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Abstract

Introduction: Carpal tunnel syndrome (CTS) is a commonly occurring musculoskeletal 
disorder affecting the upper extremities. Accurate diagnosis is essential for early in-
tervention and for the implementation of individualized therapy aimed at preventing 
progression and improving functional outcomes.

Aim: The aim of this study was to analyze the prevalence of CTS symptoms among 
sewing factory workers and to identify factors that may contribute to its develop-
ment. The relationship between the presence of symptoms and selected variables 
like age, body mass index (BMI), years of work experience were examined.

Material and methods: The study included a group of 70 participants. The Phalen’s test, 
reverse Phalen’s test, and the Boston Carpal Tunnel Questionnaire (BCTQ) were used.

Results and discussion: A high prevalence of CTS symptoms (45.7%) was observed 
among sewing factory workers. Neither BMI nor years of professional experience had a 
statistically significant impact on test outcomes. The presence of chronic diseases and 
age significantly increased the frequency of positive test results. Findings from the 
BCTQ confirmed the presence of pain and functional limitations, which may contribute 
to decreased occupational performance.

Conclusions: Age and the presence of chronic diseases significantly influence the 
occurrence of CTS symptoms. The study highlights the necessity of implementing 
preventive measures and ergonomic interventions in the workplace to mitigate the 
risk of developing CTS.Original version of this paper is 
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1. introduction
Carpal tunnel syndrome (CTS) is the most common pe-
ripheral neuropathy and a significant occupational health 
issue among individuals performing repetitive manual 
tasks. Its prevalence in adult populations ranges from 
7% to 16% and increases with age, making CTS an impor-
tant clinical and socio-economic problem.1 The disorder 
results primarily from compression of the median nerve 
within the carpal tunnel, leading to characteristic sensory 
disturbances and functional impairment of the hand.1,2

The etiology of CTS is multifactorial. Besides de-
mographic and systemic factors (such as age, obesity, 
metabolic disorders, thyroid disease, or vascular con-
ditions) occupational exposures play a central role in 
symptom development.3 Work requiring repetitive wrist 
movements, precision gripping, or maintained wrist 
flexion and extension has consistently been associat-
ed with a higher risk of CTS.1,4 Epidemiological studies 
indicate that occupations involving fine, monotonous 
hand activity, including sewing and tailoring, show a 
markedly increased prevalence of CTS symptoms com-
pared with the general population.5

Despite this, workers in the garment industry re-
main a relatively understudied group, even though 
their daily tasks combine several high-risk factors: 
repetitive finger movements, prolonged static hand 
positions, and precision-based motor control. Existing 
studies are limited in number, differ in methodological 
quality, and provide inconsistent results regarding the 
influence of demographic and occupational variables. 
This creates a clear gap in the literature and highlights 
the need for targeted research focusing specifically on 
sewing machine operators.

Given the functional impact of CTS and its poten-
tial to reduce productivity and quality of life, identify-
ing determinants of symptom occurrence in high-risk 
professions is essential. Understanding how factors 
such as age, BMI, duration of employment, and sys-
temic comorbidities contribute to CTS symptoms may 
support the development of ergonomic guidelines 
and early preventive strategies tailored to sewing fac-
tory workers.

2. aim
The primary objective of this study was to analyze the 
prevalence of CTS symptoms among sewing factory 
workers and to identify factors that may influence their 
occurrence. The research sought to determine the ex-
tent to which selected demographic and occupational 
variables contribute to the manifestation of CTS-relat-
ed symptoms within this specific professional group.

To address the research problem comprehensively, 
the following specific research questions were formu-
lated:
1.	 What proportion of sewing factory workers exhibit 

positive results on clinical diagnostic tests for CTS?
2.	 To what extent do age, body mass index (BMI), du-

ration of employment, and the presence of chronic 
diseases influence the occurrence of CTS symptoms?
This analytical approach aimed to provide a more 

detailed understanding of the relationship between 
occupational exposure and the development of CTS, 
thereby supporting the formulation of preventive 
measures and early diagnostic strategies within high-
risk occupational settings.

