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Work-related musculoskeletal disorders (MSDs) are a persistent problem in
welding, where awkward and prolonged postures elevate ergonomic risks. This
study investigated two common welding postures in a heavy industrial
workshop and aimed to design effective interventions by integrating traditional
observational methods with digital human modeling. Ergonomic risks were
first assessed using the Rapid Entire Body Assessment (REBA) and the Ovako
Working Analysis System (OWAS). The REBA and OWAS analyses identified
the sitting-squatting postures as very high risk, while the standing posture
posed a moderate risk. Anthropometric data were applied in the 3D Static
Strength Prediction Program (3DSSPP) to simulate and evaluate redesign
options. The proposed adjustable workbench successfully reduced the sitting-
squatting posture to a moderate risk category, whereas height modification of
the small lathe provided only marginal improvements for standing posture.
These findings confirm that combining observational analysis with digital
simulation yields more reliable insights for ergonomic redesign. The results
emphasize the need for proactive interventions to reduce MSD risks, improve
worker comfort and enhance productivity in heavy industrial environments.

1. Introduction

With the growth of the industrial sector, concerns

postures and high physical loads [4]-[7]. These
ergonomic risk factors often result in long-term health
issues, reduced productivity and increased

about occupational safety have intensified [1]. Among
these concerns, work-related musculoskeletal disorders
(MSDs) remain one of the most prevalent occupational
health issues globally, especially in industrial sectors
involving physically demanding tasks such as welding,
machining and construction. The Workplace Safety and
Health Institute (WSH) reports approximately 2.78
million annual deaths due to hazardous work
conditions [2]. According to the International Labor
Organization (ILO), MSDs rank second among
occupational diseases, with 160 million cases recorded
worldwide [3].

MSDs are particularly common in construction and
industries, where
workers are exposed to repetitive motion, awkward

heavy equipment maintenance

*Corresponding author:
Email: ika.wahyu@trisakti.ac.id

http:/ /dx.doi.org/10.62870/jiss.v11i2.31507

compensation costs [8], [9]. Therefore, improving
workplace ergonomics through systematic and
evidence-based strategies has become a critical concern
for employers seeking to reduce risks and optimize
conditions.

Body posture assessment methods such as the Rapid
Entire Body Assessment (REBA) and the Ovako
Working Analysis System (OWAS) have been widely
used to identify ergonomic risks and guide
interventions [10], [11]. These tools provide structured
frameworks to evaluate limb angles, postural stress and
movement frequency, offering practical solutions to
reduce MSDs [12], [13]. However, the majority of REBA
applications have been concentrated in manufacturing
(24.18%) and agriculture (21.98%), with limited
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implementation in heavy equipment repair industries
[14].

For instance, REBA and OWAS have been
extensively applied in manufacturing (e.g., roof stick
bending) [15] and agriculture (e.g., essential oil
extraction using motion capture for posture analysis)
[16]. In construction (e.g., dumper operators and
construction workers), these methods have also been
widely used, yet most studies mainly highlight
significant MSD risks without providing proactive
workstation redesign or simulation-based solutions
[17]. In contrast, welding and heavy equipment
maintenance tasks have received less attention and the
majority of existing research remains descriptive [18].

Moreover, although some recent studies have
explored the integration of REBA or OWAS with digital
human modeling, virtual reality or digital twin
frameworks [19], [20], these approaches are still limited.
Most ergonomic studies still rely heavily on
observational methods without digital simulation
support, which reduces their potential for predictive
modeling and proactive design optimization [21], [22],
[23].

To address these gaps, this study integrates REBA
and OWAS observational tools with Virtual Human
Modeling (VHM) using the 3D Static Strength
Prediction Program (3DSSPP) to evaluate and improve
welder postures through simulation. This integrated
approach offers the advantage of identifying existing
risks using traditional methods while also providing a
predictive framework to design and validate ergonomic
interventions prior to physical implementation, thereby
reducing both cost and time. This research contributes
to ergonomic intervention methodologies by:

1. combining traditional and digital ergonomic
assessment methods for comprehensive posture
evaluation,

2. simulating spinal load distribution and evaluating
design iterations before physical implementation,

3. proposing evidence-based workstation
improvements tailored to welding tasks in heavy-
duty settings.

Compared to studies that rely solely on
observational approaches, the integrated use of REBA,
OWAS, VHM and 3DSSPP minimizes observer bias,
provides quantitative biomechanical validation and
enables proactive workstation redesign before
implementation.

2. Material and method

This study employs a quantitative descriptive
research design, focusing on ergonomic risk assessment
and intervention in industrial work environments
involving manual labor tasks. The research integrates
direct observational analysis, ergonomic risk evaluation
and digital human modeling to identify and mitigate
MSDs risks.

279

2.1. Research design and data collection

The study is structured into three main phases:
initial survey, posture assessment and simulation-based
ergonomic redesign. Data were collected through
questionnaires, direct observations, anthropometric
measurements and posture simulation software. An
initial survey using the Nordic Body Map (NBM) was
conducted to identify the primary sources of
musculoskeletal discomfort among workers, guiding
the focus of the subsequent posture assessment. Seven
participants from different job categories (welding and
lathing) were assessed before and after work shifts.
Although only one welder recorded a substantially
higher NBM score compared to other respondents, this
case was selected as a critical case study. The welder’s
task involved repetitive and physically demanding
postures, which consistently generated musculoskeletal
complaints in multiple body regions. This marked
difference in discomfort levels relative to other
operators  provided strong justification  for
concentrating on welding as the most ergonomically
problematic task within the workshop. A critical case
approach ensures that interventions designed for the
highest-risk posture also provide transferable insights
for less extreme conditions.

Direct observations and interviews were conducted
to record key posture-related factors, including angles
of the neck, trunk, legs, upper arms, forearms and
wrists, load and grip factors and movement frequency.
These variables were then analyzed using Rapid Entire
Body Assessment (REBA) and Ovako Working Analysis
System (OWAS). REBA evaluates body posture risks
without requiring highly precise angle measurements.
The method involves scoring two groups (Group A:
neck, trunk, legs; Group B: upper limbs) and combining
them into a composite risk score. This enables the
identification of high-risk postures requiring
intervention [24]. OWAS classifies posture risks based
on back, arm, and leg positions, including load
handling, and provides risk categories based on
frequency and severity [25], [26].

Anthropometric measurements were used to
support ergonomic redesigns. Key body dimensions
(popliteal height, hip width, buttock-popliteal length,
sitting and standing elbow height) were collected using
both primary measurements and Indonesian
anthropometric references. These data were essential
for designing posture-corrective equipment tailored to
workers’ physical characteristics.

2.2. Research design and data collection

To simulate and evaluate the ergonomic impact of
design modifications, the 3D Static Strength Prediction
Program (3DSSPP) developed by the University of
Michigan was utilized [27], [28]. By integrating REBA,
OWAS, anthropometry, and virtual human modeling,
this study provides a comprehensive method for
ergonomic assessment and design optimization. The
findings provide a foundation for implementing



Tasik et al. (2023), Journal Industrial Servicess, vol. 11, no. 2, pp. 278-289, October 2025

ergonomic interventions to reduce the risk of MSDs in
heavy-duty industrial tasks.

3. Results and discussions

This study investigates two welding postures
commonly adopted in heavy-duty repair tasks: a
sitting-squatting position (Posture 1) and a standing
position (Posture 2). Each posture presents different
ergonomic risks depending on the nature of the welding
tasks and workspace constraints. The analysis aims to
determine which posture poses a greater risk of MSDs
and to propose ergonomic improvements based on the
assessment results.

3.1. Initial musculoskeletal discomfort assessment

To identify the primary source of musculoskeletal
discomfort, a preliminary Nordic Body Map (NBM)
survey was conducted before and after work shifts [29].
The NBM survey results are summarized in Table 1.
Respondent 1 (a welder) scored significantly higher
than others, indicating substantial discomfort across
multiple body regions. In contrast, other respondents
working in lathing reported significantly lower scores.
These findings highlight welding as the most
ergonomically problematic task in the workshop,
reinforcing the need for posture-specific ergonomic
analysis. Subsequent sections therefore focus on
welding postures to evaluate ergonomic risks and
develop targeted interventions.

Table 1
The results of the NBM survey.

3.2. Ergonomic assessment of Posture 1

Posture 1 is characterized by a sitting-squatting
position used during precision welding tasks as shown
in Fig. 1. Observations were conducted for one hour.
The REBA assessment evaluated ergonomic factors,
including body angles, load handling, grip conditions
and muscle activity. The assessment factors and
corresponding scores are presented in Table 2.

The REBA assessment for Posture 1 yielded a Group
A score of 9, derived from significant trunk flexion (30°),
neck bending (31°) and an asymmetric leg position. This
score increased to 10 after accounting for a 5 kg load.
Group B scored 7 based on elevated upper arm and
wrist angles and increased to 8 after considering
coupling conditions. The combined C score was 12 and
with an additional point for static muscle activity,
leading to a final score of 13. The result was further
validated using ErgoFellow 3.0 software in order to
ensure the accuracy of the manual assessment [30], [31],
which confirmed the same score. According to the
REBA classification table, this score falls within the >11
range, indicating a risk level of 4, classified as very high
risk [32]. The high REBA score observed in Posture 1 is
consistent with previous findings in manual concrete
block production, where squatting and bending
postures also yielded a REBA score of 11, classified as
very high risk [33]. Workers reported musculoskeletal
complaints in the back, arms, wrists, calves and thighs
due to prolonged static loading in similar postures.

Subject Age Task Total score Category
Respondent 1 31 Welding 45 High
Respondent 2 22 Lathing 7 Low
Respondent 3 24 Lathing 11 Low
Respondent 4 35 Lathing 18 Low
Respondent 5 22 Lathing 9 Low
Respondent 6 20 Lathing 18 Low
Respondent 7 30 Lathing 13 Low

Fig. 1. Posture 1 from: (a) right, (b) rear, and (c) left views.
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Table 2
Factors assessed by REBA for Posture 1.

No.  Factors Identification
1 Neck Forming an angle of 56° and bending 31°
2 Trunk Forming an angle of 30° and bending 8°
3 Legs Forming an angle of 132° with one leg supporting the trunk
4 Load 5 kilograms or 11 Ibs
5 Upper arm Forming an angle of 69° and moving away from the trunk at an angle of 43°
6 Forearm Forming an angle of 102°
7 Wrist Forming an angle of 58° and the palm is turned inward
8 Coupling The rubber on the handle is peeling off
9 Activity Welding in a static state
Table 3
Factors assessed in OWAS for posture 1.
No.  Factors Identification
1 Back Forming an angle of 30°
2 Arms Both arms are under the shoulders
3 Legs Both legs bent in a squatting position
4 Load 5 kilograms or 11 lbs

Fig. 2. Posture 2 (standing) from: (a) right, (b) rear, and (c) left views.

Table 4
Factors assessed by REBA for Posture 2.
No.  Factors Identification
1 Neck Forming an angle of 30° and bending 30°
2 Trunk Forming an angle of 4° and bending 9°
3 Legs Both legs support the trunk
4 Load 5 kilograms or 11 Ibs
5 Upper arm Forming an angle of 11°
6 Forearm Forming an angle of 96°
7 Wrist Forming an angle of 18° and the palm is turned inward
8 Coupling The rubber on the handle is peeling off
9 Activity Welding in a static state
Table 5
Factors assessed in OWAS for posture 2.
No.  Factors Identification
1 Back In the straight position
2 Arms Both arms are under the shoulders
3 Legs Standing on both feet
4 Load 5 kilograms or 11 Ibs
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Table 6
Indonesian anthropometric data [39].

No.  Dimensions 5th 50t 95t
1 Popliteal height 38 43 49
2 Hip width 28 35 43
3 Buttocks popliteal 31 40 48
4 Sitting elbow height 24 32 40
5 Standing elbow height 98 105 113

Fig. 3. Workbench design.

These parallels reinforce that sustained squatting-
bending positions impose considerable ergonomic risks
across different manual industries, validating the
present assessment results. Following the REBA
assessment, the OWAS method was performed to
further classify postural strain. The identified OWAS
assessment factors for Posture 1 are summarized in
Table 3.

