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Abstract — Work-related musculoskeletal disorders (WMSDs) remain a significant challenge in Avrticle History

occupational health, particularly within industrial packaging environments characterized by Received : 14 May 2026
prolonged standing, non-neutral body postures, and repetitive tasks. To address this issue, this Revised :4 June 2026

study investigated the ergonomic hazards present at an industrial packaging station to propose Accepted : 14 July 2026
redesign strategies aimed at mitigating physical strain. A mixed-methods approach was utilized, Published ::30 September 2026
integrating the Rapid Entire Body Assessment (REBA) tool with direct workplace observations

and structured operator interviews. The acquired data revealed a baseline REBA score of 9, Keywords:

Work-related-musculoskeletal

indicating a high risk of musculoskeletal injuries, impacting the lower back, shoulders, and disorders

wrists. This elevated risk profile is primarily attributed to the physical demands of the operation, Oceupati )
. . . . patlonal ergonomics
including long standing on hard surfaces, continuous arm movements, constant overhead Packaging workstation
stretching, and excessive forward trunk flexion. Although the ambient environmental REBA

parameters, such as temperature and lighting, passed basic ergonomic checks, employees still Ergonomic intervention
dealt with localized pain on a daily basis. On top of that, they pointed out structural problems

with suboptimal tool organization and general safety standards. Based on these diagnostic

findings, a series of practical, low to moderate cost ergonomic interventions is proposed.

Equipping the station with anti-fatigue mats, reorganizing supplies for better accessibility, and

utilizing adjustable worktables should noticeably decrease bodily strain. Implementing these

specific changes will likely lower the overall number of WMSD cases throughout the industrial

packaging sector.

1. Introduction

The health of workers is critical to the productivity and sustainability of any industrial operation especially in areas of
high physical demand. Firms that fail to design ergonomically their work.environments expose their workers every day
to musculoskeletal strain, chronic fatigue-and.reduced mental sharpness. This combination of characteristics lowers the
efficiency of operation and increases the'risk of accidents [1,2]. Design deficiencies are a significant cause of occupational
incidents. Data from the Australian industrial sector shows that at least one root cause design deficiency is present in over
50% of plant related fatalities [3].

Large body of research has shown repeatedly that work-related musculoskeletal diseases (WMSDs) are a serious and
pervasive problem for employee health, mostly due to poorly designed workstations that result in abnormal postures for
long periods of time [4,5]. These musculoskeletal symptoms have strong associations with long term exposure to
occupational risk factors such as awkward postures, highly repetitive motions, strenuous manual material handling and
constant static loads. These stressors, if sustained, disproportionately affect the lower back, shoulders, neck and upper
extremities. Apart from the direct physical discomfort inflicted to workers, WMSDs can result in huge productivity losses,
due to increased absenteeism, decreased ability to perform and long-term impairment. Therefore, the prevention of
WMSD developmentstill remains a priority in occupational health and safety. This highlights the necessity of conducting
detailed ergonomic risk assessments and implementing customised interventions tailored to each specific site [6].

But the highly stressful environment of industrial packing can exacerbate these inherent ergonomic risks. Foam-in-
place packaging machines are common in industry for improving shipping procedures. However, the work stations
constructed around these machines often require very repetitive tasks, heavy physical demands and extended non-neutral
postures. Thus, the physiological load on the operator is greatly increased when combined with local environmental
stressors such as spatial layout constraints, poor lighting and high ambient noise. The labour is focused on one specific
packing workstation in an aviation components warehouse. Operators at this plant prepare packing materials, work with
light aircraft parts and seal outgoing packages; all involve continuous standing and continuous upper-extremity effort.
Failure to consider these specific task characteristics leads to excessive biomechanical loading, greatly increasing the risk
of developing WMSDs. This workstation is very relevant to analyse ergonomic risks present in real work settings and to
assess the effectiveness of the intervention techniques provided for the industrial packing sector.

Previous studies have demonstrated that certain work-related factors are highly correlated with upper extremity fatigue
and chronic low back pain. Design weaknesses in foam packaging stations are not new and pose immediate risks to
occupational health, and drastically reduce overall operational efficiency due to extended cycle durations, increased
human error and higher risks of product damage during transit. A detailed assessment and reconstruction of these
workstations is therefore required to eliminate the identified hazards, safeguard the employees’ health and optimise the
packing department’s overall workflow. The main objective of this project is to assess in detail the ergonomic risk factors
in the industrial packaging workstation and to determine their effect on work-related musculoskeletal disorders. The aim
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of the study is to provide formal ergonomic analysis of high-risk postures and operational demands so that targeted and
evidence based remedial solutions can be developed. Finally, this approach has been designed to contribute to the
avoidance of musculoskeletal injuries and to the safety improvement in the daily work in the packaging industry.

1.1 Ergonomics in the workplace

Ergonomics is a multidisciplinary scientific discipline concerned with the understanding of interactions among humans
and other elements of a system. It applies theory and data to enhance the well-being of people and the performance of
systems [7,8]. This discipline requires that the worker be fit into the process, equipment, and physical environment, not
that the worker be forced to fit poorly designed job needs. This is in an industrial setting. Regarding workplace ergonomics
it is the gradual reduction of physical and mental stressors to increase safety, comfort of operations and throughput. In
contrast, the lack of ergonomic design is accountable for a series of adverse effects such as the massive spread of
musculoskeletal disorders, reduction of productivity, high rate of absenteeism and increase in the healthcare costs for
companies [9]. But properly implemented, ergonomic interventions offer a proactive method to improve worker health
and morale and increase profitability through fewer workplace injuries and smoother day-to-day. operations. The
application of WMSDs is obvious in various manufacturing and administrative industries Regular ergonomic assessment
is vital for human’s health and long-term productivity [10].

An important feature is the attention to smooth human-system integration by the present industry: The great influence
of ergonomic compliance on process optimisation, quality control management and bigger strategic business goals has
been proved by several research [11]. A special area of need for intervention is manufacturing workplaces; where the
combination of highly repetitive jobs and obligatory low posture is the major cause of a significant deterioration of
musculoskeletal health. The physical expenses of the job carried out in packing stations have direct and immediate effects
on the safety of operators, often giving rise to clinical symptoms directly related to poor postural needs [12]. In these
high-risk environments, rigorous application of ergonomic principles is a-necessary to fight risks, and to establish a
sustainable labour paradigm. Hence the need for detailed ergonomic evaluations, and the need of structural solutions to
discover and remove the hazard elements that cause physical and mental suffering in the industrial labour force.

