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Abstract
Worker health centers and health zones provide occupational healthcare services to workers in underserved areas of industrial
health. Health zones cannot counsel workers on occupational disease prevention; worker health center personnel have to provide
such services through in-person visits. Video teleconsultation can increase the accessibility of high-quality services to workers
who visit health zones and improve professional personnel’s efficiency. This study aimed to develop a system and an infrastruc-
ture that could facilitate video teleconsultation services betweenworker health centers and health zones, and analyze the services’
operation status. A video teleconsultation process based on the role of local and remote institutions was designed. Based on the
designed services, a web system supporting teleconsultation and an integrated gateway guaranteeing the interface with medical
equipment in the web environment was developed. After analyzing the working environment, an infrastructure consisting of
networks, video equipment, medical equipment, and servers necessary for teleconsultation was designed. Statistical results from
the developed system and a satisfaction survey conducted by the Korea Occupational Safety and Health Agency were used to
analyze the video teleconsultation services’ operation status. A system, gateway, and hardware infrastructure within 21 worker
health centers and 21 health zones has been operating this service since January 1, 2018. Over two years, the total number of
teleconsultation service users was 4979, and the total number of questionnaire respondents was 1270. The total number of service
activities was 6388 and total satisfaction was rated as 4.58 (± 0.59) out of 5. In this study, video teleconsultation services were
evaluated as being very satisfactory. In particular, service accessibility and local medical personnel service were rated highly,
demonstrating that the developed system and infrastructure were well designed according to the goals of the project.
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Introduction

Many people worldwide do not receive adequate treatment
due to geographical, social, and cultural barriers [1–3].
People in medically underserved areas (e.g., farming and
fishing villages) do not have access to high-quality ser-
vices. Medical access is inhibited by insolvency, distance
from tertiary care facilities, insufficient medical knowl-
edge, limited traffic resources, and time constraints [4].
The key factor in addressing these barriers is the use of
telemedicine, which enables medical personnel to access
primary care sites through the use of information and com-
munications technology (ICT) [5]. Telemedicine is the pro-
vision of medical knowledge or skills by remote medical
personnel through ICT [6]. Telemedicine not only im-
proves medical access for people in underserved areas,
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but can also reduce personal expenses and time needed to
reach medical services in the city [7]. Telemedicine has
been promoted as a means of addressing the imbalance in
the distribution of medical resources [8], and many believe
that telemedicine can significantly improve the supply of
medical personnel [9].

The pandemic caused by coronavirus disease 2019
(COVID-19) [10], which first occurred in Wuhan, China in
December 2019, is a threat to global health [11]. Due to the
COVID-19 pandemic, medical care providers are currently fo-
cusing their attention on telemedicine, which avoids face-to-
face contact between doctors and patients, and allows patients
to receive necessary treatment [12, 13]. Telemedicine is recom-
mended as a solution to COVID-19 [13] and makes it possible
to provide high-quality treatment while decreasing the risk of
infection by reducing contact between patients and medical
personnel or between patients [14, 15]. The existing advantages
of telemedicine [16], such as improved medical access and
reduced costs, also apply to COVID-19. Before COVID-19,
telemedicine was mainly used for elderly people or those with
chronic diseases [17, 18] and primary care [19], but the actual
use rate was low [20]. The reason for the low use rate was that
patients prefer face-to-face consultation andwere not aware that
telemedicine was provided as an option [21]. However, the
limitation of face-to-face consultations due to COVID-19 in-
creased patient interest and preference for telemedicine [22],
and the number of video teleconsultations rapidly increased
[23]. Video teleconsultation has similar results to face-to-face
consultation and can improve patient health and satisfaction and
increase medical access [24 , 25]. As such, video
teleconsultation has already attracted much interest in many
countries as a part of national strategy [26–28].