The OWAS analysis validated using ErgoFellow 3.0,
produced a posture code of 2-1-5-1, corresponding to a
risk level of 3 (moderate risk). According to the OWAS
assessment table, back and leg positions were classified
as high risk (scores of 3 and 4, respectively), while the
arms were classified as low risk (score of 1) [32]. These
results highlight that while REBA identified very high
overall risk, OWAS emphasized localized high-risk
areas, particularly in the lower limbs and spine. The
alignment of both methods underscores the urgent need
for targeted interventions, including posture
adjustments and workstation redesign to mitigate long-
term MSD risks.

3.3. Ergonomic assessment of Posture 2

Posture 2 corresponds to a standing position
commonly adopted during welding tasks (

Fig. 2). This posture involves prolonged standing
combined with repetitive upper-body movements,
potentially leading to musculoskeletal strain. The REBA
assessment for Posture 2 was conducted to evaluate
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ergonomic risk factors, including body angles, load
handling, grip conditions and muscle activity (Table 4).

The assessment process assigned an initial score of 6
to Group A, which evaluates the neck, trunk and legs,
and a score of 3 to Group B, which focuses on the upper
arm, forearm and wrist. The final C score was recorded
as 6, leading to a Final REBA Score of 7. This score
indicates a moderate ergonomic risk (risk level 2),
suggesting that while Posture 2 does not pose an
immediate danger, prolonged exposure without
corrective  interventions could contribute to
musculoskeletal discomfort. To further evaluate
postural strain in Posture 2, the OWAS was performed.
The assessment focused on key ergonomic factors,
including back, arm, and leg positions, as well as the
load handled by welders. The identified OWAS
assessment factors are summarized in Table 5.

The manual OWAS analysis assigned a posture code
of 1-1-2-1, corresponding to risk level 1, which is
classified as low-risk. According to the OWAS
classification, risk scores by body region were back =1
(low), arms =1 (low) and legs = 2 (moderate) [32]. The
ErgoFellow 3.0 validation confirmed identical results.
This classification indicates a normal posture with no
significant impact on the musculoskeletal system. The
relatively low risk for Posture 2 is attributed to neutral
spine alignment, balanced bilateral foot support and
minimal trunk flexion, all of which reduce lumbar
compression forces.

A comparison with previous literature provides
additional context for interpreting the ergonomic risk
classification of Posture 2 in the present study. As
reported in [34], novice welders in a Malaysian
technical institution exhibited an average REBA score of
9, classified as a high-risk category, primarily due to
trunk flexion, neck bonding and varied lower limb
positions observed during standing welding tasks.

In contrast, the standing posture assessed as Posture
2 in this study recorded a REBA score of 7, classified as
moderate risk. The lower score is supported by the
quantitative measurements presented in Table 4, which
show minimal trunk flexion with slight bending,
balanced bilateral foot support and moderate neck
flexion. Upper limb angles and a light load of 5 kg
further reduced physical demand. These favourable
ergonomic factors collectively minimized lumbar
compression forces and musculoskeletal strain,
explaining the moderate risk classification compared to
the higher-risk standing welding postures reported in
[34].

Results from related research further indicate that
even moderate-risk postures can contribute to
musculoskeletal strain, when tasks are prolonged and
repetitive [35]. Welders in that study exhibit high
prevalence rates of lower back, shoulder and wrist pain,
with significant associations between elevated REBA
scores and self-reported discomfort. Additional risk
factors such as long working hours and lack of physical
activity exacerbated these outcomes, while protective
factors included work-rest breaks and higher job
satisfaction. This evidence suggests that although
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Posture 2 demonstrates a reduced risk profile compared
to previously reported standing welding postures,
preventive ergonomic strategies remain essential to
mitigate the long-term progression of work-related
MSDs [36].

3.4. Ergonomic intervention and design evaluation

To mitigate the identified risks, a series of ergonomic
interventions and design modifications was proposed
and evaluated. For Posture 1, the primary target areas
for posture improvement include the neck, trunk,
forearms, wrists, and feet. The primary objective is to
shift from a sitting-squatting to a proper sitting posture,
which has been shown to reduce leg strain, minimize
energy expenditure and improve blood circulation.
Research suggests that working in a sitting position is
preferable for tasks requiring precision and prolonged
durations [37]. The seat design must allow variations in
posture to accommodate movement flexibility [38].

A customized workbench was designed using
Indonesian anthropometric data (Table 6) [39], ensuring
comfort, safety, and ergonomic practicality for
prolonged use (2-6 hours per component) (Fig. 3). The
bench height is determined based on the popliteal
height of P50, while width and length are designed
based on shoulder width and buttocks-popliteal
distance using the large percentile (I’95).

A proper worktable is also necessary to compensate
for height variations when working in a sitting position.
Sitting elbow height and popliteal height were used as
references to design an optimal table height, tested
through three percentile-based experimental heights:
small percentile (62 cm), middle percentile (75 cm), and
large percentile (89 cm).

The 3D Static Strength Prediction Program (3DSSPP)
human model simulation confirmed that a table height
of 75 cm provides the most natural body positioning, as
seen in Fig. 4. The final worktable dimensions are 100
cm in length and 50 cm in width, constructed from
metal or steel to withstand heavy loads (Fig. 5).

After implementation, the redesigned workstation
successfully reduced the REBA score to 6 (moderate
risk, level 2) and the OWAS code to 1-1-1-1 (low risk,
level 1). The 3DSSPP analysis validated this
improvement, indicating an L4/L5 spinal load of 1789
N, which falls within the safe category. The design
optimization of an excavator driver cabin in [40], which
included adjustments based on anthropometric data,
resulted in a reduction of REBA scores, supporting the
effectiveness of this intervention.

For Posture 2, improvements focused on adjusting
the height of the small lathe, a primary workspace for
standing welders. Using the standing elbow height
from the middle percentile (P50) of 105 cm, the small
lathe was raised by 5 cm from its previous height of 100
cm. The new height of 105 cm better aligns with
ergonomic requirements. The human model simulation
confirmed improved posture ergonomics (Fig. 6).
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Fig. 4. Worktable height simulation: (a) 62, (b) 75 and (c) 89 cm.

Fig. 5. Workbench design.

This adjustment resulted in a reduced REBA score of
5 (moderate risk, level 2) and the OWAS code to 1-1-2-1
(low risk, level 1). The 3DSSPP analysis validated this
improvement, indicating an L4/L5 spinal load of 1100
N (112 kg), which falls within the safe category.
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)

Fig. 6. Posture 2 improvement simulation.

Table 7
Anthropometric data for welders.

Anthropometric data Dimensions (cm)

Popliteal Height 47

Hip Width 52

Buttocks-popliteal 51

Sitting Elbow Height 28

Standing Elbow Height 105
e <

(b)

Fig. 7. Adjustable workbench for welders: (a) isometric view and (b)
front view.

In addition to Indonesian anthropometric data,
actual measurements of the welders were collected for
better customization (Table 7). Compared to standard
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Indonesian anthropometry, welders exhibited larger
dimensions, particularly in popliteal height, hip width,
and buttocks-popliteal distance (4 cm larger than
standard data). These deviations have direct
implications for workbench ergonomics, as a fixed-
height bench would not accommodate the full range of
body sizes, potentially increasing awkward postures
and localized muscle strain. To address this, a
hydraulic-adjustable bench with a height range of 38-49
cm was proposed (Fig. 7). This configuration allows
each user to adjust the bench height relative to their own
popliteal and elbow height, thereby maintaining
optimal elbow-table angles and reducing trunk flexion.

The hydraulic mechanism enables smooth and
precise vertical movement by applying fluid pressure,
allowing operators to finely set the seat height with
minimal effort and high accuracy, without interrupting
workflow. Hydraulics systems are widely recognized
for their precision and control, which are critical in
adjustable benches and ergonomic seats [41].
Hydraulics were selected over mechanical systems
because they provide stable positioning, durability
under heavy industrial use and ease of fine-tuning,
making them more reliable in demanding
environments [42]. These qualities ensure that welders
can quickly adapt the bench to their body dimensions
and working posture, improving both comfort and
safety [43].

Studies on user-furniture interaction found that
ergonomic features such as adjustable seat height
significantly enhance comfort and reduce muscle strain
when customized to an individual’s anthropometric
profile [44]. Specifically, adjustable seat height reduced
thigh pressure by 8.5% over prolonged periods, while
maintaining postural stability and long-term usability
through dynamic positioning. Adjustable designs also
support dynamic postures, which are more effective in
sustaining comfort and reducing fatigue than static
positions. Previous ergonomic design studies in office
settings also emphasize that adjustable features are
critical for enhancing user comfort and reducing strain
when tailored to anthropometric data [45]. These
findings reinforce the universal importance of
adjustability and support the adoption of a hydraulic-
adjustable design for welding workstations where tasks
last several hours.

3.5. Preventing MSDs injuries

The primary strategy for preventing MSDs is the
implementation of the redesigned workbench and
seating system. This workstation was specifically
developed to minimize awkward postures, reduce
static loads and accommodate a wider range of worker
anthropometry. To ensure maximum effectiveness, the
redesigned table is integrated with a structured
standard operating procedure (SOP) that combines
engineering controls with participatory ergonomics
[46], [47], behavioural safety [48] and continuous
monitoring [49]. The proposed SOP is described as
follows:
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1. Early symptom reporting: workers are encouraged
to report any discomfort promptly. The redesigned
workbench, which incorporates adjustable height
and seating support, makes it easier to identify
whether improper adjustment contributes to
symptoms [50]. Coupled with structured safety
training and a positive reporting culture [51], early
detection helps prevent minor discomfort from
developing into chronic MSDs.

2. Supervisor inspection and anthropometric
adjustment: supervisors are responsible for
ensuring that the workbench height, seating angle
and footrest are adjusted to match each worker’s
anthropometry. Since the redesigned workstation is
adjustable, proactive fitting reduces exposure to
risk factors and has been shown to lower injury
rates [52], [53].

3. Corrective measures: when symptoms or postural
deviations are detected, corrective actions such as
posture guidance and workstation reconfiguration
are implemented [54]. The redesigned table allows
quick modification of surface height and tool
placement, reducing forward bending and shoulder
elevation, two key contributors to MSDs.

4. Monitoring the progression of symptoms: digital
tools and standardized instruments are employed
to track worker conditions [55]. The redesigned
workbench layout provides sufficient clearance and
sensor-mounting  options  [56],  supporting
continuous monitoring of posture and workload.

5. Medical examinations: when symptoms persist
despite workstation adjustments, a medical
assessment is conducted [51]. Data from the
adjustable workstation settings assist in identifying
whether specific postures or loads are linked to
worker discomfort, enabling more targeted clinical
interventions.

6. Documentation and continuous improvement: in
which diagnosis records are systematically utilized
to refine workstation design, update training
modules and sustain a feedback loop for long-term
prevention [57].

3.6. Managerial implications and future research

This study offers clear managerial implications for
heavy industrial settings. The integrated use of
traditional ergonomic tools with digital human
modeling provides a robust methodology for
identifying and proactively addressing occupational
risks. The significant reduction in MSDs risk for the
sitting-squatting posture, as validated by both
observational and simulation methods, provides a
strong, quantifiable business case for investing in
ergonomic workstations. This approach shifts safety
from a reactive measure to a proactive strategy that can
enhance worker well-being, increase productivity, and
potentially reduce compensation costs.

From an economic perspective, investment in
ergonomic workstations can yield long-term savings by
reducing the incidence of MSD-related injuries, thereby

lowering compensation claims, absenteeism and
medical expenses. At the same time, improved comfort
and safety are expected to enhance productivity and
work quality, making such interventions a cost-effective
strategy for industrial settings.

The validity of the simulation is supported by the
well-established reliability of the 3DSSPP, developed by
the University of Michigan [58]. 3DSSPP has been
extensively applied in industrial ergonomics research
and validated against empirical biomechanical data,
particularly for predicting spinal loads, joint moments
and postural stresses. Its ability to replicate realistic
human postures and estimate physiological responses
provides a strong justification for its use as a valid tool
to support the redesign of welding workstations in this
study.

A key limitation of this study is its small sample size,
especially for the initial NBM survey and
anthropometric data collection. Future research should
expand the study to a larger population and other
industrial sectors to validate the generalizability of
these findings. It would also be valuable to conduct a
longitudinal study to measure the long-term impact of
these ergonomic interventions on worker health and
productivity. Beyond these methodological extensions,
future studies may also explore advanced technological
integrations such as wearable posture sensors and
digital monitoring systems, which would enable real-
time risk detection, proactive intervention and further
optimization of ergonomic practices in dynamic
industrial settings.

