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Work fatigue and Work-Related Musculoskeletal Disorders (WMSDs) are major occupational health issues, driven by
physical, psychosocial, individual, and environmental risk factors. Identifying the significant work-related factors affecting
workers' health and safety is crucial. Therefore, the study aims to evaluate the prevalence of work fatigue and WMSDs
among Sewing Machine Operators (SMOs), and to identify the associated most significant work-related risk factors.
A comprehensive survey was conducted among 313 sewing machine operators using the Nordic Musculoskeletal
Questionnaire (NMQ) and Chalders Fatigue Scale (CFS) to assess the prevalence of WMSDs and work fatigue among
participants. Descriptive statistics and univariate analysis of variance were used for data analysis. The results indicated that
67.2% of SMOs experienced physical fatigue, and 56.0% reported mental fatigue. The highly affected body parts were the
shoulders (78.3%) and lower back (76.7%). Gender, experience, vibration, payment type and quantitative demands were
identified as the most significant (p<0.05) work-related risk factors. These findings align with global studies showing that
70% of SMOs in Bangladesh and 72% in China report physical fatigue, while 58% of Indian SMOs experience high levels
of stress and anxiety. Compared to global averages, the prevalence of fatigue and WMSDs among SMOs is notably high,
emphasizing the need for targeted interventions. The study highlights the importance of implementing robust occupational
health and safety regulations and developing strategies focused on ergonomics, risk management, and mental health to
mitigate these risks. Future initiatives should focus on improving work conditions, introducing technological solutions, and
addressing psychosocial factors to enhance workers' physical and mental wellbeing.
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Introduction

Worker health and safety have become an
increasingly prominent issue, particularly in industries.'
Workers are subjected to different work-related risk
factors that affect their physical and mental health.
These work-related risk factors instigate a feeling of
fatigue among workers. Fatigue is defined as the state
of feeling reduced physical or mental capability,
resulting from sleep depreciation, circadian rhythm
disruption, extended stress or anxiety, and prolonged
physical or mental workload.”> Physical and mental
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fatigue have different symptoms and conditions.’
Physical fatigue (muscle fatigue) is conceptualized as a
failure to sustain the expected or required force,
strength, or power.”” While mental fatigue is an
ongoing process that causes reluctance for any effort,
decreases efficiency, increases the feeling of tiredness,
reduces the level of alertness, and decline in mental
performance that leads to a loss of work productivity,
presenteeism, absenteeism, accidents, and health
degradation.®® A large number of industrial
populations have been subjected to work fatigue in
recent years. According to the World Health
Organization '° approximately 12 billion workdays per
year are lost due to anxiety and depression, costing
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nearly US$1 trillion to the global economy. In a recent
study conducted in Pakistan,'' it was observed that
depressive disorders are one of the leading causes of
disability in all age groups. Exposure to work fatigue
leads to the development of Work-Related
Musculoskeletal Disorders (WMSDs).'*"?
Approximately 1.71 billion people globally have
musculoskeletal disorders." Musculoskeletal disorders
significantly restrict dexterity and mobility, leading to
early work retirement, decreased well-being, and
reduced societal engagement.

In Pakistan, musculoskeletal disorders showed the
highest age-standardized rise from 1990 to 2019,
followed by diabetes and road injuries."
Approximately 9.5-71.5% of all occupational
diseases were WMSDs in a given year and were most
common in the manufacturing industry. By body
parts, the shoulder, the lower back, and the elbow or
lower arm were the most vulnerable to chronic
WMSDs."”

The incidence of work-related musculoskeletal
disorders is affected by multiple work-related risk
factors including long working hours, inadequate
break time, long hours of mental and physical
activity, inadequate rest, job rotations, extreme stress,
performing various jobs, or a combination of these
factors.” The development of interventions to decrease
the prevalence of work-related risk factors that lead to
work fatigue is necessary. In a press release,'® World
Health Organization (WHO) and the International
Labour Organization (ILO) have also demanded
certain actions to deal with mental health issues
among workers. However, the first step in this process
is the identification and understanding of the major
influencing risk factors. It is of great significance to
assess work fatigue and associated work-related risk
factors to maintain the physical and mental health of
the occupational population. It is inevitable to
determine the influencing work-related risk factors to
overcome the occupational health and safety risks that
lead to the development of work fatigue and work-
related musculoskeletal disorders especially within
small and medium scale industries that often face
unique challenges.

