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ABSTRACT

Nowadays, as technology grows, human life formation changes every second. These
changes sometimes create harmful habits and affect our lifestyle, which unfortunately
bring various diseases and disorders. ADHD (Attention Deficit Hyperactivity Disorder)
& SPD (Sensory Processing Disorder) are common disorders in children. By giving children the right treatment at the younger ages, we can help them overcome their disabilities and not face any symptoms in their adulthood. The multi-sensory balance board is
designed and developed to help medics diagnose the disorders in patients at early stages
and monitor the treatment progress. The balance board uses multiple sensors to detect
common human senses, visual, auditory, balance, and tactile sensing.
Due to the safety issues for children during the COVID-19 pandemic, the balance board
has been clinically tested for adults with stroke disorder. The research has concluded
that it provides a fast low-cost with reliable results to diagnose the disorders in patients.
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Introduction

ew life formation and concerns, in an era in which technology
is advancing at an incredible rate, cause the lives of many individuals to be in flux. Unhealthy diet, harmful effects of improper, and excessive use of smartphones and computers in addition to less
physical activities have weakened the human body and expanded the
possibility of various disabilities. In this regard, ADHD (Attention Deficit Hyperactivity Disorder) and SPD (Sensory Processing Disorder) are
two of the most common diseases, particularly among children [1-3].
Balance Disorder
On a human body, balance is the sign of cooperation between several
different body organs, including the visual system (eyes), the vestibular
system (ears), and proprioception (the body’s sense of where it is in
space). Disruption in any of these systems causes an imbalance [4].
The imbalance is the cause of various disabilities such as Stroke, Multiple Sclerosis (MS), ADHD, and SPD in both children and adults [5-8].
There are multiple ways to treat a balance disorder depending on the
type of disease. Doctors will recommend different treatments such as
balance retraining exercises (vestibular rehabilitation) [9], positioning
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procedures [10], diet, and lifestyle changes
[11], medications, and surgery [12, 13].
Attention
Deficit
Hyperactivity
Disorder (ADHD)
ADHD is a common nervous system in the
human body, impairing brain development
and can occur at different ages. Prenatal, genetic causes and low birth weight have also
been implicated, and environmental factors,
psychosocial problems, toxins, and diet may
be involved [14, 15].
There are three main subtypes of ADHD,
including predominantly inattentive, oredominantly hyperactive/impulsive, hyperactivity
(Combined) [16, 17].
Usually, in children, symptoms, and impairment started by the age of seven. By diagnosis,
the treatment and medication procedure can
be formed in childhood, containing a higher
chance of alleviating the child [18].
Many other effective treatments can help
kids with ADHD to improve their ability to
pay attention, control impulsive behavior, and
curb hyperactivity [19].
Sensory Processing Disorder (SPD)
Sensory processing disorder is a condition,
affecting the processes of brain’s sensory information, and deals with the information
coming from one or all following sensory systems [20, 21].
Difficulties in the processing of this information can lead to numerous essential problems.
There are three possible components of dysfunction of sensory integration:
1) Sensory Modulation Disorder (SMD).
2) Sensory-Based Motor Disorder (SBMD).
3) Sensory Discrimination Disorder (SDD)
[22].
The treatment of children struggling with
ADHD or SPD should contain:
• Vestibular.
• Ocular movements separate from vestibular and vice versa.
• Proprioceptive (joint and muscle reception,
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muscle tone, coordination).
• Tactile (processing of light and deep touch).
• Auditory filtering of input.
• Visual processing.
• Reflexes and integration of those reflexes.
• Attention to many differing environments
[23-26].
• Balance board for entertainment purposes
[27].
Nowadays, doctors and occupational therapies use balance boards in rehabilitation after
injury to various parts [28, 29]. Balance board
is a suitable tool for children and can also
improve their self-confidence and stability,
which is the combination of entertainment and
exercises for the development of the sensory
integration [30].
There are thousands of models of balance
boards available in the market, mainly designed to detect patients’ basic balance sense.
In this project, a novel balance board has
been developed, in which the patient’s sense
of balance is combined with other auditory,
visual senses, and tactile sensing.