The Republic of Korea has introduced telemedicine to in-
crease access to medical care as well as reduce the burden of
ever-increasing medical expenses. Under the agreement, the
government and the medical community revised the Medical
Service Act in March 2002 to enable telemedicine among
medical personnel [29]. Since then, Korea has grown rapidly
in the telemedicine market because of its strong IT infrastruc-
ture [30], but doctor-patient telemedicine has only been car-
ried out through some pilot projects due to conflicting opin-
ions (e.g., effectiveness, safety, allowable range, and major
hospital tipping phenomenon) between the government and
the medical community [31]. Permitted teleconsultation with-
in the various categories of telemedicine requires that local
medical personnel follow the behavior of remote medical per-
sonnel after having established facilities and equipment (e.g.,
medical equipment, video equipment, servers, and telecom-
munication networks) [29]. National and local governments
have been conducting teleconsultation projects for people
with limited access to traditional medical services due to dis-
tance or behavior [31]. They largely provided various tele-
medicine services to residents in medically underserved areas

(e.g., island residents, military soldiers, seafarers, and pris-
oners of correctional facilities). However, workplaces with
<50 workers in medical blind spots have also been included
recently.

According to an analysis of workplace accidents [32] con-
ducted by the Ministry of Employment and Labor in 2017,
81% of the total number of work injuries occurred in work-
places with <50 workers. Workplaces with <50 workers
accounted for 98% of the total workplaces, and 58% of the
total workers belonged to workplaces with <50 workers. Since
workplaces with <50 workers are not obligated to appoint
health officers under the Occupational Safety and Health Act
[33], they are very vulnerable to occupational diseases and
industrial accidents. Relative to the general public, the major-
ity of workers are at an increased risk for health issues due to
stress caused by heavy workloads and unhealthy lifestyles
(e.g., lack of exercise and frequent drinking) [34]. Cerebral
and cardiovascular diseases account for 35% of workers’
deaths from occupational diseases, 68% of which occur in
workplaces with <50 workers [32]. As the necessity of pro-
viding health promotion services for small-scale workplaces
emerged, the government established worker health centers
(WHCs) in 2011 [35]. WHCs are institutions that are set up
in dense areas of small-scale workplaces (e.g., industrial
parks) and provide services for the prevention of occupational
diseases among workers. There are currently 21 WHCs in
operation in Korea [36].

A WHC is comprised of professional personnel, such as
those in the field of occupational environmental medicine,
occupational nurses, industrial hygiene safety engineers,
physical therapists, and counseling psychologists. They pro-
vide comprehensive occupational healthcare services in-
cluding occupational disease prevention, cerebrovascular
disease prevention, musculoskeletal disease prevention,
workplace environment counseling, job stress prevention,
lifestyle improvement, and post-care management. The
WHCs are distributed throughout the country, but geo-
graphical and time limitations make it difficult for workers
to use them. To address this problem, WHCs began oper-
ating health zones (HZs) in 2016 in industrial parks far
from the jurisdiction; there are currently 21 HZs in Korea
[36]. An HZ is staffed by one or two industrial nurses and
physical therapists. Every year, the number of users and
counseling services provided within WHCs and HZs in-
crease due to user satisfaction and professional improve-
ment [36]. However, HZ staff cannot provide professional
occupational healthcare services to visiting workers—these
must be provided by the professional personnel of the
WHC who visit the HZ. As a result, it is necessary to
expand services to provide professional occupational
healthcare to workers who visit HZs regardless of the time
of day and to efficiently cooperate with the professional
personnel of the WHCs.
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In telemedicine, video conferencing synchronizes the
user’s voice and video over two or more physically separated
interagency networks [37]. Video teleconsultation not only
includes the benefits of face-to-face consultation but also ad-
dresses the cost and inconvenience issues presented by geo-
graphical distances between service providers and users [38].
According to previous studies [25, 39–41], clinical consulta-
tion through video links is related to the high satisfaction of
patients and doctors. The popularity of video teleconference
has increased significantly in recent years [42], and most ser-
vice providers have shifted from voice to video consultation
[43]. As a result, the Korea Occupational Safety and Health
Agency (KOSHA) has promoted a project to provide video
teleconsultation services to workers who visit HZs. This study
aimed to develop and operate a system and infrastructure that
can facilitate video teleconsultation services between WHCs
and HZs. We designed a video teleconsultation process suit-
able for WHCs and HZs and constructed a system and hard-
ware in order to execute it. Additionally, we developed an
integrated gateway for the interface between various medical
equipment and systems in HZs. Finally, we used the statistical
results of the developed system and of a satisfaction survey
conducted by KOSHA to analyze the video teleconsultation
services’ current operational status.

