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ABSTRACT (Arial, Bold, 11 font, left aligned, caps)

	Background:  Carpal Tunnel Syndrome (CTS) is a common neuropathy caused by median nerve compression in the wrist, often linked to repetitive hand and wrist movements. Textile workers are especially at risk due to prolonged manual tasks and faulty postures. CTS can cause pain, numbness, and functional impairment, impacting productivity and quality of life.
 
Purpose: This study aims to determine the prevalence of CTS among textile workers in and investigate how it relates to gender, work experience, hand dominance, and job functions.  

Methods and Materials: The study was conducted among the textile workers in Jaipur, Rajasthan. The Boston Carpal Tunnel Questionnaire (BCTQ) was used to evaluate CTS symptoms in a study of 370 employees. Participants were considered CTS-positive if their Symptom Severity Score (SSS) was 3.0 or higher. Descriptive statistics summarized the data, and chi-square tests analysed associations between CTS status and demographic variables, with significance at p < 0.05. A 95% confidence interval was used to express prevalence estimates.

Results: The findings indicated that 25.4% of workers had CTS, highlighting a significant burden in the workforce. More common in males, those with 31–40 years of experience, and specific roles like trimmers and fabric inspectors, none of these correlations were statistically significant. Chi-square tests showed that gender, experience, hand dominance, and occupational role did not independently predict CTS. 

Conclusions: Repetitive hand actions remain a concern, even without statistically significant data. These findings emphasize the importance of early screening, workplace ergonomics, and health education to prevent and manage CTS among textile workers, enhancing their well-being and productivity. 
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1. INTRODUCTION 

Carpal tunnel syndrome is a health condition that causes symptoms like pain, numbness, tingling, and weakness upper limb, involving the wrist and hand. The National Institute of Occupational Safety and Health. Estimates that over 20% of the labor force involved in jobs of repetitive nature is at risk of developing Cumulative Trauma Disorder (Mallory and Bradford, 1989). The most common forms of Cumulative Trauma Disorder (CTDs) are: Tendonitis, tenosynovitis, epicondylitis, bursitis, and carpal tunnel syndrome [1]. Carpal Tunnel Syndrome (CTS) is a condition resulting from the compression of the median nerve in the hand and wrist. As the median nerve travels through the wrist and palm region, it is surrounded by tissues called the carpal tunnel. CTS can be diagnosed through physiological tests that confirm elevated pressure within the carpal tunnel, which affects nerve function. Clinical presentation includes numbness, tingling, pain in the arm and hand, and muscle weakness or dysfunction [2,3]. CTS causes wrist pain by occupying the area inside the tunnel, which compresses the median nerve. It is a disorder of epidemic proportions precipitated by constant stress, a sedentary lifestyle, and poor nutrition[4]. Overuse of hand and arm muscles can cause carpal tunnel syndrome (CTS), which also impairs nerve conduction and muscle strength[5,6]. CTS is a common work-related musculoskeletal disorder, particularly among workers involved in frequent hand-intensive tasks. Previous studies have highlighted CTS in various occupational settings, including manual labor and food handling (Carino et al., 2016), and have documented sex-specific differences in risk (Eros et al., 2024). Additionally, regional surveillance studies have provided prevalence estimates in Canadian worker populations, emphasizing the occupational burden of CTS (Kraut et al., 2024). However, the data emphasizing  CTS in textile industry workers is lacking in current literature.

Among current workers, the lifetime prevalence of clinician-diagnosed carpal tunnel syndrome (CTS) has been reported as 6.7%, with a 12-month prevalence of 3.1%, affecting millions of workers, and approximately 67% of these cases are attributed to occupational factors. CTS prevalence also varies by demographics, being higher in females, increasing with age, and differing across racial groups. These findings highlight the burden of work-related CTS, particularly in industries involving repetitive hand movements and forceful exertions, such as the textile industry. In the same context, the International Labour Organization (ILO) also recognizes CTS as an occupational disease and provides guidelines for its prevention, including ergonomic interventions, safe work practices, task rotation, regular health surveillance, and worker training. Integrating such measures is crucial for mitigating CTS risk and aligns with globally recognized occupational health standards [7].The use of vibrating tools, such as jackhammers and drills, has also been linked to a higher risk of CTS due to microtrauma and chronic inflammation of the tendons and nerves. Poor ergonomic wrist positioning, such as excessive wrist flexion or extension while using a keyboard, writing, or even sleeping, can further exacerbate nerve compression and symptom severity[8]. Work setup that involves repetitive wrist movements, forceful gripping, poor ergonomics, or compensatory postures raises the risk, particularly in the textile industry. This highlights the need for specific prevalence data for preventive measures and workplace adjustments, and maximum productivity for textile industry workers [9]. 