Technical Presentation
Multi-Sensory Balance Board
Multi-sensory balance board combines multiple senses to enhance user security through
the auditory system and the membrane labyrinths in the inner ear. Since equilibrium reactions occur only after the loss of equilibrium,
there is a definite risk of falling, providing the
reaction time is extended. An alarm has been
embedded in the board to warn the user at the
beginning of imbalance. This enhances the patient safety and prevents accidental injuries.
Adding sensory visual, and auditory functions
to the device makes it an exciting adventure
to perform the test. The multi-sensory balance
board contains four different parts, including
visual, auditory, balance sense, and tactile
sensing (transmitted from the foot).
As the user is standing on the balance board
struggling to keep his balance, the visual and
J Biomed Phys Eng 2021; 11(6)
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auditory senses are also getting activated;
thus, whenever the user’s imbalance starts, a
specific color light turns on. In addition to the
color light, an alarm sound will turn on, enabling the user to use different senses simultaneously. There is also a replaceable touchpad
on the board, containing a sense of softness
and coarseness (for encouraging tactile sensing).
The user might lose their balance in four different directions, focusing the bodyweight on
the front, back, left, or right. There are four
different lights with different colors for each
direction, causing the user to distinguish the
directions to maintain the balance again. If the
user’s balance is lost in more than one direction, more than one light will turn on. Moreover, there are four more lights that turn on
manually by a keypad, providing the ability to
activate a specific color light for the occupational therapist. The light helps the user to be
observant and move in the lighted direction.
Experimental setting of multi-sensory balance board
Multi-sensory balance board contains three
main parts as shown in Figure 1:
1) Balance Board
2) Power Distribution Box
3) Light Display Plate

1. Balance Board
In this project, one of the first and essential
parts is to select the best balance board to work
and make it an intelligent device. Various types
of balance boards are available in the market.
A wobble board with a circular cross-section
model is used in the present work, as shown
in Figure 1.
Sensor (6-AXIS GYROSCOPE): A 6- axis
gyroscope (MPU 6500) has been used to measure the balance board’s angle with the ground
in three different dimensions.
Springs: Four replaceable springs are designed and mounted on the bottom of the balance board. The spring force causes the users
to control their weight on the board more easily (According to Hooke’s Law).
Replaceable Touchpads: Interchangeable
touchpads are used to stimulate the sense of
touch through the soles of the feet.
2. Power Distribution Box
The power distribution box is the central
part of this device, containing the main electrical components such as the microcontroller,
relay modules, speaker, and keypad.
The microcontroller is programmed to turn
the lights and activate the speaker.
3. Light Display Plate
There are eight different lights divided into
two sections. The first section, placed on the

Figure 1: Multi-Sensory Balance Board
J Biomed Phys Eng 2021; 11(6)
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upper row of the display plate, is connected
to the keypad. Besides, if the user presses one
of the bottoms between A and D, one of the
color lights will turn on. The second section is
placed on the bottom row of the display plate,
connected to the sensor, and will turn on the
user’s imbalance.
At present, the multi-sensory balance board
has been in the clinical testing stage. Due to
the safety issues for children, particularly during the COVID-19 pandemic, the multi-sensory balance board has been used for adults with
various disabilities and disorders such as SPD,
ADHD, Parkinson, stroke, and even Coronavirus infected people. The clinical tests have
been conducted in the neurorehabilitation center in Paras hospital in Iran, located in Tehran,
for more than three months.
Table 1: The results of the first stroke groups
used in clinical testing.
Each patient’s result is divided into two categories, including the sensor’s results and the
occupational therapists feedback.
The sensor results contain three different
graphs for each therapy session of a patient.
Multi-sensory balance board monitors the
patient’s balance in three different dimensions
for higher efficiency and a decrease in the error factor.
In each session, three graphs are available
for three different angles (X, Y, Z).
Occupational therapy sessions in stroke patients are usually in a 10-session package.
Data Analysis
Patient A is a 36 years old male, who has had
a stroke in less than four months. According to
his doctor, he suffered from touch and numbness in his left arm and leg after a stroke, thus
he could not stand on the balance board with-