4. Conclusions

This study examined the persistent ergonomic risks
associated with welding activities, where specific
postures were identified as contributing significantly to
musculoskeletal ~discomfort. By applying both
observational and digital simulation methods, the
research identified the source of ergonomic strain and
proposed evidence-based solutions. The redesign of the
workstation demonstrated the value of anthropometry-
driven modifications, enabling safer postures through
an adjustable workbench and improved seating. For
standing tasks, height adjustments of equipment
offered measurable improvements in postural safety,
showing that relatively simple engineering controls can
yield meaningful ergonomic benefits. Beyond technical
modifications, this study emphasized the integration of
ergonomic interventions within a structured prevention
framework. The proposed SOP, covering early
symptom reporting, supervisor-led workstation
adjustments, corrective actions, systematic monitoring,
medical referral and continuous documentation,
ensures that risk reduction is sustained through
organizational practices.

From a managerial perspective, these findings
demonstrate that proactive ergonomic investment
reduces MSDs, enhances worker health and lowers
costs related to injury claims.
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Future research should validate these results with
larger-scale data while exploring the integration of
wearable posture sensors and digital monitoring for
early detection and prevention.
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Work-related musculoskeletal disorders (MSDs) are a persistent problem in
welding, where awkward and prolonged postures elevate ergonomic risks. This
study investizated two common welding postures in a heavy industrial
workshop and aimed to design effective interventions by integrating traditional
observational methods with digital human modeling. Ergonomic ricks were
first assessed using the Rapid Entire Body Assessment (REBA) and the Ovako

Wyﬁ: Working Analysis System (OWAS). The REBA and OWAS analyses identified
REBA the sitting-squatting postures as very high risk, while the standing posture
OWAS posed a moderate risk. Anthropometric data were applied in the 3D Static

Strength Prediction Program (3DSSPP] to simulate and evaluate redesign
options. The proposed adjustable workbench successfully reduced the sitting-
squatting posture to a moderate risk category, whereas height modification of
Editor: the small lathe provided only marginal improvements for standing posture.
Bobby Kurniawan Thesa findings confirm that combining observational analysis with digital
Publidher's note: simulation yields more reliable insights for ergonomic redesign. The results
The publisher remains neutral regarding emphasize the need for proactive interventions to reduce MSD risks, improve

jurisdictional claims in published maps and worker comfort and enhance productivity in heavy industrial environments,
institutional affiliations, while the author(s)

bear sole responsibility for the accuracy of

content and any legal implications

Virtual human modeling
Posture improvement

1. Introduction

With the growth of the industrial sector, concerns
about occupational safety have intensified [1]. Among
these concerns, work-related musculoskeletal disorders
(MSDs) remain one of the most prevalent occupational
health issues globally, especially in industrial sectors
involving physically demanding tasks such as welding,
machining and construction. The Workplace Safety and
Health Institute (WSH) reports approximately 2.78
million annual deaths due to hazardous work
conditions |2]. According to the International Labor
Organization (ILO), MSDs rank second among
occupational diseases, with 160 million cases recorded
worldwide [3].

MSDs are particularly common in construction and
heavy equipment maintenance industries, where
workers are exposed to repetitive motion, awkward

*Corresponding author:
Email; ikawahyu@irizaktiacid

bt/ fdxdoiong/ 1062870/ iss.v112.31507

postures and high physical loads [4]-[7] These
ergonomic risk factors often result in long-term health
issues, reduced productivity and  increased
compensation costs [5], [Y]. Therefore, improving
workplace ergonomics through systematic and
evidence-based strategies has become a critical concern
for employers seeking to reduce risks and optinmize
conditions.

Body posture assessment methods such as the Rapid
Entire Body Assessment (REBA) and the Ovako
Working Analysis System (OWAS) have been widely
used to identify ergonomic risks and guide
interventions [10], [11]. These tools provide structured
frameworks to evaluate limb angles, postural stress and
movement frequency, offering practical solutions to
reduce MSDs [12], [13]. However, the majority of REBA
applications have been concentrated in manufacturing
(24.18%) and agriculture (21.98%), with limited

Joumal Industrial Servicess is licensed under| o
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implementation in heavy equipment repair industries
[14].

For instance, REBA and OWAS have been
extensively applied in manufacturing (e.g., roof stick
bending) [15] and agriculture (e.g., essential oil
extraction using motion capture for posture analysis)
[16]. In construction (e.g., dumper operators and
construction workers), these methods have also been
widely used, yet most studies mainly highlight
significant MSD risks without providing proactive
workstation redesign or simulation-based solutions
[17]. In contrast, welding and heavy eguipment
maintenance tasks have received less attention and the
majority of existing research remains descriptive [15].

Moreover, although some recent studies have
explored the integration of REBA or OWAS with digital
human modeling, wvirtual reality or digital twin
frameworks [19], [20], these approaches are still limited.
Most  ergonomic studies still rely heavily on
observational methods without digital simulation
support, which reduces their potential for predictive
modeling and proactive design optimization [21], [22],
[23].

To address these gaps, this study integrates REBA
and OWAS observational toals with Virtual Human
Modeling (VHM) using the 3D Static Strength
Prediction Program (3DSSPP) to evaluate and improve
welder postures through simulation. This integrated
approach offers the advantage of identifying existing
risks using traditional methods while also providing a
predictive framework to design and validate ergonomic
interventions prior to physical implementation, thereby
reducing both cost and time. This research contributes
to ergonomic intervention methodologies by:

1. combining traditional and digital ergonomic
assessment methods for comprehensive posture
evaluation,

2. simulating spinal load distribution and evaluating
design iterations before physical implementation,

3. proposing evidence-based workstation
improvements tailored to welding tasks in heavy-
duty settings.

Compared to studies that rely solely on
observational approaches, the integrated use of REBA,
OWAS, VHM and 3D55PP minimizes observer bias,
provides quantitative biomechanical validation and
enables proactive workstation redesign before
implementation.

2. Material and method

This study employs a quantitative descriptive
research design, focusing on ergonomic risk assessment
and intervention in industrial work environments
involving manual labor tasks. The research integrates
direct observational analysis, ergonomic risk evaluation
and digital human modeling to identify and mitigate
MSDs risks.

2.1. Research design and data collection

The study is structured into three main phases:
initial survey, posture assessment and simulation-based
ergonomic redesign. Data were collected through
questionnaires, direct observations, anthropometric
measurements and posture simulation software. An
initial survey using the Nordic Body Map (NBM) was
conducted to identify the primary sources of
musculoskeletal discomfort among workers, guiding
the focus of the subsequent posture assessment. Seven
participants from different job categories (welding and
lathing) were assessed before and after work shifts.
Although anly one welder recorded a substantally
higher NBM score compared to other respondents, this
case was selected as a critical case study. The welder's
task involved repetitive and physically demanding
postures, which consistently generated musculoskeletal
complaints in multiple body regions. This marked
difference in discomfort levels relative to other
operators  provided strong  justification  for
concentrating on welding as the most ergonomically
problematic task within the workshop. A critical case
approach ensures that interventions designed for the
highest-risk posture also provide transferable insights
for less extreme conditions.

Direct observations and interviews were conducted
to record key posture-related factors, including angles
of the neck, trunk, legs, upper arms, forearms and
wrists, load and grip factors and movement frequency.
These variables were then analyzed using Rapid Entire
Body Assessment (REBA) and Ovako Working Analysis
System (OWAS). REBA evaluates body posture risks
without requiring highly precise angle measurements.
The method involves scoring two groups (Group A:
neck, trunk, legs; Group B: upper limbs) and combining
them into a composite risk score. This enables the
identification of high-risk postures requiring
intervention [24]. OWAS classifies posture risks based
on back, arm, and leg positions, including load
handling, and provides risk categories based on
frequency and severity [25], [26].

Anthropometric measurements were used to
support ergonomic redesigns. Key body dimensions
(popliteal height, hip width, buttock-popliteal length,
sitting and standing elbow height) were collected using
both primary measurements and Indonesian
anthropometric references. These data were essential
for designing posture-corrective equipment tailored to
workers’ physical characteristics.

2.2. Research design and data collection

To simulate and evaluate the ergonomic impact of
design modifications, the 3D Static Strength Prediction
Program (3DSSPP) developed by the University of
Michigan was utilized [27], [28]. By integrating REBA,
OWAS, anthropometry, and virtual human modeling,
this study provides a comprehensive method for
ergonomic assessment and design optimization. The
findings provide a foundation for implementing
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ergonomic interventions to reduce the risk of MSDs in
heavy-duty industrial tasks.

3. Results and discussions

This study investigates two welding postures
commonly adopted in heavy-duty repair tasks: a
sitting-squatting position (Posture 1) and a standing
position (Posture 2). Each posture presents different
ergonomic risks depending on the nature of the welding
tasks and workspace constraints. The analysis aims to
determine which posture poses a greater risk of MSDs
and to propose ergonomic improvements based on the
assessment results,

3.1 Initial musculoskeletal discomfort assessment

To identify the primary source of musculoskeletal
discomfort, a preliminary Nordic Body Map (NBM)
survey was conducted before and after work shifts [29].
The NBM survey results are summarized in Table 1.
Respondent 1 (a welder) scored significantly higher
than others, indicating substantial discomfort across
multiple body regions. In contrast, other respondents
working in lathing reported significantly lower scores.
These findings highlight welding as the most
ergonomically problematic task in the workshop,
reinforcing the need for posture-specific ergonomic
analysis. Subsequent sections therefore focus on
welding postures to evaluate ergonomic risks and
develop targeted interventions.

Tablel
The results of the NEM survey.

3.2. Ergonomic assessment of Posture 1

Posture 1 is characterized by a sitting-squatting
position used during precision welding tasks as shown
in Fig. 1. Observations were conducted for one hour.
The REBA assessment evaluated ergonomic factors,
including body angles, load handling, grip conditions
and muscle activity. The assessment factors and
corresponding scores are presented in Table 2.

The REBA assessment for Posture 1 yielded a Group
A score of 9, derived from significant trunk flexion (307),
neck bending (31°) and an asymmetric leg position. This
score increased to 10 after accounting for a 5 kg load.
Group B scored 7 based on elevated upper arm and
wrist angles and increased to 8 after considering
coupling conditions. The combined C score was 12 and
with an additional point for static muscle activity,
leading to a final score of 13. The result was further
validated using ErgoFellow 3.0 software in order to
ensure the accuracy of the manual assessment [30], [31],
which confirmed the same score. According to the
REBA classification table, this score falls within the >11
range, indicating a risk level of 4, classified as very high
risk [32]. The high REBA score observed in Posture 1 is
consistent with previous findings in manual concrete
block production, where squatting and bending
postures also yielded a REBA score of 11, classified as
very high risk [33]. Workers reported musculoskeletal
complaints in the back, arms, wrists, calves and thighs
due to prolonged static loading in similar postures.

Subject Age Task Total score Category
Respondent1 31 Welding 45 High
Respondent 2 2 Lathing 7 Low
Respondent 3 24 Lathing 1 Low
Respondent 4 35 Lathing 18 Low
Respondent 5 22 Lathing 9 Low
Respondent 6 20 Lathing 18 Low
Respondent 7 30 Lathing 13 Low

Fig, 1. Posture 1 frome: (a) right, (b) rear, and (c) left views.
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Table2

Tactors assessed by REBA for Posture 1.

No. - Factors Identification
1 MNeck Forming an angle of 56° and bending 31°
2 Trunk Forming an angle of 30° and bending &°
3 Legs Forming an angle of 132° with one leg supporting the trunk
4 Toad 5 kilograms or 11 |hs
5 Upper arm Forming an angle of 69 and moving away from the trunk atan angle of 43°
& Forearm Forming an angle of 102°
7 Wiist Forming an angle of 587 and the palm is turned inward
8 Coupling The rubber on the handle is peeling off
9 Activity Welding in a static state
Table3

Factors assessed in OW AS for posture 1.

No.  Factors Identification

1 Back Forming an angls of 30°

2 Arms Both arms are under the shoulders

3 Legs Both legs bent ina squatting position
4 Load 5 kilograms or 11 |bs

(b) ()

Fig. 2. Posture 2 (standing) from: (a) right, (b) rear, and (<) left views.

Table 4

Factors assessed by REBA for Fosture 2.

