Vinh University Journal of Science

Vol. 52, No. 4A/2023

DEVELOPING A SUPPORTIVE DEVICE
FOR WRIST INJURY REHABILITATION TRAINING

Dien Thi Hong Ha

University of Economics - Technology for Industries, Hanoi, Vietnam

ARTICLE INFORMATION

Journal: Vinh University
Journal of Sciences
ISSN: 1859-2228

Volume: 52

Issue: 4A
*Correspondence:
dthha@uneti.edu.vn

Received: 18 September 2023
Accepted: 12 October 2023
Published: 20 December 2023

Citation:

Dien Thi Hong Ha (2023).
Developing a supportive device
for wrist injury rehabilitation
training. Vinh Uni. J. Sci.
Vol. 52 (4A), pp. 49-58

doi: 10.56824/vujs.2023a110

OPEN ACCESS

Copyright © 2023. This is an
Open Access article distributed
under the terms of the Creative

Commons Attribution License

(CC BY NC), which permits
non-commercially to share
(copy and redistribute the
material in any medium) or
adapt (remix, transform, and
build upon the material),
provided the original work is
properly cited.

ABSTRACT

In this paper, we develop a supportive device to monitor the
rehabilitation exercise process for people with disabilities to use
their hands. The prototype is designed to include a resistance
cable system to support the rehabilitation of the patient's hand
motor function. During training, the patient pulls the resistance
cable to exercise, and the resistance cable system applies force to
the product's sensor block. The sensor block is capable of
measuring parameters when force is applied, allowing the
calculation of hand force during the patient's training. The hand
force data obtained from the sensor block is then sent to a
separate loT-based application. This mobile-platform app is
particularly developed for hosting data and providing a view for
user to track his/her process of training. Additionally, the product
is designed with angle measurement capabilities to track motion
coordinates during the patient's hand training. The product is
tailored to the physique of Vietnamese individuals. The patient's
training results are stored on the Internet and displayed on a
mobile application, facilitating the monitoring of training
progress, comparing patient training results with standard data,
and allowing remote monitoring by the patient's family members
or healthcare professionals.

Keywords: Medical assistance device; training; rehabilitation;
robotic rehabilitation; Internet of Things

1. Introduction

Wrist injuries are among the most common types of
injuries, especially during sports and daily activities. A
wrist injury is a misalignment of the bones of the wrist or
damage to the tendons and muscles that can cause
instability in the wrist joint after a fall or a strong impact.
Additionally, wrist injuries can also develop from poor
habits in daily life. In these cases, the severity gradually
increases over time, with persistent, chronic pain. The most
common types of wrist injuries are sprains and fractures.
Sprained wrists usually result in pain, swelling, and are
relatively easy to treat. However, in the case of a wrist

fracture requiring surgical intervention, it can be
challenging to fully restore hand function to its original
state. In addition to medical care, monitoring, and

medication-based treatment plans prescribed by doctors,
individuals with wrist injuries (patients) should combine
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various rehabilitation methods to aid in their recovery. Wrist injury rehabilitation
includes medical, economic, social, vocational guidance, and rehabilitation techniques to
minimize the impact of reduced abilities and disabilities, ensuring that individuals with
disabilities can integrate into society, have equal opportunities, and fully participate in
social activities.

In Vietnam, hospitals have begun using rehabilitation devices for hand injuries
(such as the one shown in Figure 1) to serve patients in need. Scientific publications or
devices, machines, or robots that assist patients in the process of hand injury
rehabilitation are quite diverse, with each product having different characteristics and
usage for different purposes [1]-[3]. However, the disadvantages of these products
include their high cost (making them less suitable for financially disadvantaged patients
who need to purchase them for training and treatment at home), complex technology,
fuel consumption, and the use of intricate designs, requiring users to have a high level of
expertise. Maintenance and upkeep at home can also be challenging [4]-[7]. In this study,
the authors aimed to develop and design an intelligent supportive device for patients that
inherits the advantages of previously published products. This research has novelty in its
attempt to build an affordable, easy-to-install, and maintainable product while still
meeting the required design functions [8]-[11].

Figure 1: Exercise support device [8]

2. Harware and Sofware requirements:

In this study, modern devices and sensors commonly used today were employed
[2], such as: Node MCU ESP8266; Weight sensor Loadcell; Loadcell HX711; Module
Battery Fast Charging IP5328P; LCD 1602.