Occupational Health and Safety of Sewing Machine Operators
of Small and Medium Enterprises

Small and medium-scale enterprises (SMEs) are
self-regulating enterprises and have no specific
definition. The definition of SMEs can vary by
country and by industry based on the annual revenue,

number of employees, energy consumption, and value
of assets.'” For example, Canada defines SMEs as
having 10-499 employees. In Singapore, industries
with assets less than $15 million are small-scale
industries. However, in Pakistan, the State Bank of
Pakistan'® and SMEDA' (Small and Medium
Enterprise Development Authority) define SMEs
based on their annual sales turnover (up to PKR 800
million). SMEs make a significant contribution to
world trade and provide employment to a large
population. The SME sector contributes 40% of
Pakistan’s GDP and has a positive impact on the
country’s economy.”’ However, SMEs are often
neglected as compared to large-scale manufacturing
industries in developing countries.”'**

These enterprises often face challenges in
implementing robust Occupational Health and Safety
(OHS) measures due to limited financial and human
resources, lack of training and information, and weak
regulatory enforcement.”> SMEs have failed to protect
workers’ rights in terms of occupational health and
safety.”* An unsafe work environment that comprises
physical, psychosocial, and workstation design-
related risk factors can result in illnesses, injuries, and
even serious fatalities, which directly affect workers’
physical and mental health. Ensuring occupational
health and safety is closely tied to worker’s physical

and mental well-being, productivity, efficiency,
economic growth, and the overall sustainable
development of SMEs.

Among SMEs, the garment industry is a labor-
intensive sector and contributes significantly to world
trade. According to a fact sheet (Solidarity Center,
2019), the garment industry employed more than 75
million workers around the world and is estimated to
be worth around $2.4 trillion in 2017, with the export
of textiles and garments worth more than $750 billion.
Workers in the garment industry engage in the design,
cutting, stitching, pressing, and wholesaling of fabric.
Due to the nature of these tasks, the prevalence of
work fatigue has been reported to be very high.>>?’
Sewing machine operators (SMOs) perform repetitive
tasks™ in different awkward working postures,” in a
non-adjustable workstation for 8—10 hours per day
and 5-6 days per week, in a competitive
occupational environment that intensifies the effect of
fatigue among workers.”

Joseph and Kiran® conducted a study among 8
garment industries with more than 4000 workers in
India and found that musculoskeletal disorders were
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the most common existing illnesses prevailing among
workers. Kabir et al.,” performed a systematic
literature review to identify the most distinct physical
and psychological health issues among garment
industry workers in South and Southeast Asian
countries.

While these global statistics highlight the
widespread impact of work-related fatigue and
musculoskeletal disorders, it is crucial to examine the
specific context of Pakistan, where the industrial
workforce, particularly in SMEs, faces unique
challenges in managing occupational health and
safety. Although Pakistan is a hub for ready-made
garment manufacturers, the studies to evaluate the
occupational health and safety issues due to the
working conditions of sewing machine operators are
limited. Ahmad et al.*' and Anwar et al.*® performed
studies to evaluate ergonomic working conditions
based on worker’s working postures during work
using direct observational techniques like REBA and
QEC. Javed et al’* evaluated work-related risk
factors among garment industry workers but did not
find their impact on workers’ health and safety.
However, these studies did not compare or evaluate
their results using any available relevant standards,
like OSHA®, OSHA*’, OSHA" and 1SO.* Hence, a
comprehensive study to evaluate the working
conditions and worker’s health and safety considering
a set of physical, psychosocial, and workstation
design-related risk factors among sewing machine
operators in Pakistan has not been conducted so far.

Explicit knowledge of the prevalence of work
fatigue and work-related musculoskeletal disorders
emphasizes their social and financial impact on the
worker, and the organization urges the researcher to
perform an in-depth analysis to scrutinize the work-
related risk factors that enhance occupational health
and safety risks and eventually lead to work fatigue in
workers. Currently, there is a dearth of studies that
have evaluated the prevalence of physical and mental
fatigue among sewing machine operators. The
research to reveal the most significant work-related
risk factors resulting in work fatigue among workers
is still missing.” The identification and evaluation of
these associations will help industrial engineers and
policy makers optimize working conditions by
implementing occupational health and safety practices
and approaches. Therefore, the objectives of this
research are:

e To investigate the working conditions of small and
medium garment enterprises of Pakistan, focusing

on factors contributing to work fatigue and
musculoskeletal disorders.

e To evaluate the prevalence of WMSDs and to
assess the severity of perceived work fatigue
among sewing machine operators.

e To identify the most significant work-related risk
factors that lead to work fatigue of garment
industry workers in SMEs.