No.  TFactors Identification
1 Neck Forming an angle of 30° and bending 30°
2 Trunk Forming an angle of 4° and bending 9°
3 Legs Both legs support the trunk
4 Load 5 kilograms or 11 bs
5 Upper arm Forming an angle of 11°
&) Forearm Forming an angle of 96°
7 Wrist Forming an angle of 187 and the palm is turned inward
8 Coupling The rubber on the handle is peeling off
2 Activity Welding in a static state
Table5

Factors assessad in OW AS for posture 2

No. Factors Identification

1 Back In the straight position

2 Arms Both arms are under the shoulders
3 Legs Standing on both feet

4 Load 5 kilograms or 11 lbs
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Table 6
Indonesian anthropometric data [39].

No.  Dimensicns o LU
1 Popliteal height 38 43 49
2 Hip width 28 a5 43
3 Buttocks popliteal 31 40 48
4 Sitting elbow height 24 a2 40
5 Standing elbow height a8 105 113

\L

Fig. 3. Workbench design.

These parallels reinforce that sustained squaltting-
bending positions impose considerable ergonomic risks
across different manual industries, wvalidating the
present assessment rtesults. Following the REBA
assessment, the OWAS method was performed to
further classify postural strain. The identified OWAS
assessment factors for Posture 1 are summarized in
Table 5.

The OWAS analysis validated using ErgoFellow 3.0,
produced a posture code of 2-1-5-1, corresponding to a
risk level of 3 (moderate risk). According to the OWAS
assessment table, back and leg positions were classified
as high risk (scores of 3 and 4, respectively), while the
arms were classified as low risk (score of 1) [32]. These
results highlight that while REBA identified very high
overall risk, OWAS emphasized localized high-risk
areas, particularly in the lower limbs and spine. The
alignment of both methods underscores the urgentneed
for targeted interventions, including posture
adjustments and workstation redesign to mitigate long-
term MSD risks.

3.3. Ergonomic assessment of Posture 2

Posture 2 corresponds to a standing position
commonly adopted during welding tasks (

Fig. 2), This posture involves prolonged standing
combined with repetitive upper-body movements,
potentially leading to musculoskeletal strain. The REBA
assessment for Posture 2 was conducted to evaluate

ergonomic risk factors, including body angles, load
handling, grip conditions and muscle activity (Table 4).

The assessment process assigned an initial score of 6
to Group A, which evaluates the neck, trunk and legs,
and a score of 3 to Group B, which focuses on the upper
arm, forearm and wrist. The final C score was recorded
as 6, leading to a Final REBA Score of 7. This score
indicates a moderate ergonomic risk (risk level 2),
suggesting that while Posture 2 does not pose an
immediate danger, prolonged exposure without
corrective  interventions  could  contribute  to
musculoskeletal discomfort. To  further evaluate
postural strain in Posture 2, the OWAS was performed.
The assessment focused on key ergonomic factors,
including back, arm, and leg positions, as well as the
load handled by welders. The identified OWAS
assessment factors are summarized in Table 5,

The manual OW AS analysis assigned a posture code
of 1-1-2-1, corresponding to risk level 1, which is
classified as low-risk. According to the OWAS
classification, risk scores by body region were back = 1
(low), arms =1 (low) and legs = 2 (moderate) [32]. The
ErgoFellow 3.0 validation confirmed identical results.
This classification indicates a normal posture with no
significant impact on the musculoskeletal system. The
relatively low risk for Posture 2 is attributed to neutral
spine alignment, balanced bilateral foot support and
minimal trunk flexion, all of which reduce lumbar
compression forces.

A comparison with previous literature provides
additional context for interpreting the ergonomic risk
classification of Posture 2 in the present study. As
reported in  [34], novice welders in a Malaysian
technical institution exhibited an average REBA score of
9, classified as a high-risk category, primarily due to
trunk flexion, neck bonding and varied lower limb
positions observed during standing welding tasks.

In contrast, the standing posture assessed as Posture
2in this study recorded a REBA score of 7, classified as
moderate risk. The lower score is supported by the
quantitative measurements presented in Table 4, which
show minimal trunk flexion with slight bending,
balanced bilateral foot support and moderate neck
flexion. Upper limb angles and a light load of 5 kg
further reduced physical demand. These favourable
ergonomic  factors collectively minimized lumbar
compression forces and musculoskeletal  strain,
explaining the moderate risk classification compared to
the higher-risk standing welding postures reported in
[34].

Results from related research further indicate that
even moderaterisk postures can contribute to
musculoskeletal strain, when tasks are prolonged and
repetitive [35]. Welders in that study exhibit high
prevalence rates of lower back, shoulder and wrist pain,
with significant associations between elevated REBA
scores and self-reported discomfort. Additional risk
factors such as long working hours and lack of physical
activity exacerbated these outcomes, while protective
factors included work-rest breaks and higher job
satisfaction. This evidence suggests that although
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Posture 2 demonstrates a reduced risk profile compared
to previously reported standing welding postures,
preventive ergonomic strategies remain essential to
mitigate the long-term progression of work-related

MSDs [36].
3.4, Ergonomic inferoention and design evaluation

Tomitigate the identified risks, a series of ergonomic
interventions and design modifications was proposed
and evaluated. For Posture 1, the primary target areas
for posture improvement include the neck, trunk,
forearms, wrists, and feet. The primary objective is to
shift from a sitting-squatting to a proper sitling posture,
which has been shown to reduce leg strain, minimize
energy expenditure and improve blood circulation.
Research suggests that working in a sitting position is
preferable for tasks requiring precision and prolonged
durations [37]. The seat design must allow variations in
posture to accommodate movement flexibility [35].

A customized workbench was designed using
Indonesian anthropometric data (Table 6) [39], ensuring
comfort, safety, and ergonomic practicality for
prolonged use (2-6 hours per component) (Fig. 3). The
bench height is determined based on the popliteal
height of P50, while width and length are designed
based on shoulder width and buttocks-popliteal
distance using the large percentile (P95).

A proper worktable is also necessary to compensate
for height variations when working in a sitting position.
Sitting elbow height and popliteal height were used as
references to design an optimal table height, tested
through three percentile-based experimental heights:
small percentile (62 cm), middle percentile (75 cm), and
large percentile (89 cm).

The 3D Static Strength Prediction Program (3DSSPP)
human model simulation confirmed that a table height
of 75 em provides the most natural body positioning, as
seen in Fig. 4. The final worktable dimensions are 100
cm in length and 50 cm in width, constructed from
metal or steel to withstand heavy loads (Fig. 5).

After implementation, the redesigned workstation
successfully reduced the REBA score to 6 (moderate
risk, level 2) and the OWAS code to 1-1-1-1 (low risk,
level 1). The 3DSSPP  analysis validated this
improvement, indicating an L4/L5 spinal load of 1789
N, which falls within the safe category. The design
optimization of an excavator driver cabin in [40], which
included adjustments based on anthropometric data,
resulted in a reduction of REBA scores, supporting the
effectiveness of this intervention.

For Posture 2, improvements focused on adjusting
the height of the small lathe, a primary workspace for
standing welders. Using the standing elbow height
from the middle percentile (P50) of 105 e¢m, the small
lathe was raised by 5 cm from its previous height of 100
cm. The new height of 105 cm better aligns with
ergonomic requirements. The human model simulation
confirmed improved posture ergonomics (Fig. 6).

M

(a)

()

Fig. 4. Worktable height simulation: (a) 62, (b) 75 and (c) 89 cm.

Fig. 5. Workbench design.

This adjustment resulted ina reduced REBA score of
5 (moderate risk, level 2) and the OWAS code to 1-1-2-1
(low risk, level 1), The 3DSSPP analysis validated this
improvement, indicating an L4/L5 spinal load of 1100
N (112 kg), which falls within the safe category.
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Fig. 6. Posture 2 improvement simulation.

Table 7
Anthropometric data for welders.

Anthropometric data Dimensions jcm)
Popliteal Height 47
Hip Width 52
Buttocks-popliteal 51
Sitting Elbow IHeight 28
Standing Elbow Height 105

- -

(b)

Fig. 7, Adjustable workbench for welders: (a) isometric view and (b)
front view.

In addition to Indonesian anthropometric data,
actual measurements of the welders were collected for
better customization (Table 7). Compared to standard

Indonesian anthropometry, welders exhibited larger
dimensions, particularly in popliteal height, hip width,
and buttocks-popliteal distance (4 cm larger than
standard data). These deviations have direct
implications for workbench ergonomics, as a fixed-
height bench would not accommodate the full range of
body sizes, potentially increasing awkward postures
and localized muscle strain. To address this, a
hydraulic-adjustable bench with a height range of 38-49
cm was proposed (Fig. /). This configuration allows
eachuser to adjust the bench height relative to their own
popliteal and elbow height, thereby maintaining
optimal elbow-table angles and reducing trunk flexion.

The hydraulic mechanism enables smooth and
precise verfical movemen! by applying fluid pressure,
allowing operators to finely set the seat height with
minimal effort and high accuracy, without interrupting
workflow. Hydraulics systems are widely recognized
for their precision and control, which are critical in
adjustable benches and ergonomic seats [41].
Hydraulics were selected over mechanical systems
because they provide stable positioning, durability
under heavy industrial use and ease of fine-tuning,
making them more 1reliable in demanding
environments [47]. These qualities ensure that welders
can quickly adapt the bench to their body dimensions
and working posture, improving both comfort and
safety [43].

Studies on user-furniture interaction found that
ergonomic features such as adjustable seat height
significantly enhance comfort and reduce muscle strain
when customized to an individual’s anthropometric
profile [44]. Specifically, adjustable seat height reduced
thigh pressure by 85% over prolonged periods, while
maintaining postural stability and long-term usability
through dynamic positioning. Adjustable designs also
support dynamic postures, which are more effective in
sustaining comfort and reducing fatigue than static
positions. Previous ergonomic design studies in office
settings also emphasize that adjustable features are
critical for enhancing user comfort and reducing strain
when tailored to anthropometric data [45]. These
findings reinforce the universal importance of
adjustability and support the adoption of a hydraulic-
adjustable design for welding workstations where tasks
last several hours.

3.5, Preventing MSDs injuries

The primary strategy for preventing MSDs is the
implementation of the redesigned workbench and
seating system. This workstation was specifically
developed to minimize awkward postures, reduce
static loads and accommodate a wider range of worker
anthropometry. To ensure maximum effectiveness, the
redesigned table is integrated with a structured
standard operating procedure (SOP) that combines
engineering controls with participatory ergonomics
[46], [47]. behavioural safety [483] and continuous
monitoring [49]. The proposed SOP is described as
follows:
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1. Early symptom reporting: workers are encouraged
to report any discomfort promptly. The redesigned
workbench, which incorporates adjustable height
and seating support, makes it easier to identify

improper adjustment contributes to
symptoms [50]. Coupled with structured safety
training and a positive reporting culture [51], early
detection helps prevent minor discomfort from
developing into chronic MSDs.

Supervisor  inspection and  anthropometric

adjustment: supervisors are responsible for

ensuring that the workbench height, seating angle
and footrest are adjusted to match each worker's
anthropometry. Since the redesigned workstation is
adjustable, proactive fitting reduces exposure to
risk factors and has been shown to lower injury

rates [52], [53].

3. Corrective measures: when symptoms or postural
deviations are detected, corrective actions such as
posture guidance and workstation reconfiguration
are implemented [54]. The redesigned table allows
quick madification of surface height and tool
placement, reducing forward bending and shoulder
elevation, two key contributors to MSDs.

4. Monitoring the progression of symptoms: digital

whether

12

tools and standardized instruments are employed
to track worker conditions [55]. The redesigned
workbench layout provides sufficient clearance and
sensor-mounting  options  [56],  supporting
continuous monitoring of posture and workload.

5. Medical examinations: when symptoms persist
despite workstation adjustments, a medical
assessment is conducted [51]. Data from the
adjustable workstation settings assist in identifying
whether specific postures or loads are linked to
worker discomfort, enabling more targeted clinical
interventions.

6. Documentation and continuous improvement: in
which diagnosis records are systematically utilized
to refine workstation design, update training
modules and sustain a feedback loop for long-term
prevention [57].

3.6. Managerial implications and future research

This study offers clear managerial implications for
heavy industrial settings. The integrated use of
traditional ergonomic tocls with digital human
modeling provides a robust methodology
identifying and proactively addressing occupational
risks. The significant reduction in MSDs risk for the
siting-squatting posture, as validated by both
observational and simulation methods, provides a
strong, quantifiable business case for investing in
ergonomic workstations. This approach shifts safety
from a reactive measure to a proactive strategy that can
enhance worker well-being, increase productivity, and
potentially reduce compensation costs.