Methods

Service Design

Occupational healthcare services for underserved areas have
continued to expand, but the quality of services between
WHC and HZ jurisdictions vary widely: HZs are less capable
of counseling on occupational disease prevention and the dis-
patch of occupational environmental medicine professionals
from a WHC to an HZ each time is a burden on internal
personnel. It is necessary to establish a teleconsultation ser-
vice using ICT to provide high-quality services to workers
who visit HZs and to efficiently operate professional person-
nel in WHCs. Video teleconsultation often uses platforms
designed for video conferencing (e.g., Facetime, Hangouts,
and Skype), but this is not compatible with clinical workflows
and routines [44].

This study designed a video teleconsultation process
(Fig. 1) according to HZ (local) and WHC (remote) roles.
The local institution selected video teleconsultation based on
the decision of local medical personnel. If video
teleconsultation was required, the local medical personnel reg-
istered the reception of information with the system and called
the remote institution to connect the video conference. The
remote institution provided video teleconsultation after
accepting the video conference call. The remote medical per-
sonnel consulted with the worker based on their information

transmitted through the system and the data of the real-time
medical equipment passing through the integrated gateway.
After the conclusion of the video teleconsultation, the local
medical personnel completed the worker’s occupational
healthcare services. These processes have been designed in
consultation with the advisory committee of the WHC to op-
erate within the workflow and routine of each institution.

System and Gateway Design

The teleconsultation systems should support patient information
sharing between local and remote institutions as well as reser-
vation/reception, patient information management, patient
health and counseling information management, and
statistics—similar to a traditional healthcare system. Patient in-
formation can be shared by using international standards be-
tween heterogeneous systems to ensure interoperability, or by
applying standardized systems to limited institutions. This study
developed a standardized system for the integrated management
of scattered data not only for teleconsultation but also for the
efficient healthmanagement and data analysis of worker groups.

The system’s work process and functions were designed
based on the requirement analysis of KOSHA, WHCs, and
HZs. The work process is divided into the registration of a
visiting worker, reservation/reception, occupational health
counseling, and completion; information sharing is allowed
only to the WHC selected at the time of reception at the HZ.
In other words, access control and authentication for personal
information were applied by setting the scope of access to data
in the system according to the user’s organization and their
assigned role. After compiling the functions of existing sys-
tems used by each institution, the necessary functions were
selected through the user survey. Finally, the system’s user
interface was determined through a focus group interview
with WHCs and HZs.

During a teleconsultation, the local institution must trans-
mit patient data measured with medical equipment to the re-
mote institution to assist the remote medical personnel’s med-
ical practice. Depending on the type of equipment, patient data
includes not only simple numerical data such as blood pres-
sure and blood sugar levels but also complex numerical data
such as electrocardiogram results. In order to transmit these
data, the local institution must be connected to an interface
between the system and the medical equipment. However,
most equipment can only interface via protocols and methods
provided by each manufacturer. The more diverse the types of
equipment, the more collision problems may arise due to dif-
ferent interface methods. In addition, web systems cannot
communicate between browsers and medical equipment, so
it is difficult to comply with the interface methods provided
by the manufacturer. Therefore, this study developed an inte-
grated gateway that can guarantee the interface of measured
data from medical equipment in the web environment. The
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integrated gateway was applied after designing a formalized
protocol to unify the way in which measurement data were
extracted frommedical equipment in the HZs. These gateways
allow local medical personnel to easily obtain medical equip-
ment data and transmit them to remote institutions.

This study designed a process (Fig. 2) based on the inte-
grated gateway between HZs (local) andWHCs (remote). The
local medical personnel transmitted the measurement message
to the gateway client via the web client. The gateway client
that received the message attempted to connect with the med-
ical equipment to receive the measured data and transmitted
the value to the gateway server and the web server. The server
stored the received message in the database or transmitted it to

the connected remote gateway client. The remote gateway
client delivered the measurements to the remote medical per-
sonnel via a web client. In this process, the gateway client
parsed the packet received from the web client through a
web socket, and the communication system between the med-
ical equipment and the server transmitted and received the
message through an abstraction-based formalized protocol.
The data between the client and the server were sent securely
by applying a Secure Sockets Layer (SSL), and the personal
information in the packet was processed by applying
ARIA256 and SHA256 to encrypt and decrypt the data. The
gateway server deleted the temporarily stored data when send-
ing a message to a remote gateway client.
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Fig. 2 Conceptual diagram of video teleconsultation process using integrated medical equipment gateway
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Hardware Configuration

