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Carpal Tunnel Syndrome (CTS) has traditionally been viewed as a specialized 
medical condition. However, its escalating prevalence among professionals 
across a multitude of industries has sparked substantial interest in recent years. 
This review aims to delve into CTS as an occupational disease, focusing on its 
epidemiological patterns, risk factors, symptoms, and management options, 
particularly emphasizing its relevance in professional environments. The complex 
interaction of anatomical, biomechanical, and pathophysiological factors that 
contribute to the development of CTS in different work settings underlines the 
critical role of ergonomic measures, prompt clinical identification, and tailored 
treatment plans in reducing its effects. Nevertheless, the challenges presented by 
existing research, including diverse methodologies and definitions, highlight the 
need for more unified protocols to thoroughly understand and tackle this issue. 
There’s a pressing demand for more in-depth research into the epidemiology 
of CTS, its injury mechanisms, and the potential role of targeted medicine. 
Moreover, recognizing CTS’s wider ramifications beyond personal health is 
essential. The economic burden associated with CTS-related healthcare costs, 
productivity losses, and compensation claims can significantly impact both 
businesses and the broader society. Therefore, initiatives aimed at preventing 
CTS through workplace interventions, education, and early intervention 
programs not only benefit the affected individuals but also contribute to the 
overall well-being of the workforce and economic productivity. By fostering 
a collaborative approach among healthcare professionals, employers, 
policymakers, and other stakeholders, we can strive towards creating safer and 
healthier work environments while effectively managing the challenges posed 
by CTS in occupational settings.
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1 Introduction

Carpal Tunnel Syndrome (CTS) has transitioned from being 
perceived primarily as a specialized medical condition to becoming a 
central concern in contemporary healthcare (1). This shift is attributed 
to its escalating prevalence among professionals across diverse 
industries, sparking significant attention over the recent decades. 
Historically, CTS might have been confined to discussions within the 
realms of neurology and occupational medicine. However, the 
increasing incidence of CTS among workers engaged in repetitive, fine 
motor tasks—ranging from computer work to assembly line 
operations—has broadened its relevance (2). This heightened 
prevalence underscores the evolving nature of work environments and 
the emerging recognition of occupational health hazards associated 
with modern professional practices. Consequently, CTS has not only 
become a topic of concern for healthcare professionals but also for 
employers, policymakers, and occupational health specialists, reflecting 
its wide-reaching implications (3). CTS is notably significant in its 
observable influence on individuals who are involved in professions that 
require intricate fine motor skills, including tasks such as keyboarding, 
assembly line operations, or data input (4). This increasing susceptibility 
stems from the repetitive and forceful characteristics of manual tasks, 
prolonged wrist flexion, and extended exposure to inherent ergonomic 
risk factors present in contemporary occupational environments (5).

This rising prevalence highlights the need for an occupational 
medicine approach that encompasses prevention, early detection, and 
management tailored to the workplace. Occupational medicine plays a 
pivotal role in understanding CTS within the context of work 
environments, where factors such as repetitive hand movements, 
ergonomic stress, and workplace safety significantly contribute to its 
development. The field focuses on modifying these work-related risk 
factors, advocating for ergonomic improvements, and implementing 
workplace interventions that can prevent or alleviate the onset of 
CTS. Moreover, occupational health specialists are essential in the early 
diagnosis and treatment of CTS, ensuring that affected workers receive 
appropriate care that is coordinated with their work demands and health 
requirements. This relationship between CTS and occupational 
medicine is crucial because it not only emphasizes the health of 
individual workers but also addresses broader implications for 
workplace productivity and healthcare costs. By integrating principles 
of occupational health, the approach to managing CTS can be more 
proactive and preventive, offering significant benefits not just to affected 
individuals but also to employers and the healthcare system at large. In 
the context of Carpal Tunnel Syndrome (CTS), clinical manifestations 
can exhibit a broad spectrum of symptoms, ranging from nocturnal 
paresthesia, characterized by numbness and tingling sensations 
predominantly affecting the thumb, index, and middle fingers, to 
functional impairment manifesting as weakness and discomfort during 
the execution of repetitive hand movements (6). This variability in 
clinical presentation underscores the significant impact of CTS on the 
professional landscape, as these symptoms can profoundly affect an 
individual’s ability to perform tasks requiring fine motor skills, thereby 
influencing occupational capacity and productivity (7). The nocturnal 
exacerbation of symptoms associated with Carpal Tunnel Syndrome 
(CTS) particularly highlights the pathological consequences of median 
nerve compression within the carpal tunnel (8). This phenomenon not 
only serves as a diagnostic hallmark of CTS but also underscores the 

profound disruption it poses to an individual’s life—both personally and 
professionally. Such symptoms, which intensify during the night, can 
significantly impair sleep quality, leading to daytime fatigue and reduced 
cognitive function, thereby exacerbating the challenges faced in 
professional settings (9). Furthermore, the functional limitations 
encountered during daily professional activities due to CTS manifest the 
syndrome’s capacity to undermine work performance and overall quality 
of life. Individuals affected by CTS may experience difficulty in executing 
tasks that require fine motor skills, precision, or sustained hand strength, 
which are essential in various occupational roles (10). The cumulative 
effect of these limitations can result in decreased productivity, increased 
errors, and potentially, the need for modified duties or even career 
changes, highlighting the broader implications of CTS on individual 
livelihoods, workplace dynamics and socio-economic fabric (7, 11).

Carpal Tunnel Syndrome has a significant impact on a large 
portion of the workforce (12). It influences productivity, interacts with 
workplace risks, creates economic challenges, and requires a 
comprehensive approach involving healthcare, workplace regulations, 
and societal support. Apart from its physiological expressions, Carpal 
Tunnel Syndrome represents a dual challenge by impacting both the 
quality of life for affected individuals while simultaneously imposing 
a noteworthy economic burden through healthcare, absenteeism, 
reduced productivity, and expenses (13). Employers and policymakers 
are faced with the necessity to approach CTS not only as a medical 
disorder but also as an occupational distress that influences the 
resilience and efficacy of industries that are normally dependent on a 
robust workforce. A thorough examination of age and gender 
variations in the prevalence of CTS underscores the requirement for 
customized interventions, given that certain demographic groups 
might bear an uneven or unequal influence (14).

This review enhances the scientific understanding of Carpal Tunnel 
Syndrome (CTS) as a significant occupational disease by 
comprehensively synthesizing current research on its epidemiology, 
causal factors, clinical presentations, and management options in 
occupational contexts. Employing a scoping review methodology, it fills 
gaps in the literature and provides valuable insights for professionals, 
employers, healthcare providers, and policymakers for the formulation 
of effective prevention and management strategies. The urgency to 
address CTS stems not only from its impact on individual well-being but 
also from its profound socio-economic ramifications, underscoring its 
status as a critical occupational health concern in contemporary society.

