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Abstract. People with Spinal cord injuries are having difficulty in health care,
and complications cause physical, social and economic losses. In severe cases,
complications lead to death and require systematic management. In this study,
ICT-based health care service was developed to manage the respiratory function
and urinary function of the people with spinal cord injuries and to help adapt to
daily living activities and social participation through home visit occupational
therapy. A pilot study was conducted with five clients with spinal cord injuries
to investigate the effectiveness of the intervention services. As a result, it was
confirmed that satisfaction, importance, and difficulty were appropriate. In the
future, RCT clinical studies will be needed to diversify intervention services and
expand the number of patients.
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1 Introduction

People with spinal cord injuries have impaired motor and sensory function and have
difficulty in daily activities and social participation [1–3]. They participate in rehabili-
tation treatment in hospitals, and after discharge, suffer from complications [4]. Pressure
ulcers may occur due to sensory impairment, and various complications such as respi-
ratory diseases occur due to respiratory muscle function deterioration [5]. This can lead
to difficulties in activity and participation and, in severe cases, to death [6, 7].
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Complications, therefore, lead to many losses physically, socially, and economically [8].
In the Republic of Korea, 90.5% of those with spinal cord injuries reported complica-
tions. The main complications were cystitis, pressure sores, and pain. Most spinal cord
injuries also report that complications are a major detriment to a healthy life [9].
Therefore, it is essential to prevent and systematically manage these complications.
Traditionally, complications are managed regularly by a doctor at a hospital. However,
people with spinal cord injuries have difficulty in accessing medical services due to the
inconvenience of movement due to physical impairment and the economic burden on
hospital expenses [10, 11]. Therefore, recently, a service for managing health by using a
remote system has been provided [12, 13]. Telerehabilitation using information and
communication technology refers to providing comprehensive medical services to
patients who have difficulty in moving to medical facilities or who wish to rehabilitate at
home [14, 15]. Therefore, this study aims to verify the effectiveness of health manage-
ment by providing ICT-based health care services for people with spinal cord injuries.

2 Method

2.1 Participants

From June 2019 to July 2019, we visited five families with spinal cord injury in the
community and provided an ICT-based complication management system. The char-
acteristics of the subjects were five males, and the mean onset duration was 21.8 years,
four thoracic level injury and one lumbar level injury. The level of paralysis is five
complete injuries.

2.2 ICT-Based Health Care Services

After using respiratory and urinary devices, and applying home visit occupational
therapy, enter the data into a smart device or a desktop computer. If the doctor

Fig. 1. ICT-based health care services
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determines that there is a problem with the patient, he or she will request a hospital
visit. Digital hand bikes and digital cushions are currently in development (Fig. 1).

2.3 Pulmonary Function Testing Device

It is a device that can measure FEV1 (Forced Expiratory Volume in one second), PEF
(Peak Expiratory Flow), and these are typical indicators of respiratory function [16].
The patient can measure it directly. Occupational therapists can be visited, trained, and
assisted with the measurement as needed. This data will be stored on the server. If the
doctor or occupational therapist determines that the client have a problem with a
pulmonary function, ask to visit the hospital.

2.4 Urinary Chemistry Analyzer

A urine chemistry analyzer can be used to screen a total of 10 components, including
glucose, protein, and white blood cells. The client’s urine will be examined, or an
occupational therapist will be available to help if needed. Data is stored on the server
and can be accessed by doctors and occupational therapists. If an outlier is found, the
client will be referred for a detailed examination.

2.5 Home Visit Occupational Therapy

The occupational therapist visits the home and performs occupational therapy to the
client. Occupational therapy interventions consist of interventions in daily living
activities, home environment modifications, self-exercise training, and range of motion
exercises, assistive technology services, and community service information. The result
data of the evaluation and treatment is input to the smart device, and the data is stored
in the server.

2.6 Digital Hand-Bike

There is not much exercise equipment for people with cervical spinal cord injury.
Therefore, we are currently developing a hand-bike for them (Fig. 2). Previous studies
have reported that hand-bikes for people with spinal cord injuries help improve motor
function and health [17]. This was excluded in this pilot experiment.

2.7 Digital Cushion

Pressure ulcers in people with spinal cord injuries are one of the most common
complications [18]. The reason is caused by sensory paralysis of the lower extremities.
Therefore, they need appropriate seating system intervention. We are making a cus-
tomized cushion with pressure sensors (Fig. 2). It can monitor the pressure in real-time.
This cushion was excluded from the current study.
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3 Results

Each intervention was evaluated with satisfaction, necessity, and difficulty, and the
scale was 5 points. The results of experiments with five spinal cord injuries are as
follows. Satisfaction was high at 4.8 for urinary function test and 4.4 for respiratory
intervention and home visit occupational therapy. Necessity was high with interven-
tional function test (4.4), respiratory function intervention (4.2), and home visit
occupational therapy (4.2). The difficulty was not severe, all reported as 1.4 (Fig. 3).

Fig. 2. Digital hand-bike and digital cushion

Fig. 3. Results
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4 Conclusion

World Health Organization (WHO) provides guidance on technologies and services for
improving the health of elderly and disabled people in the community [19]. The report
recommends that new technologies to be developed and serviced for medical and
assistive devices should have good accessibility and usability and that they will be able
to use quality and effective services at a low cost. Above all, the emphasis was placed
on meeting the needs of local communities and consumers. The ICT-based health care
service model for community spinal cord injuries presented in this study shows the
appropriate level of satisfaction in both satisfaction and need, as shown in the study
results. Based on the results of this pilot study, we recognized the need for further study
and are currently preparing for the RCT clinical study. Improvements to products and
services will require constant updates. In addition, we are designing exercise equipment
to improve body function and developing products to prevent a pressure ulcer. If so,
this service could be more helpful in health care and prevention of complications, and it
can be expected to be reflected in the health insurance system.
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