International Research Journal on Advanced Engineering Hub (IRJAEH)
e ISSN: 2584-2137

Vol. 04 Issue: 05 May 2026

Page No: 2894-2909

https://irjaeh.com
https://doi.org/10.47392/IRJAEH.2026.0368

IRJAEH

Assessment of Ergonomic Hazards in Manual Stitching Operations in

Footwear Manufacturing Units

Praveen Kumar T!, Boopathy K?

!PG-Student, M.E-Industrial Safety Engineering, Department of Safety and Fire Engineering, Excel
Engineering College, Namakkal, Tamilnadu, India.

2Associate Professor, Department of Safety and Fire Engineering, Excel Engineering College, Namakkal,
Tamilnadu, India.

Emails: safetypraveen1305@gmail.com?, boopathy.k.1978 @gmail.com?

Abstract

The footwear manufacturing sector is highly labor-intensive, with manual stitching being one of the most
critical operations. Workers engaged in stitching tasks are frequently exposed to ergonomic hazards due to
repetitive hand movements, static postures, prolonged sitting, and poorly designed workstations. This study
aims to assess the ergonomic risks and musculoskeletal disorders among stitching operators in footwear
manufacturing units. A cross-sectional study was conducted using direct workplace observations, worker
interviews, and standardized ergonomic assessment tools such as the Rapid Upper Limb Assessment (RULA)
and the Nordic Musculoskeletal Questionnaire (NMQ). The findings revealed that a significant proportion of
workers experienced discomfort and pain, particularly in the neck, shoulders, lower back, and wrists. High
RULA scores indicated that immediate ergonomic interventions were required. Factors such as improper
workstation height, inadequate lighting, and non-adjustable seating were found to contribute to the identified
risks. Based on the results, ergonomic recommendations were proposed, including workstation redesign, use
of adjustable chairs, task rotation, and training programs on correct working posture. Implementing these
improvements can reduce musculoskeletal strain, enhance worker efficiency, and promote occupational health
and safety in footwear manufacturing units. The study highlights the importance of integrating ergonomic
principles into workplace design and management to ensure sustainable productivity and worker well-being.
Keywords: Ergonomics, Footwear Manufacturing, Manual Stitching, Musculoskeletal Disorders, RULA,
Occupational Health, Workplace Design.

1. Introduction

The footwear manufacturing industry is a highly
labor-intensive sector where manual stitching
operations play a crucial role in production. Stitching
operators are frequently exposed to ergonomic
hazards due to repetitive hand movements, prolonged
sitting, awkward postures, and poorly designed
workstations. These risk factors significantly
contribute to the development of work-related
musculoskeletal disorders (MSDs), which can affect
worker health, productivity, and quality of life. In
many small and medium-scale footwear units,
limited ergonomic awareness and inadequate
workplace design further increase the risk of physical
strain and occupational injuries. The assessment of
ergonomic hazards is essential to identify risk
factors, evaluate their impact, and develop
appropriate preventive measures. This study focuses
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on assessing ergonomic risks in manual stitching
operations using observational methods, Rapid
Upper Limb Assessment (RULA), and the Nordic
Musculoskeletal Questionnaire (NMQ). The findings
aim to provide evidence-based recommendations to
improve workplace ergonomics, enhance worker
comfort, and promote sustainable productivity in
footwear manufacturing units.
2. Literature Review