Several risk factors contribute to the high prevalence of CTS among textile workers. Repetitive tasks, awkward wrist postures, and prolonged manual labour are major contributors to the development of musculoskeletal disorders, including CTS [10]. Evaluating these individual and occupational risk factors is crucial in tailoring effective workplace interventions and health policies[11,12]. 

Furthermore, carpal tunnel syndrome poses a significant economic burden due to lost work hours, medical costs, decreased productivity, and disability compensation. In many developing countries where the textile industry is a major employer, the absence of workplace health regulations and ergonomic interventions exacerbates carpal tunnel syndrome prevalence. Therefore, this study is crucial to generate evidence-based recommendations for policy changes, ergonomic workplace design, and worker education programs to alleviate  CTS risk [13,14]. Although occupational musculoskeletal injuries are believed to occur in a relatively large segment of the population, which often go underreported in industry because workers may not associate the symptoms with their jobs, especially when they occur at night after they have left their jobs. In addition, some workers may not report their symptoms for fear of losing their occupation (Armstrong and Graffon, 1979) [1]. 

This cross-sectional study contribute to occupational health research by evaluating the prevalence of CTS among workers in the textile industry as this population  is at high risk due to repetitive, hand-intensive tasks and poor ergonomics. This study aimed to evaluate the prevalence of Carpal Tunnel Syndrome (CTS) among individuals employed in the textile sector and to explore the relationship between ergonomic conditions, the overall work environment, and the incidence of CTS.


2. methodology 

This cross-sectional study was conducted among 370 textile workers in the textile production industry in Jaipur, India, between January to April 2025. Ethical approval was obtained from the Institutional Ethics Committee of Jaipur National University, under the ethical standards laid down in the Declaration of Helsinki. Written informed consent was secured from all participants prior to data collection. The study followed a clearly defined set of inclusion and exclusion criteria to ensure the reliability and validity of the data collected. Inclusion criteria consisted of individuals employed in the textile industry for at least one year, allowing adequate exposure to occupational risk factors potentially contributing to Carpal Tunnel Syndrome (CTS). Willingness to participate and complete the Boston Carpal Tunnel Questionnaire (BCTQ), a validated tool for CTS assessment, was mandatory. Exclusion criteria included individuals with a previous history of wrist or hand surgeries, due to the likelihood of altered mechanisms, and those with diagnosed systemic conditions such as diabetes mellitus or rheumatoid arthritis, to minimize the risk of confounding. Data collection employed the Boston Carpal Tunnel Questionnaire (BCTQ), comprising two domains: The Symptom Severity Score (SSS), which states the intensity and frequency of CTS symptoms, and the Functional Status Score (FSS), which assesses the impact of symptoms on the participant’s ability to perform daily tasks. A threshold average SSS score of ≥3.0 was used to categorize individuals as CTS-positive. The study adhered to the STROBE guidelines for reporting cross-sectional studies. The participant recruitment and selection process is shown in Chart 1


 (
Total textile industry workers assessed for eligibility
 = 370
)
 (
Total textile industry workers did not meet the inclusion criteria
 = 276 (not willing to participate, lack of understanding, unable to provide consent
, pre-existing neuropathies
)
)

 (
Total textile industry workers included in analysis= 
94
)


Chart 1. Showing Sample Collection Flowchart
Statistical analysis was conducted using descriptive statistics (mean, percentage, and standard deviation) to present a summary of participant characteristics and outcomes. Chi-square tests were applied to examine associations between CTS status and demographic variables such as gender and work experience. Statistical significance was set at p < 0.05. A 95% confidence interval was used to express prevalence estimates. Of the 370 participants, 94 individuals (25.4%) met the criteria for CTS, with a 95% confidence interval ranging from 21.0% to 30.0%.