2 Methods

2.1 Methodology for literature review

Given the multifaceted nature of this condition and its implications 
across various occupational settings, a scoping review methodology was 
chosen to map the existing literature, identify gaps, and provide a 
comprehensive overview of the subject matter. This approach allows for 
the inclusion of diverse study designs, methodologies, and sources of 
evidence, thereby facilitating a thorough examination of CTS as an 
occupational disease from multiple perspectives. The database utilized 
for this review incorporates a thorough range of scientific works, 
employing an interpretative scoping literature review. As such, primary 
sources of scientific literature, including PubMed, PEDro, Cochrane 
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Library, TRIP Database, SCOPUS, and Clinicaltrials.gov—
acknowledged for their wide recognition and comprehensiveness in the 
medical domain—were selected. Initially, we identified keywords and 
defined filters to ensure the inclusion of only the most relevant articles 
published in the last 20 years. Our emphasis was placed on terms such 
as: “Carpal Tunnel Syndrome,” “Work,” “Occupational,” “Clinical,” 
“Clinical Trial,” “Work Related” (Table 1). The article selection process 
was guided by precise medical and academic criteria. We specifically 
chose articles published within the past two decades, spanning from 
2004 to 2024, thus ensuring the inclusion of up-to-date research 
findings. A language criterion was established to only consider articles 
written in English. The scope of the review was deliberately tailored to 
encompass various dimensions relevant to occupational CTS, including 
epidemiology, etiology, clinical manifestations, diagnostic 
methodologies, management options, rehabilitation strategies, and the 
socio-economic implications of the condition. This inquiry facilitated a 
thorough exploration of CTS as an occupational disease. In synthesizing 
the collected data, the review adhered to rigorous academic and medical 
standards, excluding literature that did not meet predefined criteria.

2.2 Article inclusion

The article selection process for this review was meticulously 
structured in 4 stages. This structured and phased approach to article 
selection not only ensured the inclusion of high-quality, relevant 
literature but also facilitated a transparent review process (Figure 1).

Stage 1: Comprehensive Database Search: Initially, a search 
was conducted across selected databases using a predefined set of 
keywords. This strategic approach was aimed at capturing a broad 
spectrum of articles related to occupational CTS, spanning a period 
of 20 years.

Stage 2: Title and Abstract Screening: Following the database 
search, the titles and abstracts of retrieved articles were scrutinized by 
a panel of three independent reviewers. This critical assessment aimed 

to evaluate the relevance of each article, ensuring alignment with the 
objectives and scope defined for the investigation. Articles deemed 
non-relevant or not meeting the established thematic and 
methodological criteria were excluded.

Stage 3: Full-Text Evaluation and Selection: Articles passing the 
initial screening underwent a more thorough evaluation, with their 
full texts carefully examined by the review team. This detailed analysis 
facilitated a deeper understanding of the study methodologies, 
findings, and conclusions. Only those articles that satisfied all 
predefined criteria and were deemed to provide valuable insights into 
occupational CTS were selected for further analysis.

Stage 4: Data Extraction and Synthesis: For the articles selected 
through the rigorous screening process, a meticulous data extraction 
phase was undertaken. Key information and data pertinent to the 
review’s objectives were extracted, including study characteristics, 
methodologies, findings, and implications.

3 Results

3.1 Epidemiology of Carpal Tunnel 
Syndrome in occupational settings

3.1.1 Workplace
Over the past two decades, epidemiological investigations have 

significantly enhanced our understanding of the incidence and 
prevalence of CTS as a professional disease. Numerous studies have 
established connections between CTS and various professional groups 
shedding light on the interplay between professional exposure and 
demographic variables (12).

For instance, Dias et al. (15) identified an increased prevalence of 
CTS in workers in manufacturing and line assembly, attributing the 
increased risk to repetitive manual tasks. The link between CTS and 
prolonged keyboard use has been a controversial subject in the past 
decades (16). Nonetheless, recent data show that there is an increased 
prevalence when it comes to computer-related workplaces, therefore 

TABLE 1 Literature search results on Carpal Tunnel Syndrome (CTS) and occupational factors.

Database Keywords Search criteria Number of articles

PEDro Carpal Tunnel Syndrome, work related Published since: 2004.

Method: Clinical Trial.

When searching: Match all search terms (AND).

3

Cochrane library Carpal Tunnel Syndrome AND occupational 

AND work

Years: 2004–2024

Trials

Language: English

21

SCOPUS Carpal AND tunnel AND syndrome AND 

occupational AND work AND clinical AND 

clinical trial

Document type: Article

Years: 2004–2024

Language: English

21

PubMed Carpal Tunnel Syndrome AND work AND 

occupational

Years: 2004–2024

Article type: clinical trial

Language: English

13

TRIP database Carpal Tunnel Syndrome AND work Years: since 2004

Filter results: Controlled trials

42

Clinicaltrials.gov Condition: Carpal Tunnel Syndrome

Other terms: work related

Years: 01/01/2004–01/03/2024 20

https://doi.org/10.3389/fpubh.2024.1407302
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://Clinicaltrials.gov
http://Clinicaltrials.gov


Rotaru-Zavaleanu et al. 10.3389/fpubh.2024.1407302

Frontiers in Public Health 04 frontiersin.org

affirming a connection between CTS and prolonged keyboard use 
(17). Another domain contributing to the elevated prevalence of 
Carpal Tunnel Syndrome (CTS) is agriculture, primarily due to the 
strenuous and repetitive nature of the work (18). Checkout operators 
in supermarkets, cashiers, and assembly line workers are also at risk 
of developing CTS (15). Furthermore, numerous workers in the 
clothing industry were affected by this ailment, establishing a 
connection between CTS as a professional disease and this complex 
industry (19). Interestingly, individuals engaged in electrical (TV) 
assembly have an increased risk of developing CTS due to the complex 
manipulation of extremely small components and wiring, exerting 
constant and continuous pressure on the median nerve (20). Forestry 
workers utilizing chainsaws can easily develop CTS as a consequence 
of repetitive gripping but also due to exposure to vibrational forces 
(21). Ski manufacturing operatives, who must perform actions such 
as sanding, drilling, and shaping, are also at risk of CTS (22). Similarly, 
automobile and aircraft assembly workers engage in repetitive 
maneuvers during assembly line work, increasing the risk of CTS (23). 
Collectively, these vocations represent a spectrum of professions 
wherein the repetitive and forceful nature of tasks accentuates the 
vulnerability to CTS onset over time. These epidemiological 
observations highlight the complex and varied nature of Carpal 
Tunnel Syndrome (CTS) incidence, indicating the involvement of 
multiple factors such as occupational demands, ergonomic conditions, 
individual susceptibility, and other environmental and lifestyle factors 
(Table 2) (17, 33, 34). Consequently, there is a compelling need for 
personalized preventive measures and interventions tailored to 
address the unique characteristics and requirements of different 
occupational demographics and industries.