3. Material and methods

3.1. Study design and participants
The study was conducted on a total of 70 participants (all 
available workers present during the study period), in-
cluding 60 women and 10 men, with a mean age of 46.41 
years. All participants were employed as sewing machine 
operators and performed identical job tasks involving 
repetitive manual activities. Their daily work consisted 
primarily of machine sewing, requiring continuous fine 
motor control, sustained wrist positions, and repetitive 
hand-finger movements typical of garment production. 
All workers were employed full-time in a standard 40-h 
work week (8 h per day, 5 days per week). The partic-
ipants occupied comparable workstations with similar 
ergonomic conditions, production tasks, and workflow 
organization, ensuring a high degree of homogeneity in 
occupational exposure within the study group. All par-
ticipants were fully informed about the purpose and 
procedures of the study and provided voluntary, written 
informed consent prior to participation.

3.2. Eligibility Criteria
Inclusion criteria were: participants aged 18–64 years, 
voluntary informed consent, and a minimum of 6 
months of professional experience in sewing or relat-
ed work. Exclusion criteria included: prior wrist injuries 
or disorders unrelated to occupational activity, lack of 
informed consent, current pregnancy, and professional 
experience of less than 6 months.

3.3. Outcome Measures
The assessment included the standardized Polish 
version Boston Carpal Tunnel Questionnaire (BCTQ), 
administered as a paper-based survey and supple-
mented with additional items to collect information 
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on participants’ sex, age, years of employment, daily 
working hours, number of working days per week, and 
the presence of diagnosed chronic diseases. Partici-
pants completed the questionnaire independently, 
with the option of obtaining an answer in case of mis-
understanding the questions

The BCTQ evaluates 6 key domains associated with 
CTS: pain, tingling, numbness, weakness, nocturnal 
symptom exacerbation, and overall functional status.6 
The BCTQ was completed with reference to the symp-
tomatic hand; in cases of bilateral symptoms, the ques-
tionnaire was administered for the hand presenting 
greater symptom severity. It comprises two sections:
1.	 Symptom Severity Scale (Part A): includes 11 items 

addressing symptoms experienced within a typical 
24-h period over the previous 2 weeks. Responses 
are scored on a 5-point Likert scale, where 1 rep-
resents minimal symptom severity and 5 indicates 
the most severe symptoms.

2.	 Functional Status Scale (Part B): contains 8 items 
assessing the degree of difficulty performing dai-
ly activities. Responses are scored on the same 
5-point scale, where 1 indicates no difficulty and 5 
indicates complete inability to perform the activity 
due to CTS symptoms.
For both sections, the final score is calculated as 

the mean of all item responses (there were no lack of 
the data), rounded to two decimal places, with higher 
scores indicating greater hand disability.6

The questionnaire also included items specific to 
female participants, including the number of previous 
pregnancies and current pregnancy status. Additional-
ly, height and weight were recorded to calculate par-
ticipants’ BMI.

3.4. Clinical tests
Non-invasive clinical assessments were performed, in-
cluding the Phalen’s test and the reverse Phalen’s test. 
The Phalen’s test is a standard diagnostic maneuver 
for CTS in which the participant assumes a seated or 
standing position and maintains maximal wrist flexion 
(dorsal surfaces of the hands pressed together) for 60 
s. A positive result is indicated by the occurrence of 
pain or paresthesia in the median nerve distribution 
(fingers I–III and radial half of IV).7 The reverse Phalen’s 
test is a modification of the classic test, performed by 
wrist extension rather than flexion, with interpreta-
tion identical to the standard Phalen’s test.7 All clinical 
examinations were performed by a licensed physio-
therapist with over five years of clinical experience in 
musculoskeletal assessment. The Phalen’s and reverse 
Phalen’s tests were carried out on both hands in ac-

cordance with standard procedures. For the purpose of 
statistical analysis, the result of the hand presenting 
more pronounced symptoms was used. The assessor 
did not have access to the participants’ BCTQ scores 
at the time of testing, which minimized the risk of as-
sessment bias.

3.5. Statistical analysis
Statistical analysis was performed using Statistica 
software (v. 13.3; StatSoft, Tulsa, USA). Prior to the main 
analyses, the distribution of continuous variables was 
assessed using the Shapiro-Wilk test, which demon-
strated that the data did not follow a normal distribu-
tion (P < 0.05). For this reason, non-parametric statisti-
cal methods were applied. The relationships between 
categorical variables were examined using the Chi-
square test, while associations between continuous 
or ordinal variables were assessed using Spearman’s 
rank correlation coefficient. The significance level was 
set at α = 0.05 for all analyses. No missing data were 
identified in the dataset.

4. Results

4.1. Participants characteristics
Data collected through direct interviews provided infor-
mation on participants’ age, anthropometric parameters 
(height and body weight), years of employment, and the 
presence of chronic diseases. A total of 70 individuals 
were included in the study. The mean age of the partici-
pants was approximately 47 years. A detailed overview of 
the study group’s characteristics is presented in Table 1.