1.2 Workstation design principles

The arrangement and functional design of a workstation are the main protections against occupational injuries and are
essential to the optimisation of human performance in'complex activities. Three interdependent components are regularly
highlighted as established ergonomic design principles: Structural flexibility, operational accessibility and physical
comfort [13]. There is a baseline need for adjustability. due to the extreme diversity of human anthropometry, muscular
strength and desired functioning positions. Workstations need to easily support a wide variety of users. They also need
broad height adjustability for the major work surfaces'and to allow operators to customise their immediate environment.
This flexibility allows workers to maintain neutral body alignments and thus effectively avoid awkward or static postures
that cause acute musculoskeletal discomfort.

At the same time the accessibility principle demands. that all the necessary tools, common points of contact and
controls of the machinery be within the comfortable reach envelope of the operator greatly restricting excessive stretching,
extreme bending and extended reaching that increase fatigue and invite structural damage [14]. The physical layout of
the workstation is therefore carefully developed and the major and secondary reach zones are determined so that the most
critical components are put-close to the worker and no kinetic energy is wasted by misplacement, and the natural flow of
the activity is optimised. Mechanical efficiency is not enough to make employment sustainable, there is also a requirement
for physical comfort. This involves providing ergonomic seats and standing platforms that offer sufficient lumbar support
and distribute weight uniformly and taking care to manage the wider physical environment. Lighting is carefully calibrated
to avoid glare and precision light tasks; sophisticated noise reduction methods are employed to minimise cognitive
distraction and prevent auditory damage; and rigorous and consistent temperature controls are maintained to ensure a
highly conducive and supportive atmosphere [15]. An industrial designer may easily incorporate these simple ideas into
an environment that automatically accommaodates physical constraints thereby vastly lowering the physical effort, mental
stress and vastly boostingthe precision and efficiency of work execution.

1.3 Risk factors inpackaging workstations

Packing workplaces are physically demanding and dynamic, thus there is tremendous need for expert ergonomic
oversight. Routine packing tasks such as repetitive assembling, hand sealing and mass labelling involve much rapid
repetition, often leading to cumulative soft tissue and major joint damage [16]. A normal shift involves a standard
sequence of work that includes preparing the plastic film, pouring the expanding foam, fastening the component locations,
folding the structural flaps, sealing the cartons and stacking the heavy boxes. It’s thousands of micro-movements of the
hands and wrists and arms and shoulders.

In addition, operators are often required to exert huge physical force, especially when lifting, transporting and
manoeuvring heavy and dimensionally problematic parcels, which leads to tremendous shock loads to the musculoskeletal
system. Workers may be required to apply substantial downward manual force manually to seal and crush the resilient
carton, or to lift a 5 to 10 kg box onto shipping pallets repeatedly. The operators routinely state they are forced into
difficult anatomical positions - a huge source of baseline ergonomic risk [17]. Examples include unsafe positions such as
prolonged deep bending, twisting of the spine, or reaching to the extreme to get raw materials, operate machine controls,
or arrange finished stacks. Postural anomalies are especially apparent at the foam-in-place packaging stations, where
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workers must bend their trunk and cervical spine greatly to retrieve empty cartons from the floor or duck down under the
main work table to operate the foam dispenser. Also the reloading method of film rolls on high dispenser mounts demands
the operators to lift their arms much beyond the shoulder line to hold this very fatiguing overhead position for longer
periods of time.

Another unique negative postural deviation that adds to soft tissue strain is the mechanical difficulty in twisting the
wrist during the manual tape sealing phase. Kinetic hazards are increased when personnel are standing on hard concrete
surfaces all the time. Operators experience severe vascular pooling, muscular tiredness and acute discomfort in the lower
extremities due to lack of suitable supportive footwear or anti-fatigue mats. No specific information was provided on
exposure to mechanical vibration for this workstation, although this is a common hazard in similar industrial
environments. Larger environmental problems such as poor task lighting and localised temperature extremes (e.g., high
heat created around active packaging machinery) further increase ergonomic hazards and directly impact the health of
workers. These particular risk factors have been extensively studied and often shown to be the root cause of both acute
upper limb strain and chronic lumbar degeneration. The combination of heavy physical demands, repetitive movements,
awkward postures and adverse environmental conditions subjects the workforce to extreme physiological strain and
greatly increases the risk of developing disabling musculoskeletal disorders of the spine, shoulders.and wrists.

1.4 Ergonomic assessment methods

In highly dynamic environments such as packaging lines, researchers employ three evaluation approaches to
systematically identify and quantify ergonomic hazards. These approaches include observational instruments, guantitative
biomechanical measures, and subjective qualitative assessments. Observational tools such as-the Rapid Entire Body
Assessment (REBA) and the Rapid Upper Limb Assessment (RULA) have some advantages, such as evaluators can
visually see the working operator and quickly determine the postural strain and high-risk motions. For example, REBA
is a highly valuable method to completely map whole body postural dangers: It evaluates the. mechanical force exerted on
the musculoskeletal system by analysing specific joint angles, the volume of force exerted on tools or objects and the total
frequency of kinetic movements [18]. REBA connects the load and coupling factors to offer an action level score for
different anatomical segments, which clearly suggests the area of ergonomic adjustment. Such an evaluation is useful for
packaging stations, as it can capture precisely the physical strains to which workers are exposed on a daily basis. For
example, it examines operators who are forced to stoop and crane their necks too much to lift cartons up off the floor,
reach their arms above their shoulders to change film rolls, and twist their wrists painfully to tape boxes shut.

