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Aims & Scope
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women's editorial leadership and provide innovative learing methods.
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Up-to-date medical knowledge and skills essential for patient care
Preparing for the future of medicine

Effective interprofessional communication
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Medical education materials

Sharing data and protocols

Regional scope: The journal primarily focuses on Korea but welcomes submissions from researchers worldwide.
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How a medical journal can survive the freezing era
of article production in Korea, and highlights in this

issue of the Ewha Medical Journal
Ji Yeon Byun

Department of Dermatology, Ewha Womans University Mokdong Hospital, Seoul, Korea

After the resignation of medical residents from their training hospitals in February 2024
[1], the number of submissions to medical journals reportedly decreased. For the Journal
of Korean Medical Science, domestic submissions in 2024 began higher than the 15-year
average in January (92 vs. 68). However, they gradually declined throughout the year, hitting
a low of 56 in September before rebounding to 92 in October [2]. This decrease in manuscript
submissions stemmed from the increased workload on clinical faculty members after the
residents’ resignations. Although submission levels in 2024 remained sustainable, the situation
in 2025 may worsen due to reduced research activities by clinical faculty members in 2024.
Fortunately, the Ewha Medical Journal published 74 articles in 2024, more than double the 34
publications in 2023. This remarkable achievement was made possible by the commitment
of clinical faculty members in Korea to the journal. However, we remain concerned about the
number of submissions in 2025, because the environment for patient care in university hospitals
continues to deteriorate. Unfortunately, the current conflict between the Korean government and
the medical association remains unresolved following a Korean presidential emergency briefing
announcing martial law, which threatened punishment under martial law if medical residents did
not “return to work” within 48 hours [3]. We have no choice but to wait for an evidence-based
resolution by the Korean government. This situation can be described as a freezing era of article
production. How can the Ewha Medical Journal survive in this challenging environment? The
editors and editorial office plan to review manuscripts as quickly as possible and publish them
with the highest editorial quality. We will also seek out helpful topics for clinicians and medical
educators. Maintaining the highest editorial quality may help sustain researchers’ commitment.

In this January issue, we are pleased to publish two editorials, two special topics, composed
of nine narrative reviews, five reviews, three original articles, one case report, and one
correspondence. The special topics focus on recent clinical approaches to shoulder diseases
in older adults and the role of institutes and enterprises in addressing occupational and
environmental diseases in Korea.

Special topics on clinical approaches to shoulder diseases in
older adults

Five narrative review articles comprehensively address various topics related to shoulder
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diseases in older adults. Kang and Kang [4] present fundamental physical examination
procedures for diagnosing shoulder pain. They also provide video files demonstrating physical
examinations, including range-of-motion assessment, the full can and empty can tests for
supraspinatus, the external lag sign, the Hornblower sign for infraspinatus, the lift-off and
internal lag sign for subscapularis, the belly-press test for subscapularis, and impingement tests.
These video files will be beneficial for any physician conducting shoulder joint examinations.
Lee and Kim [5] review the classification, epidemiology, pathophysiology, clinical presentation,
and management strategies of shoulder diseases in older adults. They categorize four
major conditions—rotator cuff disease, frozen shoulder (adhesive capsulitis), osteoarthritis,
and shoulder instability—in a table that outlines their pathophysiology, risk factors, clinical
presentation, diagnostic approaches, and treatment strategies at a glance. Kim and Jung [6]
discuss the radiological characteristics of shoulder diseases in older adults, including adhesive
capsulitis, rotator cuff tears, and osteoarthritis of the glenohumeral joint. They also provide
various clinical images illustrating these conditions. Furthermore, Kim and Jeong [7] present a
detailed guide for managing shoulder diseases in older adults. They recommend nonsurgical
interventions—such as exercise, manual therapy, and modifications to daily activities—as the
primary treatment approach. Pharmacological strategies include nonsteroidal anti-inflammatory
drugs, corticosteroid injections, and medications targeting neuropathic pain. Although steroid
injections can offer short-term relief, repeated administration may compromise the integrity of
surrounding tissues.

Another notable review explores the application of cutting-edge deep learning technology for
diagnosing shoulder diseases [8]. This narrative review describes how deep learning addresses
diagnostic challenges in shoulder care by automating image analysis, disease detection, and
motion assessment. Convolutional neural networks match or surpass human accuracy in
identifying rotator cuff tears, fractures, and joint conditions, while pose estimation refines range-
of-motion evaluations. Deep learning also classifies local osteoporosis and enables personalized
treatments. Such technologies are already being integrated into patient care for shoulder
diseases. The aforementioned five reviews offer a comprehensive framework for understanding
and addressing the unigue challenges associated with shoulder diseases in older adults.

Special topic on the role of institutes related to occupational
and environmental diseases in Korea

These papers discuss the role of institutes that deal with occupational and environmental
diseases in Korea. First, the Korea Occupational Disease Surveillance Center [9] is not a single
institution, but rather a comprehensive nationwide system designed to gather, analyze, and
interpret data on occupational diseases through a network of regional centers. Established in
2022, it had 10 operational regional centers by 2024 in line with regional Ministry of Employment
and Labor offices. Despite its recent inception, the Korea Occupational Disease Surveillance
Center has already uncovered unrecognized occupational diseases, including acute poisoning
cases requiring urgent workplace intervention, thus informing national prevention policies.
Generating relevant data supports the development and execution of targeted interventions,
enhancing occupational health services, and facilitating national interventions for workers across
the country.

Second, regional Environmental Health Centers in Korea [10] have undergone continuous
transformation since their inception in May 2007, when 10 regional centers were established.

The Ewha Medical Journal https://doi.org/1012771/emj.2025e17 2/ 5
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During the initial phase (May 2007-February 2009), these centers focused on research-driven
activities. In the second phase (March 2009-2015), six additional centers were established,
broadening their scope to address national environmental health issues. The third phase (2015—
2019) introduced Ko-CHENS, a 20-year national cohort project aimed at informing environmental
health policy through the integration of research findings into policy frameworks. The fourth
phase (2020-present) has been characterized by a decentralization of authority, empowering
local governments and redefining the centers’ roles to address regional environmental health
challenges. The text precisely describes these evolving roles.

Third, Workers' Health Centers, established in 2011 [11], serve as a representative public
organization providing occupational health services to micro and small enterprises in Korea.
As of 2024, there are 24 WHCs, 22 branch offices, and 23 trauma counseling centers for
workers. Managed by the Korea Occupational Safety and Health Agency but operated by
private entities, each Workers' Health Center employs around 13 staff members across four
teams: cardiovascular disease prevention, environmental improvement, musculoskeletal disease
prevention, and stress management. Serving 203,877 users in 2023—88.5% of whom were
from micro and small enterprises—Workers' Health Centers offer both basic and specialized
programs, acting as crucial case managers that connect micro and small enterprises to
necessary resources through flexible, problem-solving approaches.

Fourth, as of 2024, 23 Occupational Trauma Centers were operating within Workers' Health
Centers across Korea [12]. Each trauma center is staffed by two counseling psychologists and
equipped with private consultation rooms to foster psychological safety. These Centers aim
to address psychological distress following workplace injuries. Despite a decreasing trend in
fatal injuries, Korea continues to report elevated rates compared to other industrialized nations,
underscoring the need for effective mental health interventions. The Occupational Trauma
Management Program focuses on early crisis intervention, multi-phased counseling, and
ongoing monitoring to stabilize affected workers and support their return to work.

These four reviews collectively highlight the significant progress made by institutes that
address occupational and environmental health challenges in Korea.

Ju et al. investigated the health rights of inmates in correctional facilities and highlighted
their conditions [13]. Although conducted in 2016, this is a unique survey because no other
similar study exists. The authors propose strategies to improve inmates’ health rights, including
establishing a primary healthcare system, enhancing governance, alleviating overcrowding, and
introducing mental health programs. If any follow-up studies are conducted, they may confirm
an improved environment for inmates.

We welcome high-quality articles covering a wide range of topics in medicine and healthcare.
While the journal primarily focuses on Korea, we also encourage submissions from researchers
worldwide.
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A creative and innovative platform leading a
sustainable society by the 150th anniversary of
Ewha Womans University: a presidential farewell
address

Eun Mee Kim

Department of International Studies, Graduate School of International Studies, Ewha Womans University, Seoul, Korea

In 2024, the medical community in Korea encountered significant challenges stemming from
increased medical school enroliment quotas [1]. Regrettably, these issues remain unresolved as
of February 2025. | sincerely hope for a prompt return to normalcy in both the healthcare system
and medical education. Throughout this process, the Ewha Medical Journal and its readers, who
have consistently contributed research on global and local healthcare issues, are expected to
play a crucial role.

In March 2021, | was inaugurated as the 17th President of Ewha Womans University. Serving
as the President of my alma mater for the past four years has been an incredibly honorable and
meaningful experience [2]. Later that year, during the 135th Anniversary Founding Ceremony, |
announced Ewha Vision 2030+, reaffirming our commitment to building a "creative and innovative
platform leading a sustainable society" and propelling Ewha to become a university with top-tier
competitiveness. Amid a period of rapid global transformations, including the Fourth Industrial
Revolution, the rapid advancement of artificial intelligence, climate change, and various crises,
as well as the domestic challenge of declining school-age populations, we established three
core values—Inspiring Ewha (Creativity and Challenge), Interacting Ewha (Communication and
Innovation), and Integrating Ewha (Empathy and Inclusion). Along with these values, we identified
five key goals and have systematically implemented 100 major initiatives to achieve them. The
specific content of the five key goals is as follows:

First, a top-tier research-oriented university

We have reached community alignment on the importance of establishing Ewha as a world-
class research university that will lead the way for the next 30 to 50 years. To achieve this, we
launched the Ewha Frontier 10-10 Initiative, aimed at fostering a creative research ecosystem
capable of delivering world-class achievements. This initiative has led to the selection and
support of five globally competitive leading research fields and ten promising future-oriented
research areas. As a result of these efforts, 39 Ewha researchers have been recognized among
the "Top 2% Researchers Worldwide." We have also achieved notable successes, including an
increase in publications in high-impact international journals, higher citation counts, and the
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selection of key research and industry-academic collaboration projects. These accomplishments
have significantly enhanced Ewha's reputation as a research-focused university. Furthermore,
we have intensified our joint research efforts through partnerships, including a climate
technology entrepreneurship program with the Asan Nanum Foundation and a global industry
collaboration MOU with Syensqo (formerly Solvay).

Second, an educational response to artificial intelligence and
big data

In the era of digital transformation driven by the Fourth Industrial Revolution, Ewha has focused
on creating an educational innovation platform that addresses digital needs, strengthens our
capabilities in advanced fields, and puts them into practice. Since the beginning of my term, we
have established the College of Artificial Intelligence and the Graduate School of Data Science
to nurture key talent for the advanced industrial era. We also developed Ewha's signature
teaching and learning model, THE BEST Educational Model, and created a hybrid learning
environment to lead next-generation education. In addition, we launched the Global Division
within the HOKMA College of General Education as a pilot program designed for international
students. This initiative is spearheading the internationalization of education and enhancing
Ewha's global brand value.

Third, restructuring campus environment for students

We have introduced a big data—based intelligent academic support system to reinforce
students’ future planning and improve the campus environment. Additionally, we partially
rebuilt and remodeled the Main Hall, which was originally constructed in 1964, into a 21st-
century learning space. Most notably, we transformed Helen Hall, Ewha’s first library, into the
Ewha Advanced Library, a future-oriented, smart academic information center and multimedia
cultural space integrating new media. We have also initiated projects aligned with Ewha'’s 150th-
anniversary vision, including the creation of Ewha West Campus (63,000 square meters) to
replace the Life Environment Hall built in 1972. The Ewha West Campus is envisioned as a
dynamic, future-oriented site where the university transcends the confines of the ivory tower,
fostering creativity and innovation through active communication, coexistence, and collaboration
with society. This transformation reflects Ewha's vision of becoming an institution that flourishes
as an integral, interactive part of the broader community.

Fourth, innovation of administrative infrastructure

We have undertaken structural reforms to increase administrative efficiency and financial
soundness. These include elevating the roles of vice presidents to strengthen industry-
academic cooperation and research functions, reorganizing the Office of Academic Affairs to
actively formulate education policies, and establishing the Graduate School Innovation Center to
promote graduate-level innovation projects more effectively. In addition, we have improved our
administrative infrastructure by formulating an ICT Master Plan, upgrading outdated information
and communication hardware, and enhancing ICT facilities to streamline processes and boost
operational efficiency.
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Fifth, Ewha's empathy and inclusion

To cultivate “Ewha’s uniqueness in empathy and care,” we have focused on reinvigorating
community-based social welfare center programs, fostering shared innovation projects in
partnership with local governments and universities, and disseminating Ewha'’s values through
endeavors such as the Pear Blossom Sharing Corps. We have also expanded global scholarship
programs, including the Ewha-KOICA Program and the EGPP (Ewha Global Partnership Program).
In 2024, the College of Music hosted its first New Year's Concert at the Main Auditorium, inviting
residents of Seodaemun District. Approximately 2,800 attendees filled the auditorium, creating
a warm community gathering. Furthermore, I-Soo Management, a subsidiary of Ewha Haktang,
has employed individuals with developmental disabilities to establish inclusive workspaces on
Ewha's Sinchon Campus and within Ewha Medical Center, exemplifying Ewha's commitment to
coexistence and its core values of empathy and care.

Network among three campuses

Ewha originated from Ewha Hakdang in 1886 and Bogunyeogwan in 1887, both established in
Jeong-dong. The institution’s core pillars rest on two principles: Christian values and education
focused on women's empowerment and women's health. These principles form the basis of
Ewha’s mission. The Ewha History Museum on the Sinchon Campus serves to restore the legacy
of Ewha Hakdang, safeguarding our historical roots. Similarly, the restored Bogunyeogwan at
Ewha Seoul Hospital symbolizes respect for both Ewha's longstanding dedication to women'’s
education and its emphasis on women’s health, reflecting the essence of our institution's
founding values.

At Ewha Medical Center, we have made remarkable strides by developing specialized clinical
areas in alignment with the Bogunyeogwan spirit—Korea's first women's hospital, established in
1887 [3]. Notable achievements include specialized facilities such as the Ewha Cancer Center
for Women, Ewha Urology Institute, Ewha Cardio-Cerebrovascular Center, Ewha Aortic Center,
and Ewha Mother and Baby Center, all geared toward providing high-quality, specialized care.
These accomplishments underscore Ewha Medical Center's emergence as a leading healthcare
institution.

During my term, one of my foremost objectives was to foster organic and robust collaboration
among the Sinchon Campus, Ewha Mokdong Hospital, and Ewha Seoul Hospital, thereby
creating a thriving, mutually beneficial community. A significant milestone here was the formation
of the Ewha Advanced Convergence Med-Tech Healthcare Cluster, where these three entities
united to forge an integrated industry-academia-research-hospital ecosystem. This initiative has
stimulated collaborative research and entrepreneurship in the biomedical and healthcare fields
and marks a crucial first success. Moving forward, | hope the faculty, students, researchers, and
staff at the Sinchon Campus, Ewha Mokdong Hospital, and Ewha Seoul Hospital will continue to
deepen their shared research, practice, entrepreneurship, service, and collaboration, expanding
this communal ecosystem with love and dedication.

In 2025, Ewha will continue to reinforce its standing as a premier institution, proactively
preparing for the future and leading in the spheres of research, education, and global
engagement. We aspire to rank among the world's top universities. The Ewha Medical Journal will
act as a trailblazer in realizing this vision, playing an essential role in disseminating outstanding
research and sharing the fruits of our collective endeavors.
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Shoulder pain is a common complaint in primary care settings. The prevalence of shoulder pain is on
the rise, especially in societies with aging populations. Like other joint-related conditions, shoulder
pain is predominantly caused by degenerative diseases. These degenerative changes typically affect
bones, tendons, and cartilage, with common conditions including degenerative rotator cuff tears,
impingement syndrome, and osteoarthritis. Diagnosing these degenerative diseases in older adults
requires a thorough understanding of basic anatomy, general physical examination technigues, and
specific diagnostic tests. This review aims to outline the fundamental physical examination methods
for diagnosing shoulder pain in older adult patients in primary care. The shoulder's complex anatomy
and its broad range of motion underscore the need for a systematic approach to evaluation. Routine
inspection and palpation can identify signs such as muscle atrophy, bony protrusions, or indications
of degenerative changes. Assessing range of motion, and distinguishing between active and
passive deficits, is crucial for differentiating conditions like frozen shoulder from rotator cuff tears.
Targeted strength tests, such as the empty can, external rotation lag, liftoff, and belly press tests,
are instrumental in isolating specific rotator cuff muscles. Additionally, impingement tests, including
Neer's and Hawkins' signs, are useful for detecting subacromial impingement. A comprehensive
understanding of shoulder anatomy and a systematic physical examination are vital for accurately
diagnosing shoulder pain in older adults. When properly executed and interpreted in the clinical
context, these maneuvers help differentiate between various conditions, ranging from degenerative
changes to rotator cuff pathology.

Introduction

Background

Shoulder pain is the third most common musculoskeletal complaint, following back and knee
pain [1]. A systematic review revealed that the prevalence of shoulder pain in the community
varies widely, with a median of 16% (ranging from 0.67% to 55.2%). In primary care settings,
prevalence estimates range from 1.01% to 4.84%, with a median of 2.36%. The incidence of
shoulder pain varies from 7.7 to 62 per 1,000 persons annually, with a median of 37.8 per 1,000
persons per year [2]. The prevalence of shoulder pain differs across age groups, with significant
increases noted in older populations. A systematic review that focused on occupational groups
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found that 16 out of 21 studies reported higher prevalence estimates or odds ratios for shoulder
pain in individuals over the age of 50. This trend was more evident in physically demanding
occupations, where 14 out of 18 samples indicated an increased prevalence in those over 50
years old, compared to only two out of four in sedentary occupations [3].

In South Korea, data from 2011 to 2020 indicated a significant increase in shoulder lesions
among individuals aged 60-69 years, underscoring the rising prevalence of shoulder pain within
this demographic [4]. Kim et al. [5] recently carried out a study involving participants aged 40
years or older from a specific city. Their findings from a survey of 30 bilateral shoulders revealed
that about 65% of individuals aged 60 years or older reported experiencing shoulder pain.
Furthermore, the incidence of associated rotator cuff disease was significantly higher in this age
group compared to those under 60 years (P=0.006).

Age is a critical demographic factor in the context of shoulder pain. Younger individuals exhibit
a higher prevalence of traumatic dislocations and labral injuries, whereas older adults more
frequently experience degenerative wear of the shoulder joint, along with tears in the rotator
cuff tendons [6-8].

Objectives

The purpose of this review was to examine the basic approaches for diagnosing shoulder
pain in older adult patients. It assessed the physical examination techniques used to evaluate
shoulder pain.

Ethics statement

As this study is a literature review, it did not require institutional review board approval or
individual consent. Supplementary video files were provided by the authors as examinee and
examiner.

Anatomy

To understand shoulder disorders, it is essential to have a basic knowledge of shoulder
anatomy. The shoulder is one of the most complex joints in the human body and enables a wide
range of movements that are crucial for everyday activities.

The shoulder comprises three bones: the clavicle, scapula, and humeral head. Together, these
bones form the glenohumeral, sternoclavicular, acromioclavicular, and scapulothoracic joints.
The primary shoulder joint, the glenohumeral joint, is a ball-and-socket type located between
the humeral head and the glenoid cavity. However, only 25% of the humeral head articulates
with the glenoid cavity [9]. This joint is inherently unstable yet allows for a broad range of motion
(ROM). Adding stability to the shoulder, the labrum—a layer of fibrocartilage—envelops the
glenoid rim [10].

The shoulder is surrounded by several key muscles that not only contribute to its extensive
ROM but also provide stability to the joints. These muscles include the deltoid, trapezius,
pectoralis major, latissimus dorsi, biceps, triceps, and rotator cuff. They work in concert to
facilitate a wide range of movements and stabilize this highly mobile joint, thus protecting the
shoulder from injury [11]. The rotator cuff muscles, comprising the supraspinatus, infraspinatus,
teres minor, and subscapularis, are crucial for normal shoulder function. Injuries to these muscles
or their tendons can severely impair movement and cause significant pain. These muscles are

The Ewha Medical Journal https://doi.org/1012771/em}.2025.e8 2 /11



Physical examinations for older adults with shoulder pain e MJ

interconnected by tendons that merge to form the rotator cuff tendon. This tendon complex
encircles the head of the humerus, enabling the arm to perform a wide range of movements
across various planes while maintaining the stability of the shoulder joint [12]. The supraspinatus
muscle, originating from the supraspinatus fossa of the scapula, inserts into the greater tubercle
of the humerus. Its primary functions are to initiate arm abduction and stabilize the humeral
head within the glenoid cavity. The infraspinatus muscle arises from the infraspinous fossa of
the scapula and also attaches to the greater tubercle of the humerus. Positioned just below the
infraspinatus, the teres minor muscle originates from the lateral border of the scapula and inserts
near the infraspinatus on the greater tubercle of the humerus. Both the infraspinatus and teres
minor muscles aid in the external rotation of the arm. The subscapularis muscle, located on the
anterior side of the scapula, occupies the subscapular fossa and attaches to the lesser tubercle
of the humerus. This muscle facilitates the internal rotation of the arm [13].

Physical examination

The physical examination of the shoulder starts with taking the patient's history, followed by
inspection, palpation, assessment of ROM, muscle strength testing, and provocative tests for
specific conditions. It is essential to obtain a detailed medical history to guide further testing and
imaging. Typically, inquiries should cover the patient's age, the duration and quality of the pain,
associated symptoms, and factors that aggravate or relieve the pain [14].

Shoulder pain is frequently associated with occupational factors; thus, the duration of
employment, working posture, and hours worked are significant considerations. With the
growing interest in leisure sports among older adults, it is crucial to gather a detailed history
that includes the types of sports they engage in and whether they experience pain during these
activities. Furthermore, for older patients, it is equally important to document a treatment history
for concurrent conditions like diabetes, chronic kidney disease, and rheumatic diseases, which
can contribute to shoulder pain [15].

Inspection

Patient inspection should be conducted with both the affected and unaffected extremities
fully exposed. The examination should encompass both anterior and posterior views to detect
any muscle asymmetry or abnormal bony prominences. Bilateral examination of the deltoid,
supraspinatus, and infraspinatus fossae for atrophy is essential [16]. If muscle atrophy is
significant, further evaluation should be undertaken, including an assessment for shoulder
pathology, to ascertain the presence of any neurological issues [1718].

Rupture of the long head of the biceps tendon (LHBT) can occur either traumatically or
spontaneously in older adults, often resulting in a noticeable bulge in the upper arm, known as
the Pop eye sign [19].

Degenerative arthritis commonly affects the sternoclavicular and acromioclavicular joints in the
shoulders of older adults, often resulting in bony protrusions [20,21]. Additionally, patients with
massive rotator cuff tears may experience anterior protrusion of the humeral head into the shoulder
joints [22]. The position of the scapula was observed from the patient's back. The differential
diagnosis should consider both the static position and the dynamic motion of the scapula [23].

Palpation
Palpation, combined with visual inspection, plays a crucial role in the initial physical
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examination. It is essential to accurately identify the specific location of any local tenderness.
This helps in predicting the disease based on its anatomical location and facilitates preparation
for further evaluation.

In degenerative arthritis of the sternoclavicular and glenohumeral joints, it is essential to
palpate the articular processes to assess tenderness, bony prominences, and swelling [20,21].
Rotator cuff disease is the most prevalent condition among shoulder diseases, with the
supraspinatus tendon frequently affected, especially in cases of rotator cuff pathology. Precise
palpation is key for diagnosing issues such as tendinitis, tears, or impingement [24]. To palpate
the supraspinatus tendon, one must identify the attachment site and the greater tuberosity area.
The patient's arm should be placed in slight extension (moving the arm slightly behind the body)
and internal rotation (turning the hand toward the body), which moves the supraspinatus tendon
anteriorly. The supraspinatus tendon and greater tuberosity can then be palpated just anterior
and slightly lateral to the acromion [25]. The subscapularis tendon, part of the rotator cuff, is
located on the anterior aspect of the shoulder. To palpate the subscapularis and its attachment
site (the lesser tuberosity), the patient's arm should be externally rotated with the elbow flexed
at 90° This maneuver lengthens the subscapularis tendon and brings it to a more superficial
position [26]. The LHBT runs through the bicipital groove on the anterior aspect of the humerus
and is commonly affected by tendinitis, instability, or rupture. The biceps groove, housing the
LHBT, is situated between the greater and lesser tubercles of the humerus. To palpate the bicep
groove, place the patient's arm in neutral rotation with the elbow flexed to 90°. Slightly outward
rotation of the arm (turning the forearm outward) will better expose the tendon. The bicep
groove can be palpated 2-3 cm inferior to the anterior border of the acromion [27].

Range of motion assessment

As a ball-and-socket joint, the shoulder facilitates an extensive ROM across multiple planes
[9,10]. Proper evaluation of ROM is essential for assessing function, identifying limitations, and
diagnosing various conditions. Typically, ROM measurements include forward flexion, extension,
abduction, external rotation, and internal rotation. These measurements can be taken while
the patient is sitting, standing, or lying supine. The sitting position is particularly convenient for
simultaneously conducting other muscle tests and provocative tests. However, it is crucial to
stabilize the scapula to accurately measure the true ROM of the glenohumeral joint. Additionally,
ROM measurements should be compared with those of the unaffected side, as the normal
range varies from person to person and with age [28]. Assessment of shoulder ROM should
encompass both active (unassisted) and passive (assisted by the examiner) movements. A
loss of both may indicate a stiff shoulder, such as frozen shoulder or secondary stiff shoulder,
whereas a loss of active ROM alone suggests shoulder weakness, potentially due to a rotator
cuff tear or neurologic dysfunction. Disease-specific tests and imaging evaluations should be
tailored to each specific symptom [29]. A video of the ROM assessment of shoulder joints is
available in Supplement 1.

Muscle strength testing and provocative tests

Shoulder strength assessment is a crucial part of physical examinations, offering insights
into muscle function that can assist in diagnosing rotator cuff disorders [22]. It is essential to
understand the function of each tendon in the rotator cuff and to conduct muscle strength and
provocation tests accordingly. These muscle tests should be carried out on both the affected
and unaffected sides.
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Supraspinatus

The supraspinatus is assessed using both the empty can test (Jobe's test) and the full can
test [30]. The empty can test involved abducting the arm to 90° internally rotating the forearm,
and orienting the thumb downward. A positive result, indicating pain or weakness, is noted when
the examiner exerted downward pressure on the arm. Conversely, the full can test is conducted
in a similar arm position but with the forearm externally rotated and the thumb pointing upward,
while the examiner applied force. The tests demonstrate the highest accuracy in detecting a
torn supraspinatus tendon when muscle weakness is present, with the full can test showing
75% accuracy and the empty can test showing 70% accuracy [30]. Both tests have proven to
be highly sensitive and specific, making them suitable for both screening and confirming rotator
cuff tears that involve the supraspinatus. A video of the empty can test (Jobe's test), and the full
can test for supraspinatus muscle strength is available in Supplement 2.

Infraspinatus and teres minor

The infraspinatus and teres minor muscles serve as external rotators of the arm. To assess
external rotational strength, the patient holds their arm at their side with the elbow bent at 90°.
The examiner then applies inward pressure as the patient resists by rotating the arm externally
[31]. The external rotation lag sign is a diagnostic test for the shoulder, useful in identifying tears
in the infraspinatus and supraspinatus tendons. This sign is considered positive if, after the
examiner maximally externally rotates the arm—with the shoulder flexed at 20° and the elbow at
90°—the patient is unable to keep the arm in this position. With a specificity of 94%, a positive
external rotation lag sign reliably indicates full-thickness tears of both the supraspinatus and
infraspinatus tendons [32]. The Hornblower test is another clinical examination that evaluates
the function and strength of the infraspinatus and teres minor muscles. During this test, the
patient's arm is passively abducted and supported by the examiner with the elbow flexed at 90°.
A positive result occurs if the patient cannot maintain external rotation of the arm. Given that
both the infraspinatus and teres minor contribute to external rotation of the humerus, identifying
weakness in these muscles can be challenging through physical examination alone [17]. A video
of the external rotation lag sign and Hornblower test is available in Supplement 3.

Subscapularis

The subscapularis tendon plays a crucial role in the internal rotation of the shoulder. To assess
its integrity, strength, and function, four clinical tests are conducted. Initially, the liftoff test
(Gerber test) is performed. This involves the patient flexing their elbow, internally rotating their
arm, and placing their hand on the lumbar spine. A positive result is indicated by the patient's
inability to lift the back of their hand away from the body. Next, the belly press test (Napoleon
sign) is administered. For this test, the patient places their hand on their abdomen with the
arm internally rotated and the elbow flexed, keeping the wrist in a neutral position. A positive
result is noted if the patient cannot maintain the elbow in a forward position or keep the wrist
neutral while pressing against the abdomen. The third test conducted is the bear-hug test.
The patient positions their elbow at shoulder height and places their hands on the opposite
shoulder. The examiner then attempts to pull the patient's hand away from the shoulder while
the patient resists. A positive result is recorded if the patient cannot maintain their hand on
the shoulder. The fourth assessment is the internal rotation lag sign. In this test, the examiner
positions the patient’s arm behind their back in internal rotation and lifts their hand off the back.
If the patient is unable to hold the position and the hand falls back, it suggests weakness or a
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tear in the subscapularis [32-34]. Videos demonstrating the liftoff test (Gerber test) and the
internal rotation lag sign, which assess the strength of the subscapularis tendon, are available
in Supplement 4. Additionally, a video of the belly press test (Napoleon sign) for evaluating the
strength of the subscapularis tendon can be found in Supplement 5.

Impingement test

Impingement occurs when the soft tissues—specifically the subacromial bursa, supraspinatus
tendon, and biceps tendon—uwithin the subacromial space become chronically trapped between
the humeral head and the acromion [35]. This condition leads to progressive degenerative
changes in the hypovascular region of the rotator cuff. A thorough medical history and physical
examination are crucial for diagnosing shoulder impingement syndrome. Patients typically report
pain or discomfort when lifting the arm or at specific points of impingement. Special tests are
integral to the physical examination process. Initially, the Hawkins test is conducted by passively
internally rotating the patient's arm, flexing the shoulder to 90 degrees forward, and flexing the
elbow. The presence of acromial pain indicates subacromial impingement [36]. Next, the Neer
sign test involves fixing the scapula in a depressed position and having the examiner maximally
flex the patient’s arm forward (passive ROM testing). Pain localized to the anterior aspect of the
shoulder suggests impingement syndrome [36]. Additionally, the Painful arc sign is identified
by pain occurring as the elbow is fully extended and abducted between 60° and 120° in the
scapular plane, which indicates a pathology in the subacromial space [37]. Lastly, the Jobe test,
also known as the empty-can test, is positive for impingement syndrome and supraspinatus
lesions [37]. Although these tests individually have low sensitivity and specificity, when used
collectively, they can provide a more comprehensive assessment of shoulder impingement
syndrome. A video file of the Neer sign test and Hawkins test for checking impingement of the
shoulder joint is available in Supplement 6.

Osteoarthritis of the glenohumeral joint

Osteoarthritis is a degenerative disease whose prevalence increases with age. It is a
significant cause of physical disability and often severely impairs the quality of life in older adults
[38]. In a study of a Korean population, Cho [39] reported that approximately 5% of patients over
65 years of age had shoulder arthritis of Kellgren-Lawrence grade 2 or higher. In addition, Oh [8]
reported prevalence rates of 11.3% for Samilson-Prieto grade 1, 3.4% for grade 2, and 1.3% for
grade 3. In general, patients with glenohumeral joint osteoarthritis present with decreased ROM
accompanied by crepitus as their main symptom. Osteoarthritis often manifests as a secondary
stiff shoulder, characterized by reduced passive and active ranges of motion. Assessment of
tenderness is conducted along the joint line, and palpation is used to check for swelling and
effusion along the joint surface [40].

Acromioclavicular joint disease

Acromioclavicular (AC) joint disease encompasses a range of conditions affecting the joint
between the clavicle and the acromion of the scapula. These conditions include degenerative
changes such as osteoarthritis and traumatic injuries like dislocation or separation. AC joint
arthritis is the predominant cause of shoulder pain in middle-aged individuals, primarily due
to the degeneration of cartilage and the intraarticular disc [41]. Primary osteoarthritis of the
AC joint appears to be associated with normal age-related damage and subsequent loss of
protective cartilage, causing painful bone-on-bone contact [42]. Although most patients do
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not exhibit symptoms, some may experience pain around the AC joint during daily activities,
particularly during overhead or crossbody movements [43]. The physical examination for AC joint
disease starts with observing any joint asymmetry through palpation and assessing the area for
tenderness. The cross-body adduction test is highly effective for diagnosing AC joint pathology.
During this test, the examiner stands in front of the patient, lifts the patient's arm to 90 degrees
forward, holds the elbow, and adducts the shoulder across the body. This maneuver typically
provokes pain around the AC joint, indicating potential pathology [42]. Another diagnostic tool is
the O'Brien active compression test, where the examiner stands behind the patient. The patient
flexes their arm forward to 90 degrees with the elbow fully extended, then adducts the arm 10°
to 15° with internal rotation, thumb pointing downward. The examiner applies a downward force
against the patient’s resistance. The test is repeated with the palms fully supinated. A positive
result—pain during the first maneuver that disappears in the second—confirms the diagnosis if
the pain is localized to the AC joint [44]. Tenderness on palpation of the AC joint, which seems
to be the easiest and most effective method, has been recommended as a screening test for AC
joint disease due to its high sensitivity (96%) [45,46].

Conclusion

The shoulder is a crucial joint that facilitates a broad spectrum of activities due to its extensive
ROM. Shoulder pain can originate from various anatomical structures, including cartilage,
ligaments, tendons, and bones. A deep understanding of these structures is essential for
conducting precise physical examinations of the shoulder. By performing a comprehensive
physical examination and utilizing appropriate imaging studies, the underlying causes of shoulder
pain can be effectively analyzed.
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This review classifies and summarizes the major shoulder diseases affecting older adults, focusing
on rotator cuff disease, frozen shoulder, osteoarthritis, and shoulder instability. It explores each
condition's pathophysiology, risk factors, clinical presentation, diagnostic approaches, and treatment
strategies to guide clinicians in optimizing patient outcomes and enhancing quality of life. Age-related
degenerative changes, comorbidities, and distinct etiological factors contribute to the presentation
of shoulder disorders in older adults. Rotator cuff disease ranges from tendinopathy to full-thickness
tears and is influenced by genetic predispositions, inflammatory cytokines, and muscle quality.
Frozen shoulder results from fibroproliferative changes in the capsule, leading to significant pain
and restricted motion. Osteoarthritis involves cartilage degeneration and bony remodeling, often
necessitating surgical interventions such as arthroplasty. Shoulder instability, though less frequent, is
complicated by associated injuries like rotator cuff tears and fractures, requiring tailored management
strategies. Advances in imaging techniques, biologic treatments, and surgical procedures, particularly
arthroscopic and arthroplasty options, have improved diagnostic accuracy and therapeutic outcomes.
A thorough classification of shoulder diseases in older adult patients highlights the complexity of
managing these conditions. Effective treatment requires individualized approaches that integrate
conservative measures with emerging biologic or surgical therapies. Future research should focus on
targeted interventions, standardized diagnostic criteria, and multidisciplinary collaboration to minimize
disability, optimize function, and improve overall quality of life in this growing patient population.
Multimodal strategies, including patient education, structured rehabilitation, and psychosocial support,
further enhance long-term adherence and outcomes. Ongoing vigilance for comorbidities, such as
osteoporosis or metabolic disorders, is necessary for comprehensive care.

Introduction

Background

The shoulder joint is crucial for performing daily activities and maintaining independence,
especially among older adults. Its extensive range of motion renders it vulnerable to injuries and
degenerative diseases, which are more common as people age [1]. Aging leads to structural
changes in the musculoskeletal system, including decreased bone density, reduced tendon
elasticity, and diminished joint lubrication [2]. These factors predispose older adults to conditions
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such as rotator cuff tears, osteoarthritis, frozen shoulder, and instability [1,3,4].

Objectives

This review aims to provide a detailed classification of shoulder diseases, focusing on their
pathophysiology, risk factors, clinical presentation, diagnostic approaches, and treatment
strategies. By tailoring management to the specific needs of older adult patients, clinicians can
improve outcomes and enhance the quality of life for this vulnerable population.

Ethics statement

As this study is a literature review, it did not require approval from the institutional review board
or individual consent.

Rotator cuff diseases

Rotator cuff diseases are a common condition affecting the upper extremity, with
manifestations ranging from mild tendinopathy to full-thickness tears accompanied by arthritis
[2-4]. These injuries compromise the functionality of the shoulder, leading to pain, restricted
mobility, and weakness [5]. The rotator cuff consists of four muscles—the supraspinatus,
infraspinatus, subscapularis, and teres minor—which stabilize the shoulder and enable
movement. Rotator cuff tears often occur due to a combination of traumatic events and
degenerative changes, particularly affecting the supraspinatus tendon, which is especially
susceptible due to its hypovascular nature.

The epidemiology of rotator cuff tears shows that their prevalence increases with age.
Research indicates a strong correlation between aging and the development of these tears,
with about 62% of individuals over the age of 80 experiencing such injuries [6]. Genetics
also contribute to the risk, as familial predispositions and genetic markers associated with
inflammation and tissue remodeling can heighten susceptibility. Additional risk factors are
diabetes, obesity, smoking, and repetitive physical activity [7].

The pathophysiology of rotator cuff tears involves a complex interplay among tendon
degeneration, inflammation, and muscle quality [7]. Tendon injuries typically start with
microtrauma, which leads to tendinopathy and may eventually progress to partial or full-
thickness tears. Inflammatory cytokines, including IL-6 and IL-1B, significantly contribute to
tendon degeneration. Additionally, muscle atrophy and fatty infiltration are known to adversely
affect surgical outcomes and impede tendon healing [8]. Advanced imaging techniques, such as
MRI and ultrasound, are crucial for diagnosing these conditions by enabling the assessment of
tear size, muscle quality, and tendon retraction.

Diagnosis involves a combination of clinical evaluation and imaging. Patients typically present
with shoulder pain, especially at night, difficulty performing overhead activities, and weakness
[9,10]. Physical examination tests, including the Neer, Jobe, and Hawkins-Kennedy tests, are
used to assess muscle strength and functionality. Imaging techniques such as X-rays, MRI, and
ultrasound help confirm the diagnosis, assess the size of the tear, and evaluate the quality of the
muscle. However, standardizing the diagnostic approach is challenging due to the variability in
tear progression and symptoms [10].

Management strategies for rotator cuff tears are customized based on the patient's
symptoms, the size of the tear, and their activity levels [9]. Non-operative treatments, which
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include physical therapy, pharmacotherapy, and corticosteroid injections, prove effective for
the majority of patients. Physical therapy aims to restore shoulder mobility, muscle strength,
and scapular stability [11]. Pharmacological treatments, such as NSAIDs and corticosteroids,
offer short-term relief from pain. Additionally, emerging therapies like platelet-rich plasma and
mesenchymal stem cell injections are currently under investigation for their potential to promote
healing, although their long-term effectiveness is still unclear [12].

Surgical interventions are typically reserved for cases where non-operative treatments are
unsuccessful or for patients with acute, traumatic tears [5,9]. Arthroscopic rotator cuff repair
is considered the standard surgical method, offering a less invasive option with improved
recovery times [13]. However, the rates of retear are still high, especially in patients with poor
muscle quality or large tears. Advanced techniques such as double-row suture bridge repair and
biologic augmentation with mesenchymal stem cells or platelet-rich plasma are employed to
enhance tendon-to-bone healing and reduce the likelihood of retears [14]. In situations involving
irreparable tears, alternative strategies like tendon transfer or reverse shoulder arthroplasty
might be considered, particularly for older patients [15-17].

The natural history of rotator cuff tears is unpredictable. While many tears remain
asymptomatic, others may progress, resulting in increased pain and functional limitations.
Factors such as age, tear size, and comorbidities influence the progression of these tears. It is
important to note that symptomatic degenerative tears rarely heal on their own and necessitate
careful monitoring and management to prevent further complications [18].

Quality of life for individuals with rotator cuff tears can be significantly impacted. Pain, reduced
mobility, and sleep disturbances contribute to decreased physical and emotional well-being
[19]. Patient education and timely interventions are crucial for improving outcomes and restoring
functionality. Future research aims to identify novel therapeutic targets, optimize treatment
protocols, and enhance tendon-to-bone healing processes. Rotator cuff tears represent a
complex and multifaceted condition, characterized by a broad spectrum of presentations and
management options. While non-operative treatments suffice for most patients, advanced
surgical techniques and emerging therapies offer hope for improved outcomes in severe
cases. Continued research and personalized care approaches are essential for addressing the
challenges associated with this condition.

Frozen shoulder

Frozen shoulder, or adhesive capsulitis, is a debilitating condition characterized by pain and a
progressive loss of shoulder mobility [20]. It is typically divided into primary and secondary forms;
primary cases arise without a clear cause, while secondary cases are linked to trauma, surgery,
or underlying medical conditions [21]. The condition generally evolves through three overlapping
phases: the painful "freezing" stage, the stiff "frozen" stage, and the "thawing" stage, where
gradual improvement occurs [22]. However, many patients continue to experience symptoms
beyond these stages. Frozen shoulder is characterized by fibroproliferative tissue fibrosis, in
which fibroblasts and myofibroblasts overproduce collagen. This leads to inflammation, neo-
angiogenesis, and capsule contracture, ultimately resulting in restricted shoulder movement
and pain [21,22]. The condition most commonly affects individuals in their 50s and has a lifetime
prevalence of 2%-5%. Risk factors include diabetes, cardiovascular disease, thyroid disorders,
autoimmune diseases, obesity, smoking, and low levels of physical activity. Notably, up to 60%
of individuals with diabetes may develop frozen shoulder, and the presence of comorbidities
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such as Dupuytren's disease also increases the risk [20-24].

The pathophysiology of frozen shoulder involves inflammation, vascular and neural changes,
and excessive extracellular matrix remodeling [20-22]. Chronic unresolved inflammation is a
central feature, with immune cells such as T cells and macrophages playing significant roles.
Pro-inflammatory cytokines, including IL-1, IL-6, and transforming growth factor-B, are crucial
in promoting fibrosis and inflammation. Fibroblast activation is also key, as these cells produce
abnormal amounts of collagen and matrix proteins, which contribute to increased stiffness [25].
Additionally, neural changes, such as heightened nerve sensitivity and an increased expression of
pain-related receptors, contribute to the severe pain experienced with this condition, especially at
night. Furthermore, advanced glycation end products, which are often elevated in individuals with
diabetes, exacerbate fibrosis and inflammation by altering tissue remodeling processes [26].

The diagnosis of frozen shoulder primarily relies on clinical assessment, which includes
evaluating pain and the restriction of both active and passive shoulder movement. Imaging
modalities like X-rays, MRI, and ultrasound are useful for distinguishing this condition from
other pathologies, although routine imaging is not always necessary. The lack of standardized
diagnostic criteria presents challenges, and differentiating frozen shoulder from other conditions,
such as rotator cuff tendinopathy or joint arthrosis, can be difficult in the early stages [21].

Management of frozen shoulder presents a significant challenge, as the condition often resolves
spontaneously within 1-2 years. However, symptoms persist in a considerable number of patients
[27,28]. Non-operative treatments, which are the initial approach to management, include patient
education, physiotherapy, pharmacotherapy, and corticosteroid injections. Patient education is
aimed at explaining the natural history of the condition, reducing anxiety, and setting realistic
expectations for recovery. Physiotherapy involves mobility exercises that are customized according
to the stage of the disease and the severity of pain, incorporating technigues such as stretching
and joint mobilization. Nonetheless, the long-term benefits of physiotherapy remain uncertain, and
excessive intensity during the inflammatory stage may exacerbate symptoms.

Pharmacological options for treatment include NSAIDs, acetaminophen, and corticosteroids.
Intra-articular corticosteroid injections have been shown to effectively reduce pain and
inflammation in the early stages, although their benefits tend to be short-lived [29]. Alternative
interventions, such as injections of sodium hyaluronate, suprascapular nerve blocks, and
hydrodilatation (capsular distension with saline or corticosteroids), are promising but still require
more research. Hydrodilatation, in particular, is becoming increasingly popular due to its potential
to enhance range of motion and alleviate pain. Additionally, emerging therapies like collagenase
injections and botulinum toxin are under investigation, with preliminary evidence supporting their
effectiveness in certain scenarios [30,31].

For patients who do not respond to non-operative treatments, surgical options are considered.
Manipulation under anesthesia involves forcibly stretching the joint to break adhesions. In
contrast, arthroscopic capsular release (ACR) provides direct visualization and surgical removal
of fibrotic tissue. Both methods enhance range of motion and alleviate pain; however, ACR is
more invasive and costly. The decision between surgical and non-surgical options is influenced
by the severity of the disease, patient preference, and access to healthcare. Research, including
the UK FROST trial, indicates that all approaches significantly improve patient outcomes, with
ACR showing the most consistent results in refractory cases [32].

Quality of life is significantly impacted by frozen shoulders, which cause severe pain, functional
limitations, and sleep disturbances. This condition often leads to anxiety and depression, further
exacerbating the overall burden. Patients frequently express frustration over delayed diagnoses
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and unclear management pathways [33]. These issues underscore the importance of patient-
centered care, timely diagnosis, and clear communication regarding treatment options.

Advancements in research are revealing the intricate mechanisms behind frozen shoulder,
which include the roles of inflammation, fibrosis, angiogenesis, and neural sensitization.
Translational studies are investigating new therapeutic targets, such as anti-inflammatory
agents, gene silencing of fibrotic pathways, and alarmin inhibitors [34,35]. Although these
emerging therapies are promising, challenges persist in standardizing clinical trials and managing
the diverse characteristics of the patient population. Future efforts will focus on developing
personalized treatment strategies and incorporating basic science findings into clinical practice.

In conclusion, frozen shoulder is a complex condition that significantly impacts both clinical
and psychological aspects of health. Although it is self-limiting, many patients experience
prolonged symptoms that disrupt daily activities and overall well-being. Current management
strategies primarily aim to control symptoms and enhance functionality. However, there is an
urgent need for more effective, evidence-based interventions. Enhancing our knowledge of
the disease's pathophysiology and risk factors is crucial for developing targeted therapies and
achieving better outcomes for those affected by this debilitating condition.