According to WHO guidelines8 for BMI interpreta-
tion, 43 participants (61.42%) fell within the range in-
dicative of abnormal body weight. The mean duration 
of employment among study participants was approxi-
mately 22 years, with the standard deviation reflecting 
substantial variability in work experience within the 
group. Chronic diseases were reported in 40% of the 
participants.
Table 1.	 Patients characteristics.

Variable SD x̅ Min Max Mdn

Age, y 10.20 46.41 20 63 48.5

Height, m 0.08 1.65 1.5 1.89 1.64

Body mass, kg 12.63 70.20 49 100 69.5

BMI, kg/m2 3.95 25.66 18 37 25

Seniority, y 10.50 21.91 2 42 24

Comments: SD – standard deviation, x ̅– mean, Min – minimum value, 

Max – maximum value, Mdn – median
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4.2. Phalen’s test and reverse Phalen’s test results
Among the 70 participants, 32 individuals exhibited pos-
itive results on both the Phalen’s test and the reverse 
Phalen’s test. Correlation analyses revealed no statisti-
cally significant association between participants’ age 
and the results of the Phalen’s test (P > 0.05; Z = 0.53) or 
the reverse Phalen’s test (P > 0.05; Z = 0.55). These find-
ings indicate that age did not influence the outcomes of 
either clinical test in the study population.

Similarly, BMI showed no significant correlation 
with the results of the Phalen’s test (P > 0.05; Z = -0.70) 
or the reverse Phalen’s test (P > 0.05; Z = -0.27), sug-
gesting that BMI was not a determining factor in test 
positivity. The duration of employment was also not 
significantly associated with test outcomes, as demon-
strated for the Phalen’s test (P > 0.05; Z = 0.38) and the 
reverse Phalen’s test (P > 0.05; Z = 0.19).

In contrast, the presence of chronic diseases was 
significantly associated with the results of the Phalen’s 
test (P < 0.05; ꭓ2 = 4.23; df = 1). Participants with chronic 
conditions were more likely to exhibit a positive Pha-
len’s test compared to those without chronic diseases. 
This finding indicates that chronic diseases may con-
tribute to the manifestation of CTS symptoms in this 
population (Figure 1).

Correlation analysis between the presence of 
chronic diseases and the results of the reverse Pha-
len’s test revealed statistically significant differences 
between groups (p < 0.05; Chi-square = 4.23; df = 1). 
Participants with chronic conditions were more likely 
to exhibit a positive reverse Phalen’s test compared to 
those without chronic diseases. This finding indicates 
that chronic diseases may influence the manifestation 
of CTS symptoms, as individuals with chronic condi-
tions more frequently presented clinical signs indica-
tive of CTS (Figure 2).

4.3. Boston Carpal Tunnel Questionnaire – Part A
Correlation analysis between the presence of chronic 
diseases and the total score for Part A of the BCTQ 
revealed statistically significant differences between 
groups (P < 0.05; Z = 2.51). Participants with chronic con-
ditions scored higher on this section of the question-
naire, indicating that chronic diseases may exacerbate 
CTS symptoms. In other words, individuals with chronic 
conditions may experience either a greater number of 
symptoms or more severe manifestations compared to 
participants without chronic diseases (Figure 3).

Correlation analysis between participants’ age and 
the total score of Part A of the BCTQ revealed statis-
tically significant differences (P < 0.05). An increase in 
age was associat.ed with greater symptom severity, in-

dicating that older participants experienced more pro-
nounced CTS symptoms (Figure 4).

Correlation analyses between BMI and years of em-
ployment and the total score of Part A of the BCTQ re-
vealed no statistically significant differences (P > 0.05). 
In this study, neither BMI nor duration of employment 
had a significant impact on the occurrence or severity 
of CTS symptoms.

Figure 1.	Correlation between the presence of chronic dis-
eases and positive Phalen’s test results among study par-
ticipants.

Figure 2. Correlation between the presence of chronic dis-
eases and positive reverse Phalen’s test results among 
study participants.

Figure 3. Correlation between the presence of chronic dis-
eases and the total score of Part A of the BCTQ among study 
participants.
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4.4. Boston Carpal Tunnel Questionnaire – Part B
Correlation analysis between the presence of chronic 
diseases and the total score for Part B of the BCTQ 
revealed statistically significant differences between 
groups (P < 0.05; Z = 3.02). Participants with chronic 
conditions scored higher on this section, indicating 
that chronic diseases negatively affect functional sta-
tus. In other words, individuals with chronic conditions 
may experience greater limitations in hand function 
compared to participants without chronic diseases 
(Figure 5).