In previous field studies that have used the REBA framework to examine packing settings, the most prominent
ergonomic concerns have been identified as unpleasant postures, high power needs and repetitive motion. REBA ratings
were reported to be as dangerously high.as 11 by Haekal et al. (2020) in their study of pharmaceutical packaging material
handling in Indonesia. High hazard levels were mainly attributed to operators pushing and hauling weights of over 100
kg, repetitive deep bending and regularly reaching for objects kept well over safe working heights [19]. The authors
recommended strict load weight restrictions, the use of step ladders to reach higher locations, redesigning the floor layout
to prevent spatial congestion and full training in safe handling to reduce these hazards. In a similar way, Kirci et al. (2020)
conducted a detailed multi-tool analysis in a Turkish logistics warehouse using RULA, REBA and the NIOSH lifting
equation to evaluate tasks such as picking, stacking, labelling and loading [20]. The highest risk postures were associated
with heavy trunk and neck flexion, unilateral weight bearing on a single leg, and manual lifting of loads over 10 kg.
Suggested solutions ranged from engineering controls like adjustable lifting platforms and motorised manipulator arms
to administrative controls suchas equipment relocation and biomechanically specific training. A study was conducted in
an electronic manufacturing company.in Pekan, Pahang, Malaysia to estimate the frequency of WMSDs faced by the
personnel based on the assessment by RULA and REBA assessment. Musculoskeletal degeneration was common in the
data and was most common in the.shoulders, wrists and lower back. Both unloading and pushing operations were
associated with serious risk categories on both evaluation instruments [21].

Similarly, Lasota (2014) examined packers working at order-fulfillment facilities, recording five different postures in
Action Category (AC) 2, seven in AC3 and one in the critical threshold of AC4. The research findings showed that the
greatest biomechanical risk occurred when workers carried large cartons, with an arched back position and arms above
the trunk [22]. The study showed that urgent changes in the workstations were important in an effort to prevent the
development of MSD. The same thing was also found by Ahfriliandre et al. (2021) in their research on a drug packaging
line (PT. X) in Indonesia. The initial REBA analysis scored 4, indicating that the observed tasks were classified in the
medium risk level. Although the risk was less than in heavy warehouse conditions, the researchers found dangerous non-
neutral postures, which were exacerbated by personnel shortages, and ultimately recommended targeted changes to
manual handling methods. A study published in the International Journal of Environmental Research and Public Health
(2022) demonstrated the effectiveness of technological intervention by studying the biomechanical profile of a packing
tape workstation before and after automatic mechanisation. An example of successful and focused industrial automation
is the introduction of an automatic tape machine which, by eliminating repetitive upper limb movements and awkward
wrist postures, considerably reduced ergonomic risk factors [23].

Overall, the empirical investigations reveal that lengthy periods of manual packaging activity are invariably linked
with a medium to very high REBA risk profile, mainly because to trunk hyperflexion, unsafe reach envelopes and
repetitive upper limb movements. These dangers have been shown to be controlled by proven engineering controls such
as height adjustable work surfaces, mechanical aid hoists and full systemic automation paired with an administrative
strategy incorporating strategic layout rearrangement and comprehensive ergonomic training. However, as thoroughly
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reviewed for REBA applications [24,23], a significant portion of current research on packaging efforts is still limited to
small-scale case reports reliant solely on observational scoring, highlighting the urgent academic need for more robust,
data-driven pre- and post-intervention evaluations.

Quantitative measurement methods instead of visual estimation use advanced instrumentation such as
electromyography (EMG), digital goniometers and multi-axis force plates for the quantification of physiological
parameters, applied forces, exact joint articulation angles and localised muscle activation. Although these empirical
methods provide a very high level of accuracy, objectivity and resolution of internal biomechanical loads, they are
inherently more time-consuming and costly, and require specialised operator training and laboratory grade equipment
[25]. This can lead to the perception that they are not appropriate for large-scale facility screening or for routine daily
checks in typical industrial settings. However, when used for additional analysis of specific very problematic behaviours,
initially identified by observational tools, these quantitative tools provide invaluable and complimentary biomechanical
data.

Finally, subjective assessments obtain qualitative data from employees via standardised interviews and formal
surveys. These participatory methods are absolutely crucial for capturing the lived human experience of physical
discomfort, acute pain, perceived environmental stressors and practical operator-generated ideas"for structural
improvement nuances rarely captured through rigid visual observation or purely quantitative biomechanical-assessments
alone [26]. The Environmental Checklist is a key part of this overall strategy. It routinely asks operators about specific
features of the physical environment of their work space which are direct determinants ofitheir day-to-day comfort and
long-term health including the quality of ambient lighting, control of temperature, efficacy of ventilation and levels of
acoustic noise. Such a checklist is especially important at packaging workstations, where obscure-environmental factors
such as localised heat build-up around operating machinery and the profound vascular effects of prolonged standing on
unyielding surfaces are major contributors to increased worker fatigue and localised discomfort. To finish, it offers a
qualitative systematic tool for the correct recognition of the latent environmental variables . which'significantly improve
the baseline physical requirements of industrial labour.

1.5 Assessing current approaches in packaging workstations

Contemporary ergonomic literature has been concerned with the effect of workstation architecture on the occurrence of
work-related musculoskeletal diseases (WMSDs), especially in-industrial situations that call for repetitive motion and
persistent, non-neutral body mechanics. While general risk factors for the overall manufacturing and logistics industries
are well established, highly specialised activities such as foam-in-place packaging present particular biomechanical
issues. This encompasses prolonged forward trunk flexion, excessive overhead reaching to get to elevated film dispensers,
and simultaneous manual material handling, which have not been extensively studied in the current academic literature.
Observational based studies like Rapid Entire. Body Assessment (REBA) have indicated serious postural risks in
packaging operations for pharmaceuticals and electronic components [20-21]. However, a major shortcoming of many of
these empirical research is the lack of triangulation of biomechanical data with subjective operator input and localised
environmental stress factors. Therefore, a clear gap in methodology on holistic assessment and purposeful structural
redesign of foam packing workstations exists.-To fill this gap, the current study employs a robust mixed-methods approach
by integrating REBA analysis, standardised environmental checklists and structured operator surveys to systematically
map and mitigate ergonomic vulnerabilities at a specialised aerospace component packaging workstation.

2. Materials and Methods

The methodology provided here isa systematic approach created for a full ergonomic assessment and subsequent redesign
of a foam packing workstation in an aerospace component distribution warehouse. This analytical method has been
designed to. offer a multi-dimensional understanding of current postural dangers, objective measures of biomechanical
risk and the integration of subjective experiential information from the operational staff. The usage of mixed approach
was expected to lead to reliable and actionable data, which can aid to build successful design solutions for a safer, more
comfortable and highly productive industrial environment.