Material and Methods
Study Design

A cross-sectional research was conducted among
garment manufacturing industries in Faisalabad,
Punjab, Pakistan. Faisalabad was selected as the study
location because it is the hub of the garment industry
in Punjab, providing a representative sample of the
sector's workforce. Data was acquired from a sample
of 313 SMOs after getting official approval from
industrial management. An ethical approval was
obtained from the University Malaya Research Ethics
Committee (UMREC). The workers were contacted
personally and properly briefed about the objectives
of the study. A written consent was taken from all the
participants for conducting this research. This survey
was conducted from August 2021 to March 2022. The
complete survey was self-administered, and workers’
participation in this survey was entirely voluntary and
anonymous. They were free to withdraw from the
session at any time or decline to answer any question
that made them feel uncomfortable. Those sewing
machine operators who were under 18 years of age or
had any critical health illnesses or had disabilities
unrelated to their work that could confound the results
were excluded from this study. The workers were
working one 9-h shift (9:00 a.m. to 6:00 p.m.) with a
I-h rest break at 1:00 p.m. The data was collected
between 9:00 a.m. and 12:00 p.m. All the workers
who were recently recruited or had prior sewing
experience were allowed to fill out the questionnaire.
This inclusion helps to better examine the effect of
work-related factors over time.

Sample Size and Sampling Procedure

The sample size for this study was calculated
using Cochran’s formula (n,=Z’pg/e’),** where
n,= sample size, p is the estimated proportion of
the population based on previous research, ¢ = 1- p,
e = margin of error, and the value of Z is extracted
from the Z-table. The Cochran formula is the
widely used sample size calculation formula.
It calculates an optimal sample size for a selected
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confidence level, precision level, and the anticipated
proportion of the attribute present in the population.
For this study, the sample size was estimated at a 5%
margin of error, 95% confidence interval, and a
prevalence of 82.5% from a previous study* on
SMOs. Using this formula, the appropriate sample
size was 222 workers. However, the data was
collected from 313 workers, which is more than the
calculated sample size.

A two-stage sampling procedure was adopted. At
first, the top-ranked industries of the Faisalabad
region were selected and approached, as Faisalabad is
the hub of the garment industries of Punjab, Pakistan.
After getting official approval from industrial
management, data was collected from sewing
machine operators.

Data Collection

Data was collected using a self-administered
questionnaire. The content of the questionnaire
includes questions related to demographics, work-
related physical risk factors, psychosocial risk factors,
and workstation design-related risk factors. Questions
related to physical risk factors and workstation design
were selected from previous studies.’*** For
psychosocial risk factor analysis, questions from the
Copenhagen  Psychosocial ~ Risk  Assessment
Questionnaire (COPSOQ) was used.* Chalders’
Fatigue Scale (CFS)* was used in this study to assess
physical fatigue, mental fatigue, and overall fatigue
among SMOs. Workers were asked 11 questions,
ranging from better than usual = 0 to much worse than
usual = 3. The average of the first seven questions
shows physical fatigue, and the last four questions
give mental fatigue, whereas the average of all the
questions shows the severity of total fatigue among
SMOs. The Standardized Nordic Musculoskeletal
Questionnaire (SNMQ)* aided by a body map, was
used to identify the prevalence of WMSDs among
SMOs. The workers were asked about the discomfort
they had experienced in different body parts in the last
year and in the past 7 days and the WMSD symptoms
that prevented them from doing their normal work
activities. The questionnaire was translated into the
native language (Urdu) from English by a committee
of language experts, researchers, and industrial
engineers. The reliability of the translated
questionnaire was checked after conducting a pilot
study of 50 workers. Cronbach's a = 0.78 using SPSS
version 25 shows that the questionnaire has
acceptable reliability.

Data Analysis Technique

The research analysis was carried out using SPSS
(version 25.0). Descriptive statistics and inferential
statistics were used to analyse and interpret the data.
All the categorical variables are presented in the form
of frequency and percentage. Tables and graphs were
used to present the data. The multivariate analysis of
variance test was applied to determine the differences
between work-related risk factors leading to physical
fatigue, mental fatigue, or overall fatigue of the
worker.*” While the cross-sectional design of this
study doesn’t show cause-and-effect relationships, but
it gives an overview of the factors affecting worker
health at a specific point in time. These differences
will help to identify the most significant work-related
risk factor with respect to each outcome.

Results
Demographic Variables

The demographic details of the SMOs (68.7%
males and 31.3% females) who participated in this
study are shown in Table 1. About 54% of the
sample’s age was within the age group of 18-25

Table 1 — Demographic details

Demographics n % Mean

Gender Male 215 68.7
Female 98 313 -
18-25 169 54.0

Age (years)  26-30 52 16.6
31-35 34 10.9 29.7+2.32
>35 58 18.5
Uneducated 37 11.8
Primary 97 31.0

Education Middle 81 25.9 o
Matriculation 93 29.7
Diploma/higher
sefogda?'/y . 3 1.6
Never Married 145 46.3

Marital status Married 149 47.6
Widowed 17 5.4 o
Divorced 2 0.6
0-5 190 60.7

Experience ~ 6-10 80 25.6

(years) 11-15 17 54 8.2+4.99
16-20 18 5.8
>20 8 2.6

Received Yes 251 80.2

training —
No 62 19.8

. . Yes 18 5.8
Smoking habit No 205 942 —
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years. Among 313 participants, 46.3% were
unmarried and 47.6% were married. It was found that
11.8% of workers were illiterate, 29.7% completed
their matriculation, and only 1.6% got a higher
secondary education. It was also found that 60.7% of
workers have work experience of less than 5 years,
whereas 25.6% have between 6 and 10 years.
However, 80.2% of sample workers received training

905

before starting their work, and 94.2% do not have
smoking habits.

