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Abstract: This paper introduces a novel approach to treat Congenital Clubfoot (CC), a
condition impairing the mobility and quality of life in young children. Despite the effectiveness of
the Ponseti method for the treatment of CC, there are practical challenges, particularly in Brazil.
Our study proposes a game-based therapeutic system that integrates an embedded system
for motion detection and pressure measurement, targeting the specific rehabilitation needs of
children with CC. The system includes an MPUG050 accelerometer/gyroscope sensor and a
custom-made Velostat pressure sensor matrix. These components communicate via Bluetooth
and I2C protocols to facilitate therapeutic exercises such as eversion and dorsiflexion of the
feet. The project also features the Hofeet Portal, a Flask-based web interface for healthcare
professionals to manage patient data efficiently. The gaming aspect involves “Bam-boo!”, a 2D
Unity game designed for children aged 3 to 7. This game incorporates activities for the correction
of CC, engaging children in a fun and interactive manner. The remote control for the game
uses a rotary joint connected to a slipper-shaped controller, allowing natural foot movement.
Economic considerations, especially in public healthcare networks, guided the selection of cost-
effective and accessible technologies such as Arduino and Unity. This interdisciplinary approach
alms to improve compliance with CC treatment, reduce discomfort, and improve results. The
project exemplifies the potential to integrate technology, healthcare and gaming in pediatric
physiotherapy, potentially serving as a model for patient-centered care innovations.
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CC initially treated with the method. Evidence points to
a congenital neuromuscular imbalance that comprises the
deforming forces present in the clubfoot.

Several challenges hinder wider adoption of the Ponseti
method. These include the financial burden of acquiring
well-fitted orthoses, children’s negative attitudes towards
orthoses resulting in complaints and persuading family
members to discontinue their use, and the overall effec-
tiveness of orthopedic device usage. Therefore, this study
aims to address these obstacles by introducing game ther-
apy. Specifically, a game will be developed to encourage
dorsiflexion and reversion movements in feet affected by
the condition. This interactive game will be responsive to
the patients’ foot movements and will require a remote
control connected to an embedded system that incorpo-
rates sensors and microcontrollers.

Game therapy, often integrated into physiotherapy pro-
grams, utilizes interactive and engaging games to im-
prove treatment outcomes. This approach, especially ben-
eficial for pediatric patients, such as those with CC, uses
technology-driven activities to promote physical move-
ment and correct musculoskeletal conditions. The use of
game therapy in this process provides many advantages
such as: increased adherence by arousing interest in chil-
dren, the exercises can be carried out at home without the
need to travel to rehabilitation clinics, the sessions and the
evolution of patients can be monitored remotely by the
treatment team, and still constitutes a viable alternative
to be implemented in locations where there is no hospital
network available to carry out surgical procedures.

This paper has the following structure. Section 2 describes
the CC. Section 3 has a brief introduction to game therapy.
Section 4 has the requirements. Section 5 describes the
methodology used, and Section 6 has the development
of the three components: the device with the embedded
system, the game developed for a cell phone, and the web
interface to follow the evolution of treatment. Section 8
provides conclusions and future work.

2. CONGENITAL CLUBFOOT

CC is a medical problem for several reasons. CC, also
known as talipes equinovarus, is a deformity that is present
at birth, characterized by the inward and downward rota-
tion of one or both feet. The severity of CC can vary,
but if left untreated, it can result in significant physical
disability. The atypical shape and position of the foot
can create difficulties or even make walking impossible,
affecting mobility and independence. Untreated CC in-
duces physical limitations that can have a substantial
effect on the individual’s quality of life. Children with
CC may find it difficult to participate in regular play or
physical activities, which can influence their social interac-
tions and psychological development. As the child grows,
the deformity can cause discomfort and pain, particularly
when walking or standing. This discomfort can also be
intensified by the appearance of secondary problems, such
as calluses or sores, caused by an abnormal position of the
foot (Smythe et al., 2023).

The association of shortening of the muscles and tendons
of the posteromedial aspect of the foot (triceps surae,

Achilles tendon, posterior tibialis, and toe flexors) and
weakness of the evertor muscles of the lateral aspect of
the foot (peroneus longus, peroneus brevis, and peroneus
tertius) promotes an imbalance that induces the return of
the downward (equinus) and inward (varus) position of the
foot. Recent studies suggest that when poor evertor muscle
activity is identified in infants with clubfoot, there is a
greater likelihood of recurrence and additional intervention
for correction (Isaacs et al., 1977; Cordeiro et al., 2022).