Video teleconsultation offers many benefits to patients, but
also entails ethical issues [45]. Accordingly, there are con-
cerns regarding technology and clinical quality, privacy, safe-
ty, and responsibility [44, 46, 47]. Appropriate hardware in-
frastructure should be established within the facility to per-
form teleconsultation. This infrastructure must ensure the pre-
vention of personal information leakage and security when
using web systems and video teleconsultation, and all equip-
ment must be reliable and secure. After analyzing the working
environments of HZs and WHCs, this study designed an infra-
structure consisting of a network, video, and medical equip-
ment, and servers required for teleconsultation (Fig. 3). The
networks at WHCs and HZs have configured switching hubs
and VPN clients [48] so that they can connect to a VPN server
[48]. These VPNs secure data in the infrastructure from the
outside through functions such as address and router system
privacy, data encryption, user authentication, and authority re-
strictions, and securely transmit personal information and video
teleconsultation information between WHC and HZ through
tunneling. Video and medical equipment vary depending on
the roles of the local and remote institutions. The HZs deployed
a rack-based video system [49] so that industrial nurses (local
medical personnel) could request and provide video
teleconsultation to the visiting workers. Next to the rack are a
blood pressure meter [50], blood glucose meter [51], body

composition meter [52], cholesterol meter [53], stress meter
[54], thermometer [55], and medical scope [56]. In this way,
the measured worker data could be transmitted to the remote
institution via an integrated gateway. The WHCs deployed an
integrated video camera [57] and a desktop for the occupational
environmental medicine professionals (remote medical person-
nel) to perform the requested video teleconsultation from the
HZ. Finally, the server consisted of a VPN server, web server,
database server, and gateway server in the data center for addi-
tional network security and physical security.

Data Collection and Analysis

After receiving approval for research purposes from KOSHA,
we used the statistical results of the developed system and the
satisfaction survey data for the workers who visited the HZs.
The statistical results used data from video teleconsultations
conducted at 21 WHCs and 21 HZs for two years from
January 1, 2018 to December 31, 2019. Frequency analysis
was performed to analyze service users’ general characteris-
tics, the ratio of video teleconsultations to user and service
activities overall, monthly activity trends, and the number of
counseling reasons by type.

KOSHA conducts an annual satisfaction survey of workers
who visited the WHCs and HZs in order to improve their
business processes and evaluate institutions. This study used
the HZs’ satisfaction survey data, which are evaluated
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Fig. 3 Design of hardware architecture for video teleconsultation services
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regarding the video teleconsultation services. The satisfaction
survey was conducted with workers who visited an HZ be-
tween January 1 and October 31, 2018 or January 1 and
October 31, 2019. The survey was conducted with 30 workers
at each HZ using a structured questionnaire-based telephone
interview. We used a quota sampling method from the list of
service users, and several investigators were employed to re-
duce inter-investigator deviations. The questionnaire
consisted of 12 items about respondents’ general characteris-
tics and 11 items about service satisfaction (Table 1), each
rated on a five-point Likert scale. The survey was conducted
from November 19 to November 30, 2018 and from October
21 to November 15, 2019. Frequency analysis was performed
to analyze respondents’ general characteristics. Reliability
analysis and exploratory factor analysis were performed to
analyze the reliability and validity of the instrument. Means
and standard deviations were calculated to summarize the data
for each question. All analyses were performed using SPSS
25.0 (IBM Corp., Armonk, NY, USA).

Results

Service Environment

This study established a system, a gateway, and a hardware
infrastructure in 21 WHCs and 21 HZs. The hardware in-
frastructure construction took place from June 12 to July 7,
2017, after which field testing and user education from
November 20, 2017 to December 30, 2017. User education
was provided to approximately 250 medical personnel and
included instructions for system, gateway, medical equip-
men t , and v ideo equ ipmen t use . Then v ideo

teleconsultation practices were conducted according to vir-
tual scenarios. The system started running the service on
January 1, 2018. Our research ended on December 31,
2019. Within the HZs, the local medical personnel conduct-
ed video teleconsultations with workers at teleconsultation
studios. The studio is an independent space within the HZ
and is equipped with a system, video, and medical equip-
ment. The local medical personnel implemented the
teleconsultation system (left monitor) to share the reception
and worker information while outputting the video image
(right monitor) of the remote medical personnel (Fig. 4-A).
The remote medical personnel consulted with the workers
and local medical personnel (left monitor) while checking
the shared worker information and measured data from
medical equipment through the teleconsultation system
(right monitor) (Fig. 4-B).