Work-related Risk Factors

The  work-related risk  factors  (physical,
psychosocial, and workstation design-related risk
factors) evaluated in this study are presented in
Table 2. The percentage ratings of 4 (poor/high) and

Table 2 — Work-related risk factors identified in this study.

Physical risk factors
Factor Category n % Factor Category n % Factor Category n %
Lighting Very good 23 7.3 Temperature Very good 0 0 Fabric Very good 24 7.7
Good 61 195 Good 28 8.9 waste Good 44  14.1
Satisfactory 168  53.7 Satisfactory 105 335 Satisfactory 104 332
Poor 32 102 Poor 131 41.9 Poor 101 323
Very poor 29 9.3 Very poor 49 15.7 Very poor 40 128
Vibration Very low 2 0.6 Dust Very low 0 0.0 Noise Very low 3 1.0
Low 17 5.4 Low 6 1.9 Low 3 1.0
Average 111 355 Average 80 25.6 Average 51 16.3
High 143 457 High 129 412 High 172 55.0
Very high 40 128 Very high 98 31.3 Very high 84 268
Break periods <30 22 7.0 Work <30 130 41.5 Repetitive <2 11 35
(mins) 31-60 224 716  cycle(s) 31-60 69 22,0 work (hrs) 2-4 21 6.7
>60 67 214 >60 114 364 >4 281 89.8
Works Never 135 43.1 Overtime 0-2 221 70.6  Payment Piece rate 104 332
overtime Sometimes 159  50.8 (hrs) 3-5 54 173 type Monthly 107 342
Often 19 6.1 >5 38 12.1 Piece + Monthly 102  32.6
Psychosocial risk factors
Factor Category n % Factor Category n % Factor Category n %
Job rotation Never 16 5.1 Quantitative Never 23 7.3 Supervisor Never 0 0
Seldom 51 163 demands Seldom 92 294  support Seldom 7 2.2
Sometimes 86 275 Sometimes 103 32.9 Sometimes 33 10.5
Often 96  30.7 Often 70 224 Often 163 52.1
Always 64 204 Always 25 8.0 Always 110 35.1
Rewards Small extent 0 0.0 Justice  Small extent 0 0 Leadership  Small extent 7 2.2
Somewhat 33 10.5 Somewhat 2 0.6  quality Somewhat 22170
Large extent 88  28.1 Large extent 66 21.1 Large extent 120 38.3
Very large 192 613 Very large 245 78 .3 Very large extent 164 524
extent extent
Job Very unsatisfied 11 3.5
satisfaction  Unsatisfied 26 83
Satisfied 185 59.1
Very Satisfied 91  29.1
Workstation design related risk factors
Factor Category n % Factor Category n % Factor Category n %
Machine type Single needle 206 65.8  Chair No cushion 131 419 Adj. Table Yes 123 393
Overlock 63  20.1 Type  With cushion 125  49.9 No 190  60.7
Flat lock 25 8.0 Backrest 37 11.8 Knee Not appropriate 58 18.5
Other tools 19 6.1 Arms + 20 6.4  Switch Appropriate 255 815
Backrest
Working Sitting 294 939  Chair- Less space 67 21.4
position Standing 9 29  Table Sufficient 199  63.6
Sit+Stand 10 32 Space  [argespace 47  15.0
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5 (very poor/very high) were summed up to highlight
the significant critical risk factors. Among physical
work-related risk factors, SMOs identified noise
level at the workplace (81.8%), dust due to fabric
(72.5%), vibration from sewing machines (58.5%),
temperature conditions (57.6%), fabric waste disposal
management (45.1%), and lighting conditions
(19.5%) as physical risk factors in their workplace.
The average working hours per day of the SMOs were
9.56 £ 1.67. The workers were given more than one
break. The total break time (mins per day) of workers
was between 31 and 60 mins for 71.6% of workers,
and 21.4% took break/s greater than 60 mins.
The majority of the workers (89.8%) worked for
more than four hours continuously without taking
a break. The work cycle of 41.5% of workers
was <30s, whereas the usual work cycle of 36.4% of
workers was >60s. About 43.1% of respondents never
stay at work for overtime work. While 50.8% of
workers sometimes spent more time at work than their
routine work hours, as shown in Table 2