Correlation analysis between participants’ age and 
the total score of Part B of the BCTQ revealed statisti-

cally significant differences between groups (P < 0.05). 
An increase in age was associated with greater func-
tional limitations, indicating that older participants 
experienced more pronounced impairments in hand 
function (Figure 6).

Correlation analyses between BMI and years of em-
ployment and the total score of Part B of the BCTQ re-
vealed no statistically significant differences (P > 0.05). 
In this study, neither BMI nor duration of employment 
had a significant impact on the occurrence or severity 
of functional limitations.

5.	 Discussion 
The results of the present study reveal certain dis-
crepancies compared with data reported in previous 
research. While Ulbrichtová et al. demonstrated that a 
higher BMI is associated with an increased risk of CTS, 
and that individuals diagnosed with CTS tend to have 
a significantly higher BMI compared to control groups,9 
this relationship was not confirmed in the current 
study. The lack of correlation between BMI and CTS 
symptoms may be attributed to the relatively small 
sample size and the occupational and environmental 
homogeneity of the study group, which likely result-
ed in limited variability of anthropometric parameters 
and other individual characteristics.

Similarly, no significant correlation was observed 
between years of employment and the occurrence 

Figure 4. Correlation between participants’ age and the to-
tal score of Part A of the Boston Carpal Tunnel Question-
naire (BCTQ).

Figure 6. Correlation between participants’ age and the to-
tal score of Part B of the Boston Carpal Tunnel Question-
naire (BCTQ).

Figure 5. Correlation between the presence of chronic dis-
eases and the total score of Part B of the Boston Carpal Tun-
nel Questionnaire (BCTQ).
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of CTS symptoms. These findings are consistent with 
those of Lewański and Walusiak-Skorupa, who report-
ed that only 6% of CTS cases were of occupational 
origin, despite an average employment duration of 
approximately 20 years.10 This suggests that the mere 
duration of employment may not be a sufficient pre-
dictor of CTS development, and that the specific bio-
mechanical characteristics of the performed tasks may 
play a more critical role.

On the other hand, the significant associations iden-
tified between participants’ age and the presence of 
chronic diseases and CTS symptoms are consistent with 
previously published findings. Erick et al. demonstrated 
that the risk of CTS increases markedly with age, showing 
that individuals aged 31–40 were nearly ten times more 
likely to develop CTS, and those over 40 years old were up 
to fifteen times more likely to experience the condition 
compared with younger participants.11 Similarly, Mölles-
tam et al. reported that CTS prevalence rises progressive-
ly with age, with almost 50% of diagnoses occurring in 
individuals aged 45–57 years.12 These findings corroborate 
the results of the present study, further confirming age 
as a significant risk factor for CTS. In summary, the ab-
sence of statistically significant associations for BMI and 
years of employment may reflect the high occupational 
homogeneity of the sample. Most participants performed 
identical repetitive tasks for similar durations, resulting 
in limited variability in exposure and reducing the like-
lihood of detecting subtle associations. Additionally, 
years of employment may be an imprecise proxy for bi-
omechanical load, as factors such as wrist posture, hand 
force, and task intensity are more predictive of CTS risk 
than job tenure alone. The “healthy worker effect” may 
also contribute, as individuals with more severe symp-
toms may leave the workforce earlier, leading to an un-
derestimation of long-term exposure effects.

An important observation in this study is the discrep-
ancy between clinical provocation tests and question-
naire-based symptom assessment. While age did not 
correlate with the outcomes of the Phalen or reverse 
Phalen tests, older participants reported more severe 
symptoms and functional limitations in the BCTQ. This 
divergence may be attributed to the different constructs 
measured by each tool. Clinical tests capture mechan-
ical nerve compression at a specific moment, whereas 
the BCTQ reflects symptom perception over time, in-
cluding nocturnal symptoms and fluctuating discom-
fort. Age-related changes in pain processing, comorbid 
degenerative conditions, or reduced neuromuscular ef-
ficiency may heighten subjective symptom burden even 
when clinical signs remain mild. This underscores the 
need to integrate both objective and subjective meas-

ures when evaluating CTS in occupational groups.
Chronic diseases were an important determinant 