From an economic perspective, investment in
ergonomic workstations can yield long-term savings by
reducing the incidence of MSD-related injuries, thereby

for
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lowering compensation claims, absenteeism and
medical expenses. At the same time, improved comfort
and safety are expected to enhance productivity and
work quality, making such interventions a cost-effective
strategy for industrial settings.

The validity of the simulation is supported by the
well-established reliability of the 3DSSPP, developed by
the University of Michigan [58]. 3DSSPP has been
extensively applied in industrial ergonomics research
and validated against empirical biomechanical data,
particularly for predicting spinal loads, joint moments
and postural stresses. Its ability to replicate realistic
human postures and estimate physiological responses
provides a strong justification for its use as a valid tool
to support the redesign of welding waorkstations in this
study.

A key limitation of this study is its small sample size,
especially for the inidal NBM survey and
anthropometric data collection. Future research should
expand the study to a larger population and other
industrial sectors to validate the generalizability of
these findings. It would also be valuable to conduct a
longitudinal study to measure the lang-term impact of
these ergonomic interventions on worker health and
productivity. Beyond these methodological extensions,
future studies may also explore advanced technological
integrations such as wearable posture sensors and
digital monitoring systems, which would enable real-
time risk detection, proactive intervention and further
optimization of ergonomic practices in dynamic
industrial settings.

4, Conclusions

This study examined the persistent ergonomic risks
associated with welding activities, where specific
postures were identified as contributing significantly to
musculoskeletal discomfort. By applying both
observational and digital simulation methods, the
research identified the source of ergonomic strain and
proposed evidence-based solutions. The redesign of the
workstation demonstrated the value of anthropometry-
driven modifications, enabling safer postures through
an adjustable workbench and improved seating. For
standing tasks, height adjustments of equipment
offered measurable improvements in postural safety,
showing that relatively simple engineering controls can
yield meaningful ergonomic benefits. Beyond technical
modifications, this study emphasized the integration of
ergonomic interventions within a structured prevention
framework. The proposed SOP, covering early
symptom reporting, supervisor-led workstation
adjustments, corrective actions, systematic monitoring,
medical referral and continuous documentation,
ensures that risk reduction is sustained through
organizational practices.

From a managerial perspective, these findings
demonstrate that proactive ergonomic investment
reduces MSDs, enhances worker health and lowers
costs related to injury claims.




Tasik et al. (2023), Journal Industrial Servicess, wol, 11, no. 3, pp. 278-289, Deteber 2025

Future research should validate these results with
larger-scale data while exploring the integration of
wearable posture sensors and digital monitoring for
early detection and prevention.
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Work-related musculoskeletal disorders (MSDs) are a persistent problem in welding,
where awkward and prolonged postures elevate ergonomic risks. This study
investigated two common welding postures in a heavy industrial workshop and
aimed to design effective interventions by integrating traditional observational
methods with digital human modeling. Ergonomic risks were first assessed using the
Rapid Entire Body Assessment (REBA) and the Ovako Working Analysis System
(OWAS). The REBA and OWAS analyses identified the sitting-squatting postures as
very high risk, while the standing posture posed a moderate risk. Anthropometric
data were applied in the 3D Static Strength Prediction Program (3DSSPP) to simulate
and evaluate redesign options. The proposed adjustable workbench successfully
reduced the sitting-squatting posture to a moderate risk category, whereas height
modification of the small lathe provided only marginal improvements for standing
posture. These findings confirm that combining observational analysis with digital
simulation yields more reliable insights for ergonomic redesign. The results
emphasize the need for proactive interventions to reduce MSD risks, improve worker
comfort and enhance productivity in heavy industrial environments.

1. Introduction

With the growth of the industrial sector, concerns
about occupational safety have intensified [1]. Among
these concerns, work-related musculoskeletal disorders
(MSDs) remain one of the most prevalent occupational
health issues globally, especially in industrial sectors
involving physically demanding tasks such as welding,
machining and construction. The Workplace Safety and

issues, reduced productivity and increased
compensation costs [8], [9]. Therefore, improving
workplace ergonomics through systematic and
evidence-based strategies has become a critical concern
for employers seeking to reduce risks and optimize
conditions.

Body posture assessment methods such as the Rapid
Entire Body Assessment (REBA) and the Ovako
Working Analysis System (OWAS) have been widely

Health Institute (WSH) reports approximately 2.78 used to identify ergonomic risks and guide

million annual deaths due to hazardous work
conditions [2]. According to the International Labor
Organization (ILO), MSDs rank
occupational diseases, with 160 million cases recorded

worldwide [3].

MSDs are particularly common in construction and
heavy equipment maintenance industries, where
workers are exposed to repetitive motion, awkward
postures and high physical loads [4]-[7]. These
ergonomic risk factors often result in long-term health

*Corresponding author:
Email: ika.wahyu@trisakti.ac.id

http:/ /dx.doi.org/10.36055/jiss.v9i2.21977

second among

interventions [10], [11]. These tools provide structured
frameworks to evaluate limb angles, postural stress and
movement frequency, offering practical solutions to
reduce MSDs [12], [13]. However, the majority of REBA
applications have been concentrated in manufacturing
(24.18%) and agriculture (21.98%) [14], with limited
implementation in heavy equipment repair industries.
For instance, REBA and OWAS have been
extensively applied in manufacturing (e.g., roof stick
bending) [15] and agriculture (e.g., essential oil
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extraction using motion capture for posture analysis)
[16]. In construction (e.g., dumper operators and
construction workers), these methods have also been
widely wused, yet most studies mainly highlight
significant MSD risks without providing proactive
workstation redesign or simulation-based solutions
[17]. In contrast, welding and heavy equipment
maintenance tasks have received less attention and the
majority of existing research remains descriptive [18].

Moreover, although some recent studies have
explored the integration of REBA or OWAS with digital
human modeling, virtual reality or digital twin
frameworks [19], [20], these approaches are still limited.
Most ergonomic studies still rely heavily on
observational methods without digital simulation
support, which reduces their potential for predictive
modeling and proactive design optimization [21], [22],
[23].

To address these gaps, this study integrates REBA
and OWAS observational tools with Virtual Human
Modeling (VHM) using the 3D Static Strength
Prediction Program (3DSSPP) to evaluate and improve
welder postures through simulation. This integrated
approach offers the advantage of identifying existing
risks using traditional methods while also providing a
predictive framework to design and validate ergonomic
interventions prior to physical implementation, thereby
reducing both cost and time. This research contributes
to ergonomic intervention methodologies by:

1. Combining traditional and digital ergonomic
assessment methods for comprehensive
posture evaluation,

2. Simulating spinal load distribution and
evaluating design iterations before physical
implementation,

3. Proposing evidence-based workstation
improvements tailored to welding tasks in
heavy-duty settings.

Compared to studies that rely solely on observational
approaches, the integrated use of REBA, OWAS, VHM
and 3DSSPP minimizes observer bias, provides
quantitative biomechanical validation and enables
proactive workstation redesign before implementation.

2. Material and method

This study employs a quantitative descriptive
research design, focusing on ergonomic risk assessment
and intervention in industrial work environments
involving manual labor tasks. The research integrates
direct observational analysis, ergonomic risk evaluation
and digital human modeling to identify and mitigate
MSDs risks.

2.1. Research design and data collection

The study is structured into three main phases:
initial survey, posture assessment and simulation-based
ergonomic redesign. Data were collected through
questionnaires, direct observations, anthropometric
measurements and posture simulation software. An

initial survey using the Nordic Body Map (NBM) was
conducted to identify the primary sources of
musculoskeletal discomfort among workers, guiding
the focus of the subsequent posture assessment. Seven
participants from different job categories (welding and
lathing) were assessed before and after work shifts.
Although only one welder recorded a substantially
higher NBM score compared to other respondents, this
case was selected as a critical case study. The welder’s
task involved repetitive and physically demanding
postures, which consistently generated musculoskeletal
complaints in multiple body regions. This marked
difference in discomfort levels relative to other
operators  provided  strong justification  for
concentrating on welding as the most ergonomically
problematic task within the workshop. A critical case
approach ensures that interventions designed for the
highest-risk posture also provide transferable insights
for less extreme conditions.

2.1.1.  Postural assessment data

Direct observations and interviews were conducted
to record key posture-related factors, including angles
of the neck, trunk, legs, upper arms, forearms and
wrists, load and grip factors and movement frequency.
These variables were then analyzed using:

e Rapid Entire Body Assessment (REBA): REBA
evaluates body posture risks without requiring
highly precise angle measurements. The method
involves scoring two groups (Group A: neck,
trunk, legs; Group B: upper limbs) and
combining them into a composite risk score. This
enables the identification of high-risk postures
requiring intervention [24].

e Ovako Working Analysis System (OWAS):
OWAS classifies posture risks based on back,
arm, and leg positions, including load handling,
and provides risk categories based on frequency
and severity [25], [26].

2.1.2.  Anthropometric data

Anthropometric measurements were used to
support ergonomic redesigns. Key body dimensions
(popliteal height, hip width, buttock-popliteal length,
sitting and standing elbow height) were collected using
both primary measurements and Indonesian
anthropometric references. These data were essential
for designing posture-corrective equipment tailored to
workers’ physical characteristics.

2.2. Simulation and design evaluation

To simulate and evaluate the ergonomic impact of
design modifications, the 3D Static Strength Prediction
Program (3DSSPP) developed by the University of
Michigan was utilized [27], [28]. The software allows:
1. Simulation of worker posture under varying

workstation setups
2. Estimation of spinal loads and joint moments
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3. Evaluation of whether force and posture fall within
safe biomechanical limits

By integrating REBA, OWAS, anthropometry, and
virtual human modeling, this study provides a
comprehensive method for ergonomic assessment and
design optimization. The findings provide a foundation
for implementing ergonomic interventions to reduce
the risk of MSDs in heavy-duty industrial tasks.

3. Results and discussions

This study investigates two welding postures
commonly adopted in heavy-duty repair tasks: a
sitting-squatting position (Posture 1) and a standing
position (Posture 2). Each posture presents different
ergonomic risks depending on the nature of the welding
tasks and workspace constraints. The analysis aims to
determine which posture poses a greater risk of MSDs
and to propose ergonomic improvements based on the
assessment results.

3.1. Initial musculoskeletal discomfort assessment

To identify the primary source of musculoskeletal
discomfort, a preliminary Nordic Body Map (NBM)
survey was conducted before and after work shifts [29].
The NBM survey results are summarized in Table 1.

Table 1.
The results of the NBM survey.

Subject Age Job g:;:i Category
Respondent 1 31 Welding 45 High
Respondent 2 22 Lathing 7 Low
Respondent 3 24 Lathing 11 Low
Respondent 4 35 Lathing 18 Low
Respondent 5 22 Lathing 9 Low
Respondent 6 20 Lathing 18 Low
Respondent 7 30 Lathing 13 Low

Respondent 1 (a welder) scored significantly higher
than others, indicating substantial discomfort across
multiple body regions. In contrast, other respondents
working in lathing reported significantly lower scores.
These findings highlight welding as the most
ergonomically problematic task in the workshop,
reinforcing the need for posture-specific ergonomic
analysis. Subsequent sections therefore focus on
welding postures to evaluate ergonomic risks and
develop targeted interventions.

3.2. Ergonomic assessment of Posture 1

Posture 1 is characterized by a sitting-squatting
position used during precision welding tasks (Figure 1).
Observations were conducted for one hour. The REBA
assessment evaluated ergonomic factors, including
body angles, load handling, grip conditions and muscle
activity. The assessment factors and corresponding
scores are presented in Table 2.

Fig. 1. Posture 1 from right, rear and left views.

Table 2
Factors assessed by REBA for Posture 1.
No.  Factors Identification
1 Neck Forming an angle of 56° and bending 31°

2 Trunk Forming an angle of 30° and bending 8°

3 Legs Forming an angle of 132° with one leg
supporting the trunk

4 Load 5 kilograms or 11 lbs

5 Upper Forming an angle of 69° and moving away

arm from the trunk at an angle of 43°

6 Forearm  Forming an angle of 102°

7 Wrist Forming an angle of 58° and the palm is turned
inward

8 Coupling  The rubber on the handle is peeling off
Activity ~ Welding in a static state

O

The REBA assessment for Posture 1 yielded a Group
A score of 9, derived from significant trunk flexion (30°),
neck bending (31°) and an asymmetric leg position. This
score increased to 10 after accounting for a 5 kg load.
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Group B scored 7 based on elevated upper arm and
wrist angles and increased to 8 after considering
coupling conditions. The combined C score was 12 and
with an additional point for static muscle activity,
leading to a final score of 13. The result was further
validated using ErgoFellow 3.0 software in order to
ensure the accuracy of the manual assessment [30], [31],
which confirmed the same score. According to the
REBA classification table, this score falls within the >11
range, indicating a risk level of 4, classified as very high
risk [32].