Osteoarthritis

Shoulder osteoarthritis is a prevalent chronic condition that significantly impacts quality of
life by causing pain and disability [36]. It commonly affects older adults, particularly women and
individuals who are obese. The shoulder joint, known for its complex structure and extensive
range of motion, ranks as the third most frequent site of musculoskeletal pain, following the
lower back and knee. This condition targets the synovial joint, resulting in cartilage degeneration,
abnormal bone remodeling, osteophyte formation, and inflammation. The development of
osteoarthritis is influenced by both mechanical wear and inflammatory processes, which are
driven by cytokines, degradative enzymes, and immune system pathways [37].

The primary contributors to shoulder osteoarthritis include aging, genetic predisposition, and
obesity, along with trauma, rotator cuff tears, and joint instability [36,38]. Traumatic injuries,
whether acute or repetitive, can lead to posttraumatic arthritis, which accounts for approximately
12% of osteoarthritis cases. Chronic rotator cuff tears often result in a specific pattern of
osteoarthritis known as cuff tear arthropathy, characterized by upward migration of the humeral
head, which alters the joint structure. Additionally, glenoid dysplasia and chronic glenohumeral
instability predispose individuals to shoulder osteoarthritis [36,38].

The diagnosis of shoulder osteoarthritis typically involves a clinical evaluation complemented
by imaging studies. Radiographs serve as the primary imaging modality and are frequently
augmented by MRI, CT, or ultrasound to provide more detailed assessments. Classic signs
observed in radiographs include joint space narrowing, subchondral sclerosis, cyst formation,
and osteophyte growth. Advanced imaging plays a crucial role in evaluating associated
pathologies such as rotator cuff or glenoid issues, and in assessing the thickness of cartilage
and the quality of bone [39].

Management of shoulder osteoarthritis depends on the severity of symptoms and the
extent of joint damage. Non-surgical treatments include physical therapy, pharmacological
interventions like NSAIDs, and corticosteroid injections to alleviate pain and inflammation [39].
In more severe cases, surgical interventions are considered, particularly shoulder arthroplasty.
There are three main types of shoulder arthroplasty: partial shoulder replacement, anatomic
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total shoulder arthroplasty, and reverse total shoulder arthroplasty [40,41].

Partial shoulder replacement, which includes humeral head resurfacing arthroplasty and
humeral hemiarthroplasty, targets pathology on the humeral side, preserves bone stock, and
maintains native anatomy [42]. Anatomic total shoulder arthroplasty treats both the humeral
and glenoid surfaces and depends on a functional rotator cuff for successful outcomes. Reverse
total shoulder arthroplasty, specifically designed for patients with rotator cuff tears, alters the
normal ball-and-socket joint configuration to restore function via deltoid muscle tension [40,41].

Each type of arthroplasty comes with its own set of indications and postoperative challenges.
Common complications include component loosening, glenohumeral instability, periprosthetic
fractures, rotator cuff tears, infection, and nerve injury. The most frequent complication is
component loosening, particularly of the glenoid component, often due to wear and instability.
Glenohumeral instability typically presents as anterior or superior displacement, generally
resulting from rotator cuff failure or incorrect positioning of the prosthetic components.
Periprosthetic fractures may occur during surgery due to the techniques used, or postoperatively
as a result of trauma. Although infections are relatively rare, they are serious complications that
frequently necessitate revision surgery [40,41].

Reverse total shoulder arthroplasty is associated with unique complications, including
anterosuperior instability resulting from unopposed deltoid contraction and scapular notching due
to mechanical impingement. Other concerns include fractures of the acromial or scapular spine
and mechanical failure of the prosthetic components, such as dislodgment of the glenosphere [40].

Preoperative imaging is essential in planning for arthroplasty, as it allows for the assessment
of rotator cuff integrity and glenoid morphology, which are key factors in determining the
appropriate surgical procedure. An intact rotator cuff is essential for successful anatomic
total shoulder arthroplasty, whereas reverse total shoulder arthroplasty is more appropriate
for patients with rotator cuff deficiencies. Advanced imaging techniques are used to evaluate
glenoid morphology and bone stock, employing classifications such as the modified Walch
criteria to facilitate surgical planning. Challenges such as posterior glenoid wear or retroversion
are addressed through techniques like asymmetric glenoid reaming, bone grafting, and the use
of augmented components [41].

In summary, shoulder osteoarthritis significantly contributes to pain and disability, especially
among the elderly. The complexity of the condition, its variable progression, and its profound
impact on quality of life underscore the need for customized management strategies.
Ongoing advancements in imaging, surgical methods, and prosthetic designs have enhanced
outcomes for patients undergoing shoulder arthroplasty. Radiologists are crucial in diagnosing
osteoarthritis, assessing preoperative findings, and detecting postoperative complications,
thereby playing a key role in patient care.

Shoulder instability

Shoulder instability in older patients is characterized by a lower recurrence rate than in
younger populations, yet it is frequently accompanied by a higher incidence of complications
such as rotator cuff tears, fractures, and neurologic injuries [43]. In older adults, acute
dislocations typically occur due to traumatic events that compromise the shoulder's stabilizing
structures, including the anterior capsule, glenohumeral ligaments, and labrum. Additionally,
age-related degeneration and comorbidities such as osteoporosis and rotator cuff degeneration
present unique challenges in the management of shoulder instability in this age group [43,44].
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The incidence of shoulder instability increases with age, peaking in women over 80 years, with
traumatic anterior dislocations being the most common form [44]. Although older adults have
lower recurrence rates compared to younger individuals, they frequently suffer from associated
injuries. Up to 86% of patients older than 40 years experience rotator cuff tears following an
anterior dislocation. These tears can range from small lesions to massive tears involving the
posterosuperior or anterosuperior rotator cuff. Additionally, fractures such as Hill-Sachs lesions,
greater tuberosity fractures, and glenoid fractures occur more frequently in this age group due to
osteoporotic bone. Neurologic injuries, including axillary nerve or brachial plexus lesions, are also
more common and severe in older adults, with recovery being less predictable than in younger
patients [43,44].

The mechanisms underlying shoulder instability vary with age. In younger individuals, anterior
dislocations are frequently associated with Bankart lesions, which involve the labrum and
capsuloligamentous structures. In contrast, older patients more commonly experience capsular
ruptures and rotator cuff tears, indicative of age-related tissue weakening. Although less
common, posterior instability is often related to rotator cuff deficiency or low-energy trauma,
and chronic dislocations can present significant diagnostic challenges.

The management of shoulder instability in older patients is tailored to the specific injury
pattern and the patient's overall health. For acute anterior dislocations, the initial treatment
typically involves a gentle closed reduction, followed by imaging studies such as X-rays or CT
scans to evaluate any associated injuries [45]. Conservative management, which includes sling
immobilization, physical therapy, and gradual strengthening exercises, is suitable for first-time
dislocations or stable reductions that do not involve significant tears or fractures. However,
surgical intervention may be required in cases of recurrent instability, large rotator cuff tears, or
significant bone deficiencies [45,46].

Surgical options vary depending on the specific pathology. Rotator cuff repairs are
recommended for large or massive tears, especially when they are associated with functional
deficits or nerve injuries. Bankart repairs, which are often performed alongside rotator cuff
repairs, are indicated in cases of recurrent instability when there is no significant bone loss
[47,48]. Severe deficiencies in the glenoid or humerus may require reconstructive procedures,
such as glenoid augmentation with grafts or reverse total shoulder arthroplasty. The latter is
particularly advantageous for patients with irreparable rotator cuff tears, chronic dislocations, or
complex fractures [46,49].

The complications of shoulder instability in older patients include stiffness, persistent pain, and
functional limitations [44]. It is crucial to address all components of the injury, such as rotator
cuff pathology, osseous defects, and ligamentous damage, to optimize outcomes. However,
maintaining a balance between achieving stability and preserving motion continues to be a
challenge. In cases of chronic anterior dislocations, extensive releases, including pectoralis major
release, may be necessary to achieve reduction. However, these procedures carry significant
risks, such as vascular injury or residual instability [43].

Posterior shoulder instability, while less common, requires careful evaluation due to its
frequent association with undiagnosed chronic dislocations [50]. Radiographic assessments in
orthogonal planes and advanced imaging like CT are critical for identifying reverse Hill-Sachs
lesions or posterior glenoid fractures. Treatment involves reduction techniques tailored to the
chronicity and severity of the dislocation, with arthroplasty often being the preferred option for
severe cases with substantial bone or soft tissue loss [50].

In summary, shoulder instability in older patients poses unique diagnostic and management
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challenges due to age-related degenerative changes, associated injuries, and diminished
tissue healing capacity. Although this condition has a lower recurrence rate in older individuals
compared to younger ones, it is complicated by the presence of associated injuries such as
rotator cuff tears, fractures, and neurologic injuries. Tailored treatment strategies that combine
conservative management with advanced surgical interventions when necessary are essential
for enhancing outcomes and restoring function in this demographic. Continued research and
advancements in surgical methods and prosthetic designs are promising for overcoming the

challenges associated with shoulder instability in older adults.
Table 1 shows a comparative overview of four major shoulder diseases in older adults.

Table 1. Comparative clinical characteristics of four major shoulder diseases in older adults

Condition Pathophysiology Risk factors Clinical presentation  Diagnostic Treatment strategies
approaches
Rotator cuff disease Tendon degeneration,  Age (higher prevalence  Pain (often nocturnal), ~ Clinical exam Non-operative (physical
inflammation, and in those >80 years), limited mobility, (Neer, Jobe, therapy, NSAIDs,

Frozen shoulder
(adhesive capsulitis)

Osteoarthritis

Shoulder instability

microtrauma leading
to tendinopathy

or tears. Involves
cytokines (IL-6, IL-1B),
muscle atrophy, and
fatty infiltration.

Fibroproliferative

capsular fibrosis

with inflammation,
neo-angiogenesis,
and excess collagen
deposition, causing
restricted joint motion
and pain.

Progressive cartilage

loss, osteophyte
formation,
subchondral
sclerosis, and

joint inflammation.
Mechanical wear
plus cytokine-
driven inflammatory
processes.

Disruption of

stabilizing structures
(capsule, ligaments,
labrum) due to
traumatic events

or degenerative
changes. Often
complicated by
rotator cuff tears,
fractures, or
neurologic injuries in
older patients.

genetics, diabetes,
obesity, smoking,
repetitive physical
activity

Diabetes, thyroid

disease,
cardiovascular
disease, obesity,
smoking, low physical
activity, Dupuytren's
disease

Aging, genetic

predisposition,
obesity, trauma,
rotator cuff tears,
chronic instability

Advancing age,

osteoporosis, rotator
cuff degeneration,
comorbidities (e.g.,
diabetes), history of
dislocation

weakness, difficulty
with overhead
activities

Hawkins—Kennedy
tests), X-rays, MR,
ultrasound to assess
tear size, tendon
retraction, and muscle
quality

Severe pain, progressive  Primarily clinical

loss of both active
and passive range of
motion; often goes
through freezing,
frozen, and thawing
stages

Pain, stiffness, crepitus,

functional limitations,
often worsened by
activity

Acute or chronic
dislocation, pain,
inability to move
the arm, associated
rotator cuff or bony
injuries

diagnosis (painful

loss of motion),
imaging (X-rays, MR,
ultrasound) to exclude
other pathologies

X-rays (joint space

narrowing,
osteophytes),

MRl or CT (assess
rotator cuff, glenoid
wear, bone quality),
ultrasound (soft tissue
evaluation)

Radiographs or CT for

fracture assessment,
MRI for soft tissue
lesions, clinical exam
to assess stability

corticosteroid
injections, emerging
biologics) or surgical
repair (arthroscopic
rotator cuff reparr,
tendon transfer,
reverse arthroplasty
forirreparable tears)

Non-operative

(patient education,
physiotherapy,
NSAIDs,
corticosteroids,
hydrodilatation)

or operative
(manipulation

under anesthesia,
arthroscopic capsular
release)

Conservative (physical

therapy, NSAIDs,
corticosteroid
injections) or surgical
(arthroplasty: partial/
hemi-arthroplasty,
anatomic total
shoulder, reverse total
shoulder arthroplasty)
based on cuff
integrity and severity
of damage

Closed reduction,

immobilization,

and rehabilitation if
stable; surgical repair
(rotator cuff, Bankart,
arthroplasty) if there
is recurrent instability,
large tears, or
osseous deficiencies
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Conclusion

Shoulder diseases in older adults, including rotator cuff disease, frozen shoulder, osteoarthritis,
and instability, pose significant challenges due to age-related degeneration and comorbidities.
Effective management necessitates an accurate diagnosis, individualized treatment, and an
appropriate balance between conservative and surgical approaches. Advances in surgical
techniques, biologic therapies, and imaging have improved outcomes, but careful patient
selection and multidisciplinary care remain critical. Future research should focus on optimizing
therapeutic strategies and addressing the broader impacts of these conditions on quality of life.
A patient-centered, evidence-based approach is essential to improving outcomes and improving
the well-being of this vulnerable population.
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Shoulder diseases, including adhesive capsulitis, rotator cuff tear, and osteoarthritis of the
glenohumeral joint, can significantly impair daily activities in older adult patients. This review aims to
examine the radiologic findings associated with these shoulder conditions in older patients, providing
insights for accurate diagnosis and effective treatment. Adhesive capsulitis, commonly known as
frozen shoulder, leads to pain and restricted movement, thereby causing shoulder dysfunction. Recent
advances in diagnostic technology have greatly enhanced the sensitivity and accuracy of diagnosing
this condition through radiologic evaluations, including MRI, magnetic resonance arthrography (MRA),
and high-resolution ultrasound. Rotator cuff disease is another frequent issue in older adults, with full-
thickness tears occurring in 50%-80% of cases. Both MRI and MRA are highly sensitive and specific
in identifying rotator cuff tears. Additionally, ultrasonography is recognized for its high sensitivity and
specificity in detecting tears of the supraspinatus tendon. Although osteoarthritis of the glenohumeral
joint is less commonly prevalent, its advanced stages can severely affect the function of the upper
extremity. Plain radiography is typically the first imaging technique used to assess this type of
osteoarthritis. As the condition worsens, CT is utilized to measure glenoid bone loss, glenoid version,
and inclination, which are crucial for accurate surgical planning. Each imaging modality provides
distinct benefits: plain radiographs for initial structural assessment, ultrasonography for real-time
evaluation of soft tissues, MRI/MRA for detailed visualization of capsular and tendinous lesions, and
CT for precise bony analysis.

Introduction

Background

Previous studies have indicated that shoulder pain affects approximately 20% of individuals
over the age of 65, ranking it as the third most common source of pain following back and knee
pain [1]. Common conditions associated with shoulder pain include adhesive capsulitis, rotator
cuff tears, and osteoarthritis of the glenohumeral joint [2,3]. Without proper diagnosis and
treatment, these shoulder pathologies may progress, leading to pain and functional impairment
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that complicates daily activities [4-8]. Advances in diagnostic techniques now allow for the
identification of diseases causing shoulder pain with high sensitivity and accuracy through the
use of MRI, magnetic resonance arthrography (MRA), and ultrasonography [9]. For glenohumeral
joint arthritis, surgical planning can be facilitated by radiography and CT [10]. Therefore, it is
essential for healthcare providers to be well-versed in the radiologic characteristics of common
shoulder pathologies in older adults.

Objectives
This article reviews the radiologic findings associated with shoulder diseases in older adults,
offering insights for accurate diagnosis and effective treatment.

Ethics statement

As this study was a literature review, it did not require approval from the institutional review
board or individual consent.

Adhesive capsulitis

Plain radiography

Plain radiography typically shows no significant findings in patients with adhesive capsulitis [11].
Its primary utility is to differentiate diseases such as calcific tendinitis or osteoarthritis that may
cause shoulder pain [12].

Ultrasonography

As technological advances in ultrasound have improved the accurate visualization of shoulder
joint structures, it is increasingly being used to examine patients with adhesive capsulitis,
leveraging its dynamic and non-invasive advantages [13]. The radiological characteristics
observable in patients with adhesive capsulitis via ultrasound include the following.

- Coracohumeral ligament, inferior glenohumeral capsule thickening, and rotator interval

abnormality (88% sensitivity and 96% specificity; Figs. 1, 2) [5,9,14,15]

- Thickening of the axillary pouch, as illustrated in Fig. 3, is a notable finding [16,17]

- Increased vascularity in the rotator interval [18]

Recently, a protocol for diagnosing adhesive capsulitis using ultrasonographic findings has
been proposed. Ultrasonography is reported to be a valuable diagnostic tool for patients with

Fig. 1. Ultrasonography. Thickened coracohumeral ligament, oblique transverse image (A), short axis image (B).
Adapted from Picasso et al. [5] with CC-BY.
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Fig. 2. Ultrasonography. Thickened inferior glenohumeral capsule, longitudinal image. Adapted from Picasso et al.
[5] with CC-BY.

Fig. 3. Ultrasonography, oblique axial section. Thickened axillary pouch (A), normal axillary pouch (B). Adapted
from Tue et al. [17] with CC-BY.

adhesive capsulitis (Fig. 4) [5].

MRI and magnetic resonance arthrography

MRI is considered the gold standard for assessing the entire glenohumeral capsule and
pericapsular soft tissue in cases of adhesive capsulitis [5]. A recent systematic review and meta-
analysis of MRI radiological characteristics in adhesive capsulitis identified six significant findings
(Fig. 5) [5,19].

- Coracohumeral ligament thickening and fat obliteration of the rotator interval [5,20]

- Inferior glenohumeral ligament hyperintensity and thickening (85.3%-88.2% sensitivity and

88.2% specificity) [21]

- Obliteration of the subcoracoid fat triangle by hypointense synovium

- Contrast enhancement of the axillary joint capsule and the rotator interval [22]

MRI'and MRA are crucial diagnostic tools for identifying specific radiologic characteristics of
adhesive capsulitis, thereby playing a significant role in understanding the disease's nature [11].

Rotator cuff tear
Plain radiography

Plain radiography is typically the first step in assessment due to its speed, low cost, and broad
availability [23]. While it does not allow for direct evaluation of the rotator cuff, it can reveal
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Axillary capsule thickness>4 mm
at the axillary pouch
or
thickness difference>60%
respect to the contralateral side

Are there other US signs
of AC?

(CHL thickening, biceps
tendon sheath fluid,
rotator interval
pathological changes)

AC diagnosis

Are there US signs of Are there US signs of
other conditions other conditions
potentially cause potentially cause

similar symptoms? similar symptoms?

- -
n Rule out AC AC diagnosis Consider secondary AC

Fig. 4. Protocol for imaging evaluation using ultrasonography in patients with adhesive capsulitis. Adapted from Picasso et al. [5] with CC-BY.

0sseous abnormalities linked to impingement. Anteroposterior, outlet, and axillary views are
taken, and certain findings indicative of chronic rotator cuff tears can be observed on these
radiographs (Fig. 6) [24].
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Fig. 5. Sagittal T1 and T2-weighted MRI scan. Fat obliteration (arrow), thickened and hyperintensity of the
anteroinferior capsule (outlined arrowhead; A B). Adapted from Picasso et al. [5] with CC-BY. SS, supraspinatus;
Ac, acromion; Cl, clavicle; Co, coracoid process; Sub, subscapularis; HH, humeral head.

- Anteroposterior view: reduction of subacromial space, subacromial enthesophyte, and cystic
change with sclerosis of the acromion and greater tuberosity [25]

- Outlet view: coracoacromial arch and the morphology of the anterior acromion (flat, curved,
or hooked)

- Axillary view: Details of the glenoid, glenohumeral alignment, coracohumeral interval, and os
acromiale [24]

Ultrasonography

Ultrasound is a crucial diagnostic tool with sensitivity and specificity comparable to 1.5T MR,
particularly effective in diagnosing full-thickness rotator cuff tears [26]. In cases of full-thickness
rotator cuff tendon tears, the defect in the cuff typically appears hypoechoic or anechoic. This
is accompanied by irregularities in the greater tuberosity and pitting caused by the tear (Fig. 7)
[24,27].

MRI and magnetic resonance arthrography

MR is effective in evaluating both bone and soft tissue, establishing it as a precise diagnostic
tool for confirming rotator cuff pathology. MRA, on the other hand, shows almost perfect
sensitivity and specificity in detecting full-thickness rotator cuff tears, with values nearing 100%
[28].

Rotator cuff tendinopathy, two hallmarks (Fig. 8) [29,30]
- Abnormal increased signal within the substance of the cuff (without extension to the articular
or bursal side)
- Swelling or increased thickness of the tendon

Rotator cuff tear
- Supraspinatus

The Ewha Medical Journal https://doi.org/1012771/em}.2025e10  5/13
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Fig. 7. Longitudinal plane ultrasound image of supraspinatus tendon. Anechoic gap and pitting due to tear.
Provided by the authors.

Fig. 8. Oblique coronal fat-suppressed T2-weighted MRI scan. Abnormal high signal and focal swelling of the
supraspinatus tendon. Provided by the authors.
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The most commonly observed radiological feature in full-thickness rotator cuff tears is high
signal fluid intensity extending from the glenohumeral joint to the subacromial bursa (Fig. 9) [31].
In approximately 10% of patients, a low-signal tear is noted when the humeral head migrates
superiorly, resulting in an absence of cuff tissue between the humeral head and the subacromial
bursa [30].

- Subscapularis

Subscapularis tendon tears are relatively difficult to detect using MRI. These tears most
commonly begin in the upper third of the tendon and tend to progress caudally (Fig. 10) [32-34].

- Infraspinatus and teres minor

Infraspinatus tears typically occur alongside supraspinatus tendon tears, with oblique coronal
and sagittal fat-suppressed T2-weighted images being the most effective for detection, similar
to those used for the supraspinatus tendon [35]. Isolated tears of the infraspinatus have been
reported to be rare [36].

In the case of the teres minor, tears are reported in only 0.9% of cases and typically occur

Fig. 9. Oblique coronal fat-suppressed T2-weighted MRI scan. Fluid signal intensity.

Fig. 10. Oblique sagittal and axial fat-suppressed PD-weighted MRI scan. Subscapularis full-thickness tear.
Provided by the authors.
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alongside tears in the supraspinatus and tears [37]. The integrity of these muscles is best
assessed using obligue sagittal fat-suppressed T2-weighted images [38].

- Fatty infiltration of rotator cuff muscles

Fatty infiltration is characterized by a reduction in the elasticity of the torn rotator cuff, resulting
from lipid deposition in the muscle tissue of chronic tears [39]. Therefore, fatty infiltration in
the rotator cuff muscles independently influences surgical outcome [40]. The severity of this
condition can be classified based on the muscle signal observed in sagittal oblique T1-weighted
MRI scans (Table 1; Fig. 11) [41,42].

Table 1. Goutallier classification

Grade Muscle description

0 Normal

\ Some fatty streaks

I Amount of muscle is greater than fatty infiltration
Il Amount of muscle is equal to fatty infiltration

\% Amount of fatty infiltration is greater than muscle

Fig. 11. Fatty infiltration. Normal (A), grade | (B), grade Il (C), grade Ill (D), grade IV (E). Adapted from Yubran et al. [42] with CC-BY.
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Fig.12. CT: glenoid inclination (A), glenoid version (B). Provided by the authors.

Osteoarthritis of the glenohumeral joint

Plain radiography

Plain radiography is often the initial imaging modality used, incorporating anteroposterior
(internal rotation), true anteroposterior (Grashey external rotation), outlet, and axillary views.
These views are essential for assessing joint space narrowing, osteophytes, subchondral cysts,
subchondral bone irregularities, glenoid bone stock, and glenoid version [10].

CT

Evaluating the precise bone stock of the glenoid—including bone loss, version, and
inclination—is challenging with plain radiography due to overlapping structures. Therefore, CT is
utilized for preoperative planning of arthroplasty (Fig. 12) [43].

Conclusion

To accurately diagnose and manage shoulder diseases in older adults, it is crucial to evaluate
the unique radiological features of each condition. This evaluation guides the appropriate
course of treatment, ranging from conservative approaches to surgical interventions. Advanced
diagnostic modalities, including MRI (or MRA), known for their high sensitivity and specificity, are
essential. Additionally, ultrasonography is pivotal in identifying the radiological characteristics
specific to shoulder diseases in this patient group. Understanding the key findings in each case
of shoulder disease is vital for effective diagnosis and management.
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The purpose of this review is to provide a comprehensive guide for managing older adult patients
with shoulder diseases, specifically rotator cuff tears and osteoarthritis, and to explore effective
nonsurgical treatment options. Chronic rotator cuff tears are typically degenerative, whereas acute
tears result from trauma. A key feature of these tears is tendon degeneration accompanied by type
Il collagen predominance, predisposing tears to progression. Osteoarthritis in the glenohumeral joint
arises from wear-and-tear changes that compromise cartilage integrity, leading to pain and restricted
motion. Accurate clinical assessment and imaging, including plain radiographs, ultrasonography, and
MR, facilitate diagnosis and guide treatment. The physic-al examination emphasizes range of motion,
rotator cuff strength, and scapular stability. Management strategies prioritize pain relief, function
preservation, and improving mobility. Nonsurgical modalities, including exercise, manual therapy,
and activity modification, constitute first-line treatments, especially for older adults. Pharmacological
approaches involve NSAIDs, corticosteroid injections, and neuropathic pain medications. Steroid
injections have short-term benefits, but repeated treatments may compromise tissue integrity.
Platelet-rich plasma is a regenerative option that may improve tendon healing, but mixed findings
highlight the need for further investigation. A structured physical therapy program focusing on range
of motion and strengthening is essential, with alternative interventions used judiciously. Patients
should be counseled regarding the potential progression of tears and the possible need for future
surgical intervention if nonsurgical methods are unsuccessful. Multimodal approaches, including joint
mobilization and personalized exercise regimens, hold potential for optimizing functional outcomes
and supporting independence in older adults.

Introduction

Background

Shoulder pain is a prevalent issue among older adults, affecting approximately 25% to 30% of
this population and leading to significant symptoms and disability [1]. This condition imposes a
considerable burden on both function and quality of life, yet it is frequently overlooked and, as a
result, undertreated [1]. Emphasizing treatment is crucial, particularly for older adults with persistent
shoulder pain, as maintaining independence is a key concern. The loss of function in the dominant
upper limb can severely impact daily activities such as grooming, cooking, and driving. Moreover,
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shoulder pain or muscle weakness around the shoulder can complicate the use of assistive
devices like walkers [2,3]. Thus, it is vital to implement effective treatment strategies to minimize
pain and preserve or restore function as much as possible. However, in older adults, shoulder
pain and the disabilities it causes are often dismissed as inevitable aspects of aging or are seen
as issues that must be endured, leading to inadequate treatment [3]. Neither older age nor the
presence of comorbidities should deter the pursuit of active treatment and rehabilitation.

Objectives

This article provides a guide for approaching older adult patients with shoulder diseases,
specifically focusing on rotator cuff tears (RCTs) and osteoarthritis, and explores effective
nonsurgical treatment options.

Ethics statement

As this study is a literature review, it did not require institutional review board approval or
individual consent.

Rotator cuff injury

Anatomy

The rotator cuff comprises four muscle-tendon structures: the supraspinatus, infraspinatus,
subscapularis, and teres minor. The supraspinatus and infraspinatus originate from their
respective fossae on the posterior surface of the scapula and insert into the greater tuberosity
of the proximal humerus. The supraspinatus, forming the superior aspect of the cuff, is primarily
responsible for initiating abduction at the glenohumeral joint (GHJ). In contrast, the infraspinatus,
along with the teres minor, facilitates external rotation of the GHJ [4,5]. The subscapularis, the
largest of the cuff muscles, is tasked with internal rotation of the GHJ [4]. It originates from the
anterior surface of the scapula and inserts into the lesser tuberosity of the humerus. The teres
minor, arising from the middle third of the lateral border of the scapula, also inserts into the
greater tuberosity, aiding in external rotation [5].

Etiology

RCTs can be categorized as acute or chronic, and as partial or full thickness. Acute RCTs
typically occur in younger patients due to traumatic events such as falls or dislocations. In
contrast, chronic RCTs develop in older adults and result from age-related degenerative
processes. This article focuses on chronic RCTs.

The pathogenesis of RCTs in older adults is complex and multifactorial, involving degenerative
processes associated with aging, impingement, and trauma. During tendon degeneration, there
is a significant shift in collagen composition, notably an increase in type Il collagen. This type
of collagen forms thin, reticular fibers that are more susceptible to lesions, especially when
compared to the sturdier type | collagen [6,7]. The degree of tendon degeneration can vary
widely depending on the location of degradation and the condition of the tendon, with the
supraspinatus tendon typically showing more pronounced degeneration. Tendon degeneration
is a physiological process that occurs with aging and is closely linked to the individual's age [7,8].
Additionally, increasing age is associated with higher rates of retears [9].

Typically, RCTs begin as partial-thickness tears and gradually expand due to both intrinsic

The Ewha Medical Journal https://doi.org/1012771/em}.2025e1 2 /15



Conservative treatment of older adult patients with shoulder diseases e m

and extrinsic factors, eventually resulting in a complete tear. The fibers that are initially torn are
unable to contribute to load distribution, causing the remaining fibers to further propagate the
tear. This process is particularly pronounced in older adults, as the tendon quality is already
compromised [10]. As the force required to move the arm increases, it exacerbates the tear,
thereby compromising joint biomechanics. A full-thickness tear can cause significant chronic
pathological changes, including muscle atrophy, fatty infiltration, and scapular contracture,
which may lead to GHJ osteoarthritis [11].

Physical examination

The patient should initially be dressed in a gown that exposes the entire back and shoulder
girdle for evaluation. All physical examination maneuvers must be compared with the opposite
extremity. The physician should conduct a comprehensive shoulder examination, starting with a
general inspection of the patient in a resting position to check for any signs of muscle wasting.
Palpation should cover the entire shoulder girdle to identify any tender areas. Rotator cuff injuries
frequently manifest as tenderness at Codman’s point, which is identified by rotating the proximal
end of the humerus beneath the examiner’s finger at the anterior corner of the acromion [12].

Both active and passive shoulder range of motion should be assessed. Forward elevation is
evaluated by observing the patient from the side; it is measured as the angle between the axis of
the scapula and a line extending from the shoulder to the elbow. External rotation is assessed with
the elbow close to the side, rotating the forearm laterally. Internal rotation is measured by having
the patient reach up their back, noting the highest spinal segments reached (Fig. 1). Both external
and internal rotations can also be measured with the arm abducted to 90 degrees. Abduction is
tested in the scapular plane, and it is possible to isolate glenohumeral motion from scapulothoracic
motion by stabilizing the scapula. In patients suspected of having a supraspinatus tear, forward
shoulder elevation may be weak. In cases of larger posterior superior tears involving both the
infraspinatus and supraspinatus muscles, external rotation and forward elevation are typically
weak. In the case of anterior or subscapularis tears, internal rotation may be compromised.

Fig. 1. The active range of motion is assessed by forward elevation (A), external rotation with the elbow at the side of the body (B), and the internal
rotation angle is usually assessed by the height of the vertebral body (yellow line) from behind (C). Provided by the authors after consent of the
examinee.
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Radiological imaging

Initial evaluation of a patient with shoulder pain and dysfunction should always include a
complete set of plain radiographs of the shoulder. These are essential for assessing potential
causes of pain and for evaluating conditions such as osteoarthritis, superior migration of the
humeral head, avascular necrosis, osteoporosis, or tumors (Fig. 2). A supraspinatus outlet view
may be particularly useful for visualizing bony structures involved in scapulohumeral motions,
such as bony spurs or ligamentous calcifications that could impinge on the underlying rotator
cuff. An axillary view is beneficial for ruling out shoulder dislocation in cases of trauma. The
rotator cuff can be examined using ultrasonography (US) or MRI. US is cost-effective and allows
for real-time examination of the shoulder joint by the physician. It can determine the size and
location of tears, although the results are highly subjective and depend on the operator [10].
A study found that preoperative US identified mixed hyperechoic and hypoechoic foci in the
supraspinatus tendon with a sensitivity of 93%, a specificity of 94%, a positive predictive value
of 82%, and a negative predictive value of 98%. MRI is considered the gold standard for imaging
the rotator cuff tendons [13]. It provides a comprehensive assessment of the entire rotator cuff
musculotendinous unit (Fig. 3). The presence of muscle atrophy and fatty infiltration can indicate
the chronicity of tears, aiding in treatment decisions. Another study showed that MRI and US
have similar diagnostic accuracy for detecting full-thickness RCTs. However, it noted that US
had lower sensitivity than MRI in evaluating partial-thickness tears [14]. A diagnosis of partial-
thickness tears is made when there is no evidence of tendon discontinuity on T1-weighted
images, and MRI shows an increased signal in the rotator cuff. A partial-thickness RCT appears
as an increased signal on T2-weighted images with a focal defect that is either intra-tendinous
or limited to one surface and does not extend through the entire tendon. Rotator cuff tendinitis
may cause increased rotator cuff signal and reduced anatomical definition on T1-weighted and
proton density images, similar to the appearance of partial-thickness RCT. However, tendinitis is
differentiated from partial-thickness RCT by the presence of only moderate or decreased signal
on T2-weighted images [15].

Treatment
The goal of treatment is to restore normal shoulder function and biomechanics and to

Fig. 2. The presence of osteophytes on the greater tuberosity and acromion of the humerus indicates that there is
a high possibility of a rotator cuff tear. Provided by the authors.
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Fig. 3. Magnetic resonance images show a partial tear of the supraspinatus tendon (A), and a complete tear of the
supraspinatus tendon (B). Provided by the authors.

improve functional ability. The success of nonsurgical treatment for RCTs often depends on
the size of the tear and the patient's level of activity. Generally, the more active the patient
and the larger the tear, the greater the likelihood that surgical intervention will be necessary
[16]. In cases of acute RCTs, it is important to initially administer short-term anti-inflammatory
medications, coupled with a few days of relative rest and activity modification. Additionally, light
exercise during this period is essential to maintain joint range and prevent adhesions. Once the
inflammation has subsided and the pain is somewhat managed, it is important to promptly start
an exercise program. This program should focus on strengthening the muscles of the internal
and external rotators, as well as those around the scapula, and should be implemented swiftly.
Such exercise programs can positively impact clinical outcomes, even if surgery becomes
necessary later [16]. Patients opting for nonsurgical treatment should be informed that while
this approach may alleviate symptoms and enhance function, it does not repair the tear [6]. It is
also important to convey that tears initially deemed reparable may become irreparable over time.
Furthermore, the outcomes of surgery following unsuccessful non-operative treatment may be
less favorable than those of primary repair [10].

Exercise and manual therapy

Exercise and manual therapy guided by a physical therapist represent the most commonly
chosen initial treatment for older adult patients with RCTs [17]. A well-structured physical therapy
regimen should include re-education of muscle recruitment, scapular stabilization, coordination
of muscle contractions, and enhancement of proprioception [10]. Once inflammation and pain
have subsided, a specialized physical therapy program should be initiated, aimed at eliminating
capsular contracture and restoring full range of motion. As range of motion improves, the
focus should shift to strengthening the rotator cuff and periscapular musculature. The role of
the rotator cuff in dynamically stabilizing the shoulder joint is maximized through progressive
resistive exercises using elastic bands or free weights. Numerous studies have reported that
exercise protocols effectively provide pain relief and satisfaction for the majority of older adult
patients with RCTs [18-20]. However, functional outcomes may be superior with surgical repair
in cases of smaller tears that are amenable to surgery [20].
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Corticosteroid injections

Corticosteroid injections are commonly utilized to treat tendon pathology due to their potent
anti-inflammatory properties. Numerous studies have suggested that these injections can
enhance pain scores and functional outcomes [21,22]. However, caution is advised when
using these injections repeatedly, as they may compromise the internal structural integrity of
the tendon. A systematic review indicated that subacromial corticosteroid injections provide
only short-term pain relief and are ineffective in the comprehensive management of RCTs
[23]. Another systematic review on the use of corticosteroid injections for RCTs concluded
that corticosteroid injections are not efficacious [24]. Although no studies have specifically
targeted the older adult population, a prospective randomized study involving patients with
a mean age of 62 years found that 62.5% of those who received steroid injections were
dissatisfied and ultimately opted for surgery. Consequently, the evidence supporting the use
of corticosteroids in managing RCTs is limited, suggesting their role may be confined to short-
term pain management. Additionally, corticosteroid injections are associated with risks such as
joint infection, tendon weakening, localized bruising, and a mild increase in blood sugar levels.
Therefore, corticosteroid injections may be considered as a treatment option to alleviate pain,
thereby facilitating physiotherapy.

Platelet-rich plasma injections

Platelet-rich plasma (PRP) is an autologous blood product that contains platelets in
supraphysiological concentrations, which can activate various growth factors involved in tissue
repair processes [25]. It possesses anti-nociceptive, anti-inflammatory, and regenerative
properties [26]. Additionally, /n vitro studies of tenocytes from degenerative RCTs have
demonstrated that PRP increases cell proliferation and extracellular matrix synthesis [27,28].
However, clinical studies on PRP injections for RCTs have yielded mixed results. A systematic
review reported that PRP injections were associated with better pain relief and functional
outcomes compared to control interventions [29]. Two studies have explored the effects of
PRP on healing after surgical repair in RCTs, but they have not conclusively shown clear clinical
benefits [30,31]. Prospective randomized clinical trials comparing PRP to saline injections
have indicated that PRP was no more effective than a placebo in improving quality of life, pain,
disability, and shoulder range of motion. In contrast, another randomized prospective study
found that PRP yielded superior results in terms of pain, function, and range of motion compared
to dry needling [32]. A systematic review highlighted that the evidence regarding the optimal
site for PRP injection in partial thickness RCTs remains unclear. PRP has shown improvements
in functional outcomes for patients with partial thickness RCTs, regardless of the injection
site. However, further research is necessary to determine the optimal concentration, injection
frequency, and candidate selection for PRP therapy [33].

Osteoarthritis

Anatomy and etiology

The GHJ is structurally a ball-and-socket joint and functionally considered a diarthrodial,
multiaxial joint. The glenohumeral articulation involves the humeral head and the glenoid
cavity of the scapula, representing the primary articulation of the shoulder girdle. Normally, the
articular surfaces of the GHJ are concentric, smooth, and securely bonded to the underlying
bone. However, if the glenoid concavity is compromised, stabilization of the humeral head is
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lost. In an arthritic GHJ, the smooth, concentric joint surfaces deteriorate due to damage to the
articular cartilage and the underlying bone. A review article noted that in cases of osteoarthritis,
glenoid retroversion increased from 8° to 11° [34]. Degenerative joint disease, a common form
of glenohumeral arthritis, occurs when the articular cartilage deteriorates due to heavy use,
cumulative minor traumatic episodes, underlying structural defects in the joint, anomalies in
cartilage composition, or a combination of these factors. Osteoarthritis, the most prevalent joint
disease, is a non-inflammatory condition characterized by the weakening and deformation of
joint cartilage, leading to abnormal bone formation on and around the joint surface. Osteoarthritis
represents both a mechanical and biological phenomenon that arises when the normal processes
of degeneration and formation of articular cartilage and subchondral bone fail. Although the
causes are varied, it ultimately impacts all tissues of the movable joint, leading to joint dysfunction
[35]. The majority of osteoarthritis cases in the GHJ are linked to non-specific factors, primarily
advancing age, while specific risk factors are more commonly observed in younger patients [35].

Physical examination

The diagnosis of shoulder osteoarthritis is based on a combination of specific symptomes,
physical examination findings, and radiographic evidence of changes to the bone. The most
common initial symptom is a progressive, activity-related pain that is deep within the joint
and often localized to the posterior aspect. As the condition worsens, patients frequently
experience pain at night. For many, this pain is also present at rest and disrupts sleep [36]. The
examination process starts by identifying which movements the patient finds most problematic.
Understanding these limitations helps in determining potential treatment options. The evaluation
then proceeds with a thorough assessment of shoulder mobility. This includes testing forward
elevation, abduction, external rotation, external rotation in abduction, internal rotation, internal
rotation in abduction, and cross-body adduction. These tests evaluate the range of motion
of the humerus relative to the thorax. For a more detailed assessment of glenohumeral
motion, the examiner can stabilize the scapula with one hand while using the other to assess
flexion, extension, and internal and external rotation of the humerus relative to the scapula.
Demonstrating the difference in motion between the affected shoulder and the contralateral,
normal or less affected shoulder can be informative for both the patient and family members.

Muscle strength in the shoulder girdle muscles is assessed using manual muscle testing [37].
However, this method is subject to inter-observer variability. Hand-held dynamometers provide
clinicians with a valuable tool for quantitatively assessing muscle strength and validating the
effects of interventions. Previous studies have introduced reliable clinical assessment methods
for scapular motion, which are categorized into visual observation and objective assessment.
Changes in scapular position and motion patterns are referred to as "scapular dyskinesis" [38].
The current guideline for assessing scapular dyskinesis clinically is to employ the dynamic
scapular dyskinesis test [38]. Objective assessments of scapular position and motion utilize
a digital inclinometer. To evaluate scapular upward rotation, the angle of inclination measured
along the scapular spine with the digital inclinometer is recorded.

Radiological imaging

Shoulder imaging is crucial for confirming diagnoses, assessing the severity of pathological
changes, aiding in surgical planning, and enhancing patient comprehension of their condition.
Standard plain films are vital for evaluating patients with shoulder arthritis. Employing proper
radiographic techniques is essential to capture the necessary images for effective treatment

The Ewha Medical Journal https://doi.org/1012771/em}.2025e1 7 [ 15



Conservative treatment of older adult patients with shoulder diseases ' Z m

planning (Fig. 4).

The first image is an anteroposterior view captured with the X-ray beam directed through
the GHJ in the scapular plane. This perspective reveals the superior-inferior positioning of the
scapula, the presence of osteophytes on the scapular head and scapula, joint space narrowing,
the extent of medial displacement of the humerus relative to the lateral acromion line, the
condition of the humerus and scapula, the presence of loose bodies, and any collapse or
deformity of the humeral head [39].

The second image is an axillary view captured with the arm functionally elevated in the
scapular plane, oriented to display both the scapular notch and the scapular neck. This
perspective offers a distinct visualization of the humeral anatomy, the quantity of glenoid bone,
the shape of the glenoid, its version relative to the scapular plane, and the relationship between
the humeral head and the glenoid.

Standardized anteroposterior and axillary views provide detailed insights into the thickness
of the cartilaginous space between the humeral head and the glenoid, the relative positioning
of the humeral head in relation to the glenoid, the presence of osteophytes, the degree of
osteopenia, and the extent of bone deformities and erosions [39,40].

CT scans may be helpful for patients considering surgery, as they can provide a greater
understanding of scapular, glenoid, and humeral anatomy and factors that may influence implant
selection and placement.

Laboratory test

Laboratory tests of blood or joint fluid are not always required for evaluating an arthritic
shoulder, except in two cases: when inflammatory or septic arthritis is suspected. In such
instances, tests like rheumatoid factor, anti-cyclic citrullinated peptide antibody, C-reactive
protein, and erythrocyte sedimentation rate may be useful [41].

Treatment

Activity modification
Most patients with shoulder osteoarthritis wish to maintain their daily, work, and recreational

Fig. 4. Anteroposterior and axillary-lateral plain X-ray images of osteoarthritis of the shoulder joint show narrowing
of the joint space and formation of osteophytes. Provided by the authors.
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activities. However, continued full participation in these activities may exacerbate their arthritis
symptoms. Typically, jobs that require pushing heavy loads or applying shock loads, as well as
certain recreational activities, can accelerate the progression of the disease and its symptoms.
Making modifications in occupational and recreational activities can alleviate symptoms
and extend the lifespan of the natural joint. Occupational therapy can facilitate workplace
adjustments and may also recommend adaptive changes at home. Modifying sports activities
can prove beneficial as well. Another crucial element of nonsurgical management involves
optimizing the patient’s overall health through regular aerobic exercise.

Exercise and manual therapy

Shoulder osteoarthritis is commonly linked to joint contracture and stiffness due to adhesions
involving the GHJ capsule, rotator cuff muscles, and the non-articular humeroscapular motion
interface. Disuse or tendon rupture can lead to weakness in the deltoid and cuff muscles.
However, shoulder function can often be enhanced through a gentle range of motion and
strengthening exercise program [42]. The exercise program starts with active shoulder range
of motion exercises performed within a pain-free range. As pain decreases, passive shoulder
range of motion exercises are introduced. Joint mobilization is a therapeutic technique used to
enhance joint function and accessory motion, which can lead to pain relief and increased range
of motion. Combining a structured exercise program with joint mobilization has proven effective
in reducing pain and improving function in patients with various shoulder disorders [43]. Muscle
strengthening begins with low-intensity resistance training using elastic bands for movements
such as external and internal rotation, abduction, and forward flexion. This is complemented by
modified push-ups against a wall to introduce gentle load-bearing. In more advanced phases,
the program includes isometric exercises, where static pressure is applied against an immovable
object to build stability, and light weightlifting to mimic functional tasks like overhead reaching.
These exercises are carefully monitored to ensure they remain pain-free and are adjusted
according to individual tolerance, thereby facilitating gradual improvements in strength, range of
motion, and overall shoulder function.

NSAIDs

NSAIDs, such as ibuprofen, naproxen, and celecoxib, are widely used to relieve pain and
reduce inflammation in arthritis. These drugs inhibit cyclooxygenase (COX) enzymes, thereby
decreasing the production of prostaglandins that are responsible for mediating inflammation and
pain. In osteoarthritis, NSAIDs have shown greater pain reduction compared to acetaminophen
[44]. Selective COX-2 inhibitors, such as celecoxib, are associated with fewer gastrointestinal
side effects than non-selective NSAIDs. In addition to oral administration, topical NSAIDs are
frequently used in treatment regimens. Due to their effective pain relief and anti-inflammatory
properties, NSAIDs are recommended as the first-line therapy in the conservative management
of shoulder osteoarthritis [45].

Corticosteroid injections

Intra-articular corticosteroid injections offer targeted relief for moderate to severe joint
inflammation. Medications like triamcinolone or methylprednisolone are injected directly into
the affected joint, providing strong anti-inflammatory effects. These injections are especially
effective for acute flare-ups, quickly reducing swelling and pain. However, their repeated use
can lead to complications such as cartilage damage, joint infection, or systemic side effects,
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including hyperglycemia. Consequently, their use is more appropriate for short-term symptom
management rather than long-term treatment [46,47]. One study suggested limiting the number
of injections to a maximum of three to reduce the risk of infection and other adverse effects [48].

Neuropathic pain remedies

In cases where arthritis pain includes neuropathic components, medications such as
gabapentin or pregabalin can be effective. These drugs function by modulating calcium channel
activity within the nervous system, which reduces the transmission of pain signals. They
are particularly beneficial in scenarios where conventional pain relievers are inadequate for
managing nerve-related pain. However, common side effects such as dizziness, fatigue, and
weight gain necessitate careful dose adjustments to minimize adverse effects, particularly in
older adult patients.