3. RESULTS:
This study involved 370 workers from the textile industry to determine the frequency of Carpal Tunnel Syndrome (CTS) and its potential links to demographic variables such as work experience and hand dominance, Occupation, and Experience. The Boston Carpal Tunnel Questionnaire (BCTQ) was employed as the primary assessment tool, and individuals with a Symptom Severity Score (SSS) of 3.0 or above were categorized as CTS-positive. Demographic and personal characteristics of the participants are stated in Table 1. The average Symptom Severity Score (SSS) among textile workers was 2.30, indicating mild to moderate symptoms of Carpal Tunnel Syndrome, with notable variation among participants. The Functional Status Score (FSS) had a higher mean, suggesting that most workers experienced moderate difficulties in performing daily tasks. While symptoms varied significantly, functional limitations were consistently reported, highlighting the potential impact of CTS on occupational performance, which is stated in Table 2. For gender, although a higher proportion of CTS cases was observed among males compared to females, the association was not statistically significant (χ² = 0.839, p = 0.360). Fisher's Exact Test also confirmed this non-significance (p = 0.420, two-sided). These results suggest that, within this sample of textile industry workers, neither gender had a statistically significant relationship with CTS prevalence, as stated in Table 3. CTS was most frequently observed among textile workers with 31–40 years of experience prevalence was lower in workers with fewer years of experience and minimal among those with over 40 years. Although the distribution suggested a trend of increasing CTS with more years of service, the association between experience group and CTS status was not statistically significant (χ² = 8.826, df = 5, p = 0.116). This indicates that work experience alone may not be a strong predictor of CTS in this population (Table 4). CTS prevalence was 25.4%, with higher rates observed in Trimmers, Cloth Inspectors, and Spinning Machine Operators, likely due to repetitive and strenuous hand activities. A Chi-square test was performed to assess statistical significance, yielding a Pearson Chi-square value of 10.902 with 12 degrees of freedom and a p-value of 0.537. This indicates no statistically significant association between occupation and CTS in this sample, although certain occupational roles may still pose higher ergonomic risks (Table 5). CTS was more prevalent among right-handed individuals compared to left- handed and ambidextrous workers. Most CTS cases occurred in right-handed individuals. However, the Pearson Chi-square test result (χ² = 2.570, df = 2, p = 0.277) indicated no statistically significant association between hand dominance and CTS (Table 6). The data showed no significant association between the number of hours worked per day and the presence of Carpal Tunnel Syndrome (χ² = 1.411, p = 0.842). Although CTS appeared more frequently in those working 9–10 hours, the differences across groups were minimal (Table 7). While Table 8 & Graph 1 indicate the Prevalence of Carpal Tunnel Syndrome in Textile Industry Workers.


	Variables

	
	Frequency (N)
	Percentage (%)

	Gender
	Female
	100
	27%

	
	Male
	270
	73%

	
	
	
	

	Hand Dominance
	Ambidextrous 
	19
	5.1%

	
	Left
	35
	9.5%

	
	Right
	316
	85.4%

	
	
	
	

	Occupation
	Bale Breaker Attendant
	35
	9.5%

	
	General Assistant
	33
	8.9%

	
	General Machine Operator
	30
	8.1%

	
	Knitting Machine Operator
	26
	7.0%

	
	Material Handler
	28
	7.6%

	
	Non-Woven Fabric Production Worker
	28
	7.6%

	
	Quality Control Assistant
	37
	10.0%

	
	Quality Control Head
	1
	0.3%

	
	Sewing Machine Operator
	30
	8.1%

	
	Cloth Inspector
	30
	8.1%

	
	Spinning Machine Operator 
	25
	6.8% 

	
	Trimmer (Garment Sector) 
	42
	11.4% 

	
	Weaving Machine Operator 
	25
	6.8% 

	
	
	
	

	Experience Group
	0-5 yrs 
	34
	9.2% 

	
	11-20 yrs 
	88
	23.8% 

	
	21-30 yrs 
	105 
	 28.4% 

	
	31-40 yrs 
	96 
	25.9% 

	
	41+ yrs 
	9 
	2.4% 



Table 1. Demographic and personal characteristics of the participants

	
	Minimum
	Maximum
	Mean
	Standard Deviation

	SSS Average
	1.00 
	5.00 
	2.3000 
	1.18082 

	FSS Average
	1.50 
	4.25 
	3.2838 
	.37205 


Table 2. Descriptive Statistics of BCTQ Scores




	Gender
	CTS Positive (n %)
	CTS Negative (n %)
	Total Workers

	Female
	22 (22%)
	78 (78%)
	100

	Male
	72 (26%)
	198(73%)
	270


                                                     Table 3. Prevalence of CTS by Gender


	Experience Group
	CTS Positive (n, %)
	CTS Negative (n, %)
	Total Workers

	0-5
	7 (7.4%)
	27 (9.8%)
	34

	6-10
	10 (10.6%)
	28 (10.1%)
	38

	11-20
	15 (16%)
	73 (26.4%)
	88

	21-30
	26 (27.7%)
	79 (28.6)
	105

	31-40 
	34 (36.2%) 
	62 (22.5%) 
	96 

	41+ 
	2 (2.1%) 
	7 (2.5%) 
	9 


Table 4. Prevalence of Carpal Tunnel Syndrome by Experience Group



	Occupation
	Total (N)