The high REBA score observed in Posture 1 is
consistent with previous findings in manual concrete
block production, where squatting and bending
postures also yielded a REBA score of 11, classified as
very high risk [33]. Workers reported musculoskeletal
complaints in the back, arms, wrists, calves and thighs
due to prolonged static loading in similar postures.
These parallels reinforce that sustained squatting-
bending positions impose considerable ergonomic risks
across different manual industries, validating the
present assessment results.

Following the REBA assessment, the OWAS method
was performed to further classify postural strain. The
identified OWAS assessment factors for Posture 1 are
summarized in Table 3.

Table 3
Factors assessed in OWAS for posture 1.
No. Factors Identification
1 Back Forming an angle of 30°
2 Arms Both arms are under the shoulders
3 Legs Both legs bent in a squatting position
4 Load 5 kilograms or 11 Ibs

The OWAS analysis validated using ErgoFellow 3.0,
produced a posture code of 2-1-5-1, corresponding to a
risk level of 3 (moderate risk). According to the OWAS
assessment table, back and leg positions were classified
as high risk (scores of 3 and 4, respectively), while the
arms were classified as low risk (score of 1) [32]. These
results highlight that while REBA identified very high
overall risk, OWAS emphasized localized high-risk
areas, particularly in the lower limbs and spine. The
alignment of both methods underscores the urgent need
for targeted interventions, including posture
adjustments and workstation redesign to mitigate long-
term MSD risks.

3.3 Ergonomic assessment of Posture 2

Posture 2 corresponds to a standing position
commonly adopted during welding tasks (Figure 2).
This posture involves prolonged standing combined
with repetitive upper-body movements, potentially
leading to musculoskeletal strain. The REBA
assessment for Posture 2 was conducted to evaluate
ergonomic risk factors, including body angles, load
handling, grip conditions and muscle activity (Table 4).

Fig. 2. Posture 2 (standing) from right, rear and left views.

Table 4
Factors assessed by REBA for Posture 2.
No. Factors Identification
1 Neck Forming an angle of 30° and bending 30°
2 Trunk Forming an angle of 4° and bending 9°
3 Legs Both legs support the trunk
4 Load 5 kilograms or 11 Ibs
5 Upper Forming an angle of 11°
arm
6 Forearm  Forming an angle of 96°
7 Wrist Formmg an angle of 18° and the palm is
turned inward
8 Coupling  The rubber on the handle is peeling off
9 Activity ~ Welding in a static state

The assessment process assigned an initial score of 6
to Group A, which evaluates the neck, trunk and legs,
and a score of 3 to Group B, which focuses on the upper
arm, forearm and wrist. The final C score was recorded
as 6, leading to a Final REBA Score of 7. This score
indicates a moderate ergonomic risk (risk level 2),
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suggesting that while Posture 2 does not pose an
immediate danger, prolonged exposure without
corrective  interventions could contribute to
musculoskeletal discomfort.

To further evaluate postural strain in Posture 2, the
OWAS was performed. The assessment focused on key
ergonomic factors, including back, arm, and leg
positions, as well as the load handled by welders. The
identified OWAS assessment factors are summarized in
Table 5.

Table 5
Factors assessed in OWAS for posture 2.
No.  Factors Identification
1 Back In the straight position
2 Arms Both arms are under the shoulders
3 Legs Standing on both feet
4 Load 5 kilograms or 11 Ibs

The manual OWAS analysis assigned a posture code of
1-1-2-1, corresponding to risk level 1, which is classified
as low-risk. According to the OWAS classification, risk
scores by body region were: back =1 (low), arms = 1
(low) and legs = 2 (moderate) [32]. The ErgoFellow 3.0
validation confirmed identical results. This
classification indicates a normal posture with no
significant impact on the musculoskeletal system. The
relatively low risk for Posture 2 is attributed to neutral
spine alignment, balanced bilateral foot support and
minimal trunk flexion, all of which reduce lumbar
compression forces.

A comparison with previous literature provides
additional context for interpreting the ergonomic risk
classification of Posture 2 in the present study. As
reported in [34], novice welders in a Malaysian
technical institution exhibited an average REBA score of
9, classified as a high-risk category, primarily due to
trunk flexion, neck bonding and varied lower limb
positions observed during standing welding tasks.

In contrast, the standing posture assessed as Posture
2 in this study recorded a REBA score of 7, classified as
moderate risk. The lower score is supported by the
quantitative measurements presented in Table 4, which
show minimal trunk flexion with slight bending,
balanced bilateral foot support and moderate neck
flexion. Upper limb angles and a light load of 5 kg
further reduced physical demand. These favourable
ergonomic factors collectively minimized lumbar
compression forces and musculoskeletal strain,
explaining the moderate risk classification compared to
the higher-risk standing welding postures reported in
[34].

Results from related research further indicate that
even moderate-risk postures can contribute to
musculoskeletal strain, when tasks are prolonged and
repetitive [35]. Welders in that study exhibit high
prevalence rates of lower back, shoulder and wrist pain,
with significant associations between elevated REBA
scores and self-reported discomfort. Additional risk
factors such as long working hours and lack of physical
activity exacerbated these outcomes, while protective

factors included work-rest breaks and higher job
satisfaction. This evidence suggests that although
Posture 2 demonstrates a reduced risk profile compared
to previously reported standing welding postures,
preventive ergonomic strategies remain essential to
mitigate the long-term progression of work-related
MSDs [36].

3.4 Ergonomic intervention and design evaluation

To mitigate the identified risks, a series of ergonomic
interventions and design modifications was proposed
and evaluated. For Posture 1, the primary target areas
for posture improvement include the neck, trunk,
forearms, wrists, and feet. The primary objective is to
shift from a sitting-squatting to a proper sitting posture,
which has been shown to reduce leg strain, minimize
energy expenditure and improve blood circulation.
Research suggests that working in a sitting position is
preferable for tasks requiring precision and prolonged
durations [37]. The seat design must allow variations in
posture to accommodate movement flexibility [38].

A customized workbench was designed using
Indonesian anthropometric data (Table 4) [39], ensuring
comfort, safety, and ergonomic practicality for
prolonged use (2-6 hours per component) (Figure 3).
The bench height is determined based on the popliteal
height of P50, while width and length are designed
based on shoulder width and buttocks-popliteal
distance using the large percentile (PP95).

Table 4
Indonesian anthropometric data [39].
No. Dimensions 5th 50th  95th

1 Popliteal Height 38 43 49
2 Hip Width 28 35 43
3 Buttocks-Popliteal 31 40 48
4 Sitting Elbow Height 24 32 40
5 Standing Elbow Height 98 105 113

|
Fig. 3. Workbench design.

A proper worktable is also necessary to compensate
for height variations when working in a sitting position.
Sitting elbow height and popliteal height were used as
references to design an optimal table height, tested
through three percentile-based experimental heights:

e Small percentile: 62 cm

e Middle percentile: 75 cm

e Large percentile: 89 cm
The 3D Static Strength Prediction Program (3DSSPP)
human model simulation confirmed that a table height
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of 75 cm provides the most natural body positioning, as
seen in Figure 4. The final worktable dimensions are 100
cm in length and 50 cm in width, constructed from
metal or steel to withstand heavy loads (Figure 5).

After implementation, the redesigned workstation
successfully reduced the REBA score to 6 (moderate
risk, level 2) and the OWAS code to 1-1-1-1 (low risk,
level 1). The 3DSSPP analysis validated this
improvement, indicating an L4/L5 spinal load of 1789
N, which falls within the safe category. The design
optimization of an excavator driver cabin in [40], which
included adjustments based on anthropometric data,
resulted in a reduction of REBA scores, supporting the
effectiveness of this intervention.

q

@)

-

(b)

ﬁ.

©
Fig. 4. Worktable height simulation: (a) 62, (b) 75 and (c) 89 cm

;
]
r

Fig. 5. Worktable Design

For Posture 2, improvements focused on adjusting
the height of the small lathe, a primary workspace for
standing welders. Using the standing elbow height
from the middle percentile (P50) of 105 cm, the small

lathe was raised by 5 cm from its previous height of 100
cm. The new height of 105 cm better aligns with
ergonomic requirements. The human model simulation
confirmed improved posture ergonomics (Figure 6).

Fig. 6. Posture 2 improvement simulation.

This adjustment resulted in a reduced REBA score of 5
(moderate risk, level 2) and the OWAS code to 1-1-2-1
(low risk, level 1). The 3DSSPP analysis validated this
improvement, indicating an L4/L5 spinal load of 1100
N (112 kg), which falls within the safe category.

In addition to Indonesian anthropometric data,
actual measurements of the welders were collected for
better customization (Table 5).

Table 5
Anthropometric data for welders.
Anthropometric Data

Dimensions (cm)

Popliteal Height 47
Hip Width 52
Buttocks-popliteal 51
Sitting Elbow Height 28
Standing Elbow Height 105

Compared to standard Indonesian anthropometry,
welders exhibited larger dimensions, particularly in
popliteal height, hip width, and buttocks-popliteal
distance (4 cm larger than standard data). These
deviations have direct implications for workbench
ergonomics, as a fixed-height bench would not
accommodate the full range of body sizes, potentially
increasing awkward postures and localized muscle
strain. To address this, a hydraulic-adjustable bench
with a height range of 38 - 49 cm was proposed (Figure
7). This configuration allows each user to adjust the
bench height relative to their own popliteal and elbow
height, thereby maintaining optimal elbow-table angles
and reducing trunk flexion.

The hydraulic mechanism enables smooth and
precise vertical movement by applying fluid pressure,
allowing operators to finely set the seat height with
minimal effort and high accuracy, without interrupting
workflow. Hydraulics systems are widely recognized
for their precision and control, which are critical in
adjustable benches and ergonomic seats [41].
Hydraulics were selected over mechanical systems
because they provide stable positioning, durability
under heavy industrial use and ease of fine-tuning,
making them more reliable in demanding
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environments [42]. These qualities ensure that welders
can quickly adapt the bench to their body dimensions
and working posture, improving both comfort and
safety [43].

Studies on user-furniture interaction found that
ergonomic features such as adjustable seat height
significantly enhance comfort and reduce muscle strain
when customized to an individual’s anthropometric
profile [44]. Specifically, adjustable seat height reduced
thigh pressure by 8.5% over prolonged periods, while
maintaining postural stability and long-term usability
through dynamic positioning. Adjustable designs also
support dynamic postures, which are more effective in
sustaining comfort and reducing fatigue than static
positions. Previous ergonomic design studies in office
settings also emphasize that adjustable features are
critical for enhancing user comfort and reducing strain
when tailored to anthropometric data [45]. These
findings reinforce the universal importance of
adjustability and support the adoption of a hydraulic-
adjustable design for welding workstations where tasks
last several hours.

Fig. 7. Adjustable workbench for welders.
3.5 Preventing MSDs injuries

The primary strategy for preventing MSDs is the
implementation of the redesigned workbench and
seating system. This workstation was specifically
developed to minimize awkward postures, reduce
static loads and accommodate a wider range of worker
anthropometry. To ensure maximum effectiveness, the
redesigned table is integrated with a structured
standard operating procedure (SOP) that combines
engineering controls with participatory ergonomics
[46], [47], behavioural safety [48] and continuous
monitoring [49]. The proposed SOP is described as
follows:

1. Early symptom reporting: workers are

encouraged to report any discomfort promptly.
The redesigned workbench, which incorporates
adjustable height and seating support, makes it
easier to identify whether improper adjustment
contributes to symptoms [50]. Coupled with
structured safety training and a positive
reporting culture [51], early detection helps
prevent minor discomfort from developing into
chronic MSDs.

2. Supervisor inspection and anthropometric

adjustment: supervisors are responsible for
ensuring that the workbench height, seating

angle and footrest are adjusted to match each
worker’s anthropometry. Since the redesigned
workstation is adjustable, proactive fitting
reduces exposure to risk factors and has been
shown to lower injury rates [52], [53].

3. Corrective measures: when symptoms or
postural deviations are detected, corrective
actions such as posture guidance and
workstation reconfiguration are implemented
[54]. The redesigned table allows quick
modification of surface height and tool
placement, reducing forward bending and
shoulder elevation, two key contributors to
MSDs.