Platelet-rich plasma injections

PRP therapy involves drawing a patient's blood, concentrating the platelets, and then injecting
the plasma into the affected joint to encourage healing and tissue regeneration. Platelets
release growth factors that can reduce inflammation and stimulate the repair of cartilage. PRP is
recognized as a regenerative treatment option and has demonstrated the potential to enhance
symptoms and functionality in cases of osteoarthritis [49]. However, one study indicated that
serious complications, such as infections and inflammatory reactions necessitating multiple
surgical interventions, can arise following biologic injection therapy [50].

Conclusion

Shoulder pain in older adults often results from chronic degenerative RCTs or osteoarthritis,
which can lead to functional impairment and a reduced quality of life. Early detection through
comprehensive physical examinations and imaging is crucial for effective management.
Nonsurgical approaches such as physical therapy, activity modification, pharmacotherapy, and
innovative treatments like PRP can help alleviate pain, maintain mobility, and possibly postpone
the need for surgery. However, each treatment option has its own advantages and drawbacks.
Developing tailored, individualized treatment plans is critical for ensuring safer outcomes,
especially considering the unique comorbidities present in older populations. Ultimately, timely,
evidence-based care is key to preserving independence and enhancing overall well-being in the
daily lives of older adults.
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Shoulder diseases pose a significant health challenge for older adults, often causing pain, functional
decline, and decreased independence. This narrative review explores how deep learning (DL) can
address diagnostic challenges by automating tasks such as image segmentation, disease detection,
and motion analysis. Recent research highlights the effectiveness of DL-based convolutional neural
networks and machine learning frameworks in diagnosing various shoulder pathologies. Automated
image analysis facilitates the accurate assessment of rotator cuff tear size, muscle degeneration,
and fatty infiltration in MRI or CT scans, frequently matching or surpassing the accuracy of human
experts. Convolutional neural network-based systems are also adept at classifying fractures and
joint conditions, enabling the rapid identification of common causes of shoulder pain from plain
radiographs. Furthermore, advanced techniques like pose estimation provide precise measurements
of the shoulder joint's range of motion and support personalized rehabilitation plans. These automated
approaches have also been successful in quantifying local osteoporosis, utilizing machine learning-
derived indices to classify bone density status. DL has demonstrated significant potential to
improve diagnostic accuracy, efficiency, and consistency in the management of shoulder diseases
in older patients. Machine learning-based assessments of imaging data and motion parameters
can help clinicians optimize treatment plans and improve patient outcomes. However, to ensure
their generalizability, reproducibility, and effective integration into routine clinical workflows, large-
scale, prospective validation studies are necessary. As data availability and computational resources
increase, the ongoing development of DL-driven applications is expected to further advance and
personalize musculoskeletal care, benefiting both healthcare providers and the aging population.

Introduction

Background

Shoulder diseases pose a significant health burden on the aging population, affecting millions
of individuals worldwide [1-3]. Common conditions such as rotator cuff tears, impingement
syndrome, osteoarthritis, and adhesive capsulitis not only cause pain but also significantly
impair the daily lives of patients by restricting their mobility and independence [1,4-8]. Timely
and accurate diagnosis of these conditions is crucial for optimizing treatment outcomes and
enhancing patient quality of life. However, traditional diagnostic tools, such as X-rays, MRI,
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and ultrasound, face challenges including variability in interpretation and limited availability in
resource-constrained environments [9]. Furthermore, these methods struggle to accurately
and objectively measure joint range of motion, which further compromises their effectiveness in
diagnosing musculoskeletal conditions [10].

Recent advances in artificial intelligence (Al), especially in the area of deep learning (DL), have
revolutionized the diagnosis of shoulder diseases [11-14]. DL algorithms leverage artificial neural
networks, modeled after the human brain, to process and analyze vast amounts of data with
exceptional accuracy [15]. These algorithms can detect subtle patterns in medical images that
may be overlooked by even experienced radiologists. They also analyze complex movements
and postures through pose estimation techniques. By minimizing diagnostic errors, improving
consistency, and facilitating detailed motion analysis, DL algorithms are widely applicable in imaging
and movement assessment, transforming sectors like healthcare, rehabilitation, and biomechanics.

Objectives
This paper aims to explore recent studies on the application of DL in diagnosing shoulder
diseases in older adults.

Ethics statement

As this study is a literature review, it did not require institutional review board approval or
individual consent.

The analysis of rotator cuff muscles/tendons and fatty
infiltrations using artificial intelligence

In 2020, Taghizadeh et al. introduced an Al model specifically designed to automatically
assess rotator cuff muscle degeneration by analyzing both atrophy and fatty infiltration in CT
images [14]. This model utilized a convolutional neural network (CNN) to automatically evaluate
degeneration, including atrophy and fatty infiltration, in preoperative shoulder CT scans of
patients with glenohumeral osteoarthritis. The CNN was tested on retrospective data from 103
CT scans and achieved Dice similarity coefficients that were comparable to those of manual
radiologist segmentations. It demonstrated high accuracy in measuring atrophy (R?=0.87), fatty
infiltration (R?=0.91), and overall degeneration (R2=0.91). These findings highlight the potential of
DL to provide efficient and reliable evaluations of rotator cuff muscles preoperatively.

Similarly, Ro et al. developed a DL framework that utilizes MRI to evaluate factors such as
the occupation ratio and fatty infiltration in the supraspinatus muscle of patients with rotator
cuff tears [12]. This study employed a deep-learning framework to analyze the occupation
ratio and fatty infiltration in the supraspinatus muscle using shoulder MRI. A full CNN facilitated
rapid and precise segmentation of the supraspinatus muscle and fossa, achieving high Dice
similarity coefficients (0.97 for the fossa and 0.94 for the muscle) along with excellent sensitivity
and specificity. Fatty infiltration was quantified using a region-based Otsu thresholding
method, which revealed significant differences across Goutallier grades (P<0.0001) [16] and
demonstrated a moderate negative correlation with the occupation ratio (p=-0.75, P<0.0001)
[17]. These findings indicate that integrating DL with automated thresholding techniques offers
an objective and efficient means of quantifying key indices in shoulder MRI, thereby enhancing
diagnostic accuracy and consistency.
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Detection of shoulder pathologies including rotator cuff tears
and fractures

Recently, DL technology has been employed to automate the segmentation and detection of
rotator cuff tears using MRI.

Lee et al. developed a DL model utilizing a 3D U-Net CNN to detect, segment, and visualize
rotator cuff tear lesions in three dimensions using MRI data from 303 patients [18]. The model,
trained and validated on labeled MRI datasets, demonstrated robust performance. It achieved a
Dice coefficient of 94.3%, a sensitivity of 971%, a specificity of 95.0%, a precision of 84.9%, an
F1-score of 90.5%, and a Youden index of 91.8% (Fig. 1).

Hashimoto et al. assessed the diagnostic capabilities of a CNN in detecting and classifying
rotator cuff tears, using 1,169 anteroposterior shoulder radiographs. These were categorized into
four groups: intact, small, medium, and large-to-massive tears [19]. In binary classification tasks,
the CNN achieved a sensitivity of 92%, a specificity of 69%, an accuracy of 86%, and an area
under the receiver operating curve (AUC) of 0.88. The CNN outperformed orthopedic surgeons
in both detection and classification accuracy, demonstrating its potential as a reliable tool for
diagnosing rotator cuff tears from plain radiographs.

A recent meta-analysis demonstrated that Al could perform comparably to clinicians in

Fig. 1. Segmentation results corresponding to the rotator cuff tear site. (A) Original MRl images displaying the presence of a rotator cuff tear. (B) The

red region represents the area manually labeled by shoulder specialists, while the blue region indicates the area segmented by the proposed deep
learning model. Adapted from Lee et al. [18] with CC-BY.
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detecting fractures, highlighting its potential for broader applications in orthopedics. Magnéli et
al. developed and evaluated a CNN for classifying fractures in shoulder radiographs, focusing
on proximal humeral fractures (PHF) based on the AO/OTA classification system, with secondary
objectives for diaphyseal humerus, clavicle, and scapula fractures [20]. The CNN, trained on
a dataset of 6,172 examinations, achieved an overall AUC of 0.89 for fracture classification.
Notably, the AUC for PHF classes exceeded 0.90. The model also demonstrated excellent
AUCs for diaphyseal humerus (0.97) and clavicle fractures (0.96), and a good performance for
scapula fractures (0.87). Furthermore, Grauhan et al. developed a model capable of identifying
a variety of common causes of shoulder pain on radiographs, extending beyond fractures
to include conditions such as PHF, dislocations, periarticular calcifications, osteoarthritis,
osteosynthesis, and joint prostheses [11]. This study utilized the ResNet-50 architecture
to detect common causes of shoulder pain—such as fractures, dislocations, osteoarthritis,
periarticular calcifications, osteosynthesis, and endoprosthesis—from plain radiographs. Trained
on 2,700 radiographs and evaluated on a separate annotated dataset, the model demonstrated
high accuracy. The CNN achieved excellent performance, with AUC values of 0.871 for fractures,
0.896 for joint dislocations, 0.945 for osteoarthritis, and 0.800 for periarticular calcifications. It
also detected osteosynthesis and endoprosthesis with high accuracy, achieving AUC values of
0.998 and 1.0, respectively. Sensitivity and specificity varied by condition, with values of 0.75
and 0.86 for fractures, 0.95 and 0.65 for joint dislocations, 0.90 and 0.86 for osteoarthritis, and
0.60 and 0.89 for calcifications. These results underscore the potential of CNNs to aid clinicians
by prioritizing worklists and improving diagnostic efficiency in high-workload settings.

Detection of local osteoporosis in the proximal humerus

Li et al. developed a diagnostic method using machine learning to assess local osteoporosis in
the proximal humerus by analyzing demographic data, bone density, and X-ray ratios [21]. The
study involved a cohort of 97 patients (76 females and 21 males with an average age of 73 years),
categorized into groups based on bone density: normal (25 patients), osteopenia (35 patients), and
osteoporosis (37 patients). Utilizing the modified Tingart index [22], a decision tree was employed
to identify critical diagnostic indicators, including the humeral shaft medullary cavity ratio (M2/M4),
age, and sex. An M2/M4 ratio below 113 was indicative of local osteoporosis, whereas a ratio of
113 or higher, when analyzed alongside age and sex, helped differentiate between osteoporosis,
osteopenia, and normal bone density. The decision tree achieved accuracies of 76.27% in the
training set and 78.95% in the validation set. Additionally, multinomial logistic regression validated
significant associations of M2/M4, age, and sex with 0steoporosis.

Analysis of shoulder range of motion using machine learning

Measuring shoulder joint angles accurately has been challenging due to the complexity of
shoulder motion and its intricate rotational axes. Recently, pose estimation, a computer vision
technique that utilizes machine learning, has garnered significant attention [23,24]. This
technology predicts the positions and orientations of human joints or key points from images
or videos, enabling detailed analysis of movements and postures [25]. In a recent study, the
integration of pose estimation Al with machine learning has demonstrated a promising approach
to estimating the range of motion of the shoulder with remarkable precision, paving the way for
advancements in sports biomechanics and rehabilitation (Fig. 2).
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Fig. 2. A company utilizes machine learning-based pose estimation technology to measure a patient's range of motion, analyze the patient's current

condition based on the results, a

nd assign the most suitable rehabilitation exercises. This figure is used with permission from ltphy, Inc.

Takigami et al. employed pose estimation Al in conjunction with a machine learning model to
estimate the internal and external rotation angles of the shoulder [26]. They processed videos of
10 healthy male volunteers (average age 37.7 years) into 10,608 images to develop parameters
for training the model. Using smartphone angle measurements as the ground truth, the Al model
demonstrated a correlation coefficient of 0.971 and a mean absolute error of 5.778 using linear
regression. With Light GBM, it achieved a correlation coefficient of 0.999 and an mean absolute
error of 0.945. This method offers a precise and efficient way to measure shoulder rotation
angles, showing great potential for applications in sports biomechanics and rehabilitation.

Ramkumar et al. validated a motion-based machine learning software development kit
designed to assess shoulder range of motion. They compared its accuracy with that of manual
goniometer measurements across four motion arcs: abduction, forward flexion, internal rotation,
and external rotation [27]. Utilizing a mobile application, 10 subjects each performed the motions
five times. The software development kit recorded mean angular differences of less than 5° for
all motions (P>0.05), with specific mean differences of —3.7° for abduction, =4.9° for forward
flexion, —2.4° for internal rotation, and —2.6° for external rotation.

Conclusion

The use of DL in diagnosing shoulder diseases among older patients has shown considerable
promise in several areas. These include analyzing rotator cuff muscle degeneration, detecting
pathologies such as rotator cuff tears and fractures, evaluating local osteoporosis in the proximal
humerus, and accurately measuring the shoulder's range of motion. DL models, which employ
sophisticated architectures like CNNs and incorporate machine learning algorithms, consistently
achieve high levels of accuracy, sensitivity, and specificity in medical imaging tasks. These
models often outperform traditional diagnostic techniques and expert clinicians.
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This review examines the challenges associated with occupational disease surveillance in Korea,
particularly emphasizing the limitations of current data sources such as the Industrial Accident
Compensation Insurance (IACI) statistics and special health examinations. The IACI system
undercounts cases due to its emphasis on severe diseases and restrictions on approvals. Special health
examinations, although they cover a broad workforce, are constrained by their annual scheduling,
which leads to missed acute illnesses and subclinical conditions. The paper also explores the history
of occupational disease surveillance in Korea, highlighting the fragmented and disease-specific
approach of earlier systems. The authors introduce the newly established Korea Occupational Disease
Surveillance Center (KODSC), a comprehensive nationwide system designed to gather, analyze, and
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interpret data on occupational diseases through a network of regional centers. By incorporating
hospital-based surveillance and focusing on acute poisonings and other sentinel events, the KODSC
aims to overcome the limitations of previous systems and promote collaboration with various
agencies. Although it is still in the early stages of implementation, the KODSC demonstrates potential
for improving data accuracy and contributing valuable insights for public health policy.

Introduction

Background

Korea began its industrialization in the 1960s, leading to the construction of numerous factories
throughout the 1970s and 1980s. As a result, coal mining expanded significantly to meet the energy
demands of the manufacturing industry and to provide a source of home heating. The manufacturing
processes involved the use of various chemicals. This shift towards a manufacturing-based economy
has been associated with several occupational diseases, including carbon disulfide and heavy metal
poisoning [1]. In recent years, Korea has achieved global competitiveness in several sectors, including
mobile phones, semiconductors, automobiles, chemicals, and steel manufacturing. Additionally,
Korean cultural content such as music, gaming, and webtoons has become a vital industry, playing a
pivotal role in the national economy. Despite these advancements, the manufacturing sector remains
the largest in terms of gross domestic product (GDP), followed by sales and retail [2].

Despite Korea's impressive economic growth, occupational injuries continue to pose a
significant problem. By 2022, the rate of fatal occupational injuries per 100,000 workers is
projected to be 4.33. This figure is substantially higher than Japan's rate of 1.54 and Germany's
0.84, placing Korea among the higher ranks of International Labour Organisation (ILO) member
countries [3]. The ILO reports that approximately 2.3 million women and men globally die
each year from work-related accidents or diseases, which equates to over 6,000 deaths daily.
Furthermore, around 340 million occupational accidents and 160 million cases of work-related
illnesses are recorded annually worldwide [4].

Recent Global Burden of Disease research has concentrated on the impact of occupational
factors; however, this impact is relatively minor in high-income countries. Determining the burden
of occupational diseases presents significant challenges, particularly due to the incubation
period of chronic diseases, high turnover rates in flexible labor markets, and the necessity for
reliable information to confirm exposure [5]. Identifying cases linked to occupational factors is
crucial for compiling these data, which are vital for public health. Routine surveillance systems,
such as the Health and Occupation Research (THOR) network, play a key role in providing
important data sources [6].

Objectives

This review examines the importance of establishing a routine surveillance scheme as
a foundational framework for comprehending the burden of occupational diseases. It also
describes the occupational disease surveillance system that was recently implemented in Korea.

Ethics statement

As this study is a literature review, it did not require institutional review board approval or
individual consent.
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Occupational disease and surveillance

The term "surveillance" originates from a French word meaning "to watch over" [7]. It is defined
as the continuous, systematic collection, analysis, and interpretation of health-related data
that are crucial for the planning, implementation, and evaluation of public health practices. This
process is tightly linked with the prompt dissemination of these data to individuals responsible
for prevention and control measures [8]. The goal of surveillance is to supply information that
public health personnel, government leaders, and the community can use to inform public health
policies and programs [9,10].

It is important to utilize multiple data sources to accurately gauge the prevalence of
occupational diseases. In Korea, the Industrial Accident Compensation Insurance (IACI) statistics
serve as one such source for tracking the number of occupational diseases. However, this
system only allows claims for severe diseases, and approximately two-thirds of these claims
are approved. Consequently, the IACI statistics may not fully represent the actual incidence of
occupational diseases. Additionally, the disparity between the ratios of fatal to non-fatal cases in
occupational injuries and illnesses indicates that some data might be missing [11].

In 2022, statistics approved by the IACI indicated that 23,134 individuals were recognized
as having occupational or work-related diseases. Although this figure might initially appear
substantial, a deeper analysis highlights several concerning issues. More than half of these
cases were attributed to musculoskeletal disorders, deaths from cardio- or cerebrovascular
diseases due to overwork, and mental illnesses. Noise-induced hearing loss was responsible
for 5,376 cases, while pneumoconiosis accounted for 1,679 cases [12]. Given the presence of
600,000 manufacturing workplaces and 3.4 million workers in Korea, the reported 553 cases
related to exposure to hazardous chemicals seem implausibly low. This significant discrepancy
points to a potential shortfall in the current system's ability to capture a comprehensive range of
occupational diseases.

Another source of occupational disease surveillance is special health examinations.
These are occupational health screening tests designed for the early detection of selected
occupational diseases in workers. It is mandatory for employees exposed to 181 risk factors,
including hazardous chemicals, gases, physical risk factors, and night work, to undergo these
examinations. To date, almost 2.2 million workers have been examined under this system.
However, due to the nature of medical examinations, which are typically conducted at one-
year intervals based on exposure to specific physical and chemical hazards, they are useful
in identifying chronic diseases in workers who have been employed for more than one year.
Nonetheless, they have limitations in identifying subclinical conditions or diseases that may
manifest acutely in the absence of a clinical examination [13]. Periodic health examinations
cannot detect acute illnesses or subclinical conditions and require workers to have been
employed at a workplace for more than a year. Consequently, short-term or day laborers who
frequently change workplaces are not included in the statistics. This system also overlooks
small-scale workplaces and foreign laborers. The most commonly observed conditions (95%)
are pneumoconiosis and noise-induced hearing loss, with examinations typically conducted
annually. This frequency makes it challenging to detect diseases that arise acutely. Indeed, an
analysis of the rate of special health examinations in workplaces with five or more employees
revealed that less than 5% of manufacturing workplaces had fewer than five employees, 20%
of workplaces had between 5 and 49 employees, and 85% had 50 or more employees [14]. As
a result, similar poisonings and deaths, such as those caused by methanol [15], mercury [16],
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fire extinguishing agent HCFC-123 [17], and dichloromethane [18], have continued to occur until
recently.

There are inherent gaps in Korea's occupational disease surveillance system when it relies
solely on compensation data from the IACI and special health examinations. The current
statistics on occupational diseases are inadequate for understanding the full extent of this issue
in South Korea. To adequately represent and include vulnerable groups, it is crucial to establish
surveillance systems based on reporting and registration.

History of occupational disease surveillance

Awareness of occupational health issues has led to the development of various disease
surveillance systems, which are centered around specific diseases, regions, and exposures.
While these systems have achieved some of their intended outcomes during their operational
periods, the need for a more integrated approach has become increasingly apparent. Among
the most notable disease-focused surveillance systems are those targeting asthma and lung
cancer. A comprehensive overview of the different surveillance systems implemented in Korea is
detailed in Table 1. The Occupational Asthma Surveillance System, the longest-running system
of its kind in Korea, has been instrumental in estimating the incidence of occupational asthma
and identifying its major risk factors [19]. Similarly, the lung cancer surveillance system has been

Table 1. History of the occupational disease surveillance system in Korea

Category Details Period
Occupational disease surveillance
Disease-oriented Asthma 1998-2002, 2004-2011
Musculoskeletal disorders 2000-2004
Skin disorders 1998
Mesothelioma and leukemia 2001
Mesothelioma 2002-2013
Lung cancer 2006-2010
Lymphohematopoietic disorders 2007-2010
Injury 2008-2011
Cerebro- and cardiovascular diseases 2010-2011
Region-oriented Incheon 2001-2010

Busan, Ulsan, and Gyungnam 2001-2003, 2005-2010
Gumi 2002-2003
Changwon 2004
Jungbu-Nambu Regional Lung Cancer and Leukemia 2011-2016

Exposure monitoring Construction workers 2002
Needle stick injury 2009-2013
DMF (dimethylformamide) biological exposure indices monitoring 2010

Mixed type Petroleum industry 1999-2000
Workplace-oriented occupational disease surveillance 2011-2012
Acute poisoning disorders 2016-2020
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crucial in providing data on lung cancer cases, highlighting the potential for prevention through
reduced exposure to hazards in the workplace [20].

Despite some achievements, funding for these surveillance systems was provided in a
fragmented manner, primarily through research grants, which posed challenges in establishing
a system capable of continuous operation. Furthermore, as researchers developed disease-
specific, hazard-specific, and regional surveillance systems, inconsistencies arose in their
definitions, scopes, and priorities. Consequently, there is a growing need for a continuous, full-
time, nationwide surveillance system. With advancements in big data science and technology,
there is an increasing interest in developing a surveillance system that leverages regularly
produced data, adhering to legal regulations concerning occupational health. Efforts are
underway to create a carcinogen surveillance system utilizing national data, as well as a system
that integrates various national datasets [21-23].

However, the aforementioned limitations inherent in the national data suggest that data-driven
surveillance is not suitable for addressing urgent issues. Identifying sentinel health events is crucial
for the prevention and treatment of occupational diseases [24]. This process also marks the initial
step in recognizing emerging occupational diseases or health hazards, such as acute poisoning
from newly developed industrial chemicals or unforeseen exposures. The acute poisoning event
discussed earlier exemplifies this issue. Consequently, discussions are underway to establish
a surveillance system specifically tailored to acute poisoning. This system aims to prevent and
identify incidents caused by newly introduced industrial chemicals, beyond the previously
mentioned cases of methanol poisoning, dichloromethane poisoning, or HCFC-123.

The Occupational Acute Poisoning Disease Regional Surveillance Pilot Project, which ran
from 2016 to 2020, achieved significant outcomes, including the identification of a case of toxic
encephalopathy caused by 1,2-dichloropropane. This pilot project utilized a mixed surveillance
system that focused on region-specific diseases. The results underscored the importance
of implementing a hospital-based surveillance system that involves direct interaction with
patients to effectively detect acute poisoning and occupational diseases. In response to these
findings, the government has decided to manage the surveillance system as a government-led
initiative, transitioning away from the previous research-oriented approach. However, due to the
challenges government agencies face in direct management, the system now operates through
partnerships with the Department of Occupational and Environmental Medicine (OEM) and other
clinical departments in major general hospitals, where patients receive care.

New scheme for occupational disease surveillance

The Korea Occupational Disease Surveillance Center (KODSC) is a surveillance system
designed to collect, analyze, and interpret cases of occupational disease. It was established
in 2022, and by 2024, 10 regional centers were operational, in accordance with the regional
Ministry of Employment and Labor (MOEL) offices.

The missions of KODSC are as follows:

- Collect suspected cases of occupational disease reported by clinicians

- Carry out data production and management

- Perform workplace inspections and walk-through surveys to detect occupational risk

- Provide medical consultations for occupational disease or injury cases of MOEL regional

offices
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Fig. 1 shows the overall organizational chart. A substantial component of this surveillance
system is dedicated to gathering reports of occupational diseases, including acute poisoning,
from key emergency medical facilities in the region. Although certain aspects of the current
system may not be monitored, it is expected that individuals will seek medical care at a hospital
when they feel unwell. The KODSC surveillance network system has been established across ten
regional centers. These centers are typically university hospitals, which are the primary hospitals
in their respective regions. They feature collaborations between the Department of OEM and the
Regional Emergency Medical Center, serving both severe trauma patients and those with various
other diseases.

The Department of OEM at the university hospital, designated as the center, will work in
collaboration with the MOEL regional office to establish a coordination system. This system
will involve various hospitals within the region and will integrate with the emergency medical
system and other clinical departments of the hospital. The aim is to facilitate the reporting of
various suspected cases of occupational diseases identified in the region. Each center compiles
these reports and submits them to the MOEL, allowing for a national overview of the data.
Data concerning monitored cases of occupational diseases are communicated to the MOEL
and the Korea Occupational Safety and Health Agency. Some of these reported cases may
undergo further testing for confirmation. If necessary, preventive measures may be developed in
collaboration with the MOEL and the Korea Occupational Health and Safety Agency.

Fig. 2 illustrates the roles and responsibilities of the center, which is divided into three teams:
the Investigation and Analysis Team (IAT), the Prevention and Support Team (PST), and the
Corporate Relations Team (CRT). Each center includes occupational and environmental clinics
that diagnose and treat patients with occupational diseases. The IAT manages the KODSC,
which initially collects patient information when a suspected occupational disease is reported.
This team also determines whether a risk investigation is necessary. If so, the IAT coordinates
an on-site investigation at the workplace where the disease was reported. The primary role of

KOSHA
- MOEL Korea Occupational Safety
Ministry of Employment and Labor and Health Agency
|
MOEL
Local Office
I
KODSC (N=10) ’ Cooperation ‘( KOSHA
Korea Occupational Disease 'k Local Office
Surveillance Center
4 Report
I |
Partnership Ciini 5 OgM Cllr!lc " |A‘:Vi5it"‘g
Hospital inics ept. Occupationa nstructing
Environmental Medicine Supporting
f ; f
Visit v

[

Workers J: :[ Workplace J

Fig. 1. The organizations of Korea Occupational Disease Surveillance.
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Regional (Tertiary)
General Hospital

KODSC OEM Clinic
Korea Occupational Disease Dept. Occupational &
Surveillance Center Environmental Medicine

Investigation and Prevention and Corporate Relations
Analysis Team Support Team Team

Fig. 2. The organization of each Korea Occupational Disease Surveillance Center.

the IAT is to assess the work-relatedness of the disease in patients with suspected occupational
diseases and to manage data on these cases. Doctors and health professionals in emergency
rooms or clinics may encounter patients suspected of having occupational diseases. In such
instances, they can report these cases to the KODSC without a confirmatory test. They simply
complete a prespecified form and submit it via a homepage, SMS, social network service, or
health information system. Most reported cases are stored in the database after evaluation and
clarification by the OEM doctors and health professionals at the KODSC.

In cases requiring urgent intervention, the KODSC collaborates with MOEL and KOSHA to
support occupational disease investigations. This includes conducting workplace inspections
and walk-through surveys to identify occupational hazards. PST supports the IAT in executing
on-site workplace investigations. Working closely with KOSHA, the team visits sites where
severe occupational diseases have been reported or are likely to occur, offering consultation and
recommendations for improvements. For instance, after an on-site investigation, the team may
conduct sample analyses of suspect chemicals, such as cleaning agents, either independently
or in cooperation with KOSHA. Following the investigation, in conjunction with KOSHA, the team
provides details on the workplace environmental improvement support scheme. Additionally,
if necessary, they offer information on workers' compensation procedures to patients with
occupational diseases.

The CRT is responsible for maintaining and managing a network designed to collect reports
of suspected occupational diseases. The team strives to ensure the network remains fully
operational to handle incoming cases. It collaborates with the emergency department coordinator
to confirm the medical histories of patients visiting the emergency department. Additionally,
the CRT routinely visits partner hospitals and other relevant institutions within the region to
gather data on suspected occupational disease cases, which are then forwarded to the IAT.
This process forms the foundation of the national occupational disease database. However,
significant cases and outbreaks necessitate immediate action. Establishing a network through
connections with local medical staff is crucial. Moreover, maintaining a strong relationship with
the MOEL and KOSHA is essential. To achieve these goals, we consistently engage in various
activities, including publishing newsletters and organizing workshops.
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Korea Occupational Disease Surveillance Center statistics

The case definitions for reporting included occupational diseases caused by physical,
chemical, and biological factors, with the exception of cases involving evident trauma. There was
a particular emphasis on reporting suspected cases of acute poisoning in relation to the Serious
Accident Punishment Act (SAPA). Work-related musculoskeletal disorders, which represent
the majority of workers' compensation claims, are not required to be reported. Additionally,
cerebrovascular or cardiovascular disorders that have already been diagnosed and are known
are also excluded from reporting. As a general rule, all occupational diseases must be reported,
regardless of the patient's nationality or whether they are enrolled in a worker's compensation
insurance scheme.

Table 2 displays the number of suspected cases reported since the establishment of the
KODSC in 2023. That year, a total of 4,341 suspected cases were reported nationwide, with 57
cases receiving assistance for investigations under the SAPA. About 30% of these cases were
reported through outpatient services or admissions at hospitals operating their own KODSC.
Meanwhile, approximately 39% of the cases were reported by partner hospitals participating in
the network.

In relation to the total number of reports, organic chemicals emerged as the most common risk
factor associated with these health issues, comprising 20.5% of the cases. This was followed by
mineral dust, which accounted for 12.9%. Subsequent risk factors included biological elements
such as gases, metals, acids, and alkalis. Welding fumes were suspected as the causative agent
in 3.5% of the incidents. In 5.3% of the cases, identifying a probable risk factor was not feasible
due to privacy or consent limitations during the reporting process, which hindered further
investigation of the workplace (Table 3).

The most commonly reported condition was "Injuries involving multiple body regions,
poisoning, other traumas," which includes acute poisoning, the primary focus of the surveillance
system, accounting for 28.6% of all reports. Respiratory diseases were present in 23.8% of the
cases, and cancer was reported in 301 cases (Table 4). Considering that workers' compensation
recognizes only about 500 chemical exposure-related illnesses annually, the surveillance system
captures a broader spectrum of milder ilinesses, complicating direct comparisons. Nevertheless,
it proves effective in uncovering the broader scope of issues beneath the surface.

Some reported cases were sentinel cases of high public health importance that urgently
required government intervention. For example, in Seoul, a case of toxic hepatitis linked to
trichloromethane in a cleaning product was reported. Following confirmation of this case, an ad
hoc medical examination of all workers using the product identified six additional cases of toxic
hepatitis. In Gwangju, a case of blood cancer potentially caused by benzene exposure prompted
a thorough assessment of workplace conditions and biological monitoring of the workers. Lastly,

Table 2. Reported cases in 2023

Suspicious case reports Investigation Total
KODSC KODSC Partner Others Total Risk Investigation
OPD or Adm ER hospital investigation support
1,306 509 1,700 826 4,341 24 33 4,389
(301%) (11.7%) (39.2%) (19.0%)  (100.0%)

KODSC, Korea Occupational Disease Surveillance Center.
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Table 3. Suspected risk factors for reported cases in 2023

Zm

Risk factors Number (%)
Organic chemicals 888 (20.5)
Mineral dusts 560 (12.9)
Biological factors 349 (8.0)
Gases 316 (7.3)
Metals 284 (6.5)
Acids or alkalis 256 (5.9)
Asbestos 214 (4.9)
Ultraviolet 214 (4.9)

High temperature 178 (4.1)
Welding fume 154 (3.5)
Hypoxia 2(27)

Wood dust (1 3)
Metalworking fluids 40 (0.9)
Man-made fibers (glass fibers) 3(0.3)

lonizing radiation 6 (0.1)
Abnormal barometric pressure 3(01)
Others 484 (111)
Unknown 232 (5.3)

Total 4,341 (100)
Table 4. Disease classifications of reported cases in 2023

Disease classification Number (%)
A Infection 46 (11)
B Virus or parasite 76 (1.8)
C Malignant neoplasm 301 (6.9)
D Benign neoplasm, hematologic or immune 34 (0.8)
E Endocrine, nutritional and metabolic 6 (0.1)
F Mental and behavioral 4(0.0)
G Nervous system 32(0.7)
H Eye and adnexa, ear and mastoid process 374 (8.6)
| Circulatory system 76 (1.8)
J Respiratory system 1,034 (23.8)
K Digestive system 26 (0.6)
L Skin and subcutaneous tissue 259 (6)
M Musculoskeletal system and connective tissue 21(0.5)
N Genitourinary system 26 (0.6)
R Symptoms, signs and abnormal clinical and laboratory findings 247 (5.7)
S Injuries 69 (1.6)
T Injuries involving multiple body regions, poisoning, other traumas 1,241 (28.6)
U Codes for special purposes 1(0)
\ Transport accidents 1(0)
W Other external causes of accidental injury 9(0.2)
X High temperature 272 (6.3)
Y Event of undetermined intent 1(0)
z Factors influencing health status and contact with health services 10 (2.5)
Unknown 75(1.7)
Total 4,341 (100)
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in Daegu, a reported case of acute arsine poisoning, along with several other serious illnesses in
the workplace, initiated an investigation into provisional medical examinations and compliance
with relevant laws and regulations.

Conclusion

More workers are being approved for compensation for work-related illnesses because the
workforce is aging and various occupational factors exacerbate workers' health problems.
Workers engaged in multiple or short-term, precarious jobs are particularly vulnerable to acute
poisoning, especially if they lack familiarity with their work environments or the chemicals they
handle. There is a growing academic and policy focus on socio-psychological risk factors, such
as work hours and stress [25]. However, due to shifts in the labor market, health issues are
increasingly being examined in sectors with a high concentration of vulnerable workers, such
as construction [26] and gig labor [27]. The labor market's increasing polarization and flexibility
have resulted in a diverse group of workers who fall outside the protection of the current
occupational health system and workers' compensation insurance. Consequently, implementing
full-time surveillance systems in hospitals has become a crucial policy tool [28].

The KODSC is a regional hospital-based surveillance system designed to detect occupational
diseases, including acute poisoning. Established in April 2022, it builds on the experiences of
various surveillance systems in Korea. Despite its recent inception, the KODSC has successfully
identified previously unrecognized occupational diseases of varying severity. It specifically
addresses cases of acute poisoning that necessitate immediate intervention in the workplace
and contributes to the establishment of national prevention policies through prompt action.

The foundational structure for strengthening the promotion and delivery of occupational health
services involves collecting, analyzing, and disseminating data on workers' health at the national
level [29]. In this context, the KODSC plays a crucial role as it is a publicly funded, hospital-based
system that allows the government to continuously monitor various occupational diseases.
Utilizing the KODSC, data on occupational diseases can be generated to aid in the planning and
implementation of policies. This enables us to address critical questions like, 'What is the most
important and urgent problem?' Addressing this question is the initial step in resolving public
health issues.
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This study explores the development, roles, and key initiatives of the Regional Environmental
Health Centers in Korea, detailing their evolution through four distinct phases and their impact on
environmental health policy and local governance. It chronicles the establishment and transformation
of these centers from their inception in May 2007, through four developmental stages. Originally
named Environmental Disease Research Centers, they were subsequently renamed Environmental
Health Centers following legislative changes. The analysis includes the expansion in the number of
centers, the transfer of responsibilities to local governments, and the launch of significant projects
such as the Korean Children’s Environmental Health Study (Ko-CHENS ). During the initial phase
(May 2007-February 2009), the 10 centers concentrated on research-driven activities, shifting
from a media-centered to a receptor-centered approach. In the second phase, prompted by the
enactment of the Environmental Health Act, six additional centers were established, broadening
their scope to address national environmental health issues. The third phase introduced Ko-CHENS,
a 20-year national cohort project designed to influence environmental health policy by integrating
research findings into policy frameworks. The fourth phase marked a decentralization of authority,
empowering local governments and redefining the centers' roles to focus on regional environmental
health challenges. The Regional Environmental Health Centers have significantly evolved and now
play a crucial role in addressing local environmental health issues and supporting local government
policies. Their capacity to adapt and respond to region-specific challenges is essential for the
effective implementation of environmental health policies, reflecting geographical, socioeconomic,
and demographic differences.

Introduction

Background

Industrialization has played a significant role in increasing environmental pollution and the
prevalence of diseases associated with hazardous chemicals, profoundly impacting public
health, quality of life, and socioeconomic systems. In 1985, South Korea faced a major public
health crisis known as the "Onsan Disease" in Onsan-myeon, Ulsan. This incident was triggered
by pollutants discharged into the air and water from a nearby metal industrial complex, leading to
neuralgia, skin diseases, and systemic pain among 700 local residents, including children. During
the 1990s, health issues surfaced among residents living near the Yeosu Yeocheon industrial
complex, attributed to unpleasant odors, particulate matter, and toxic gases released by oll
refining and fertilizer manufacturing facilities [1].

The 1991 Nakdong River phenol contamination incident, resulting from two illegal discharges in
March and April, polluted the middle and downstream sections of the Nakdong River. This event
heightened national awareness of environmental issues and prompted substantial changes in
environmental policies [2].

Abandoned metal mines, such as the one in Goseong County, Gyeongnam, have been linked
to suspected cases of itai-itai disease among nearby residents [3]. Additionally, residents
living near cement factories have experienced health impacts, including chronic obstructive
pulmonary disease and pneumoconiosis, due to exposure to dust. These incidents exemplify the
public health damages caused by environmental pollution during the industrialization process
[4]. Furthermore, the production, processing, and use of various chemical substances have
led to significant environmental issues. There is increasing evidence that these environmental
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exposures negatively impact biologically vulnerable populations, such as infants and children.
Specifically, these exposures can affect respiratory and pulmonary functions [5,6], growth and
development [7], neurocognitive development [8-11], and renal function [12].

Per- and polyfluoroalkyl substances were detected in 99% of participants in the National
Environmental Health Survey [13]. Higher concentrations of harmful substances in adults were
associated with the use of personal hygiene products, including cosmetics and hair care items,
as well as food storage containers [14,15]. Additionally, children's use of slime or clay was linked
to exposure to bisphenol A [16].

Public awareness of environmental issues is increasing, leading to a greater interest in
the relationship between the environment and human health. This shift has encouraged the
adoption of lifestyles that emphasize sustainability and well-being. In response, the Ministry
of Environment, pursuant to Article 26 of the Environmental Health Act [17], has operated
Environmental Health Centers since 2007. These centers aim to proactively manage health risks
linked to environmental hazards.

Objectives

This study explores the evolution of Environmental Health Centers over time and assesses the
roles and significance of the current Regional Environmental Health Centers by evaluating their
status and functions.

Evolution of Environmental Health Centers in Korea

Phase 1: Environmental Disease Research Centers (May 2007-February 2009)

Phase 1 marked the establishment of Environmental Disease Research Centers following
the formulation of the 10-Year Comprehensive Environmental Health Plan in 2006 and the
drafting of the Environmental Health Act [18]. This stage represented a shift from the traditional
media-centered approach, which focused on air, water, waste, and soil, to a receptor-centered
approach that emphasized the impacts of environmental pollution on humans and ecosystems.
Ten centers were designated in total: eight focused on environmental diseases, one on
hazardous factors, and one on asbestos [19].

In 2007, three specialized research centers were established: the Asthma Research Center
at Korea University Anam Hospital, the Atopic Dermatitis Research Center at Samsung Medical
Center, and the Pediatric Developmental Disorders Research Center at Dankook University
Medical Center. These centers focused on identifying vulnerable populations, investigating
environmental factors influencing asthma, and exploring the links between environmental
exposure and pediatric developmental disorders.

In 2008, six additional centers were established to focus on congenital disorders, allergic
diseases, pediatric cancers, and asbestos-related diseases. Notable initiatives included
monitoring and public health interventions in areas impacted by environmental pollution, such
as the oil spill in Taean [20]. By 2009, the Asbestos Pulmonary Disease Research Center at
Soonchunhyang University Cheonan Hospital had been designated to study asbestos-related
diseases.

This phase was pivotal in changing the paradigm surrounding environmental issues and
enhancing public awareness of environmental diseases. However, its emphasis on research
faced difficulties in effectively communicating findings to the public and translating them into
actionable policies [21].
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Phase 2: Environmental Health Centers (March 2009-2015)

The second phase commenced with the enactment of the Environmental Health Act in 2009,
which led to the renaming of the centers as Environmental Health Centers. This phase signaled
a nationwide expansion to 16 centers, including nine disease-focused centers, five centers
concentrating on hazardous factors, and two centers specifically addressing asbestos-related
issues.

The six new centers are each dedicated to a specific area of research: Ulsan University
Hospital focuses on atopic diseases, Yonsei University Wonju Campus investigates natural
radon exposure, Gangwon National University Hospital explores respiratory diseases, Dong-A
University studies heavy metal exposure, Soonchunhyang University Gumi Hospital examines
harmful gas exposure, and Asan Medical Center researches hazardous chemicals.

During this phase, the Environmental Health Centers played a critical role in addressing
emerging environmental health issues and generating diverse research outcomes.

Phase 3: Environmental Health Centers with National Cohort Projects (2015-2019)

Phase 3 introduced the Korean Children's Environmental Health Study (Ko-CHENS) [22], a 20-
year national cohort project aimed at examining the effects of environmental hazards on growth,
development, allergies, and emotional health from fetal to adolescent stages. Between 2015 and
2020, approximately 70,000 pregnant women enrolled in the study, with follow-up assessments
planned until their children reach the age of 16.

Environmental Health Centers engaged in various cohort-related activities, including
conducting environmental surveys, collecting biological samples, assessing growth and
neurocognitive development, and monitoring indoor air quality. Throughout this phase, the
centers strategically shifted their focus, contributing to the development of comprehensive
environmental health policies through evidence-based research.

Phase 4: Regional Environmental Health Centers (2020-Present)

The Fourth Comprehensive Environmental Health Plan (2020) highlighted the importance
of a "community-centered environmental health foundation" [23]. This shift transferred
responsibilities from the central government to local governments, thereby strengthening the
legal framework for regional environmental health planning, health impact assessments, and
governance.

Regional Environmental Health Centers are now focused on developing local environmental
health systems, addressing issues specific to each region, managing regional governance,
and delivering tailored environmental health services. By integrating local characteristics into
their policies, these centers strive to improve community well-being and promote sustainable
development.

In addition to the Regional Environmental Health Centers, four Policy Environmental
Health Centers have been established to support the development and implementation of
environmental health policies. These centers specialize in different areas of expertise and
are divided into four distinct categories. The Environmental Big Data Center, managed by the
Korea Environment Institute, is dedicated to developing an integrated environmental health
information system. It focuses on monitoring environmental factors and using advanced data
analysis technigues to predict health impacts. The Environmental Toxicology Center, situated at
Soonchunhyang University Gumi Hospital, aims to create a comprehensive database of chemical
information related to bioactive ingredients found in consumer products. This center also plays a
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crucial role in enhancing public education and outreach concerning toxic substances.

The Environmental Health Research Information Center, managed by Seokyeong University,
consolidates environmental health research into a centralized database. It performs literature
reviews and generates reports on both domestic and international environmental health issues and
research trends, offering valuable insights for policymakers and researchers. The Health Big Data
Center, located at Wonju Severance Christian Hospital, leverages data from the National Health
Insurance Service to produce detailed statistics on environmental diseases. The work of this
center enhances our understanding of the connections between environmental factors and public
health, aiding in evidence-based decision-making. Together, these centers provide essential
infrastructure and expertise that bolster environmental health policies and research in Korea.

To cultivate environmental health professionals, the Department of Preventive Medicine
at Catholic University, University of Seoul, Inha University Hospital, and the Korean Society
of Environmental Health are actively training experts in preventive medicine, toxicology,
occupational and environmental medicine, and environmental health sciences.

Status and role of regional Environmental Health Centers

Current status

As of December 2024, 14 Regional Environmental Health Centers are operational across South
Korea, located in Gangwon, Chungnam, Seoul, Incheon, Daejeon, Ulsan, Busan, Chungbuk, Jeju,
Jeonbuk, Gyeongnam, Gyeonggi, Gyeongbuk, and Jeonnam (Table 1) [24]. These centers are
hosted by leading institutions, including Kangwon National University Hospital in Gangwon, Ajou
University in Gyeonggi, Gyeongsang National University in Gyeongnam, Dongguk University in
Gyeongbuk, and Seoul National University College of Medicine in Seoul, among others (Fig. 1).

Personnel structure

The Ministry of Environment mandates that organizations eligible to operate Regional
Environmental Health Centers must possess the capability to conduct research and surveys,
as well as provide policy support related to environmental health information [25]. Eligible
organizations include national or public research institutions, universities, and public or private
hospitals located within the specified region.

Each center is comprised of a director, a secretariat head, and administrative staff. The
director is generally an expert in disciplines pertinent to the center's goals, while the secretariat
head is usually a specialist with a background in environmental health, either academic or
professional. Currently, the directors are predominantly physicians and professors with expertise
in preventive medicine, occupational and environmental medicine, and respiratory medicine.
Secretariat heads, on the other hand, often hold doctoral degrees in fields such as preventive
medicine, public health, or environmental engineering, reflecting the center's focus. As of 2024,
the 14 Regional Environmental Health Centers employ approximately 200 personnel, including
both full-time and part-time staff. The staffing at each center varies, ranging from as many as 30
to as few as 5 members, based on the center's size and operational scope.

Funding

The financial support for Regional Environmental Health Centers is equally divided between
the Ministry of Environment and local governments, with each contributing 50%. Starting in
2024, each center will operate with an annual budget of approximately 600 million KRW, which
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Table 1. Current status of regional Environmental Health Centers (as of December 2024)

Zm

No. Designated area Host institution Operating period Project focus

1 Gangwon Kangwon National University Hospital '20.01.01-"2412.31  Establishing an environmental health foundation
for the Gangwon region

2 Chungnam Soonchunhyang University Cheonan Hospital '21.01.04-"2412.31  Establishing an environmental health foundation
for the Chungnam region

3 Seoul Seoul National University College of Medicine ~ "22.03.02-'26.12.31  Establishing an environmental health foundation
for the Seoul region

4 Incheon Gachon University '22.03.02-'2612.31  Establishing an environmental health foundation
for the Incheon region

5 Daejeon Daejeon University '22.03.02-'2612.31  Establishing an environmental health foundation
for the Daejeon region

6 Ulsan Ulsan University Hospital '22.03.02-'26.12.31  Establishing an environmental health foundation
for the Ulsan region

7 Busan Dong-A University '22.03.02-72612.31  Establishing an environmental health foundation
for the Busan region

8 Chungbuk Chungbuk National University Hospital '22.03.02-'2612.31 Establishing an environmental health foundation
for the Chungbuk region

9 Jeju Jeju National University '22.03.02-"2612.31  Establishing an environmental health foundation
for the Jeju region

10 Jeonbuk Jeonbuk National University '23.04.01-'2712.31  Establishing an environmental health foundation
for the Jeonbuk region

1 Gyeongnam Gyeongsang National University '23.04.01-"2712.31  Establishing an environmental health foundation
for the Gyeongnam region

12 Gyeonggi Ajou University '24.03.20-'2812.31  Establishing an environmental health foundation
for the Gyeonggi region

13 Gyeongbuk Dongguk University (WISE Campus) '24.03.20-'2812.31 Establishing an environmental health foundation
for the Gyeongbuk region

14 Jeonnam Chonnam National University Hospital, Hwasun ~ "24.03.20-"2812.31  Establishing an environmental health foundation

for the Jeonnam region

The Ewha Medical Journal

is split evenly between the Ministry of Environment and local governments, each providing 300

million KRW.