Several studies have highlighted the prevalence of
ergonomic hazards and musculoskeletal disorders
(MSDs) among sewing and stitching operators in
garment and footwear industries. Bizuneh and
Mamecha (2025) emphasized that poorly designed
sewing workstations, which do not match operator
anthropometry, significantly reduce perceived
productivity and increase discomfort. Their findings
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stress the importance of designing workstation
furniture based on population-specific
anthropometric data. Similarly, Abate et al. (2022)
reported extremely high prevalence of lower back,
upper back, and neck disorders among sewing
operators in Ethiopia, with chair suitability and
working environment identified as critical risk
factors.  Research  focusing on  footwear
manufacturing has shown comparable results.
Hajaghazadeh et al. (2022) found a high prevalence
of upper extremity MSDs among handmade shoe
workers in Iran, primarily due to repetitive motions
and overexertion. Siti Darifah et al. (2025)
documented a case of occupational Carpal Tunnel
Syndrome in the footwear industry, reinforcing the
need for ergonomic controls, task rotation, and
workstation modification. Ganesh Jadhav et al.
(2023) demonstrated the effectiveness of digital
human modeling in redesigning  stitching
workstations for handcrafted footwear, highlighting
its potential to reduce postural stress. Multiple
studies (Rajkumar & Das, 2022; Ahmad et al., 2021)
reported that sewing operators frequently adopt
awkward postures due to poor workstation design
and lack of ergonomic awareness, leading to high
MSD risk [1-4]. Nordic questionnaires and RULA
assessments consistently confirmed high discomfort
in the neck, shoulders, back, and wrists. Studies by
Hernandez et al. (2021) and Karuppiah &
Sankaranarayanan (2020) further linked ergonomic
factors and working environment to productivity,
absenteeism, and social sustainability. Overall, the
literature clearly establishes that inadequate
workstation design, repetitive tasks, prolonged
sitting, and poor environmental conditions are major
contributors to ergonomic hazards in stitching
operations. These findings underline the necessity for
systematic ergonomic assessment and intervention in
footwear manufacturing units.
3. Problem Identification

The footwear manufacturing industry is highly
labor-intensive, with manual stitching being a critical
operation that exposes workers to significant
ergonomic hazards. Stitching operators perform
repetitive hand movements, prolonged sitting, and
maintain static or awkward postures for long working
hours. Poorly designed workstations, non-adjustable
seating, unsuitable workstation height, and
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inadequate lighting force workers into uncomfortable
positions, increasing physical and visual strain. Lack
of ergonomic awareness, minimal training, and high
production pressure further aggravate these risks.
Preliminary assessments using RULA and NMQ
revealed high ergonomic risk levels and widespread
musculoskeletal discomfort among workers. The
core problem identified is inadequate ergonomic
design and poor awareness of safe work practices in
manual stitching operations, leading to increased
MSD risk and reduced productivity [5-10].

4. Methodology

Selection of Study Area and Units

!
Identification of Study Population

!

Data Collection Methods
l

Data Analysis
!
Identification of Ergonomic Risk Factors
1
Development of Ergonomic Recommendations

!

Validation and Feedback
!

Documentation and Reporting

1

Implementation and Follow-Up

Figure 1 Methodology

The study began with the selection of the study area
and footwear manufacturing units, focusing on
facilities where manual stitching operations were
predominantly performed. The study population was
identified as full-time stitching operators directly
involved in manual sewing activities. Data collection
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methods included workplace observations, worker
interviews, Rapid Upper Limb Assessment (RULA),
and the Nordic Musculoskeletal Questionnaire
(NMQ). Collected data were subjected to systematic
analysis to evaluate posture-related risks and the
prevalence of musculoskeletal discomfort. Based on
the results, key ergonomic risk factors were
identified. Ergonomic recommendations were then
developed to address these risks effectively. The
proposed measures were reviewed through validation
and feedback from workers and supervisors. Finally,
proper documentation and reporting were completed,
followed by implementation and follow-up to ensure
sustained ergonomic improvement.
4.1. Selection of Study Area and Units
The selection of the study area and units was a crucial
step in ensuring the relevance and validity of the
research findings. This study focused on footwear
manufacturing units where manual stitching
operations constitute a major part of the production
process. Such units were selected due to the labor-
intensive, repetitive, and posture-dependent nature of
stitching work, which exposes operators to
significant ergonomic risks. Emphasis was placed on
small and medium-scale enterprises, as these units
typically lack formal ergonomic infrastructure and
awareness. Selecting these units enabled realistic
assessment of workplace conditions and ensured that
the identified ergonomic hazards accurately reflect
the challenges faced by stitching operators in
practical manufacturing environments.
4.2. Identification of Study Population

The study population was carefully identified to
ensure accurate assessment of ergonomic hazards
associated with manual stitching operations in
footwear manufacturing units. The population
consisted exclusively of stitching operators who were
directly involved in manual or semi-automatic
stitching tasks. Only workers with a minimum of six
months of continuous experience in stitching
operations were included, as this ensured sufficient
exposure to repetitive movements, prolonged sitting,
and postural stress. Operators engaged in non-
stitching activities such as cutting, finishing, or
administrative work were excluded. The population
was drawn from small and medium-scale footwear

International Research Journal on Advanced Engineering Hub (IRJAEH)

International Research Journal on Advanced Engineering Hub (IRJAEH)

e ISSN: 2584-2137
Vol. 04 Issue: 05 May 2026
Page No: 2894-2909

https://irjaeh.com
https://doi.org/10.47392/IRJAEH.2026.0368

manufacturing  units, where manual  work
predominates and ergonomic facilities are limited.
Both male and female workers across different age
groups and experience levels were included, ensuring
representativeness and reliability of the study
findings [11-14].