3.1.2 Gender variance
In the realm of occupational health, gender variance emerges as a 

crucial factor in understanding the prevalence of Carpal Tunnel 
Syndrome, as underscored by recent research. A notable study 
published in 2016 by Bao et al., delves into the influence of gender on 
the incidence of Carpal Tunnel Syndrome. This study highlights that 
women, particularly those employed in healthcare professions, are at 

a heightened risk of developing CTS (36). Women tend to engage in 
occupations characterized by intricate tasks, frequently involving 
repetitive movements demanding fine finger manipulation, and 
typically requiring less physical exertion compared to occupations 
predominantly undertaken by men (37). The increased prevalence of 
Carpal Tunnel Syndrome in women is also due to hormonal influences 
which predisposes them to edema, regardless of whether these 
changes are triggered internally (such as during pregnancy or 
menopause) or externally (through contraceptive usage). CTS cases 
that may appear during pregnancy usually do not require any 
intervention and they tend to slowly disappear after childbirth. 
Furthermore, the risk of CTS significantly rises after menopause (37). 
When it comes to CTS in women, the elevated risk is usually a 
combination between work conditions, household duties and 
hormonal modifications. However, attributing the elevated risk of CTS 
in women solely to one of these risk factors would be inaccurate (38). 
Despite this increased susceptibility among women, further 
investigations into occupational Carpal Tunnel Syndrome reveal a 
contrasting severity pattern: men, although less frequently afflicted, 
tend to experience more severe symptoms of CTS and consequently, 
are more often recommended for surgical interventions compared to 
women facing similar conditions (39, 40).

TABLE 2 Categories of risk factors and specific causes for Carpal Tunnel 
Syndrome (CTS).

Work-
related 
factors

Occupation-
specific risks

Occupational 
ergonomics

Repetitive hand 

and wrist 

movements (24)

Typing-intensive 

professions (17)

Poorly designed 

workstations (25)

Forceful and 

prolonged gripping 

(26)

Dental hygienists and 

dental professionals (27)

Unsupported forearm and 

wrist posture (28)

Abnormal wrist 

postures (29)

Musicians and instrument 

players (30)

Absence of ergonomic 

training (25)

Vibration exposure 

(24)

Manufacturing and 

assembly line workers (18)

Inadequate keyboard and 

mouse ergonomics (31)

Sustained wrist 

flexion (32)

Cashiers and checkout 

operators (15)

Insufficient rest breaks (33)

High-force 

activities (e.g., 

power tools) (34)

Construction and power 

tool operators (34)

Rapid and 

repetitive keyboard 

or mouse use (17)

– –

Prolonged periods 

of manual labor 

(35)

– –

Frequent use of 

vibrating tools (24)

– –

Performing 

assembly line tasks 

(15)

– –

FIGURE 1

Flow diagram showing the results of a combined database search 
and subsequent article review.
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3.2 Etiology and pathophysiology of Carpal 
Tunnel Syndrome as a professional disease

The intricate relationship between occupational factors and the 
development of Carpal Tunnel Syndrome (CTS) has garnered 
significant attention in recent scientific research. This section delves 
into the etiological and pathophysiological dimensions of CTS as a 
professional disease, focusing on how anatomical, biomechanical, and 
pathophysiological factors collectively contribute to its onset and 
progression. Through a meticulous analysis of recent studies, 
we  dissect the anatomical and biomechanical underpinnings that 
predispose individuals to this condition, alongside the complex 
pathophysiological mechanisms triggered by median nerve 
compression. Additionally, we explore the impact of repetitive tasks, 
forceful hand movements, and poor ergonomic practices on the 
development of CTS.

3.2.1 Anatomical and biomechanical factors
Gaining insight into the etiology of Carpal Tunnel Syndrome 

(CTS) necessitates a detailed understanding of its anatomical 
intricacies. Recent studies have underscored the pivotal role of carpal 
tunnel anatomy in both the onset and severity of the disease (41). 
Research indicates that individuals with narrower carpal tunnels are 
at a heightened risk of developing CTS, primarily due to heightened 
nerve compression (14). This finding underscores the significance of 
anatomical variations in predisposing individuals to CTS. In dissecting 
the biomechanics of the disease, considerable attention has been given 
to forceful hand movements and repetitive tasks (42). Özdemir et al. 
(15) and De Kesel et al. (16) have conducted extensive research into 
the effects of biomechanical forces during various manual tasks, 
ranging from assembly line work to keyboard typing. Their studies 
have revealed that wrist postures characterized by flexion are 
particularly prone to exert increased pressure within the carpal tunnel, 
potentially leading to the development of chronic CTS (15, 16). These 
findings highlight the critical role of biomechanical factors in the 
pathogenesis of CTS and emphasize the importance of ergonomic 
interventions to mitigate risk (43). Moreover, a study by Armstrong 
et al. demonstrated that individuals engaged in occupations requiring 
repetitive hand and wrist movements, such as data entry clerks and 
assembly line workers, exhibit a higher prevalence of CTS compared 
to individuals in less repetitive occupations (44). Similarly, a meta-
analysis by Harris-Adamson et  al. found a significant association 
between forceful exertions and CTS risk, particularly in occupations 
involving manual labor tasks (18). These findings collectively 
underscore the intricate interplay between biomechanical stressors 
and CTS development, highlighting the importance of ergonomic 
interventions and workplace modifications to prevent and manage 
this debilitating condition.

3.2.2 Pathophysiological mechanisms
The pathophysiology of Carpal Tunnel Syndrome (CTS) is 

fundamentally tied to the repercussions of median nerve compression 
within the carpal tunnel. Recent studies, including the research by 
Gervasio et al., have shed light on the intricate series of events initiated 
by chronic compression of the median nerve, which paves the way for 
the onset of CTS (17). This body of work has been instrumental in 
deepening our understanding of how prolonged nerve compression 
can disrupt normal hand function, leading to the characteristic 

symptoms of CTS (45). It has been observed that chronic compression 
can result in demyelination, axonal loss, and hypoxia, contributing to 
both motor and sensory deficits specific to CTS (46). Importantly, 
inflammation, oxidative stress, and ischemia emerge as prominent 
pathophysiological features of this chronic condition (19). Previous 
studies have linked nerve edema and fibrosis to chronic inflammation, 
which exacerbates compression within the carpal tunnel (18). This 
persistent compression disrupts blood flow, leading to ischemia, 
which, in turn, increases oxidative stress and further perpetuates 
nerve damage (19). Additionally, the pro-inflammatory cytokines, 
such as TNF-α, IL-1, IL-6 and IL-8 released during the inflammatory 
process can lead to the upregulation of fibrotic pathways, exacerbating 
fibrosis and further narrowing the carpal tunnel (45). The 
accumulation of reactive oxygen species due to oxidative stress can 
damage cellular components and exacerbate inflammation and nerve 
injury (47). Moreover, the hypoxic environment resulting from 
reduced blood flow can impair nerve function and contribute to the 
development of CTS symptoms (48). Altogether, these findings 
underscore the multifaceted nature of CTS pathophysiology, 
highlighting the interplay between inflammation, oxidative stress, 
ischemia, and fibrosis in the progression of the disease (45).

3.3 Clinical presentation and diagnosis in 
Carpal Tunnel Syndrome as a work-related 
disease

3.3.1 Clinical presentation of CTS
Carpal Tunnel Syndrome (CTS), a condition deeply intertwined 

with occupational factors, manifests through a variety of symptoms 
that can significantly impact an individual’s work performance and 
quality of life. The complexity of its pathophysiology gives rise to a 
wide array of clinical presentations (Table 3). Notably, sensory and 
motor deficits emerge as key indicators of the syndrome (50). 
Individuals afflicted with CTS frequently report experiencing 
paresthesia, which includes symptoms such as numbness, tingling, 

TABLE 3 Common signs and symptoms of Carpal Tunnel Syndrome (49).