Major activities

The primary activities of the Regional Environmental Health Centers are outlined in Table 2.

Establishing a preliminary monitoring system

Centers are responsible for investigating and monitoring environmental diseases and hazardous
factors. Their activities include assessing and monitoring exposure in vulnerable areas, as well as
using biological samples (e.g., blood and urine) to evaluate region-specific exposures.

Building a regional environmental health foundation

While the authority and responsibility for environmental health have been transferred to
local governments, many still lack the necessary human and systemic resources for effective
implementation. The centers are vital in supporting local governments to carry out environmental
health policies. They assist in developing regional environmental health plans, establishing
collaborative governance structures, conducting regional health impact assessments, and
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6_ Wonju Severance Christia

al University School of Medicine

Fig. 1. Current landscape of Environmental Health Centers in Korea.

building big data systems for environmental health. This support provides the scientific evidence
needed for local policymaking.

Facilitating risk communication

Centers increase public awareness of environmental health by providing information to
local residents, offering tailored education programs for sensitive populations, conducting
environmental health camps, and disseminating information online. These efforts help to raise
public consciousness about environmental health.
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Table 2. Activities of regional Environmental Health Centers

Category Detailed activities
Establishing preliminary - Investigation and monitoring of environmental diseases and hazardous factors
monitoring systems - Exposure and health monitoring in environmentally vulnerable areas
- Chemical exposure assessment using biological samples (e.g., blood or urine) by region
Strengthening regional - Supporting the development of regional environmental health policies
environmental health systems - Establishing collaborative governance for environmental health

- Supporting health impact assessments and petition handling
- Building regional environmental health big data
- Conducting expert forums and related initiatives to strengthen the regional environmental health foundation

Developing regional risk - Establishing and operating environmental health information delivery systems
communication systems - Hosting environmental health camps for residents on local environmental health issues
- Conducting environmental health communication activities (e.g., Environmental Health Open Concerts,
newsletters)
Collaboration in key research - Conducting health impact studies in environmentally vulnerable areas
projects of the Ministry of - Participating in the Ko-CHENS
Environment - Supporting investigations and assessments related to humidifier disinfectants

- Conducting preventive initiatives for vulnerable groups with environmental diseases
- Health support projects in health impact assessment areas

Other activities - Supporting the Environmental Health Integrated Information System
- Conducting research, investigations, or providing consultations, as stipulated in the Environmental Health Act
or as requested by the Minister of Environment or local governments

Supporting research and investigations
Centers support health impact assessments in environmentally vulnerable areas and support
projects like the Children's Environmental Health Birth Cohort Study.

Other activities

Centers are responsible for managing the Environmental Health Integrated Information
System, which was established by the Ministry of Environment. They also conduct research,
investigations, and consultations as required by the Environmental Health Act or as requested by
the Minister of Environment and local governments.

Key achievements [26]

Establishment of a preliminary monitoring system for environmental hazards
- Health impact surveys supported vulnerable populations, with 2,776 individuals completing
questionnaires and 2,893 undergoing clinical examinations.
- For environmental hazard monitoring, 34 internet of things—based air quality monitoring
stations were established, and a database of 10,788 entries was developed.

Strengthening regional environmental health systems

- Identifying regional environmental health issues and supporting the development of
environmental health plans.

- Article 6-2 of the Environmental Health Act mandates that mayors and governors formulate
regional environmental health plans considering local characteristics. Centers in Seoul,
Jeju, and Gangwon have supported the formulation and implementation of these plans for
respective local governments.
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Strengthening governance for environmental health systems

- Projects were initiated to strengthen governance by facilitating local environmental health
petitions and supporting risk communication during health impact assessments, as specified
in Article 17 of the Environmental Health Act. For example, the Ulsan Center carried out
health impact assessments and improved communication for residents living near an asphalt
concrete plant. Additionally, governance structures were reinforced by disseminating
information about regional environmental health conditions and policy trends, and by
exploring solutions to local challenges.

Advancing risk communication in environmental health

- Efforts include establishing cooperative frameworks with relevant institutions to

efficiently address environmental health issues.
The "Mobile Environmental School" initiative was launched in collaboration with
environmental disease prevention centers to provide elementary students with education
and activities focused on the climate crisis and disease prevention. In 2023, this program
reached 1,159 students across 55 classes in 24 schools, including those in underserved
island regions, thereby ensuring equitable access to environmental health education.

- An environmental health concert was held to address citizens' concerns about environmental
health through a series of online and offline lectures, complemented by real-time Q&A
sessions. In 2023, the event comprised five sessions, which were attended by 1,474
participants, thereby increasing public awareness.

Hosting international symposia on environmental health
- Centers collaborated with domestic and international experts to host symposia, fostering
knowledge-sharing and networking. For example, in 2024, the Seoul Center co-hosted two
symposia with WHO ACE, focusing on "Environmental Health Indicators for Climate Change."
These events shared global and local case studies and identified actionable points for Seoul.

Health Sharing Camps and support programs
- Health Sharing Camps were organized to serve individuals with environmental diseases and
vulnerable populations, offering educational and ecological experiences. In 2023, a total of
27 camps were conducted, engaging 1,097 participants in collaboration with the National
Park Service.
- The Vulnerable Population Support Program offered medical and prescription cost assistance
to 118 individuals with environmental diseases.

Participation in the National Children's Environmental Health Birth Cohort Study
- Since 2015, various centers have been involved in a long-term cohort project aimed
at investigating the health impacts of environmental factors from pregnancy through
adolescence. As of 2023, follow-up studies have been conducted for 2,223 children.

Conclusion

The role of Environmental Health Centers has evolved significantly over time. Initially
established as Environmental Disease Research Centers with a focus on research-oriented
activities, their responsibilities have now expanded to include education, public outreach, and
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risk communication with citizens. This transition reflects a shift from a centrally driven model
to one where local governments are supported in developing and implementing environmental
health policies, as well as in identifying and addressing region-specific issues.

Currently, 14 Environmental Health Centers are operational, and the Ministry of Environment
intends to increase this number. Addressing environmental health challenges necessitates
tailored solutions that consider the geographical, environmental, socioeconomic, and
demographic characteristics specific to each region. In this context, the Regional Environmental
Health Centers function as specialized institutions that assist in developing and implementing
localized environmental health policies.

Moreover, these centers play an important role in promoting governance by facilitating
discussions among local governments, experts, and residents to address regional environmental
issues. They serve as communication hubs, responding to the growing public need for
information on environmental health and offering services focused on citizen well-being. As
primary contacts for local environmental health matters, these centers aim to boost public
involvement and provide concrete benefits to communities, in line with the increasing awareness
and expectations of citizens about the relationship between the environment and health.
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Health and safety issues in micro and small enterprises (MSEs) are recognized as a global challenge.
This study aimed to examine Workers' Health Centers (WHCs) as a representative public organization
providing occupational health services to MSEs in Korea. WHCs were established in 2011 after a trial
period aimed at addressing occupational diseases in MSEs with limited resources. As of 2024, there
are 24 WHCs, 22 branch offices, and 23 trauma counseling centers for workers. These health centers
are managed by the Korea Occupational Safety and Health Agency, with their actual operation
delegated to private organizations. Each WHC employs an average of 13 staff members and is
organized into four specialized teams: cardiovascular disease prevention, workplace environment
improvement, musculoskeletal disease prevention, and occupational stress management. These
centers also offer common basic programs along with region-specific specialized initiatives. In 2023,
the total cumulative number of users reached 203,877, with employees from MSEs comprising
approximately 88.5% of the total. WHCs can thus be seen as playing a pivotal role as case managers
of health requirements in the workplace by fostering strong relationships with MSEs and linking them
to other relevant programs through a problem-solving-oriented approach. Given the limited resources
of these enterprises, proactive policies and the equitable application of safety and health regulations
are essential. A balanced strategy that combines regulatory enforcement with practical assistance is
critical to ensure the success of WHCs in improving health and safety conditions in MSEs.

Introduction

Background

Health and safety issues in micro and small enterprises (MSEs), which account for 70 percent of
total employment worldwide [1], are recognized as a significant global challenge [2-4]. According
to Organization for Economic Co-operation and Development (OECD) criteria, microenterprises
are businesses with fewer than 10 employees, while small enterprises have between 10 and 49
employees. Thus, MSEs are workplaces with fewer than 50 employees. To sustain themselves,
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MSEs typically adopt a low-road strategy, relying on low wages and price competitiveness.
They occupy a less powerful position in the global value chain compared to medium and large
businesses and often bear the risks and costs transferred from their larger counterparts.
With increasing pressures on working conditions, such as unstable contracts, low wages, and
unpaid overtime [5], the workforce becomes increasingly vulnerable to occupational safety and
health (OSH) risks. Additionally, as organizational interdependence becomes more complex
and employment relationships fracture, the gap between employment contracts, employment
regulations, and management controls widens. Therefore, MSEs lack the resources necessary
for OSH prevention and appropriate management, leaving their employees exposed to significant
risks to their well-being, along with poor working conditions and low-quality work.

In OECD countries, the rates of fatal occupational injuries in 2020 ranged from less than one to
over five per 100,000 workers [6]. In the same year, Korea reported a rate of 4.65 fatal occupational
injuries per 100,000 workers. Although this rate is decreasing, it remains significantly high. Similar
to MSEs in other countries [7], those in Korea experience a higher incidence of occupational
injuries and diseases compared to medium and large enterprises [8]. A 2022 report on industrial
accidents revealed that the overall company accident rate was 0.65, while workplaces with fewer
than five employees had a rate of 112 [9]. In contrast, enterprises with 50 or more employees all
reported rates below the average. In MSEs, musculoskeletal disorders (MSDs), such as back pain,
constitute almost 55% of occupational diseases, making them the most prevalent [9-11]. These
are followed by hearing loss, pneumoconiosis, and cardiovascular disease (CVD). Additionally,
new types of occupational diseases are emerging, including MSD, CVD, and psychological issues,
which differ from the traditional chemical or metal poisoning still present in Korea, as shown by
the industrial accident compensation insurance data [9]. However, it is important to note that
the industrial accident compensation insurance data does not cover all individuals affected by
industrial accidents, especially those with occupational diseases. Coverage is limited to those who
have applied for and been granted compensation.

Efforts to prevent occupational diseases in MSEs in Korea have led to the development of
three main support programs focused on occupational health: the Clean Workplace Project,
financial support for work environment assessments or special medical examinations, and private
contractor programs for health and Workers' Health Centers (WHCs) [12,13]. These initiatives
collectively target nearly 2 million MSEs, accounting for 98% of the total, and approximately 11
million workers [14]. The Clean Workplace Project offers up to $23,000 in financial assistance
to manufacturing companies with fewer than 50 employees to enhance their OSH facilities.
Additionally, financial support is provided for work environment assessments and special
medical examinations specifically for MSEs. Private contractor programs for health and WHCs
deliver direct occupational health services. The private contractor program for health, which
operates solely in the workplace, focuses on managing chronic diseases and workplace hygiene
through the services of a nurse or occupational hygienist [8]. In contrast, WHCs are situated in
industrial complexes and staffed by a range of specialists including experts in occupational and
environmental medicine, nurses, exercise specialists, occupational hygienists, and psychological
counselors [15]. These centers offer services both onsite and at the workplace.

Objectives

Although the Korean WHC has been operational for over a decade, there is a notable scarcity
of literature that systematically organizes the current status and discussions surrounding
these institutions. In light of this gap, this study explores the WHC as a key public organization
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providing occupational health services to MSEs in Korea.

Ethics statement

It is a literature database-based review; therefore, neither approval by the institutional review
board nor obtainment of informed consent was required.

Methods

To explore the status and discussions regarding WHCs in Korea, we first used domestic
and international search tools to locate WHC-focused papers and reports authored by Korean
researchers. For Korean-language papers, we searched using the keywords 22Xtz 44l
Bl ("workers' health center”) and 2 E2R0HIE (“trauma counseling center for workers”)
in Google Scholar, the DataBase Periodical Information Academic (DBPIA), the Research
Information Sharing Service (RISS), the Korean Studies Information Service System (KISS),
and the National Assembly Library. To identify English-language papers, we used the search
terms “workers' health center and Korea” and “trauma counseling center for workers and Korea"
in Google Scholar and PubMed. We also reviewed references cited in the initially identified
documents, as well as official WHC operations reports published by the Korea Occupational
Safety and Health Agency (KOSHA). The content of the selected papers and reports was
analyzed and categorized into data on the background, development, and performance of
WHCs. Papers and reports unrelated to WHCs were excluded from the analysis.

Results

Background of Workers' Health Centers

The Participatory Government, which was established in February 2003, formed the
Presidential Advisory Committee on Aging and Future Society in March 2004. This committee
was tasked with developing a national strategy to address the challenges of a low birth rate and
an aging population [16]. In September 2004, the committee released the Healthcare System
Reform Plans for Ensuring Public Health in an Aging and Future Society [17]. Included in this
report was a proposal to create an industrial health management system through collaboration
with the Ministry of Health and Welfare and the Ministry of Labor. To support this initiative, these
ministries launched a joint project aimed at establishing an industrial health center, which would
offer industrial health services funded by the National Health Promotion Fund [18].

In September 2006, the establishment review committee selected the Banwol-Sihwa area, a
national industrial complex with a high concentration of MSEs, as the site for the new industrial
health center. The Banwol-Sihwa Regional Center for Occupational Health opened in March
2007 [19]. From 2007 to 2009, the center was operated by KOSHA and its staff. In 2010, while
KOSHA continued to oversee the center's management and provide administrative support,
service provision was handled by medical staff, nurses, and industrial hygienists employed by
a privately entrusted organization. By 2011, funding for the Banwol-Sihwa Regional Center for
Occupational Health was not included in the National Health Promotion Fund's budget, leading
to its closure after four years of operation [18].

The Ministry of Employment and Labor facilitated the establishment of a WHC to provide
primary care to MSEs, funded by the Industrial Accident Compensation Insurance and
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Prevention Fund. The entire process, from business planning to operation, was delegated to
private operating agencies. The inaugural WHC, the Gyeonggi Western WHC, was set up in the
Banwol-Sihwa Industrial Complex area, leveraging the existing infrastructure of the Banwol-
Sihwa Regional Center for Occupational Health [20]. Subsequently, the Incheon WHC and
Gwangju WHC were introduced in 2011 through a public offering [18,21].

Development of Workers' Health Centers

Purpose, legal basis, and funding sources of Workers’ Health Centers

The purpose of the WHCs has evolved slightly in line with the operational directives of
KOSHA. Initially, when WHCs were introduced in 2012, their primary function was to enhance
the prevention of occupational diseases and to support the health maintenance and promotion
of workers by offering basic public occupational health services. These services included
counseling on preventing occupational diseases, specifically targeting workers in MSEs, which
are known for their relatively weak health management systems [22]. By 2016, KOSHA had
redefined the purpose of WHCs, positioning them to fulfill the responsibilities of a health officer
in MSEs that are not mandated to appoint one [21]. A health officer is tasked with supporting
the business owner or the person responsible for safety and health management, especially
concerning technical issues, as stipulated by the Occupational Safety and Health Act. This shift
marked a transition from a broad and progressive goal of providing basic occupational health
services to a more focused objective aligned with the specific duties of a health officer within
the Korean occupational health framework. Following the 2018 report on WHC operations, the
centers' foundational purpose was no longer explicitly described [23,24]. The focus shifted from
defining their “purpose” to specifying their “role,” which now includes acting as health officers for
MSEs and serving as health guardians for vulnerable enterprises.

The legal basis for the WHCs was established in 2013 when the Occupational Safety and Health
Act was revised to include a provision allowing the Minister of Employment and Labor to establish
and operate "facilities for maintaining and promoting workers' health" [25]. This revision was further
detailed in Notification No. 2013-6 from the Ministry of Employment and Labor, which defined
WHCs and outlined the services they offer [26]. In 2019, amendments to the Occupational Safety
and Health Act broadened the range of facility users from "workers" to "persons providing labor"
[27]. Subsequently, in 2020, specific guidelines for the establishment and operation of WHCs were
integrated into Notification No. 2020-19 issued by the Ministry of Employment and Labor [28].

WHCs are funded through the Industrial Accident Compensation Insurance and Prevention
Fund, with budgets that vary based on the size of each center. In 2023, the operating budget
for each center ranged from 564 to 968 million won (approximately $400,000-$670,000, using
2024 exchange rates) [24]. When examining the growth of WHCs in terms of personnel and
budget, the number of employees increased by 1.9 times, from 172 in 2016 to 332 in 2023.
However, the budget for WHCs only grew by 1.7 times, from KRW 10.33 billion to KRW 17.774
billion over the same period [21,24].

Nationwide distribution and facilities

As of 2024, there are 24 WHCs, 22 branch offices, and 23 trauma counseling centers for
workers (Table 1, Fig. 1). The expansion of WHCs began in the early 2010s, with three centers
established in 2011, two in 2012, and five annually from 2013 to 2015. Since then, the growth
rate has decreased, with one WHC established in 2016, two in 2020, and one in 2024. Starting in
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Table 1. Workers' health centers, branch offices, and trauma counseling centers for workers by region and operating agencies in Korea

Region Workers' Health Branch office Trauma counseling Operating agency
Center (WHC) (BO) center for workers
Seoul Seoul WHC Seoul Jung-gu BO O Ewha University-Industry Collaboration Foundation
Seoul Western Seoul Seongdong O Seoul National University Research and Development
WHC BO Business Foundation
Busan Busan WHC Yangsan BO O Busan University Research and Business Development
Foundation
Daegu Daegu WHC Seodaegu BO @) Korean Association of Occupational Health Nurses,
Incorporated Association
Daegu Dalseong
BO
Incheon Incheon WHC Incheon Bupyeong O Yonsei University University-Industry Foundation
BO
Gwangju Gwangju WHC Gwangju O Korean Association of Occupational Health Nurses,
Gwangsan BO Incorporated Association
Daejeon Daejeon WHC - O Korean Association of Occupational Health Nurses,
Incorporated Association
Ulsan Ulsan WHC Ulsan Buk-gu BO O Dong-a University
Industry-Academy Cooperation Foundation
Gyeonggi-do Gyeonggi Western Gunpo BO O Korea University Research and Business Foundation
WHC
Gyeonggi Eastern Seongnam BO O The Catholic University of Korea, Industry-Academic
WHC Cooperation Foundation.
Bucheon WHC Gimpo Yangchon O The Catholic University of Korea, Industry-Academic
BO Cooperation Foundation
Gimpo Gochon BO
Gyeonggi Southern  Pyeongtaek BO O Korea Workers' Compensation & Welfare Service Ansan
WHC Hospital
Gyeonggi Northern ~ Namyangju BO O Gachon University Industry-Academic Cooperation
WHC Foundation
Gangwon special self- Gangwon WHC Chuncheon BO O Yonsei University Wonju Severance Christian Hospital
governing province
Chungcheongbuk-do Chungbuk WHC - O Korea Industrial Health Association
Chungcheongnam-do Chungnam WHC Asan BO O Dankook University Industry-Academia Cooperation
Foundation
Chungnam - - Mirae Hygiene Environment Institute Co., Ltd.
Western WHC
Jeonbuk special self- Jeonbuk WHC Wanju BO O Korean Association of Occupational Health Nurses,
governing province Incorporated Association
Jeollanam-do Jeonnam Eastern - O Won-jin Foundation for occupational diseases Green
WHC Hospital
Jeonnam Western - - Mokpo National University Industry-Academic
WHC Cooperation Foundation
Gyeongsangbuk-do Gyeongbuk Gumi BO O Gumi Ganddong Hospital
Northern WHC
Gyeongsan WHC Yeongcheon BO O Korean Association of Occupational Health Nurses,
Incorporated Association
Gyeongsangnam-do Gyeongnam WHC Changwon BO O Teo Occupational and Environmental Medicine Center
- Geoje BO O Daewoo Medical Foundation
Jeju special self- Jeju WHC Jeju Yeon-dong O Cheju Halla General Hospital

governing province

BO
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Fig. 1. Distribution of Workers' Health Centers (WHCs) in Korea.

2016, five new branch offices were established to serve workers in industrial complexes located
beyond the reach of existing WHCs [21]. The years 2017 and 2023 saw the addition of 16 and
one branch office, respectively. To address trauma among workers who have experienced
significant industrial accidents, a pilot trauma counseling center for workers was launched in
2018 and 2019. This initiative led to the official establishment of eight institutions in 2020 [29].
The network expanded with five additional centers in 2021, one in 2023, and nine in 2024,
totaling 23 operational trauma counseling centers for workers.

WHC facilities cover an area of 400 to 500 square meters, while branch offices range from 80
to 100 square meters [24]. Each center includes a front desk, separate counseling rooms for MSD
and CVD prevention, an education room, an exercise room, a psychological counseling room,
and a doctor's counseling room. Since WHCs are not medical facilities, they are not equipped to
perform diagnostic procedures such as blood draws or X-ray examinations. However, they do
have basic testing devices for consultations, exercise equipment, and protective gear for use in
the workplace. Since 2018, the WHCs have been maintaining user consultation records through
a web-based computer system. This system functions as an integrated platform for both WHCs
and branch offices, with data centrally managed by KOSHA [30].

Management and operational staff
The managing agency, KOSHA, oversees the operational status of WHCs and manages
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the Central Operation Committee. The actual operation of WHCs is delegated to private
organizations, with annual contract renewals between KOSHA and these consignment agencies,
ensuring a guaranteed operation period of three years [31]. KOSHA contracts with private
agencies that fulfill specific qualification requirements. These agencies are categorized into
four types: university-industry collaboration foundations, health-related associations, general
hospitals, and hospitals of the Korea Workers’ Compensation and Welfare Service [31].

As of December 2023, the total number of employees at WHCs and their branch offices was
302. This count does not include the staff at trauma counseling centers for workers or the Geoje
WHC, which operates under a unique staffing structure. This brings the average staffing level
to approximately 13 employees per center [24]. Each center is structured into four specialized
teams: the CVD Prevention Team, which includes nurses; the Workplace Environment
Improvement Team, made up of industrial hygienists; the MSD Prevention Team, staffed by
physical therapists or exercise specialists; and the Occupational Stress Management Team,
which comprises counseling psychologists. Additionally, each center employs physicians who
provide comprehensive counseling. Centers that have a branch office are staffed with one nurse
and one additional specialist. In contrast, each trauma counseling center for workers is staffed
by two psychology counselors.

Among the operational personnel of WHCs, irregular workers constitute nearly 70%. Their
contracts are renewed annually, leading to significant job insecurity [31,32]. In 2021, the turnover
rate at WHCs was 15.8%, approximately three times higher than the overall industry average of
4.8% [31]. A 2021 survey revealed that WHC employees are dissatisfied with job security and
wage fairness, yet they express considerable satisfaction with their work and job achievements.
The most challenging aspects of their work include unilateral work directives from KOSHA,
additional tasks stemming from government policies, rude customer behavior, and unfair
treatment by contracting agencies, listed in order of difficulty [31].

Key programs and activities

The programs of a WHC are categorized into basic and regional specialization initiatives.
Basic programs, implemented by all centers nationwide, encompass post-examination
health counseling following general and special health examinations, work environment
consulting, health counseling for CVD or MSD prevention, job stress management, education
on occupational disease prevention, and monitoring of occupational disease occurrence.
Regional specialization initiatives, on the other hand, are tailored to the specific needs of the
region in which each center operates. For instance, the Seoul WHC offers an occupational
disease prevention program tailored for workers in the printing industry, a health management
program for mobile workers such as designated drivers and delivery personnel, and a health
management program for care workers [24]. All programs are available both at the center and in
the workplace, and can be provided either individually or in groups.

WHCs prioritize networking with a variety of community stakeholders. They share
information and experiences, and coordinate activities with regional employment and labor
offices of the Ministry of Employment and Labor, regional offices of KOSHA, labor unions,
regional organizations, occupational health institutes, and university hospitals, among others.
Public relations play a crucial role in promoting and recognizing WHCs. They publicize their
activities through websites, social networking sites, leaflets, articles, videos, and TV or radio
broadcasts.
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Performance of Workers' Health Centers

Key performance indicators

All WHCs are evaluated annually based on performance indicators that encompass
quantitative, qualitative, operational, user satisfaction, and bonus categories, as of 2023 [24].
The quantitative evaluation relies on metrics such as improvements in health levels, stabilization
rates of occupational trauma, and post-examination health counseling for essential and special
employment workers. The qualitative assessment evaluates the appropriateness of regional
specialization programs, conducted by a panel of approximately five internal and external
experts from KOSHA. The operational evaluation includes on-site inspections by KOSHA officials,
who review compliance with operational plans, staffing and operations, the appropriateness of
program implementation and budget execution, and personal data protection. The satisfaction
survey is conducted by an external company hired by KOSHA, which performs a sample survey
of users. Bonus points are awarded for the identification of potential occupational diseases or for
winning awards at the Workers' Health Center Excellence Case Competition [24].

Performance of Workers’ Health Centers

The number of WHC users has increased alongside the rise in the number of WHCs
established (Fig. 2) [24,33,34]. In 2023, the average cumulative number of users per center
reached 8,864, equating to about 35 users per day at each center. Employees of MSEs
represent approximately 88.5% of the total usage of these centers. As of 2019, 42.9% of all
users visited the centers for counseling, while 57.1% received this service at their workplace
[35]. User satisfaction with WHCs is exceptionally high. Annually, from the end of October to
the end of November, a contracted company conducts a telephone-based structured interview
survey. For this survey, 80 users per WHC and 35 users per branch office are randomly selected
to participate. The survey assesses various aspects such as convenience, equipment utilization,
staff attitudes, service expertise, appropriateness of consultation time, and intention to reuse
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Fig. 2. The number of Workers' Health Centers (WHCs), branch offices, and users by year.
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the services. In 2023, the overall satisfaction score for WHCs and branch offices was an
impressive 95.4 out of 100 [24].

The WHCs have played a key role in addressing social concerns related to occupational
diseases. In 2016, they carried out a health survey targeting retired workers who had been
exposed to methyl alcohol [21]. This initiative was in response to several cases of methyl alcohol
poisoning among subcontracted MSEs producing smartphone components [36]. Furthermore,
when instances of occupational diseases such as toxic liver disease, lead, or arsenic poisoning
were reported, health impact assessments were performed for retired workers from the
implicated factories [30]. In cases where radon-contaminated consumer goods were detected,
assessments were extended to both current and retired workers from the affected workplaces
[23]. Additionally, these centers provided support for health counseling and the processing of
claims for industrial accident compensation insurance.

Discussion

Over the past 14 years, Korea's WHCs have developed slowly but steadily. These centers focus
on providing services to MSEs, where occupational health is often at risk. Several factors contribute
to the poor occupational health and safety observed in MSEs. These include a "general and
multifaceted lack of resources" [2,37,38]. First, there is a lack of understanding of legal obligations,
especially those related to OSH. Additionally, there is limited interest in OSH, minimal time devoted
to it, and a general indifference toward learning about improvement measures. Second, MSEs
restrict workers' access to the autonomous representation of their interests through work councils
and trade unions. Third, MSEs have less access to external health and safety services compared to
larger enterprises. Fourth, both workers and employers in MSEs typically have limited experience.
Lastly, inspections and controls are infrequent. These conditions may be worsened by other
vulnerabilities such as job insecurity, the economic vulnerability of the enterprise, the ongoing
threat of unemployment, limited profitability, and the prevalence of illegal work and workers
associated with MSEs. All these issues are also relevant in the Korean context [15].

To ensure that the WHCs in Korea effectively fulfill their role in promoting safety and health in
MSEs, several challenges must be addressed. Firstly, increasing WHC acceptance among MSEs
requires an understanding of their unique characteristics and the development of diversified
programs tailored to these attributes. MSE owners, often entrepreneurs and craftsmen, have a
strong sense of self-identity [2]. They see themselves as responsible individuals who care for
their workers and seek recognition for their commitment. Consequently, identifying workplace
risks might be perceived as an indirect criticism, implying negligence or a failure to fulfill their
responsibilities. This perception can lead to resistance against external health management.
Recognizing these characteristics provides an opportunity to build trust with MSE owners.
Engaging in open, meaningful conversations can help address their concerns and foster greater
acceptance of workplace safety and health management programs [38]. A strategy that
emphasizes trust and dialogue—an action-driven, problem-solving-oriented, low-cost approach—
combined with aligning health and safety with other management goals, has proven to be the
most successful intervention method [38]. WHCs have been providing occupational health
services to communities for over 10 years, laying a foundation for establishing credibility with MSEs
and creating a structure that facilitates collaboration across various professional fields. WHCs can
play a crucial role in case management, building strong relationships with these enterprises, and
linking them to other relevant programs, such as the Clean Workplace Project or financial support
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programs for work environment assessments and special medical examinations. It is also essential
to diversify initiatives, not only by increasing the number of WHC users but also by expanding into
programs that prioritize addressing problems specific to MSEs.

Legal regulations should be strengthened to enhance compliance among MSEs. In Korea,
these companies are partially exempt from certain regulations. To manage occupational
diseases effectively, employers must establish an occupational health management system
within their enterprises. The legal requirements for this vary based on the company's size and
the industry in which it operates. For enterprises with more than 50 employees, health officers
are appointed to provide or oversee health management services. Workplaces with fewer than
300 employees have the option to outsource their workplace health management services
to external organizations. While MSEs are required to assess their work environments and
conduct health checkups, they are not obligated to acquire workplace health management
services. This is in stark contrast to Finland, where it is mandatory for all employers to provide
comprehensive occupational health services, including preventive services, to their employees
[32]. Administrative oversight often overlooks MSEs, making it challenging to effectively monitor
compliance with systems such as work environment assessments and workers' health checks.
This lack of supervision reduces the motivation of MSEs to implement health management
measures. WHC staff often encounter refusals when attempting to arrange visits to workplaces,
which they report as a significant obstacle in fulfilling their responsibilities [32]. Active
government efforts to strengthen regulations and improve OSH infrastructure [39] are essential
to encourage MSEs to utilize occupational health services.

Additionally, measures should be taken to increase accessibility for MSEs and their workers.
In Korea, as in other countries, a significant portion of the workforce is employed by small and
medium-sized enterprises; nearly 2 million companies, or 98% of all businesses, have fewer than
50 employees. Among these, approximately 62% of employees work in MSEs, accounting for
about 11 million workers [14]. The country is served by 24 WHCs, each managing around 120,000
workplaces and 500,000 workers. Additionally, there is a growing number of workers in non-
traditional employment relationships, such as gig workers. WHCs need to expand their services
to better support these vulnerable groups. The primary role of WHCs aligns with providing basic
occupational health services, delivered by community professionals [40]. These services are a
fundamental right for all workers, and OSH should be upheld without discrimination based on
region, employment type, workplace size, or other socioeconomic factors. However, the current
number of WHCs, established to address the needs of small enterprises and disadvantaged
workers, is woefully inadequate. A strategic plan for expanding WHCs should be developed
with a long-term perspective in mind [32,41,42]. Furthermore, with the rising number of migrant
workers, it is crucial to develop strategies to overcome language and cultural barriers to enhance
the accessibility of basic occupational health services.

Finally, an essential task is to develop a long-term strategy for the advancement of WHCs,
supported by the creation of an organization dedicated to this purpose. While outsourced
projects have been implemented to enhance WHCs, these efforts have primarily focused
on short-term improvements, leaving the directions for mid- to long-term development
unaddressed [31,32,41,42]. To ensure the effective delivery of basic occupational health
services, intermediate or secondary-level support structures are necessary, in addition to
national-level efforts [39]. KOSHA's WHC department struggles to fulfill its role as a control
tower due to limited personnel and resources [31,32]. This underscores the urgent need for
a WHC support organization equipped with the expertise and capacity to serve as a central
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coordinating body. This organization should be responsible for formulating long-term plans
for WHCs, including their expansion and the prioritization of service subjects. It should also
tackle the communication structure and governance to enhance coordination within WHCs and
between WHCs, KOSHA, the Ministry of Employment and Labor, and other relevant agencies.
The organization should focus on standardizing practices, developing new approaches that
incorporate emerging technologies, and providing comprehensive training for WHC staff,
emphasizing the center’s vision, goals, and basic occupational health services. Enhancing the
capacity of WHC staff to deliver both occupational safety and health services, tailored to the
specific needs and circumstances of MSEs, would be beneficial. Additionally, the organization
should monitor program effectiveness, disseminate best practices from various centers, and
manage data generated by WHCs to inform future improvements. Establishing a robust plan to
ensure job security for WHC employees is also a critical priority.

WHCs were established in Korea to prevent occupational diseases in MSEs that have
minimal resources. These centers are the only public health centers dedicated to providing
basic occupational health services to vulnerable workers in the country without seeking profit.
To fulfill the mission of a WHC, the development of programs should consider the unique
characteristics of MSEs. OSH regulations should be uniformly applied to these companies, and
proactive policies should be targeted at these entities due to their resource limitations. WHCs
may be essential as case managers, fostering strong relationships with MSEs and linking them
to other relevant programs. By emphasizing workplace-centered connections, WHCs contribute
to improving work environments, either independently or with support from KOSHA or private
institutions. A problem-solving-oriented approach is crucial; a balanced strategy that integrates
regulation with practical support is key to ensuring success.
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This review describes a psychological support service designed to address post-traumatic stress
disorder in workers impacted by workplace injuries, assisting in their recovery and facilitating their
return to work. It explores the rationale and context behind establishing trauma counseling centers
for these individuals, along with the status, roles, future directions, and recommendations for
these centers. The review details the operational framework and functions of the workplace injury
trauma management program, the scope of the impacts of such injury, the groups targeted for crisis
intervention, and the psychological interventions tailored to each stage of recovery. Initiated as a pilot
project in 2018, trauma counseling centers for workers have gradually become more common, with 23
centers in operation across Korea as of 2024.

Introduction

Background

Insights from workplace disasters and policy interventions

The tragic fire at the primary battery facility in Hwaseong in 2024, which resulted in numerous
fatalities, serves as a grim reminder of past workplace accidents. These include the crane
collapse in 2017, the fatal accident involving a conveyor at a power plant in Taean in 2018, and
the fire at a logistics center in Icheon in 2020. These incidents have left deep scars and reignited
public discourse on the importance of workplace safety. Despite a decreasing trend in the rate
of fatal injuries in South Korea since 2014, the country’s rates remain quite high compared to
other industrialized nations [1]. For instance, in 2023, South Korea's fatal injury rate was 0.39 per
10,000 employees, which is 2.3 times higher than the average rate of 1.66 per 100,000 employees
reported by EU member countries in 2022 [2].

Under Korea's Occupational Safety and Health Act, a workplace injury is defined as "any death,
injury, or disease of a person who provides labor caused by structures, equipment, raw materials,
gas, vapor, powder, dust, etc. related to [their] duties, or by [their] work or other duties.” A "serious
accident” is a severe incident that involves one or more fatalities or affects many victims [3].
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Since the implementation of the Serious Accidents Punishment Act in 2022, which applies to
companies with 50 or more employees, increased attention has been paid to workplace safety
systems and accident prevention [4,5].

Workplace accidents result in not only the loss of life and physical and emotional suffering for
workers but also economic and social costs, including property damage and loss of productivity.
For instance, the 2017 crane collapse at Samsung Heavy Industries caused six deaths and
severely injured 25 workers, with over 1,000 people witnessing the tragedy either directly or
indirectly. Similarly, the suicide of a stablehand in July 2017 highlighted the mental health risks
that workers face, marking a pivotal moment for heightened awareness of mental health in the
workplace [6].

Psychological impact of serious workplace accidents

The psychological trauma experienced by workers exposed to serious workplace accidents
varies depending on the severity and proximity of their exposure. Individuals who directly
witness such events are more likely to face severe psychological effects than those who do
not witness them firsthand [7]. The psychological consequences of experiencing catastrophic
workplace accidents can be categorized as follows:

1) Psychological disorders stemming from trauma

Traumatic experiences, such as workplace disasters, can trigger a range of mental health issues,
including dissociative symptoms like depersonalization and derealization [8,9]. If these issues
are not addressed, they may lead to post-traumatic stress disorder (PTSD), depression, panic
disorders, substance abuse, and anxiety disorders [10-12]. Survivors may experience insomnia,
intrusive memories, nightmares, impaired concentration, and hypersensitivity to noise. They may
also grapple with feelings of guilt, hopelessness, and emotional detachment from others [13].

2) Intrusive responses and emotional dysregulation

Trauma survivors often report re-experiencing distressing events, feeling as if they are
being repeatedly exposed to the same incident. Intrusive symptoms, a hallmark of PTSD, are
frequently associated with excessive alcohol consumption used as a coping mechanism.
Research indicates that individuals with severe early symptoms of PTSD are at increased risk of
problematic drinking and persistent PTSD [14-17].

Workers who have been exposed to workplace accidents frequently report a lower quality of
life, along with higher rates of suicidal thoughts and depressive symptoms, compared to those
who have not experienced such incidents [18,19]. Factors contributing to this reduced quality of
life include poor sleep, decreased motivation, depression, and anxiety, with anxiety identified as
particularly key [20].

The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, published by the
American Psychiatric Association, recognizes that experiencing or witnessing traumatic events
can result in involuntary, intrusive memories and prolonged psychological distress [21]. Similarly,
the National Institute for Occupational Safety and Health has identified a range of symptoms
associated with traumatic incident stress. These include chest pain, difficulty breathing, memory
problems, nightmares, anxiety, guilt, fear, and uncontrollable anger, and are frequently observed
following exposure to catastrophic workplace events [22].

3) Cognitive and social impacts

Trauma resulting from workplace accidents can also impact cognitive functions and social
adaptability. Studies investigating the neurological effects of trauma have shown that individuals
with smaller hippocampal volumes or larger cavum septum pellucidum 1 month after trauma
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exposure tend to exhibit more severe symptoms at both 1 and 14 months post-trauma. These
findings highlight the importance of long-term monitoring, psychological stabilization, and early
intervention within the first year following exposure [23,24].

The severity of disabilities following trauma, alongside mental health challenges and reduced
adaptability, significantly impacts the ability of workers to return to their jobs and maintain
productivity [25,26].

Returning to work: balancing recovery and livelihood

Returning to work is often a primary concern for individuals affected by industrial accidents.
However, the prospect of encountering recurring traumatic triggers in the workplace presents
considerable challenges. Despite the profound psychological impact of workplace injuries,
recovery is achievable.

Social support plays a critical role in protecting mental health. Research has demonstrated that
social support reduces the likelihood of developing PTSD, mitigates the effects of substance
abuse, and helps preserve mental well-being, even during crises such as the coronavirus
disease 2019 pandemic [27].

Establishing a robust psychological support system can assist workers in navigating their
trauma and developing resilience, empowering them to move forward with their lives despite the
challenges.

Policy and prevention: addressing trauma at the workplace

Recognizing the urgent need to address trauma resulting from workplace injuries, Korea has
enacted policies aimed at preventing and mitigating PTSD among workers who have been
exposed to serious workplace accidents. In 2018, the Korea Occupational Safety and Health
Agency (KOSHA) initiated a pilot program for an Occupational Trauma Center, designed to
protect the mental health of workers and facilitate their recovery.

Objectives

This article provides an overview of the establishment, current operations, and future
directions of the Occupational Trauma Center regarding its expanding role in supporting affected
workers and promoting mental health recovery at the community level.

Ethics statement

As this study is a literature review, it did not require institutional review board approval or
individual consent.

Purpose and status of Occupational Trauma Centers

According to data from the Ministry of Employment and Labor, the number of workers covered
by industrial accident compensation insurance has steadily increased annually, rising from
15.44 million in 2013 to 19.07 million in 2018 before reaching 20.63 million in 2023 (Fig. 1). In
the context of work-related injuries, the approval rate for PTSD claims has increased from two
cases in 2011 to 83 in 2021, representing a 40-fold surge (Table 1). This trend reflects a growing
societal recognition of post-traumatic stress as an occupational disease.

Job trauma refers to the psychological and physical responses—including fear, anxiety,
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Fig. 1. Number and rate of fatalities due to industrial accidents. Data from Ministry of Employment and Labor [1].

Table 1. Mental health disorders associated with occupational injuries (2011-2022)

Category 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Applications 102 127 137 137 165 183 213 268 331 581 720 678
Approvals 26 47 53 47 63 85 126 201 231 396 515 445
Approval rate (%) 255 37 387 343 382 464 592 75 698 682 715 656
Depression 14 15 14 17 17 14 52 72 66 13 13 80
Adjustment disorder 2 N 5 I 13 21 32 53 78 162 248 227
Acute stress disorder 4 7 14 3 9 5 8 15 15 23 10 26
Post-traumatic stress 2 7 9 9 14 25 21 36 39 55 83 63

disorder
Anxiety disorder 2 1 2 3 2 4 1 5 13 19 21 23
Others 2 6 9 4 8 16 12 20 20 24 40 26

Data from Korea Workers' Compensation & Welfare Service [28].

and anger—that emerge after direct or indirect exposure to a significant industrial accident or
comparable event in the workplace [29]. In 2014, the Worker Health Center in East Gyeonggi
initiated programs aimed at stabilizing acute stress and preventing post-traumatic stress among
manufacturing workers affected by workplace accidents, whether directly or indirectly. These
initiatives highlighted the importance of psychological interventions in the aftermath of such
incidents, prompting the Center to seek appropriate countermeasures.

In 2017, a crane accident in the heavy industry sector resulted in numerous casualties and
public outcry. At the time, no specialized system had been implemented to address trauma
among workers impacted by such an event. This large-scale disaster underscored the critical
need for occupational trauma management to alleviate post-traumatic stress and support
workers' return to their jobs following industrial accidents. In response, a pilot Occupational
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Trauma Center was established in Daegu in 2018, with a focus on addressing industrial
accidents throughout the nation for a 2-year period [30]. By 2020, the initiative had expanded
to include eight centers across the country. As of 2024, Korea has a total of 23 such centers
operating under the jurisdiction of KOSHA, which also oversees on-site accident investigations
to ensure effective coordination with affiliated organizations.

Occupational Trauma Centers are located within Worker Health Centers across the country.
Each trauma center is staffed with two counseling psychologists and equipped with private
consultation rooms to promote psychological safety. Table 2 details the annual operational
status of these centers [31].

Occupational Trauma Management Program and operational
framework

The Occupational Trauma Management Program is a psychological support initiative designed
to alleviate the emotional impact on workers who have experienced serious workplace accidents,
work-related injuries, or incidents such as a colleague's intentional self-harm, workplace violence
(including bullying), and verbal or physical abuse from customers. This program is designed to
support workers in their return to their jobs. In the case of serious workplace accidents, where
the extent of damage and worker exposure may be extensive, timely coordination of post-
incident psychological support is crucial. Following an accident, a rapid assessment is conducted
to evaluate each affected individual's level of exposure, the extent of the impact, relationships
with injured parties, available support systems and resources, and the company’s response to
the accident. This ensures that high-risk groups can be prioritized for psychological support.

When a serious workplace accident occurs, referrals can be made through the following
channels:

First, in the event of a serious workplace accident, the local branch (or sub-branch) of
the Ministry of Employment and Labor responsible for investigating the scene may inform
the affected workplace and recommend the implementation of the Occupational Trauma
Management Program. The incident can be referred to the Occupational Trauma Center if
the workplace has 50 or more employees: if two or more fatalities have occurred, resulting in
widespread exposure; or if the accident has generated substantial public concern. Additionally,
if investigators interviewing witnesses of a significant industrial accident determine that
occupational trauma management is necessary, they have the authority to notify the local
KOSHA office (Fig. 2).

Table 2. Operational status of Occupational Trauma Centers in Korea by year

Year Number of Centers
centers opened

2018-2019 1 Pilot center with national jurisdiction (Daegu Occupational Trauma Center)

2020 8 Eastern Gyeonggi, Western Gyeonggi, Gyeongnam, Gwangju, Bucheon, Daegu,
Daejeon, Incheon

2021 5 Northern Gyeonggi, Ulsan, Jeonju, Jeju, Chungnam

2023 1 Geoje

2024 9 Gangwon, Southern Gyeonggi, Northern Gyeongbuk, Gyeongsan, Busan, Seoul,

Western Seoul, Chungbuk, Eastern Jeonnam

Data from Korea Occupational Safety and Health Agency [31].
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Fig. 2. Operational framework of the occupational trauma management program. Data from Korea Occupational Safety and Health Agency [28].

Second, when investigating a serious workplace accident, the Central Accident Investigation
Team of KOSHA may recommend and promote the implementation of the Occupational Trauma
Management Program.

Third, the Occupational Trauma Management Program may be activated following a serious
workplace accident or incident if either the workplace or individual workers recognize the need
for occupational trauma management and request psychological support.

Furthermore, in the event of large-scale accidents—such as the 2020 fire at the Logistics
Center in Icheon or the 2024 fire at a primary battery plant in Hwaseong—that result in a
significant number of casualties and widespread exposure among workers, response efforts
may extend beyond jurisdictional boundaries through coordinated requests among government
ministries [32].

Additionally, it is crucial to regularly monitor KOSHAS reports on fatal accidents, regardless
of whether a request for occupational trauma management has been made. Access to up-to-
date information about accidents and the number of victims within the relevant jurisdiction can
facilitate rapid intervention.

Psychological responses by post-accident phase

Psychological states—including physical, emotional, cognitive, and behavioral aspects—
evolve following an accident. Within 48 hours after the event, individuals typically enter a
period of shock, while within 7 days of the incident, they begin to distance themselves from
the immediate psychological impact. Recovery rates vary from person to person. The period
from 1 week to T month after the accident is generally regarded as the recovery phase. This
is followed by a period of adaptation, which facilitates reintegration into daily life (Fig. 3). The
following overview summarizes each phase in the Occupational Trauma Management Program’s
psychological response following an accident.