Although this project-was a non-interventional workplace assessment, it was carried out following the institutional
ethics guidelines of Universiti Malaysia Pahang Al-Sultan Abdullah (UMPSA). Verbal informed consent was obtained
from the operators/involved before any interviews or pictures. All collected materials and survey responses were
anonymised in full prior to analysis to ensure the privacy of workers.

2.1 Ergonomic assessment tools

The ergonomic analysis was based on a selected set of proven diagnostic tools to ensure a high degree of reliability,
impartiality and functional comprehensiveness. The selection of tools was made carefully so as to extract quantitative and
qualitative data streams in an organised way. The REBA framework was the research diagnostic base. This investigation
was based on this very robust and widely used observational tool. Foam dispensing and carton sealing require highly
variable and dynamic postures, making REBA the ideal tool to identify the exact ergonomic risks present within the
workforce. The assessment was mainly on the high-risk kinematic behaviours such as extreme bending and reaching to
prepare the film rolls in the shipping cartons. Notably, the overhead arm used to activate the foam dispenser was
thoroughly examined in its elevated position, as overhead reaching is recognised clinically as a precursor to chronic
cervical and shoulder strain and this factor is directly weighted in the REBA scoring matrix. Besides, the examination
allowed to pinpoint the minor postural abnormalities occurring during foam expansion, i.e. the constant forward tilt of
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the trunk which leads to a permanent static strain on the lumbar spine. In addition, the last working procedures of bimanual
carton sealing and manual lifting of packages of 6-8 kilogrammes into a staging stack were analysed. These motions
include vigorous efforts and combined trunk motions which are important determinants of the final REBA risk level.
Finally, in an effort to ensure inter-rater reliability and transparency of the observational scoring, the assessments were
purposefully focused on the most extreme postures during the physically demanding parts of the workflow. The digital
photographic evidence of these high-risk activities was independently reviewed and rated by two qualified ergonomic
researchers.

Inter-rater reliability was assessed with rigorous testing and initial disagreements over specific joint articulation angles
were systematically resolved through collaborative review and professional consensus. This analytical approach allows
investigators to estimate the mechanical forces applied to the musculoskeletal system by analysing the physical posture
of the operator, the force coupling for specific tools and the number of times kinetic movements are required to generate
an action level score which determines the level of urgency for intervention [24]. A particular Environmental Checklist
was employed to rigorously audit surrounding physical parameters in an industrial warehouse scenario in addition to
posture analysis. The extensive inventory took into account key facility parameters, namely localised. illumination (to
assess both the presence of glare and general task visibility), thermal regulation (to assess localised-heat build-up around
machinery and general thermal comfort), facility ventilation (to assess the presence of adequate air circulation and the
dispersion of chemical fumes) and ambient acoustic noise. The rigorous qualitative audit was crucial-to detect secondary
physical stressors that can produce exhaustion among workers or impair cognitive attention.

A standard Worker Survey Template was also administered to the active workforce to get important subjective
insights. The survey consisted of twelve well-designed questions to capture the lived experiences-of operators, document
localised physical pain, measure overall happiness with the workplace and contain-open-ended questions to create
practical, worker-generated recommendations for workstation improvements. This human dimension gave a significant
qualitative dimension that is sometimes missing from strictly observational approaches.

Digital photography was an important supplementary tool to allow detailed high fidelity postural evaluation. Operators
were videotaped at all times doing their usual work duties. The visual records/provided basic empirical data that “froze”
complex kinetic movements in time and enabled very accurate retrospective calculation of specific joint angles and
deviations of body segments, which proved the accuracy of the REBA scoring.

Finally, the important spatial parameters of the workstation and the manipulated inventory were measured using
conventional physical measuring equipment, i.e._industrial tape measures and calibrated weighing scales. The devices
registered the precise size of the workstations-and the necessary vertical and horizontal reach characteristics, as well as
the actual weight of the boxes handled, which was always between 5and 10 kilos. This objective geographical data was
critical in the analysis of static loads, thedepiction of optimal ergonomic reach zones and the complete knowledge of the
real physical toll of the material handling requirements.

2.2 Field observation methodology

The observational phase of the study was methodically laid out to include all of the operational duties and associated
biomechanical problems at the foam packing.station. Long observation periods and varying daily workloads were used
to acquire highly representative data and the researchers were able to account for the normal variability in operator posture
and speed of job performance. The technique involved closely watching and annotating the anatomical position assumed
at each important phase of the sequence: foam dispensing, carton folding, hand sealing and final pallet stacking. The
evaluators focused on extreme trunk flexion and cervical bending, which were observed most frequently when operators
were required to retrieve empty boxes from the floor or reach beneath the primary work table to turn foam dispensers on
and off.

The folding and hand tape-sealing manoeuvres were highly repeated and arms and shoulders were kinematically
tracked in detail. Forceful, prolonged or mechanically difficult postures that can result in acute musculoskeletal injuries
were also reviewed in light of the specific body mechanics used to move and stack finished cartons into pallets. The
vertical and horizontal reach distances were also physically tested and compared with observational data. Researchers
found high overhead arm elevations necessary to change depleted film rolls on high-mounted dispensers and severe spinal
flexion angles necessary for material handling at floor level. The preliminary problem description’s specific postural
demands of persistent upward arm extension and severe bending at the waist and neck were immediately empirically
supported by the direct field observations.

Finally, the observational methodology was extended to monitor the dynamic environmental changes associated with
the operational shift. In addition to describing the static state of facilities, the researchers actively monitored transient
environmental variables that might affect operator comfort. These included localised thermal radiation produced around
active foam machinery during continuous operation and sudden surges in ambient warehouse noise. Simultaneously, the
constant threat of long-term standing in a static position on hard concrete floors was constantly mentioned as a significant
cause of systemic fatigue of operators and pain in their lower bodies.