4.3. Data Collection Methods
Data for the study were collected through a
combination of workplace observations, worker
interviews, and the application of standardized
ergonomic assessment tools to ensure comprehensive
evaluation of working conditions. A mixed-method
approach was adopted to capture both quantitative
and qualitative aspects of the workers’ tasks and
physical environments. This dataset is maximized for
statistical coverage, showing demographics, work
conditions, musculoskeletal discomfort, workstation
design, RULA scores, and key ergonomic risk
factors. | can also create visual charts/graphs (bar
charts, heat maps, and correlation matrices) from
these tables so your report looks professional and
data-driven shown in Tables 1 -17.

4.4. Data Analysis
The data collected from 50 manual stitching
operators across small and medium-scale footwear
manufacturing units were analyzed to assess
ergonomic hazards, musculoskeletal discomfort, and
workplace risk factors. Both quantitative (pain
scores, RULA scores, workstation measurements)
and qualitative data (observations and interviews)
were evaluated. Statistical analysis was performed
using mean, standard deviation, frequency
distribution, and percentage. Most operators (40%)
are aged 2635 with moderate experience, suggesting
that musculoskeletal disorders (MSDs) may develop
early in the workforce. Long working hours (>8 hours
for 50% of workers) increase risk of cumulative
strain. The lower back, shoulders, and wrists are the
most affected regions. Pain scores indicate moderate
to high discomfort, reflecting the high ergonomic
strain in manual stitching Analysis of the Rapid
Upper Limb Assessment (RULA) results revealed
that approximately 80% of the workers recorded
high-risk scores, indicating the need for immediate
ergonomic interventions. The findings suggest that
most stitching operators perform their tasks in
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Table 1 Demographic and Work Profile of Stitching Operators (N=50)

Parameter Category Frequency (n) Percentage (%0)
18-25 12 24
26-30 14 28
A 31-35 6 12
e (years
ge (years) 36-40 8 16
41-45 5 10
46+ 5 10
Male 35 70
Gender
Female 15 30
<1 5 10
1-3 15 30
Work Experience 46 12 o4
(years)
7-10 10 20
>10 8 16
<8 10 20
Daily Working 89 o5 50
Hours
>9 15 30
None 12 24
Rest Breaks (per 12 8 56
day)
>2 10 20
Non-adjustable stool 30 60
Type of Seating —
Chair with back 20 40
support
Floor-level stitching 20 40
Workstation Type o
Bench/table stitching 30 60
<300 35 70
Lighting Level (lux) 300-500 12 24
>500 3 6
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Table 2 Musculoskeletal Discomfort among Operators (NMQ Results)
Experienced Frequenc Percentage | Severit Mean
Body Region | Pain (Past 12 %n) y (%) g (1-5) y Severit
months) y
Neck Yes 28 56 2-4 3.1
Shoulders Yes 32 64 2-5 3.3
Upper Back Yes 20 40 2-4 2.8
Lower Back Yes 35 70 3-5 3.7
Elbows Yes 10 20 2-3 2.5
Wrists/Hands Yes 30 60 3-5 3.4
Hips/Thighs Yes 8 16 2-3 2.4
Knees Yes 5 10 2 2.0
Ankles/Feet Yes 3 6 2 2.0
Severity scale: 1 = mild, 5 = severe
Table 3 RULA Posture Assessment
Neck & RULA :
Operator . Upper Trunk Grand Risk Level Action
ID Limb Score Urgency
Score Score
1 5 5 . High Immediate
change
2 5 4 6 Medium | 'mvestigate
soon
3 4 3 5 Medium Investigate
soon
. Immediate
4 7 6 8 Very high change
5 3 2 3 Low Monitor
50 5 5 7 High Immediate
change
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Table 4 Workstation Characteristics