Emergency response phase (within 7 days of the incident)

During this stage, intrusive symptoms are highly active. Survivors may experience guilt, a
sense of loss, anger, grief, irritability, dissociation, flashbacks, nightmares, and insomnia, with
these symptoms collectively peaking in severity for up to a week. Symptoms observed between
3 days and 1 month after exposure meet the criteria for acute stress reaction, with PTSD
being diagnosed after 1 month. The primary goal is to stabilize the individual psychologically;
however, debriefing about the event can trigger re-experiencing, so caution is advised [33,34].
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Fig. 3. Changes in psychological responses by phase after exposure to or witnessing of an accident. Data from Korea Occupational Safety and
Health Agency [29].

If an individual exhibits extreme psychological and physical reactions in the early stages, it is
crucial to establish a safe environment where they can access counseling services to achieve
psychological stabilization. Survivors should not be compelled to share personal thoughts or
emotions about the incident [35]. If symptoms are not severe, clinicians should encourage the
maintenance or swift resumption of daily activities and recommend medication if necessary.
Additionally, they should endeavor to prevent isolation and to pay close attention to any
difficulties the worker reports.

As an example, the Eastern Gyeonggi Occupational Trauma Center has an emergency
response team—consisting of an occupational and environmental medicine specialist, a
counseling professional, and a musculoskeletal disorder prevention specialist—in place for
rapid crisis intervention. Depending on the needs of the workplace and workers, nursing or
occupational hygiene professionals may also be added to the team (Table 3).

The primary targets for emergency intervention are detailed in Table 4. In cases of physical injury,
psychological intervention can occur after appropriate medical treatment has been administered.
Individuals who initially discover or respond to accidents, such as safety managers and health
managers, may also be at high risk for PTSD and are therefore prioritized for support [36].

Early response phase (8 days to 1 month after the incident)

During the early response phase, symptoms of post-traumatic stress may intensify, including
insomnia, major depression, alcohol dependence, and anxiety. The primary objective of
management is to prevent the development of PTSD, sleep disorders, major depression, anxiety
disorders, alcohol dependence, and suicidal behavior. At this stage, clinicians typically administer
screening assessments, such as tests for post-traumatic stress reactions, physical responses,
emotional issues like depression or anxiety, and suicidal ideation. Formal counseling is often
initiated at this point. Any ongoing acute stress reactions must also be monitored. Individuals
with mild symptoms are encouraged to practice self-care and resume their daily activities.
However, if recovery is not observed after 1 month, or if severe insomnia, panic disorder, or an
exacerbation of pre-existing mental health conditions occur within this first month, the use of
psychiatric medication may be considered.

Mid-term response phase (1to 3 months after the incident)

Starting at the 1-month mark, the objective is to reduce symptoms of PTSD and prevent
lasting effects. During this period, an individual may be formally diagnosed with PTSD. While
many people begin to show improvement or recovery, those who do not should receive ongoing
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Table 3. Crisis intervention programs offered by the Eastern Gyeonggi Occupational Trauma Center

Focus area Support personnel Activities

Psychological education Counseling specialist - Education on physical, cognitive, emotional, and behavioral trauma
responses
- Information on recovery processes
- Referral to trauma counseling services

Physical stabilization training Musculoskeletal disorder Prevention - Muscle relaxation through physical exercises
specialist - Promotion of body awareness and preventing dissociation
Medical and psychological Occupational and environmental - Medical diagnosis of pre-existing and physical conditions
assessment medicine Specialist - Assessment of psychological state
Counseling specialist - Initial psychological evaluation for stress and emotional responses
Psychological stabilization Counseling specialist - Counseling to prevent hyperarousal and dissociation

- Expansion of emotional safety and promotion of psychological comfort
- Individual or group counseling

Administrative support Office manager - External cooperation and scheduling
- Support during mobile counseling

Work environment improvement Occupational environment specialist - Consultation to ensure safety in the accident area

Data from Eastern Gyeonggi Occupational Trauma Center.

Table 4. Victims and priority groups for crisis intervention

Victim type Description

Primary victims Survivors experiencing physical injuries or psychological trauma

Witnesses or responders to fatalities or injuries, accident response managers, team members of victims, roommates, or

Secondary victims others feeling responsible for the incident

Includes directly affected individuals, first responders, safety managers, health officers, colleagues with close personal ties

Program eligibility to victims, and coworkers or roommates

Data from Korea Occupational Safety and Health Agency [37].

follow-up. Most individuals are capable of resuming their daily activities, with the option of
receiving further counseling if necessary.

Long-term response phase (3+ months after the incident)

The long-term response is the stage of follow-up designed to alleviate any residual effects of
post-traumatic stress. At this point, most individuals can fully resume normal activities, and the
restoration of regular routines is encouraged. However, in workplaces where multiple accidents
have occurred, gradual recovery may require flexible adjustments to the number of counseling
Sessions.

From a managerial perspective, once an accident occurs, operations at the workplace should
be temporarily halted to prevent secondary incidents. Exposed workers must be monitored for
potential sleep, dietary, health, or psychological issues, and transparent information should be
provided to prevent misunderstandings or mistrust regarding the incident. Workers who require
it should be granted time off or leave to support their psychological well-being. Those affected
should be separated from the accident site and public areas, and if the demands of their job
are high, they should be temporarily reassigned to lighter duties to avoid overwork. If any
individual experiences chest pain, difficulty breathing, severe pain, extreme anxiety, or insomnia,
management should ensure they have access to appropriate medical care [37].
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Crisis intervention methods and case examples

Before any crisis intervention takes place, it is essential to establish the objectives and process
of psychological intervention and adapt them to the specific workplace environment. A private
counseling area that fosters a sense of safety should be designated, and efforts should be made
to offer psychological services to all exposed workers, ensuring clear advance communication to
avoid misunderstandings. Research has shown that employing multiple intervention methods is
more effective than relying on a single approach [38].

The Occupational Trauma Management Program involves a variety of crisis intervention
strategies. These include group-based psychological education aimed at immediate
stabilization, individual and group counseling, and follow-up services.

Psychological education

This training provides trauma education based on Psychological First Aid (PFA), with core
principles including the neurophysiological foundations of physical, emotional, cognitive, and
behavioral responses, as well as the processes of arousal control, normalization, and validation.
The safety of survivors should be promoted and emphasized [39]. PFA is widely endorsed by
experts as a key early intervention for individuals affected by disasters and is considered the
standard for mental health and psychosocial support in catastrophic or extreme conditions
[40]. One advantage of psychological education is its capacity to address many individuals
simultaneously. Its objectives are to promote personal awareness of acute reactions (such as
anxiety or fear), increase psychological stability, and prepare individuals for potential future
psychological shifts. When feasible, this education is offered during the emergency and early
response phases, although the timing can be adjusted as necessary (Table 5). Additionally,
psychological education can help support physical safety when integrated with activities like
group stretching or muscle relaxation exercises.

Individual counseling

Sessions are conducted on a one-on-one basis and typically last between 40 and 60 minutes.
The details can be adjusted depending on the individual's level of exposure and the degree of
trauma. If medical treatment or medication is required, psychiatric referrals can be made. Initial
sessions are generally focused on stabilization; once individuals can self-regulate, they proceed
to processing memories and mourning, and ultimately to reintegration and resuming their daily

Table 5. Processes and activities associated with psychological support for witnesses to workplace fatalities at a manufacturing company

Processes

Activity

Collaboration request

Rapid intervention

Worker recovery support

- The local branch of the Ministry of Employment and Labor or KOSHA sent a request to the Occupational Trauma Center

for collaboration on the case.

- The Occupational Trauma Center coordinated with the health and safety manager of the company to select workers

who required psychological support.

- The Occupational Trauma Center formed an emergency response team.
- The emergency response team administered a psychological and physical stabilization program.
- Psychological evaluations for trauma, depression, and anxiety were conducted along with individual counseling.

- Two to nine sessions of individual psychological counseling were provided.
- Follow-up evaluations were completed at 1 month, 6 months, and 3 years after the accident.

KOSHA, Korea Occupational Safety and Health Agency.
Data from Eastern Gyeonggi Trauma Counseling Center.
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activities [41]. The degree of early stabilization may be indicative of prognosis.

Group counseling

Approximately 10 workers experiencing similar levels of shock may participate in a group. If
an individual's symptoms are severe, one-on-one counseling is preferable. Group members can
verbalize or use other media to express their grief and shock, collectively engage in mourning
processes, and contribute to psychological healing. At the initiation of group counseling, rules
should be established to prevent secondary trauma, such as avoiding blame or accusations.

Follow-up

Follow-up services begin when individuals have largely returned to normal functioning and
are approaching discharge from the program. These services aim to prevent relapses and verify
successful adaptation.

The following brief example from a crisis intervention for witnesses of a fatal accident at a
workplace in the eastern Gyeonggi region illustrates how psychological support can facilitate
post-accident intervention.

When the Occupational Trauma Management Program intervention was applied, individual
recovery times varied. Nonetheless, psychological assessments conducted at T month, 6
months, and 3 years after the accident revealed reductions in post-traumatic stress, depression,
and anxiety to more stable levels compared to initial measurements. These outcomes are
illustrated in Fig. 4.

Role of the Occupational Trauma Center

Occupational Trauma Centers were established to prevent post-traumatic stress among
workers exposed to sudden workplace accidents and to support their return to normal life and

25
-e— Post-traumatic stress —e— Anxiety Depression
20 19.4
18.1
15 13.3
10 115 10.1 -
s 6.6 a6
35\\ 20
0 0.6 #0.5
Immediately after  one month later Six months later Three years later

the accident

Fig. 4. Changes in post-traumatic stress and emotional state among workers receiving psychological support.
Data from Kim et al. [24].
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work. The Occupational Trauma Management Program plays a key role in safeguarding the
mental health of workers impacted by workplace injuries. As of 2024, a total of 23 Occupational
Trauma Centers have been established within Worker Health Centers across Korea, aligning with
the jurisdictions of local branches of the Ministry of Employment and Labor.

The key prerequisites for Occupational Trauma Centers to foster psychological safety and
ensure prompt stabilization for workers are as follows:

1) Timely intervention after workplace accidents: Early interventions, including PFA and
community-based trauma care, are vital for improving outcomes for survivors [42]. When
investigating industrial accidents, local offices of the Ministry of Employment and Labor should
actively recommend the implementation of the Occupational Trauma Management Program.

2) Regional accessibility: Korea now has 23 Occupational Trauma Centers operating within
Worker Health Centers, making psychological interventions for industrial accidents in nearby
jurisdictions more accessible than ever. The availability of on-site services helps to alleviate the
time and financial burdens faced by businesses.

3) Follow-up for exposed workers: Monitoring is necessary to prevent secondary trauma, track
worker recovery, and evaluate the ongoing efficacy of treatment.

Conclusion

In the context of workplace injury, it is imperative to raise awareness about the need for
collaboration among relevant agencies, workplaces, and individuals to safeguard the mental
health of victims and to ensure that the hidden suffering associated with high rates of work-
related fatalities is addressed. Employers must recognize that preventing post-traumatic stress
is key to helping workers resume their duties and minimizing lost labor time.

Going forward, Occupational Trauma Centers must emphasize public accessibility, professional
expertise, and diverse empirical research to validate the effectiveness of the program, as follows.

Public accessibility

Nationwide legislation is required to protect workers' mental health following workplace
accidents. Such legislation would increase awareness of mental health in the workplace,
facilitate prompt access to psychological services for affected individuals, and promote the
consistent implementation of Occupational Trauma Management Programs. Although improving
accident investigation systems to prevent recurrence is crucial, now is also the time for active
referral to and promotion of Occupational Trauma Centers to avoid secondary psychological
harm resulting from accidents.

Professional expertise

A training system for occupational trauma experts must be established. Specialized counseling
personnel—trained to address industrial disasters, as these differ from other forms of disaster
or personal trauma)—are needed. It is essential to develop a structured educational system
that considers variations by timeframe, recovery phase, and risk level, and that supports the
acquisition of empirically verified techniques. Such a system is crucial for the continuous
improvement of professional standards in the field of industrial accident trauma counseling.

Empirical research
To evaluate the Occupational Trauma Management Program, a variety of empirical studies are
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necessary. More experts are encouraged to generate evidence-based findings regarding the
effectiveness of psychological interventions after industrial accidents.

Large-scale workplace accidents continue to occur, and climate change has led to an
increase in significant catastrophes. Consequently, there is a growing need for collaborative
responses across multiple agencies. Extending beyond public institutions, more robust networks
of occupational health managers must be fostered within workplaces. Such networks would
ensure that community-based systems can operate effectively to safeguard the mental health
of workers affected by workplace accidents.
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v

Hepatocellular carcinoma with portal vein tumor thrombosis presents a significant therapeutic
challenge due to its poor prognosis and limited treatment options. This review thoroughly examines
diagnostic methods, including imaging techniques and classification systems such as the Japanese
Vp and Cheng's classifications, to aid in clinical decision-making. Treatment strategies encompass
liver resection and liver transplantation, particularly living donor liver transplantation after successful
downstaging, which have shown potential benefits in selected cases. Locoregional therapies,
including hepatic arterial infusion chemotherapy, transarterial chemoembolization, transarterial
radioembolization, and external beam radiation therapy, remain vital components of treatment. Recent
advancements in systemic therapies, such as sorafenib, lenvatinib, and immune checkpoint inhibitors
(e.g., atezolizumab plus bevacizumab) have demonstrated improvements in overall survival and
progression-free survival. These developments underscore the importance of a multidisciplinary and
personalized approach to improve outcomes for patients with hepatocellular carcinoma and portal
vein tumor thrombosis.

Introduction

Background

In recent years, treatment strategies for hepatocellular carcinoma (HCC) have significantly
advanced, incorporating locoregional therapies, surgical resection, liver transplantation (LT),
and systemic therapies, including immunotherapy [1-3]. Despite these advancements, portal
vein tumor thrombosis (PVTT) continues to pose a major challenge in the treatment of HCC. It
represents a critical prognostic factor associated with advanced disease, limited therapeutic
options, and poor clinical outcomes [4-6].

The American Association for the Study of Liver Diseases (AASLD), the European Association
for the Study of the Liver (EASL), and groups in the Asia-Pacific region have published region-
specific guidelines for treating HCC with PVTT. These guidelines account for differences in
clinical practices, resource availability, and patient characteristics [7-11]. Despite these efforts, a
consensus on the best treatment approach has yet to be reached, making the management of
HCC with PVTT a significant clinical challenge.

tion Non-Commercia

tion, and reproduction in any medium, provid

COMMONS.orc

https://doi.org/1012771/emj.2025e4 1 /14


http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
https://crossmark.crossref.org/dialog/?domain=pdf&date_stamp=2025-1-31&doi=10.12771/emj.2025.e4

Management of HCC with PVTT e m

Objectives

This review comprehensively summarizes and analyzes treatment strategies for HCC with
PVTT. By integrating the latest research evidence and clinical insights, this article provides
guidance on identifying the most optimal treatment strategies for HCC with PVTT in real-world
clinical settings.

Ethics statement

As this study is a literature review, it did not require institutional review board approval or
individual consent.

Diagnosis and classification of portal vein tumor thrombosis

PVTT is the most prevalent type of macrovascular invasion (MVI) in HCC, with its occurrence
at diagnosis ranging from 10% to over 40% [5,1213]. It can be identified via imaging techniques,
particularly on three-phase contrast-enhanced CT scans, where it presents as solid lesions
within the portal vein across all phases. These lesions are marked by contrast enhancement
during the arterial phase and subsequent washout in the portal venous phase [14]. In
contrast, portal vein thrombosis (PVT), often resulting from complications related to cirrhosis
or splenectomy, does not show arterial phase enhancement and can be managed with
anticoagulant therapy. Thus, accurately differentiating PVTT from PVT is crucial [15]. Another
diagnostic tool, "®F-fluorodeoxyglucose (FDG) positron emission tomography/CT, has proven
highly effective in distinguishing between malignant and benign thrombi. Malignant thrombi
show moderate to high FDG uptake, unlike their benign counterparts [16,17]. The non-invasive
diagnostic criteria for differentiating PVTT from PVT, referred to as A-VENA, rely on the presence
of three or more indicators: alpha-fetoprotein levels exceeding 1,000 ng/dL, venous expansion,
thrombus enhancement, neovascularity, and proximity to HCC [18].

Two widely used systems for assessing the extent of PVTT are the Japanese Vp classification
[19] and Cheng's classification, as illustrated in Fig. 1 [20]. The VP classification divides the extent
of tumor thrombus in the portal vein into four levels: Vp1, which involves the segmental branches of
the portal vein; Vp2, affecting the second-order branches; Vp3, involving the first-order branches:;
and Vp4, which affects the main trunk of the portal vein and/or the contralateral branch. Cheng's
classification also delineates four grades: type I, where the tumor thrombus is located in the
segmental or sectoral branches of the portal vein or higher: type II, involving the right or left portal
vein; type lll, affecting the main portal vein; and type IV, involving the superior mesenteric vein.

Treatment options for hepatocellular carcinoma with
portal vein tumor thrombosis

The current evidence-based treatment algorithms for HCC patients with PVTT are presented
in Fig. 2.

Liver resection

Liver resection is a curative treatment for patients with HCC and, according to the Barcelona
Clinic Liver Cancer (BCLC) staging system, is considered feasible only in early-stage HCC
(BCLC stage 0 or A). The presence of PVTT, regardless of tumor size or extent, is classified
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Vp1
Vp2
Vp3 |Typell

Type lll
Type IV

Typel

Vp4

Microvascular invasion Splenic vein

SMV

Fig. 1. Classification of portal vein tumor thrombosis in hepatocellular carcinoma. RPV, right portal vein; LPV, left
portal vein; SMV, superior mesenteric vein.

HCC with PVTT
I
I I I
| Child-Pugh class A Child-Pugh class B | | Child-Pugh class C
I |
| Resectable HCC | Unresectable HCC
without distant metastasis
[
1 I I | [ 1
Vp1-3 Vp3-4 Type IV Vp1-3 Vp3-4 Vp1-3 Vp4
Type I/l Typellll Type /1l Typellll Type I/1l Type lll/IV
[ [ [ I I I I
Liver resection RT for PVTT RT TACE RT+ TACE or RT
+adjuvant ] +/or TARE TACE +/or .
TACE orRT  [¢Down staging HAIC RT TARE Systemic Supportive care
Systemic HAIC HAIC therapy
therapy

Systemic therapy
First-line: Atezolizumab plus bevacizumab/Sorafenib/Lenvatinib/Tremelimumab plus durvalumab/Sintilimab plus IBI305/Donafenib/
Camrelizumab pllus apatinib/Camrelizumab plus rivoceranib
Second-line: Regorafenib/Cabozantinib/Ramucirumab/Pembrolizumab/Nivolumab plus ipilimumab/Camrelizumab/Tislelizumab

Fig. 2. Current treatment algorithm for hepatocellular carcinoma patients with portal vein tumor thrombosis. HCC, hepatocellular carcinoma; PVTT,
portal vein tumor thrombosis; TACE, transarterial chemoembolization; RT, radiation therapy; HAIC, hepatic artery infusion chemotherapy; TARE,
transarterial radioembolization.
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as BCLC stage C, making liver resection contraindicated [21]. However, in the Asia-Pacific
region, liver resection is performed for selected patients outside the BCLC staging system, with
several studies demonstrating moderately favorable outcomes. Retrospective analyses have
shown that liver resection significantly improves overall survival (OS) in patients with HCC and
PVTT, particularly in those with Child-Pugh class A liver function, except in cases involving Vp4
PVTT [22]. A systematic review of 29 studies found that the median OS was longer in patients
undergoing liver resection compared to those receiving systemic therapy. The location and
extent of PVTT were critical factors influencing survival outcomes, with patients exhibiting distal
portal vein branch invasion achieving a 5-year survival rate of 45%, while those with main trunk
invasion had survival rates of less than 15% [23]. Clinical guidelines in Korea recommend liver
resection for HCC patients with PVTT if the main portal trunk is not involved and liver function is
well-preserved [8]. Similarly, Japanese guidelines permit liver resection in cases of portal vein
invasion up to the first branch (Vp1-[3]) [9]. In China, liver resection is advised for patients with
Child-Pugh class A liver function, PVTT types | or I, and an ECOG performance status of 0-1.
Patients with type Il PVTT are also considered eligible for liver resection either directly or after
tumor downstaging through radiotherapy [7].

Liver transplantation

PVTT has traditionally been viewed as an absolute contraindication due to its strong
association with high recurrence rates and poor prognosis [24,25]. Additionally, the use of
deceased donor LT in managing HCC with PVTT is limited by the scarcity of available donor
organs. However, advancements in surgical techniques have led to an increased adoption of
living donor LT for patients with HCC and PVTT. With improvements in locoregional therapies
for HCC with PVTT, LT following successful downstaging has emerged as a key area of interest.
Retrospective analyses indicate that patients with segmental PVTT who underwent living donor
LT experienced significantly better OS and disease-free survival (DFS) rates than those with
lobar PVTT [26]. Similarly, studies involving patients with major vascular invasion who underwent
downstaging using 3D conformal radiation therapy (RT) and transarterial chemoembolization
(TACE) prior to LT showed significantly higher 3-year DFS and OS rates for those meeting the
Milan criteria than those who did not [26].

Hepatic artery infusion chemotherapy

Hepatic arterial infusion chemotherapy (HAIC) is a commonly used treatment for advanced
HCC. This method involves delivering chemotherapeutic agents such as platinum/oxaliplatin
and 5-fluorouracil directly into intrahepatic tumor lesions via a catheter or pump. HAIC is
recommended for HCC patients who have major portal vascular invasion and Child-Pugh A
liver function but are not eligible for hepatectomy, radiofrequency ablation, TACE, or systemic
therapy [9]. A meta-analysis of six studies demonstrated that HAIC outperformed sorafenib in
HCC patients with PVTT, particularly in those with types Ill-IV PVTT. HAIC showed better OS,
progression-free survival (PFS), and disease control rate, although it was associated with higher
rates of myelosuppression [27]. Additionally, a phase lll randomized controlled trial (SILIUS study)
from Japan reported that combining HAIC with sorafenib improved OS compared to sorafenib
alone in patients with Vp4 PVTT. However, no significant difference in median OS was observed
for patients with Vp1-3 PVTT [28]. Furthermore, a study comparing TACE-HAIC combined with
targeted therapy and immunotherapy to TACE alone in HCC patients with PVTT showed superior
outcomes for the combination group, with significantly better OS [29].
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Transarterial chemoembolization

TACE is a widely utilized technigue for managing unresectable HCC with PVTT [30]. It is
particularly considered for patients with good liver function and sufficient collateral circulation
around the obstructed portal vein [31,32]. In patients with type lll/IV PVTT, its application remains
controversial due to the associated risks of liver infarction and hepatic failure, although TACE
has shown potential to extend OS [33]. A meta-analysis of 13 trials involving 1,933 patients was
conducted to assess the safety and efficacy of TACE in managing HCC with PVTT. The study
found that patients with PVTT in the main portal vein trunk had significantly worse survival rates
compared to those with segmental PVTT (P<0.001) [34]. The limited effectiveness of TACE as
a standalone therapy highlights the importance of combining it with other treatment modalities
to improve OS in patients with HCC and PVTT [35]. A study comparing the effectiveness of
TACE combined with RT against sorafenib therapy demonstrated that the combination therapy
achieved a median OS of 12.8 months, significantly higher than the 10.0 months observed with
sorafenib alone (P=0.04) [36]. An analysis of 25 studies, including 2,577 patients, revealed
that combining TACE with RT significantly improved the 1-year survival rate compared to TACE
alone [37]. This finding suggests that the TACE and RT combination could serve as a primary
treatment approach for HCC patients with MVI [38]. The median OS was significantly longer in
the TACE and sorafenib combination group compared to the sorafenib monotherapy group (8.9
vs. 5.9 months, P=0.009), with improved OS observed in patients with MVI (hazard ratio [HR]
0.64; 95% Cl 0.44-0.92; P=0.02) [39]. The clinical outcomes of combining TACE with immune
checkpoint inhibitors are still limited, and further research is needed to establish their efficacy
and potential benefits.

Transarterial radioembolization

Transarterial radioembolization (TARE) with yttrium-90 microspheres is recognized as
an effective treatment option for HCC patients with PVTT, offering a unique approach that
combines microembolization with targeted radiotherapy [40]. Two phase Ill studies found no
significant difference in OS between TARE and sorafenib [41,42]. However, a meta-analysis
of 17 trials revealed higher 6-month and 1-year OS rates in the TARE group (76% and 47%,
respectively) compared to the sorafenib group (54% and 24%) [43]. A case report suggested
that concurrent TARE and combination therapy with atezolizumab plus bevacizumab could
be an effective and safe treatment regimen for patients with infiltrative HCC and PVTT [44].
Nonetheless, retrospective studies and clinical trials are warranted to validate these findings.
Existing evidence suggests that TARE is an effective treatment for HCC patients with PVTT,
with response rates ranging from 50% to 75% and a median survival time of approximately 10
months [40]. Although internal radiotherapy is a more invasive treatment, it delivers a sustained
high dose of radiation to PVTT while sparing nearby normal liver tissue, making it particularly
beneficial for patients with malignant portal vein stenosis or occlusion [45].

External beam radiation therapy

For patients with unresectable HCC and all types of PVTT, RT is recommended, targeting
both the primary tumor and PVTT lesions. Advances in technologies such as three-dimensional
conformal RT, intensity-modulated RT, and stereotactic body RT (SBRT) have enabled higher
radiation doses to be delivered to the targeted areas while protecting adjacent normal tissues
[46,47]. Target localization for RT often utilizes CT and magnetic resonance imaging fusion
based on lipiodol deposition following TACE [48]. The optimal irradiation area remains a topic
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of debate and should be personalized. In cases where the hepatic lesion is small and PVTT is
nearby, both the tumor and PVTT can be targeted simultaneously. For larger tumors or distant
PVTT, irradiation may be focused exclusively on the PVTT [49]. Studies have shown that RT,
either as a standalone treatment or combined with other modalities, improves survival and
quality of life in these patients. When comparing sorafenib and RT in HCC patients with Vp3-
4 PVTT, RT showed a significantly better median OS after propensity score matching (10.9 vs.
4.8 months; P=0.025) [50]. Similarly, in a Korean multicenter retrospective cohort study using
propensity score matching, RT demonstrated an improved response rate in HCC patients
with PVTT [51]. The efficacy of SBRT combined with sorafenib compared to SBRT alone was
retrospectively assessed in patients with HCC and PVTT [52]. The findings demonstrated that
the combination therapy resulted in longer median PFS (6 vs. 3 months) and median OS (12.5 vs.
7 months) than SBRT alone, although these differences were not statistically significant.

Systemic therapy

Atezolizumab with bevacizumab

The combination of atezolizumab and bevacizumab has been established as a first-line
systemic therapy for unresectable HCC, as demonstrated by its superiority over sorafenib in
the IMbrave150 trial [53]. This regimen has demonstrated a strong antitumor effect in advanced
HCC with Vp4 PVTT and is associated with minimal impact on hepatic function in the early
stages of treatment [54], along with a favorable initial response [55]. Updated efficacy and
safety data from the IMbrave150 trial show that patients with MVI experienced improved
median OS and PFS when treated with atezolizumab plus bevacizumab compared to those
treated with sorafenib (Tables 1, 2) [56]. Additionally, therapeutic outcomes of atezolizumab
plus bevacizumab and lenvatinib have been found comparable for managing HCC with PVTT
[57]. A multicenter cohort study conducted in South Korea demonstrated that atezolizumab
plus bevacizumab achieved superior 1-year survival and PFS rates compared to TACE plus RT
in HCC patients with PVTT and no metastasis. These findings suggest that atezolizumab plus
bevacizumab should be considered a primary treatment option for this patient group [58].

Other immune checkpoint inhibitors

Subgroup analyses from multiple clinical trials of immune checkpoint inhibitors have assessed
clinical outcomes in patients with HCC and MVI (Tables 1, 2). The HIMALAYA trial evaluated the
clinical outcomes of combining tremelimumab with durvalumab versus using sorafenib alone. It
showed a trend toward improved OS in patients with HCC and MVI, although the results did not
reach statistical significance [59]. The CARES-310 trial compared camrelizumab plus rivoceranib
with sorafenib and demonstrated statistically significant improvements in both OS and PFS for
patients with HCC and MVI [60]. In the context of second-line treatment, the KEYNOTE-240
trial, which compared pembrolizumab to placebo, was the sole study to specifically analyze
clinical outcomes in patients with HCC and MVI. Despite not achieving statistical significance,
pembrolizumab exhibited a trend toward better OS and PFS compared to placebo [61]. Notably,
unlike the IMbrave150 trial, these clinical trials excluded patients with Vp4 or type lll/IV PVTT.

Sorafenib

Sorafenib, an orally administered multi-kinase inhibitor, was the first targeted therapy
approved for HCC patients with PVTT, based on the results of two phase Ill randomized, double-
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Table 1. Overall survival in clinical trials of first-line or second-line systemic therapy for unresectable HCC with PVTT

Author/trial (year) Phase Treatment Number of Median 0Sin HR (95% Cl)in Median OS HR (95% CI)
patients MVI/AIl  all patients all patients with MVI with MVI

First-line
Cheng et al. [56] Il Atezolizumab plus 129/336 19.2 months 0.66 14.2 months 0.68
IMbrave150 updated bevacizumab (17.0-23.7) (0.52-0.85) (11.0-19.4) (0.47-0.98)
(2022) Sorafenib 711165 13.4 Reference 9.7months  Reference
(11.4-16.9) (61-131)
Abou-Alfa et al. [59] Il Tremelimumab 103/393 16.4 months 0.78 - 0.78 Exclude
HIMALAYA (2022) plus durvalumab (14.2-19.6) (0.65-0.93) (0.57-1.07)  Vp4/Type
nav
Durvalumab 94/389 16.6 months 0.86 - 0.85
(141-19) (0.73-1.03) (0.62-117)
Sorafenib 100/389 13.8 months Reference - Reference
(12.3-161)
Qinetal. [60] Il Camrelizumab plus 40/272 221 months 0.62 - 0.56 Exclude
CARES-310 (2023) rivoceranib (191-27.2) (0.49-0.80) (0.32-0.99) Vp4/Type
/v
Sorafenib 52/271 15.2 months Reference - Reference
(13.0-18.5)
Second-line
Finn et al. [61] Il Pembrolizumab 36/278 13.9 months 0.78 - 0.57 Exclude
KEYNOTE 240 (2020) (11.6-16.0) (0.61-0.998) (0.29-113)  Vp4/Type
v
Placebo 16/135 10.6 months Reference - Reference
(8.3-13.5)
HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombosis; MVI, macrovascular invasion; OS, overall survival: HR, hazard ratio.
Table 2. Progression-free survival in clinical trials of first-line or second-line systemic therapy for unresectable HCC with PVTT
Author/trial (year) Phase Treatment Number of MedianPFS HR (95% Cl)in Median PFS HR (95% CIl)
patients MVI/AIl inall patients  all patients with MVI with MVI
First-line
Cheng et al. [56] Il Atezolizumab plus 129/336 6.9 months 0.65 6.7 months 0.59
IMbrave150 updated bevacizumab (5.7-8.6) (0.563-0.81) (5.4-8.3) (0.43-0.83)
(2022) Sorafenib 711165 4.3 months Reference 4.2months  Reference
(4.0-5.6) (2.8-53)
Abou-Alfa et al. [59] Il Tremelimumab 103/393 3.8 months 0.90 - - Exclude
HIMALAYA (2022) plus durvalumab (87-5.3) (0.77-1.05) Vp4/Type
nav
Durvalumab 94/389 3.7 months 102 - -
(3.2-3.8) (0.88-119)
Sorafenib 100/389 41 months Reference - -
(3.8-5.5)
Qinetal. [60] Il Camrelizumab plus 40/272 5.6 months 0.52 - 0.55 Exclude
CARES-310 (2023) rivoceranib (5.5-6.3) (0.41-0.65) (0.44-0.70)  Vp4/Type
/v
Sorafenib 52/271 3.7 months Reference - Reference
(2.8-37)
Second-line
Finn et al. [61] Il Pembrolizumab 36/278 3.0 months 0.72 - 0.80 Exclude
KEYNOTE 240 (2020) (2.8-41) (0.57-0.90) (0.42-151)  Vp4/Type
v
placebo 16/135 2.8 months Reference - Reference
(16-3.0)

HCC, hepatocellular carcinoma; PVTT, portal vein tumor thrombosis; MVI, macrovascular invasion; PFS, progression-free survival: HR, hazard ratio.
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blind, placebo-controlled trials [62,63]. The SHARP trial reported a median survival time of 10.7
months [63], whereas an Asia-Pacific study reported a median survival time of 6.5 months [10].
However, real-world outcomes may be less favorable due to potential selection bias in clinical
trials [10,64]. The phase Ill STAH study suggested that combining sorafenib with TACE might
improve OS in HCC patients with PVTT compared to sorafenib alone, although the difference
was not statistically significant [65]. Additionally, a randomized controlled trial involving 99
patients with HCC, cirrhosis, and PVTT found that combining sorafenib with radiofrequency
ablation significantly improved OS rates compared to sorafenib monotherapy [66].

Lenvatinib

Lenvatinib, a multi-kinase inhibitor with antiangiogenic properties, has been shown to be
effective in treating advanced HCC, as evidenced by a randomized phase Ill noninferiority trial
[67]. In comparison to sorafenib, lenvatinib not only demonstrated similar median survival times
but also achieved a higher objective response rate and longer PFS [67]. Additionally, a case
report highlighted that after 11 months of treatment with lenvatinib for advanced HCC with PVTT,
the PVTT became undetectable, and the vascularization of the primary tumor had resolved [68].

Conclusion

The management of HCC with PVTT requires a multidisciplinary approach that incorporates
locoregional therapies, systemic treatments, and surgical interventions, all tailored to the specific
clinical context of each patient. Recent advancements, such as immune checkpoint inhibitors
and combination strategies like TACE with RT, have shown considerable promise in enhancing
clinical outcomes. These developments highlight the critical need for personalized treatment
strategies to navigate the complexities and improve the prognosis for this high-risk population.
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to reduce the risk of recurrence. To achieve these objectives, postoperative dietary strategies focus
on several key components: ensuring adequate hydration for metabolic processes and tissue repair,
consuming a balanced diet rich in fresh vegetables and fruits to mitigate oxidative stress, incorporating
whole grains to support overall healing, and maintaining sufficient intake of high-quality protein from
sources such as fish, meat, and dairy products to aid tissue repair and immune system recovery. Patients
are also advised to avoid alcohol, limit saturated fats, and reduce intake of salty, sugary, and smoked
foods to minimize inflammation. As research progresses, the implementation of personalized dietary
plans remains essential for optimizing recovery outcomes in breast cancer patients.

Introduction

Breast cancer represents a significant health burden, with its incidence consistently rising over
the past several decades. In 2021, South Korea reported 28,861 new cases of breast cancer,
which represented 10.4% of all cancer diagnoses and 21.5% of cancers in women, making it
the second most prevalent cancer among women. Although the rate of increase has slightly
declined since 2007, the incidence of breast cancer continues to rise. This trend is influenced by
improvements in diagnostic techniques and changes in risk factors, including lifestyle alterations
and an aging population. Breast cancer also exhibits a high survival rate, with a 5-year relative
survival rate of 93.8%, due to advances in early detection and treatment methods. Nonetheless,
breast cancer remains a significant cause of cancer-related mortality among women, accounting
for 8.6% of female cancer deaths in 2023 [1].

Breast cancer represents a significant global health challenge, not only in South Korea but
worldwide. According to the World Health Organization, approximately 2.3 million women
were diagnosed with breast cancer globally in 2022, resulting in 670,000 deaths. In the same
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year, breast cancer was the most common cancer among women in 157 out of 185 countries,
underscoring its widespread impact on women's health [2]. Furthermore, from 1990 to 2019, the
number of global breast cancer cases more than doubled, increasing from 876,990 to 2,002,350,
with an average annual percentage increase of 0.33%. Although the number of deaths has also
risen during this period, advancements in medical care have led to a 0.56% annual decrease in
mortality rates worldwide [3]. The high prevalence of breast cancer and its significant impact
on public health underscore the urgent need for comprehensive management strategies that
include prevention, treatment, and recovery support.

Surgery is the cornerstone of breast cancer treatment and serves as the primary curative
intervention. It provides essential local disease control and critical pathological staging
information necessary for treatment planning [4]. Although advancements in surgical techniques
and therapeutic options have significantly improved outcomes over the years, major surgical
complications can still occur. These complications, which include surgical issues such as
bleeding, wound disruption, infection, or foreign body retention, as well as medical complications
like myocardial infarction, pulmonary embolism, pneumonia, or acute respiratory distress
syndrome, have been linked to worse cancer-specific and overall survival [5]. Additionally,
cancer survivors face the risk of accelerated functional decline, which adversely affects physical
functioning, recovery, and overall quality of life [6]. Therefore, truly successful treatment must
extend beyond the operating room to include a comprehensive recovery process and long-
term survivorship support. Within this framework, perioperative strategies, including proper
nutritional management, are crucial for supporting immediate recovery. To achieve optimal
long-term outcomes, a coordinated multidisciplinary approach is essential. This approach
promotes healthy practices, reduces the risks of recurrence and secondary malignancies, and
minimizes complications from comorbidities [7]. Nutritional support is a key component of this
multidisciplinary approach.

Preoperative nutritional support has been demonstrated to reduce hospital stays, complication
rates, and cancer recurrence [8]. Protective factors consist of regular consumption of
vegetables, fruits, fiber, and carotenoids, as well as consistent physical activity. Conversely,
factors that increase risk include obesity, alcohol consumption, high meat intake, and diets high
in saturated fats [9]. Addressing these dietary habits is crucial for prevention.

During the postoperative period, proper nutrition plays a crucial role in healing, enhances
treatment tolerance, and improves rehabilitation outcomes, establishing it as a fundamental
aspect of comprehensive breast cancer management [10]. Given the significant implications,
this review concentrates on evidence-based nutritional management strategies for patients who
have undergone breast cancer surgery.

Ethics statement

As this study is a literature review, it did not require institutional review board approval or
individual consent.

Breast cancer and nutritional factors

Recovery management
Surgical stress induces the upregulation of glucagon, cortisol, and proinflammatory cytokines,
which extensively catabolize hepatic and muscle glycogen to meet the energy requirements of
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wound healing. This process also involves increased gluconeogenesis in the liver, using lactate,
amino acids, and glycerol as the primary substrates. The elevated levels of catabolic hormones
hinder insulin secretion and the clearance of blood glucose, leading to insulin resistance and
hyperglycemia. If not properly managed, these conditions can impair immune function and
heighten the risk of infection. These complex metabolic alterations, which include changes in
protein synthesis, energy utilization, and nutrient processing, culminate in a hypermetabolic-
catabolic state. To address these challenges, patients need specialized nutritional interventions
during recovery that focus on a balanced diet and lifestyle modifications [11].

Post-surgical nutritional care is centered around three main objectives. First, ensuring
balanced meals with high-quality protein intake is essential for supporting surgical wound
healing and physical recovery [12,13]. Second, maintaining optimal nutritional status and
preventing malnutrition are key to facilitating a faster and smoother return to daily activities,
as well as enhancing health-related quality of life [14]. Third, adopting proper lifestyle habits is
crucial in preventing cancer recurrence [7/].

To facilitate rapid recovery following breast cancer surgery, a comprehensive nutritional
strategy has been developed (Fig. 1). This strategy aligns with the Korean Dietary Guidelines
[15] and underscores the significance of balanced meals. It advocates for the daily intake of
fresh vegetables and fruits, alongside suitable amounts of grains, fish, meat, and dairy products.
Adequate hydration, achieved through sufficient water consumption, is also emphasized.
Additionally, regular physical activity is crucial for maintaining a healthy body weight and
promoting overall recovery.

In the following sections, we will discuss each component of this nutritional strategy in detail.
This includes the rationale behind the recommended food groups, hydration guidelines, and the
role of physical activity in postoperative recovery.

Balanced Consumption of Diverse Foods

[Grains] [Meat, Fish, Eggs, Beans]

W, At Least 1-2 Servings

(- B Per Meal

7-8 Glasses
Per Day

[Dairy Products]

1-2 Servings .
Per Day [Fruits]

Food Group Wheel/Ministry of Health and Welfare - Korean Nutrition 1-2 Servings
Society, 2020 Dietary Reference Standards for Koreans. Per Day

Fig. 1. Food group wheel. The figure illustrates the recommended daily intake of diverse foods, emphasizing
balanced consumption to support recovery and overall health. It provides guidance on the types of foods to be
consumed and their appropriate portions for each day. Adapted from Ministry of Health and Welfare and The
Korean Nutrition Society [15] with CC-BY.
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Nutritional factors

Water and hydration

Water is fundamental to human physiology and plays a crucial role in maintaining health. It is
the primary component of blood and body tissues, acting as an important carrier for nutrients
and waste products. Additionally, water regulates body temperature and supports various
metabolic processes [16].

For breast cancer patients, maintaining adequate hydration is crucial during both treatment
and recovery phases. Treatments such as chemotherapy, radiation, and surgery can significantly
increase the body's water requirements and the risk of fluid loss. Dehydration, a frequent side
effect of cancer therapies, can occur due to persistent vomiting, diarrhea, bleeding, prolonged
fever, or excessive sweating. These conditions can severely impair the body's ability to heal [17].

Proper hydration is essential for these patients, as it promotes wound healing, alleviates
treatment-related side effects, maintains electrolyte balance, and increases overall physiological
resilience during recovery [1]. Medical guidelines typically advise adults to drink at least 7 to 8
cups of water per day, although specific needs may vary based on treatment intensity, physical
activity, and general health [15]. Besides water, other beneficial beverages include herbal teas,
nonfat soymilk, and diluted fruit juice, which not only aid in hydration but also provide additional
nutrients. Conversely, the consumption of alcohol, coffee, decaffeinated coffee, black tea,
decaffeinated tea, and caffeinated sodas is discouraged. These beverages may lead to fluid
loss, hinder nutrient absorption, or worsen treatment-related side effects [18].

Protein intake

Protein plays a crucial role in the post-surgical recovery of breast cancer patients. It aids in
various processes including wound healing, muscle preservation, blood cell production, immune
system strengthening, and overall recuperation [12]. However, surgical stress significantly
increases protein catabolism. The hypercortisolemia associated with surgery inhibits protein
synthesis and accelerates protein breakdown, leading to a net loss of amino acids from skeletal
muscle [13]. This shift results in the loss of skeletal muscle, which directly diminishes strength
and functionality, thereby impeding the recovery process. To mitigate these catabolic effects
and enhance recovery, it is essential to maintain adequate protein intake.

Lean meats are an excellent source of high-quality protein, providing a balanced profile of
amino acids that fulfill human physiological needs. To minimize health risks, it is recommended
that meat consumption be limited to 500 grams per week [19], which amounts to small
portions roughly the size of a ping-pong ball [20]. Patients should opt for lean cuts such as
skinless poultry or those with minimal fat, rather than fattier options like ribs, pork belly, or
chicken skin. Conversely, the consumption of red meats such as beef, lamb, and pork, along
with processed meats like ham and sausages, has been associated with an increased risk or
exacerbation of cancer outcomes. These meats may contain carcinogenic compounds such
as heterocyclic amines and polycyclic aromatic hydrocarbons, which form during cooking at
high temperatures. Red meat also includes hormone residues and pro-inflammatory molecules
such as N-glycolylneuraminic acid, which may contribute to chronic inflammation and tumor
growth. Additionally, processed meats often contain nitrites and nitrates that can transform into
carcinogenic nitrosamines [21]. Therefore, red meat consumption should be restricted to one
serving per meal and no more than two servings per week, and processed meats should be
avoided due to their potential health risks [22].
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Cooking techniques significantly influence the nutritional value and potential carcinogenic
properties of protein sources. It is advisable to use indirect cooking methods such as grilling,
steaming, baking, or preparing light stir-fries. These methods help preserve the nutritional
integrity of foods while minimizing health risks by reducing the formation of harmful compounds
like heterocyclic amines and benzopyrene, which are produced when protein is subjected to
high direct heat or charring [23]. To limit the intake of excessive saturated fats, patients should
avoid deep-frying or pan-frying with excessive oil. Healthier cooking options, such as steaming
or braising, are preferable [24]. It is also beneficial to incorporate unsaturated fats from sources
like blue-backed fish, sesame oil, perilla oil, and olive oil, which offer nutritional advantages [25].
Furthermore, patients should avoid reusing cooking oils [26] and consuming smoked foods [27],
as these practices can lead to the formation of carcinogenic compounds.

Instead of high-fat meats, patients are encouraged to opt for healthier protein options such
as a single fish fillet or dishes made with soy-based ingredients [20]. Soy products, rich in
isoflavones, function as phytoestrogens and offer hormonal balance as well as antioxidant and
anticancer properties. It is advisable to consume these in whole food forms, including tofu,
edamame, and traditional soy products, while avoiding concentrated soy supplements that may
contain harmful compounds [28]. For portion control, about two tablespoons of black beans or
one-fifth of a tofu block per serving is recommended to achieve health benefits [20].

Vegetable and fruit consumption

Consuming a wide variety of colorful fruits and vegetables is crucial for breast cancer patients
because each color represents different phytochemicals, each with unique health-protective
properties. These phytochemicals are bioactive compounds that plants naturally produce as a
defense mechanism. Beyond their protective role in plants, these compounds provide numerous
health benefits for humans, including anti-inflammatory, antioxidant, and anticancer effects, and
they help prevent chronic conditions such as heart disease and metabolic disorders [29].