Service Operation

The total number of teleconsultation service users was 4979.
Service users’ general characteristics are shown in Table 2.
The sample consisted of more women (55.3%, n = 2754) than
men (44.7%, n = 2225). Most service users were in their 50s
(32.5%, n = 1620), followed by those in their 40s (22.4%, n =
1117), 30s (16.1%, n = 801), and 60s (15.8%, n = 785). Most
workers’ employers were service-based (52.5%, n = 2612),
and 85.6% of workers were employed in workplaces with
<50 workers. More workers were engaged in service-based
occupations (45.0%, n = 2241) than in clerical (27.5%, n =
1368) or production-based (17.1%, n = 853) occupations.

The operation status of the video teleconsultation services
is shown in Fig. 5. Video teleconsultation users accounted for
36% (n = 4979) of all workers (n = 13,824) who visited the

Table 1 Overview of
questionnaire Category Number Item

Accessibility 1 Is it easy to access the health zone?

Effectiveness 2 Do you think video teleconsultation is better than face-to-face consultation?

3 Do you feel less reluctant to receive video teleconsultation than to go to a
nearby hospital?

4 Do you think video teleconsultation with experts in other fields besides
occupational environmental medicine is good?

Service level 5 Do you think the length of time of video teleconsultation is appropriate?

6 Is the content of the video teleconsultation helpful?

7 Are you satisfied with the content and level of the video teleconsultation
service provided by the worker health center staff?

8 Are you satisfied with the content and level of the service provided by the
health zone staff?

Equipment and
environment

9 Are you satisfied with the use of facilities and equipment in the health zone?

10 Are you satisfied with the internal environment of the health zone?

Intention to return 11 Do you intend to return to the health zone for continuous video
teleconsultation?
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HZs, and video teleconsultations accounted for 18% (n =
6388) of the HZ’s service activities overall (n = 35,001). The
most common reason for consultation was cerebrovascular
disease (52%, n = 3300), followed by musculoskeletal dis-
ease, occupational disease, and job stress. The number of vid-
eo teleconsultation activities per month showed a similar trend
in 2018 and 2019 (Fig. 6). In 2018, engagement in video
teleconsultation was highest in May (14.9%, n = 495) and
lowest in December (2.0%, n = 68); in 2019, it was highest
in June (15.4%, n = 471) and lowest in December (1.6%, n =
50). The quarterly activity was highest in Q2 of both 2018
(37.0%, n = 1234) and 2019 (38.0%, n = 1163), followed by
Q3, Q4, and Q1.

Satisfaction Results

The total number of questionnaire respondents was 1270.
Respondents’ general characteristics are shown in Table 3.
This study’s sample includedmore men (64.1%, n = 814) than
women (35.9%, n = 456). Most respondents were in their 50s
(27.8%, n = 353), followed by those in their 40s (23.5%, n =
298), 30s (19.1%, n = 243), and 60s (12.8%, n = 163). The
duration of employment in the workplace was most common-
ly <1–5 years (40.9%, n = 520), and the most frequent number
of visits to an HZ was 1 ~ 2 (74.3%, n = 943).

Cronbach’s α was 0.952, which was considered very reli-
able. The Kaiser Meyer Elkin statistic was 0.952, the result of

Table 2 Teleconsultation service
users’ characteristics (N = 4979) Measure Items Frequency (%)

