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musculoskeletal disorders and the ergonomic design of the separation unit
workstation in a tile factory.

Materials and Methods: This study used a descriptive-analytical approach. In this
study, various activities that collectively constitute the job were first identified using
the Analytic Hierarchy Process (AHP) method. Using the body map questionnaire
and the stress index, the pain pattern and workload focused on the employees’
hands were determined. In addition, using the RULA method, posture was assessed
for the workers, and their RULA scores were determined. Finally, based on the
results, ergonomic suggestions were developed and presented.

Results: The study showed that most people experienced pain in the lower and

*Corresponding ~ author:  Mohsen upper back, which significantly affected their work capacity. The final score for the
Poursadeghiyan, Social RULA posture assessment was 7, indicating a serious need for corrective measures.
Determinants of Health Research The highest SI was in the left hand with an average of 3.67 + 0.73.

Center, School of Health, Ardabil Conclusion: Musculoskeletal disorders are aggravated by factors such as
University of Medical Sciences, inappropriate workstations. Using the body map questionnaire, stress index, pain
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suggested solutions provided.
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Extended Abstract

Background and Objective

Work-related musculoskeletal disorders (WMSDs)
are among the most common occupational health
issues affecting workers worldwide. They impose
significant physical, psychological, and economic
burdens on employees and industries, often leading
to chronic pain, reduced work capacity,
absenteeism, and increased compensation costs.
These disorders generally result from repetitive
movements, static or awkward postures, and poorly
designed workstations that continuously stress
muscles, joints, and tendons. In tile manufacturing
industries, especially in separation units where
workers spend long hours inspecting and sorting
tiles, ergonomic risks are high. The repetitive nature
of the job, prolonged sitting, and improper
workstation dimensions cause considerable strain
on the lower back, shoulders, neck, and wrists.
Despite growing awareness of ergonomics,
practical applications in small and medium
industries remain limited. Therefore, this study
aimed to evaluate musculoskeletal disorders among
workers in the separation unit of a tile factory and
to propose an ergonomic redesign of the
workstation based on anthropometric
measurements. The objective was to identify high-
risk postures and motions using validated tools—
Body Map Questionnaire, Strain Index (SlI), and
Rapid Upper Limb Assessment (RULA)—and to
develop practical solutions for improving health,
safety, and performance.

Materials and Methods

This descriptive-analytical study was conducted on
33 workers in the separation unit of a tile
manufacturing factory. Participation was voluntary,
and all workers completed informed consent forms
before inclusion. The research began with a
detailed analysis of job activities to understand the
workflow and the physical demands placed on
workers during their eight-hour shifts. Each task was
observed and documented to identify repetitive
movements and awkward postures. To assess the
prevalence and pattern of musculoskeletal
discomfort, the Body Map Questionnaire was
administered. Workers were asked to report the
body regions where they experienced pain or
fatigue in the previous week and to indicate the
frequency of this discomfort. The gathered data
helped identify which body parts were most
affected and in need of ergonomic attention. The
Strain Index method was applied to assess the risk
of upper-limb musculoskeletal disorders. Six main
variables—force intensity, duration of exertion,
effort frequency, wrist posture, work pace, and task
duration—were analyzed. The SI was calculated
separately for the right and left hands to compare
the strain levels on each side. To examine the
workers’ posture, the RULA technique was used.
Videos were recorded from three angles (front, left,
and right) to capture a complete view of each
worker’s movements during typical work cycles.
The most awkward and repetitive postures were
scored, and the final RULA results were used to

determine the level of ergonomic risk. In parallel,
anthropometric measurements were taken to ensure
that workstation redesigns were customized to the
workers’ physical dimensions. Seventeen body
parameters—including standing and sitting heights,
elbow height, knee height, thigh clearance, arm
length, and shoulder height—were measured using
a calibrated anthropometer and adjustable seating
equipment. These data were analyzed to determine
optimal seat and table dimensions for improved
ergonomic compatibility. Finally, the
anthropometric data and risk assessments were
used to propose an ergonomic redesign of the
workstation. Several industrial chairs available in
the market were compared based on parameters
such as height range, seat depth, width, and
adjustability. The most suitable chair model was
selected for the proposed workstation, and
recommendations were made regarding optimal
table height, work surface clearance, and general
layout adjustments to minimize strain and promote
neutral postures.