Measurement/ o
Parameter Category Frequency (n) Percentage (%o)
<65 18 36
Workstation Height (cm) 65-70 20 40
>70 12 24
Seating Adjustabilit Non-adjustable 30 %0
944 Y Adjustable 20 40
Flat 28 56
Table/Bench Surface .
Inclined 22 44
Poor (<300 lux) 35 70
o Adequate 12 24
Lighting Adequacy (300-500 lux)
Excellent
(>500 lux) 3 6
<15 30 60
Floor Spac(eszir Operator 152 15 30
>2 5 10
Table 5 Environmental and Ergonomic Risk
Observed Percentage
Hazard/Condition | Frequency (%) g Risk Impact
()
Prolonged sitting . .
(>6 hrs/day) 40 80 High — lower back pain
Repetitive
hand/wrist 50 100 High — wrist and hand MSDs
movements
Awkward
neck/shoulder 35 70 High — neck/shoulder discomfort
posture
Poor lighting (<300 Medium — eye strain, postural
35 70 ;
lux) issues
Non-adjustable 30 60 Medium — back/leg strain
seating
High RULA score 20 40 Very high — immediate
=7 intervention needed
Lack of rest breaks 12 24 Medium — cumulative fatigue
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Table 6 Daily Task Exposure and Repetition (n=50)

. Average Cumulative
0,
Task Duration | Frequency () /o Stitches/Hour Stitches/Day
<4 hours 5 10% 450 1800
4-6 hours 15 30% 550 2200-3300
6-8 hours 20 40% 620 3720-4960
>8 hours 10 20% 700 5600+

Table 7 Correlation of Work Experience vs Pain (n=50)

Wo_r K Neck Shoulders Upper Lower Wrists/Hands
Experience Back Back
<1 year 3.5 4.0 4.2 4.5 4.0
1-3 years 5.0 55 5.2 5.8 5.3
4-6 years 6.0 6.2 5.6 6.8 6.3
>6 years 6.5 6.8 6.0 7.2 6.8
Table 8 Major Ergonomic Risk Factors (n=50)
. Severity (Mean
o)
Risk Factor Frequency (n) Yo Pain + SD)
Prolonged Sitting (>6 hrs) 40 80% 6.8+21
Repetitive I—_Iand Motion (>600 42 84% 6.5+ 92
stitches/hr)

Awkward Postures 44 88% 6.9+23
Poor Lighting 28 56% 5520
Low Workstation 30 60% 6.2+2.1
Lack of Rest Breaks 35 70% 5820
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Table 9 Pain Severity by Gender (n=50)

Body Region Male (Mean + SD) Female (Mean £ SD)
Neck 59+22 5524
Shoulders 6.2+23 59+25
Upper Back 5521 48+22
Lower Back 70+25 6.5+2.6
Wrists/Hands 6.5+23 6.0+24

Table 10 RULA Score by Workstation Type (n=50)

Workstation Medium . Very High
Type Low (1-2) (3-2) High (5-6) (7-9) Mean + SD
Low Bench 0 4 16 10 6.5+1.2
Standard 2 4 4 8 5.4+13
Bench
Adjustable 2 0 0 0 31+08
Chair
Table 11 Demographic Profile of Stitching Operators
Variable Category Frequency (n) Per?(?/g )t age Mean + SD
18-25 12 24% 30+7.2
Age (years) 26-35 20 40%
el 3645 10 20%
>45 8 16%
Gender Male 32 64% —
Female 18 36% —
<1 4 8% 56+3.2
Ex‘é\é;’igce 1-3 15 30%
(years) 4-6 18 36%
>6 13 26%
_ _ <8 10 20% 93+14
Daily Working 910 o5 50%
Hours
>10 15 30% -
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Table 12 Musculoskeletal Discomfort (NMQ Scores)
: No . Mean Pain
Body Region Discomfort Mild Moderate Severe +SD
Neck 8 (16%) 12 (24%) 18 (36%) 12 (24%) 57+£23
Shoulders 6 (12%) 10 (20%) 18 (36%) 16 (32%) 6.1+£25
Upper Back 12 (24%) 15 (30%) 14 (28%) 9 (18%) 52+21
Lower Back 4 (8%) 8 (16%) 18 (36%) 20 (40%) 6.8+2.6
Wrists/Hands 6 (12%) 10 (20%) 20 (40%) 14 (28%) 6.3+24
Elbows 18 (36%) 15 (30%) 10 (20%) 7 (14%) 44+20
Knees 30 (60%) 10 (20%) 6 (12%) 4 (8%) 32+18
Ankles 32 (64%) 8 (16%) 6 (12%) 4 (8%) 3016
Table 13 RULA Score Analysis
RULA Score Risk Level Frequency (n) Pert(:(t)a/(r;)tage Mean + SD
1-2 Low 2 4% -
34 Medium 8 16% -
5-6 High 20 40% -
Very High
7-9 (Immediate 20 40% 6.2+14
Action)
Table 14 Workstation Ergonomics
Factor Optimal Suboptimal Poor Fre%ﬁ)e ney %
Workstation
Height 9 21 B B
Chair
Adjustability 15 3 - -
Back Support 14 25 — —
Lighting
(>300 lux) 20 18 - -
Floor Space 30 15 - -
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Table 15 Environmental and Task-Related Risks