Gender Male 2225 44.7

Female 2754 55.3

Age (years) <20 18 0.4

20–29 492 9.9

30–39 801 16.1

40–49 1117 22.4

50–59 1620 32.5

60–69 785 15.8

≥70 146 2.9

Type of employer Manufacturing 1370 27.5

Service-based 2612 52.5

Other 997 20.0

Type of occupation Production-based 853 17.1

Clerical 1368 27.5

Service-based 2241 45.0

Other 517 10.4

Number of employees in the workplace <5 1266 25.4

5–9 676 13.6

10–29 1168 23.5

30–49 1152 23.1

50–99 290 5.8

≥100 427 8.6

Fig. 4 The video teleconsultation
setting: (a) a worker and
occupational nurse in a health
zone’s teleconsultation studio and
(b) an occupational
environmental medicine
professional in the worker health
center’s clinic room
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Barlett’s test was at x2 (55) = 9700.349 (p < .001), and the
factor analysis model was considered suitable. In addition,
the cumulative variance was 65.76%, and the explanatory
power of the six factors was high. All factor loading values
were above 0.4, which demonstrated the validity of the overall
instrument, and the analysis was performed without additional
adjustment.

The satisfaction of the video teleconsultation service was
4.58 (± 0.59) out of 5, which was very satisfactory (Fig. 7). Of
the 11 items, accessibility (4.69 ± 0.64) and local medical per-
sonnel service (4.69 ± 0.59) were rated relatively high, and
preference (4.43 ± 0.86) was rated relatively low.

Discussion

The purpose of this study was to develop a system and an
infrastructure that could facilitate a video teleconsultation ser-
vice between WHCs and HZs to expand medical access for

workers in underserved areas of industrial health. This study
used the statistical results of the developed system and the
results of a satisfaction survey conducted by KOSHA to ana-
lyze the current status of the operation of the video
teleconsultation service. The main contents and results of the
study are summarized as follows.

We designed a video teleconsultation service optimized for
practice according to the roles of local and remote institutions.
The WHCs and HZs have carried out various activities, such
as occupational healthcare services for workers, on-site con-
sultation services for the workplace, and cooperative systems
establishment through networking among various institutions
in the community [58]. Video teleconsultation was introduced
to reduce the time and costs incurred by professional person-
nel of WHCs visiting HZs and to more easily provide high-
quality services to workers who visited the HZs. Previous
studies [59–61] have emphasized the need for close collabo-
ration between medical personnel and developers, as inappro-
priate systems can adversely affect telemedicine services

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2018 128 146 286 380 495 359 387 334 249 304 195 68

2019 96 172 241 313 379 471 332 226 306 346 125 50

0

100

200

300

400

500

600

2018 2019

Fig. 6 Number of video
teleconsultation activities per
month
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82%
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healthcare video teleconsultation
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4,979, 36%

Proportion of service users

healthcare video teleconsultation

1,076, 17%
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Proportion of consultation reason

occupational disease cerebrovascular disease

musculoskeletal disease workplace environment
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Fig. 5 Proportion of video teleconsultation services in health zones
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Table 3 Respondents’
characteristics (N = 1270) Measure Items Frequency (%)

Gender Male 814 64.1

Female 456 35.9

Age (years) <20 8 0.6

20–29 187 14.7

30–39 243 19.1

40–49 298 23.5

50–59 353 27.8

60–69 163 12.8

≥70 18 1.4

Type of employer Manufacturing 335 26.4

Service-based 412 32.4

Other 523 41.2

Type of occupation Production-based 234 18.4

Clerical 431 33.9

Service-based 455 35.8

Other 150 11.8

Number of employees in the workplace <5 250 19.7

5–9 152 12.0

10–29 304 23.9

30–49 235 18.5

50–99 106 8.3

≥100 223 17.6

Time in the workplace (years) <1 197 15.5

1–4 520 40.9

5–9 230 18.1

≥10 323 24.4

Number of visits to an HZ 1 ~ 2 943 74.3

3–5 206 16.2

6–9 45 3.5

≥10 76 6.0

4.58

4.69

4.43

4.46 4.45

4.57
4.59 4.59

4.69

4.58

4.64 4.65

Fig. 7 Results of video
teleconsultation services
satisfaction survey
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[62–65]. Therefore, this study designed the reception and call-
based process considering the role of each institution and
medical personnel, and revised the process of existing visits
through meetings with the advisory committee of the WHC
organized by the KOSHA.

