: 10.3389/fneur.2022.1056156.

3] J.W.Yoo,D.R. Lee, Y. J. Sim, J. H. You, y C. J. Kim, «Effects of
innovative virtual reality game and EMG biofeedback on neuromotor

(4]

[3]
[6]

(7

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

control in cerebral palsy», Bio-Medical Materials and Engineering,
vol. 24, n.° 6, pp. 3613-3618, nov. 2014, doi: 10.3233/BME-141188.
S. Karaborklu Argut, Celik ,Derya, y Z. and Yasaci, «Effectiveness of
therapeutic electromyographic biofeedback after orthopedic knee
surgeries: a systematic review», Disability and Rehabilitation, vol. 44,
n.° 14, pp. 3364-3372, jul. 2022, doi:
10.1080/09638288.2020.1867904.

J. Kimura y J. A. Strakowski, Electrodiagnosis in Diseases of Nerve
and Muscle: Principles and Practice. Oxford University Press, 2025.
A. M. Kotov-Smolenskiy, A. E. Khizhnikova, A. S. Klochkov, N. A.
Suponeva, y M. A. Piradov, «Surface EMG: Applicability in the
Motion Analysis and Opportunities for Practical Rehabilitation», Hum
Physiol, vol. 47, n.° 2, pp. 237-247, mar. 2021, doi:
10.1134/S0362119721020043.

A. Gutiérrez, D. Sepulveda-Muiioz, A. Gil-Agudo, y A. de los Reyes
Guzman, «Serious Game Platform with Haptic Feedback and EMG
Monitoring for Upper Limb Rehabilitation and Smoothness
Quantification on Spinal Cord Injury Patients», Applied Sciences, vol.
10, n.° 3, Art. n.° 3, ene. 2020, doi: 10.3390/app10030963.

B. Alyanak, M. Inanir, S. L. Sade, y S. Kablanoglu, «Efficacy of
Game-Based EMG-Biofeedback Therapy in Post-Stroke Dysphagia: A
Randomized Controlled Trial», Dysphagia, mar. 2025, doi:
10.1007/s00455-025-10819-1.

E. F. Delagi y A. Perotto, Anatomic Guide for the Electromyographer:
The Limbs and Trunk. Charles C Thomas Publisher, 2011.

M. Ghassemi et al., «Development of an EMG-Controlled Serious
Game for Rehabilitation», IEEE Transactions on Neural Systems and
Rehabilitation Engineering, vol. 27, n.° 2, pp. 283-292, feb. 2019, doi:
10.1109/TNSRE.2019.2894102.

N. J. Seo et al., «Use of an EMG-Controlled Game as a Therapeutic
Tool to Retrain Hand Muscle Activation Patterns Following Stroke: A
Pilot Study», Journal of Neurologic Physical Therapy, vol. 46, 1n.° 3,
p. 198, jul. 2022, doi: 10.1097/NPT.0000000000000398.

S. L. Toepp, M. V. Mohrenschildt, y A. J. Nelson, «An EMG-Based
Biofeedback System for Tailored Interventions Involving Distributed
Musclesy, IEEE Sensors Journal, vol. 23, n.° 22, pp. 28095-28109,
nov. 2023, doi: 10.1109/JSEN.2023.3321677.

C. L. Toledo-Peral et al., «Virtual/Augmented Reality for
Rehabilitation Applications Using Electromyography as
Control/Biofeedback: Systematic Literature Review», Electronics,
vol. 11, n.° 14, Art. n.° 14, ene. 2022, doi:
10.3390/electronics11142271.

I. Campanini, C. Disselhorst-Klug, W. Z. Rymer, y R. Merletti,
«Surface EMG in Clinical Assessment and Neurorehabilitation:
Barriers Limiting Its Use», Front Neurol, vol. 11, p. 934, 2020, doi:
10.3389/fneur.2020.00934.

R. Pilkar, K. Momeni, A. Ramanujam, M. Ravi, E. Garbarini, y G. F.
Forrest, «Use of Surface EMG in Clinical Rehabilitation of
Individuals With SCI: Barriers and Future Considerations», Front.
Neurol., vol. 11, dic. 2020, doi: 10.3389/fneur.2020.578559.

A. Bawa y K. Banitsas, «Design Validation of a Low-Cost EMG
Sensor Compared to a Commercial-Based System for Measuring
Muscle Activity and Fatiguey», Sensors (Basel), vol. 22, n.° 15, p.
5799, ago. 2022, doi: 10.3390/522155799.

D. Esposito, J. Centracchio, P. Bifulco, y E. Andreozzi, «A smart
approach to EMG envelope extraction and powerful denoising for
human-machine interfaces», Sci Rep, vol. 13, n.° 1, p. 7768, may
2023, doi: 10.1038/s41598-023-33319-4.

M. Garouche y O. Thamsuwan, «Development of a Low-Cost
Portable EMG for Measuring the Muscular Activity of Workers in the
Field», Sensors (Basel), vol. 23, n.° 18, p. 7873, sep. 2023, doi:
10.3390/s23187873.