Although CC is a condition that can be treated, the
treatment process can be long and can involve multiple
interventions. The standard approach to treatment, known
as the Ponseti method, typically includes a series of
manipulations and castings. After this, patients often need
to wear a brace for several years to prevent the condition
from recurring (Radler, 2013; Agarwal, 2022). In some
cases, surgery may be necessary (Li and Myerson, 2022).
The treatment process can place a significant emotional
and financial burden on families Walter et al. (2020).
In regions with limited access to healthcare, children
with untreated clubfoot may face social stigma and have
limited opportunities for education and employment in
the future. This not only impacts the individual, but also
has broader social and economic implications. If CC is
not adequately or fully treated, it can lead to long-term
complications such as chronic pain, arthritis, and difficulty
walking. Consequently, further medical intervention may
be required, which can affect an individual’s ability to work
and perform daily activities (Hopwood et al., 2023).

To summarize, CC poses a significant issue as it has the po-
tential to result in physical disability, discomfort, and so-
cial and economic difficulties. It is of utmost importance to
provide prompt and efficient treatment to achieve optimal
outcomes and reduce the risk of long-term complications.

3. GAME THERAPY

Game therapy, also known as therapeutic gaming or game-
based therapy, is a therapeutic approach that integrates
video games or elements of the game into the therapeutic
process. This novel method has gained popularity and
improved usage for several reasons. Game therapy utilizes
the captivating and immersive nature of games to inspire
patients, especially children and adolescents, who may not
respond as well to traditional therapy techniques. Games
can be designed to promote the development of particular
skills such as problem solving, decision making, memory,
fine motor skills, and emotional regulation. Games provide
a secure and controlled environment in which individu-
als can experiment with different behaviors and strate-
gies. Many games offer immediate feedback and monitor
progress over time, which can serve as motivation and
allow both therapists and patients to assess improvement.
Games can be customized to address specific therapeutic
objectives or to accommodate individual preferences, thus
improving the personalization and effectiveness of therapy
(Gradi et al., 2024).

Advancements in technology have improved the accessi-
bility and effectiveness of game therapy. For example, vir-
tual reality provides immersive experiences that facilitate
exposure therapy and skill development. The prevalence
of digital technology has made younger generations more
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Fig. 1. Project’s diagram of components. The patient acts directly to the embedded system which remote control the
game. The cell phone has the game. The cell phone sends information to the server with the database. The user

can access the web interface and the database.

inclined to engage with digital platforms, making game
therapy an attractive option for them. Additionally, on-
line and digital games can be accessed remotely, allowing
therapeutic interventions for people who cannot attend
in-person sessions, which has become particularly signif-
icant during events such as the COVID-19 pandemic. As
gaming becomes more widely accepted and its potential
benefits are increasingly recognized, there is a reduction
in stigma and greater acceptance of incorporating games
into therapeutic practices. Game therapy often integrates
elements of physical and mental therapy, appealing to a
more comprehensive approach to health and well-being
(Tolks et al., 2024).

In summary, game therapy is a field that is constantly
changing and connecting technology with mental health
care (Wu et al., 2024). Its popularity is driven by advances
in technology, a growing body of evidence showing its
effectiveness, higher levels of engagement and accessibility,
and a wider cultural recognition of the game as a valuable
therapeutic tool (Shahmoradi et al., 2022).

4. METHODOLOGY

This section describes the requirements of the interactive
game and the selection of its components.

4.1 Requirements

At the University Hospital of USP, the orthopedic team
has identified a need for physiotherapy sessions with chil-
dren. These sessions involve training the children to per-
form exercises that focus on external rotation of their feet.
The exercises specifically target eversion and dorsiflexion

movements. The main objectives of these exercises are to
improve muscle and ligament strength, minimize adduc-
tion tendencies, reduce cavus and equinus conditions, and
correct calcaneal varus.

To perform these exercises, an interactive game is pro-
posed. As explained above, games are known to be engag-
ing and immersive, making them an effective tool for game
therapy. They help maintain motivation, prevent boredom,
and offer ongoing challenges to overcome.

In cases of CC, it is essential for children to participate
in activities that involve their affected feet. Consequently,
the use of a remote control activated by foot movements
becomes imperative. To facilitate this, an electronic system
needs to be implemented that allows communication with
the game via wired or wireless methods. Creating a mobile
game appears to be the most feasible choice, as it offers
greater accessibility, requiring only a smartphone instead
of a computer or laptop. Lastly, it is crucial to store game
data for future analysis and visualization by healthcare
professionals who monitor patient progress.