Symptom Description

 1. Numbness Loss of sensation in the thumb, index, 

and middle fingers.

 2. Tingling sensation Pins and needles sensation, often in the 

affected fingers.

 3 Hand weakness Reduced hand strength, particularly in 

the thumb.

 4. Pain and discomfort Aching or burning pain in the hand, 

wrist, or forearm.

 5. Nighttime symptoms Worsening symptoms during sleep or 

upon waking up.

 6. Radiating pain Pain that may radiate up the arm 

towards the shoulder.

 7. Difficulty gripping Challenges in holding objects or making 

a fist.

 8. Reduced fine motor skills Impaired ability to perform precise hand 

movements.
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and a peculiar sense of altered sensation (41). These symptoms 
predominantly affect the thumb, index, middle fingers, and the radial 
half of the ring finger. A characteristic feature of these sensory 
disturbances is their tendency to worsen at night, leading to disrupted 
sleep patterns and a consequent reduction in daytime functioning and 
overall well-being (51). Beyond these sensory symptoms, CTS patients 
often face significant motor challenges (50). Muscle atrophy, 
particularly noticeable in the thenar eminence, is a prevalent 
symptom, severely hampering the ability to perform fine motor tasks 
like gripping or manipulating small objects, thus directly affecting 
professional capabilities (52). Further compounding these issues, CTS 
sufferers may also experience a decrease in hand strength and 
dexterity, leading to frequent dropping of objects and an inability to 
perform tasks requiring precise hand movements (10). Chronic pain, 
extending from the wrist to the arm, can act as a persistent reminder 
of the condition, further limiting function and productivity (53). 
Additionally, some patients report a swelling sensation in the fingers, 
even when no visible swelling is present, which can exacerbate the 
feeling of discomfort and dysfunction (54). These symptoms 
collectively not only delineate the clinical landscape of CTS but also 
highlight the intricate relationship between occupational activities and 
the development of this debilitating syndrome.

Occupational Carpal Tunnel Syndrome is a condition 
characterized by compression of the median nerve at the wrist, 
resulting in symptoms such as pain, numbness, and tingling in the 
hand and fingers (48). Unlike idiopathic CTS, which can appear 
spontaneously, of unknown cause, usually associated with certain 
anatomical and hormonal variations (pregnancy, menopause), 
genetics or other diseases (diabetes, rheumatoid arthritis) (55), work-
related CTS is directly connected to workplace activities and repetitive 
hand movements (43). Symptoms of idiopathic and occupational CTS 
are generally similar and may include numbness, tingling, and pain in 
the thumb, index, middle, and radial half of the ring finger. Symptoms 
usually worsen at night. In occupational CTS, symptoms may be more 
pronounced during or after work hours and improve when resting 
(56). Treatment for Carpal Tunnel Syndrome (CTS) typically follows 
a standard approach, regardless of its cause. However, for Occupational 
CTS, addressing workplace factors and making ergonomic 
improvements are critical for both treatment and prevention, as 
supported by numerous studies (15).

3.3.2 Global diagnostic guidelines for 
occupational Carpal Tunnel Syndrome

Diagnosing occupational Carpal Tunnel Syndrome typically 
requires a combination of clinical evaluation, symptom assessment, 
and diagnostic testing, though specific guidelines can vary by region. 
In Europe, the European Federation of Neurological Societies (EFNS) 
and the European Academy of Neurology (EAN) advocate for a 
multidisciplinary approach that includes clinical evaluations, 
electrodiagnostic tests, and imaging studies as necessary (57). 
Meanwhile, in the United  States, the American Academy of 
Orthopedic Surgeons (AAOS) and the American Association of 
Neuromuscular and Electrodiagnostic Medicine (AANEM) focus on 
clinical history, physical examinations, and nerve conduction studies 
(NCS) as the main components of diagnosis (58). In Japan, the 
Japanese Orthopedic Association (JOA) and the Japanese Society for 
Surgery of the Hand (JSSH) specify a combination of clinical 

symptoms, physical examination findings, and electrophysiological 
testing to confirm median nerve dysfunction as the criteria for 
diagnosing occupational CTS (59). The differences in diagnosing and 
treating Carpal Tunnel Syndrome (CTS) as an occupational disease 
between developed and developing countries reflect variations in 
access to specialized medical services, healthcare infrastructure, and 
occupational health regulations. In developed countries, early 
diagnosis, and treatment of CTS benefit from the availability of 
specialized medical services and diagnostic tests, as well as well-
established regulations and standards in occupational health 
protection. Conversely, in developing countries, limited access to these 
services and infrastructure can lead to delays in diagnosis and 
treatment, with workers exposed to occupational risks without 
adequate protection (60). Overall, while specific diagnostic guidelines 
for occupational CTS may vary between countries and organizations, 
the diagnostic process typically involves a detailed evaluation of 
clinical symptoms, physical examination findings, and confirmatory 
testing such as nerve conduction studies to establish the diagnosis and 
guide appropriate management strategies.

3.3.3 Diagnostics criteria and tools for diagnosis
In recent years, research has elevated Carpal Tunnel Syndrome 

(CTS) to the forefront as a significant occupational ailment, placing 
critical emphasis on aspects such as clinical presentation, diagnostic 
methodologies, and the pivotal role of healthcare professionals (61). 
The initial diagnosis phase involves a thorough examination of the 
patient’s medical history and a detailed physical examination. When 
it comes to physical evaluation, Tinel’s sign and Phalen’s maneuver, 
demonstrated by provocative tests, are some of the most relevant and 
commonly used (62). The absence of a previous standard for 
diagnosing Carpal Tunnel Syndrome has established Nerve 
Conduction Studies (NCS) and Electromyography (EMG) as essential 
diagnostic tools in the evaluation and management of the condition, 
particularly within occupational settings where accurate diagnosis and 
timely intervention are crucial. These tools demonstrate a sensitivity 
ranging from 49 to 84% and a specificity between 95 and 99%, making 
them highly reliable for confirming the presence of Carpal Tunnel 
Syndrome (63, 64). By utilizing Nerve Conduction Studies, clinicians 
can evaluate parameters such as nerve conduction velocity, latency, 
and amplitude, providing objective evidence of median nerve 
dysfunction (63). Nerve Conduction Studies assess the speed and 
strength of electrical impulses along the median nerve, which travels 
through the wrist’s carpal tunnel. Abnormalities in the nerve 
conduction velocity and amplitude identified by NCS are indicative of 
nerve compression or damage, which are key indicators of Carpal 
Tunnel Syndrome (63).