Results

The Body Map Questionnaire indicated that the
lower back and upper back were the most
frequently reported areas of pain, followed by the
neck and shoulders. Over half of the workers
reported discomfort in these regions several times
per day. The mean pain frequency was 3.48 = 1.44
for the lower back and 3.24 + 1.56 for the upper
back, indicating that these body areas were under
the most significant strain. The results from the
Strain Index revealed that the left hand experienced
higher biomechanical stress than the right hand,
with mean Sl values of 3.67 +0.73 and 1.64 £ 0.17,
respectively. This suggests that tasks involving the
left hand, particularly placing defective tiles aside,
required more frequent and forceful motions. The
RULA assessment vyielded a final score of 7,
indicating the highest risk level and an urgent need
for corrective ergonomic measures. This score
reflected the sustained static postures and repetitive
arm and wrist movements observed during tile
inspection and handling. The anthropometric
analysis showed that the optimal seat height for the
workstation should be between 43 and 53 cm, the
seat depth around 45 cm, and the width
approximately 35 cm. The recommended table
height was within the range of 95 to 130 cm,
ensuring sufficient clearance for the legs and
comfortable reach for upper-body movements.
After comparing four different industrial chair
models, one adjustable chair that best matched the
workers’ body dimensions was selected as the
preferred option for the redesigned workstation.

Discussion

The results of this study confirmed that repetitive
manual tasks and static postures significantly
contribute to musculoskeletal discomfort among
workers in the tile manufacturing industry. The high
RULA score and elevated Sl values suggest that the
existing workstation design fails to meet ergonomic
standards, exposing workers to continuous strain,
especially in the back and upper limbs. The pain
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pattern identified in this research is consistent with
similar studies conducted in steel, petrochemical,
and flour industries, where prolonged repetitive
work and improper workstation setups have been
strongly  associated  with  musculoskeletal
complaints. The ergonomic redesign proposed in
this study offers feasible solutions to mitigate these
risks. The introduction of an adjustable industrial
chair, designed according to anthropometric data,
allows each worker to maintain a neutral posture
and reduce pressure on the spine and upper
extremities. Adjustable seat height and rotation
facilitate better task alignment, while positioning
the defective-tile placement surface closer to the
worker minimizes trunk flexion and arm extension.
Additionally, incorporating a small safety barrier
behind the workstation platform could prevent falls
and create a greater sense of security. Continuous
ergonomic training for workers is also essential to
promote proper posture, safe handling techniques,
and consistent use of the redesigned workstation.
Although the redesign was not implemented
physically in this phase, the proposed solutions
provide a strong foundation for future field
interventions. Implementing and evaluating these
ergonomic improvements in real industrial settings
can validate their effectiveness and quantify their
impact on worker comfort, safety, and productivity.

Conclusion

This  study assessed the prevalence of
musculoskeletal disorders among tile factory
workers in the separation unit and proposed an
ergonomic  workstation  redesign based on
anthropometric  data. The results revealed
significant discomfort in the lower back and
shoulders, high strain levels in the left hand, and
critical posture risks identified by the RULA
method. Applying ergonomic principles and
tailoring workstation dimensions to workers’ body
characteristics can substantially reduce
musculoskeletal  risks. ~ The  recommended
adjustable chair and optimized workstation layout
represent practical engineering controls that can
enhance both  health and  performance.
Furthermore, ongoing ergonomic monitoring and
periodic training programs are vital to ensure long-
term improvement and maintain safe working
conditions. Overall, the study demonstrates that
even modest ergonomic interventions, when based
on accurate  measurements and  worker
participation, can lead to meaningful improvements
in comfort, efficiency, and occupational well-being
in industrial environments such as tile
manufacturing.
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