Based on the designed service, we developed a system and
an integrated gateway that supports teleconsultation. WHCs
and HZs have been set up nationwide with the purpose as
providing occupational healthcare services to workers, but
the operating direction depends on the type of workplace or
type of occupation to be managed within the installed area.
Because of these effects, each institution has used different
systems. The use of such a system inhibits the integration
and management of the vast amount of meaningful data due
to the lack of data standardization and distributed databases,
especially the sharing of worker information for
teleconsultation. Therefore, this study developed a standard-
ized system that can manage worker information as well as the
designed video teleconsultation service. The developed sys-
tem allows remote medical personnel to access information on
workers who visited the local institution during video
teleconsultation, and the local medical personnel can check
the records made by the remote medical personnel and take
follow-up measures. In particular, the system can transmit and
receive data measured on medical equipment via an interface
with the developed integrated gateway as a web client role.
The integrated gateway developed in this study communicates
with the web client, gateway client, and server via a web
socket, so it is possible to acquire medical equipment data in
the web environment. The integrated gateway serializes and
deserializes data frommedical equipment to standardized pro-
tocols, regardless of the communication method (e.g., socket
communication using TCP/IP, serial communication using
RS-232, manufacturer API, or program) or equipment type
(e.g., blood pressure meter, blood glucose meter, and body
composition meter). Thanks to this integrated gateway, local
medical personnel at an HZ can easily send workers’ data
measured from various medical equipment to a WHC, and
remote medical personnel at the WHC can check the data
received during video teleconsultation in real-time.

We established a hardware infrastructure at 21 WHCs and
21 HZs that can operate video teleconsultation services.
Medical Service Act requires that facilities and equipment
be established in order to perform or receive telemedicine. In
other words, the institution should have a telemedicine studio
and equipment such as a terminal, a server, and an information
communication network capable of transmitting and receiving
data and images. Of these, medical equipment should be lo-
cated at a local institution and transmit the patient’s data mea-
sured from the equipment to support remote medical person-
nel in providingmedical knowledge and skills to local medical
personnel. Therefore, this study established teleconsultation
studios in the HZs and arranged for various medical

equipment together with the video system. According to a
previous study [66], medical personnel decide to quit when
they cannot move to another space or make a suitable space
for telemedicine. A solution to this problem has been to pro-
vide desktop-based services so that medical personnel can
perform telemedicine directly from their office [67].
Therefore, this study installed an integrated video camera
and desktop in occupational environmental medicine profes-
sionals’ offices at the WHC. Finally, in order to solve the
privacy and security problems that can occur during telemed-
icine [68], we configured the VPN to ensure the confidential-
ity of the developed system and video equipment. In addition,
an SSL channel was used for data transmission.

Using the quantitative data, we analyzed the operation sta-
tus and satisfaction of the video teleconsultation service.
According to system records, 4979 (36%) of the 13,824
workers used video teleconsultation services. Engagement in
the service activity in 2019 (n = 3057) was slightly less than in
2018 (n = 3331), but the monthly and quarterly patterns were
the same. The total satisfaction of the video teleconsultation
service was evaluated as very high at 4.58 (± 0.59), and all 11
items were evaluated at 4.43 or higher. The high evaluation of
accessibility (4.69 ± 0.64) and local medical personnel service
(4.69 ± 0.59) due to video teleconsultation indicate that the
project worked well based in its goals. This study solved the
technical and operational problems encountered by previous
studies for smooth service operation and high satisfaction.
The limitations of performing physical examinations [69] dur-
ing video teleconsultation were measured and transmitted
through various medical equipment and integrated gateway.
In addition, local medical personnel supported workers’ phys-
ical examination measurements to ensure that the tests were
performed correctly [70]. A previous study [71] demonstrated
that patients are less satisfied with video teleconsultation if the
image and audio quality are poor, and appropriate lighting and
zoom cameras are needed for proper diagnosis and decision-
making by medical personnel [72]. Therefore, this study de-
ployed high-resolution video equipment and medical scopes in
the studio, and network connectivity was guaranteed through
an independent information communication network. The lack
of education and support for medical personnel and patients is
mentioned as a barrier to the use of video teleconsultation [73,
74], and education on video teleconsultation is necessary to
provide quality services [69, 75]. We visited each institution
to provide user education for medical personnel and local med-
ical personnel who completed the education assisted workers
during video teleconsultation.