SMOs were also exposed to psychosocial risk
factors. The results indicated that 30.4% of workers
felt that their quantitative demands were always or
often very high. However, 32.9% of workers claimed
that sometimes they need to work at high speed to
fulfil production demands. It was stated by 56.2% of
workers that they do not have influence at their
work. They performed their tasks within the time
frame given by supervisors under their strict
instructions. It was found that 88.2% of workers
were satisfied with their job. Their supervisors were
always there to listen to their problems. Workers
were very satisfied (61.3%) with the rewards given
to them. It was believed by 78.3% of workers that
the management have maintained justice among
workers, and 52.4% workers were also very satisfied
with the work planning and leadership skills of their
supervisors.

SMO workstation was also assessed. Sitting
posture was adopted by 93.9% of workers. The most
used sewing machine was the single needle lockstitch
machine (65.8%), followed by the overlock machine
(20.1%). It was observed that 49.9% of workers were
sitting on a stool or a bench without a cushion as
shown in Fig. 1. While 41.9% were sitting on stools
or benches with cushions, and only 11.8% were using
chairs with backrests. Adjustable sewing machine
tables were provided to 60.7% of workers. Space
between the chair and table was found sufficient by
63.6% of workers and the location of the knee switch

was appropriate according to 81.5% of workers, as
shown in Table 2.

Prevalence of Work Fatigue among SMOs

The results of physical fatigue, mental fatigue, and
overall fatigue are shown in Fig.2. It was analysed
that workers were facing high levels of physical
fatigue (67.2%), mental fatigue (56.0%), and overall
fatigue (63.1%). Physical fatigue was higher than
mental fatigue among SMOs. It was observed that
physical fatigue and total fatigue were very high
among workers, as most of the workers’ severity
levels of fatigue fell under the category of worse than
usual or much worse than usual. While mental fatigue
was also worse than usual, according t059.7% of
workers.

Fig.1 — Sewing machine operator performing sewing operation

82 .

‘5 & Mental fatigue 56.0
X

|

0 20 40 60 80 100
Mean pecentage

Fig. 2 — Prevalence of work fatigue among sewing machine
operators
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Fig. 3 — Prevalence of WMSDs Symptoms among sewing machine operators

Prevalence of WMSDs among SMOs

The prevalence of WMSD symptoms among SMOs
over the last 7 days and in the past 12 months, along
with the symptoms that prevented them from doing
their normal work are presented in Fig. 3. The results
indicated that there was a high prevalence of WMSD
symptoms in the shoulders (78.3%), lower back
(76.7%), upper back (59.1%), and neck (58.5%)
during the last 12 months. The symptoms did not
significantly affect their normal work. Lower back
symptoms prevented 25.6% of workers, and shoulder
pain affected 22.1% of workers from doing their
normal work. The data from the last 7 days showed
that the prevalence of WMSD symptoms was high in
the shoulders (61.3%) and in the lower back (60.7%).

Identification of Significant Work-related Risk factors
associated with Work Fatigue of SMOs

The most significant work-related risk factors
eliciting work fatigue in SMOs were identified and
presented in Table 3. The results highlighted that
gender, experience, vibration, payment type, and
quantitative demands were the most significant work-
related risk factors associated with physical and
mental work fatigue in SMOs (p<0.05).

The effects of work fatigue on males and females
were further evaluated. It was observed that work
fatigue was higher among males as compared to
females. Physical fatigue was 69.0% among males
and 63.2% among females, while mental fatigue was
59.3% among males and 48.6% among females, as
shown in Fig. 4. Age and smoking habits have a
significant (p = 0.026 and p = 0.039 respectively)
impact on physical fatigue but do not cause mental
fatigue in workers. It is explicitly known that smoking
is injurious to health, and the research results endorse
that smoking habits increase the effect of physical
fatigue among workers. However, experience has an
impact on the physical fatigue (p = 0.007) and mental

fatigue (p = 0.004) of SMOs, as workers with greater
work experience feel more fatigue as compared to
younger or less experienced workers.

Among physical work-related risk factors,
vibration (p = 0.013 for physical fatigue and p=0.000
for mental fatigue) and payment type (p = 0.000 for
physical fatigue and p=0.008 for mental fatigue) were
identified as the most significant work-related risk
factors. However, poor lighting conditions, high
noise, dust, and temperature, shorter work cycles, and
higher overtime hours per week also lead to physical
fatigue in workers.

Quantitative demand was the most significant (p =
0.000) work-related psychosocial risk factor that has a
significant impact on physical fatigue, mental fatigue,
and overall fatigue. Social support from supervisors
also has a significant (p = 0.015) impact on the mental
fatigue of workers. The type of chair and adjustable
table were significant (p = 0.000 and p = 0.012
respectively) work-related risk factors to inculcate
physical fatigue among SMOs.