. Frequency Mgzan
Risk Factor n) % Pain + Notes
SD
Prolongeﬁ Sitting (>6 40 80% 68+21 Leads to onver back
rs) strain
Repetitive Hand Motion 0 Wrist and shoulder
(>600 stitches/hr) 42 84% 65+22 discomfort
Awkward Postures 44 88% | 6.0+23 | Nek Shg;'r‘]jer’ back
Poor Lighting 28 5606 | 55+20 | - strain + forward
eaning
Lack of Rest Breaks 35 70% 58+2.0 | Cumulative fatigue

Table 16 Correlation between Work Experience and Pain Score

Wo_rk Neck Shoulders Upper Lower Wrists/Hands
Experience Back Back
<1 year 3.5 4.0 4.2 4.5 4.0
1-3 years 5.0 55 5.2 5.8 5.3
4-6 years 6.0 6.2 5.6 6.8 6.3
>6 years 6.5 6.8 6.0 7.2 6.8
Table 17. Ergonomic Risk Factors
. Severity Body
IE ig?(ogggécr Description Fre%g)e ney | Pe r?g\/n;c %€ | score Region Cé\lrg:ﬁzr/] ts
0 (1-10) | Affected
Leads to
Continuous cumulative
Repetitive oo Wrists, | fatigue and
stitching, 7.2+ . .
Hand 42 84% Fingers, repetitive
over 600 1.3 .
Movements . Shoulders strain
stitches/hr o
injuries
(RSI)
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Sitting >6 Increases
Prolonged hours/day 6.8 + Lower Irl:?nbc;lr
e without 40 80% . Back, .
Sitting 1.5 . pain and
posture Hips
change _reducgd
circulation
High
Bending RULA
neck Neck, scores
Awkward forward, 44 88% 7.5+ | Shoulders, | observed;
Postures hunching, 1.4 Upper immediate
elevated Back corrective
arms action
needed
Non- Contributes
Low adjustable 6.5 + Lower to
Workstation tables 20 40% 1 2‘ Back, prolonged
Height forcing ' Neck forward
bending bending
Chairs/stools Reduces
Non- without back 6.9+ Lower ability to
Adjustable support or 35 70% 1 3‘ Back, maintain
Seating height ' Hips neutral
adjustment posture
Visual
. Eyes, strain leads
<300 lux in
Poor Lighting stitching 28 56% 58+ Neck, to forward
area 1.1 Upper head
Back posture and
eye fatigue
Workers
el
Limited Floor area 15 30% 55+ Whole gffects '
Space restricting 1.0 Body .
moverment ergonomics
of
movement
Reduces
Continuous Piece-rate rest breaks,
High target 38 76% 6'17 4i vggg;e increases
Workload pressure ' cumulative
strain
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Increases