Additionally, Electromyography (EMG) provides insights into 
the muscle’s electrical activity, aiding in the detection of denervation 
and muscle atrophy, both pivotal factors in the diagnostic process 
(65). EMG involves inserting fine, needle-like electrodes into the 
muscles of the hand and forearm to record their electrical activity. 
In cases of CTS, EMG can reveal signs of denervation or muscle 
dysfunction that occur due to long-standing compression of the 
median nerve (63). Together, NCS and EMG can offer indispensable 
information regarding the pathophysiology of CTS. By providing 
objective data on nerve and muscle function, NCS and EMG aid in 
confirming CTS diagnosis and evaluating its severity. NCS and 
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EMG are critical neurological diagnostic tools widely available in 
countries with advanced medical systems, and they are typically 
accessible in most neurophysiological diagnostic centers, as well as 
hospitals and clinics specializing in neurology, physical medicine, 
or rehabilitation. However, the availability of these investigations 
can vary significantly depending on regional healthcare 
infrastructure and resources. Furthermore, the cost of NCS and 
EMG can vary widely depending on the location, the healthcare 
provider, and the complexity of the procedures. Generally, these 
tests are more expensive than other types of imaging or laboratory 
investigations with costs being influenced by the duration of the 
test, the expertise of the specialist conducting the test, and the 
infrastructure necessary for proper execution and interpretation 
(66). However, the data provided by NCS and EMG are invaluable 
in the diagnosis of Carpal Tunnel Syndrome (CTS), as they offer 
unique and complementary information that is not available 
through other investigations.

Moreover, recent advancements in imaging techniques, including 
high-resolution ultrasound and magnetic resonance imaging (MRI), 
have contributed to enhanced diagnostic accuracy (67). Ultrasound 
can visualize median nerve morphology and quantify its cross-
sectional area, thus providing valuable anatomical information (68) 
while MRI offers the advantage of assessing soft tissue structures 
within the carpal tunnel, including ligaments and tendons (67). 
Table  4 provides an overview of the clinical manifestations and 
diagnostic indicators associated with Carpal Tunnel Syndrome (CTS). 
Healthcare professionals should be  vigilant in assessing patients 
presenting with symptoms such as paresthesia, pain, weakness, and 

nighttime discomfort. By promptly identifying and addressing CTS, 
clinicians can improve patient outcomes and quality of life while 
minimizing the risk of long-term complications associated with 
untreated nerve compression.

Notably, early diagnosis of Carpal Tunnel Syndrome is 
fundamental (70). Recent studies underscore the progressive nature 
of CTS thus highlighting the importance of early intervention (71). 
Delayed diagnosis may lead to irreversible nerve damage and 
functional deficits (13). An early CTS diagnosis necessitates 
collaborative efforts among several healthcare professionals such as 
orthopedic surgeons, neurologists, occupational health professionals, 
and physical therapists (71). Together they can recognize CTS 
symptoms, obtain relevant clinical data, and interpret diagnostic tests 
accurately. Additionally, they can implement different treatment 
procedures such as wrist splinting, physical therapy, and, in severe 
cases, surgical release of the carpal tunnel (72). These collective efforts 
are mandatory for slowing the progression of CTS and enabling 
affected individuals to maintain their functional capacity. 
Understanding the benefits and limitations of diagnosing Carpal 
Tunnel Syndrome (CTS) within the occupational context is paramount 
in effectively managing this condition. Table  5 outlines various 
advantages (+) and disadvantages (−) associated with integrating CTS 
diagnosis into occupational health practices. Early identification 
allows for prompt intervention, potentially preventing further 
progression of CTS and reducing the associated impact on individuals’ 
health and productivity (70). Despite these considerations, one 
undeniable fact prevails: early diagnosis holds the key to mitigating 
the consequences of CTS.

TABLE 4 Clinical symptoms and diagnostic tests for Carpal Tunnel Syndrome (69).

Symptom Sensitivity Specificity Comparison Notes

Paresthesia (numbness and 

tingling)

High Moderate Highly sensitive but may not 

be specific to CTS.

Common early symptom, 

affecting thumb, index, 

middle, and radial half of the 

ring finger.

Pain in the wrist and hand Moderate Low Moderately sensitive but lacks 

specificity for CTS.

Often exacerbated during 

repetitive tasks or wrist 

flexion.

Weakness in hand muscles Moderate Low Moderately sensitive but not 

highly specific to CTS.

Particularly affecting the 

thenar eminence.

Nighttime symptoms High Low Sensitive for CTS but less specific. Disturbed sleep due to 

worsened symptoms at night.

Positive Tinel’s sign Moderate High Moderately sensitive and specific 

for CTS.

Provocative test with tingling 

sensation upon tapping the 

median nerve.

Positive Phalen’s maneuver Moderate High Moderately sensitive and specific 

for CTS.

Provocative test with 

symptoms triggered by wrist 

flexion.

Muscle atrophy Low High Less sensitive but highly specific 

for advanced CTS.

Late-stage symptom, 

indicative of chronic nerve 

compression.

Positive Durkan’s test Moderate High Moderately sensitive and specific 

for CTS.

Provocative test with pain 

elicited upon pressure on the 

carpal tunnel.
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3.4 Occupational risk factors and 
prevention of Carpal Tunnel Syndrome

3.4.1 Occupational risk factors for CTS
Understanding the occupational risk factors for Carpal Tunnel 

Syndrome (CTS) demands a broad approach, encompassing the 
examination of various elements, from repetitive hand movements to 
ergonomic challenges in the workplace (25). Recent studies highlight 
the importance of hand and wrist movements as primary risk factors 
for CTS (15, 73, 74). Occupations that require repetitive tasks such as 
data entry, assembly line work and keyboard typing are associated 
with an elevated risk (24). Similarly, occupations that demand forceful 
gripping, frequent operation of power tools, or involve strenuous 
manual labor are also recognized for their potential to exacerbate 
nerve compression within the carpal tunnel (34). Professions like 
dental hygiene where sustained wrist flexion is common, further 
highlight the diverse occupational environments at risk (15). 
Additionally, exposure to hand-arm vibration in sectors such as 
construction and manufacturing presents another recognized risk 
factor for CTS (34). Individuals engaged in these professional fields 
are susceptible to experiencing cumulative microtrauma, ultimately 

contributing to the onset of CTS (70). This cumulative microtrauma 
can lead to irritation and inflammation of the median nerve within 
the carpal tunnel, resulting in the characteristic symptoms of CTS 
(48). Notably, the multifactorial nature of Carpal Tunnel Syndrome, 
besides repetitive hand movements and ergonomic challenges, also 
involves considering additional risk factors such as obesity, diabetes, 
genetic predisposition, and inflammatory conditions (75). Pregnancy-
related hormonal changes, previous wrist injuries, anatomical 
variations in the carpal tunnel, and medical conditions such as 
rheumatoid arthritis and hypothyroidism can contribute to the 
development of CTS (41). Comprehending these dynamics not only 
deepens our understanding of CTS etiology but also enables us to 
implement effective preventive measures.