2.3 Subjective data gathering process

The study included seven employees (n=7) who represent the full staffing for the operation of this particular foam packing
station across all shifts. Personal experiences of the workers were collected by a custom survey. Although this measure
had not been formally psychometrically validated, it was similar to the well-established Nordic Musculoskeletal
Questionnaire (NMQ) in its approach to identifying specific areas of body discomfort. Objective biomechanical metrics
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and topographical data were supplemented by relevant direct feedback from the workforce throughout the organised
interview procedure. Personnel from the Repair, Packaging, Asset Control and Inventory Unit, the typical personnel for
the workstation, were questioned. Cohort varying experience with the specific foam equipment. Two employees had less
than six months of experience, two had between six months and one year, two had between one and three years and one
operator had more than three years of experience. The distribution showed that the overwhelming majority of the
workforce had only been running the machines for less than three years, suggesting a reasonable baseline familiarity with
the very specialised task needs. All responses were anonymous to allow complete candour and to safeguard the privacy
of the operators.

Thus, the questionnaire was carefully loaded with question types designed to elicit numeric scales and rich qualitative
narratives. Closed-ended scale queries with a standard 1-5 rating range were used to quantify daily physical discomfort
severity perception, baseline satisfaction with workstation characteristics and frequency of operational dangers. These
measurements offered very measurable, subjective data points. Instead, open-ended questions were added to encourage
operators to describe their everyday physical experience, to point out the exact anatomical areas where they felt pain, to
report the ambient variables that disrupted their activities and to explicitly propose practical engineering solutions that
could be applied at the floor level. By combining these multiple data gathering methodologies a rich-textured data set was
produced which properly represented the lived experience of the operators and provided vital qualitative context to the
study's rigorous numerical conclusions.

2.4 Data synthesis and analysis strategy

The data collection phases were completed and the numerous metrics received from the different instruments were
systematically organised and thoroughly examined through a pre-established assessment framework. The analytical
architecture is designed to enable a multi-dimensional evaluation of the workstation ergonomic profile, by combining the
objective biomechanical risk indicators with the qualitative reality of the operator experience. The-collected data was split
into four independent evaluation groups.

Develop a quantitative model of postural stress. Then, the researchers could provide objective values for the total
postural stress using the REBA ratings they generated and the digital-picture proof. These metrics were effective tools for
quantifying the overall injury risk of specific body movements performed duringcritical tasks and provided hard empirical
data to confirm the severe trunk flexion, excessive neck bending; prolonged overhead arm elevation, and repetitive wrist
twisting identified during preliminary scoping. Second; Environmental Stressors were assessed using the Environmental
Checklist data. This made it possible to carry out a full audit of the workstation physical environment including a full
assessment of the ambient lighting performance, local thermal stability; ventilation efficiency and the baseline noise
levels. This category provided key context for. non-postural environmental factors that may degrade operator well-being.

Third, a deep dive study of the Worker Survey transcripts was conducted to analyse Subjective Experience. The
current study was conducted to accurately report the operator reported frequencies of acute physical discomfort, systemic
tiredness and overall satisfaction with the prevailing workstation architecture. This direct feedback from the users was
vital in understanding the dynamics between the physical machinery and the operator in terms of physiological health and
psychological morale including the negative effects of standing for long periods. Finally, the Tool and Layout were
validated for appropriateness by comparing the direct.observations of the protocol and the exact physical measurements
taken on the floor. This called for a very.detailed structural study of the whole layout of the workstation and the ergonomic
feasibility of the tools supplied: Access to the control module, spatial height of the primary foam dispensing nozzle and
the functional mechanics of the manual sealing mechanism were rigorously evaluated against recognised ergonomic
design principles. This full mixed-methods synthesis worked very well, providing strong quantitative assessments of
hazards_ and rich qualitative insights into behaviour. These data sets together provided the scientifically sound basis on
which the evidence-based, highly practical redesign ideas presented in the following sections of this publication were
developed.

3. Results and Discussion

3.1 Assessment of existing workstation

A baseline ergonomic analysis was performed using the Rapid Entire Body Assessment (REBA) to quantify the major
postural hazards involved in significant packing activities. The final score of the overall REBA calc was 9. This score is
well into the high-risk category tier indicating an absolute requirement for immediate structural intervention to avoid
injury to the operator. The unique body postures recorded, the individual hazard scores associated with them and the
contextual task variables included in the scores are shown in Table 1. The upper arms of the divided anatomical segments
were given the highest individual penalty (score of 3), which is directly proportional to the continual overhead reaching
needed to remove protective film from high dispenser mounts. The trunk was docked 2 points for the 30 degrees forward
bending of the spine needed to inject expanding foam into deep shipping containers. At the same time, the operators were
required to keep their cervical spine forward so that they could witness the chemical expansion process all the time,
therefore scored 2 on the neck. The wrist posture also got a 2, reflecting the high repetition and severe twisting mechanics
in the hand taping step. To physically handle and grip the carton flaps during sealing, the lower arm extension scored 1.
Lower extremities (legs) 1 Need for long periods of static standing without anti-fatigue matting or ergonomic footrests
Also, the load/force variable was scored 1 because of the physical lifting and moving of finished boxes that weighed 6 to
8 kilos. The coupling was finally scored a 1, meaning the physical coupling was not made well enough, although operators
had a good control on the foam pouring nozzle.
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Table 1. Poster assessment and scoring

Body Region Observed Posture Score Comment

Trunk Bent forward ~30° 2 During foam insertion into the box

Neck Tilted forward 2 Watching foam position during expansion

Legs Standing, knees slightly bent 1 No foot support or anti-fatigue mat

Upper Arms Raised above shoulder level 3 Reaching overhead to pull film
Lower Arms Extended forward 1 Holding carton edges

Wrist Twisted during sealing 2 Wrist strain from taping

Coupling Fair grip 1 Handles nozzle with moderate control

Load/Force ~6-8 kg carton lifted manually 1 Light to moderate weight

Basically, the whole packaging operation is a step-by-step process to maximise the security of the product with the
throughput of the warehouse. Operators prepare the raw foam materials for further mechanical dispensing through fill -
roll preparation. Next, the film roll is prepared. The empty carton has a plastic liner physically inserted into it. The liner
acts as a barrier to protect the aircraft component during the volatile foam expansion process. The operators then have to
check the display module and must do so before they can actuate the foam. This is an important quality control step to
make sure the part is in the right place and has no defects before it is permanently encased.-Then the liquid foam is poured
directly into the housing. Operators visually monitor the expansion to guarantee optimum product cushioning. When the
foam is cured the carton is folded by hand, taped up and stacked for outbound products. This completes the operations
cycle. This sequence is shown step-by-step in picture 1. This analysis of the workflow.points out the very physical and
repetitive character of the packing cycle with frequent cycles of bending, overreaching and vigorous manual material
handling. The visual documenting of these discrete procedures offers erucial context to the ergonomic audit and
experimentally confirms the high-risk REBA scores derived from/foam dispensing-and hand sealing operations.