4. Monitoring the progression of symptoms:
digital tools and standardized instruments are
employed to track worker conditions [55]. The
redesigned  workbench layout provides
sufficient clearance and sensor-mounting
options [56],  supporting  continuous
monitoring of posture and workload.

5. Medical examinations: when symptoms persist
despite workstation adjustments, a medical
assessment is conducted [51]. Data from the
adjustable workstation settings assist in
identifying whether specific postures or loads
are linked to worker discomfort, enabling more
targeted clinical interventions.

6. Documentation and continuous improvement:
in which diagnosis records are systematically
utilized to refine workstation design, update
training modules and sustain a feedback loop
for long-term prevention [57].

3.6 Managerial implications and future research

This study offers clear managerial implications for
heavy industrial settings. The integrated use of
traditional ergonomic tools with digital human
modeling provides a robust methodology for
identifying and proactively addressing occupational
risks. The significant reduction in MSDs risk for the
sitting-squatting posture, as validated by both
observational and simulation methods, provides a
strong, quantifiable business case for investing in
ergonomic workstations. This approach shifts safety
from a reactive measure to a proactive strategy that can
enhance worker well-being, increase productivity, and
potentially reduce compensation costs.

From an economic perspective, investment in
ergonomic workstations can yield long-term savings by
reducing the incidence of MSD-related injuries, thereby
lowering compensation claims, absenteeism and
medical expenses. At the same time, improved comfort
and safety are expected to enhance productivity and
work quality, making such interventions a cost-effective
strategy for industrial settings.

The validity of the simulation is supported by the
well-established reliability of the 3DSSPP, developed by
the University of Michigan [58]. 3DSSPP has been
extensively applied in industrial ergonomics research
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and validated against empirical biomechanical data,
particularly for predicting spinal loads, joint moments
and postural stresses. Its ability to replicate realistic
human postures and estimate physiological responses
provides a strong justification for its use as a valid tool
to support the redesign of welding workstations in this
study.

A key limitation of this study is its small sample size,
especially for the initial NBM survey and
anthropometric data collection. Future research should
expand the study to a larger population and other
industrial sectors to validate the generalizability of
these findings. It would also be valuable to conduct a
longitudinal study to measure the long-term impact of
these ergonomic interventions on worker health and
productivity. Beyond these methodological extensions,
future studies may also explore advanced technological
integrations such as wearable posture sensors and
digital monitoring systems, which would enable real-
time risk detection, proactive intervention and further
optimization of ergonomic practices in dynamic
industrial settings.

4. Conclusions

This study examined the persistent ergonomic risks
associated with welding activities, where specific
postures were identified as contributing significantly to
musculoskeletal ~discomfort. By applying both
observational and digital simulation methods, the
research identified the source of ergonomic strain and
proposed evidence-based solutions. The redesign of the
workstation demonstrated the value of anthropometry-
driven modifications, enabling safer postures through
an adjustable workbench and improved seating. For
standing tasks, height adjustments of equipment
offered measurable improvements in postural safety,
showing that relatively simple engineering controls can
yield meaningful ergonomic benefits. Beyond technical
modifications, this study emphasized the integration of
ergonomic interventions within a structured prevention
framework. The proposed SOP, covering early
symptom reporting, supervisor-led workstation
adjustments, corrective actions, systematic monitoring,
medical referral and continuous documentation,
ensures that risk reduction is sustained through
organizational = practices. From a managerial
perspective, these findings demonstrate that proactive
ergonomic investment reduces MSDs, enhances worker
health and lowers costs related to injury claims. Future
research should validate these results with larger-scale
data while exploring the integration of wearable
posture sensors and digital monitoring for early
detection and prevention.

Declaration statement

Sanfransyul Arung Tasik: Data Curation, Formal
Analysis, Writing - Original Draft. Rahmi Maulidya:
Conceptualization, Methodology, Supervision,
Validation, Writing - Review & Editing. Ika Wahyu

Utami: Conceptualization, Supervision, Validation,
Writing - Review, Editing & Revision. Dian Mardi
Safitri, Novia Rahmawati: Validation, Writing -
Review & Editing. Anik Nur Habyba: Literature
Review, Supporting Analysis, Writing - Review.

Acknowledgement

The authors would like to express their gratitude to
the welding workshop staff for their cooperation during
field data collection. Special appreciation is extended to
Universitas Trisakti for providing academic and
administrative support throughout this research. The
constructive feedback from reviewers also contributed
significantly to improving the quality of this
manuscript.

Disclosure statement
The authors declare no conflicts of interest.
Funding statement

The study was conducted independently without
external financial support.

Data availability statement

The authors confirm that the data supporting the
findings of this study are available within the article or
its supplementary materials.

Al Usage Statement

This manuscript utilizes generative Al and Al-
assisted tools to improve readability and language. All
Al-generated content has been reviewed and edited by
the authors to ensure accuracy and scientific integrity.
The authors take full responsibility for the content and
conclusions of this work and disclose the use of Al to
maintain transparency and comply with publisher
guidelines.

References

[1] M. Z. Muktar, S. B. Shamsudin, K. A. Lukman,
and M. S. Jeffree, “Assessment of Ergonomic
Risk Levels and Working Performance of Pre-
cast Construction Workers in Sabah,” Malaysian
Journal of Public Health Medicine, vol. 17, no. 2, pp.
151-158, 2017, [Online]. Available:
https:/ /www .researchgate.net/publication/32

0014130
[2] P. H. Jukka, T. Tan, and B. Kiat, “GLOBAL
ESTIMATES OF OCCUPATIONAL

ACCIDENTS AND WORK-RELATED
ILLNESSES 2017,” Singapore, Sep. 2017.
[Online]. Available: www.wsh-institute.sg

[3] J. Park, Y. Kim, and B. Han, “Work Sectors with
High Risk for Work-Related Musculoskeletal



[4]

[5]

[6]

[7]

(8]

%]

[10]

[11]

[12]

[13]

[14]

[15]

Imansuri et al. (2023), Journal Industrial Servicess, vol. 9, no. 2, pp. 81-86, October 2023

Disorders in Korean Men and Women,” Saf
Health Work, vol. 9, no. 1, pp. 75-78, Mar. 2018,
doi: 10.1016/j.shaw.2017.06.005.

M. F. Antwi-Afari, H. Li, D. J. Edwards, E. A.
Pérn, J. Seo, and A. Y. L. Wong, “Biomechanical
Analysis of Risk Factors for Work-related
Musculoskeletal Disorders during Repetitive
Lifting Task in Construction Workers,” Autom
Constr, vol. 83, pp. 41-47, Nov. 2017, doi:
10.1016/j.autcon.2017.07.007.

M. S. Rahman and J. Sakamoto, “The Risk
Factors for the Prevalence of Work-Related
Musculoskeletal Disorders among Construction
Workers: A Review,” Jun. 01, 2024, Research
Expansion Alliance (REA). doi:
10.22105/jarie.2023.413676.1561.

S. Kim, M. A. Nussbaum, and B. Jia, “Low back
injury risks during construction with
prefabricated (panelised) walls: Effects of task
and design factors,” Ergonomics, vol. 54, no. 1,
PP- 60-71, Jan. 2011, doi:
10.1080/00140139.2010.535024.

S. Bulduk, E. O. Bulduk, and T. Siiren,
“Reduction of Work-related Musculoskeletal
Risk Factors Following Ergonomics Education of
Sewing Machine Operators,” International
Journal of Occupational Safety and Ergonomics, vol.
23, no. 3, pp. 347-352, Jul. 2017, doi:
10.1080/10803548.2016.1262321.

K. Wong and A. H. S. Chan, “Emerging Issues in
Occupational Safety and Health,” Dec. 18, 2018,
MDPI. doi: 10.3390/ ijjerph15122897.

N. D. Nath, R. Akhavian, and A. H. Behzadan,
“Ergonomic Analysis of Construction Worker’s
Body Postures using Wearable Mobile Sensors,”
Appl Ergon, vol. 62, pp. 107-117, Jul. 2017, doi:
10.1016/j.apergo.2017.02.007.

D. Kee, “Systematic Comparison of OWAS,
RULA, and REBA Based on a Literature
Review,” Jan. 01, 2022, MDPI. doi:
10.3390/ijerph19010595.

D. Kee, “Comparison of OWAS, RULA and
REBA for Assessing Potential Work-related
Musculoskeletal Disorders,” Int | Ind Ergon, vol.
83, May 2021, doi: 10.1016/j.ergon.2021.103140.
M. GOMEZ-GALAN, J. PEREZ-ALONSO, A.-J.
CALLEJON-FERRE, and J. LOPEZ-MARTINEZ,
“Musculoskeletal Disorders: OWAS Review,”
Ind Health, vol. 55, no. 4, pp. 314-337, 2017.

K. Enez and S. S. Nalbantoglu, “Comparison of
Ergonomic Risk Assessment Outputs from
OWAS and REBA in Forestry Timber
Harvesting,” Int | Ind Ergon, vol. 70, pp. 51-57,
Mar. 2019, doi: 10.1016/j.ergon.2019.01.009.

M. Hita-Gutiérrez, M. Gémez-Galan, M. Diaz-
Pérez, and A. J. Callejon-Ferre, “ An Overview of
REBA Method Applications in the World,” Apr.
02, 2020, MDPI. doi: 10.3390/ijerph17082635.

M. Joshi, V. Deshpande, and H. Shukla, “The
investigation of ergonomic and energy
intervention in roof sticks bending facility,”

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

International Journal of Mechanical and Production
Engineering Research and Development, vol. 9, no.
Special Issue, pp. 220-225, 2019, [Online].
Available:

https:/ /www.scopus.com/inward/record.uri?
eid=2-s2.0-

85074665227 &partner]D=40&md5=7aca0b54e42
€0839c9623e6983538651

G. G. Reyes-Zarate, “A Digital REBA System
Based on Kinect and Its Benefits for Ergonomic
Assessment,” in Smart Innovation, Systems and
Technologies, 2024, pp. 3-11. doi: 10.1007/978-
981-99-7210-4_1.

B. M. Kunar, M. Aruna, and M. B. Kar, “Postural
analysis of dumper operators and construction
workers - a case study,” Journal of Mines, Metals
and Fuels, vol. 69, no. 6, pp. 180-185, 2021, doi:
10.18311/jmmf/2021/28525.

F. Colombo, “Ergonomia e organizzazione del
lavoro,” Rivista Italiana della Saldatura, vol. 58,
no. 6, pp. 817-822, 2006, [Online]. Available:
https:/ /www.scopus.com/inward/record.uri?
eid=2-s2.0-
34147174369&partner]D=40&md5=d8f91c2a6e0
7bfab773d01dd71e6f1d6

M. Caterino, M. Rinaldi, and M. Fera, “Digital
ergonomics: an evaluation framework for the
ergonomic risk assessment of heterogeneous
workers,” Int | Comput Integr Manuf, vol. 36, no.
2, PP 239-259, 2023, doi:
10.1080/0951192X.2022.2090023.

J. Zhong, V. Weistroffer, P. Maurice, C. Andriot,
and F. Colas, “Interacting with a Torque-
Controlled Virtual Human in Virtual Reality for
Ergonomics Studies,” in Proceedings - 2022 IEEE
Conference on Virtual Reality and 3D User
Interfaces Abstracts and Workshops, VRW 2022,
2022, PP 678-679. doi:
10.1109/ VRW55335.2022.00190.

J. Seo, K. Yin, and S. Lee, “ Automated Postural
Ergonomic Assessment Using a Computer
Vision-Based  Posture Classification,” in
Construction Research Congress 2016: Old and New
Construction Technologies Converge in Historic San
Juan - Proceedings of the 2016 Construction
Research Congress, CRC 2016, 2016, pp. 809-818.
doi: 10.1061/9780784479827.082.

L. Dulina, M. Kramarov, M. Krajc¢ovi¢, and D.
Plinta, “Ergonomic analysis and the tracking
systems,” in Ergonomics For People With
Disabilities: Design For Accessibility, 2018, pp.
135-144. doi: 10.2478/9783110617832-011.

A. Golabchi, S. Han, A. R. Fayek, and S.
Abourizk, “Stochastic Modeling for Assessment
of Human Perception and Motion Sensing
Errors in Ergonomic Analysis,” Journal of
Computing in Civil Engineering, vol. 31, no. 4,
2017, doi: 10.1061/ (ASCE)CP.1943-
5487.0000655.