3.4.2 Prevention strategies in managing CTS
Workplace strategies aimed at reducing the risk of Carpal Tunnel 

Syndrome (CTS) development are founded on interventions that have 
shown significant efficacy in recent trials. Specifically, ergonomic 
interventions aimed at optimizing workstation layout and equipment 
design have been found to significantly decrease the prevalence of CTS 
among workers in various industries (76). These include adjustable 
workstations, ergonomic keyboard designs, and the use of wrist 
supports, all of which have demonstrated the capacity to promote 
neutral wrist postures and diminish strain on the carpal tunnel (25). 
Ergonomic workstation designs that promote proper wrist alignment 
and reduce repetitive strain can significantly decrease the incidence of 
CTS (25). Additionally, adjusting tool handles to minimize wrist 
deviation and providing training on proper lifting techniques can help 
alleviate strain on the wrist and reduce the likelihood of developing 
CTS symptoms (77). Overall, recognizing the role of repetitive tasks, 
forceful hand movements, and ergonomics in CTS etiology 
underscores the importance of implementing proactive measures to 
prevent and manage this debilitating condition in occupational settings 
(35). Implementing strategies such as regular breaks to allow for rest 
and recovery of the hand and wrist muscles can further mitigate the 
risk of CTS among workers engaged in repetitive tasks (4, 25).

Another key component is represented by workplace education, 
highlighting the importance of knowledge about CTS risk factors and 
appropriate hand and wrist techniques (77). Such educational initiatives 
form the foundation of an entire culture of prevention (74). Notably, 
recent studies have underscored the effectiveness of ergonomic training 
programs tailored to specific professions. These programs equip workers 
with the necessary tools to identify and address ergonomic risk factors, 
thus enhancing preventive efforts within different occupational contexts 
(75). The literature reveals numerous correlations between preventive 
measures and reduced risks of Carpal Tunnel Syndrome (CTS). 
According to Trillos- Chacón et al., the implementation of ergonomic 
interventions and educational programs can lead to a decrease in CTS 
incidence (5). Similarly, studies by Peters et  al. reported significant 
enhancements in worker outcomes, inclusive of reduced pain levels and 
heightened productivity, following the integration of ergonomic 
strategies (78). Furthermore, a study conducted by Wipperman et al. 
highlights the potential advantages arising from collaborative initiatives 
involving employers, employees, and occupational health specialists in 
the execution of preventive measures (6).

Proactive workplace strategies, including ergonomic 
modifications, regular breaks for hand and wrist stretches, prove to 
be crucial in mitigating the risk of Carpal Tunnel Syndrome (CTS). 

TABLE 5 Advantages (+) and disadvantages (−) of integrating Carpal 
Tunnel Syndrome diagnosis in the occupational context.

Factor Advantages (+) Disadvantages (−)

Recognition and 

awareness

Raises awareness about 

CTS as an occupational 

risk.

May lead to potential 

stigmatization of affected 

workers.

Preventive measures Encourages 

implementation of 

preventive measures.

May increase employer 

liability and compensation 

claims.

Occupational safety Promotes workplace 

ergonomics and safety.

Could be perceived as a 

barrier to certain professions.

Access to healthcare Facilitates early access to 

medical care and 

treatment.

May lead to disputes over 

causation and compensation.

Data collection Allows for 

comprehensive data 

collection on CTS cases.

Difficulties in establishing 

causal links in complex cases.

Diagnostic 

challenges

Simplifies diagnosis and 

streamlines treatment.

Can be challenging to 

differentiate work-related 

and non-work-related cases.

Legal complexities May facilitate workers’ 

compensation claims.

Legal disputes and 

administrative burden for 

employers.

Occupational 

restrictions

Allows for tailored job 

accommodations and 

restrictions.

Potential limitations on 

career choices for affected 

individuals.

Costs and resources Can allocate resources 

for workplace 

interventions.

Increased healthcare and 

administrative costs for 

employers.

Societal implications Highlights the societal 

consequences of CTS.

May foster misconceptions 

about the prevalence of CTS 

in the workforce.
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Employing ergonomic principles, equipment modification, and task 
rotation, can help decrease the risk of CTS by reducing strain on the 
hands and wrists (68). Importantly, promoting awareness and 
providing education on proper ergonomics and hand hygiene 
practices can significantly contribute to prevention efforts in high-risk 
occupational settings (68).

3.5 Occupational rehabilitation and 
management in CTS as a professional 
disease

Recent medical research has shed light on the effectiveness of 
various rehabilitation options for Carpal Tunnel Syndrome (CTS), 
including physical therapy and splinting (79). It also highlights the 
importance of managing CTS in an occupational context through 
accommodations and return-to-work programs (80). The vital 
contributions of occupational therapists and healthcare providers in 
delivering comprehensive rehabilitation are emphasized. 
Rehabilitation strategies for CTS typically involve a range of 
interventions. Notably, physical therapy has been highlighted for its 
beneficial role in CTS management (79). Physical therapists use 
techniques such as nerve gliding exercises, manual therapy, and 
therapeutic exercises to alleviate symptoms and enhance hand and 
wrist function (81). Structured physical therapy regimens can 
effectively improve nerve gliding, alleviate compression, and mitigate 
pain associated with CTS (82). Additionally, the use of customized 
wrist splints has emerged as a non-invasive intervention gaining 
recognition in CTS management (83). Recent research indicates the 
efficacy of nocturnal wrist splinting, maintaining a neutral wrist 
position during sleep to alleviate nighttime symptoms and enhance 
median nerve mobility. This approach is particularly suitable for 
professionals experiencing exacerbated symptoms during periods of 
rest (83).

In the occupational management of Carpal Tunnel Syndrome 
(CTS), workplace accommodations play a pivotal role in facilitating 
the continued engagement of individuals in their professional 
activities (25). Tailored accommodations, customized according to 
individual needs and specific job tasks, are identified as effective 
measures in alleviating wrist strain and minimizing the exacerbation 
of symptoms (81). Moreover, recent literature has presented “Return-
to-Work Programs” designed explicitly for individuals in the recovery 
phase from CTS (80). These programs involve a graduated approach 
to work reintegration, incorporating modified work tasks and 
schedules to facilitate a seamless return to full work duties (84). Such 
programs are very effective in encouraging sustained employment 
while contributing to overall worker well-being (24). In the context 
of Carpal Tunnel Syndrome rehabilitation within occupational 
settings, occupational therapists and healthcare providers assume 
integral roles (70). Recent scholarly investigations highlight the 
proficiency of occupational therapists in conducting thorough 
assessments, prescribing splints, and performing ergonomic 
evaluations (83). Collaborating with healthcare providers, 
occupational therapists actively contribute to the development of 
personalized rehabilitation plans tailored to the specific demands of 
an individual’s profession. Furthermore, healthcare providers, 
including orthopedic surgeons and neurologists, contribute their 
diagnostic expertise, oversee medical management when required, 

and guide rehabilitation endeavors (85). Their involvement proves 
extremely important in ensuring precise diagnosis, optimizing 
treatment strategies, and coordinating care seamlessly with 
occupational therapists (83).

In summary, the rehabilitation and management of CTS within a 
professional context necessitates a nuanced and individualized 
approach. Recent medical research underscores the efficacy of 
interventions such as physical therapy, splinting, workplace 
accommodations, and return-to-work programs in mitigating the 
impact of CTS on professionals. The collaborative efforts of 
occupational therapists and healthcare providers are essential in 
delivering comprehensive rehabilitation strategies that align with 
occupational demands and individual needs. Acknowledging the 
pivotal role of these professionals is paramount to ensuring the 
successful rehabilitation and the resumption of productive professional 
activities for individuals with CTS.