Table 1 highlights key anti-breast cancer phytochemicals, their dietary sources, and their

Table 1. Major anti-breast cancer phytochemicals, their sources, and the related benefits

Anticancer Sources Benefits References
phytochemicals
Flavones Red and yellow fruits and vegetables - Reduced risk of coronary heart diseases, cancers, chronic [31]
(watermelons, bell peppers...) inflammation, osteoporosis and other age-related diseases.
- Lowering estrogen levels that can help inhibit breast tumor growth and
reduces the risk of recurrence.
Isoflavones Sour cherries, tomatoes, broccoli, and - Inhibition of cancer cell growth, suppression of metastasis, and [32]
induction of apoptosis.
- Inhibits the proliferation of breast cancer cells by inducing cell cycle
arrest.
Prenylated Morus alba, Artocarpus heterophyllus, - Anti-cancer, anti-inflammatory, neuroprotective, anti-diabetic, anti- [33]
flavonoids Glycine max, and Ficus carica obesity, cardioprotective effects, and anti-osteoclastogenic activities.
- Induced apoptosis suppresses cytotoxicity against human breast
cancer cells.
Lignans Potatoes, broccoli, berries - Resolves immunodeficiency, cancer, inflammation, hypertension, [34]
hyperlipidemia.
- Reduced risks of postmenopausal breast cancer.
Sitosterol Fat-rich vegetables (avocados) - Reduces immunomodulatory, antimicrobial, anticancer, anti —inflammatory, [35]

and lipid-lowering effect.
- Inhibits breast cancer cell growth and induces apoptosis
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health benefits. Flavones, present in red and yellow fruits and vegetables, are linked to lower
risks of coronary heart disease, various cancers, and chronic inflammation. They also help
reduce estrogen levels, potentially inhibiting the growth of breast tumors. Isoflavones, found
in foods such as sour cherry, tomato, broccoli, and carrot, play a role in cancer prevention by
suppressing metastasis and inducing apoptosis in breast cancer cells. Prenylated flavonoids,
found in Morus alba, Artocarpus heterophyllus, Glycine max, and Ficus carica, have been shown
to induce apoptosis and reduce cytotoxicity in breast cancer cells. Lignans, present in potatoes,
broccoli, and berries, are associated with a reduced risk of postmenopausal breast cancer and
other chronic conditions. Lastly, sitosterol, commonly found in fat-rich vegetables like avocado,
has demonstrated significant anticancer and anti-inflammatory effects by inhibiting the growth
of breast cancer cells and inducing apoptosis.

The Mediterranean Diet (MeDi), which emphasizes the daily consumption of fruits and
vegetables, has been shown to provide an optimal intake of polyphenols (phenolic acids,
flavonoids, stilbenes, lignans) and fiber. These components, abundantly found in these foods,
are linked to improved outcomes in breast cancer survivors [30].

To achieve these benefits, patients should be encouraged to consume 5-9 servings of fruits
(approximately 150 g per serving) and vegetables (approximately 75 g per serving) daily [36].
This can be accomplished by including at least two plates of diverse vegetables per meal,
prepared in various styles such as namul, salads, or stir-fries, and by consuming 1-2 portions of
fruit daily. These fruit portions should be divided into 1-2 servings, each roughly the size of an
apple, to manage sugar intake [19].

Physical activity and weight management

Maintaining an appropriate body weight is crucial in strategies for breast cancer recovery and
prevention. Being overweight or obese after a breast cancer diagnosis is associated with an
increased risk of cancer recurrence, mortality, and second primary contralateral breast cancer
[37].

Higher weekly energy expenditure through exercise has been shown to significantly improve
physical functioning in survivors. Additionally, cancer patients have reported positive effects of
physical activity on mental well-being. It helps alleviate common treatment-related side effects,
such as fatigue, and supports overall health, resilience, quality of life, and physical functioning
[38].

Patients are encouraged to engage in physical activity at least five times per week, with
each session lasting 30 minutes or more, while also balancing their dietary intake. Combining
physical activity with a balanced diet amplifies the benefits of each, enhancing overall health
and supporting weight management. Providing structured programs and tailored guidance can
further enhance patients' motivation and engagement, leading to more effective outcomes [39].

Dairy products

Dairy products are rich in essential nutrients such as calcium, vitamin D, butyrate, lactoferrin,
and conjugated linoleic acid, all of which have shown anticarcinogenic properties [40]. These
nutrients are vital in reducing the risk of breast cancer as they support cellular health and
inhibit carcinogenic pathways. For breast cancer patients, particularly postmenopausal women,
maintaining adequate calcium intake is crucial to prevent osteoporosis [41]. It is advisable to
consume at least one serving of milk or dairy products daily, either with a meal or as a snack,
to ensure adequate calcium levels [19]. Additionally, incorporating a variety of calcium sources,
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such as dried anchovies and seaweed, can provide dietary flexibility and balance [42].

Due to the high saturated fat content in dairy products, it is advisable to choose low-fat or
non-fat options [9]. For individuals who experience difficulty digesting milk, alternatives like
lactose-free milk, soy milk, yogurt, or yogurt drinks serve as excellent substitutes. Yogurt, in
particular, provides superior nutritional benefits compared to milk, including probiotics, protein,
calcium, and essential vitamins such as B6 and B12. Additionally, the probiotic Lactobacillus
acidophilus found in yogurt has shown potential in enhancing the immune response to breast
cancer, underscoring its importance in a balanced post-surgical diet [43].

Alcohol consumption

Alcohol is metabolized into acetaldehyde, a carcinogenic compound, in the body. This process
increases the secretion of estrogen and androgen, which in turn promotes the development of
breast cancer, irrespective of the type of alcohol consumed or the age of the individual. Ethanol
intensifies this risk by encouraging tumor growth and the formation of metastases. It also
enhances the effects of estrogens on breast tissue through various pathways [44]. Additionally,
alcohol impairs the immune system and depletes essential nutrients, including folate, which is
vital for DNA synthesis and repair to maintain genomic stability. As a folate antagonist, alcohol
diminishes the bioavailability of folate, thereby undermining cellular health and elevating cancer
risk [45].

Evidence shows that alcohol consumption, regardless of the type of alcoholic beverage or
menopausal status, is consistently linked to a higher risk of breast cancer. A dose-response
meta-analysis revealed that for every 10 grams of ethanol consumed daily, the risk of breast
cancer rises by about 5% in premenopausal women and 9% in postmenopausal women [46].

Moreover, studies have reported that high alcohol intake, defined as more than 20 grams per
day, is associated with increased breast cancer mortality, and a dose-response relationship
has been observed [47]. Among breast cancer survivors, consuming more than one drink
daily has been found to increase the risk of late recurrence (i.e., occurring more than 5 years
after diagnosis) by 28% [48]. Therefore, abstinence from alcohol, regardless of the type, is
recommended.

Caffeine

Coffee consumption has not been strongly correlated with cancer recurrence in breast
cancer patients [49]. However, because caffeine may hinder calcium absorption and impact
the prevention of osteoporosis, it is advisable to limit coffee intake to one or two cups per day.
Including a small amount of milk in coffee may help mitigate the effects of caffeine on calcium
absorption [50].

Conclusion

While no single food can definitively prevent breast cancer or its recurrence, maintaining a
balanced diet, consuming high-quality protein, adopting proper lifestyle habits, and engaging in
regular physical activity can significantly promote overall health and may offer valuable support
in managing cancer.
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Autism spectrum disorder involves challenges in social communication and restricted, repetitive
behaviors. Historically, males have received autism diagnoses at comparatively high rates, prompting
an underrepresentation of females in research and an incomplete understanding of sex-specific
symptom presentations and comorbidities. This review examines sex differences in the prevalence
of common comorbidities of autism to inform tailored clinical practices. These conditions include
attention deficit hyperactivity disorder, anxiety disorders, conduct disorder, depression, epilepsy,
intellectual disability, and tic disorders. Attention deficit hyperactivity disorder is prevalent in both
sexes; however, females may more frequently exhibit the inattentive subtype. Anxiety disorders display
inconsistent sex differences, while conduct disorder more frequently impacts males. Depression
becomes more common with age; some studies indicate more pronounced symptoms in adolescent
girls, while others suggest greater severity in males. Epilepsy is more prevalent in females, especially
those with intellectual disabilities. Despite displaying a male predominance, intellectual disability may
exacerbate the severity of autism to a greater degree in females. No clear sex differences have been
found regarding tic disorders. Overall, contributors to sex-based differences include biases stemming
from male-centric diagnostic tools, compensatory behaviors like camouflaging in females, genetic and
neurobiological differences, and the developmental trajectories of comorbidities. Recognizing these
factors is crucial for developing sensitive diagnostics and sex-specific interventions. Inconsistencies
in the literature highlight the need for longitudinal studies with large, diverse samples to investigate
autism comorbidities across the lifespan. Understanding sex differences could facilitate earlier
identification, improved care, and personalized interventions, thus enhancing quality of life for
individuals with autism.

Introduction

Background

Autism is a neurodevelopmental condition that affects an individual's ability to communicate
and interact socially, often accompanied by restricted and repetitive behaviors (RRBs). Its
presentation varies widely across individuals, leading to the popular saying, “If you've met
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one person with autism, you've met one person with autism,” which emphasizes the distinct
strengths and challenges of each individual. Numerous genetic and neurobiological studies
have sought to understand the etiology behind the observed sex differences in autism, but the
multifactorial nature of the condition has posed challenges. Historically, males with autism have
been over-represented compared to females. This disparity is largely reflected in epidemiological
research, with an analysis of data from 43 studies indicating a mean male:female prevalence
ratio of 4.2:1[1].

The imbalanced ratio of males to females diagnosed with autism has resulted in an incomplete
understanding of core symptom presentations across sexes. Previous studies comparing the
social communication skills of males and females with autism have yielded mixed results; some
studies have identified distinct challenges faced by each sex [2,3], while others have found no
statistically significant differences [4-6]. Similar inconsistencies have been reported concerning
RRBs, with certain studies suggesting greater severity in males [4,6] and other research not
corroborating these results [3,5].

A variety of factors could explain the observed or unobserved sex differences in autism,
ranging from the limitations of measurement tools to participant characteristics such as the
developmental stage of the individual, their overall severity of autism, or the presence of
comorbid conditions. Comorbidities, which may include neurological, cognitive, psychiatric, and
physical conditions, increase the complexity of the person’s needs and underscore the critical
importance of seeking medical advice and interventions [7,8]. Moreover, comorbid conditions
may influence the manifestation of symptoms [9]. For instance, a study by Gu et al. [10] revealed
that boys were more likely than girls to be diagnosed between the ages of 3 and 11, whereas
girls were more likely to receive a diagnosis either before age 3 or after age 11. However, after
adjusting for comorbid neurodevelopmental and psychiatric conditions, these age-related
patterns were no longer significant. The interaction between the core symptoms of autism and
these additional challenges emphasizes the necessity for a more comprehensive understanding
of sex differences. This understanding is crucial for the development of tailored intervention
strategies and could explain how a subset of the autistic population could be overlooked.

Objectives

This review aims to explore the differences in the prevalence of comorbid conditions between
males and females with autism, establishing a necessary foundation to understand the
baseline disparities. These insights could guide further investigation into sex-specific clinical
presentations and targeted interventions. By examining sex-based discrepancies, we intend to
highlight areas in need of additional research and suggest considerations for clinical practice,
thus fostering a more inclusive understanding of autism.

Ethics statement

This study is based solely on the review of published literature and did not involve data
collection, thus no informed consent was required

Sex differences in psychiatric and neurologic comorbidities

Attention deficit hyperactivity disorder
Attention deficit hyperactivity disorder (ADHD) is characterized by challenges in maintaining
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attention, along with hyperactivity and impulsivity. It represents one of the most common
childhood neurodevelopmental disorders, with a weighted prevalence of 10.47% in the United
States from 2021 to 2022 [11]. Clinical observations have indicated that a substantial number of
children with autism also exhibit symptoms of ADHD, with reported comorbidity rates ranging
widely from 30% to 80% [12-14]. Additionally, the behavioral overlaps between these two
conditions suggest they may share a pathophysiological basis [15]. While ADHD has traditionally
been recognized to display a male predominance, with a male-to-female prevalence ratio of
2.28to1[16], a study by Margari et al. [17] found no significant sex differences in the prevalence
of ADHD as a comorbid condition in adolescents with autism. Notably, female sex was more
frequently associated with the predominantly inattentive presentation of ADHD, whereas male
participants tended to display the combined presentation.

Anxiety disorders

Anxiety disorders represent prevalent and chronic mental conditions, with large-scale research
suggesting that it may affect around 33.7% of the population at some point in their lives [18]. Up
to 40% of individuals with autism may experience at least one comorbid anxiety disorder, most
commonly specific phobia [19]. Although anxiety disorders are generally more prevalent among
females, research on individuals with autism has yielded mixed results. Some studies have found
comparable levels of anxiety between sexes [17,20], while others have reported higher anxiety
scores [21] or more internalizing problems in females with autism [22].

Conduct disorder

Conduct disorder is a complex behavioral disorder characterized by aggressive and
destructive behavior patterns. The lifetime prevalence of conduct disorder in the general
population is approximately 9.5% [23], and it increases to around 13% among individuals
with autism [24]. Regarding sex differences, males typically exhibit higher rates of physical
aggression [25]. Within the autism community, studies indicate higher rates in males, with a
greater manifestation of externalizing problems [24,26]. Notably, however, this research has
generally involved small sample sizes, underscoring the need for further large-scale research to
fully understand the extent of conduct disorder comorbidity in autism.

Depression

The prevalence of depression among individuals with autism, particularly those without
intellectual disability, appears to increase with age. DeFilippis [27] noted that adolescents
with autism encounter substantial challenges as they navigate their identity and interpersonal
relationships. Oswald et al. [28] found that early adolescent girls with autism show more severe
depressive symptoms than either their male counterparts or girls without autism. In a statistical
analysis by Stacy et al. [29], the rates of mild and moderate/severe depression in girls with
autism were estimated at 7.2% and 3.6%, respectively, while boys with autism experience these
conditions at rates of 4.5% and 7.8%. These findings not only emphasize the occurrence of
depression among individuals with autism but also highlight sex differences in its prevalence,
suggesting that males tend to experience more severe forms of depression.

Epilepsy

Epilepsy, a neurological condition characterized by recurrent seizures, affects approximately
1.2% of the general population [30]. A comprehensive meta-analysis conducted by Liu et al.
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[31] revealed a disparity in the prevalence of epilepsy between children (7%) and adults (19%)
with autism. In a pooled analysis of 14 studies, females with autism were found to have a higher
prevalence of epilepsy at 34.5%, compared to 18.5% in males [32]. Furthermore, Amiet et al. [32]
observed that the incidence of epilepsy is positively correlated with the severity of intellectual
disability, suggesting that an increase in cognitive impairment is associated with a heightened
risk of epilepsy.

Intellectual disability

Intellectual disability is a lifelong condition characterized by below-average cognitive
functioning. A systematic review conducted in 2016 examined the prevalence and incidence of
intellectual disabilities, yielding prevalence estimates ranging from 0.05% to 1.55% [33]. Among
six studies that compared sex differences, five reported higher rates of intellectual disability in
males [33]. Intellectual disability is also a common comorbid condition in children with autism,
with an estimated prevalence of 21.7% [9]. Among individuals with autism, the male-to-female
ratio of comorbid intellectual disability was 1.9:1 [34]. In a meta-analysis, Saure et al. [35] found
that intellectual disability tends to exacerbate the severity of autism symptoms more in females
than in males. These findings indicate that phenotypic differences in autism may be influenced
by the level of cognitive functioning.

Tic disorders

Tic disorders are characterized by sudden, rapid motor movements or vocal outbursts
and are estimated to affect between 5 and 6 per 1,000 school-aged children [36]. Among
individuals with autism, tic disorders are a common comorbidity, affecting approximately 18%
to 22% [37,38]. Generally, females with tic disorders are diagnosed less frequently than males
and typically report a later age of symptom onset [39]. Kim et al. [38] found no significant sex
differences between a group of individuals with autism alone and one with both autism and tic
disorders, based on parental reports. However, further research is warranted. Studies that utilize
clinician assessments to evaluate the type and severity of tics by sex could provide a deeper
understanding of their manifestation in individuals with autism.

Potential factors contributing to sex differences in prevalence

The exploration of sex-based differences in the prevalence of comorbid conditions among
individuals with autism is complex. It involves diagnostic and reporting biases, sex-specific
symptom presentations, biological factors, and distinct patterns of comorbidity. In the
present exploration of current research, we aim to provide a thorough understanding of these
contributing factors.

Measurement bias

Concerns have arisen regarding the measurement tools used in autism diagnosis, which are
often developed with a male-centric bias due to the disproportionate representation of the
sexes. This bias toward the male autism phenotype may result in the misclassification of female
patients. In an investigation of potential sex biases in widely used diagnostic instruments,
Belcher et al. [40] conducted a confirmatory factor analysis on the Autism Spectrum Quotient
using data from a large UK adult cohort. Their findings revealed that all but two items showed
sex biases, notably indicating that women were more likely than men to endorse items related
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to social skills and communication. Similarly, Kalb et al. [41] examined the Autism Diagnostic
Observation Schedule-2 via differential item functioning analysis and identified five items with
significant differential item functioning. This suggests that these items function differently
for males and females, potentially impacting diagnostic accuracy [42]. Furthermore, there is
a clear deficiency in accurate and reliable tools for assessing the wide range of psychiatric
comorbid conditions in individuals with autism. Although efforts have been made to validate
modified screening tools for psychopathology in children and adolescents with autism, research
specifically addressing sex differences remains scarce.

Compensatory behaviors

The term “"camouflaging” refers to the use of compensatory behaviors or coping strategies by
individuals with autism to mask their autistic traits and conform to social norms. These methods
often involve mimicking the behaviors and interests of others or deliberately making eye contact.
Camouflaging is commonly reported among females and is considered a key reason why this
demographic is often overlooked. Such masking strategies contribute to a higher likelihood of
misdiagnosis in females with autism compared to their male counterparts [43]. In their research,
Cage and Troxell-Whitman [44] underscore the critical need for clinicians to recognize the
impact of camouflaging. Acknowledging these behaviors is essential for improving the well-
being of individuals with autism, especially when addressing comorbid mental health conditions.

Different trajectories of comorbid conditions

Considering an individual's age and developmental stage is crucial when examining psychiatric
conditions. It is well-established that certain internalizing and externalizing disorders manifest
at different times, often influenced by sex-specific developmental trajectories. For example,
in the general population, boys are more likely to experience externalizing problems, such as
aggression, hyperactivity, and conduct problems, and these patterns tend to remain stable
across adolescence [45]. Conversely, males have a lower risk of internalizing problems, such as
mood and anxiety issues [46], with the onset of such conditions typically occurring at a later age
compared to females. Therefore, the inherent characteristics of these comorbid conditions may
meaningfully impact the observed sex differences in individuals with autism.

Implications

In the context of autism, understanding sex-based differences in prevalence is critical, as
it can lead to the creation of more sensitive screening and diagnostic tools, as well as the
development of therapeutic plans tailored to individual needs.

Sensitive measurement tools

Early and accurate identification of autism is crucial for improving outcomes in young children.
However, research has shown that girls are consistently diagnosed later than boys, highlighting
the need for diagnostic tools that are sensitive to sex differences. Additionally, females with
autism often have a higher incidence of comorbid conditions compared to males [14], including
internalizing behaviors that result in anxiety, depression, and social withdrawal [47]. The overlap
between these psychiatric comorbidities and the core features of autism can complicate the
diagnostic process, potentially leading to delayed diagnoses in female patients.
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Sex-specific intervention planning

Creating a sex-specific intervention strategy for autism requires a nuanced understanding of
the ways in which the condition presents in females versus males. Females with autism often
demonstrate better communication and social interaction skills and exhibit fewer RRBs than
their male counterparts. The use of compensatory mechanisms, such as masking, may further
complicate the development of effective intervention strategies, as these behaviors can conceal
the true extent of the challenges these individuals face. For females with autism, creating a
sex-specific intervention strategy could involve focusing on the management of psychiatric
comorbidities through a combination of various therapies and self-advocacy education. By
customizing interventions to address both shared characteristics and sex-specific differences in
autism, we can improve support for individuals, helping them to realize their full potential.

Conclusion

This review examines the prevalence of various comorbid conditions among males and
females with autism. The current body of research on comorbidities is mixed, with some studies
finding no significant differences between sexes and others reporting certain conditions as
more common in one sex. These inconsistencies may stem from differences in measurement
tools, masking behaviors that complicate diagnosis, and the age of study participants. The
recognition of distinct patterns of comorbidity could indicate the presence of subgroups within
the autism spectrum. Consequently, longitudinal studies with larger sample sizes are required
to explore comorbid conditions from a life-course perspective, considering the developmental
trajectories of both sexes. Given our preliminary findings on the differences in the prevalence of
common comorbid conditions among individuals with autism, it is imperative that future research
expand upon this work by examining potential sex differences in their manifestation. A deeper
understanding of these patterns could support earlier autism diagnosis and improve access to
care, enabling the creation of more personalized intervention plans that improve quality of life for
those on the autism spectrum.
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The prevalence of postpartum depression (PPD) in Asia is reported to range from 13.53% to 22.31%.
However, there remains a gap in the identification of PPD, particularly regarding cultural cutoff points.
Therefore, the purpose of this scoping review was to determine the prevalence and associated
factors of PPD in Eastern, South-eastern, Western, and Southern Asian countries and analyze the
cutoff points of the Edinburgh Postnatal Depression Scale (EPDS) used across these countries.
Following Arksey and O'Malley’s five-step scoping review framework, the population was defined
as mothers, the concept as the EPDS, and the context as the Asian region. A literature search was
conducted using PubMed, Embase, CINAHL, PsycINFO, and Web of Science. The data analysis
focused on demographic characteristics, EPDS cutoffs and features, PPD prevalence, and its
associated factors. Nineteen studies were selected. Most countries used translated versions of the
EPDS with demonstrated reliability and validity. The cutoff scores varied, with most using scores of 10
or higher. The prevalence of PPD ranged from 51% to 78.7%. Key associated factors for PPD included
cultural factors such as relationships with in-laws and preferences for the newborn's sex. To improve
the accuracy of PPD screening in Asia, the EPDS should be used consistently, and appropriate cutoff
criteria must be established. In addition, prevention strategies and programs that reflect the cultural
characteristics and social context of Asia need to be developed for the early detection and prevention
of PPD.

Introduction

The postpartum period is a critical transitional phase for women, characterized by significant
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physical and psychological changes. During this period, the prevalence of depression is reported
to be more than twice as high as at other times in a woman'’s life [1]. Postpartum depression (PPD)
is considered a precursor to major depressive disorder and is defined by symptoms such as
sadness, excessive crying, anxiety, agitation, low mood, loss of interest, and sleep disturbance
[2]. PPD can progress to long-term depressive illness, particularly when accompanied by
thoughts of self-harm [3]. PPD typically begins 6 weeks after childbirth and ranges in severity
from mild to severe [4,5]. The prevalence of PPD has been estimated at 17.2%, with reported
rates in Asia ranging from 13.53% to 22.32% [6]. Despite its prevalence, PPD remains among
the most underdiagnosed and undertreated forms of depression, and there is limited awareness
regarding the importance of prevention and intervention.

Several instruments have been used to identify PPD promptly, including the Edinburgh
Postnatal Depression Scale (EPDS), the PPD Screening Scale, and Beck's Depression Inventory.
The EPDS is considered the most reliable of these instruments in terms of its sensitivity,
specificity, and clinical validity for measuring PPD in the postpartum period [7]. Moreover, the
EPDS includes a specific item on suicidal ideation, which is critical for evaluating the severity of
depression and facilitating timely referrals to mental health services [8].

PPD is associated with various demographic and psychosocial factors, including low economic
status, low education, single motherhood, major stressful events, lack of social and family
support, history of depression, and unplanned pregnancy [9,10]. In Asian cultures, traditional
support from in-laws or female relatives can provide physical and psychological comfort;
however, it can also lead to interpersonal conflict and emotional distress [4,5,11]. Furthermore,
a longstanding cultural preference for male offspring, particularly for the first child, is found in
regions such as Eastern Asia, South-eastern Asia, Western Asia (including Arab countries and
Turkiye), and Southern Asia (including India), which may contribute to the development of PPD
[5].

Studies have systematically reviewed the prevalence and associated factors of PPD. However,
these studies were limited in scope, either focusing on single countries within Asia [12,13] or
providing broad reviews of the global literature [6] that lacked an Asia-specific context. In 2024,
a systematic review was conducted in Asian cultural contexts [5], but it did not address the
characteristics of the EPDS in these contexts, such as culture-specific cutoff points, nor did it
explore cultural factors influencing PPD.

To fill this research gap, this study aimed to compare and analyze the prevalence of PPD
across Asian countries, examine the EPDS cutoffs used in each country, and identify the cultural,
psychosocial, and demographic factors associated with PPD.

Methods

Ethical statement
As a scoping review of the existing literature, this study did not require approval from the
institutional review board or informed consent.

Study design

This study employed a scoping review design following the five-step framework proposed
by Arksey and O'Malley [14]. The process included (a) identification of research questions, (b)
literature search, (c) selection of relevant literature, (d) data analysis, and (e) summarizing and
reporting the findings [14]. The study adhered to the Preferred Reporting Items for Systematic
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Reviews and Meta-Analysis Extension for Scoping Review (PRISMA ScR) reporting guidelines for
topical scoping reviews [15].

Step 1: identification of the research question

The primary research question was: "What are the recent research trends in Asian countries
regarding maternal PPD?" The specific research questions were: (a) What is the prevalence of
PPD among Asian mothers, (b) How do the EPDS cutoffs differ across Asian countries, and (C)
What are the cultural, psychosocial, and demographic factors influencing PPD?

Step 2: literature search

A literature search was conducted between October 7 and October 14, 2024, in five electronic
databases: PubMed, Embase, CINAHL (EBSCO), PsycINFO, and Web of Science, using a
combination of three main search terms: "postpartum depression,” "EPDS,” and "Asia.” Asian
countries were defined based on the United Nations Geoscheme [16], including countries from
Eastern Asia, South-eastern Asia, Southern Asia, and Western Asia.

Search strategies were developed by two researchers (authors L, M) using Boolean operators
to combine Medical Subject Headings (MeSH) with keywords and synonyms. The final search
strategies were reviewed by a professional librarian at the authors' institution. The search
strategies for each database are detailed in Supplement 1. The search was restricted to titles
and abstracts using the final search strategy in each database. Additionally, a supplementary
search for relevant literature not identified by the database search was conducted using Google
Scholar for 7 days following October 14, 2024.

Step 3: selection and exclusion criteria

Studies were included if they 1) were peer-reviewed journal articles addressing the prevalence
and factors associated with PPD in Asian mothers, 2) included the usage of EPDS, 3) were
written in English, and 4) were published from January 1, 2020 to September 30, 2024. The
exclusion criteria were as follows: 1) gray literature such as dissertations, case reports, posters,
or abstracts; (b) review articles or qualitative studies; (c) articles for which the full text was not
available; (d) studies that did not include outcomes at 6-8 weeks postpartum; and (e) studies
that did not address cultural, psychosocial, or demographic factors associated with PPD (e.g.,
only included biological markers, etc.).

The screening process was conducted independently by two researchers (authors L, M). In
the first phase, titles and abstracts of all retrieved studies were reviewed based on the inclusion
and exclusion criteria. In the second phase, the full texts of the selected studies were reviewed
using the same criteria for the final selection. Any disagreements at any stage were resolved
through discussion. If no consensus was reached, a third researcher (author K) was consulted.

The initial search yielded 2,480 studies. After excluding duplicates, 850 studies remained
for screening. Based on titles and abstracts, 629 studies were excluded, leaving 221 studies
for full-text review. After applying the inclusion and exclusion criteria to the full texts, 202
studies were excluded, and 19 studies [4,8-10,17-31] were finally selected for analysis (Fig. 1).
The bibliographic management software EndNote 20 was used to store retrieved studies and
remove duplicates.

Step 4: data analysis
A draft analysis framework was developed to record the data from the selected literature, and
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Identification of studies via databases and registers

] [ Identification of new studies via other methods ]

Records identified from databases
(n=2,479)

- PubMed (n=554)

- Embase (n=304)

- CINAHL (n=948)

- PsycINFO (n=156)

- Web of Science (n=517)

Duplicate records removed before
screening (n=1,630)

Records identified from other sources
(n=1)

Records screened during title and
abstract screening (n=849)

Records excluded (n=630)

Full-text articles assessed for
eligibility (n=219)

Records excluded (n=201)
Non-peer-reviewed literature: (n=2)
Review or qualitative research:
(n=1)

Unavailable full texts: (n=2)
Non-English language: (n=1)
No PPD outcomes at 6-8 weeks:
(n=143)

Not postpartum women: (n=3)
Not addressing PPD or related
factors: (n=19)

Not reporting demographic,
psychosocial, or cultural factors:
(n=29)

Studies included in review (n=19)

Non-Asian countries: (n=1)

A

Fig. 1. PRISMA 2020 flow diagram. PPD, postpartum depression.
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the final analysis framework was finalized through research meetings. The framework consisted
of five main categories: publication characteristics, study characteristics, EPDS characteristics,
participant characteristics, and study outcomes. All data were extracted, and frequency analysis
and descriptive statistics were performed using Microsoft Excel 2020.

Results

General characteristics of the selected studies

Table 1 summarizes the general characteristics of the selected studies. The analysis of 19
studies revealed that publications originated from 10 countries. China accounted for the largest
share with 7 studies (36.8%) [19-25], followed by India with 3 studies (15.79%) [26-28], and
Saudi Arabia with 2 studies (10.53%) [8,31]. One study (5.26%) each was conducted in Bhutan
[17], Cambodia [18], South Korea [29], Laos [10], Myanmar [4], the Philippines [30], and Turkiye
[9].

The distribution of studies over the past 5 years showed an increasing trend, despite a
dip during the COVID-19 pandemic. Specifically, 6 studies (31.58%) were published in 2020
[910,21,24,27,30], 3 studies (15.79%) in 2021 [22,23,29], and 1 study (5.26%) each in 2022 and
2023 [19,31]. The year 2024 saw a significant rise, with 8 studies (42.11%) [4,81718,20,25,26,28].

Regarding study design, the majority were cross-sectional (n=17, 89.47%) [4,8,10,17-28,30,31],
one was a prospective cohort study (5.26%) [29], and one was a prospective longitudinal study
(5.26%) [9]. The number of participants ranged from 65 to 4,813. One study [29] included both
mothers and their spouses. Two studies [18,30] recruited participants from primary health care
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Table 1. General characteristics of the selected studies (n=19)

Zm

UN Geoscheme Country References Study design Recruitment site
Eastern Asia China Chen and Shi [19] Cross-sectional study Hospital
He etal. [20] Cross-sectional study Hospital
Liuetal. [21] Cross-sectional study Hospital
Liuetal. [22] Cross-sectional study Hospital
Peng et al. [23] Cross-sectional study Hospital
Xiong and Deng [24] Cross-sectional study Hospital
Yiand Ahn [25] Cross-sectional study Hospital
South Korea Yoo et al. [29] Prospective cohort study Hospital

South-Eastern Asia Cambodia Guechhorng et al. [18] Cross-sectional study Primary healthcare institutions
Laos Inthaphatha et al. [10] Cross-sectional study Hospital
Myanmar Wyunn et al. [4] Cross-sectional study Hospitals

Philippines Labrague et al. [30] Cross-sectional study Primary healthcare institutions
Western Asia Saudi Arabia Alhusaini et al. [31] Cross-sectional study Hospital
Alshowkan and Shdaifat [8] Cross-sectional study Hospital
Tarkiye Cankaya [9] Prospective longitudinal cohort study Hospital
Southern Asia Bhutan Zangmo et al. [17] Cross-sectional study Hospital
India Begum et al. [26] Cross-sectional study Hospital
Murry [27] Cross-sectional study Hospital
Priya et al. [28] Cross-sectional study Hospital

centers, while 17 studies [4,8-10,1719-29,31] recruited participants from hospitals.

General characteristics of the participants

The Ewha Medical Journal

The general characteristics of the participants are summarized in Table 2. Twelve studies
reported the mean age of participants, which was calculated to be 28.06+4.44 years. The age
range of participants varied across the studies; some included mothers aged 16 years and older
[10], while others included those aged 17 years and older [17,31]. Additionally, two studies [19,24]
focused on older mothers, aged 35 years or older.

Regarding obstetric characteristics, 3 studies [9,22,25] focused on primiparity, and 6 studies
[4,910,18,22,29] included only mothers of singleton births. Nine studies [8,19,20,24-26,28-
30] included mothers with no psychiatric history, and 7 [10,18,20-22,25,28] recruited only
participants with no health problems or complications related to pregnancy and birth. One study
[26] excluded mothers with a history of abortion or induced termination of pregnancy, and
another [27] excluded cases where the infant had health conditions.

Edinburgh Postnatal Depression Scale characteristics by country
Edinburgh Postnatal Depression Scale version

A total of 16 studies (84.21%) described the EPDS version used, with 13 (68.42%) using
translated versions validated for reliability and validity in their respective countries. Six of those
used the Chinese version [20-25], followed by Hindi [27,28], Arabic [8,31], Korean [29], Burmese
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[4], and Turkish [9] versions. Three studies (17.79%) used translations done by the researchers,
pilot-tested but without reported psychometric analyses: these were from Bhutan [17],
Cambodia [18], and Laos [10].

Edinburgh Postnatal Depression Scale cutoff points

The EPDS is typically validated for reliability and validity within each country, with a standard
cutoff of 13 or higher frequently adapted to fit the local cultural context [32]. However, among
these 19 studies, there was variability in cutoff points, even within the same country.

A cutoff point of 10 or higher was most commonly used, appearing in 10 out of the 19 studies
(42.11%). These studies spanned various regions: India [28] in Southern Asia; Cambodia [18],
Laos [10], Myanmar [4], and the Philippines [30] in Southeastern Asia; Saudi Arabia [8] in
Western Asia; and South Korea [29] along with China [20,23,25] in Eastern Asia. Two studies
from Cambodia [18] and Laos [10] cited research on EPDS cutoff points in primary healthcare
settings in non-English-speaking countries [33]. Meanwhile, studies from China [23], South
Korea [29], Myanmar [10], and Saudi Arabia [8] referenced validation studies of the EPDS
translated into their respective languages [34-37]. Additionally, 2 studies from China [22,24]
utilized cutoffs based on research assessing the clinical significance of EPDS cutoffs in English-
speaking mothers [38].

A cutoff point of 9 or higher was reported in one study (5.26%) conducted in China [19],
referencing a prior validation study of the Chinese version of the EPDS [39]. One study (5.26%)
from Bhutan [17] used a cutoff of 11 or higher, which based its criteria on a systematic review of
EPDS cutoffs in the global literature [40]. Another study (5.26%) from India [27] used a cutoff
point of 12 or higher but did not provide details on a specific rationale or evidence for this
criterion.

In contrast, a cutoff point of 13 or higher was reported in six studies from China [21,22,24],
India [26], Saudi Arabia [31], and Turkiye [9]. The rationale for this cutoff included a validation
study of the Turkish EPDS version [41] and a previously validated Arabic version that was
assessed for reliability and validity [42]. Conversely, two Chinese studies [21,22] cited a
systematic review of EPDS cutoff points in global literature [43] and the original developer’s
publication on the EPDS [44]. Two other studies [24,26] did not provide a rationale for their
chosen cutoff points. However, the original developer of the EPDS [44] recommended that cutoff
points for translated versions of the EPDS might not be universally applicable across different
cultures and emphasized the importance of establishing semantic, technical, diagnostic, and
conceptual equivalence when adapting the EPDS for various cultural contexts.

Edinburgh Postnatal Depression Scale mean scores

Nine studies (47.37%) reported mean EPDS scores and SD, although one [17] provided
only the mean for participants suspected of having PPD. The remaining 8 studies
[4,810,18,21,22,25,27] showed a mean EPDS score of 7.75+5.09.

The mean and SD of EPDS scores from studies conducted in South-Eastern Asia, specifically
in Cambodia [18], Laos [10], and Myanmar [4], were calculated to be 6.72+4.71. A study from
India [27] in Southern Asia reported slightly higher values (7.67+5.9), while a study from Saudi
Arabia [8] in Western Asia reported lower values (2.54+4.5). The unusually low EPDS mean score
in the Saudi study [8] may be attributed to the demographic characteristics of the participants,
over 90% of whom had a university education or higher and resided in nuclear family settings.

The Ewha Medical Journal https//doi.org/1012771/em}.2025e15 9 /17
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Prevalence and associated factors of postpartum depression
Prevalence

The prevalence of PPD ranged from 51% [8] to 78.7% [25]. In Eastern Asia, South Korea [29]
reported 24.6%, while Chinese studies ranged from 11.6% [23] to 78.7% [25]. In South-eastern
Asia, reported prevalence was 30.2% in Cambodia [18], 31.8% in Laos [10], 31.9% in Myanmar
[4], and 16.4% in the Philippines [30]. In Southern Asia, Bhutan [17] reported 14.9%, while rates in
India ranged from 17.4% [28] to 33.8% [26]. In Western Asia, Turkiye [9] reported 18%, whereas
Saudi Arabia reported the lowest rates (5.1% [31] and 5.6% [8]). Thus, the lowest prevalence was
found in Saudi Arabia, while the highest was found in China.

Cultural factors

Various cultural factors contributing to PPD were identified in 18 studies (Table 3), with
a particular focus on family relationships. The most frequently mentioned factor was poor
relationships with in-laws (n=7), followed by negative relationships with the spouse (n=4) and
the mother's own parents (n=3). Additionally, living with in-laws (n=2) and having the mother-
in-law as the primary caregiver for the mother and newborn (n=1) were also reported as
contributing factors.

The influence of newborn sex also emerged as a significant cultural factor, particularly when
the newborn was female (n=2) or when there was a discrepancy between family expectations
and the actual sex of the newborn (n=2). Additionally, one study identified family pressure to
conceive as a factor linked to PPD.

Psychosocial factors

Thirteen studies identified psychosocial factors associated with PPD [4,9,10,17-19,21-
23,25,27,29,31]. The most commonly reported factors were low family support and low social
support from colleagues or friends, each mentioned in four studies. Other factors included high
levels of daily life stress, parenting stress, dissatisfaction with marriage, childbirth experiences,
and economic status, each cited in two studies.

Demographic factors

The most commonly reported demographic factors included pregnancy complications
and unplanned pregnancies, each cited in six studies. These were followed by low economic
status, reported in five studies; low level of education, in four studies; and young maternal age,
multiparity, and poor neonatal health, each noted in three studies. Less frequently mentioned
factors were spousal unemployment, the mother's occupation as a housewife, primiparity, and
multiple fetuses, each reported in two studies.

Discussion

This study found that the prevalence of PPD was lowest in Saudi Arabia at 5.1% [8] and highest
in China at 78.7% [25]. These findings are somewhat consistent with previous reports, which
have shown PPD prevalence in Asian countries to range from 4.9% to 93% [5]. Earlier studies
have indicated variability in PPD prevalence across Asia, with the lowest rates reported in South
Korea [5,6] and the highest in Japan [5] or Afghanistan [6]. However, considering that Korean
nurses exhibited significantly higher rates of PPD (45.9%) compared to their US counterparts
(3.4%) [45], it is crucial to carefully examine variations in sampling methods, participant

The Ewha Medical Journal https://doi.org/1012771/em}.2025e15 10 /17
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Table 3. Classification of factors associated with PPD

Zm

Factors Categories n References

Cultural Poor relationship with in-laws 7 101718,24-27
Poor relationship with spouse 4 10,18,25,26
Poor relationship with parents 3 10,25,26
Co-habitation with in-laws 2 20,23
Female newborn 2 24,28
Gap between familial expectations for fetal sex and actual sex of the newborn 2 24,25
Living in an extended family structure 2 8,26
Living in a nuclear family 2 428
Mother-in-law as the primary caregiver of mother and newborn 1 21
Pressure from the family to become pregnant 1 26
Pressure for a female child 1 26

Psychosocial Lower familial support 4 419,21,27
Lower social support 4 21,22,29,31
Higher daily life stress 2 23,29
Higher parenting stress 2 25,29
Dissatisfaction with marriage 2 2729
Dissatisfaction with childbirth experiences 2 10,21
Dissatisfaction with economic status 2 418
Perceived increased stress during pregnancy 2 917
Perceived stress after delivery 1 17
Symptoms of postpartum post-traumatic stress disorder 1 22
Perceived changes in body image 1 17
Gap between perceived and actual family support 1 25
Lower level of self-esteem 1 29
Increased marital conflict 1 9

Demographic History of pregnancy complications 6 81719,20,26,27
Unplanned pregnancy 6 410,18,21,26,28
Lower economic status 5 8,21,25,26
Lower level of education 4 8,19,21,26
Younger maternal age 3 20,25,26
Multiparity 3 10,28,30
Poor health condition of the newborn 3 1722,25
Spousal unemployment 2 8,10
Housewife 2 10,23
Primiparity 2 23,24
Multiple fetuses 2 8,26
Higher education levels of participants and spouses 1 10
Negative delivery experience 1 17
Spouse’s employment in manual labor/farming/factory work 1 18
Having a professional occupation 1 30

PPD, postpartum depression.

The Ewha Medical Journal
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characteristics, and the use of culturally sensitive cutoffs.

Among the cultural factors associated with PPD, a negative relationship with in-laws has been
identified as a contributing factor, consistent with findings from a previous study in Japan [46].
This may be linked to Confucian influences that emphasize recognition and affirmation by the
extended family in Asia. Similarly, the extended family—a traditional family structure in Asian
countries—has been reported to increase the risk of PPD [46]. However, while some studies
have identified the extended family as a factor [8,26], others have pointed to the nuclear family
structure as associated with PPD [4,28]. Interestingly, living with a mother-in-law was found
to be a significant factor for PPD, aligning with results from a previous study in China [47].
Our findings regarding cultural factors related to the newborn’s sex also mirror those of the
earlier study conducted in China [47], suggesting that Confucian preferences for boys in Asian
countries may contribute to familial conflict and, consequently, increase the risk of PPD.

In terms of the psychosocial factors associated with PPD, a lack of family and social support
was identified as a key factor. Family support during the postpartum period is crucial for
maternal well-being, as close relationships and daily interactions with the spouse and other
family members offer both emotional and practical support [4]. This observation aligns with the
findings of systematic reviews from Western Asia, which analyzed the relationship between
social support and PPD [1,48]. These insights suggest that healthcare providers should consider
the family environment and educate spouses and family members about PPD. Regarding
demographic characteristics, unplanned pregnancies, low education levels, low income, and
younger maternal age have been significantly associated with PPD. These associations are
consistent with studies conducted in Western Asia [1,11].

This study has limitations. Strict inclusion criteria may have excluded some articles that
contained relevant insights into PPD. In addition, most included studies were cross-sectional,
limiting conclusions about causality. Some recent research suggests that environmental
factors (e.g., endocrine disruptors, and air pollution) could also influence PPD [49,50]. Future
research should consider these factors to gain a more comprehensive understanding of PPD.
Despite these limitations, this review highlights the need for consistent use of the EPDS and the
establishment of standardized cutoff points to enhance the accuracy of PPD screening in Asian
countries. It also emphasizes the importance of strengthening family and community support
systems to improve maternal psychological well-being and prevent PPD. Developing prevention
strategies and programs that reflect Asia’s diverse cultural and social contexts will be key to the
early detection and prevention of PPD.

In conclusion, the prevalence of PPD in Asian countries widely varied, ranging from 51% to
78.7%. Although most studies used translated EPDS versions that had been previously validated
for reliability and validity, there was variability in the EPDS cutoff points, even within individual
countries such as India, Saudi Arabia, and China. This variability underscores the need for
a standardized approach to using the EPDS, including adopting internationally recognized
standardized translations and establishing consistent cutoff criteria that take into account the
cultural characteristics of Asian countries.

This study identified that cultural factors, including relationships with in-laws and issues
related to the sex of the newborn, are significant in the context of PPD among Asian mothers. To
definitively establish the connection between cultural influences and PPD, further prospective
cohort or population-based studies are required.
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This narrative review examines the challenges, strategies, and future directions in the development
of young teachers within the pathophysiology departments of Chinese medical colleges. A thorough
review of 49 studies published between 2013 and 2024 was carried out using PubMed, Web of
Science, and various Chinese databases. The primary challenges identified include teaching innovation
(cited in 84.2% of the studies), research pressure (91.2%), disciplinary characteristics (87.7%), and
career development (80.7%). Medical schools have responded by enhancing training systems
(94.7%), innovating teaching methods (93.0%), and bolstering research support (96.5%). Looking
ahead, trends are shifting toward the application of new technologies, interdisciplinary integration, and
international collaboration. The focus on cultivating young teachers is increasingly geared towards
personalization and diversification, which are essential for advancing education in pathophysiology.
High-quality young teachers are pivotal in raising teaching standards, fostering research innovation,
and facilitating interdisciplinary exchanges. Based on these insights, we recommend several practical
measures to enhance the quality of pathophysiology education in China. These include establishing
comprehensive training programs that integrate teaching innovation and research skills; developing
structured mentorship systems with clear pathways for career advancement; creating platforms that
support technology-enhanced teaching and international collaboration; and implementing systematic
evaluation mechanisms to assess teaching effectiveness. These targeted interventions will require
a coordinated effort from department heads, educational institutions, and policymakers to ensure a
sustained improvement in the quality of pathophysiology education.

Introduction

Background
Pathophysiology, which serves as a "bridge" between basic medical sciences and clinical
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medicine [1], occupies a crucial position in medical education [2]. It equips medical students
with a theoretical foundation to understand disease mechanisms and enhances their clinical
reasoning skills, thereby playing an indispensable role in the training of high-quality medical
professionals [3]. With the rapid advancement of medical technology and continuous innovation
in healthcare models, both the content [4] and methods of teaching pathophysiology are
encountering unprecedented challenges and opportunities [5].

In the context of pathophysiology education, young teachers—typically faculty members
aged 35 or younger with less than five years of teaching experience—play a crucial role in
discipline construction and talent cultivation. Their influence directly affects the quality and
future development of the field. These educators are expected to have a robust foundation
in professional knowledge [6] and to demonstrate advanced teaching concepts, proficient
teaching skills, strong research capabilities, and competencies in interdisciplinary collaboration
[7]. However, pathophysiology departments at Chinese medical schools currently face numerous
challenges in cultivating young teachers [8].

These challenges include the following:

1) The accelerating pace of expansion in medical knowledge, which requires continuous

learning of new knowledge and technologies;

2) Innovations in teaching methods, such as flipped classrooms [9] and problem-based

learning , which place higher demands on teaching abilities [10];

3) The pressure to balance research with teaching tasks, securing funding, and producing

high-quality research outputs [11]; and

4) The trend for interdisciplinary integration, which requires cross-disciplinary perspectives [12]

and collaboration skills [13].

Objectives

This nationwide narrative review systematically analyzes the primary challenges faced in
cultivating young teachers within the pathophysiology departments of Chinese medical schools.
It aims to propose targeted strategies and suggestions to optimize the young teacher cultivation
system and provide a theoretical basis and practical guidance for enhancing the quality of
pathophysiology education in China. This research is particularly relevant to educational
administrators, heads of pathophysiology departments, and policymakers in medical education.
By conducting a comprehensive literature review, case analysis, and summarizing experiences,
this study contributes to the understanding of how to train young teachers in medical
education, with a focus on pathophysiology. It also offers insights for educational evaluation and
policymaking in health professions education at the national level.

Methods

Ethics statement
This is a literature-based study:; therefore, neither approval by the institutional review board
nor the obtainment of informed consent was required.