Essential components for the project include:

e The mobile game;

e Enable wifi and/or Bluetooth technology for commu-
nication purposes.

e A database and web platform designed to store and
visualize data that enables healthcare professionals to
track the progress of therapy.

In addition, there is an ongoing initiative to create a
pressure sensor matrix that can depict the advancement of
weight distribution during the use of the assistive device.
The enhancement of the evertor muscles and the correction
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of CC contribute to an improved walking gait and the
interaction between the foot and the ground.

Taking into account economic factors, particularly in pub-
lic healthcare networks with limited distribution of ortho-
sis, the production costs are significantly higher. Inclusion
of an additional device in treatment unavoidably increases
the costs of correction. Hence, the objective of the project
is to implement a system that is both cost-effective and
capable of fulfilling the intended functionalities.

4.2 Selection of Components

After understanding the requirements and specifications,
the next step is to evaluate the existing models in the
market for each type of solution. It is important to consider
the scope of prototyping and find the most cost-effective,
accessible, and time-efficient alternatives. In this case,
the Arduino Rapid Prototyping ecosystem is found to
be the most appropriate choice as it provides all the
essential components for the embedded system. There is
a diverse selection of commercial software available for
game development in the electronic gaming industry. Unity
software is the preferred choice because of its user-friendly
interfaces, a variety of pre-designed objects that can be
bought, and a thriving online community that makes the
learning process easier.

There are many affordable and simple alternatives avail-
able for the database and web platform. In terms of the
database, a SQL server was chosen to store patient data,
registration information, future visit dates, and progress
data from the game and pressure matrix. For the web
platform, Flask, a modular framework for website develop-
ment in Python, was used. Flask allows for the definition
of address routes and determines which HTML pages will
be displayed, as well as the allowed HTTP commands.
The component diagram in Fig. 1 shows the interactions
between the sets and when there is user interaction.

5. HARDWARE AND SOFTWARE

In this section, the development of a remote control and
game-based therapeutic system is described that aims to
enhance physical therapy for children with CC. The system
integrates an MPUG050 accelerometer /gyroscope to detect
motion and a custom-made pressure sensor matrix that
utilizes Velostat to measure pressure. These components
communicate through Bluetooth and I2C protocols to
transmit data to computing devices. The design of the
system includes a rotary joint and a slipper-shaped remote
control, which facilitate physical therapeutic exercises such
as eversion and dorsiflexion of the feet. In addition, a web
interface called Hofeet Portal was created using Flask,
providing healthcare professionals with a tool to manage
patient data. To complement the hardware, a 2D Unity
game called “Bam-boo!” was specifically designed for
children. This game incorporates therapeutic activities
that help correct CC, engaging the patient in a fun and
beneficial way.

5.1 Embedded System

The remote control will be equipped with an MPU6050
accelerometer/gyroscope sensor. This sensor is capable

Fig. 2. The printed circuit board (PCB) has Arduino
components connected to it. The Arduino, Bluetooth,
and other components can be seen on the PCB. There
are two cables coming out of the PCB, one wider
cable for connecting to the pressure sensor matrix
and another narrower cable for connecting to the
accelerometer.

of measuring the acceleration of an object, allowing de-
termination of both the direction and magnitude of the
acceleration. The MPUG6050 has its own calibration setup
and communicates using the 12C protocol, which uses two
channels. In addition, a Bluetooth communication module
will be incorporated into the remote control to enable wire-
less transmission and reception of data. This module will
be utilized to transmit data from the accelerometer, the
gyroscope, and the pressure sensor matrix to a computer
or mobile device. The printed circuit board (PCB) with
Arduino components attached is shown in Fig. 2.

There are various models of pressure sensor matrices avail-
able in the market, but their fixed sizes pose challenges in
fitting them into the inner sole of the orthosis, making their
implementation complicated. Another option is to use in-
dividual point pressure sensors that operate on the same
physical principle. However, this approach would limit the
number of connections that can be accommodated by the
Arduino prototyping board. Given this situation, it was
decided to construct a pressure sensor matrix using the
principle of piezoresistivity. Velostat, a material composed
of carbon embedded in a layer of elastomeric polyester,
proves to be a suitable alternative as a piezoresistive ma-
terial. It is commonly used as a pressure-sensitive layer
where the carbon layers come into contact and alter the
electrical resistance of the material, enabling pressure de-
tection.