out help. However, on the first therapy session, he stood on the balance board for about 6
min and 30 s. As it could be realized from the
graphs with different angles, the patient faced
a major imbalance. In the tenth session (final
session), the patients’ balance improved significantly, and they were able to stand on the
balance board by themselves without any help
about five min. Besides, the medical team report has proven that the multi-sensory balance
board was useful and significantly improved
the patient’s rehabilitation progress.
Patient B is a 32 years old male, who has
had a stroke in less than a year. According to
his doctor, he had tremors in his body after
the stroke, especially his legs. Thus, he could
stand on the board with trembling. However,
on the first therapy session, he could stand on
the balance board for about 1 min and 30 s. In
the tenth session (final session), the patients’
balance improved noticeably, and they were
able to stand on the balance board with much
less vibration while their balance charts are
almost similar to an average person, with the
time of using the device for about 5 min. The
patient personally reported that the therapy
sections with the multi-sensory balance board
were useful, and his trembling and vibration
decreased significantly.
Patient C is a 34 years old male, who has
had a stroke in less than a month. Based on
the symptoms and Magnetic resonance imaging (MRI), the neurologists diagnosed that the
stroke damaged the nervous and sensory systems, and the patient has problems in controlling his legs. Although the patient could walk
only with a walker in his first therapy session,
he could stand on the balance board for about
2 minutes and 30 seconds with the help of the
occupational therapist. In the tenth session (fi-

Table 1: Characteristics of people in the group.
Gender of individuals

Age group

Weight (Kg)

Type of Disorder

Male

30 to 40

80 to 90

Stroke
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nal session), the patient’s balance improved
significantly as he was able to walk for a short
time without a walker. The neurologists recommended more therapy sessions for more
improvements. On the last session, t the device was used for about 3 min and 40 s.

Discussion

The main purpose of this project is rehabilitation of patients with various disabilities and
disorders. From all the data and information
gathered from the medical teams and patients,
it could be easily concluded that this device

was useful for the patients.
One of the abilities of multi-sensory balance
board is to monitor the patients in each therapy session by giving the body balance chart.
The sense of balance in the patient’s body
is different from each other; thus, the reaction
to imbalance can just be diverse. That is why
monitoring the patient’s balance can provide
more information about them.
For a better understanding of the patient’s
rehabilitation process, the standard deviation
of the results for each patient is available in
the Figure 2.

Figure 2: Standard deviation of angle X, Y, Z for patient A, B, C.
J Biomed Phys Eng 2021; 11(6)
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Conclusion

The multi-Sensory balance board was designed and created by the medical community commission in collaboration with a team
of mechanical, electronics, and mechatronics
engineers and a medical group, including occupational therapists and doctors.
Initially, the purpose of designing this device was to help patients with multiple sensory
conflicts such as SPD and ADHD. Due to the
COVID 19, we suspended the implementation
phase of the project, and stopped testing device on the children. Nevertheless, the tests on
adults with other disabilities continued.
Based on the consultation with the medical
team and the neurologists, the experiment began with stroke patients.
At present, the results of the first group, including three patients with a stroke and with
similar characteristics, are available. The
treatment staff reports on the project were satisfying. They replied that this device is helpful for patients and can be easily communicated. Moreover, it gives the medical team the
knowledge of the present situation and helps
them by tracking the patient recovery process.
Also, they reported that this device indicates
a balance situation and gets the patient’s attention by warning them in both auditory and
visual.
As the results proved the device’s effectiveness, the rehabilitation center at Pars Hospital was to use the multi sensory board in long
term.
Other positive points about this device are
its low manufacturing cost, easy accessibility
to all rehabilitation centers and hospitals.
The next step is to manufacture the device
by order in different hospitals throughout Tehran in the executive phase.
One day, no one will suffer from any disease,
and the lack of facilities will not harm the process of treating patients. The feedback from
the doctor and the occupational therapist team
were incredibly positive.
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