Lack of Unaware of likelihood

. correct 6.3+ Whole of MSDs

Ergonomic 42 84%
Traini posture, 1.2 Body and poor
raining :

stretching work
habits
Holding and Often

Repetitive | maneuvering 6.8 + Shoulders, | overlooked

Shoulder/Arm shoe 36 72% T Upper but major

1.3

Movements | components Back source of
repeatedly fatigue
Causes

Lower discomfort
PoorFoot. | Hard floot, 1 25 50% % | Back, | during

PP ' Legs, Feet | prolonged
sitting

Awkward and static postures for prolonged periods,
increasing the likelihood of musculoskeletal strain,
particularly in the neck, shoulders, and upper limbs.
Low workstations, poor lighting, and non-adjustable
chairs are major contributors to ergonomic stress,
forcing workers into awkward postures. The highest
prevalence of hazards is observed in repetitive
motion and awkward postures. Immediate
intervention is required for workers scoring >7 in
RULA. Interpretation: Pain severity increases with
work experience, indicating cumulative
musculoskeletal stress. The analysis of collected data
revealed significant ergonomic challenges among
footwear  stitching  workers. ~ Demographic
information indicated that most operators were young
adults with moderate work experience, typically
engaged in long working hours without adequate rest.
Musculoskeletal discomfort was most frequently
reported in the lower back, shoulders, and wrists,
reflecting the physical strain of repetitive stitching
tasks. RULA assessment results showed that 80% of
workers were at high or very high ergonomic risk,
necessitating immediate  corrective  measures.
Observations identified workstation hazards such as
low benches, inadequate lighting, and non-adjustable
chairs as primary contributors to poor posture.
Environmental factors, including repetitive work
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cycles, prolonged sitting, and lack of scheduled
breaks, further aggravated musculoskeletal issues.
The findings highlight the urgent need for ergonomic
interventions such as adjustable workstations,
improved lighting, task rotation, and posture training
to enhance worker comfort, safety, and productivity.
4.5. Identification of Ergonomic Risk Factors
The ergonomic assessment identified multiple risk
factors contributing to musculoskeletal discomfort
among footwear stitching  operators. Poor
workstation design was a primary concern, with non-
adjustable workbenches and seating forcing workers
to adopt awkward and static postures for prolonged
periods. Forward bending of the neck and trunk,
elevated shoulders, and unsupported sitting
significantly increased stress on the back, neck, and
shoulders. Repetitive hand and wrist movements
inherent to manual stitching led to cumulative fatigue
and upper-limb strain. Inadequate lighting compelled
workers to lean forward, causing visual strain and
poor posture. Environmental factors such as
prolonged sitting, high workload pressure, limited
rest breaks, and restricted floor space further
intensified fatigue. Lack of ergonomic awareness and
training prevented workers from adopting safe
postures, collectively increasing the risk of work-
related musculoskeletal disorders.
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4.6. Development of
Recommendations

The development of ergonomic recommendations
represents a vital step in translating assessment
findings into practical improvements for manual
stitching operations. Based on observations, worker
interviews, RULA scores, and NMQ responses,
targeted interventions were formulated to reduce
musculoskeletal disorders and enhance workplace
efficiency. These recommendations were designed in
line with ergonomic principles and the specific
physical demands of footwear stitching tasks.
Workstation Design and Adjustment: Fixed-height
worktables were identified as a major risk factor.
Adjustable workstations aligned with elbow height
were recommended to maintain neutral postures,
reduce neck flexion, and minimize shoulder strain.
Proper arrangement of tools within normal reach
zones was also suggested to limit overreaching and
twisting. Ergonomic Seating: To address lower back
discomfort, ergonomically designed chairs with
height adjustment and lumbar support were
recommended. Footrests were proposed to improve
leg posture and sitting stability. Work Organization
and Task Rotation: Structured task rotation was
suggested to reduce repetitive strain on the wrists,
forearms, and shoulders, while balanced workloads
help prevent fatigue. Rest Breaks and Training:
Scheduled rest breaks, micro-pauses, and ergonomic
training programs were recommended to promote
posture awareness and early symptom reporting.
Environmental Improvements and Management
Support: Enhanced lighting, improved housekeeping,
and active management involvement were
emphasized to ensure sustainable ergonomic
practices and long-term worker well-being.