In order to construct the sensor, it is essential to utilize
copper tape or uninsulated wires to arrange in rows and
columns, as illustrated in Fig. 3. The Velostat sheet is
positioned at the intersection of these terminals, creating
a matrix of contact points, resembling three layers between
a terminal, the Velostat layer, and another terminal. By
connecting all the pins to the Arduino, it becomes feasible
to apply a voltage of 5V to a row or column. When
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Fig. 3. The pressure sensor matrix is illustrated in the
schematics. A sweep is conducted across the vertical
and horizontal lines to establish the points of contact
between them.

Fig. 4. The 3D model displays the remote control. The
PCB is highlighted in green, and the MPU6050 sensor
is shown in blue. Foot movements are executed using
the upper part of the remote control, which are then
detected by the MPUG6050 sensor.

conducting analog reading on the same pin, the resistance
value or the measured mechanical load at a specific point
can be obtained. Consequently, to measure this value
across the entire matrix, a multiplexer is employed to
automatically scan all the columns. It activates one row
at a time, resulting in the distribution of weight across the
entire matrix.

Therefore, a concept was developed to utilize a rotary joint
connected to a base that would be connected to the slipper-
shaped remote control. This arrangement enables the
patient to conveniently wear the orthosis boot. To provide
mechanical resistance for the desired movement during
interaction with the game, an elastic band will be fastened
to the front end. The elastic coefficient of the elastic band

can be evaluated. This will facilitate the proper execution
of physical activity. The design was performed in the CAD
system Shapr3D and then manufactured using the PLA+
additive manufacturing (see Fig. 4).

5.2 Web Interface and Database

The Hofeet Portal is a web interface that was developed for
the purpose of testing database query requests. It provides
healthcare professionals with an organized presentation of
information, allowing them to check, edit, or add patient
data in their workplaces. The website was built using
the Flask microframework in the Python programming
language. By utilizing Flask, the project benefits from
its architectural simplicity, enabling rapid development
without requiring extensive configurations. Additionally,
Flask offers customization options, enhancing the overall
robustness of the portal.

By analyzing the data sent from the device, including the
elastic coefficient of the band, the foot movement history
recorded by the accelerometer, and the gyroscope data, it
is possible to determine the amount of force exerted by the
foot.

5.3 The Game

In the game, players control a panda that needs to eat the
food prepared by its parents to grow strong and healthy.
The player can move his foot up, down, left, and right to
move the panda. However, the presence of ghosts and the
fear of the panda make this task challenging. The game
follows certain rules: the panda, named Bam, needs to
move around the screen and collect the food that appears
periodically. The level is considered complete when Bam’s
stomach bar is full. However, eating spoiled food will
decrease the progress bar. Additionally, after a certain
amount of time, a ghost will appear on the screen and
chase Bam, trying to scare him. Bam has a limited number
of lives, and if he loses them due to ghost scares, he will
run away scared and the game will end.

6. CONCLUSIONS

This study introduces a novel game-based therapy system
to improve CC treatment in children, improving their
mobility and quality of life. Despite the effectiveness of
the Ponseti method, it faces challenges, prompting the
development of a system that combines an embedded
system with motion detection and pressure measurement
to motivate children’s active participation through engag-
ing games. Using an MPU6050 sensor and a Velostat-
based pressure sensor matrix, this approach facilitates the
precise monitoring of therapeutic exercises. The Hofeet
Portal, built with Flask, allows healthcare professionals
to efficiently manage patient data and tailor treatments.
Focused on affordability, especially in public healthcare,
the project uses Arduino and Unity to ensure accessible
and efficient treatment, showing the potential for broader
physiotherapeutic applications in pediatrics. This inte-
gration of game therapy and custom hardware aims to
improve treatment compliance, reduce discomfort, and im-
prove results, making the treatment process more positive
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and interactive for children with CC, thus benefiting their
physical and psychological well-being.

To summarize, this project that combines technology,
healthcare, and gaming aims to tackle the intricate issues
surrounding the treatment of CC. If successful, it could
serve as a blueprint for incorporating technology into
patient-focused care in the realm of pediatric physiother-
apy.

A methodology for testing and validation was proposed
to the Ethics Committee, including sample sizes, control
groups, and statistical methods to ensure robust data that
confirm system performance.

ACKNOWLEDGEMENTS

M. S. G. Tsuzuki is partially supported by CNPq (grant
306.123/2022-3).

REFERENCES

Agarwal, A. (2022). Orthotic configuration and its effect
on clubfoot: A bench research with modifications of
orthotic bar length, dorsiflexion and abduction. Journal
of Clinical Orthopaedics and Trauma, 26.