Study design

This is a nationwide narrative review based on a comprehensive search and analysis of
published literature on the cultivation of young teachers in the pathophysiology departments of
Chinese medical schools. It provides a broad perspective on the current state of young teacher
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development across medical institutions throughout mainland China. In this study, 'young teachers'
are defined as faculty members in pathophysiology departments who meet all the following criteria:
they are 35 years old or younger, in line with the standard definition used by China's Ministry of
Education and the National Natural Science Foundation of China; they have less than 5 years of
teaching experience in pathophysiology, marking the critical early-career development period; and
they hold academic ranks such as teaching assistants, lecturers, and assistant professors, which
are the primary early-career faculty positions in Chinese medical colleges.

Information sources

We conducted a systematic search of both Chinese and English language databases,
including PubMed, Web of Science, China National Knowledge Infrastructure (CNKI), and
Wanfang Data. The search was performed in April 2024 and covered literature published from
January 2013 through June 2024 to ensure the information was current.

Search strategy
The following search strategy was used for English databases: ("young teacher*" OR "early
career faculty" OR "junior faculty") AND (pathophysiology OR "patho-physiology") AND (China

OR Chinese) AND ("medical education" OR "medical school*" OR "medical universit*").
For Chinese databases, the equivalent Chinese terms were used: (HE#M OR FEiE#M OR
FERET) AND (I IES OR i) AND (EF#B OR ERIAY OR EX ).

Study selection and data collection
A flow diagram of the study selection process is shown in Fig. 1. In our initial search, we

Initial Search: Studies about young teachers in pathophysiology (n=1,247), with
PubMed (n=156), Web of Science (n=203), CNKI (n=573), Wanfang (n=315)

Inclusion (n=1,247):

departments

schools/universities

June 2024

(1) Studies focusing on young teacher
cultivation in pathophysiology

(2) Conducted in Chinese medical

(3) Published in peer-reviewed journals
(4) Published between January 2013 and

(5) Full text available in English or Chinese

Exclusion (n=1,198):

(1) Not specific to pathophysiology education (n=73)

(2) Not focused on young teachers (n=528)

(3) Opinion pieces/editorials without substantial data
(n=248)

(4) Conference abstracts/unpublished theses (n=89)

(5) Duplicate records (n=260)

Final papers for analysis (n=49)

¥

Evaluation indicators:

(1) Teaching effectiveness

(2) Research achievements

(3) Career progression

(4) Professional development outcomes

Fig. 1. The flow diagram of the study selection process.
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retrieved 1,247 articles from four databases: 156 from PubMed, 203 from Web of Science, 573
from CNKI, and 315 from Wanfang. The inclusion criteria specified that the studies must focus
on the cultivation of young teachers in pathophysiology departments, be conducted at Chinese
medical schools/universities, be published in peer-reviewed journals between January 2013 and
June 2024, and have full texts available in English or Chinese. Of the 1,198 articles excluded, 73
did not specifically pertain to pathophysiology education, 528 did not focus on young teachers,
248 were opinion pieces or editorials lacking substantial data, 89 were conference abstracts
or unpublished theses, and 260 were duplicates. Ultimately, 49 articles satisfied all inclusion
criteria and were included in this analysis (Supplement 1).

Evaluation indicators

Evaluation criteria for support strategies included the following components: Teaching
effectiveness was indicated by student evaluation scores, teaching awards, the implementation
of innovative teaching methods, and peer review results. Research achievement was measured
by publication output, research funding obtained, and participation in research projects. Career
progression was evaluated based on professional title advancement, teaching qualification
obtainment, and roles in academic leadership. Professional development was assessed through
participation in training programs, conference presentations, and interdisciplinary collaborations.

Results

Key challenges in cultivating young teachers in pathophysiology

The analysis of the literature identified multiple significant challenges in nurturing young
teachers within the pathophysiology departments of Chinese medical schools (Fig. 2, Dataset
1). The chart illustrates the proportion of studies that reference various challenges encountered
by these young educators. Research challenges emerged as the most commonly cited issue,
followed by challenges related to the characteristics of the discipline, teaching challenges, and
career development challenges.

Research challenges
Fig. 3 (Dataset 1) presents the specific aspects of research challenges encountered by

Distribution of challenge types in literature

“ Research challenges 91.2%
g
2 -
o Disciplinary characteristic-related 87.7%
g challenges
E Teaching challenges 83.6%
%]

Career development challenges 79.6%

I 1 1 1 1 1
0 20 40 60 80 100

Percentage of studies (0%-100%)

Fig. 2. Distribution of types of challenges in the literature.
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Specific aspects of research challenges and their distribution

Balancing quality and quantity

Challenges in innovative research I High-level research outputs (82.2%)

Pressure t9 publlsh in hlgh-lmpactjourn.als Bl Obtaining research funding (77.7%)
Limited young researcher funding
Lack of grant writing experience I Balancing research and
Competitive grant applications teaching (86.6%)

Mental stress from dual role
Meeting performance metries
Time management issues

0 50 100
Percentage of studies (0%-100%)

Fig. 3. Specific aspects of research challenges and their distribution.

junior faculty in the pathophysiology departments of Chinese medical schools, along with their
frequency of mention in the literature. This figure effectively highlights the relative significance of
various aspects within each primary category of research challenges, facilitating straightforward
comparisons both within and between categories. The challenges are divided into three main
areas: high-level research outputs (green, 82.2%), securing research funding (red, 77.7%), and
balancing research with teaching (blue, 86.6%). Each bar in the graph represents a particular
aspect of these challenges, with its length reflecting the percentage of studies that referenced it.

Disciplinary characteristic-related challenges

Table 1 provides a detailed analysis of the challenges faced by young teachers in
pathophysiology departments, as identified in 87.7% of the 49 studies reviewed. These
findings underscore the complexity of teaching pathophysiology, which demands that young
instructors integrate basic and clinical sciences, keep up with rapid scientific advancements,
and strike a balance between broad coverage and deep understanding. The data underscore
the necessity for targeted support and professional development programs to assist young
faculty in effectively managing these discipline-specific challenges. This information is essential
for medical education policymakers and administrators in developing curricula and faculty
development initiatives tailored to the unique requirements of pathophysiology education.

Teaching challenges

Fig. 4 (Dataset 1) presents three primary teaching challenges encountered by young teachers
in pathophysiology departments, along with their specific aspects. It shows that the most
common challenge is the requirement for interdisciplinary teaching, followed by difficulties in
fostering clinical thinking and integrating new technologies. Table 2 further delineates each main
challenge, offering a detailed perspective on the obstacles that young teachers encounter in
pathophysiology education.

Career development challenges

Table 3 presents a comprehensive analysis of the career development challenges faced by
young teachers in the pathophysiology departments of Chinese medical schools. The data
suggest that although promotional opportunities and work-life balance are significant concerns,
the most pressing issue is the difficulty in pursuing continuous professional development amid
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Table 1. Breakdown of disciplinary characteristic-related challenges faced by young teachers in pathophysiology departments

Disciplinary characteristic-related Specific aspects Number of Percentage
challenges studies
Intersection of pathophysiology with basic Integrating basic science concepts with clinical applications 38 77.55
medical sciences and clinical medicine ) ) ) ) ) .
(78.9% of studies) Keepmg up with rapid advancements in both basic and clinical 32 65.31
sciences
Translating complex pathophysiological mechanisms into clinically 27 5510
relevant teaching
Adapting to rapid developments at the Continuously updating course content to reflect latest research 36 73.46
disciplinary forefront (73.7% of studies) findings
Incorporating emerging technologies and methodologies into 30 61.22
teaching
Pressure to stay current with an ever-expanding body of knowledge 26 53.06
Balancing depth and breadth in pathophysiology — Covering a wide range of topics while maintaining sufficient depth 34 69.38
education (70.2% of studies) Allocating appropriate time to each sub-discipline within 28 5714
pathophysiology
Contextualizing pathophysiology within the broader medical 24 48.97
curriculum

Proportion of teaching challenges

Requirements for interdisciplinary teaching abilities 73.2%
9
&
v Difficulty in cultivating clinical thinking in students 68.3%
g
K]
5 Integration of new technologies with traditional 60.9%
teaching methods
| T T T 1
0 20 40 60 80

Percentage of studies (0%-100%)

Fig. 4. Proportion of teaching challenges.

Table 2. Breakdown of teaching challenges faced by young teachers in pathophysiology departments

Teaching challenges Specific aspects Number of Percentage
studies
Integration of new technologies with traditional  Difficulties in effectively using online teaching platforms 22 44.89
teaching methods (61.4% of stucies) Challenges in incorporating simulation technologies 17 34.69
Issues with balancing technology use and traditional face-to-face 15 30.61
instruction

Requirements for interdisciplinary teaching Need for broad knowledge base spanning basic sciences and clinical 30 61.22

abilities (73.7% of studies) medicine
Challenges in collaborating with teachers from other disciplines 24 48.97
Difficulties in designing interdisciplinary courses 19 38.77
Difficulty in cultivating clinical thinking in Challenges in bridging theoretical knowledge with clinical scenarios 26 53.06
students (66.7% of studies) Issues with designing effective case-based learning activities 21 42.85
Lack of clinical experience among young teachers as a barrier 17 34.69
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Table 3. Breakdown of career development challenges faced by young teachers in pathophysiology departments

Career development challenges Specific aspects Number of Percentage
studies

Competition in promotion channels Limited number of senior positions available 30 61.22
(71.9% of studies) High standards for promotion in academic medicine 26 53.06
Potential for burnout due to intense competition 21 42.85

Work-life balance pressure (68.4% of studies) Difficulties in managing personal and professional responsibilities 27 551
Impact of work stress on personal relationships and health 24 48.97

Lack of institutional support for maintaining work-life balance 19 38.77

Time constraints for continuing education and Difficulties in finding time for additional training or education 32 65.31
self-improvement (75.4% of studies) Rapid pace of medical advancements requiring constant learning 21 42.85
Lack of structured time for self-improvement activities 24 48.98

Percentage

Enhancing research
support

Optimizing evaluation
mechanisms

Improving cultivation
system

Expanding
development
opportunities

Innovating teaching
methods

Fig. 5. Radar chart of major strategies for young teacher development.

demanding academic responsibilities. This information offers valuable insights for academic
institutions and policymakers in devising targeted strategies to support the career growth of
young faculty in medical education.

Relative importance of major strategies for young teacher development

A radar chart (Fig. 5; Dataset 1) was created to present the relative importance of five major
strategies aimed at supporting young teachers in pathophysiology departments of Chinese
medical schools. Each strategy is represented by a spoke on the radar chart, with its importance
indicated by the distance from the center. The chart demonstrates that all five strategies are
deemed highly important, with their importance percentages ranging from 87.8% to 95.9%. The
strategy of enhancing research support is highlighted as the most frequently mentioned, closely
followed by improvements in the cultivation system. Strategies for innovating teaching methods
and expanding development opportunities are also shown to be highly valued. Although
optimizing evaluation mechanisms registers the lowest percentage, it is still significantly
emphasized in a majority of the studies.
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The nearly pentagonal shape of the radar plot indicates that all these strategies are
considered crucial in supporting young teachers. The symmetry of the shape suggests that a
balanced approach is necessary to address the challenges faced by young faculty.

Discussion

Key results

The key finding of this study is that young pathophysiology teachers at Chinese medical
colleges encounter a range of challenges in their professional development. The most common
challenges identified were research pressure (91.2%) and disciplinary characteristics (87.7%),
followed by teaching innovation requirements (83.6%) and career development issues (79.6%).
In response, institutions have implemented comprehensive support strategies, with a particular
emphasis on strengthening research support (95.9%), improving the cultivation system (93.8%)
and innovating teaching methods (91.8%). These findings indicate an emerging trend towards
personalized development approaches, emphasizing technology integration, interdisciplinary
collaboration, and international academic exchange.

Interpretation/comparison with previous studies

Teaching innovation challenges

Our finding that 84.2% of studies mentioned teaching challenges aligns with previous research
[14-18]. Among these challenges, integrating new technologies with traditional teaching
methods [19] emerged as a significant concern, mentioned in 61.4% of studies, which confirms
the findings of Wei et al. [20] regarding the digital transformation in pathophysiology education.
Our study notably reveals a substantially higher emphasis on interdisciplinary teaching abilities
[21], with 73.7% of studies highlighting this challenge [22], surpassing the concerns noted in
earlier research by Huang et al. [23]. The implementation of case-based teaching methods,
particularly in large classroom settings, was identified as problematic in 68.9% of studies
[24], while 57.8% of studies reported difficulties in developing effective multimedia teaching
resources to illustrate complex pathophysiological mechanisms [25]. These findings collectively
suggest an evolving landscape of teaching challenges that require comprehensive pedagogical
training addressing both technological and methodological aspects.

Research pressure and academic development

The prevalence of research challenges, identified in 91.2% of studies, corroborates
and extends findings from previous research [26-29]. Balancing research and teaching
responsibilities emerged as the most pressing issue, mentioned in 86.0% of studies, supporting
the conclusions of Wang et al. [30] about workload management. Our study uniquely
emphasizes the challenges of funding acquisition, reported in 77.2% of studies, an aspect less
emphasized in earlier research [31]. Publication requirements were cited as a significant pressure
in 82.5% of studies, while proficiency in research methodology (71.9%) and opportunities for
international collaboration (63.2%) were also frequently cited concerns. Laboratory management
skills, although mentioned less frequently (58.4%), represent another crucial aspect of research
development for young teachers [32]. These findings indicate a complex web of research-
related challenges that extend beyond simple productivity metrics.
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Career development and professional growth

Our findings on career development challenges, which were present in 80.7% of the studies,
significantly expanded upon the previous work by Gong et al. [33]. Work-life balance [34] emerged
as a significant concern in 68.4% of the studies, particularly affecting young female teachers
who manage family responsibilities alongside their academic careers [35]. Time constraints for
continuing education [36], mentioned in 75.4% of the studies, highlighted the persistent challenge
of maintaining professional development while fulfilling daily obligations [37]. Challenges such
as professional identity development (63.2%) and navigation of promotion criteria (70.1%) were
frequently cited, while the accessibility of mentorship (65.8%) and the building of professional
networks (59.6%) emerged as crucial factors affecting career progression. Notably, 72.3% of the
studies emphasized the need for clearer career advancement pathways specific to pathophysiology
education, suggesting a systemic need for more structured career development frameworks.

Impact of disciplinary characteristics

The prevalence of disciplinary characteristic-related challenges [38], reported in 87.7% of
studies, represents a novel finding warranting particular attention [39]. The interdisciplinary
nature of pathophysiology [40], requiring expertise across multiple fields including anatomy,
physiology, biochemistry, and clinical medicine [41], was highlighted in 82.5% of studies. The
challenge of keeping pace with rapid advances in medical science and incorporating new
findings into teaching materials was emphasized in 76.8% of studies [42]. The integration of
basic science with clinical knowledge [43] emerged as a significant concern (79.3%), while
laboratory demonstration complexity (71.2%) and abstract concept visualization (68.9%) were
also frequently cited challenges [42]. Clinical case integration was mentioned in 65.4% of
studies, further underscoring the unigue challenges of pathophysiology education [44]. These
findings substantially extend previous research by providing a comprehensive understanding of
the discipline-specific challenges facing young teachers.

Support strategies and institutional response

Our analysis of support strategies reveals a more comprehensive approach than previously
documented. The emphasis on enhancing research support, mentioned in 96.5% of studies,
aligns with the recommendations of Li et al. [45]. However, our findings highlight several specific
implementation mechanisms. In terms of teaching support, which is noted in 93.0% of studies,
institutions have prioritized pedagogical training programs (87.2%) and technology integration
workshops (82.5%). Additionally, they have established peer teaching observation systems
(76.4%) and teaching resource sharing platforms (71.9%) [46]. For research development,
institutions have concentrated on providing research methodology training (89.5%) and
grant writing workshops (84.2%). These efforts are complemented by the establishment of
collaborative research networks (77.8%) and the facilitation of laboratory resource sharing
(73.6%) [47]. These comprehensive support strategies, though less prominent in earlier research
[48], demonstrate institutions' commitment to developing young teachers through systematic
and integrated approaches [49]. Furthermore, 89.5% of studies emphasized the importance
of integrating these various support mechanisms into a coherent development framework,
suggesting a trend toward more holistic approaches to faculty development.

Limitations
Our study has several notable limitations. Relying solely on published literature may overlook
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ongoing initiatives or informal practices. Additionally, focusing on Chinese institutions could
potentially limit the broader applicability of our findings. The institutional perspective of
our analysis might not fully capture the experiences of individual teachers, and our chosen
timeframe (2013-2024) might exclude certain historical development patterns that could
provide valuable context.

Implications

Based on our comprehensive analysis, addressing the challenges faced by young
pathophysiology teachers in Chinese medical schools requires a multi-faceted approach. First,
institutions should prioritize research support through dedicated start-up funds, mentorship
programs, and interdisciplinary collaboration opportunities. Second, the development of
teaching should focus on innovative pedagogical approaches and the integration of technology,
supported by comprehensive training programs. Third, support for career development should
combine structured mentoring with flexible professional growth opportunities.

The success of young teachers can be significantly improved by implementing several key
initiatives: establishing systematic training programs that balance teaching innovation with
research development; creating platforms for interdisciplinary collaboration and knowledge
exchange; implementing flexible work arrangements to support work-life balance; and
developing fair evaluation mechanisms that recognize diverse contributions to academic
development. Most importantly, institutions should adopt a personalized approach to
professional development, acknowledging the varying needs and career aspirations of young
teachers.

These recommendations emphasize the importance of creating a supportive academic
environment that promotes both professional development and personal well-being.
Implementing these strategies demands a commitment from institutional leadership and
coordination among various stakeholders in medical education.

Suggestion for further studies

Future research should focus on evaluating the long-term effectiveness of these strategies,
exploring the impact of cultural and institutional factors on the development of young teachers,
and investigating how the rapid advancement of medical knowledge and technology continues
to shape the landscape of pathophysiology education both in China and globally.

Conclusion

This review highlights the critical requirements for nurturing young pathophysiology instructors
at Chinese medical institutions. Effective development strategies must emphasize a balance
between research and teaching responsibilities, encourage pedagogical innovation, and define
clear career trajectories. Medical institutions ought to establish comprehensive support systems
that merge mentorship programs with professional development opportunities. Implementing
these strategies will solidify the base of pathophysiology education within China's medical
education framework.
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Objectives: This study aimed to evaluate the correlation between mast cell (MC) density in
rosacea-affected skin and the expression of key inflammatory mediators, including IL-6, TNF-a,
and cathelicidin LL-37. By comparing lesions rich in MCs with those having fewer MCs, we sought to
elucidate the role of MCs in the inflammatory mechanisms underlying rosacea pathogenesis.
Methods: Specimens were collected from 20 patients diagnosed with rosacea who attended the
outpatient clinic between 2008 and 2013. Each specimen underwent staining using hematoxylin/
eosin, Giemsa, IL-6, LL-37, and TNF-a for both histopathological and immunohistochemical
analyses. The number of stained cells was counted across 10 randomly selected dermal layers at a
magnification of x400 using light microscopy. The results were categorized based on the number of
MCs counted: more than 10 MCs were classified as MC-rich, and 10 or fewer MCs as MC-poor.
Results: Among the 20 patients (10 MC-rich and 10 MC-poor), the MC-rich group demonstrated
significantly higher MC counts than the MC-poor group (P<0.001). However, there were no significant
differences in the expression levels of IL-6, LL-37, or TNF-a between the two groups. Additionally, MC
density did not show any significant associations with patient demographics, clinical characteristics,
or systemic comorbidities.

Conclusion: Increased MC density was not associated with differences in IL-6, TNF-q, or LL-37
expression in rosacea lesions. These findings suggest that MC infiltration may not directly influence
the inflammatory mediator profile in rosacea. Further research is required to identify distinctive
pathological features or markers that can elucidate the mechanisms of rosacea.

Introduction

Background

Rosacea is a chronic inflammatory disorder primarily affecting the central facial region,
characterized by periods of exacerbation and remission. It manifests as four clinically recognized
subtypes: erythematotelangiectatic, papulopustular, phymatous, and ocular rosacea, each
with distinct clinical features [1]. Although the precise etiology of rosacea remains unclear, its
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pathogenesis is thought to involve an interplay of environmental triggers, vascular dysfunction,
alterations in dermal matrix composition, and genetic predisposition.

Emerging studies have focused on the role of inflammatory responses in chronic skin conditions,
with mast cells (MCs) receiving particular attention due to their involvement in various inflammatory
skin diseases. MCs are known for their contribution to localized vasodilation and angiogenesis
and are considered a key player in inflammatory cascades [2]. In rosacea, MCs are postulated to
interact with stimuli such as cathelicidin peptides and neuropeptides (NPs), potentially contributing
to hallmark symptoms such as erythema and flushing [2,3]. MCs release a range of inflammatory
mediators, including TNF, IL-6, and other pro-inflammatory cytokines, which may exacerbate
the inflammatory state in rosacea [3]. Although previous studies have identified increased MC
counts in rosacea-affected skin, the exact contribution of MCs to the condition's pathogenesis,
particularly their influence on inflammatory mediator expression, warrants further exploration [4].

Objectives

This study aimed to assess the relationship between MC presence and the expression of
specific inflammatory mediators in rosacea-affected skin. By analyzing these interactions, we
sought to clarify further the potential role of MCs in the inflammatory processes underlying
rosacea.

Methods

Ethics statement

This study received approval from the Institutional Review Board (IRB) of Ewha Womans
University Mokdong Hospital (IRB No. EUMC 2024-11-001). A waiver of informed consent was
granted, owing to the utilization of pre-existing databases and skin biopsy results.

Study design
This was a comparative study using biopsy samples from rosacea patients.

Setting

Rosacea patients who visited the outpatient clinic of the Department of Dermatology,
Ewha Womans University Mokdong Hospital, and Ewha Womans University Seoul Hospital
between 2008 and 2014 were included in this study. A 4-mm punch biopsy was taken from a
facial lesion of these patients. The skin biopsy samples were used for MC quantification and
immunohistochemical analysis of inflammatory mediators. Clinical data such as age, gender,
duration of disease (in months), specific sites of facial involvement, clinical manifestations, and
comorbidities were extracted from electronic medical records. Systemic comorbidities were
confirmed through medical records and documentation of current medications.

Participants

This study included twenty patients, each diagnosed with rosacea by dermatologists.
However, the analysis did not categorize or differentiate between specific rosacea subtypes,
and no patients were excluded.

Variables
The outcome variables included MC counts, clinical data, and the expression of inflammatory
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mediators such as IL-6, TNF-a, and LL-37.
Data sources/measurement

Mast cell quantification

Tissue specimens were fixed in 10% buffered formalin, embedded in paraffin, and sectioned
at a thickness of 4 ym. The sections were stained with hematoxylin and eosin for routine
histological examination and with Giemsa stain for MC visualization. Two independent observers,
who were blinded to the clinical data, counted the MCs using an Olympus light microscope
at 400x magnification. In each specimen, MCs were counted in 10 HPFs that were randomly
selected and distributed across different dermal layers: four fields in the papillary dermis, three
in the mid-reticular dermis, and three in the bottom reticular dermis. Only cells displaying both
a distinct nucleus and metachromatic granules were included in the count. The final MC count
was determined by averaging the counts from both observers.

The compartments were divided into 22 sections to ensure a systematic and reproducible
method for MC counting. This approach facilitated a comprehensive assessment of MC
distribution throughout the tissue, minimizing bias due to regional variations in cell density. By
dividing the area into smaller sections, the counting process was standardized, leading to more
accurate and consistent results across various samples.

Specimens were categorized based on MC density, using well-defined criteria for different
density groups. A threshold of 10 MCs per HPF was established from the MC counts, indicating
that 10 MCs per HPF is an appropriate cutoff to differentiate areas of high MC density from
those with low density. This threshold allowed us to classify the samples into MC-rich and MC-
poor groups, reflecting a significant variation in MC abundance. Images were captured with a
Jenoptik ProgRes GRYPHAX Subra Microscope HD Camera.

Immunohistochemical analysis for inflammatory mediators

Immunohistochemical staining was conducted following standard protocols. The process began
with deparaffinization of the sections, followed by antigen retrieval using citrate buffer at a pH of
6.0. This was succeeded by blocking endogenous peroxidase activity with 3% hydrogen peroxide.
Primary antibodies targeting IL-6, TNF-a, and LL-37 all at a dilution of 1:100, were then applied. The
intensity of the staining was assessed by two observers who were blinded to the sample identities.
They used a semi-quantitative scoring system with the following scale: O (negative), 1 (weak), 2
(moderate), and 3 (strong). To ensure consistency, the scoring methodology was standardized
across both observers, and an average score was calculated for each section. Both positive and
negative controls were included to confirm the specificity of the staining.

Bias
There was no selection bias among the target subjects, as all cases were included that had

histological confirmation.

Study size
No sample size estimation was done since all target subjects were included.

Statistical methods
Data analysis was conducted using IBM SPSS Statistics v.22.0 (IBM, Armonk, NY, USA).
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Continuous variables, such as MC counts, are presented as mean+SD, while categorical
variables, including immune mediators, are reported as frequencies and percentages.
Comparisons between groups were performed using the independent samples t-test.
Correlations between MC counts and immunohistochemical markers were evaluated using
Spearman's correlation coefficient. Statistical significance was established at P<0.05.

Results

Participants

This study encompassed 20 rosacea patients aged between 23 and 75 years, with an average
age of 53.1+13.2 years. The cohort was evenly divided between sexes, comprising 10 men and
10 women. The duration of disease among participants varied widely, ranging from 1 month to
15 years, with a median duration of 32.6 months. The most frequently affected areas were the
forehead (45%), nose (35%), and cheeks (20%). Additional details on patient characteristics are
provided in Table 1.

Clinicopathological and immunohistochemical results

Based on MC counts, patients were divided into two groups: the MC-rich group, which
included individuals with 10 or more MCs per HPF (n=10), and the MC-poor group, which
included individuals with fewer than 10 MCs per HPF (n=10). Representative high-magnification
images of MC distribution for each group are displayed in Figs. 1, 2. There was a significant
difference in the mean MC count between the groups, with the MC-poor group averaging 3.15+
0.87 MCs per HPF and the MC-rich group averaging 10.8+2.58 MCs per HPF (P<0.001; Table 1).

In terms of clinical characteristics, there were no significant demographic differences
between the MC-poor and MC-rich groups. Both groups had similar ages (52.8+14.18 years
vs. 53.3+12.89 years, P=0.935) and an equal distribution of genders. Additionally, there were
no significant differences in the severity of clinical features, including affected sites and the
incidence of pruritus, although pruritus was more commonly reported in the MC-poor group,
though not to a statistically significant extent. Regarding systemic comorbidities, prevalent
conditions included diabetes mellitus, hypertension, dyslipidemia, liver disease, gastritis, and
peptic ulcer. While these comorbidities appeared more frequently in the MC-rich group, the
difference was not statistically significant. Furthermore, no meaningful correlation was found
between MC counts and systemic comorbidities (Table 1).

Distribution patterns of inflammatory mediators within various skin compartments

Immunohistochemical analysis was performed to evaluate the expression of inflammatory
markers in the epidermal and dermal layers, as well as in the skin appendages. The semi-
guantitative analysis revealed no statistically significant differences in marker expression
between the two groups. Specifically, IL-6 levels were 1.32+0.71 in the MC-rich group and 1.56
+0.91 in the MC-poor group (P=0.519); LL-37 levels were 0.8+0.55 in the MC-rich group and 1.0
+0.59 in the MC-poor group (P=0.443); TNF-a levels were 0.84+0.65 in the MC-rich group and
1.04+0.32 in the MC-poor group (P=0.400). Table 2 provides additional details on the distribution
patterns of these markers across different skin compartments.
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Table 1. Clinicopathological and immunohistochemical results of two groups

Mast cell (MC)-rich group MC-poor group P-value
Demographics
Sex (female) 6 (60) 4 (40) 0.328
Age’ 52.8+14.18 53.3+12.89 0.935
Past history 7 (63.64) 4 (36.36) 0.370
Diabetes mellitus 3(75) 1(25) 0.582
Hypertension 4 (5714) 3(42.86) 1.000
Dyslipidemia 1(50) 1(50) 1.000
Liver disease 1(50) 1(50) 1.000
Gastritis, peptic ulcer 2 (66.67) 1(33.33) 1.000
Site
Forehead, glabella 7 (46.67) 8(53.33) 1.000
Periorbital 1(33.33) 2 (66.67) 1.000
Cheeks 6 (46.15) 7 (53.85) 1.000
Nose, perinasal 6 (42.86) 8 (5714) 0.628
Chin 4(33.33) 8 (66.67) 0170
Perioral, lip 3(100) 0(0) 0.2M
Signs and symptoms
Erythematous papules 5(38.46) 8 (61.54) 0.350
Erythematous patches 6 (46.15) 7 (53.85) 1.000
Telangiectasia 3(75) 1(25) 0.582
ltching 2 (25) 6 (75) 0170
Immunohistochemical parameters’
Mast cells 10.8+2.58 315+0.87° <0.001
IL-6 1.32+0.71 1.56+0.91 0.519
LL37 0.8+0.55 1£0.59 0.443
TNF-a 0.84+0.65 1.04+0.32 0.400

LL-37, cathelicidin LL-37; MC-rich group: the number of counted MCs was 10 or more; MC-poor group: the number
of counted MCs was fewer than 10.

! Data are presented as mean+SD, while other data are expressed as number (%).

" Indicates statistically significant differences (P<0.05).

Discussion

Key results

This study aimed to elucidate the role of MCs in the pathophysiology of rosacea and to
investigate the relationship between MC density and mediator release in affected skin. We
observed distinct differences in MC counts among patients, allowing us to categorize them
into MC-poor and MC-rich groups. Although there were increased MC counts, these did not
correlate with significant differences in clinical characteristics or biological markers, such as IL-6,
LL-37 and TNF-a. These findings underscore the complexity of the cytokine network in rosacea
and suggest that MC infiltration alone may not be sufficient to fully drive clinical manifestations.
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Fig. 1. Histopathological and immunohistochemical analysis in mast cell-rich group. (A) Histopathology of the
lesional skin in MC-rich group patient. Numbers show the counting methods in MC numbers (Giemsa, x40). (B-D)
Immunohistochemical analysis (x40). (B) IL-6 staining, (C) LL-37 staining, (D) TNF-a staining.

@

Fig. 2. Histopathological and immunohistochemical analysis in mast cell-poor group. (A) Histopathology of the
lesional skin in the MC-poor group patient (Giemsa, x40). (B-D) Immunohistochemical analysis (x40). (B) IL-6
staining, (C) LL-37 staining, (D) TNF-a staining.

Interpretation/comparison with previous studies

The pathogenesis of rosacea is not fully understood; however, MCs are known to enhance
various inflammatory processes and are linked to angiogenesis, which is relevant to the
pathophysiology of rosacea [1]. Cathelicidin, highly expressed in rosacea, releases its
cleavage product LL-37. This, in conjunction with heightened serine protease activity, triggers
inflammatory cascades, including the activation of MCs [5,6]. Additionally, dysregulated immune
responses and neurovascular dysfunctions are implicated as contributing factors in rosacea [7].

MCs can be activated through various pathways. Beyond the IgE-mediated degranulation
pathway [2], activation can also occur via pathogen- and pattern-recognition receptors,
including Toll-like receptors. TNF-a is known to trigger the activation of the NLRP3
inflammasome pathway and also activates NF-kB in MCs [8]. Additionally, other receptors such
as MRGPRX2, complement receptors, and NP and neurotransmitter receptors can influence
MC activation in response to LL-37 and NPs [9,10]. The diversity of these pathways highlights
the complexity of MC activation mechanisms, which may explain why MC density alone did not
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Table 2. Comparison between mast cell-rich group (mast cell-rich group) and mast cell-poor group (mast cell-poor
group) in the number of mast cells, IL-6, LL-37, TNF-a (number/HPF [x400])

Slide number Mast cells IL-6 LL37 TNF-a
Mast cell-rich group 1 12.93 1 0.4 0.2
2 8.45 0.8 0.8 0.6
3 12.53 1 0.4 0.6
4 16.2 1.8 0.2 0.2
5 10.4 0.4 0.4 0.8
6 11.55 0.8 0.6 0.4
7 8 0.8 0.6 0.4
8 913 2.2 12 2
9 10.5 2.4 16 16
10 83 2 18 1.6
Mast cell-poor group 1 31 1.2 0.4 0.6
2 11 0.4 0.6 1.4
3 4.35 0.6 12 1
4 2.9 2.4 0.8 1
5 4.05 1.2 2.4 1.6
6 2.95 0.6 0.8 0.8
7 3.45 1.4 1.4 0.8
8 315 2.8 0.4 0.8
9 3 26 1 1
10 3.45 2.4 1 1.4

LL-37 cathelicidin LL-37.

correlate with specific clinical or inflammatory features in our cohort [11,12].

Furthermore, rosacea is associated with a variety of comorbidities, including allergies,
respiratory and gastrointestinal disorders, metabolic and cardiovascular diseases, and certain
malignancies [4,13]. It has been suggested that shared genetic and environmental factors, along
with immune regulatory processes, may underlie these associations [13]. In our study, patients
exhibited systemic comorbidities such as diabetes mellitus, hypertension, and dyslipidemia.
However, no significant association was found between MC counts and the prevalence of
systemic comorbidities, likely due to the small sample size.

Limitations

The limitations of this study include a small sample size and variability in disease duration and
previous treatments among patients, which could influence MC density, cytokine expression, and
clinical characteristics. Additionally, the absence of standardized laboratory data on systemic
comorbidities limits our ability to interpret potential correlations between these comorbidities
and MC count or activity. Moreover, variations in histopathological characteristics and types of
rosacea lesions were not thoroughly analyzed, potentially affecting the intensities of MC and
cytokine expression. Methodological constraints, such as possible recall and response biases,
along with a lack of control for detection and measurement biases in MC counting, may also
have impacted the results.
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Suggestion for further studies

Future studies should consider using larger, well-characterized samples from multiple centers,
along with standardized protocols for quantifying MC activity and inflammatory markers in
different rosacea subtypes and lesion characteristics.

Conclusion

MCs play a significant role in the pathogenesis of rosacea through mechanisms involving
innate immune responses, neurogenic inflammation, angiogenesis, and fibrosis [1]. However,
this study found no significant association between MC count, cytokine levels, and the clinical
features of rosacea. Our findings suggest that MC activity may be a more valuable indicator than
MC count alone for evaluating the biological behavior of rosacea. Additionally, relying solely on
IL-6, LL-37 and TNF-a staining may not adequately capture MC activity. It is possible that MCs
impact the surrounding skin tissue indirectly, without directly influencing the specific biological
markers evaluated in this study.

The pathology of rosacea likely involves multiple factors, indicating complex interrelationships
among its contributing elements. This study failed to establish a clear correlation between
the clinical characteristics of rosacea and either MC count or cytokine levels. Therefore,
further research is crucial to identify distinct pathological markers that could elucidate the
mechanisms underlying rosacea. Future studies should also concentrate on examining the
complex relationship between MCs and the multifaceted nature of this condition to improve our
understanding and management approaches.
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Vv

Objectives: This study aimed to evaluate the effectiveness of a multidisciplinary pulmonary
rehabilitation program at Ewha Womans University Mokdong Hospital, Korea that was designed to
augment respiratory function, promote patient recovery, and improve discharge outcomes.

Methods: This study was conducted as part of quality improvement activities from March to August
2023. A multidisciplinary pulmonary rehabilitation team was established, comprising specialists in
rehabilitation medicine, pulmonology, and thoracic surgery, as well as physical and occupational
therapists, and the nutrition team. We developed a comprehensive rehabilitation program that included
stretching, strengthening exercises, aerobic training, and respiratory retraining, supplemented by
individualized treatments such as bedside and ambulatory physical therapy. Evaluations before and
after rehabilitation were performed using the Modified Medical Research Council Dyspnea Scale and
the Chronic Obstructive Puimonary Disease Assessment Test. The primary indicators of success were
an increase of over 10% in pulmonary rehabilitation consultations and an improvement in discharge-
to-home rates.

Results: The total number of pulmonary rehabilitation cases rose by 79.16%, from 24 to 43, while
consultations saw a 2115% increase, from 52 to 63. Of the 63 pulmonary rehabilitation cases, 32
(50.8%) were transferred to other hospitals, 25 (39.7%) were discharged home, and 6 (9.5%) remained
hospitalized.

Conclusion: The study demonstrated the effectiveness of a multidisciplinary pulmonary rehabilitation
approach in improving program participation and achieving meaningful discharge outcomes. These
findings underscore the potential for expanding multidisciplinary efforts and highlight the need for
further studies to increase discharge-to-home rates and evaluate the long-term impacts of such
programs.

Introduction

Background

Pulmonary rehabilitation is a critical therapeutic and rehabilitative process aimed at improving
and maintaining respiratory function. It encompasses a comprehensive and intensive treatment
approach that includes education, various techniques, and devices to alleviate and manage
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symptoms of respiratory diseases, as well as to help prevent complications associated with
these disorders. Pulmonary rehabilitation enhances respiratory function, strengthens respiratory
muscles, and improves breathing techniques, ultimately optimizing oxygen delivery. The goal
of pulmonary rehabilitation is to enhance patients' physical capacity and psychological stability,
enabling them to achieve optimal functional performance in their daily lives.

Pulmonary rehabilitation is particularly crucial for patients with diminished respiratory capacity,
including those suffering from chronic obstructive pulmonary disease, restrictive lung disease,
tuberculosis-related lung conditions, or pulmonary arterial hypertension. It is equally crucial for
patients recovering from lung cancer surgery, lung volume reduction surgery, or thoracic surgery,
as well as for those in intensive care units. Although pulmonary rehabilitation has been proven
effective in treating various respiratory diseases, its application in clinical practice is still not
widespread [1-3]. Research on the current state and development of pulmonary rehabilitation in
clinical settings has been conducted in several countries, including the United States. However,
in Korea, such research is scarce, primarily due to a lack of awareness about the program [4-9].
A 2011 study revealed that only 20.9% of institutions in Korea offered pulmonary rehabilitation
[9]. However, since 2017, when the National Health Insurance Service (NHIS) began covering
pulmonary rehabilitation, there has been an increase in its institutional implementation [10].
Despite this progress, the practice is mainly carried out by departments of internal medicine
or rehabilitation medicine, without a comprehensive, multidisciplinary approach. At the tertiary
university hospital where this study was conducted, there were only 26 multidisciplinary
pulmonary rehabilitation consultations in the six months prior to the study, from March to August
2022.

Objectives

The aim of this study was to evaluate the effectiveness of a pulmonary rehabilitation program,
which involves a multidisciplinary team comprising individuals from the departments of
rehabilitation medicine, respiratory medicine, thoracic surgery, and the nutrition team.

Methods

Ethics statement

This study evaluates a new program in the Department of Rehabilitation at Ewha Medical
University Mokdong Hospital. Only the number of patients was counted from the electronic
medical records; therefore, neither approval by the institutional review board nor informed
consent was required.

Study design
This was a case series analysis.

Setting

This study was carried out as part of the 2023 Quality Improvement (Ql) activities at Ewha
Womans University Mokdong Hospital. It targeted inpatients at the hospital from March to
August 2023.

Subjects were patients who participated in the pulmonary rehabilitation program from March
to August 2023.

The Ewha Medical Journal https://doi.org/1012771/em}.2025.e2 2/ 7
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Interventions

Multidisciplinary pulmonary rehabilitation program

To establish a multidisciplinary pulmonary rehabilitation program, a dedicated team was
formed that included physicians from the Departments of Rehabilitation Medicine, Pulmonology,
and Thoracic Surgery, along with physical therapists, occupational therapists, and nutritionists.
Efforts to promote this team were implemented throughout the hospital to enhance awareness
of the multidisciplinary approach to pulmonary rehabilitation. As part of these promotional efforts,
the program was highlighted as the theme for the hospital's 2023 QI activities. Information about
the program was disseminated within the hospital to increase visibility. Additionally, networking
opportunities and collaborative meetings were organized to foster stronger cooperation among
the medical staff from the departments of pulmonology, rehabilitation medicine, and thoracic
surgery.

Furthermore, a comprehensive respiratory rehabilitation program was developed, incorporating
various components including stretching, strengthening exercises, aerobic exercise, respiratory
retraining, and equipment-based training. Rehabilitation treatments were tailored to each
patient's condition, offering diverse approaches such as bedside pulmonary physical therapy
and ambulatory physical therapy. Additionally, regular multidisciplinary patient meetings and
follow-up consultations were conducted.

An evaluation protocol for pre- and post-rehabilitation therapy was established. Specifically,
the protocol was enhanced by including not only the conventional manual muscle test but also
the Modified Medical Research Council (MMRC) Dyspnea Scale and the Chronic Obstructive
Pulmonary Disease Assessment Test (CAT). This enhancement facilitated a more comprehensive
evaluation and treatment of respiratory conditions.

Outcomes

The key indicators for this QI activity were defined as an increase of more than 10% in the
number of pulmonary rehabilitation consultations compared to the same period in the previous
year, and an enhancement in the discharge-to-home rate.

Data sources/measurement

Data were obtained from the electronic medical records of pulmonary rehabilitation cases
before and after the introduction of the multidisciplinary pulmonary rehabilitation program. The
patient count was recorded.

Bias
Bias was not considered reportable because the findings were derived from electronic medical
records before and after the intervention.

Study size
All patients were included during the observational period; no sample size estimation was
conducted.

Statistical methods

A descriptive analysis was conducted to compare the total number of pulmonary rehabilitation
cases before and after the intervention.

The Ewha Medical Journal https://doi.org/1012771/em}.2025.e2 3/ 7
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Results

As a result of this QI activity, the total number of pulmonary rehabilitation cases increased by
79.16%, from 24 to 43 cases, and the number of pulmonary rehabilitation consultations rose
by 2115%, from 52 to 63 cases (Fig. 1). Of the 63 pulmonary rehabilitation cases, 32 (50.8%)
were transferred to other hospitals, 25 (39.7%) were discharged home, and 6 (9.5%) remained
hospitalized.

Discussion

Key results
The number of pulmonary rehabilitation consultations exceeded the target of a 10% increase,
reaching a 21.15% increase and thereby achieving the goal.

Interpretation/comparison with previous studies

There was a significant increase of over 20% compared to 2022, a year that already had a
high number of respiratory-related inpatient cases due to COVID-19. Additionally, this initiative
provided an opportunity to enhance awareness of the importance of pulmonary rehabilitation
among other healthcare professionals in the hospital, who previously had limited understanding
of its significance.

As of 2019, approximately 6,200 people in Korea died annually from chronic lower respiratory
diseases, which accounted for 2.1% of all deaths [11]. The mortality rate for these diseases was
12.0 per 100,000 population, ranking them 9th among causes of death [11]. According to the
World Health Organization (WHO), chronic diseases are responsible for 71% of deaths globally,
with chronic respiratory diseases contributing to 5% of the total. This indicates that chronic
respiratory diseases account for 7% of deaths attributable to chronic diseases worldwide
[12]. The prevalence and mortality rates of respiratory diseases are on the rise. Pulmonary
rehabilitation is crucial in managing chronic lung diseases and offers significant benefits.

70

60

50

40

30

20

10

Total Bed side PT Ambulatory PT
m Before QI m After QI

Fig. 1. The number of pulmonary rehabilitation consultations and the number of bedside and ambulatory pulmonary
rehabilitation cases. PT, physical therapy; Ql, quality improvement.
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These include reducing exercise intolerance, improving health-related quality of life, and
alleviating dyspnea. It is recognized as a highly effective therapeutic approach for enhancing
the overall well-being of patients with respiratory conditions [13]. A 2011 study in Korea found
that only 20.9% of 43 tertiary and general hospitals offered pulmonary rehabilitation [9]. When
implemented, most programs focused primarily on respiratory education, and it was very rare
for them to include the high-intensity pulmonary rehabilitation programs recommended by
guidelines [10]. However, pulmonary rehabilitation should encompass more than just respiratory
education. It should also include exercise training, behavioral modifications, and education aimed
at improving both the physical and psychological conditions of patients with chronic respiratory
diseases.

According to the "Evaluation of the Effects and Improvement Plans for the Phase 2 Pilot
Program of Rehabilitation Medical Institution Fees" conducted by the Health Insurance Review
and Assessment Service (HIRA) in 2022, the discharge-to-home rates were 66.1% for moderate
patients, 39.8% for severe patients, and 13.4% for very severe patients [14]. This study also
included patients from the intensive care unit, which likely influenced the overall discharge-to-
home rate, estimated at 39.7%.

Limitations

First, the duration of the study was limited to only six months, which hindered a clear
evaluation of its long-term effects. Future research should extend over a longer period, ideally
on an annual basis. Second, there is a growing trend in international studies toward outpatient
or home-based pulmonary rehabilitation. Consequently, future studies should concentrate on
enhancing the quality of home-based pulmonary rehabilitation for outpatient patients. Third, the
study did not evaluate quality of life, depression, or anxiety, focusing solely on mMMRC and CAT
scores. Additional research in these areas would be valuable.

Conclusion

This study demonstrated a 79.16% increase in total pulmonary rehabilitation cases, rising
from 24 to 43, and a 21.15% increase in consultations, from 52 to 63, surpassing the target of a
10% improvement. However, the discharge-to-home rate was 39.7%, which was lower than the
50.8% transfer-to-other-hospitals rate. This indicates that while the multidisciplinary pulmonary
rehabilitation approach effectively increased participation, further efforts are necessary to
improve discharge-to-home outcomes. The significance of this study lies in its implementation
of a comprehensive, multidisciplinary approach to pulmonary rehabilitation. Future interventions
should focus on early rehabilitation and targeted strategies to facilitate transitions back to home
environments, which could potentially improve these outcomes.
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Objectives: This study aimed to assess the health rights of inmates in correctional facilities from the
perspective of unmet needs and to explore institutional improvement plans that could yield substantial
qualitative and quantitative advancements.

Methods: Data on capacity and actual occupancy, external and internal medical services, the number
of inmates with mental health conditions, and cell area were obtained from the Ministry of Justice.
Overall, 1,057 inmates were surveyed, representing 1.84% of the total inmate population of 57560
as of September 30, 2016. A structured questionnaire was distributed to these inmates, and upon
collection, the responses were analyzed. Furthermore, a request was submitted to the Ministry of
Justice to survey the status of healthcare personnel and medical services across 52 correctional
facilities nationwide.

Results: Between 2014 and 2015, the Ministry of Justice in South Korea allocated approximately 14 to
22 billion Korean won for healthcare services in correctional facilities. The major facilities with the most
inmates with mental health conditions had 160 such inmates in 2014 and 161 in 2015. Overcrowding
and insufficient cooling pose ongoing health risks. Inmates face challenges accessing medical care,
with unmet needs for dental and psychiatric services.

