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ABSTRACT

*This work has been published

under CC BY-NC-SA 4.0 license. Background and Objectives: Providing home-based telerehabilitation services may allow higher-

dose interventions targeted to people with stroke. This study aims to design and test the feasibility

L. of the audio biofeedback device in telerehabilitation with therapeutic exercise.
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whenever the device is warned. The response time of the device was measured with a stopwatch
after the wrist reached the correct angles. Users’ satisfaction was evaluated with a satisfaction
questionnaire with a Likert scale.
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Results: The results showed that the device can respond at a 0°angle for all participants. Only in
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the response of the instrument in the angle is not shown. Friedman’s statistical test showed no
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f What is “already known” in this topic:

the wrist in stroke people.

—» What this article adds:

exercises

Designing, manufacturing, and checking the accuracyof an audio biofeedback device for controlling the angle of

The proposed audio biofeedback device is feasible, safe, and acceptable. The biofeedback tool seduced the
participants to complete therapeutic exercises. Employing the audio biofeedback tool for children, the elderly,
and people with low attention and concentration can attract attention and increase participation in therapeutic

Introduction

troke may lead to disabilities in daily activi-

ties [1]. Loss of function, especially in hand,

leads to severe physical and mental disabili-

ties that affect daily activities, including

working conditions and quality of life [2].
The prevalence of stroke in developed countries is about
100-300 cases per 100 000 people per year [3]. Studies
have shown that stroke is the third cause of disability [4].
A total of 45% of elderly people with stroke are severely
unable to perform daily functions.

Adherence to exercise programs is usually a challenge
for therapists. Its effectiveness of some factors, including
the exercise protocol and patient participation [5]. Despite
the effect of exercise and exercise therapy on physical and
social health for the elderly with disabilities, participating
in exercise and exercise therapy is still weak among them
[6, 7]. Campbell et al. showed that non-compliance with
physiotherapy is common. From the patient’s perspective,
the decision to comply or not to comply is rational but
often unpredictable by therapists or researchers [8]. Less
participation in exercise and therapeutic exercise may
correlate to general factors, such as fear of adverse conse-
quences and lack of motivation [6, 7].

Using supervised exercise sessions, referring patients
for regular consultation with a physician, or attending
group exercise classes may help ensure long-term ex-
ercise compliance and improve therapeutic outcomes
[4]. Referring patients to clinics or group sessions to do
therapeutic exercises is costly and time-consuming and
is not always available for elderly patients [9, 10]. Re-
garding the importance of health protocols in the CO-
VID-19 epidemic, especially for the elderly, a method
is required to do therapeutic exercises at home without
attending medical centers [9].

Due to physical and cognitive disorders, it is often dif-
ficult and costly for people who have suffered a stroke
to access on-site rehabilitation. Telerehabilitation offers
the opportunity to promote the rehabilitation process
[11]. According to other recent studies, telerehabilitation
shows a positive impact on patients’ compliance and
adherence [12, 13] because the patients’ opinions are
crucial [14]. This trial contributes to the scientific-based
knowledge regarding the effects of telerehabilitation and
the increase in participation. Complicating and challeng-
ing exercises lead to non-adherence to treatment [15].

In addition, based on the International Organization
for Standardization, the usability of using the product
to achieve particular goals, effectiveness, efficiency,
and user satisfaction are considered in a certain scope
[16]. In the current study, one of the most critical steps
was “usability” testing to collect empirical data from us-
ers and learn the usage, efficiency, tool durability, and
safety [17], useful for identifying problems with existing
tools. According to Nielsen, usability testing of five us-
ers should identify up to 80% of potential problems with
a particular tool [ 18, 19]. Williams stated that the level of
patients’ satisfaction can show its quality, i.e. the higher
quality, the higher patient satisfaction [20].

The present study was conducted to develop a tool
based on audio biofeedback and increase the rate of par-
ticipation in therapeutic exercise, i.e. people with stroke
do their therapeutic exercises with high attractiveness
under the practices and standards considered by the ther-
apist at home.

