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REHABILITATION PRODUCT DESIGNED FOR THE
ELDER STROKE PATIENTS

ABSTRACT

Cerebral Stroke, as the number one killer of middle-aged and elderly people, presents five
characteristics in China: high incidence, high disability rate, high mortality rate, high recurrence
rate and high economic burden. Among stroke patients, 30% to 60% of them have left upper limb
motor dysfunction, especially the hand motor dysfunction, which has a high disability rate. The
stroke-caused dysfunction has become an important factor hindering the recovery of stroke patients.
In order to help stroke patients in Brunnstorm stage I1I, IV and V, the subject uses scientific design
and investigation methods: literature research method, interview research method, observation
method, etc. After discovering pain points of patients and doctors in the process of stroke
rehabilitation, comes a design named ‘Fist Fix’ product, which is composed of mechanical structure
adapted to hand, potentiometer sensor, Arduino, hc-08 Bluetooth, mpu6050 and interactive interface
developed based on UNITY3D on PC. The product increases the number of objective evaluation,
helps patients to complete hand eye coordination training, combines the theoretical basis of game
based motivation, relieves boring emotions and encourages patients to exercise, objectively records
patients' daily rehabilitation progress. The Fist Fix is also a combination of soft and hard products
to help doctors and nurses better understand the rehabilitation process of patients. The prototype of
the product is evaluated, which meets the needs of both doctors and patients in terms of the
improvement of rehabilitation evaluation frequency and objectivity. At the same time, the game

based occupational rehabilitation is recognized by both doctors and patients.

Key words: Cerebral Stroke recovery, hand motor dysfunction, game-based motivation,

industrial design
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REHABILITATION PRODUCT DESIGNED FOR THE
ELDER STROKE PATIENTS

Stroke, commonly known as apoplexy in the public, is divided into two categories: ischemic
and hemorrhagic in medicine. It shows high incidence rate in the middle-aged and elderly population,
and makes it a major threat to the health of the middle-aged and elderly in China. With the increasing
number of stroke patients in recent years, the rehabilitation and prevention of stroke has become a
research hotspot. According to the hospital, the treatment of stroke patients is divided into surgery,
physical therapy and rehabilitation exercise. Among them, early rehabilitation is the most effective
way to reduce the disability caused by stroke. In stroke patients, 80% of them have upper extremity
dysfunction. Therefore, the hand rehabilitation needs of stroke patients and the market prospect of
related products are broad.

Based on the investigation of Chinese stroke patients, medical interview and related literature
research, this paper adopts literature research, interview, observation and other research methods to
explore the improvement of the objectivity and frequency of rehabilitation evaluation, the
improvement of the boring and experience of rehabilitation process, and the improvement of the
fitness of rehabilitation products. In order to reduce the recovery cycle of patients, reduce the waste
of medical resources, and improve the efficiency of medical care, this project tries integrating the
hand eye coordination training and other later rehabilitation contents into the first and middle
rehabilitation training.

At the initial stage of hand rehabilitation, when the patient enters the rehabilitation stage after
surgery, it is called soft paralysis stage. In the stage of soft paralysis, the five fingers of the affected
hand are often in a state of weakness and unable to extend and bend actively. In this stage, medical
care is necessary for one-to-one rehabilitation treatment and monitoring of patients. At this time,
the rehabilitation mainly uses low-frequency electrical stimulation, which belongs to the physical
therapy in the clinical level.

In addition to physical therapy, occupational therapy, speech therapy and psychotherapy, these
treatments constitute the main way of hand rehabilitation for stroke patients.

Among them, occupational therapy is particularly important for stroke patients who pass
through the soft paralysis stage and enter the second stage rehabilitation. In this process, from "sand
picking" and "peanut picking" assisted by rehabilitation doctors to fingerboards, pneumatic gloves
and elastic assisted hand orthotics are all within the scope of occupational therapy, but for the high
differentiation of patients with different degrees in the rehabilitation process, the operation mode
varies from person to person. For example, the fingerboard is mainly used for the patients who have
just passed the stage of soft paralysis after stroke, most of them have spasm or increased muscle
tension. It can effectively reduce or control the degree of spasm, while the pneumatic gloves are
used for the second stage rehabilitation to strengthen the movement ability and strength of the
affected hand.

For the second stage rehabilitation patients, according to different conditions from the fretting
stage, the whole grasping stage to the functional recovery stage, the patients generally need to
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experience 4 to 12 weeks in the relevant rehabilitation center or in the rehabilitation department of
the general hospital to carry out rehabilitation operations including occupational therapy, physical
therapy and so on.