Blynk, an Internet of Things platform that allows users to remotely control and
monitor devices through mobile applications, has been used to design the software
interface. Blynk provides tools and libraries for developing remote control applications
for embedded devices such as Arduino, Raspberry Pi, and ESP8266. Blynk supports
various types of connections such as Wi-Fi, Ethernet, Bluetooth, and even 2G/3G/4G,
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enabling users to access devices from anywhere and at any time. Additionally, Blynk
allows users to customize the mobile app interface and set up alerts and notifications for
loT device events. Blynk also provides other supporting features such as data storage,
event-triggered notifications, device status monitoring, and data logging.

There are three main components in the Blynk platform:

- Blynk App: Allows users to create interfaces for their applications by simply
dragging and dropping various pre-designed widgets.

- Blynk Server: Responsible for processing data as a central hub between the
phone, tablet, and hardware.

- Blynk Library: Supports most popular hardware platforms, enabling
communication with the server and handling all incoming and outgoing commands.

3. Analysis and design
3.1. The block diagram of the system

The product is designed to include a resistance cable system to support the
rehabilitation training process for people with hand injuries. During the training, the
patient pulls the resistance cable to exercise, and at this point, the resistance cable system
applies force to the product's sensor block. The sensor block is capable of measuring
parameters when force is applied, allowing the calculation of hand force during the
patient's training. The hand force data obtained from the sensor block is then sent to a
dedicated app for the product using 10T technology. In addition to the sensor system used
to measure hand force, the product is also designed to measure angles to track the degree
of movement during the patient's hand training. The product is tailored to the physique of
Vietnamese individuals. The application of 10T technology in the product's design
enables the storage of patient training data on the Server. Moreover, displaying the
results on a mobile app makes it convenient to monitor training progress, compare patient
training results with standard data. Additionally, it allows the patient's family members
or healthcare professionals to easily monitor and supervise the patient's rehabilitation
training process remotely.

The block diagram of the system is as follows [3-7]:

Power Block
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|
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Figure 2: System Block Diagram
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The block diagram (Figure 2) consists of 5 blocks with specific functions as
follows:

- Power Block: Provides power to the entire system.

- Sensor Block: Detects changes in the user's hand force applied to the device,
converts them into electrical signals, and sends them to the central processing unit block.

- Central Processing Unit Block: Receives signals from the sensor block,
processes the signals, and transmits data to a compatible software application via the
Internet.

- LED Display Block: Receives and displays data from the central processing unit
block.

- Internet Block: Facilitates the transmission of signals from the central
processing unit block, which are then displayed on the mobile phone screen.

- Monitoring Application Software Block: Displaying the software application
interface with system parameter monitoring functions.

3.2. Circuit Connection Diagram and Operating Principle
The hardware connection diagram is illustrated as shown in Figure 3.
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Figure 3: System Circuit Connection Diagram

After power is supplied, the system will proceed to measure hand force using the
Load Cell sensor (the Load Cell force sensor is connected to the HX711 ADC Module).
The HX711 ADC Module analyze and read the value of the Load Cell sensor with a 24-
bit resolution and transmit it via 2-wire communication (Clock and Data) to the Arduino
microcontroller.

The VCC pin of the HX711 ADC Module is connected to the Vin pin of the
ESP8266; the SCK pin of the HX711 ADC Module is connected to the D7 pin of the
ESP8266; the DT pin of the HX711 ADC Module is connected to the D6 pin of the
ESP8266; the GND pin of the HX711 ADC Module is connected to the GND pin of the
ESP8266.
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Transmitting data to the Blynk App: The data from the hand force will be
processed by the ESP8266 and transmitted via the wireless Wi-Fi network to the Blynk
Server, where it will be displayed on the smartphone app.

3.3. Flowchart Diagram of System Algorithm

The algorithm flowchart of the system as shown in Figure 4, can be described as
follows [8-15]:

Initialization

¥

i F.ead senzor data .'

-

App Senver

{ EvD
—

Figure 4: Flowchart Diagram of System Algorithm

Explanation of Control Algorithm: When the program starts, it needs to check the
system's software. If the system's software does not meet the requirements, the system
will recheck until it meets the conditions. Then, it will initialize the libraries and verify
the connections between peripherals. Once the initialization is complete, the
microcontroller will read data from the sensors, process it, and send it to the App Server.
Here, the data parameters and the progress of the operation will be displayed on the App
and connected to the user.

4. Design of the product

Based on the process of analysis, design, and component selection as described in
the above section, the author's team proceeded to construct the initial product model
(prototype as shown in Figure 5). The product utilizes simple, readily available materials
that are easy to source and assemble, such as wooden boards, plastic handles, elastic
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cords for creating tension, and an angle measuring board for the arm's rotation. Note: In
Figure 5, the numbered positions serve the following functions:

- Position (1): Angle measurement board.

- Position (2): Table for placing the arm.

- Position (3): Handle for pulling the assistive cord.