of CTS symptoms in this study. The most commonly 
reported comorbidities included type 2 diabetes, hy-
pothyroidism, hypertension, and degenerative joint 
disease. These conditions are known to impair micro-
vascular circulation, increase connective tissue stiff-
ness, or alter wrist biomechanics, thereby contribut-
ing to elevated pressure within the carpal tunnel. The 
present findings are consistent with large cohort stud-
ies demonstrating significantly increased CTS risk in 
individuals with metabolic or endocrine disorders.13–17 
When considering the influence of chronic diseases, 
previous research has shown a clear association be-
tween systemic conditions and the development of 
CTS. A large-scale British study including 401,656 par-
ticipants, of whom 24,558 had diabetes, demonstrated 
a significantly increased risk of CTS among diabetic pa-
tients, with an odds ratio (OR) of 2.31 (95% CI: 2.17–2.46).13 
Similar observations were reported in a Swedish co-
hort study involving 30,466 individuals, where the haz-
ard ratio (HR) was 2.10 (95% CI: 1.65–2.70).14 Kuang-Ting 
Yeh et al. highlighted the development of CTS within 
nine months following distal radius fractures in dia-
betic patients.15 Likewise, Jun Min Leow et al. observed 
that 7.8% of individuals presenting with acute CTS af-
ter distal radius fracture also had concomitant thyroid 
disease.16 Furthermore, Wang et al. found that patients 
with end-stage renal disease who underwent parath-
yroidectomy were 1.7 times more likely to develop CTS 
compared with those who did not undergo the sur-
gical procedure.17 The present study aligns with these 
findings, indicating that chronic diseases significant-
ly contribute to the development and severity of CTS 
symptoms. This association underscores the need for 
early screening and preventive interventions among 
individuals with metabolic and endocrine disorders, 
particularly those engaged in occupations that impose 
repetitive stress on the wrist and hand structures.

Study limitations
The interpretation of the study findings should take 
into account several methodological limitations. The 
most notable include the relatively small sample size 
(n = 70) and the homogeneity of the study group – all 
participants were employed at the same manufac-
turing facility, which limits the generalizability of the 
results to a broader population. Furthermore, the use 
of subjective assessment tools, such as self-reported 
questionnaires and clinical tests, introduces a poten-
tial risk of cognitive bias or response bias among par-
ticipants. While these tools are valuable for screen-
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ing and functional assessment, they do not provide a 
definitive diagnosis of CTS. Nerve conduction studies 
or electromyography being considered the diagnostic 
gold standard were not employed in the present study.

To enhance the validity and generalizability of fu-
ture research, it would be advisable to increase the 
sample size and include participants with greater vari-
ability in age, gender, and occupational characteristics. 
Additionally, incorporating objective diagnostic meas-
ures (such as nerve conduction studies or electromy-
ography) could strengthen the accuracy and diagnostic 
reliability of the findings.

5.	 Conclusions 
1.	 The high proportion of sewing factory workers pre-

senting CTS-related symptoms may suggest that 
this occupational group is exposed to conditions 
that increase the likelihood of median nerve irri-
tation. These findings highlight the relevance of 
monitoring hand health in professions involving 
repetitive manual tasks.

2.	 In this sample, age and the presence of chronic dis-
eases were associated with greater symptom sever-
ity and a higher likelihood of positive clinical test 
outcomes, whereas BMI and years of employment 
did not show statistically significant relationships. 
These results should be interpreted with caution, 
as the cross-sectional design does not allow causal 
inference.

3.	 The observed associations between chronic comorbid-
ities (such as diabetes, thyroid disorders, hypertension 
and degenerative joint disease) and CTS symptoms in-
dicate that systemic health conditions may play an im-
portant role in symptom manifestation among workers 
engaged in repetitive manual activities.

4.	 Although most participants were classified as over-
weight or obese, the lack of statistical significance 
for BMI in this study suggests that additional fac-
tors, including occupational homogeneity and er-
gonomic conditions, may modify the relationship 
between body weight and CTS symptoms.

5.	 Findings from the BCTQ indicate the presence of 
pain, sensory disturbances and functional limita-
tions in a proportion of workers, which may nega-
tively influence comfort and perceived work capac-
ity. These observations underscore the importance 
of early detection and symptom monitoring in 
high-risk occupational groups.

6.	 Based on the present observational data and exist-
ing evidence from the literature, workplace-focused 
preventive strategies (such as ergonomic adjust-

ments, scheduled breaks, and worker education) 
may be beneficial. However, interventional studies 
are required to determine the actual effectiveness 
of such measures.
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