3.6 Treatment strategies for occupational 
Carpal Tunnel Syndrome

When managing Carpal Tunnel Syndrome (CTS) as an 
occupational disease, the treatment strategy is phased according to 
symptom severity and progression. Initially, prevention is key, 
especially in jobs that involve repetitive motions (43). Ergonomic 
interventions such as job rotation, modifying tasks to reduce 
repetitive wrist movements, and providing ergonomic equipment 
help prevent the onset of CTS. If symptoms develop, treatment 
options include wearing wrist splints to prevent further nerve 
compression, using anti-inflammatory drugs for pain management, 
and engaging in physical therapy to strengthen the muscles and 
improve flexibility (77). Ultrasound therapy may also be used to 
reduce inflammation and promote healing. If these measures are 
insufficient and symptoms worsen, surgical intervention may 
be required to cut the carpal ligament and relieve pressure on the 
median nerve, thus restoring hand function (86). Table 6 offers a 
comprehensive overview of the current therapeutic interventions 
for Carpal Tunnel Syndrome (CTS). Overall, effectively managing 
occupational CTS necessitates a holistic approach that combines 
medical and occupational strategies.

3.7 Ongoing clinical trials in Carpal Tunnel 
Syndrome

Examining clinical trial registries is essential for gaining an 
approximate overview of ongoing research efforts. Our group 
conducted a search in the National Institutes of Health’s (NIH) 
ClinicalTrials.gov registry, up to and including March 1, 2024, using 
“Carpal Tunnel Syndrome” as a keyword. No exemption criteria were 
applied, and the search encompassed both completed and actively 
enrolling studies. The search yielded results indicating that 
ClinicalTrials.gov currently lists a total number of 20 studies. Out of 
these, there are 10 completed clinical trials, 5 actively recruiting, 2 
actively enrolling but not recruiting, and 2 trials with unknown 
statuses related to Carpal Tunnel Syndrome (CTS). Notably, one trial 
has been terminated with results. While ongoing efforts to advance 
understanding and treatment options for CTS are evident, it is 
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noteworthy that the number of ongoing clinical trials for this 
condition is comparatively lower than for other medical conditions.

4 Future directions

Carpal Tunnel Syndrome has become one of the most prevalent 
occupational health concerns, attracting extensive research over the 
past two decades (96). This review approaches crucial findings from 
recent literature, providing insights into the multifaceted nature of 
CTS as a professional disease. Through an in-depth analysis, 
we  explore the implications, preventive measures, management 
strategies, and future research avenues, all while recognizing and 
addressing the associated socio-economic factors of this condition. 
Recent studies have significantly advanced our understanding of 
work-related CTS, revealing a high prevalence among certain 
professions characterized by repetitive hand movements and sustained 
wrist flexion (4, 17, 33, 34, 97). The economic and societal impact is 
notable, manifesting in increased healthcare costs, workers’ 
compensation claims, and diminished productivity (98). CTS’s 

intrinsic connection to occupational health and safety is increasingly 
recognized, prompting employers to adopt ergonomic modifications 
to align with regulatory obligations (25). Multifactorial etiology, 
encompassing anatomical, biomechanical, and pathophysiological 
factors, has been a focal point of recent research (32). Advances in 
diagnostic tools and clinical assessment contribute to improved early 
diagnosis, facilitating timely interventions (99).

Occupational diseases, including Carpal Tunnel Syndrome (CTS), 
significantly impact the social economy by reducing productivity, 
increasing healthcare costs, and diminishing the quality of life for 
affected individuals. These conditions can notably affect a country’s 
overall GDP and productivity. In the United States, the economic 
damage attributed to CTS is substantial, with estimates around $100 
billion affecting insurance companies, consumers, large corporations, 
and private companies (66). Carpal Tunnel Syndrome has profound 
economic and societal implications, making it imperative to assess its 
impact on employers, employees, healthcare systems, and society at 
large (19). Drawing upon recent studies, this article evaluates the 
economic ramifications of CTS, explores its societal consequences, 
including disability claims and healthcare utilization, and discusses 

TABLE 6 Current therapeutic interventions for Carpal Tunnel Syndrome.

Treatment line Intervention Example

1. Conservative Wrist Splinting A wrist splint worn at night and during activities that aggravate symptoms (such as typing) (83)

Activity Modification Frequent breaks from repetitive tasks Avoid prolonged wrist flexion or extension (76)

Ergonomic Assessment and Workplace 

Modifications

Implement adjustments of the workstation (proper chair height and keyboard position) (25)

Physical Therapy (Stretching, 

Strengthening)

Specific exercises to stretch and strengthen the muscles around the wrist and forearm (57)

Non-Steroidal Anti-Inflammatory 

Drugs (NSAIDs)

NSAIDs (ibuprofen) – to reduce inflammation and alleviate pain (72)

Ultrasound Therapy Ultrasound therapy to the affected area – reduces inflammation and promotes tissue healing (87)

2. Pharmacological Corticosteroid Injections Corticosteroid injections into the carpal tunnel – reduce inflammation and relieve symptoms (88)

Oral Steroids A course of oral steroids – reduce inflammation and alleviate symptoms (89)

Topical NSAIDs Topical NSAID creams or gels applied directly to the affected area for localized pain relief (90)

3. Minimally invasive Endoscopic Carpal Tunnel Release 

(ECTR)

Using an endoscope to release the transverse carpal ligament and decompress the median nerve (91)

4. Surgical Open Carpal Tunnel Release (OCTR) Open surgery to release the transverse carpal ligament and decompress the median nerve (92)

Revision Surgery (if necessary) A second surgery if symptoms persist or recur after initial intervention (93)

5. Rehabilitation Postoperative Rehabilitation Postoperative physical therapy following surgical intervention to improve range of motion, strength, 

and function (94)

Occupational Therapy (Hand Therapy) Occupational therapy to improve hand and wrist function, teach adaptive techniques, and facilitate 

return to work (95)

Work Conditioning Programs Structured rehabilitation programs designed to gradually reintroduce individuals to work-related 

tasks and activities (24)

6. Preventive measures Ergonomic Training and Education Ergonomic training sessions to educate employees on proper workstation setup and safe work 

practices (23)

Regular Breaks and Rest Periods Regular breaks for employees to rest and stretch their hands and wrists during prolonged periods of 

work (25)

Rotational Job Assignments Rotating employees through different job tasks to reduce the repetitive strain on the hands and 

wrists associated with CTS (76)