- Position (4): LED screen for displaying information.

Figure 5: Rehabilitation Hand Injury Training Device

To exercise, the patient places their arm (at position number 2) and uses their
hand to grip the handle (position number 3), then lifts or pulls the assistive cord up and
down. Depending on the exercise intensity, the height can be measured at the angle
indicator on the board (position number 1). Exercise parameters will be displayed on the
LED screen (position number 4) for the patient to monitor.

In this study, the Blynk platform is used to develop the smartphone application
(App) software, with a user interface as shown in Figure 6
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Figure 6: App interface and performance data for hand exercises
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5. Results and discussion
The completed hardware product was tested with parameters as shown in Table 1.
Table 1: The results when performing product tests

Test times | Delay Device/Product Results

1 1(s) Activity meets the|The difference information between
requirements the LED and the App is 0.5 kg

5 1(s) Activity meets the|The difference information between
requirements the LED and the App is 0.3 kg
Activity meets the|The information regarding the

3 2-3 (s) [requirements after 5-6 |difference between the LED and the
seconds. App is the same

4 2-3 (s) 'rAe\Ctl:\i/r?r/nengee;terthg The difference information between
segond the LED and the App is 0.1 kg

The designed product includes a resistance cable system to support the patient's
arm function recovery training process. During the training, the patient pulls the
resistance cable, and the resistance cable system applies force to the product's sensor
block. The sensor block can measure parameters when force is applied, and it can
calculate the arm force during the patient's training. The parameters regarding the arm
force obtained from the sensor block are then sent to the App using IoT technology.
Additionally, the sensor system is used to measure arm force and angles to determine the
motion angle during the patient's training. The product is designed to be suitable for the
physique of Viethamese people. The training results of the patient are stored and can be
monitored through the smartphone App. This is convenient for tracking and comparing
the patient's training results with standard data. Furthermore, family members of the
patient or doctors can remotely monitor the patient's recovery training process. The
hardware product is completed and functions as expected. Through several tests, when
connecting the product to the App on a smartphone, the measurement results show
insignificant differences between the App and the information displayed on the LED.

6. Conclusion

The device has operated in accordance with the specified requirements. The test
results for various parameters and indices indicate alignment with the prior design and
programming intent. The product operates reliably and is user-friendly. The product
model can be assembled and put into practical use for patients to exercise at home.
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TOM TAT

NGHIEN CUU XAY DUNG THIET BI HO TRQ QUA TRINH
LUYEN TAP PHUC HOI CHAN THUONG CO TAY

Pién Thi Hong Ha
Truong Pai hoc Kinh té - Kj thudt cong nghiép, Ha Ngi, Viét Nam
Ngay nhan bai 15/9/2023, ngay nhan dang 15/10/2023

Bai béo tap trung nghién ctu, xay dung mot thiét bi c6 chirc ning theo ddi qua
trinh luyén tap phuc hdi chn thuong & tay. San pham duoc thiét ké bao géom hé théng
day khang luc dé phuc vu cho qué trinh luyén tap phuc hdi chiic ning tay ctia bénh nhan.
Trong qué trinh luyén tap, bénh nhan thyuc hién viéc kéo day khang luc dé luyén tap, ldc
nay hé thong day khang luc s& tac dung Ién khdi cam bién caa san pham. Khdi cam bién
¢ kha ning do thong s6 khi ¢6 luc tac dung 1én qua d6 cé thé tinh toan duoc luc tay
trong qua trinh luyén tap caa bénh nhan. Cac thong sé vé luc tay sau khi thu duoc tir khdi
cam bién sau d6 s& duoc gui 1én tng dung phan mém duoc thiét ké riéng biét cho san
pham thong qua viéc tng dung céng nghé mang két ndi van vat. Ngoai ra san pham con
duoc thiét ké véi chire ning do goc dé dinh vi toa &6 chuyén dong trong qua trinh luyén
tap tay cua bénh nhan. San pham duoc thiét ké phd hop véi thé trang cia nguoi Viét
Nam. Két qua luyén tap caa bénh nhan duogc luu trit lai trén Internet, dong thoi hién thi
Ién wng dung dién thoai s& thuan tién cho viéc theo ddi két qua luyeén tap, so sanh két qua
luyén tap cua bénh nhan vai dir liéu chudn, dong thoi ciing cho phép ngudi nha bénh
nhan hoic cac bac si co thé theo doi, giam sat qua trinh luyén tap phuc hdi cua bénh nhan
tur xa.

‘ Tir khéa: Thiét bj hd trg bénh nhan; luyén tap; phuc hdi chan thuong; phuc hoi
bang robot; mang két noi van vat
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