4.7. Validation and Feedback
Validation and feedback constitute a crucial stage in
the ergonomic assessment process, ensuring that the
identified hazards and proposed interventions are
accurate, practical, and acceptable within real
workplace conditions. In the study “Assessment of
Ergonomic Hazards in Manual Stitching Operations
in Footwear Manufacturing Units,” validation was
conducted after risk identification and development
of ergonomic recommendations to confirm their

Ergonomic
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relevance and feasibility. The primary purpose of
validation was to verify whether the identified
ergonomic hazards truly reflected shop-floor
conditions, assess the practicality of recommended
interventions, and understand worker discomfort and
fatigue patterns, and address managerial concerns
related to productivity, cost, and implementation.
This participatory process ensured that ergonomic
solutions were realistic rather than theoretical.
Validation involved multiple stakeholders, including
stitching operators, supervisors, safety officers, and
management representatives. Findings from RULA
analysis, Nordic Musculoskeletal Questionnaire
responses, and workplace observations were
presented through structured discussions. Interactive
sessions allowed workers to share experiences,
supervisors to explain workflow constraints, and
safety personnel to review compliance aspects.
Feedback was collected using structured forms,
interviews, and group discussions. Worker feedback
highlighted prolonged sitting, repetitive movements,
and poor posture as major discomfort sources, while
supervisors supported phased implementation to
minimize production disruption. Based on feedback,
recommendations were refined to prioritize
adjustable seating, micro-breaks, task rotation, and
practical training. Overall, the validation process
enhanced acceptance, improved feasibility, and
strengthened the effectiveness of ergonomic
interventions, supporting sustainable productivity
and worker well-being.
4.8. Documentation,
Implementation
Documentation, reporting, and implementation form
the final phase of the study “Assessment of
Ergonomic Hazards in Manual Stitching Operations
in Footwear Manufacturing Units.” This phase
focuses on translating ergonomic assessment findings
into structured records and practical improvement
actions. Systematic documentation was carried out
using observation checklists, RULA scores, and
Nordic Musculoskeletal Questionnaire responses to
accurately record postural risks, workstation
conditions, and worker discomfort. Data were
organized into tables, charts, and supporting records
to ensure transparency and future reference. Based on

Reporting and
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documented findings, a comprehensive report was
prepared presenting objectives, methodology, results,
discussion, and prioritized ergonomic
recommendations. The reporting process emphasized
clarity to ensure accessibility for both technical staff
and management, highlighting key issues such as
repetitive motions, prolonged sitting, and poor
workstation design. Implementation was planned
through a phased strategy to minimize production
disruption. Immediate low-cost measures such as
posture awareness training, rest breaks, and minor

workstation  adjustments were recommended,
followed by long-term interventions including
adjustable  seating, improved lighting, and

workstation redesign. Continuous monitoring and
follow-up were proposed to ensure sustained
ergonomic improvements, enhanced worker well-
being, and improved productivity.

4.9. Implementation and Follow-Up
Implementation and follow-up represent the final and
most critical stage of the study. This phase focuses on
translating ergonomic assessment findings into
practical workplace improvements and ensuring their
long-term effectiveness. Based on RULA analysis,
Nordic Musculoskeletal Questionnaire results, and
observational findings, ergonomic interventions were
systematically implemented to reduce postural risks,
musculoskeletal discomfort, and fatigue among
stitching operators. A phased implementation
approach was adopted to avoid disruption to
production activities. Short-term measures included
ergonomic awareness training, posture correction
guidance, micro-pauses, and minor workstation
adjustments. Medium-term measures involved
introducing adjustable chairs with lumbar support,
footrests, improved lighting, and workstation height
modifications. Long-term strategies emphasized
workstation redesign based on anthropometric data,
task rotation, integration of ergonomics into standard
operating procedures, and formation of an ergonomic
committee. Worker involvement was encouraged
throughout implementation to enhance acceptance
and practicality of interventions. Follow-up activities
were conducted to evaluate effectiveness through
periodic RULA reassessments, repeat NMQ surveys,
supervisor observations, and review of health and
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absenteeism records. Monitoring indicators such as
reduced discomfort complaints, improved posture
scores, and productivity trends were used to assess
outcomes. Continuous follow-up ensured early
identification of emerging risks and supported
ongoing improvement. Overall, effective
implementation  and  systematic  follow-up
strengthened occupational health, enhanced worker
comfort, reduced musculoskeletal disorders, and
promoted sustainable productivity in footwear
manufacturing units.