	CTS Negative (n, %)
	CTS Positive (n, %)

	Bale Breaker Attendant
	35
	28 (80.0%)
	7 (20.0%)

	Cloth Inspector
	30
	19 (63.3%)
	11 (36.7%)

	General Helper/Assistant
	33
	25 (75.8%)
	8 (24.2%)

	General Machine Operator/Helper
	30
	26 (86.7%)
	4 (13.3%)

	Knitting Machine Operator
	26
	20 (76.9%)
	6 (23.1%)

	Lap Carrier/Material Handler
	28
	22 (78.6%)
	6 (21.4%)

	Non-Woven Fabric Production Worker
	28
	22 (78.6%)
	6 (21.4%)

	Quality Control Assistant
	37
	29 (78.4%)
	8 (21.6%)

	Quality Control Head
	1
	1 (100.0%)
	0 (0.0%)

	Sewing Machine Operator (Garment)
	30
	21 (70.0%)
	9 (30.0%)

	Spinning Machine Operator
	25
	17 (68.0%)
	8 (32.0%)

	Trimmer (Garment Sector)
	42
	26 (61.9%)
	16 (38.1%)

	Weaving Machine Operator
	25
	20 (80.0%)
	5 (20.0%)

	Total
	370
	276 (74.6%)
	94 (25.4%)


Table 5. Prevalence of Carpal Tunnel Syndrome by Occupation






	[bookmark: _Hlk204195680]Hand Dominance
	Total (N)
	CTS Negative (n, %)
	CTS Positive (n, %)

	Ambidextrous
	19
	17 (89.5%)
	2 (10.5%)

	Left-handed
	35
	27 (77.1%)
	8 (22.9%)

	Right-handed
	316
	232 (73.4%)
	84 (26.6%)


[bookmark: _Hlk204195692]Table 6. Prevalence of Carpal Tunnel Syndrome by Hand Dominance


	[bookmark: _Hlk204195702]Working Hours/Day
	Total Workers
	CTS Negative (n, %)
	CTS Positive (n, %)

	8 hours
	60
	46 (76.7%)
	14 (23.3%)

	9 hours
	147
	111 (75.5%)
	36 (24.5%)

	10 hours
	154
	118 (76.6%)
	36 (23.4%)

	11 hours
	5
	3 (60.0%)
	2 (40.0%)

	12 hours
	4
	2 (50.0%)
	s2 (50.0%)

	Total
	370
	276 (74.6%)
	94 (25.4%)


[bookmark: _Hlk204195711]Table 7. Prevalence of Carpal Tunnel Syndrome by Hours worked per day



	[bookmark: _Hlk204195721]Carpal Tunnel Syndrome Positive (SSS ≥ 3.0)