D. Pradon, L. Tong, C. Chalitsios, y N. Roche, «Development of
Surface EMG for Gait Analysis and Rehabilitation of Hemiparetic
Patients», Sensors, vol. 24, n.° 18, sep. 2024, doi: 10.3390/s24185954.
F. Amin et al., «Maximizing stroke recovery with advanced
technologies: A comprehensive assessment of robot-assisted, EMG-
Controlled robotics, virtual reality, and mirror therapy interventions»,

24" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering without Borders: Artificial Intelligence, Knowledge, Innovation, and

Alliances for a Future from the Americas”. Hybrid Event, Santiago-Chile, July 15 - 17, 2026



Results in Engineering, vol. 21, p. 101725, mar. 2024, doi:
10.1016/j.rineng.2023.101725.

[21]  A.C. Aldana Palomino, S. E. Moreno Elescano, A. J. Cruces
Chancahuafia, A. E. Dianderas Jorge, L. Y. Cieza Huane, y P.
Cardenas Caceres, «KEMG Rehab: An Interactive Platform Controlled
by EMG Signals to Improve Adherence to Rehabilitation Therapy in
Patients Who Have Suffered Lower Body Muscle Injuries», en 9t
European Medical and Biological Engineering Conference, T. Jarm,
R. Smerc, y S. Mahni¢-Kalamiza, Eds., Cham: Springer Nature
Switzerland, 2024, pp. 346-355. doi: 10.1007/978-3-031-61625-9_37.

[22]  G. Johnson et al., «Therapy Reloaded: Temporal Neural Network-
Based Platform for Processing Muscle Activity Measurement in
Electromyography-Games», en 2024 IEEE 12th International
Conference on Serious Games and Applications for Health (SeGAH),
ago. 2024, pp. 1-8. doi: 10.1109/SeGAH61285.2024.10639560.

[23]  J. de Oro Rosa, «Introduccién del biofeedback con electromiografia
de superficie sobre el incremento de fuerza en tiempo real en
fisioterapia», 2022, Accedido: 7 de mayo de 2025. [En linea].
Disponible en:
https://repositorio.comillas.edu/xmlui/handle/11531/81220

[24]  A. Cisnal de la Rica, «Desarrollo de estrategias de control
biocooperativo para plataformas robotizadas de rehabilitacion
neuromotoray, http://purl.org/dc/demitype/Text, Universidad de
Valladolid, 2023. Accedido: 7 de mayo de 2025. [En linea].
Disponible en: https://dialnet.unirioja.es/servlet/tesis?codigo=325275

[25] J. Enamorado y C. Zuniga, «Terapia con retroalimentacion
audiovisual empleando sefiales EMG en brazos afectados por
fracturay, 2025.

[26] L. Pena Larrea, E. Lopez-Anglada Fernandez, J. Pena Vazquez, A. B.
Pérez Morala, y A. F. Brana Vigil, «[Translated article]
Electromyographic axillary nerve injury in fractures of the proximal
humerus: Prospective, observational study, analysing the fracture
pattern», Revista Espariola de Cirugia Ortopédica y Traumatologia,
vol. 68, 1n.° 2, pp. T91-T96, mar. 2024, doi:
10.1016/j.recot.2023.11.020.

[27]  N.J. Jarque-Bou, M. Vergara, y J. L. Sancho-Bru, «Understanding
Forearm Muscle Activity during Everyday Common Grasps: Insights
for Rehabilitation, Prosthetic Control, and Human—Machine
Interaction», Applied Sciences, vol. 14, n.° 8, 2024, doi:
10.3390/app14083190.

[28] H.G. M. Qamar et al., kKEMG gesture signal analysis towards
diagnosis of upper limb using dual-pathway convolutional neural
network», MBE, vol. 21, n.° 4, pp. 5712-5734, 2024, doi:
10.3934/mbe.2024252.

[29]  A. Winursito, F. Arifin, M. Muslikhin, H. Artanto, y F. Caryn,
«Performance Analysis of EMG Signal Classification Methods for
Hand Gesture Recognition in Stroke Rehabilitation», Elinvo
(Electronics, Informatics, and Vocational Education), vol. 8, pp. 264-
274, ago. 2024, doi: 10.21831/elinvo.v8i2.76811.

[30] R. Debeuf et al., «Insights on the User Experience and Feasibility of
an Electromyography-Driven Exergame Combined With Blood Flow
Restriction for Strength Training in Hospitalized Older Adults: Mixed
Methods Randomized Controlled Feasibility Study», JMIR Serious
Games, vol. 13, p. 69400, jun. 2025, doi: 10.2196/69400.

[31] C.Hohler, L. Wild, A. de Crignis, K. Jahn, y C. Krewer,
«Contralaterally EMG-triggered functional electrical stimulation
during serious gaming for upper limb stroke rehabilitation: a
feasibility study», Front. Neurorobot., vol. 17, may 2023, doi:
10.3389/fnbot.2023.1168322.

[32] N.Suryay H. P. Someshwar, «Low-Cost Telerehabilitation in Low-
and Middle-Income Countries (LMICs): Overcoming Barriers to
Access and Improving Healthcare Delivery», NeuroRehabilitation,
vol. 56, n.° 1, pp. 30-36, feb. 2025, doi: 10.1177/10538135241303349.

24" LACCEI International Multi-Conference for Engineering, Education, and Technology: “Engineering without Borders: Artificial Intelligence, Knowledge, Innovation, and
Alliances for a Future from the Americas”. Hybrid Event, Santiago-Chile, July 15 - 17, 2026