Materials and Methods

Audio biofeedback (Figure 1) is an invention (registra-
tion No A61B 5/00) (Attachment). The device includ-
ed an audio biofeedback box (including battery, sound
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alarm, on and off switch, and two LED lamps), con-
necting wire (including two connecting cables, two con-
necting wires, and two rotating plates to adjust the joint
angle, each consisting of a mercury lamp), joint strap
(one strap with velcro, one magnet to connect to the ro-
tating plates of the lamp). Two small lamps were placed
on both sides of the sound alarm and turned on and off
when the alarm turned on and off; therefore they were as
visual biofeedback. Figure 2 shows the biofeedback box.
The two rotating plates were used to adjust the angles.
After the wrist reached the desired angle, the alarm was
turned on and sounded. Table 1 presents the summary of
the device features.

Study design and participants

This pilot study was conducted at Iran University of
Medical Sciences. A total of 28 healthy students were
included from Iran University of Medical Sciences. The
participants were selected based on convenience and
non-probability sampling method and the inclusion cri-
teriaincluded aged 18 to 25 years, no pain in upper limbs,
no spasticity in upper limbs, no disability in upper limbs,
and a full range of motion (ROM) of the wrist. The ex-
clusion criteria included unwillingness to continue the
test. Table 2 presents the subjects’ age, weight, height,
and size of wrist before the study. A sample size was es-
timated by G-power software and according to a power
of 95%, and a one-sided significance level of 0.05. A
sample size of 28 healthy people was needed [21].

Data collection

For all participants, the following outcome measure-
ments were evaluated, demographic data, wrist size,
responsiveness in ROM of the wrist, time of device re-
sponsiveness, and participants’ satisfaction. Primary out-
come measures were the device feasibility in wrist ROM
and device feasibility time; the secondary outcome mea-
sure was participants’ satisfaction with the device pro-
cess (please see attachments) [19, 22].

At first, the evaluator asked each participant to sit on
a chair. Second, the evaluator tied the strap to his wrist.
Third, the evaluator rotated the two small rotating plates
to the desired amount in the counterclockwise direction
and then asked each volunteer to move the wrist in the
extension and the flexion. When the tool warned, i.e. the
movement was done in the correct direction.

The researcher considered three angles 0°, 30° exten-
sion, and 30° flexion. The evaluator set the device at
each angle and asked participants to move their wrists
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at certain angles and keep those till the tool was warned.
When the device was warned, the evaluator measured
the participants’ wrist angle. The evaluator measured the
time between the time the wrist reached certain angles,
and when the device warned as the time of device re-
sponsiveness. To decrease errors, the evaluator repeated
all of the tests three times. In the end, the evaluator asked
participants to fill up the satisfaction questionnaire on
five-point Likert scale [19, 22].

Results

The results showed that the device was efficient for
all participants in 0°. Two participants did not show the
correct angle in the 30°flexion by the device. Also, two
participants did not show the 30° extension correctly by
the device. Tables 3 and 4 present the result of device
feasibility and responsibility of time. The results of the
Fridman test showed no significant difference between
the three-time trials (P=0.110) for each angle. Figure 1
shows the average score for each item of the satisfaction
questionnaire. A score above the optimal threshold (2.5)
was considered for each question.

Discussion

Telerehabilitation has attracted more attention from
society (the research community and the commercial
market) [23]. The results showed that the audio biofeed-
back device is efficient in the evaluated angles. Also, the
device gave feedback in less than 15 hundredths of a sec-
ond. The results of this study are beneficial for rehabili-
tation centers and clinics.

Based on the results of the satisfaction questionnaire,
all participants were assigned a score higher than the
optimal threshold for every question. The highest score
was 5 (the easy learning of the tool), it means the device
has a simple process for its users. Therefore, many users
who cannot understand complex devices easily perform
exercises with the studied device. Since exercise with
the device designed in this study does not require any
clinical travel and high costs, it has better follow-up of
patients with stroke and other disabilities in the wrist in
doing therapeutic exercises and saving time with better
availability.

Nowadays, due to outbreaks of pandemic diseases,
telerehabilitation has attracted the attention of many
disabled people, therapists, and researchers [11]. In this
article, the researcher tried to aid the telerehabilitation
process by introducing a biofeedback tool. In a similar
study, the effect of the two methods (traditional and trace
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Figure 1. Schematic image of three device parts

A: Control box; B: Connecting wires; C: Joint strap

tool method) was compared in the therapeutic exercises
on pain and ROM in patients with knee osteoarthritis.
The results revealed a significant difference between the
intervention and control groups regarding the ROM of
knee flexion. Furthermore, the result of the satisfaction
questionnaire showed a significant difference between
the two groups, with a higher median score in the inter-
vention group than in the control group [24].