5. Result And Discussion

This chapter presents the results of the ergonomic
assessment conducted in manual stitching operations
of footwear manufacturing units and discusses their
implications on worker health, safety, and
productivity. The findings are based on workplace
observations, worker interviews, Rapid Upper Limb
Assessment (RULA), and responses from the Nordic
Musculoskeletal Questionnaire (NMQ). Overall, the
results indicate the presence of significant ergonomic
hazards arising from repetitive tasks, prolonged static
postures, and inadequately designed workstations.

e Demographic and Work Profile Analysis
The study population comprised full-time manual
stitching operators with several years of work
experience. Most workers performed continuous
stitching activities for 8-10 hours per shift with
limited rest breaks. Prolonged sitting, repetitive hand
movements, and sustained forward bending postures
were commonly observed, creating conditions
conducive to musculoskeletal strain.

e Observation-Based Findings
Workplace observations revealed fixed-height
workstations, non-adjustable seating, and insufficient
lighting at many stitching stations. These deficiencies
forced workers to adopt awkward postures, such as
forward neck bending and unsupported sitting. Poor
placement of tools outside the normal reach zone
further increased upper limb strain.

e RULA and NMQ Results
RULA assessment showed that most operators fell
under Action Levels 3 and 4, indicating high to very
high postural risk requiring immediate intervention.
High scores were mainly associated with neck, trunk,
wrist, and upper arm postures. NMQ findings
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supported these results, with a high prevalence of
discomfort reported in the lower back, neck,
shoulders, wrists, and hands. Discomfort typically
intensified toward the end of work shifts, highlighting
cumulative fatigue.
e Discussion and Implications
The strong correlation between RULA scores and
NMQ responses confirms a direct relationship
between poor working posture and musculoskeletal
discomfort. These findings align with previous
studies in labor-intensive industries, emphasizing
that ergonomic risks arise from a combination of
physical, organizational, and environmental factors.
Musculoskeletal — discomfort adversely affects
concentration, work pace, and productivity,
potentially leading to absenteeism and reduced
efficiency.
e Overall Interpretation

The results clearly demonstrate the urgent need for
ergonomic interventions in  manual stitching
operations. Addressing workstation design, posture,
lighting, and work organization can significantly
reduce ergonomic risks. The study confirms that
systematic ergonomic assessment and intervention
are essential for improving worker well-being and
ensuring sustainable productivity in footwear
manufacturing units.

Conclusion

The present study was undertaken to evaluate
ergonomic risks and their impact on the health and
well-being of stitching operators. The footwear
manufacturing industry is highly labor-intensive, and
manual stitching activities require prolonged sitting,
repetitive hand movements, and sustained static
postures, which significantly increase the risk of
musculoskeletal ~ disorders.  The  ergonomic
assessment  carried out through  workplace
observations, worker interviews, Rapid Upper Limb
Assessment (RULA), and the Nordic
Musculoskeletal Questionnaire (NMQ) provided
comprehensive insights into the existing working
conditions. The findings revealed that a large
proportion of workers experienced discomfort and
pain, particularly in the neck, shoulders, lower back,
and wrists. High RULA action levels indicated that
many working postures were ergonomically
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unacceptable and required immediate corrective
measures. Poor workstation design, non-adjustable
seating, inadequate lighting, and absence of task
variation were identified as the major contributors to
ergonomic risk. These factors collectively increased
physical strain, fatigue, and the likelihood of
developing work-related musculoskeletal disorders.
The consistency between posture assessment results
and worker-reported discomfort clearly established a
strong relationship between ergonomic deficiencies
and health outcomes. Based on the study findings,
practical ergonomic  recommendations  were
developed, including workstation redesign, provision
of adjustable chairs, improvement of lighting
conditions, introduction of task rotation, and
ergonomic training programs. These interventions
directly address the identified risk factors and are
expected to significantly reduce musculoskeletal
strain and improve working comfort. The study
highlights the critical importance of integrating
ergonomic principles into workplace design and
management practices in footwear manufacturing
units.  Implementing  systematic  ergonomic
interventions can enhance worker health, improve
productivity, reduce absenteeism, and support
sustainable industrial development. The outcomes of
this study emphasize that ergonomics should be
considered an essential component of occupational
health and safety management rather than an optional
practice.
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