The third stage rehabilitation mainly refers to the home-based and community-based
rehabilitation of stroke. When the patients have undergone surgery in the hospital and rehabilitation
in the period of soft paralysis, they will be transferred to the next stage of rehabilitation after 4 to
12 weeks of the second stage. In order to help patients return to society and carry out normal
community life, the medical and Nursing Association will carry out propaganda and education on
patients' families and encourage patients to go to the community hospital to continue rehabilitation
exercise so as to spend the rehabilitation platform period, in which, it is possible to strengthen the
patient side rehabilitation through occupational therapy or the patient can use the healthy side to
assist self-exercise.

According to the importance ranking of pain points, the focus of this project is to improve the
rehabilitation experience of patients in Brunnstorm stage III, IV, V rehabilitation: to find a way of
expression to simply and directly present the progress of patients' rehabilitation, to reduce the
dullness of occupational therapy in the rehabilitation process, to find a kind of rehabilitation work
that patients can accept and have fun; to build a set of physical equipment can make up for the gap
of large equipment span in the rehabilitation process, to increase the objective sensors in the
rehabilitation process and integrate them into daily evaluation, improve the frequency of evaluation
through the visualization of objective data, so that doctors and nurses can understand the
rehabilitation process of patients, to reduce the length of hospital stay time, and give patients self-
confidence in rehabilitation, to reduce psychological pains, to reduce the cost and weight of
equipment and create a prototype that can realize the design concept, to integrate the concept of
Gamification, to feed back the data of hand rehabilitation to patients through Gamification
interaction, and then iterate one Sub operation treatment can reduce the workload of medical care
and patients' families.

For the characteristics of human hand, combined with the five fingers' movement mode in
rehabilitation movement, considering the need to meet the monitoring of hand movement, a large
number of sketches and brain storm are drawn for the problems of sensor mode such as equipment
weight, wired or wireless, whether it is completely installed in the hand, how to fix, etc. First of all
in this project, knowing the basic composition of hand movement, and which movements are the
most frequent and needed by patients in daily life is important.

Secondly, after simultaneous interpreting the movement of fingers and related rehabilitation
exercises, the main movements of stroke patients in hand rehabilitation were mainly grasped and
stretched by fingers. Combined with the thinking and cognition of the existing sensors, the
monitoring and effective results of different sensors for fingers were simulated through sketches.

For the prototype function realization, in order to make up for the large span of rehabilitation
products, integrate a set of light-weight hand rehabilitation training products with low cost and
helpful to the early stage of functional recovery is necessary. At the prototype level, the wearability
of the hand is designed by referring to the Chinese adult human body size standard and combining
with plastic, acrylic, nylon, elastic cotton and other materials. The prototype is based on the
integration of Arduino and potential sensor, mpu6050 and hc-08 Bluetooth, and the whole device is
lightweight and portable through battery power supply. At the same time, the interactive interface
is developed based on unity3d, which can meet the needs of patients on PC, Android, IOS and other
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devices.

In the stimulation of game mode and corresponding patients, considering the patients'
acceptance of different types of games, the game needs to be user-friendly, because the stroke
patients are concentrated in the middle-aged and the elderly.

Therefore, referring to several popular games: Doodle Jump, Temple Escape and so on,
dynamic maze was used in the first generation of games. Patients controlled the ball movement
through palm tilt. Change the corresponding maze wall by moving five fingers to reach the end.

Due to the first generation of games for the main level of finger movement distinction is not
obvious, and there is no way to strongly encourage patients to carry out finger movement, after
confirming the priority of five fingers in the follow-up field interview, the second game version of
the game iteration was carried out. Based on the priority assignment of thumb, index finger, middle
finger, little finger and ring finger, the ‘Fist Fix’ game with the theme of three-dimensional
avoidance is redesigned. Patients need to mainly rely on the movement of thumb, index finger and
middle finger to control the box moving up and down to avoid obstacles in the movement track. Get
as many rewards as you can to upgrade.

The spatial cognition, hand eye coordination and so on were integrated into the patients' early
rehabilitation training. In the exploration of integrated rehabilitation training to reduce the overall
rehabilitation time-consuming, monitoring the progress of patients' rehabilitation through the game
backstage and generating reports, patients are given confidence in rehabilitation. Doctors and nurses
would adjust the diagnosis and treatment plan in time to improve the rehabilitation efficiency.

In design evaluation, the game design with the factors of the reaction speed of the patients was
used as the way to integrate the rehabilitation content of the patients to reduce the rehabilitation
cycle, which was recognized by the rehabilitation doctors of Renji Hospital. At the same time, the
objective evaluation method based on sensors improves the situation that the existing patients only
have three subjective evaluations in more than four months. By increasing the evaluation frequency,
the patients can directly see their daily rehabilitation progress, and alleviate the rehabilitation
anxiety on the psychological level. The monitoring of data also improved the efficiency of medical
staffs in adjusting the diagnosis and treatment plan in the process of stroke rehabilitation, and started

the next stage of rehabilitation as early as possible to reduce the occupation of medical resources.
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