Marin-Pardo et al. developed a telerchabilitation bio-
feedback system for muscle training for people suffering
post-stroke. The system was a portable stroke telercha-
bilitation at home, therapist-driven, personalized, and
gamified training. They evaluated the systems’s perfor-
mance in training tasks on a person with a stroke. The
results showed that the participant reported no perceived
discomfort, pain, or fatigue, and no adverse events were
observed during any sessions using the system. Values of
calculated individuated activity of the extensor muscle
showed a significant increase over time (P<0.001) [25].
However, this system needed a laptop and several sen-
sors to save signals on the electromyography system.
Despite this, authors tried to develop a low-cost system,
but it is relatively expensive and complicated for some
people with low comprehension.

Blair et al. invented a physical therapy device (patent
number US8721569 B2) to perform the physical therapy
exercise. Users should move their limbs in such a man-
ner to track light from the light emitter on the tracking
pattern and perform physical therapy exercises [26]. Al-
though the procedure of this device was not complicated,

Table 1. Summary of the features of device
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Figure 2. An audio feedback device similar to a small box
(2.5%5.5x8.5) and 300 g

the users should place their foot on a box to perform ex-
ercises to have a proper position during the exercises.
Since, some patients cannot stand independently, and it
may be fatiguing for them, this device may not be suit-
able for many patients.

Priester et al. developed a joint angle indication system
(patent number US6890312 B1). The joint angle indica-
tion system provided information about the angular re-
lationship between a first body part and a second body
part. The system included several joint angle variation
sensors that vary based on the joint angle between the
first and second arm members. An audio biofeedback
circuit generated a first feedback signal when the joint
angle was less than or equal to the first angle, generated a
second feedback signal when the joint angle was greater
than or equal to the second angle, and generated no feed-
back signal when the joint angle was less than the sec-
ond angle and more significant than the first angle [27].
Although based on our current knowledge, no study was

Features

Parts Components
Battery, sound alarm, on and off switch, and
Control box
two LED lamps
Two connecting cables, two connecting wires,
Connector .
and two rotating plates

Joint strap One strap, one magnet to connect to the

rotating plates of the mercury lamp

Two small lamps were placed on both sides of the sound alarm and

turned on and off when the alarm turned on and off.

The two rotating plates to adjust the joint angle, each consisting of a

mercury lamp.

The strap was made from velcro (5 cm wide)

LED: Light-emitting diode.
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Table 2. Demographic and clinical characteristics of participants of both groups
Variables MeantSD/No.
Age (y) 21.1443.75
Sex (female/male) 19.9
Weight (kg) 71.25+9.18
Height (cm) 162.8745.15
Sport (yes/no) 8.20
Table 3. Frequencies of feasibility in three angles
Value Angle 0 Flexion Extension
Std. error of mean 0.000 0.050 0.050
Median 1.00 1.00 1.00
Percent (positive code) 100 92.9 92.9
Table 4. Mean and median of time
Angle 0° 30° Extension 30° Flexion
Mean 0.039 0.076 0.150
Median 0.0005 0.100 0.054

found to show the effect of this device on performing
therapeutic exercises in patients, it seems that this de-
vice determines the joint angles correctly, and users can
perform the exercises at the precisely determined angle.
However, this device was limited to use in the upper
limbs, and for use in other joints, it requires a specific
design of the device and cuffs.

Since the researcher has conducted the present study
during the COVID-19 period, some limitations, such as
the absence of the control group and only evaluation of
clinical outcomes, not laboratory outcomes were met.
The long-term effect of the studied tool on participants in
the exercises resulted in confirming the tools effective-
ness. Additionally, the effect of the audio biofeedback
device should be investigated during therapeutic exercis-
es in groups of patients with musculoskeletal disorders
who require ongoing therapeutic exercises.

It suggests the use of audio biofeedback tool to per-
form movements in other joints. It is suggested that fu-
ture studies should compare the methods of performing
therapeutic exercises with the biofeedback tool with tra-
ditional methods in a clinical trial study.

Conclusion

The present pilot study has shown that the proposed
audio biofeedback device is feasible, safe, and accept-
able. The biofeedback tool seduced the participants to
complete therapeutic exercises. Employing the audio
biofeedback tool for children, the elderly, and people
with low attention and concentration can attract atten-
tion and increase participation in therapeutic exercises.
Also, it seems that the use of the tool can help complete
complicated exercises at certain angles.
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