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	No
	276
	74.6
	74.6
	74.6

	Yes
	94
	25.4
	25.4
	100.0

	Total
	370
	100.0
	100.0
	


Table 8. Prevalence of Carpal Tunnel Syndrome in Textile Industry Workers


4. DISCUSSION

This study evaluated Carpal Tunnel Syndrome (CTS) among 370 textile workers using the Boston Carpal Tunnel Questionnaire. CTS was found in about 25.4% of participants, with the highest rates seen in those who had worked for 31–40 years. However, statistical analysis showed no meaningful link between work experience and the likelihood of having CTS (p = 0.116). When considering hand dominance, right-handed workers had a slightly higher rate of CTS (26.6%), but this difference was also not statistically significant (p = 0.277). Overall, while CTS appeared to be relatively common in this group, factors like how long someone had been working or whether they were right- or left-handed didn’t show a clear connection to the condition.
Nathan et al. (2005) conducted a 17-year longitudinal study involving 471 factory workers, using both symptom reports and nerve conduction tests to diagnose CTS, strong links between CTS and personal factors, especially being female and having a higher body mass index (BMI). Interestingly, they found no consistent evidence that workplace factors like repetitive movement, force, or vibration were reliable long-term predictors of CTS. In fact, repetition even showed an inverse relationship in one of their models. While both studies evaluated CTS in work environments, the difference in findings likely comes down to methodology. Nathan’s team used objective nerve conduction studies, while this study relied on a self-reported symptom questionnaire (BCTQ). Their long-term approach allowed them to observe how risk factors played out over time, whereas our cross-sectional design offers a single snapshot. Still, both studies agree on one point: ergonomic risk factors alone may not explain who develops CTS. Instead, individual characteristics like gender, BMI, and overall health may play a bigger role [12]. These insights support a well-rounded prevention strategy, one that combines ergonomic improvements with regular health screenings and early symptom monitoring.
Sitompul (2022) conducted a cross-sectional study involving 54 tailors from a garment factory, using Phalen's test to identify CTS. Her study found a notably higher CTS prevalence of 59.3%. Unlike our findings, Sitompul reported statistically significant links between CTS and repetitive hand motion (p = 0.017), awkward wrist posture (p = 0.018), and longer work duration (p = 0.010). This suggests that tailors performing frequent, repetitive tasks and working in poor ergonomic conditions were at much greater risk [14]. The differences may be due to several factors, including sample size, diagnostic method, and type of job tasks. While our study included a broader range of textile roles and used the self- reported BCTQ tool, Sitompul focused specifically on tailors and used a hands-on test that may be more sensitive to physical signs of CTS. Their findings also showed that workers doing over 20 hand movements per minute and those maintaining bent wrist positions were the most affected, conditions also seen in high-risk groups like trimmers and cloth inspectors in our study. However, these trends were not statistically significant, possibly due to a more mixed sample with different workloads. These contrasting findings highlight the value of task-specific assessments. Factors like repetition rate and wrist position may be more indicative than general demographics in certain groups. Going forward, studies may benefit from combining clinical tests, ergonomic evaluations, and job-specific analysis for more accurate CTS identification.
Gangopadhyay et al.’s work indicates that it is crucial to combine ergonomic assessments with clinical testing. A group of Chikan embroidery workers was studied, whose jobs were highly repetitive and physically demanding on the hands. Their findings revealed that 68% of participants reported wrist pain, and nerve conduction studies confirmed slowed median nerve activity, indicating a strong likelihood of CTS [15]. This study reports prevalence estimates among textile industry workers that align with findings from other manual labor-intensive occupations, where CTS has been reported as a significant work-related condition (Carino et al., 2016) [17]. Sex-based differences observed in our cohort are consistent with prior reports demonstrating higher CTS risk among females (Eros et al., 2024) [18]. Moreover, these findings point towards regional surveillance data indicating notable occupational CTS prevalence (Kraut et al., 2024) [19], highlighting the need for specific preventive measures in high-risk industries like the textile industry.
Our findings are consistent with a recent systematic review of prospective studies by  Awa Hassan et al (2022), which concluded that physical exposures such as high repetition, hand velocity, and combined ergonomic risk factors are strongly associated with the incidence of CTS [16]. This reinforces the importance of ergonomic interventions in occupations such as the textile industry. The high prevalence of CTS among workers indicates its classification by the International Labor Organization (ILO) as an occupational disease. The ILO recommends preventive strategies, including ergonomic interventions, task rotation, safe work practices, regular health monitoring, and worker training at a novice level. These measures are particularly relevant in textile industries, where repetitive hand movements and forceful exertions increase the risk of CTS, and can guide interventions to reduce the burden of work-related CTS.
Going forward, studies may benefit from combining clinical tests, ergonomic evaluations, and job-specific analysis for more accurate CTS identification. The findings of this study provide important regional data from India, which can be considered by policymakers and health specialists in developing countries where textile industries employ many workers. Ultimately, this study offers crucial evidence that can guide ergonomic improvements and promote worker health.


5. CONCLUSION 

In Conclusion, these findings suggest that while descriptive trends point to occupational and ergonomic contributors to CTS, the lack of statistical significance highlights the complexity of its etiology. Repetitive wrist activity, forceful hand tasks, and posture likely play more critical roles than individual demographic or time-based factors. Early screening and education programs, workplace ergonomic assessments should be implemented, especially in high-risk job roles like the textile industry. Future research should include objective clinical diagnostics like nerve conduction study, Phalen’s and reverse Phalen’s test as this study lacks the diagnostic accuracy due to the absence of these tests. Also, the study is conducted within a specific geographic region, limiting its applicability to other textile industries with different working conditions. 
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