Changulani, M., Garg, N., Rajagopal, T., Bass, A.,
Nayagam, S., Sampath, J., and Bruce, C. (2006). Treat-
ment of idopathic club foot using the ponseti method:
Initial experience. Journal of Bone and Joint Surgery -
Series B, 88(10), 1385-1387.

Cordeiro, F.G., Macedo, R.S., Massa, B.S.F., Grangeiro,
P.M., Godoy-Santos, A.L., and Fernandes, T.D. (2022).
Congenital clubfoot - is the Ponseti method the defini-
tive solution? Rewista Brasileira de Ortopedia, 56, 683—
688.

Feldbrin, Z., Gilai, A.N., Ezra, E., Khermosh, O., Kramer,
U., and Wientroub, S. (1995). Muscle imbalance in the
aetiology of idiopathic club foot. an electromyographic
study. Journal of Bone and Joint Surgery - Series B,
77, 596-601.

Gelfer, Y., Hughes, K., Fontalis, A., Wientroub, S., and
Eastwood, D. (2020). A systematic review of reported
outcomes following ponseti correction of idiopathic club
foot. Bone and Joint Open, 1(8), 457-464.

Gradi, N., Chopin, A., Bavelier, D., Shechner, T., and
Pichon, S. (2024). Evaluating the effect of action-like
video game play and of casual video game play on anx-
iety in adolescents with elevated anxiety: protocol for a
multi-center, parallel group, assessor-blind, randomized
controlled trial. BMC' Psychiatry, 24, 1-14.

Hopwood, S., Khan, F., Kemp, J., Rehm, A., and Ashby,
E. (2023). Clubfoot: An overview and the latest UK
guidelines. British Journal of Hospital Medicine, 84.

Isaacs, H., Handelsman, J., Badenhorst, M., and Pickering,
A. (1977). The muscles in club foot - a histological,
histochemical and electron microscopic study. Journal
of Bone and Joint Surgery - Series B, 59 B(4), 465 —
472.

Li, S. and Myerson, M.S. (2022). Surgical management of
the undercorrected and overcorrected severe club foot
deformity. Foot and Ankle Clinics, 27(2), 491 — 512.

Little, Z., Yeo, A., and Gelfer, Y. (2019). Poor evertor
muscle activity is a predictor of recurrence in idiopathic
clubfoot treated by the Ponseti method: A prospective

longitudinal study with a 5-year follow-up. Journal of
Pediatric Orthopaedics, 39, E467-E471.

Lourenco, A.F. and Morcuende, J. (2007). Correction of
neglected idiopathic club foot by the ponseti method.
Journal of Bone and Joint Surgery - Series B, 89(3),
378-381.

Nogueira, M.P.; Pereira, J.C.R., Duarte, P.S., Lourenco,
A., Tedesco, A.P., Ferreira, L.A., Forlin, E., Volpi, R.,
Violante, F., Brandao, G., Novaes, E., Zabeu, J.L.A.,
Kim, J.H., Aguiar, C., and Merlotti, M.H.R. (2011).
Ponseti Brasil: a national program to eradicate ne-
glected clubfoot - preliminary results. The Iowa Or-
thopaedic Journal, 31, 43-48.

Ponseti, I.V. (2002). Relapsing clubfoot: Causes, preven-
tion, and treatment. The lowa Orthop J, 22, 55.

Radler, C. (2013). The ponseti method for the treatment
of congenital club foot: Review of the current liter-
ature and treatment recommendations. International
Orthopaedics, 37(9), 1747-1753.

Shahmoradi, L., Mohammadian, F., and Rahmani Kati-
gari, M. (2022). A systematic review on serious games
in attention rehabilitation and their effects. Behavioural
Neurology, 2022.

Smythe, T., Rotenberg, S., and Lavy, C. (2023). The global
birth prevalence of clubfoot: a systematic review and
meta-analysis. eClinicalMedicine, 63.

Tolks, D., Schmidt, J.J., and Kuhn, S. (2024). The role of
AT in serious games and gamification for health: Scoping
review. Journal of Medical Internet Research Serious
Games, 12, e48258.

Walter, C., Sachsenmaier, S., Wiinschel, M., Teufel, M.,
and Gotze, M. (2020). Clubfoot treatment with pon-
seti method - parental distress during plaster casting.
Journal of Orthopaedic Surgery and Research, 15(1).

Wu, Y., Long, T., Huang, J., Zhang, Y., Zhang, Q.,
Zhang, J., and Li, M. (2024). Serious games for mental
health promotion in adolescents with chronic diseases: a
scoping review. Mental Health Review Journal.