Step 4

Figure 1/Step and procedure to operate foam packaging machine
Table 2. REBA score calculation

Step Description Score
A Trunk + Neck + Legs (from REBA Table A) 5
B Upper arm + Lower arm + Wrist + Coupling (Table B) 4
C Combined Score A + B (REBA Table C) 7
D + Activity Score (1) + Load/Force Score (1) +2
REBA Final Score C+D 9

Detailed environmental assessment and postural audit was performed in the immediate packing zone. Special
consideration was given to ambient lighting, temperature regulation, mechanical ventilation and acoustic noise because
of their significant impact on operator comfort, cognitive performance and general injury prevention. Data collection
showed that the lighting infrastructure of the workstation was well-designed; strong overhead lighting system provided a
very uniform distribution of light and efficiently eliminated shadows and decreased visual glare. Operators verified that
“Visual clarity was still very good when doing precision tasks such as putting down foam and taping things shut” and it
was a very nice operational environment. The results are fully consistent with the international ergonomic guidelines for
the required illumination (lux) levels for manual industrial labour (1SO 6385:2016). Further, the ambient temperature was
maintained in the optimum range of 23°C to 26°C by the use of highly efficient means of air circulation. It was true that
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the industrial foam apparatus generated localised thermal output. However, the surrounding space was so well-ventilated
that dangerous heat could not accumulate. Operators reported that they were in full thermal comfort, without any signs of
heat stress or physical overheating. The building is equipped with strong, fully working mechanical ventilation systems,
which are complemented by natural air currents. The expanding polyurethane foam gives off the soft chemical vapours,
which are dispersed quickly by the infrastructure so that the work area does not have a lingering smell or stuffiness in the
air. Operators confirmed that there were no reports of respiratory discomfort indicative of very excellent interior air
quality. Finally, the noise environment was determined to be low to moderate at the locality. The noise levels from the
foam expansion and hand sealing of the carton were effectively maintained at a low, non-disruptive level. The operator
comments suggest that the noise from the adjacent warehouse operations was not overly loud and did not adversely
influence their cognitive attention or task productivity. In simple terms, the environmental audit indicated that all ambient
physical elements were comfortably within acceptable ergonomic limits and had an evident good influence on the
workers. The elevated hazards identified at this workstation are therefore mainly explained by the significant postural
risks evaluated by the REBA investigation.

3.2 Major ergonomic deficiencies

The foam packaging workstation is found to be working at a critically high level of ergonomic risk, with afinal score of
9, which necessitates an immediate structural adjustment based on the empirical conclusions acquired from the REBA
analysis [24,27]. The high-risk profile was mostly attributable to extended static standing on hard surfaces without anti-
fatigue support, continued overhead reaching and sustained flexion of the trunk in the anterior direction, all known
initiators of debilitating musculoskeletal illnesses (MSDs). The findings are perfectly in line-with the large body of
scientific literature on present logistics and packaging environments where similar physical dangers are frequently
described. For example, Haekal et al. (2020) reported extreme REBA scores of 11 in pharmaceutical packing facilities
due to extreme weight handling, repetitive spinal flexion and extreme spatial constraints, forcing-operators to operate in
awkward reaching envelopes. Likewise, Kirci et al. (2020) reported severe high-risk postures in Turkish logistics
warehouses when handling and taping heavy cartons and finally recommended targeted engineering interventions like
height-adjustable lifting platforms and mechanised handling aids.

The results obtained in the present study clearly demonstrate high cumulative strain on the upper extremities of the
operators. Upper arms were awarded a worry score for the repetitive overhead actions required to obtain packaging film
from high mounts. This particular kinetic movement-not only causes rapid muscular fatigue, but also considerably
increases the chance of an acute shoulder joint injury. Lasota (2014) described similar order fulfilment situations with
similar dangers. REBA Action Categories were always AC3 or AC4, requiring immediate restructuring of the facility due
to excessive overhead work and trunk postures beyond the limits. Also the hand taping method included repetitive wrist
twisting which posed a specific danger level of 2. Previous work has shown that the use of automated tape applicators
reduces the localised ergonomic pressures on wrist and forearm greatly. The stress on the upper body is compounded by
the complete lack of anti-fatigue flooring or footrests.to support the worker, a condition that greatly increases vascular
pooling and mechanical strain in the lower limbs. This.is‘a major source of lower extremity pain when faced with
prolonged standing demands and a proven initiator for decreased productivity during a shift.

The analysis of these combined metrics allows to_recommend a very targeted, multi-leveled ergonomic intervention
strategy. The first line of defence is the use of engineering controls, particularly adjustable height worktables, scissor-lift
pallet positioners and rotating work turntables to bring the operational jobs back to neutral physiological posture. Also,
film dispensing units need to be spatially redesigned or lowered vertically in an instant to effectively minimise the high
shoulder elevation. Prolonged standing causes considerable physiological discomfort and a high quality, anti-fatigue mat
is vital to mitigate this. Also, the use of semi-automated or ergonomically optimised tape dispensers would immediately
remove the numerous wrist deviations that hamper the sealing stage. Such individual structural solutions are in direct
alignment with empirical suggestions from earlier research that revealed substantial reductions in baseline REBA ratings
after deliberate workstation redesign and localised job automation [19,20]. In an effort to enhance efficacy, engineering
solutions should be tightly paired with strategic administrative measures, such as the enforcement of worker rotation
matrices and the scheduling of scheduled micro-breaks to uniformly divide the physical stress and further delay the onset
of MSDs.

In contrast, the-overall environmental assessment indicates that the ambient light, the localised temperature, the
mechanical ventilation and the acoustic noise levels of the facility are all within optimal ergonomic requirements, thereby
allowing for a physically comfortable and very safe environment. The lighting system provided good visual clarity and
no glare. The thermal regulation was very constant (23-26 °C) and the ventilation design of solid avoided the accumulation
of heat and dissipated efficiently the mild chemical vapours, without any respiratory distress. Ambient noise levels were
low to moderate and operators were able to concentrate without interruption. The results of these tests show that ambient
environmental factors are not a true hazard to the work force but are a performance enhancer. The only association with
high postural risks (trunk flexion, overhead reaching and fast repetitive motion) is the critical REBA score 9. The
remaining ergonomic capital should be heavily weighted toward physical workstation reconstruction and kinetic task
modification, not ambient facility upgrades.