Discussion

These results highlighted the serious concern of
work fatigue among SMOs. This research revealed
that the prevalence of physical fatigue was higher
than that of mental fatigue. The majority of the
workers rated their severity of fatigue as worse or
much worse than usual. Previous studies*** support
this, indicating that SMOs were exposed to significant
physical fatigue. While Mental health is not
categorized as yes or no. It is a complicated
continuum that ranges from an optimal state of mind
to emotional pain and great suffering. At any one
time, a multifactorial work environment may help to
improve or worsen mental health conditions.'
Gnanaselvam et al.* also found that depression and
anxiety led to suicidal thoughts among SMOs. Yet,
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from doing their normal work, which agreed with

: : 29,41,51,52 . . .
previous studies.””*"*'"? Hence, the identification of
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Table 3 — Analysis of work-related risk factors and work fatigue
Dependent Variable: Physical fatigue Mental fatigue Total fatigue
Mean square F Sig. Mean square F Sig.  Mean square F Sig.
Corrected Model 1359.368 12.990 0.000 1658.863 6.675 0.000 1296.939 12.557  0.000
Intercept 4146.284 39.622 0.000 5136.056 20.667 0.000 4486.000 43.435  0.000
Gender 2515.758 24.041 0.000 4036.878 16.244 0.000 3021.659 29.257  0.000
Age 526.518 5.031 0.026 127.104 0.511 0.475 349.458 3.384 0.067
Education 2.972 0.028 0.866 75.940 0.306 0.581 17.629 0.171 0.680
Marital status 44.929 0.429 0.513 29.309 0.118 0.732 4.809 0.047 0.829
Experience 769.852 7.357 0.007 2123.340 8.544 0.004 1186.524 11.488  0.001
Training 99.265 0.949 0.331 919.199 3.699 0.055 302.755 2.931 0.088
Smoking habit 448.595 4.287 0.039 6.254 0.025 0.874 206.094 1.995 0.159
Light conditions 1750.776 16.730 0.000 234.668 0.944 0.332 1041.106 10.080  0.002
Noise level 426.912 4.080 0.044 6.625 0.027 0.870 196.095 1.899 0.169
Vibration 651.330 6.224 0.013 6291.761 25.317 0.000 2036.100 19.714  0.000
Dust level 1942.196 18.560 0.000 140.814 0.567 0.452 1050.998 10.176 ~ 0.002
Temperature 511.263 4.886 0.028 327.350 1.317 0.252 439.821 4.259 0.040
Fabric waste management 54.247 0.518 0.472 493.555 1.986 0.160 162.446 1.573 0.211
Breaktime (mins) 996.358 9.521 0.002 343.010 1.380 0.241 178.794 1.731 0.189
Work cycle 6.324 0.060 0.806 784.947 3.159 0.077 76.670 0.742 0.390
Continuous repetitive work 154.163 1.473 0.226 15.955 0.064 0.800 87.757 0.850 0.357
Works overtime 231.234 2.210 0.138 163.909 0.660 0.417 208.645 2.020 0.156
Overtime (hrs/week) 372.601 3.561 0.060 2.353 0.009 0.923 163.992 1.588 0.209
Payment type 2474.699 23.648 0.000 1796.775 7.230 0.008 2214.994 21.446  0.000
Job rotation 27.464 0.262 0.609 152.533 0.614 0.434 61.388 0.594 0.441
Quantitative demands 2084.055 19.915 0.000 2107.974 8.482 0.004 2087.770 20.215  0.000
Influence at work 1.849 0.018 0.894 6.630 0.027 0.870 0.008 0.000 0.993
Job satisfaction 7.657 0.073 0.787 187.757 0.756 0.385 45.888 0.444 0.506
Social support from supervisor 2.735 0.026 0.872 1496.767 6.023 0.015 171.744 1.663 0.198
Justice 108.307 1.035 0.310 955.122 3.843 0.051 318.950 3.088 0.080
Rewards 1116.531 10.670 0.001 364.256 1.466 0.227 796.448 7.712 0.006
Quality of leadership 315416 3.014 0.084 346.562 1.395 0.239 21.354 0.207 0.650
Working position 190.708 1.822 0.178 237.692 0.956 0.329 207.547 2.010 0.157
Machine type 126.880 1.212 0.272 42.443 0.171 0.680 23.357 0.226 0.635
Type of chair 2544.895 24.319 0.000 853.277 3.434 0.065 1823.912 17.660  0.000
Adjustable table 675.614 6.456 0.012 602.851 2.426 0.120 647.799 6.272 0.013
Space between table and chair 73.817 0.705 0.402 6.724 0.027 0.869 40.974 0.397  0.529
Location of knee switch 56.113 0.536 0.465 9.872 0.040 0.842 34.028 0.329 0.566
109 sMale mFermale there is no research available that measures the

9 90 prevalence of mental fatigue among SMOs.