Use of Ergonomic Equipment Providing employees with ergonomic equipment, such as ergonomic keyboards and mice, to reduce 

wrist strain during computer work (77)
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the implications for workforce productivity and sustainability. The 
economic ramifications of Carpal Tunnel Syndrome are multi-faceted 
and extend to various stakeholders within the occupational landscape 
(100). For employers, the burden is evident through increased 
healthcare expenditures, increased rates of absenteeism, and 
diminished productivity (101). Recent scholarly investigations 
highlight the significant direct and indirect costs incurred by 
employers due to Carpal Tunnel Syndrome (CTS). These costs 
encompass medical expenses related to CTS treatment, such as 
diagnostic tests, consultations, and interventions. According to 
Gabrielli et al. (102), surgical treatment for CTS incurs lower mean 
costs compared to conservative approaches, proving to be a more cost-
effective strategy. Additionally, employers face financial burdens 
associated with temporary staffing to cover absent workers affected by 
CTS-related disabilities (98). Furthermore, losses attributed to 
reduced work efficiency among employees grappling with CTS 
symptoms contribute to the overall economic impact. Estimates 
suggest that these costs range from $2.7 to $4.8 billion per year, 
emphasizing the substantial financial implications of CTS for 
employers and the broader economy (98). Such economic situations 
may ultimately lead to diminished organizational profitability. 
Conversely, individuals with CTS often encounter a reduction in 
income due to the time away from work that they require and the 
potential onset of long-term disability (13). As noted by Franklin et al. 
(103) CTS can precipitate to work-related disability claims, thereby 
engendering financial hardships for affected employees. The economic 
repercussions for employees entail not only lost wages but also out-of-
pocket healthcare expenses and potential constraints on career 
advancement (13). Furthermore, the impact of CTS reverberates 
within healthcare systems, manifesting as a substantial burden due to 
diagnostic and treatment costs. Recent research underscores that the 
utilization of healthcare resources related to CTS, including physician 
consultations, diagnostic procedures, and surgical interventions, 
contributes to the escalation of overall healthcare expenditures (80). 
This financial strain impacts healthcare resources and allocation.

Carpal Tunnel Syndrome has several societal consequences, 
marked by disability claims and a decline in workforce participation 
(61). An investigative study, exemplified by Newington et  al. (61) 
noted the repercussions of CTS on individuals’ occupational 
capacities, revealing its association with prolonged disability and 
premature retirement. These disability claims not only impact affected 
individuals but also impose a strain on social security and disability 
insurance systems. Furthermore, CTS necessitates heightened 
healthcare utilization, encompassing consultations with specialists, 
surgical interventions, and rehabilitation services (101). This demand 
exerts pressure on healthcare infrastructure and resources, potentially 
resulting in extended waiting times for other patients (104). In terms 
of workforce productivity and sustainability, CTS can precipitate 
diminished work efficiency among affected employees. Recent 
scholarly inquiries, such as the study conducted by Hassan et al. (45), 
illustrate how CTS symptoms impede job performance, leading to 
reduced productivity, increased absenteeism, and the occurrence of 
presenteeism—where employees are physically present but exhibit 
diminished productivity due to symptomatic constraints (13). The 
presence of CTS within the workforce raises pertinent concerns 
regarding long-term sustainability. The high prevalence rates of CTS 
and the potential for associated disability claims underscore the 
imperative of proactive measures aimed at ensuring the health and 

productivity of the workforce. The implementation of preventive 
strategies, ergonomic interventions, and the early diagnosis and 
treatment of CTS emerges as a pivotal approach contributing to 
workforce sustainability (12).

Future research in work-related CTS should prioritize robust 
epidemiological studies to assess evolving prevalence rates and 
identify high-risk industries. Investigating precise biomechanical and 
anatomical factors contributing to CTS in specific occupational 
settings is essential. Long-term studies tracking the progression of 
CTS and factors influencing its evolution, along with exploring 
precision medicine approaches and developing comprehensive risk 
assessment tools, are critical. Rigorous assessments of workplace 
interventions and ergonomic strategies will contribute to refining 
preventive measures. Additionally, considering psychosocial factors 
such as job satisfaction, stress, and organizational culture in relation 
to CTS risk and outcomes is important. Leveraging advancements in 
technology, such as wearable sensors and telemedicine, can facilitate 
remote monitoring of CTS symptoms and timely intervention (105).

In summary, Carpal Tunnel Syndrome (CTS) represents a 
significant occupational health issue with wide-reaching economic, 
societal, and healthcare implications. The burden it places on 
individuals, employers, and healthcare systems underscores the urgent 
need for comprehensive strategies to prevent, diagnose, and manage 
this condition effectively. The insights garnered from recent studies 
emphasize the complexity of CTS’s etiology, highlighting the 
importance of multifactorial approaches that consider anatomical, 
biomechanical, and pathophysiological contributors to its 
development. As the workforce continues to evolve, with changing 
occupational roles and technologies, the need for adaptable and 
effective ergonomic interventions and workplace practices becomes 
increasingly critical. Furthermore, the impact of CTS on workforce 
productivity and sustainability calls for proactive measures to mitigate 
its effects and ensure the health and efficiency of employees across 
various sectors. Future research endeavors must focus on deepening 
our understanding of CTS within occupational contexts, enhancing 
diagnostic and management tools, and rigorously evaluating the 
effectiveness of workplace interventions. Such efforts will 
be instrumental in reducing the prevalence of CTS, minimizing its 
impact on individuals and society, and fostering a healthier, more 
productive workforce. The collaborative efforts of researchers, 
healthcare professionals, employers, and policy makers will 
be  paramount in addressing this pervasive condition, ultimately 
contributing to the well-being of workers and the economic health of 
industries worldwide. This review not only acknowledges the existing 
body of knowledge but also emphasizes the recent perspectives and 
additional value brought forth by recent studies, thus maintaining an 
up-to-date analysis on the topic. It is based on the literature published 
over the past two decades, ensuring its relevance and contemporaneity 
to the topic at hand.

5 Conclusion

In conclusion, this review has provided a detailed exploration of 
work-related Carpal Tunnel Syndrome (CTS) over the past two 
decades, shedding light on its multifaceted nature and significant 
impact on occupational health. Through analysis of recent literature, 
we  have gained valuable insights into the intricate interplay of 
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anatomical, biomechanical, and pathophysiological factors 
contributing to CTS development in various professional settings. Key 
findings underscore the pivotal role of ergonomic interventions, early 
clinical diagnosis, and tailored therapeutic strategies in mitigating the 
impact of CTS on affected individuals. While recent research has 
significantly advanced our understanding of work-related CTS, 
several challenges and areas for improvement remain. Variations in 
research methodologies and diagnostic criteria highlight the need for 
standardized approaches to ensure comprehensive evaluation and 
management of CTS across different occupational contexts. Future 
investigations should prioritize robust epidemiological studies to 
assess evolving prevalence rates and identify high-risk industries. 
Moreover, exploring precise biomechanical and anatomical factors 
contributing to CTS development and evaluating the efficacy of 
workplace interventions and ergonomic strategies are essential for 
refining preventive measures. Looking forward, ongoing research, 
evidence-based interventions, and collaborative efforts among 
healthcare professionals, employers, and policymakers are crucial for 
safeguarding the well-being and productivity of the workforce. By 
addressing the multifactorial nature of work-related CTS and 
implementing proactive measures, we  can strive towards creating 
healthier and safer work environments while minimizing the burden 
of this debilitating condition on individuals and society.
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