This study is the first to analyze system development and
services’ operation status for teleconsultation projects in oc-
cupational health in Korea. Unlike advanced countries where
telemedicine has been legalized, Korea has been conducting
telemedicine research only to a limited extent. Most studies
deal with the legal and institutional regulations on
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telemedicine and the results of doctor-patient telemedicine
pilot projects, and very few focus on the introduction and
results of teleconsultation projects already in operation. This
study is meaningful as a report on the development and oper-
ation status of a successful video teleconsultation system as a
part of national occupational health projects. However, it was
subject to some limitations. First, this study utilized the results
of the satisfaction survey conducted for institutional evalua-
tion, so the data analysis method was limited. Workers’ re-
sponses were analyzed to compare the mean and standard
deviation for each question through descriptive statistics. To
derive more generalized research results, hypothesis testing
will be necessary through data collection and analysis based
on the research model. Second, this study could not confirm
the effectiveness of the video teleconsultation service. Among
the benefits of telemedicine, the improvement of access and
satisfaction of demand could be confirmed through the satis-
faction survey, but cost-effectiveness and clinical effective-
ness could not be confirmed. WHCs and HZs are limited in
cost-effectiveness analysis because they provide free services
to the government to enhance public health. In addition, tele-
medicine among medical personnel is performed for consul-
tation with remote medical personnel, and therefore is not
suitable for the analysis of clinical effectiveness (e.g.,
experimental-control group or pre-post comparison) as
doctor-patient telemedicine is. However, a previous study
[25] indicated that there was limited evidence that video
teleconsultation results in changes in patients’ health out-
comes. This is because telemedicine differs from the existing
face-to-face consultation in the procedure and methods (e.g.,
collection, transmission, and analysis of patient information)
of determining treatment or disease management, but the use
of the existing treatment method is the same [76]. Finally,
telemedicine is currently in the introduction review stage in
Korea, and there is a lack of scholarly debate.

Korea has been amending the Medical Service Act since
2010 for doctor-patient telemedicine, but it remains stagnant.
The government has been conducting various types of pilot
projects since 2014 to demonstrate the effectiveness and safe-
ty of telemedicine. Through pilot projects, positive results
were obtained for the service users’ satisfaction and reliability.
However, telemedicine services are not commercialized be-
cause it is difficult to reach consensus among various stake-
holders on issues such as the lack of adequate compensation,
fee schedule for new services, and responsibility attribution in
case of an accident [30]. Telemedicine is therefore expected to
grow slowly due to barriers such as policies, licensing issues,
lack of standards, confidentiality, and accountability concerns
[77–82]. The sudden outbreak of COVID-19 caused a major
change in the Korean medical community. The Ministry of
Health and Welfare temporarily allowed telemedicine (tele-
phone consultation, phone prescription, proxy prescription,
video treatment) from February 22, 2020 [83] to ensure the

public’s safety during the COVID-19 pandemic and to protect
medical institutions and medical personnel from infectious
sources. Telemedicine has been controversial, even before
COVID-19, and has led to considerable confusion (lack of
preparation for processes, infrastructure, and principles) even
after temporary approval [84]. In contrast, countries that pre-
viously allowed telemedicine are expanding telemedicine af-
ter COVID-19. The US Department of Health & Human
Services temporarily relaxed the Health Insurance Portability
and Accountability Act (HIPAA) regulations applied in tele-
medicine, allowing FaceTime and Skype to be used for tele-
medicine [85] and service providers were able to provide med-
ical services by only listening to audio. The UK’s National
Health Service (NHS) recommended replacing primary care
with telemedicine [86]. Currently, the number of cases
employing telemedicine are increasing, and Scotland has ob-
served an increase of over 1000 times in the last two weeks
prior to this writing [87]. Japan allowed the first treatment to
be performed through telemedicine, expanded the range of
target diseases, and even allowed delivery of medicines [88].

In preparation for the prolonged period of the COVID-19
pandemic, Korea is seeking ways to incorporate telemedicine
into regular medical services. KOSHA is reviewing video
teleconsultation and tele-occupational health services using a
personal health record (PHR) app for workers [89], and we are
preparing a mobile service based on the established video
teleconsultation infrastructure. Therefore, future studies will
research factors to be considered in the introduction and ex-
pansion of mobile-based video teleconsultation services. In
addition, we will conduct research analyzing workers’ and
medical personnel’s satisfaction with mobile service, as well
as the usage logs of workers collected through service
operation.
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