280 o0 Work fatigue leads to the pervasiveness of

x 70 63.2 =55 S0 e WMSDs over time and causes disability among

?_’ 60 ' T : workers.*””® The WMSDs were also evaluated and

§ 50 found to be very high among SMOs. The highly

8 40 affected body parts during the last 12 months were

% 45 shoulders (78.3%) and lower back (76.7%), whereas

g 50 lower back discomfort prevented 25.6% of workers

[J]

s

o

Physical fatigue Mental fatigue Overall fatigue
Categories of work fatigue

Fig. 4 — Prevalence of work fatigue with respect to gender

work-related risk factors that lead to work fatigue
among SMOs was crucial and holds high practical
and scientific value.
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The most significant work-related risk factors
identified in this research were gender, experience,
vibration, payment type, and quantitative demands.
The research revealed that male participants were
higher in number as compared to female participants,
which may be due to the cultural restrictions or
physical demands of labour-intensive roles that often
place higher physical and economic pressure on men.
As a result, work fatigue was more prevalent in males
compared to females. This aligns with previous
studies****** that also report higher male participation
in sewing operations as compared to females. These
societal expectations may lead men to work longer
hours and endure physical discomfort in order to meet
production targets, particularly in piece-rate systems.
In contrast, women are often underrepresented in
these roles due to traditional gender norms, which
could lead to less exposure to such fatigue. These
gender differences underscore the importance of
further research to explore how cultural and
workplace dynamics affect the physical and mental
fatigue of male and female workers differently within
the garment industry.

Experience was also observed as a significant
factor in the prevalence of work fatigue. It was found
that with increased experience, work fatigue
increases.””'** SMOs with longer years of service
were experiencing more fatigue than those workers
who were young and had fewer years of service.
Another study® highlights the association of longer
years of service with back pain among SMOs. Work
fatigue after a long time leads to WMSDs and causes
disability among workers. The accumulation of
physical fatigue results in functional disability in
workers, which eventually leads to WMSDs.*”° It has
also been observed that those SMOs who have left
their employment have a high prevalence of severe
and moderate disabilities.>

Among environmental conditions, vibration was
the most significant risk factor that has a high impact
on physical and mental fatigue.* Dust, temperature,
and noise also lead to physical fatigue in workers.
Some workers reported breathing issues due to
inhaling fabric dust from the work environment. Lack
of proper ventilation, the unavailability of air
conditioners, and the noise of hundreds of sewing
machines make the environment more uncomfortable
for workers. The findings of this study align with
those of other studies.”***"*® OSHA standards also
recommend workers use personal protective

equipment, respiratory devices, and protective shields
to protect their faces, eyes, hands, and fingers from
occupational ~environmental risk factors.” By
implementing anti-fatigue mats, improved artificial
lightning facilities, earplugs, dust masks, air
ventilators, or chillers, occupational environmental
risks can be avoided, which will help to decrease the
effect of physical and mental fatigue among SMOs.

The method of payment to workers was also
identified as a critical risk factor. Those industrial
workers who followed the piece rate plus monthly
rate scheme have reported higher physical fatigue
than others. Kebede Deyyas and Tafese® also
identified payment type as a risk factor. Bizuneh and
Kidanemariam® Found that payment type was
significantly associated with the severity of pain in
hand or wrist. Workers paid by piece rate were about
twice as likely as those paid by hourly rate to suffer
elbow/forearm and hand/wrist disorders. This might
be due to the reason that after achieving monthly
production targets, workers try to earn extra money
on the piece rate by completing more garment pieces
per day.

Quantitative demand was the most significant
work-related psychosocial risk factor identified in this
study. In order to meet productivity targets, workers
have to work at a high pace, which leads to physical
and mental fatigue. Industries should avoid
overburdening their workers to safeguard their health
and safety. The standard production based on the
standard allowable minutes should be strictly
followed. Oztirk and Esin’' highlighted work
pressure as the most significant psychosocial risk
factor for SMOs that cause WMSDs. Javed et al.*’
found that higher work pace leads to higher muscle
activity that results in muscular fatigue and health
degradation of sewing machine operators. The current
research findings also relate to other studies.”**®
Social support from supervisors has a positive impact
on the worker’s mental health. Therefore, industrial
management should focus on developing a supportive
and trustworthy relationship between the worker and
the supervisor.