The qualitative results from the structured study with the seven packaging operators gave very significant insight into
the floor level reality of the workspace. Interestingly, the physical effort required for the jobs was quite low. Four operators
rated the daily work as “not demanding” (1 out of 5) and only one operator rated it as “very demanding” (5 out of 5) . In
addition, the group only experienced sporadic episodes of acute physical discomfort, with only one operator officially
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reporting localised pain radiating through the neck, shoulders and lower lumbar region. This implies that the
cardiovascular and physical demands of the work alone are probably within the capacity of most of the workers, but the
very repetitive and mechanically uncomfortable position may result in serious localised musculoskeletal injury over time.
When asked, only one operator identified foam spraying as the most stressful procedure. No single task was reported as
too tiring by the rest of the workforce, indicating that at baseline the pace of tasks was generally sustainable. The
preliminary REBA analysis indicated that the workers more often had minor, localised pain in their neck, shoulders and
lower back as shown in the qualitative results in Table 3.

Table 3. Summary of Worker Survey Responses (n=7)

Survey Metric Measurement / Scale Summary of Findings
Perceived Physical 1 (Low) to 5 (High) Average: 1.57 (Four rated '1', one rated '5")
Demand
Most Tiring Task Open-ended Foam spraying (n=1), None/Manageable (n=6)
Discomfort Locations Multiple Choice / Map Neck, Shoulders, Lower Back (Reported by.1 worker)
Eg\;lir;)fr;r;(iag;al Qualitative / 1-5 scale 100% reported adequate lighting, acceptable noise/temp
Key Worker Open-ended Themes Need for tool tray/rack, 5S layout, better PPE for.foam

Suggestions

All operators gave high opinions of the physical surroundings. All respondents agreed that the task lighting was more
than adequate, the acoustic noise was easily tolerated and the localised temperature was comfortable. One operator did
mention a faint smell of chemical foam, but was careful to describe it as non-intrusive. This direct subjective feedback
supports exactly the empirical findings of the environmental evaluation; which shows that the main hazard to the
workforce is the physical geometry of the workstation, not the ambient warehouse environment. The workers also offered
extremely practical suggestions for adjustments at the floor level in grading the existing system. The desire of the
workforce for a dedicated tool tray or storage rack, a more streamlined workstation set<up, and the installation of stringent
post-shift cleaning measures all point to a clear need for increased spatial organization to speed up workflow and get rid
of physical clutter. Finally, workers highlighted very real safety concerns regarding the risk of thermal burns from
expanding foam and terrible difficulty removing cured foam residue from normal clothing, and identified a very urgent
need for improved PPE regulations and specific chemical handling training.- To conclude, the survey data indicate good
management of the ambient environmentand acceptable cardiovascular workload, but a complete ergonomic redesign
should focus on the elimination of awkward body postures, the improvement of the spatial layout of tools, and the rigorous
enforcement of chemical safety procedures to reducelocalised physical discomfort and exposure to hazardous substances.

3.3 Ergonomic interventions

On the basis of detected ergonomic deficiencies a package of targeted redesign choices is proposed with all actions having
a sound biomechanical rationale to increase operator comfort, safety and system efficiency. Use of an adjustable height
industrial worktable completely alleviates the primary problem of excessive forward trunk bending during foam
application. This structural improvement is biomechanically logical, because the main working surface can be adjusted
to the individual user’s resting elbow height (ensuring the correct 90° arm angle). This in turn physically prevents the
operator from extending his trunk beyond the hazardous limit of 20° and is in full accordance with the international
ergonomic’regulations (ISO 6385 section’5.4.3). Similarly, the over physiological strain of extreme overhead reaching
can be negated by transferring the heavy film rolls to a variable height waist to shoulder level glide track. This unique
spatial accommodation prevents the upper arm from rising above 90° immediately eliminating the mechanical catalyst
for chronic shoulder fatigue and repetitive strain injuries, guaranteeing compliance with both NIOSH lifting zone
standards and 1SO.6385 Section 5.4.4. Also, the installation of high-density anti-fatigue matting on the operational floor
is a very cost efficient, and instantly impactful, answer to the tremendous physiological toll static standing takes. These
mats actively promate vascular circulation by micro-movements of lower extremities, greatly diminishing muscle fatigue
of legs and feet during long hours and meet the strict standards of both 1SO 6385 Section 5.5 and OSHA 3123 regulations.
Figure 2 provides a graphic depiction of the proposed redesign concept with these structural enhancements.

The predictive REBA assessment suggests that these ergonomic changes, which are still in the planning stages, are
expected to greatly reduce physical strain. The variable height desk with lowered film roll addresses the most extreme
postures, avoiding excessive forward leaning (lowering trunk score from 2 to 1) and overhead stretching (reducing upper
arm score from 3 to 1). With these changes the predicted REBA score would drop from 9 (high risk) to an acceptable 4
(low/medium risk). The 5S organization and basic tool storage are cheap and very acceptable approaches from the point
of view of possibilities of implementation. The cost of adjustable workstations is a relatively small capital investment but
it is far outweighed by the predicted fall in injury related worker absences in the long term.

All tools and tape dispensers required to handle foam and seal cartons must be relocated to a special tray or rack
securely mounted in the operator's main near-reach area to minimise the dangerous wrist twisting now required to do this.
An effective approach for combating excessive wrist deviation and dangerous arm overextension is to keep these frequent
contact points within a 40-50cm horizontal reach envelope, as well as meeting the spatial design recommendations of ISO
6385 Section 5.6 and the NIOSH ergonomic reach envelope guidelines. Also, the facility will mandate the use and specific
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provision of special Personal Protective Equipment (PPE), namely chemical resistant industrial gloves and protective
aprons, to reduce the above-described risk of volatile foam pouring onto exposed flesh or regular clothing. Using this
intervention greatly reduces the incidence of acute chemical contact injuries, is compliant with the PPE standards of
OSHA and is compatible with the hazard control guidelines of ISO 6385 Section 6.3.