Conclusion: Strategies to improve inmates' health rights include establishing a primary healthcare
system, improving governance, alleviating overcrowding, and introducing mental health programs.
Emphases are placed on managing severe illnesses such as cancer, strengthening emergency care,
and ensuring oversight by the National Human Rights Commission. Regular education of prison staff is
also recommended to improve inmate health management.

Introduction

Background

Assessing potential human rights violations in the context of inmate health is challenging when
considering only the medical interventions provided to individual prisoners. Thus, it is essential to
comprehensively review existing correctional healthcare policies and to develop guidelines that
align with international human rights standards while reflecting the characteristics of the society.
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This approach is intended to propose alternatives to more effectively safeguard the health rights
of inmates.

Objectives

This research aims to examine the status of health rights for inmates within correctional facilities,
which serve as a barometer of human rights in a democracy governed by the rule of law. The goal
is to assess these rights in terms of unmet needs and to explore institutional improvement plans
that could yield substantial qualitative and quantitative advancements.

Methods

Ethics statement

Before the questionnaires were distributed to participants, they were informed of the following
regarding consent: "Your personal information will not be disclosed without your consent. The
findings of this study will be reported in a de-identified format, such as through distribution tables
or statistics. If you encounter difficulty answering any questions, you are not obligated to respond.”

Setting

Prior to the site visits, the National Human Rights Commission requested relevant data from
the Ministry of Justice. The Ministry provided information on several facilities, specifically
Seoul Detention Center, Anyang Correctional Institution, Daejeon Correctional Institution, Jinju
Correctional Institution, Gyeongbuk Northern Correctional Institution No. 1, and Mokpo Correctional
Institution. These data included details on capacity and actual occupancy, external and internal
medical services, the number of inmates with mental health conditions, and cell area.

Participants

The field research involved visits to correctional facilities to assess the status of their medical
facilities. Of 52 correctional facilities across the country, 10 (19.2%) were selected for the survey.
From each facility, a basic sample size of 100 inmates was chosen. In total, 1,057 inmates were
surveyed, accounting for 1.84% of the total inmate population of 57,560 as of September 30, 2016
(Table 1).

Variables
The variables under investigation were all questionnaire items presented to participants.

Data sources and measurement

A structured questionnaire was distributed to inmates, then collected and analyzed. Furthermore,
a request was submitted to the Ministry of Justice to conduct a survey on the status of healthcare
personnel and medical services available to inmates across 52 correctional facilities nationwide.

Bias
Bias may have been present in participant selection, as individuals were not randomly allocated,

but rather determined by each facility.

Study size
The basic sample size consisted of 100 inmates from each of 10 facilities. Participants were
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Table 1. Number of survey participants by facility

Capacity Current number Participants %

of inmates

Gyeongbuk Northern Correctional Institution No. 1 1,270 1,347 100 9.5
Daejeon Correctional Institution 2,060 2,935 133 12.6
Mokpo Correctional Institution 1,040 1,295 108 10.2
Seoul Detention Center 2,200 3,521 100 95
Anyang Correctional Institution 1,700 1,900 100 9.5
Yeoju Correctional Institution 1,610 1,603 101 9.5
Jinju Correctional Institution 1,050 1,003 12 10.6
Cheonan Correctional Institution 1,060 1,225 101 9.5
Cheongju Correctional Institution 750 1,079 100 9.5
Cheongju Women'’s Correctional Institution 610 750 102 9.6
Total 13,350 15,364 1,057 100

selected by the respective correctional facilities; consequently, no additional sample size
estimation was performed.

Statistical methods
Descriptive statistics were used.

Results

General status data

General status

The total budget allocated by the Ministry of Justice for healthcare across all detention facilities
was 14,565.36 million Korean won (KRW) in 2014 and 15,393.87 million KRW in 2015. Healthcare
expenditures for these facilities were 16,029.2 million KRW in 2014 and 22,282.28 million KRW in
2015.

External medical consultations

When an inmate in a correctional facility requests a medical consultation through correctional
staff in the housing or work areas, the assigned medical officer conducts either a rotating or
accompanied consultation. Based on the medical officer's recommendation, the inmate may be
authorized to receive treatment at an external medical facility, which could include telemedicine
services or in-person visits. The average monthly numbers of external consultations by facility
were as follows: Seoul Detention Center, 239.3 inmates sent for external consultations; Anyang
Correctional Institution, 372.5; Daejeon Correctional Institution, 288.0; Gyeongbuk Northern
Correctional Institution No. 1, 110.2; Mokpo Correctional Institution, 248.3; and Jinju Correctional
Institution, 871 (Table 2).

Internal medical consultations
When an inmate requests a medical consultation or medication through correctional staff in

The Ewha Medical Journal https//doi.org/1012771/em} 2024 e75 3 [ 14



Health rights of inmates in correctional facilities e m

Table 2. Number of external medical consultations by facility (May 1, 2015-April 30, 2016)

Time Seoul Detention Anyang Daejeon Gyeongbuk Northern Mokpo Jinju Correctional
Center Correctional Correctional Correctional Institution Correctional Institution
Institution Institution No.1 Institution
15.5 239 356 256 123 221 92
15.6 295 401 255 14 199 99
15.7 293 461 281 10 222 100
158 309 426 199 94 194 88
15.9 212 395 231 14 265 103
1510 239 360 375 108 246 87
1511 212 378 322 125 286 75
1512 233 350 231 125 289 78
161 202 303 295 93 241 71
16.2 213 334 287 106 250 62
16.3 222 351 327 107 303 108
6.4 202 355 397 103 264 82
Total 2,871 4,470 3,456 1,322 2,980 1,045

the housing or work areas, the medical officer reviews the request. The officer then identifies
inmates who require consultations or medications and escorts those needing consultations to
the medical department for treatment. Medications are prepared and dispensed to the inmates
in need, beginning in the afternoon of the same day. The average monthly numbers of internal
consultations by facility were as follows: Seoul Detention Center, 11,484.7 internal consultations;
Anyang Correctional Institution, 17,664.8; Daejeon Correctional Institution, 46,830.4; Gyeongbuk
Northern Correctional Institution No. 1, 14,703.7; Mokpo Correctional Institution, 13,804.4; Jinju
Correctional Institution, 7,439.8 (Table 3).

Inmates with mental health conditions

In 2014, Seoul Detention Center reported a total of 160 inmates with mental health conditions,
while Daejeon Correctional Institution and Jinju Correctional Institution had 123 and 119,
respectively (Table 4). At Seoul Detention Center, the most common mental illness was depression,
affecting 67 inmates; 39 had anxiety disorders, and 23 had schizophrenia. At Daejeon Correctional
Institution, 52 inmates had depression, 30 had anxiety disorders, and 18 had schizophrenia. Jinju
Correctional Institution reported 76 inmates with schizophrenia and 36 with depression. In 2015,
Mokpo Correctional Institution had the highest number of inmates with mental health conditions,
totaling 161. This was followed by Seoul Detention Center, with 140, and Jinju Correctional
Institution, with 123. Of the inmates at Mokpo Correctional Institution, 70 were affected by sleep
disorders, 52 by depression, and 27 by anxiety disorders (Table 5).

Inmate deaths

The survey of correctional facilities conducted in 2014 and 2015 reported a total of 11 deaths.
Of these, Seoul Detention Center accounted for two deaths, Daejeon Correctional Institution for
six, Gyeongbuk Northern Correctional Institution No. 1 for one, and Jinju Correctional Institution for
two.
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Table 3. Number of internal medical consultations by facility (May 1, 2015-April 30, 2016)

Time Seoul Detention Anyang Daejeon Gyeongbuk Northern Mokpo Jinju Correctional
Center Correctional Correctional Correctional Institution Correctional Institution
Institution Institution No.1 Institution
15.5 10,390 16,600 44,317 14,281 1,700 6,960
15.6 11,150 19,320 43,383 13,576 10,764 7,794
15.7 12,170 19,612 43,557 12,984 11,181 7,455
15.8 10,632 17127 42,435 12,944 1,705 6,145
15.9 1122 16,767 46,720 13,148 1,742 7323
1510 12,787 18,906 50,297 14,031 13,334 7152
1511 11,618 19,020 48,244 14,512 14,215 7018
1512 12,874 19,388 51,958 15,166 15,376 8,345
161 1,248 17324 51,678 15,035 15,261 7919
16.2 10,155 15134 47,353 14,692 16,864 7337
16.3 11,660 17,238 48,244 16,591 17,334 8,775
6.4 1,470 15,542 43,778 19,484 16,177 7,045
Total 137,816 211,977 561,965 176,444 165,653 89,277

Table 4. Number of inmates with mental health conditions (2014)

Total Behavior disorders Schizophrenia Depression Anxiety disorders  Sleep disorders  Etc.
(F10-F19) (F20-F29) (F30-F39) (F40-F49) (F50-F99)

Seoul 160 6 23 67 39 5 20
Anyang M4 37 43 34
Daejeon 123 3 18 52 30 14 6
Kyungpook 82 7 26 18 17 10 5
Mokpo 103 2 10 49 13 25 4
Jinju 19 76 36 7

Table 5. Number of inmates with mental health conditions (2015)

Total Behavior disorders Schizophrenia Depression Anxiety disorders  Sleep disorders Others
(F10-F19) (F20-F29) (F30-F39) (F40-F49) (F50-F99)

Seoul 140 24 33 35 3 45
Anyang 110 5 30 29 17 29

Daejeon 107 3 18 46 21 14 5
Kyungpook 93 3 19 20 29 15 7
Mokpo 161 3 8 52 27 70 1
Jinju 123 24 86 n 2

Inmates with health-related sentence suspensions

In 2014 and 2015, a total of 92 inmates from the surveyed correctional facilities had their
sentences suspended for health reasons. The breakdown of these numbers by facility is as follows:
Seoul Detention Center, 20, Anyang Correctional Institution, 20, Daejeon Correctional Institution,
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28, Gyeongbuk Northern Correctional Institution No. 1, six, Mokpo Correctional Institution, seven,
and Jinju Correctional Institution, 11.

Inmate housing conditions

The range of cell area by facility is as follows:

Seoul Detention Center: The area of shared cells for male prisoners ranges from 8.96 to 12.84
m’, while that of shared cells for female patients ranges from 516 to 17.52 m”.

Anyang Correctional Institution: The area of shared cells for male prisoners ranges from 3.6 to
24.4m’.

Daejeon Correctional Institution: The area of shared cells for male prisoners ranges from 6.7 to
33.27 m?, while that of shared cells for female patients ranges from 59 to 88.5 m”.

Gyeongbuk Northern Correctional Institution No. 1: The area of shared cells for male prisoners
ranges from 6.72 to 10.08 m?.

Mokpo Correctional Institution: The area of shared cells for male prisoners ranges from 10.8 to
17.3 m?, while that of shared cells for female patients ranges from 10.8 to 14.0 m”.

Jinju Correctional Institution: The area of shared cells for male prisoners ranges from 10.8 to 17.3
m’, while female shared cells range from 10.8 to 18.9 m”.

Field research results

General situation

The average age of respondents was 43.8 years (SD, 10.5 years), and the median age was 45
years. Most respondents—/62 individuals (95.4%)—were in their 20s to 50s. Prior to incarceration,
436 respondents (42.3%) were married. In terms of administrative classification, the largest
group was classified as grade 3 (411 respondents, 41.5%), followed by grade 2 (378 respondents,
381%), grade 1 (187 respondents, 18.9%), and grade 4 (15 respondents, 1.5%). Most participants
(786 inmates, 95.9%) were housed in shared accommodations, and 774 inmates (77.9%) were
assigned to work-release cells. Regarding criminal history, 641 respondents (64.2%) were first-
time offenders, while 358 (35.8%) were repeat offenders. The average sentencing period was
6.3 years (SD, 5.1 years), and the average time served was 4.2 years (SD, 4.0 years). On average,
respondents spent 55,000 KRW per month on personal medical expenses (SD, 120,000 KRW).

Living environment: residential conditions and overcrowding

Regarding heating in the winter, out of 1,021 respondents to the item, 356 inmates (34.9%)
reported that it was “very cold,” while 419 individuals (41.0%) described it as “cold.” Conversely,
during the summer, 705 inmates (68.5%) characterized their living quarters as "very hot,” while
288 (28.0%) reported them to be “somewhat hot.” Of 1,031 inmates who responded to the
survey regarding ventilation, a total of 638 (61.9%) reported issues with ventilation in their rooms.
Concerning the lighting conditions for sleep, out of 1,026 respondents, 252 (24.6%) indicated that
lights were on during sleep time, whereas 293 respondents (28.6%) reported that lights were not
on during this period.

Regarding access to shower facilities, 465 of 958 respondents (48.5%) reported being unable
to use showers, while 378 respondents (45.3%) indicated that they primarily used showers during
the summer. Furthermore, 772 respondents (84.1%) stated that hot water was available only in the
winter.

When asked about their laundry habits, 745 respondents (80.6%) reported washing their clothes
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in the bathroom rather than in a laundry room. Regarding washing methods, 755 respondents
(81.9%) indicated that they hand-washed their clothes.

When asked whether clothing was distributed on time, 875 of 1,020 respondents (85.8%)
answered in the affirmative. However, regarding satisfaction with the quality of the clothing, 464 of
1,008 respondents (46.0%) expressed dissatisfaction.

Concerning the allocation and cleanliness of bedding, 670 of 1,021 respondents (65.6%) reported
receiving one mattress per person. Additionally, 557 respondents (55.0%) indicated they were
provided with two blankets each, and 939 respondents (92.2%) confirmed receiving one pillow
per person. In terms of the cleanliness and suitability of the bedding, 328 out of 1,014 respondents
(32.3%) described the bedding as not clean or suitable for use, while 169 respondents (16.7%)
stated that it was not at all clean.

Regarding compliance with the planned diet in the correctional facility, 816 out of 1,041
respondents (78.4%) reported that the facility adhered to the planned menu. However, when
asked about satisfaction with the meals, 345 out of 1,038 respondents (33.2%) indicated
dissatisfaction. Regarding the quality of purchased supplementary food (self-funded), 571 out of
1,039 respondents (55.0%) expressed dissatisfaction.

Concerning daily exercise duration, 507 out of 1,036 respondents (48.9%) reported exercising
for 15 to 30 minutes a day, while 390 respondents (37.6%) indicated that they exercised for 30 to
45 minutes daily.

Emotional state

Depression: The 11-item Center for Epidemiologic Studies Depression Scale was administered
to assess the presence of depression among the inmates. Scores of 21 to 24 indicated mild
depression, while scores of 25 or higher indicated severe depression. Of 1,003 respondents,
115 (11.5%) were identified as having mild depression and 199 (19.8%) severe depression.
Consequently, a total of 314 participants (31.3%) were classified as experiencing depression.

Sleep disorders: Among 938 respondents, the average time to fall asleep was 33.2 minutes (SD,
28.0 minutes), and the median time was 30 minutes. The shortest time recorded to fall asleep was
5 minutes, while the longest was 250 minutes. A total of 652 respondents (69.5%) took between
10 minutes and 1 hour to fall asleep. On average, respondents woke up 3.4 times per night (SD, 2.1
times), and the median number of awakenings was three. The maximum number of awakenings
reported by a respondent in a night was 20, and 35 respondents (3.8%) reported waking up more
than 10 times. On average, respondents had trouble sleeping 2.8 days per week (SD, 2.2 days),
and the median was 2 days. The maximum number of days per week with sleep difficulties was
seven, with 99 respondents (12.5%) indicating they had trouble sleeping every night. Additionally,
194 respondents (24.4%) reported having difficulty sleeping at least one night per week, while 180
respondents (22.6%) experienced difficulty sleeping for two nights per week.

Intentional self-harm: Of 846 respondents, 118 inmates (13.9%) reported having considered
intentional self-harm within the past year. Among these individuals, 31 inmates (3.7%) indicated
that they had formulated a suicide plan during the past year, and 11 inmates (1.3%) reported that
they had attempted suicide.

General health condition

Over the past year, the most frequently reported health issues were headaches and eye fatigue,
affecting 740 respondents (15.1%). This was followed by muscle pain in the shoulders, neck, and
arms, reported by 708 respondents (14.5%). Muscle pain in the lower body, including the hips and
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legs, affected 588 respondents (12.0%). Among the 93 respondents (2.4%) who reported other
health issues, conditions mentioned included chronic prostatitis, colds, acute pyelonephritis,
toothaches, cystitis, ascites, rhinitis, asthma, pulmonary fibrosis, and endometriosis. When asked
if they had developed new health problems after being incarcerated, 541 out of 727 respondents
(60.4%) answered "yes.” Furthermore, when asked whether pre-existing health issues had
worsened since entering the correctional facility, 420 out of 831 respondents (50.5%) answered in
the affirmative.

Medical utilization: internal/infirmary care and external medical services

Internal medical care: Out of 978 respondents, 619 (63.3%) reported that they had urgently
needed to visit the medical department due to illness. When 606 inmates were questioned
about the feasibility of being escorted to the infirmary, 336 (55.4%) indicated it was “"somewhat
possible.” In contrast, 179 (29.5%) found it "somewhat difficult,” 48 (7.9%) stated it was "not at all
possible,” and 43 (71%) considered it “very possible.” Overall, 227 respondents (37.4%) expressed
difficulty in being escorted to the infirmary.

When asked about their visit to the infirmary, 785 out of 968 respondents (811%) reported that
they were examined by a doctor (Table 6). Additionally, 869 of 1,016 respondents (85.6%) confirmed
that they had received medical treatment from a healthcare professional within the facility.

Of 956 respondents, 277 (29.0%) reported being asked to cover personal medical expenses
within the facility. Among those inmates, 83 respondents (30.6%) said they had been unable to
receive treatment due to the inability to pay for medical expenses (Table 7).

When asked whether they had ever desired dental treatment, 733 out of 1,015 respondents
(72.2%) answered "yes.” Of the 693 respondents who provided further details, 104 (15.1%)
reported being unable to receive any dental treatment, and 514 (74.2%) indicated that they had
received treatment but experienced an excessive wait time.

Concerning the desire for psychiatric treatment, 166 out of 997 respondents (16.6%) reported

Table 6. Medical personnel who conducted medical examinations

2016 2010 2022
Number % Number % Number %
Doctor 785 811 634 81.3 543 710
Nurse 38 3.9 37 47 58 7.6
Correctional officer 90 9.3 65 83 19 15.6
Inmate 4 0.4 3 0.4 35 4.6
Others 51 5.3 41 53 10 13
Total 968 100 780 100 765 100
Table 7. Inmates experiencing inability to receive medical treatment due to medical expenses
2016 2010 2022
Number % Number % Number %
Yes 83 306 66 478 127 492
No 188 69.4 89 52.2 131 50.8
Total 271 100 155 100 258 100
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wanting such treatment. Among the 133 inmates who gave additional details, 46 (33.1%) reported
being unable to receive any psychiatric treatment, while 52 (37.4%) indicated that they had
received treatment but experienced an excessive wait time.

When asked to prioritize the top three most essential healthcare services in the facility (calculated
using weighted averages), participants ranked “dental consultation and treatment” as the most
necessary, followed by "regular health check-ups” in second place and “increased use of external
hospital services"” in third.

Infirmary admission: Of 885 respondents, 52 (5.9%) reported having applied for admission to the
infirmary. Of these, 36 inmates (66.7%) were successfully admitted, indicating that approximately
one in three inmates who applied were not admitted. The average time from application to
admission was 13.4 days (SD, 26.9 days). Among the 37 inmates who gained admission to the
infirmary, five respondents (13.5%) reported that gaining admission was somewhat difficult, while
11 (29.8%) described it as very difficult.

Of the 24 respondents who reported being denied admission to the infirmary, 12 inmates (50.0%)
indicated that they were refused without receiving a medical examination. This suggests that half
of the refusals occurred without a proper medical evaluation.

External medical treatment: Among 866 respondents, 204 inmates (23.6%) reported having
wanted to receive treatment at an external hospital but being unable to apply. Additionally, 140 out
of 823 respondents (17.0%) indicated that their requests for external hospital treatment had been
denied. Among 125 inmates who had been denied external treatment and provided further details,
24 (19.2%) reported being denied without receiving a medical examination.

Regarding the cost of external hospital treatment, 155 out of 216 respondents (71.8%) reported
that they had to cover the full cost themselves. The average time elapsed from applying for
external hospital treatment to receiving it was 41.0 days (SD, 82.2 days).

When inmates were transferred to external hospitals, they were accompanied by an average of
four correctional officers (SD, 0.8). The median number of officers present during these transfers
was also four, with a range of two to six officers and a mode of four officers.

Health check-ups

Of 1,027 respondents, 825 (80.3%) reported receiving a health check-up upon admission to
the facility. When asked whether they received follow-up care after the check-up, 293 out of 791
respondents (37.0%) answered in the affirmative, while 311 (39.4%) indicated they did not receive
follow-up care.

Only 99 of 797 respondents (12.4%) reported having undergone a mental health check-up at
admission. Among 76 inmates who experienced a mental health check-up, only 13 respondents
(171%) were examined by a psychiatrist.

Regarding general health check-ups during incarceration, 842 out of 1,003 respondents (83.9%)
reported receiving one. Among 792 respondents queried about follow-up care after the check-up,
281 (35.5%) confirmed they had received care, while 320 (40.4%) indicated they had not.

Additionally, 70 out of 790 respondents (8.9%) reported having received a mental health check-
up while incarcerated. Among 55 of the respondents who indicated having received a mental
health check-up, 16 (29.1%) reported being examined by a psychiatrist.

Medication usage

Out of 922 respondents, 345 inmates (37.4%) reported obtaining medication through self-
funded purchases, while 324 inmates (35.1%) indicated they received medication via prescription
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following a medical consultation. Furthermore, 172 inmates (18.7%) reported acquiring medication
by submitting a request form without a doctor’s visit.

Of 915 respondents, 439 inmates (48.0%) indicated having been prescribed medication without
meeting with a doctor. On average, inmates took medication 4.4 days per week (SD, 0.6 days).

Among 879 respondents, 72 inmates (8.2%) reported having been refused when applying to
purchase self-funded medication. Of 947 respondents, 806 inmates (85.1%) had experience with
purchasing self-funded medications. The most frequently purchased self-funded medications
were vitamins and supplements like calcium (673 inmates, 31.6%), followed by skincare
medications (445 inmates, 20.9%) and analgesics (328 inmates, 15.4%).

Emergency situations

Of 747 respondents, 157 inmates (21.0%) reported having requested a consultation with a doctor
or nurse at night or on Saturday afternoons, Sundays, or public holidays due to illness. Among 151
inmates who requested a consultation, 48 (31.8%) were able to meet with a doctor or nurse, while
103 inmates (68.2%) were unable to do so.

The average waiting time for inmates to see medical staff after submitting a request was 3.5
days (SD, 2.9 days). The median waiting time was 1 day. Of the 54 inmates who provided detailed
information, 20 (37.0%) were able to meet with medical staff within 1to 3 days.

Medical complaints

Out of 826 respondents, 18 inmates (2.2%) reported having filed complaints or petitions
concerning medical issues. Among these 18 inmates, eight (44.4%) stated that they experienced
interference from the correctional facility when filing their complaint. After the petitions were
processed, only two inmates (12.5%) out of 16 who reported further information indicated that the
desired action was taken.

Status of medical staff and facilities across correctional institutions

Medical staff and inmate demographics across correctional facilities

As of September 30, 2016, a total of 57541 inmates were housed across 52 correctional facilities
in South Korea. The breakdown by gender and age revealed that 27.9% (16,072 inmates) were in
their 40s, followed by 25.2% (14,526 inmates) in their 50s and 21.5% (12,398 inmates) in their 30s.
The inmate population was 71% male and 29% female, with 70% of the inmates between 30 and
50 years old.

Regarding the medical staff available in these facilities, as of September 30, 2016, the staffing
fulfillment rates in comparison to the required personnel were as follows: doctors at 79%,
pharmacists at 85%, nurses at 98%, and medical technicians at 100%.

Average daily number of patients and prescriptions in correctional facilities

The average daily medical consultation rate varied significantly across correctional facilities,
ranging from 3.1% to 30.0%. The Pyeongtaek Branch of Suwon Detention Center reported the
highest consultation rate at 30.0%. This was followed by Chuncheon Correctional Facility at
20.9% and the Seosan Branch of Hongseong Correctional Facility at 20.3%. In contrast, Pohang
Correctional Facility had the lowest daily consultation rate at 31%.

Regarding the daily number of prescriptions issued, as of September 30, 2016, Daejeon
Correctional Facility recorded the highest figure, with 3,677 prescriptions. This was followed by
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Daegu Correctional Facility, with 2,313 prescriptions, and Seoul Detention Center with 1,386
prescriptions.

Discussion

Directions for improving health rights

Inmates in correctional facilities face considerable barriers to accessing essential healthcare
services, resulting in serious violations of their right to health and meaningful disparities in health
determinants. From a human rights standpoint, inmates retain the right to health, and correctional
institutions are intended to facilitate social reintegration. Supporting inmates in adopting healthy
behaviors can positively influence community health, underscoring the importance of improving
health rights for inmates [1-3].

Strategies for key tasks

Establishing a primary healthcare system and community linkages within correctional facilities

While recent investigations indicate an increase in healthcare staff and a rise in the frequency of
in-person doctor consultations, many inmates continue to receive exclusively medication-focused
treatments, without the benefit of direct consultations. Deficiencies remain in comprehensive
services, such as counseling, health education, psychological support, and ongoing monitoring.
Notably, dental and mental health services face a substantial unmet demand. Therefore, it is
essential to ensure that sufficient healthcare personnel are available to address the gaps in primary
healthcare services within correctional facilities. Additionally, a medical information system must be
established that maintains continuity of care before and after an inmate's admission. This should
be complemented by the standardization of operational manuals for medical services in these
facilities, as well as the development of comprehensive healthcare programs that encompass
screening, consultation, and management. Furthermore, efforts must be directed toward medical
officers in correctional facilities, focusing on improving their capabilities and education in human
rights. For medical officers who repeatedly violate human rights, the adoption of a “three-strike
rule” is recommended to prevent them from continuing to provide medical services.

Establishment of a healthcare control tower and governance system in correctional facilities

Establishing a high-quality primary healthcare system within correctional facilities and integrating
it with the community healthcare system is a complex task that cannot be accomplished solely
through the efforts of individual facilities. The specialized nature of healthcare means that
addressing healthcare issues within correctional facilities through the standard correctional
administration framework is structurally limited. To ensure the robustness of primary healthcare
within these facilities and to facilitate a seamless connection with community healthcare services,
it is necessary to create a dedicated healthcare service system within the Ministry of Justice. This
system should be separate from the regular correctional administration. Such an approach would
enable medical offices in each facility to be directly managed by the Ministry of Justice, rather than
being subordinate to the individual correctional facilities.

If a separate healthcare service organization is not created, a control tower should instead
be implemented within the Ministry of Justice. This Correctional Healthcare Support Unit could
monitor and evaluate the medical offices within each correctional facility.

Additionally, the formation of a Primary Healthcare Enhancement Committee for Correctional
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Facilities is recommended. This governance body should include members from human rights
organizations, representatives from regional public hospitals, community representatives, and
experts. The existence of this committee would promote open communication and oversight.
Furthermore, improvements to the official Borami system should be made to enable medical
officers to access inmates' medical information from before their incarceration. This access would
facilitate improved healthcare management within correctional facilities.

Plans regarding the general environment and medical facilities in correctional institutions

With overcrowding, many inmates who previously lived alone are now struggling to adapt to
confined spaces where six or more individuals share a small cell. Such an environment has been
identified as a cause of increased conflict among inmates. Additionally, surveys reveal that cooling
facilities are notably lacking compared to heating, creating heightened health risks during the
summer due to overcrowding, inadequate cooling, and limited water supply.

To address these issues, it is essential to assess whether the capacities of the facilities are set
appropriately. Initially, a minimum living space should be established that does not adversely affect
the basic quality of life and health of inmates, and the current facility capacities should be adjusted
accordingly. Furthermore, to alleviate overcrowding, early release options should be implemented
for minor offenders.

Cooling and water supply must be consistently provided during the summer, rather than being
restricted to certain times. Ensuring access to adequate cooling and water for bathing is not only
a basic human right but also crucial for infection prevention and the management of inmate health
during the hotter months. Finally, for patients requiring dialysis, such as those with chronic renal
failure, inmates should be housed in designated facilities within regional correctional jurisdictions.
This and similar approaches would improve the quality of medical services provided for specific
health conditions.

Introduction of mental health programs in correctional facilities

A survey revealed that inmates exhibit significantly higher levels of stress and depression
compared to the general population. Poor mental health among the incarcerated not only
diminishes their overall health status but also contributes to adverse outcomes, including conflicts,
violence, and self-harm. These findings underscore the importance of proactive mental health
management. Correctional facilities might benefit from adopting a mental health program akin to
that of Jinju Correctional Institution, which focuses on managing psychiatric disorders.

An initial mental health evaluation by a psychiatrist should be incorporated into the intake health
screening process. Individuals identified as high-risk should receive psychiatric care, whereas
other inmates should have access to mental health programs, such as those offered at Jinju
Institution. The mental health of inmates should be regularly assessed, with mental health nurses
and clinical psychologists available on-site in collaboration with psychiatrists. For inmates with high
depression scores, targeted psychological support should be provided, and measures should be
taken to mitigate or eliminate exacerbating factors.

Post-release, these mental health programs should continue in partnership with community
mental health centers, such as regional and metropolitan facilities, as integral components of
community mental health initiatives. This approach includes the provision of training and support
for program coordinators to establish a robust support system. For a detailed description of the
program, refer to Supplement 1.
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Management plan for severe illnesses, such as cancer, and emergency medical systems in
correctional facilities

A robust healthcare management system is crucial in correctional facilities, especially for
managing severe illnesses such as cancer and for establishing an effective emergency medical
response. For conditions like cancer, thorough monitoring should commence at intake via
the cross-referencing of health insurance records, ensuring that undiagnosed cases are not
overlooked. When new cases of cancer or other severe illnesses are identified within a correctional
facility, it is crucial to coordinate closely with public health centers and community medical
institutions to ensure patients are registered for specialized care. Those registered with cancer
must receive proactive management both within the facility and through external healthcare
services.

Within correctional facilities, patients with cancer and other severe illnesses must be immediately
assigned to medical units, with specialized medical rounds tailored to their needs. Effective
management of these patients and the ability to respond to potential emergencies necessitate
ongoing training to improve the skills of medical officers, as well as the securing of sufficient
medical personnel. This goal also entails minimizing delays in emergency medical services that
may result from staffing shortages, especially on weekends and holidays.

For cases in which adequate care cannot be provided within the facility, a robust protocol should
be in place to secure external treatment from community healthcare institutions. Active medical
intervention from these external facilities should be readily accessible to manage severe conditions
effectively.

Ongoing efforts by the National Human Rights Commission

The National Human Rights Commission should conduct periodic investigations into the cases
of inmates with suspended sentences, deceased inmates, and individuals who frequently file
health-related complaints. Additionally, it is necessary to conduct a comprehensive health rights
survey encompassing all inmates in correctional facilities across the country every 3 to 5 years.
Finally, health rights-focused human rights education must be provided to prison wardens, medical
officers, and key senior staff members. Since the primary responsibility for upholding inmate health
rights rests with the management of these facilities, particularly the prison wardens, medical
officers, and senior officials, their awareness of health rights is directly linked to the protection
of these rights among inmates within their respective institutions. Therefore, as a component
of the Commission’s human rights education initiatives, it is vital to deliver targeted health rights
education to these key supervisory figures.
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Editor's note
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4

Symmetrical peripheral gangrene is a severe condition marked by symmetric acral necrosis without
obstruction of the major blood vessels. This case report examines the critical decisions involved
in choosing between early and delayed amputation, as well as determining the extent of the
necessary amputation. We present three cases: one involving antiphospholipid syndrome, another
with disseminated intravascular coagulation, and a third associated with diabetes mellitus. All three
cases ultimately required amputation due to symmetrical peripheral gangrene. In the first two cases,
amputation was delayed, which is typically advantageous as it allows for the clear demarcation of
necrotic tissue. However, in the third case, where infection was evident, immediate amputation was
necessary despite the patient's overall poor health.

Introduction

Symmetrical peripheral gangrene (SPG) is a devastating condition characterized by symmetric
acral necrosis without large vessel obstruction, often associated with septicemic conditions
[1] and disseminated intravascular coagulation (DIC) [2]. In this case report, we describe three
cases: one of antiphospholipid syndrome, one of DIC, and one of diabetes mellitus, all of which
resulted in amputation due to SPG. Our primary protocol is to delay amputation until the gangrene
is well established. However, should signs of infection appear, early amputation is recommended.

Case presentation

Ethics statement
This case report was approved by the institutional ethics committee (IRB NO: KNUH 2021-10-
026). Consent for publication was obtained from the patients or their family members.
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Case 1

Patient information and clinical findings
A 76-year-old woman presented to the emergency department with pain in her bilateral
fingers and toes, which began 1 day prior to admission.

Diagnostic assessment and final diagnosis

Photoplethysmographic examination revealed no flow in both the toes and fingers, with the
exception of the right thumb. The patient's coagulation profile indicated a d-dimer level of 24.63
mg/dL and antithrombin Ill at 64.6%. A lupus anticoagulant value of 1.21 was also detected.
Based on these findings, the patient was diagnosed with antiphospholipid syndrome.

Therapeutic intervention

Given the patient's high risk of developing sepsis, a central line was placed. The patient
was treated with alprostadil and underwent heparinization. A dark discoloration appeared and
progressed symmetrically up to the middle phalanges (Fig. 1). Within 3 days after admission,
the patient stabilized, and a clear demarcation line was established, leading to a series of
amputations.

Fig. 1. A 76-year-old woman with sharp aggravating pain and cyanotic changes on the tips of fingers and toes.
She was diagnosed with antiphospholipid syndrome and later experienced dark discoloration with symmetric
progression up to middle phalanges. The patient then underwent a series of amputations involving the fingers and
toes on both sides.
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Follow-up and outcomes
The patient tolerated the procedures well and did not experience any recurrence.

Case 2

Patient information and clinical findings

A 49-year-old man diagnosed with rectal carcinoma (stage T3N2MO) underwent laparoscopic
anterior resection of the colon. Three days post-surgery, the patient experienced anastomotic
leakage. As his clinical condition worsened, he underwent an emergency segmental resection of the
colon, coloanal anastomosis, and loop ileostomy. Following these procedures, he was transferred to
the intensive care unit and placed on a mechanical ventilator. Blood cultures revealed the presence
of Escherichia coli, and his hemoglobin level dropped to 5.9 g/dL. Treatment included a dobutamine
drip and a norepinephrine drip, stabilizing his blood pressure at 100/60 mmHg.

Diagnostic assessment

Laboratory analysis indicated signs of DIC, with fibrinogen levels at 216 mg/dL, antithrombin Il
at 31.9%, D-dimer at 1,216 mg/dL, PT at 35.2%, PTT at 57.6 seconds, INR at 2.15, and a platelet
count of 70,000/cc.

Therapeutic intervention

Sixty units of platelets, two pints of packed blood cells, and 10 units of fresh frozen plasma
were transfused. Treatment with vasopressors was continued, as both hands and feet became
cold, and blue discoloration appeared. Within 2 days, dry gangrene appeared on the digits of
all four limbs and symmetrically progressed up to the bilateral wrists and distal calves (Fig. 2).
Once the patient's overall condition and the gangrene stabilized, bilateral open below-knee and
below-elbow amputations were performed.

Follow-up and outcomes
The patient tolerated the procedures well and did not experience any recurrence.

Case 3

Patient information

A 53-year-old woman with end-stage kidney disease, who was undergoing dialysis, and had a
long-standing history of diabetes mellitus, was admitted to the hospital. She had been receiving
hemodialysis three times a week and had been on insulin injections for two years prior to her
admission.

Clinical findings

One year before admission, the patient underwent percutaneous transluminal angioplasty
in the right forearm, which was followed by the development of distal gangrene. Treatment
included acetylsalicylic acid, clopidogrel, and warfarin. Six months before hospital admission,
gangrene with infection appeared at the fourth fingertip of the right hand and on both feet (Fig. 3).
Cultures from wound pus identified methicillin-resistant Staphylococcus aureus (MRSA), leading
to the administration of oxacillin and vancomycin. A phase bone scan indicated a soft tissue
infection in the left foot.
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Fig. 2. A 49-year-old man who later showed a septic manifestation and consumptive coagulopathy. On the second
day of inotropic use, dry gangrene of the digits developed and progressed symmetrically up to (A) the bilateral
wrists and (B) distal calf, including the ankles and feet.

Fig. 3. A 53-year-old woman with end-stage kidney disease on dialysis and a long history of diabetes mellitus had
gangrene with infection at the fourth fingertip of her right hand and both feet. Due to the presence of an infection,
the patient underwent prompt amputation.

The patient's condition continued to deteriorate, characterized by persistent fever and poor
oral intake. Concurrently, the CRP levels consistently rose, reaching values above 30.79 mg/dL.

Therapeutic intervention
Amputation was initially performed on the right hand and fourth finger, followed by the
amputation of the first toe on the right foot, and subsequently, the fourth finger of the left foot.
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A stronger antibiotic, meropenem, was administered, along with regular incision and drainage
procedures. Despite these measures, wound healing remained poor.

Follow-up and outcomes
The patient's general condition kept worsening until her death 3 months after admission.

Discussion

In the first case, antiphospholipid syndrome was identified as the underlying cause of
gangrene. Lupus anticoagulants are associated with an odds ratio for thrombosis that is 5 to
16 times higher than that of controls. This increased risk applies regardless of the thrombosis's
location and type, and whether systemic lupus erythematosus is present [3]. The "two-hit"
model of thrombosis associated with antiphospholipid syndrome proposes an initial "first hit" that
disrupts the endothelium, followed by a "second hit" that promotes thrombus formation [4]. The
presence of sepsis in this patient exacerbated the reduction in blood supply to the most distal
parts of the body. Heparinization was implemented to prevent further clot formation, although it
could not reverse the existing damage.

The second patient had a neoplastic condition with £. coli isolated from the blood culture. £
coli contains lipopolysaccharide in its outer layer, which can trigger endotoxic shock. This, in
turn, activates the coagulation system, leading to consumptive coagulopathy. Fibrin thrombi
were observed in skin biopsy specimens or those from various organs with a history of SPG
during the postmortem examination, suggesting DIC [2].

Despite recognizing the inotropic agent as the cause of gangrene progression in the second
case, the cost of discontinuing the treatment was deemed too high. A prompt surgical approach
was only considered once the patient's general condition had stabilized. It is also advisable to
wait until a clear demarcation line of gangrene is established, as viable tissues may exist beneath
the necrotic skin [5]. The extent of the early symptoms will likely decrease after revascularization
around the gangrene. Therefore, early amputation could potentially extend the gangrene or lead
surgeons to overestimate the necessary level of amputation.

In the third patient, the cause of gangrene was undetermined. However, the patient had
diabetes mellitus. Microangiopathy in patients with diabetes mellitus impairs blood flow,
especially to the most distal parts, and initially creates dry gangrene [6]. Additionally, diabetes
mellitus increases susceptibility to infections [7].

In the third case, early amputation was warranted because the increasing CRP indicated
infection. For patients with diabetes, many authors advocate early surgery since infections may
further disturb local microcirculation and antibiotics cannot penetrate the site of infection [8,9].
Wound culture also revealed infection by MRSA, which is associated with worse outcomes in
patients with diabetic foot infections.

The patients in the first two cases tolerated the procedures well and experienced no
recurrence. With the aid of suitable prostheses, they were able to carry out their daily activities.
Therefore, these cases highlight the importance of tailored assessments that consider the
underlying condition, the progression of necrosis, and the status of infection to enhance
outcomes and minimize morbidity in the management of SPG.

In conclusion, SPG is a severe complication that necessitates careful consideration of both the
timing and level of amputation. The cases discussed here demonstrate that a delayed approach
to amputation is generally advantageous in instances of antiphospholipid syndrome and DIC,
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as it allows for a well-demarcated border of necrosis to form. However, early amputation is
imperative in the presence of infection, such as in diabetes mellitus with MRSA infection, to
prevent further systemic deterioration. The decision on the appropriate level of amputation
hinges on achieving clear demarcation of necrotic tissue to avoid unnecessary removal of
viable tissue, while also taking into account the patient's overall condition and response
to revascularization efforts. In situations where infection impairs local blood flow or where
antibiotics are ineffective in penetrating the affected area, early intervention at a higher level of
amputation may be necessary to control the infection and improve the potential for healing.
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On Monday mornings, | arrive earlier than usual (Fig. 1). At 8:30, there is a senior staff meeting
at the county office. Over the weekend, | review any changes to the report for that meeting,
which was originally sent out the previous week, and plan how to explain everything concisely.
This habit applies to other weekdays as well, as | also arrive at work by eight. On days without
meetings, | sit quietly in my office and scan the morning papers—one national and one regional—
looking for articles related to health centers. Additionally, I open a file containing every local article
about Buan County.

Responsibilities extending beyond medical issues

A public health center's responsibilities extend beyond medical issues. Social, cultural, and
even political events can influence our tasks. Over time, | have trained myself to gather as much
information as possible. Our rapid-response unit has recently required close attention. Just as |

Fig. 1. Photo of the author, Dr. Chanbyoung Park, in front of the Buan-gun Health Center on January 15, 2025
(provided by the author).
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began writing this piece, a Jeju Air plane crash occurred at Muan Airport in Jeollanam Province
(December 29, 2024). Our emergency contact system was activated, and the county office
asked us to determine whether any county employees or residents were affected. | relayed
directives to the health center managers and discussed the possibility of deploying our unit
with the team leader. Although the accident site was far away, a large-scale disaster could still
necessitate additional support. We also decided to review the local health center’s response
later—assessing what was done well, what was lacking, and how to improve. In a mass-casualty
situation, the fire station responds first. If they request our assistance, the rapid-response team
and a disaster medical assistance team from a university hospital work together on-site. We
set up a field station, triage patients, provide first aid, and coordinate hospital transfers. As the
health center director, | oversee these operations. Remaining prepared and well-trained is vital
for coordinating with the fire station promptly when needed. Checking the disaster-response
group chat has become second nature.

Back at the public health center, | lead a meeting with team leaders. | communicate the county
mayor's directives, highlight important tasks from other departments, and listen to each team'’s
work plans for the week. If any issues are complex or require more in-depth discussion, we
address them afterward.

Isolation of an active tuberculosis patient

Today (January 13, 2025), the Infectious Disease Prevention Team convened to discuss
a critical case. An elderly patient in a nursing facility tested positive for tuberculosis bacteria
in a sputum culture, indicating a high risk of transmission. We must arrange for this patient’s
admission to a hospital designated for tuberculosis isolation; however, the guardian is not
cooperating. The patient denies having tuberculosis, complicating enforcement even with an
available isolation bed. Additionally, his limited mobility necessitates a caregiver. For two days,
the team leader and staff negotiated by phone with the guardian, the hospital, and a caregiver
agency. Ultimately, they used government funds to cover transportation and caregiving costs,
and by evening, we successfully arranged the isolation admission. Tomorrow, we will conduct an
epidemiological assessment of 75 close contacts.

County official's proposal and backup by a healthcare
specialist

Ever since local elections granted greater authority to county officials, they have proposed
health policies that prioritize residents’ needs. In our county, these initiatives include free herpes
zoster vaccinations, subsidized knee replacement operations, and increased childbirth stipends.
Herpes zoster vaccination is already a routine procedure for many middle-class individuals,
so providing it at no cost to those over 50 seems both fair and beneficial for lower-income
populations. However, subsidizing knee replacement surgeries raises concerns about potential
overtreatment. Nevertheless, for low-income groups, covering out-of-pocket expenses that
insurance or medical aid does not fully cover is a significant relief. Childbirth stipends present
an even more complex issue. Many municipalities offer these stipends, but the amounts vary
widely. Some officials believe that increasing the payments will boost birth rates and revitalize
declining areas; however, a one-time payment is not a comprehensive solution. The Ministry
of Health and Welfare attempts to mitigate reckless competition through the Social Security
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Review Committee. Consequently, we decided to replace our existing policy with a postpartum
care subsidy. After receiving approval from the mayor and endorsement from the county council,
we launched the new plan. These initiatives intertwine medical, legal, policy, and political
considerations. It required several days of discussions with my department chief, team leaders,
and staff, along with visits to the ministry and budget negotiations with the mayor and council, to
move forward effectively.

Online meetings and a decision as a government official

In our era of advanced information technology, video conferences, which surged during
the COVID-19 pandemic, have become commonplace. Our county established a dedicated
system on our official network, which is now used once or twice a week. Early in the pandemic,
| participated in video calls led by the Prime Minister or the Health Minister to reduce face-to-
face contact. More recently, the discussions have centered on the medical community’s protests
regarding the increase in medical school admissions for 2025. The resignation of medical
residents primarily affects large urban hospitals, so rural health centers are less impacted.
However, if collective action occurs, my dual role as a public official and a member of the Korean
Medical Association puts me in a difficult position. While individual members have the option to
join the association's protests, fulfilling my official responsibilities is mandatory, which makes the
implications of these decisions quite clear.

One Health concept

That afternoon, the leader of our Infectious Disease Response Team reported an outbreak
of avian influenza at a duck farm with 30,000 ducks. We encounter situations like this almost
every winter due to the number of local duck farms. The Livestock Division prepared for a culling
operation, established a quarantine perimeter, and restricted traffic in the area. Our health
center trained the 50 workers involved in the culling on infection prevention, vaccinated them
against influenza, and recorded their contact information. Shortly afterward, the provincial
research laboratory confirmed a highly pathogenic strain, heightening our concerns. Fatalities
have occurred in other countries due to such strains [1]. We dispatched staff to monitor the
culling process, ensure that protocols were followed, and remind workers to report any flu-like
symptoms. In 2023, we also encountered an outbreak of lumpy skin disease in cattle [2], which
is transmitted by bloodsucking insects and carries a high fatality rate. Alongside the Livestock
Division's disinfection and quarantine measures, we mobilized the health center and local offices
to reduce mosquitoes and other biting insects. This incident underscored the One Health
concept: the health of humans, animals, and the environment is interconnected and must be
safeguarded collectively.

The leader’s burden for the staff's peace of mind

Finally, dusk approaches, reminding me that it is time to head home. | check tomorrow'’s
schedule in my planner: there is a meeting with the local National Health Insurance branch
manager, along with several major agenda items | need to review for the county council.
Additionally, I am rotating all 111 employees. Trying to place everyone appropriately while
honoring their preferences weighs heavily on my mind. | recall the adage that a leader should
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bear the burdens so the staff can find peace. Holding that thought, I leave the office, my steps
feeling heavier than | would like.
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