The majority of workers (93.9%) were working
while seated, while 2.9% worked standing, and 3.2%
had the option to choose between sitting or standing
based on their needs. In this research, no significant
impact of the working position was observed, likely
because most workers were seated. Sakthi et al>*
found that standing sewing machine operators have a
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high prevalence of discomfort in their upper limbs.
Working posture is also a key factor that has a
significant impact on a worker’s health and safety.
A detailed analysis of working posture needs to be
conducted, and recommendations should be made to
reduce the impact of poor working postures.
Literature also shows that upright posture can help to
reduce fatigue, depression and improve mood and
self-esteem among workers.”* Kar and Hedge®
showed that sit-stand-walk interventions reduce
musculoskeletal discomfort in sedentary workplaces.
Future research should focus on incorporating
sit-stand workstations for sewing machine operators.

Among other workstation design-related risk
factors, the type of chair and table used by workers
emerged as the most significant risk factors for
physical fatigue. Workers using stools or benches
without cushions and backrests were experiencing
higher level of physical fatigue than those with more
ergonomic seating.*** However, the type of chair and
table did not impact on the mental fatigue of workers.
The use of ergonomically designed chairs with no
wheels or wheels with locks, with adjustable height,
backrest position, and seat tilt is strongly
recommended.”® The chair should also have a padded
backrest, and a contoured or cushioned seat. As with
chairs, tilt- and height-adjustable tables will help to
improve the working postures of workers and will
reduce the impact of these risk factors on their
physical fatigue.

Henceforth, this study has great scientific and
practical implications. This research pointed out that
SMOs are not only experiencing high levels of physical
fatigue but also mental fatigue. This study also helped
to scrutinize the most significant work-related risk
factors that lead to physical and mental fatigue in
workers. Addressing work-related risk factors will help
reduce the physical and mental fatigue of the workers.
This insistence would have broader socioeconomic
benefits. It can improve the quality of life of the
workers, reduce healthcare costs, and contribute to the
overall well-being of families and societies.
Minimizing work fatigue will help Pakistani garment
manufacturers maintain their global competitiveness by
minimizing sewing defects and errors and reducing
their rework and rejection costs. This study has also
helped to better understand the working conditions of
sewing machine operators in the garment industries of
Pakistan. The study's findings indicate that Pakistani
labour laws and regulations are mnot consistently

enforced, particularly regarding the use of personal
protective equipment and ensuring a safe, healthy work
environment. Hence, in consideration of the
occupational health and safety of the worker, workers’
health is compromised to meet productivity targets.
There is a need to use emerging technologies and
adhere to OSHA standards and procedures for sewing-
related work™ to reduce the impact of work-related risk
factors on workers’ health and safety. Industrial
managers, engineers, and policymakers should
prioritize these identified most significant work-related
risk factors when planning, scheduling, or designing
the workstations to avoid the adverse implications of
work fatigue on workers’ health and well-being. The
WHO, for the first time, proposed the training for
managers to enhance their ability to prevent stressful
work environments and deal with their workers
suffering from distress. The WHO Mental Health Atlas
reported that only 35% of countries have national-level
programmes for promoting and preventing work-
related mental health issues.'® Similarly, US-NIOSH
has also launched a strategic plan for 2019-2026 to
prepare occupational safety and health and allied fields
to address future work and known or unknown hazards,

risks, and exposures that may arise at the
workplace.®™”  Henceforth, developing countries,
including Pakistan, should also launch special

programs for SMEs that address ergonomic design,
workload planning, environmental sustainability,
psychosocial interactions, risk management practices,
occupational health, and safety measures to optimize
the workers’ mental and physical health conditions.

The major limitation of this study is that the data
collection was cross-sectional, and subjective
methods were adopted to evaluate the prevalence of
work fatigue and WMSDs, which may impact the
research results. However, it would be interesting to
conduct an experimental study to further investigate
the impact of these work-related risk factors on the
physical and mental fatigue of SMOs. In this study,
work-related risk factors were considered; however,
there is a need to consider the political or economic
impact on the organization and the worker’s health
and well-being.

Conclusions

This study highlights significant compromises to
workers' health and safety in small and medium
enterprises, particularly among sewing machine
operators, who experience high levels of physical and
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mental fatigue, with shoulder and lower back as the
most adversely affected body parts. The key work-
related risk factors identified are gender, experience,
vibration, payment type, and quantitative demands
that demand immediate, practical attention. To
mitigate these issues, policy makers and industrial
managers should implement actionable interventions,
such as ergonomic redesign of workstations,
technological advancements, shift-based work
planning, introduction of a fair wage system, and
revised industry standards, alongside targeted training
programs for both workers and supervisors.
Addressing these risk factors will foster a safer and
healthier work environment. Future research should
focus on longitudinal studies to explore long-term
effects and experimental designs to test the efficacy of
specific interventions. The study’s findings have
immediate applicability for improving workplace
safety, reducing fatigue, and enhancing operational
efficiency—contributing to sustainable development
within Pakistan’s garment industry.
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