Film rolls | (
lower position

Height-
adjustable
work table

Fatigue Mat

Figure 2. A redesign proposal according to identified issues.

Additionally, the random placement and storage of hand tools has been a concern for the operators, so the layout of
the work area has been completely reorganised using the 5S approach to create highly visual, dedicated work areas for
the tools. This lean manufacturing strategy achieves reduced wasted Kinetic. movement and search time by providing tight
consistency in tool placement and meeting functional workplace /design standards-as defined in 1SO 6385 Section 5.6.
Finally, it is important to have a strict and formalised Standard Operating Procedure (SOP) for the daily post-shift cleaning
of the foam nozzles and work surfaces. This administrative control addresses basic facility cleanliness and significantly
reduces secondary contact hazards from hardened residual foam residue, directly meeting ISO 6385 Section 7 work
system maintenance criteria. This composite matrix of proposed engineering and administrative improvements is
precision engineered to promote a fundamentally safer, highly efficient and deeply comfortable industrial work
environment. The final architectural layout of the optimised work station is shown in Figure 3.

We expect that the deliberate introduction of these science-based ergonomic changes will have profound, measurable
benefits for the larger enterprise, well beyond simple regulatory compliance, and will lead to very tangible improvements
in human health and raw throughput. The optimised architecture of the packaging sequence is shown in Figure 3. The
main advantage of this change in structure is that there is a significant decrease in the chances that the operators will
suffer from serious musculoskeletal disorders, in particular those that destroy the lower lumbar spine, shoulder joints and
wrists, which were pinpointed as the critical risk areas in the baseline REBA assessment. Furthermore, the whole redesign
should result in a dramatic increase in‘labour morale by systematically removing the particular physical pressures which
currently characterise the'shift. That company will demonstrate real financial commitment to the physical complaints
documented by the workforce. This will improve overall job satisfaction and build a highly favourable company culture.
Operationally, better spatial accessibility and less localised muscular fatigue directly translate into faster task execution
and better-quality control. So mathematically, the greater morale of the operators and the drastically reduced physical
strain should result in higher daily yields of output. Moreover, such a highly proactive strategy for injury prevention
through ergonomic capital investments in particular will greatly minimise organisational absenteeism. As the rate of
chronic strain injury decreases, so too will the expense of sick leave payouts and employee turnover rates that disturb the
workplace. Ultimately, these focused re-engineering efforts culminate in stringent compliance of the facility to the most
comprehensive international regulatory standards like the all-encompassing 1SO 6385 paradigm and rigorous OSHA
advisories, thereby /confirming the organization’s perpetual audit-readiness and reaffirming publicly its perpetual
dedication to superior occupational health and safety practices. A considerable amount of epidemiological and industrial
engineering evidence supports the projected outcomes and has shown repeatedly that purposeful, data-driven ergonomic
investments can completely offset the huge long-term financial liabilities of occupational trauma and ongoing worker
replacement [28].

There are some key limitations of this research that need to be recognised. The qualitative results are not generalisable
as the experiment was conducted at one foam packing station with seven operators (n=7). Physical environment was
assessed using basic checklists and no reliable instrument monitoring of noise and lightening. Last but not least, the
planned workstation enhancements are still only on paper. The hoped for cuts in postural strain are only forecasts until
the structural improvements are actually implemented on the shop floor. In an ideal world, future research would take the
next step in physically testing these medicines and measuring their actual long-term success.
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Figure 3. Redesign workstation layout with ergonomic enhancements.

4. Conclusions

This study provides a complete ergonomic evaluation of a specific foam packing workstation in an industrial warehousing
setting. The primary purpose of this study was to discover and to measure .in-depth the deeply embedded ergonomic
dangers that are slowly eroding the physical safety, everyday comfort and general productivity of the active working
force. The technique was quite robust encompassing the concept of Rapid-Entire Body Assessment, detailed
environmental audits and direct structured operator interviews. This combined diagnostic approach provided highly
actionable data, and key areas of structural breakdown. Most notably the workstation scored a high 9 on REBA putting
the operation at the highest risk level for musculoskeletal damage. The disturbing measure required an immediate
comprehensive ergonomic intervention to correct the extremely dangerous-physical behaviours such as constant forward
bending of the operator’s trunk, excessive overhead reaching under load and prolonged static standing on hard concrete
surfaces. Extreme deviations in posture and the physical friction involved in manual material handling were unequivocally
established as the main factors contributing to the acute physiological strain on the workforce, and therefore increasing
the risk of developing disabling work-related musculoskeletal illnesses.

Based on these empirically confirmed risks, a systematic recommendation of a complete matrix of targeted ergonomic
changes was made. The main technical recommendation was the rapid installation of an industrial worktable with height
adjustment to accommodate the very different anthropometric statures of the work force in an effort to neutralise
awkward, injury-inducing trunk postures: Operators who must stand constantly also must employ high density anti-fatigue
matting to actively increase vascular circulation and greatly reduce lower extremity discomfort. It was recommended that
very specific ergonomic training modules be used in parallel to increase conscious understanding of the workforce on
safe biomechanics and good kinetic work practices. Other key interventions included spatially lowering elevated film
rolls, strict enforcement of chemical resistant PPE during foam application and rigorous spatial reorganisation of hand
tools to permanently eliminate severe wrist strain and wasted Kinetic movement. These suggested structural and
administrative solutions have been constructed to comply with elite global ergonomic standards and industry best
practices, closely referencing 1ISO 6385:2016 frameworks, NIOSH biomechanical recommendations, and OSHA safety
laws. Compliance with this regulation implies that the forthcoming plant re-layout will improve significantly the daily
working conditions, ensure long term organisational compliance and secure the ultimate operational sustainability of the
packing line.

The proposed improvements are in line with well-known ergonomic standards such as 1ISO 6385 and NIOSH.
However, this study is essentially a first step in quantifying baseline risks and identifying potential corrective actions.
The actual construction of the new set-up, the experimental tests and the calculation of the subsequent REBA scores are
not included in the scope of this first phase. Now the researchers will test these interventions on the actual manufacturing
floor to see if they do improve productivity, reduce absenteeism and minimise verifiable physical pain.
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