S. Hignett and L. McAtamney, “Rapid Entire
Body Assessment (REBA),” Appl Ergon, vol. 31,



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Imansuri et al. (2023), Journal Industrial Servicess, vol. 9, no. 2, pp. 81-86, October 2023

no. 2, pp. 201-205 Apr.
10.1016/S0003-6870(99)00039-3.
B. Gajsek, A. Draghici, M. E. Boatca, A.
Gaureanu, and D. Robescu, “Linking the Use of
Ergonomics Methods to Workplace Social
Sustainability: The Ovako Working Posture
Assessment System and Rapid Entire Body
Assessment Method,” Sustainability
(Switzerland), vol. 14, no. 7, Apr. 2022, doi:
10.3390/su14074301.

O. Karhu, P. Kansi, and I. Kuorinka, “Correcting
Working Postures in Industry: A Practical
Method for Analysis,” ApplledErgonomtcs, vol. 8,
pp- 199-201, 1977.

N. Sarter, “3DSSPP: Background Information,”
2020, https.//cde.engin.umich.edu/tools-
services/3dsspp-software/3dsspp-background-
information/.

A. D. Hall, N. J. La Delfa, C. Loma, and J. R.
Potvin, “A Comparison Between Measured
Female Linear Arm Strengths and Estimates
from the 3D Static Strength Prediction Program
(3DSSPP),” Appl Ergon, vol. 94, Jul. 2021, doi:
10.1016/j.apergo.2021.103415.

D. M. Safitri, N. C. Rizani, and F. Alexander,
“Perancangan Fasilitas Kerja yang Ergonomis
Stasiun Perakitan dI PT X untuk Mengurangi
Risiko Work-related Musculoskeletal
Disorders,” J@TI Undip, vol. 111, no. 3, pp. 184~
190, 2008.

FBFSistemas, “ErgoFellow
https./fwww.fbfsistemas.com/ergonomics.html.
C. P. Dewangan and A. K. Singh, “Ergonomic
Study and Design of the Pulpit of a Wire Rod
Mill at an Integrated Steel Plant,” Journal of
Industrial Engineering, vol. 2015, pp. 1-11, Feb.
2015, doi: 10.1155/2015/412921.

Tarwaka, Ergonomi  Industri  Dasar-Dasar
Pengetahuan Ergonomi dan Aplikasi di Tempat
Kerja:  Penilaian  Risiko  Gangguan  Sistem
Muskuloskeletal, 1I. Surakarta: Harapan Press,
2019.

L. Widodo, S. Ariyanti, and A. Jason,
“Ergonomic Intervention to Improve the
Productivity of Brick Press Tool in Small and
Medium Entreprise (SME) Akheng Kobar,” in
IOP Conference Series: Materials Science and
Engineering, Institute of Physics Publishing, May
2020. doi: 10.1088/1757-899X/847/1/012057.

K. F. Bin Salleh, S. M. Fadzil, and M. Y. M. Daud,
“Ergonomic Posture Assessment Approaches
for New Welder: A Study in Technical
Institution,” Jurnal Kejuruteraan, vol. 35, no. 5,
pp. 1045-1054, Sep. 2023, doi: 10.17576/jkukm-
2023-35(5)-06.

C. Elvis, N. France, and E. Patience, “Risk factors
for work-related musculoskeletal disorders
among welders in the informal sector under
resource constrained settings,” Work, vol. 72, no.
1, pp. 239-252, 2022, doi: 10.3233 / WOR-205275.

2000, doi:

3.07

10

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

A.]J. Van Der Beek et al., “ A research framework
for the development and implementation of
interventions preventing work-related
musculoskeletal disorders,” Scand | Work
Environ Health, vol. 43, no. 6, pp. 526-539, 2017,
doi: 10.5271/sjweh.3671.

E. Grandjean, Fitting the Task to the Man, 1V.
London: Taylor & Francis Inc, 1993.

S. Pheasant, Body Space, Anthropometry,
Ergonomics and Design. London: Taylor & Francis
Inc, 1998.

Antropometri “Rekap  Data
Antropometri Indonesia,”
https:/ /antropometriindonesia.org/index.php
/ detail/artikel/4/10/ data_antropometri.

K. Koushik Balaji and M. S. Alphin, “Computer-
aided human factors analysis of the industrial
vehicle driver cabin to improve occupational
health,” Int | Inj Contr Saf Promot, vol. 23, no. 3,
PP 240-248, 2016, doi:
10.1080/17457300.2014.992351.

P. Dudzinski and A. Skurjat, “Impact of
Hydraulic System Stiffness on Its Energy Losses
and Its Efficiency in Positioning Mechanical
Systems,” Energies (Basel), vol. 15, no. 1, 2022,
doi: 10.3390/en15010294.

A. Vacca and G. Franzoni, Hydraulic Fluid Power:
Fundamentals, Applications, and Circuit Design.
2021. [Online]. Available:
https:/ /www.scopus.com/inward/record.uri?
eid=2-s2.0-
85126554373&partnerID=40&md5=87acde350bc
3525e7d4dae5£c55d0498

J. M. N. Silva et al., “Evaluation of the ergonomic
changes made in the presses sector in an
metallurgical industry,” in Occupational Safety
and Hygiene - Proceedings of the International
Symposium on Occupational Safety and Hygiene,
SHO 2013, 2013, pp. 347-350. doi:
10.1201/b14391-72.

M. Gao, “Analyze the physical interaction
between the user and the furniture design to
optimize comfort and functionality,” MCB
Molecular and Cellular Biomechanics, vol. 21, no. 2,
2024, doi: 10.62617 / mcb457.

F. T. Basaria, M. K. Perdana, C. Harito, V.
Puspita, R. Shafira, and S. A. Salsabilla,
“Sustainable and Ergonomic Office Chair: ROSA
Insights for Improved Workplace Health,” in
IOP Conference Series: Earth and Environmental
Science, Institute of Physics, 2025. doi:
10.1088/1755-1315/1488/1/012056.

A. Choobineh et al., “ A multilayered ergonomic
intervention program on reducing
musculoskeletal disorders in an industrial
complex: A dynamic participatory approach,”
Int | Ind Ergon, vol. 86, 2021, doi:
10.1016/j.ergon.2021.103221.

E. M. Capodaglio, “Participatory ergonomics for
the reduction of musculoskeletal exposure of
maintenance workers,” International Journal of

Indonesia,



[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Imansuri et al. (2023), Journal Industrial Servicess, vol. 9, no. 2, pp. 81-86, October 2023

Occupational Safety and Ergonomics, vol. 28, no. 1,
376-386, 2022, doi:
10.1080/10803548.2020.1761670.
R. W. Bunch, “An integrated ergo-behavioral
approach to prevention of musculoskeletal
disorders (MSDs),” in ASSE Professional
Development Conference and Exposition 2004, 2004.
[Online]. Available:
https:/ /www.scopus.com/inward/record.uri?
eid=2-s2.0-
85058445175&partner]D=40&md5=d7d2b309c0
82b5ac413c04f0b45404f4
J. Onyinyechukwu Adibeli, Y.-K. Liu, N. Junior
Awodi, A. Kipkosgei Chepkwony, and A.
Ayodeji, “Ergonomic analysis in nuclear
decommissioning: A comprehensive path
planning strategy for workers well-being,”
Nuclear Engineering and Design, vol. 426, 2024,
doi: 10.1016/j.nucengdes.2024.113409.
C. O. Soares, B. F. Pereira, M. V Pereira Gomes,
L. P. Marcondes, F. De Campos Gomes, and J. S.
De Melo-Neto, “Preventive factors against
work-related ~ musculoskeletal disorders:
Narrative review,” Revista Brasileira de Medicina
do Trabalho, vol. 17, no. 3, pp. 415-430, 2019, doi:
10.5327/ 721679443520190360.
M. Kyung, S.-]. Lee, L. M. Wagner, C. Harris-
Adamson, and O. Hong, “Factors Associated
With Reporting Attitudes of Work-Related
Musculoskeletal Disorders Among Direct Care
Workers in South Korea,” Workplace Health Saf,
vol. 72, no. 8 pp. 345-353, 2024, doi:
10.1177/21650799241247078.
W. S. Shaw, M. M. Robertson, R. K. McLellan, S.
Verma, and G. Pransky, “A controlled case
study of supervisor training to optimize
response to injury in the food processing
industry,” Work, vol. 26, no. 2, pp. 107-114, 2006,
[Online]. Available:
https:/ /www.scopus.com/inward/record.uri?
eid=2-s2.0-
33645305458&partner]D=40&md5=179e3822c9d
5ee24d4fc640b8b3e317b
D. C. Cole, S. Hogg-Johnson, M. Manno, S.
Ibrahim, R. P. Wells, and S. E. Ferrier, “Reducing
musculoskeletal burden through ergonomic
program implementation in a large newspaper,”
Int Arch Occup Environ Health, vol. 80, no. 2, pp.
98-108, 2006, doi: 10.1007 /s00420-006-0107-6.
X.Jinet al., “Ergonomic interventions to improve
musculoskeletal ~disorders among vehicle
assembly workers: a one-year longitudinal
study,” BMC Public Health, vol. 25, no. 1, 2025,
doi: 10.1186/s12889-025-21798-1.
C. Lanhers, B. Pereira, G. Garde, C. Maublant, F.
Dutheil, and E. Coudeyre, “Evaluation of ‘I-
Preventive: a digital preventive tool for
musculoskeletal disorders in computer workers-
a pilot cluster randomised trial,” BM]J Open, vol.
6, no. 9, 2016, doi: 10.1136/BMJOPEN-2016-
011304.

11

[56]

[57]

(58]

A. Greco, M. Caterino, M. Fera, and S. Gerbino,
“Digital twin for monitoring ergonomics during
manufacturing production,” Applied Sciences
(Switzerland), vol. 10, no. 21, pp. 1-20, 2020, doi:
10.3390/ app10217758.

J. Oakman and W. Macdonald, “The APHIRM
toolkit: an evidence-based system for workplace
MSD risk management,” BMC Musculoskelet
Disord, vol. 20, no. 1, p. 504, 2019, doi:
10.1186/s12891-019-2828-1.

N. Sarter, “3DSSPP: Background Information,”
https:/ / c4e.engin.umich.edu/tools-
services/3dsspp-software/3dsspp-background-
information/?utm_source=chatgpt.com.

Author Information

Sanfransyul Arung Tasik received
his bachelor’s degree in Industrial
Engineering from Universitas
Trisakti, Indonesia. His research
interests include ergonomics and
digital human modelling.

Rahmi Maulidya is a lecturer in the
Department of Industrial
Engineering, Universitas Trisakti,
Indonesia. She earned her doctoral
degree in Industrial Engineering from
Institut Teknologi Bandung,
Indonesia. Her research interests
include  production  scheduling,
supply chain management, lean
manufacturing and  sustainable
product-service systems.

Ika Wahyu Utami is a Junior Lecturer
in the Department of Industrial
Engineering, Universitas Trisakti,
Indonesia. She received her master’s
degree in Earth Sciences from
National Central University, Taiwan.
Her research interests include
geophysics, environmental studies,
ergonomics and IoT-based
instrumentation.

Dian Mardi Safitri is a researcher in
industrial ergonomics and safety,
associated with the Center of
Excellence for Ergonomics,
Occupational Health and Safety at
Universitas Trisakti. She completed
her doctoral degree in Industrial
Engineering from Universitas
Indonesia, focusing on advancing
knowledge and practices within her
field of expertise.

Novia Rahmawati is a Lecturer in the
Study Program of Industrial
Management, College of Vocational
Studies, IPB University, Indonesia.
She received her master’s degrees in
industrial engineering from Institut
Teknologi Bandung and from
National Taiwan University of




Imansuri et al. (2023), Journal Industrial Servicess, vol. 9, no. 2, pp. 81-86, October 2023

Science and Technology (NTUST),
Taiwan. Her research interests
include ergonomics, usability
evaluation, human-computer
interaction, and supply chain
management.

Anik Nur Habyba is a lecturer in the
Department of Industrial
Engineering, Universitas Trisakti,
Indonesia. Her research interests are
in Kansei Engineering, Data Mining,
Quality Engineering, Applied
Statistics, and Industrial
Management. She is currently a PhD
student at the Department of
Industrial Engineering and
Management, Yuan Ze University,
Taiwan. She can be reached at
anik@trisakti.ac.id and
51148904@mail.yzu.edu.tw.

12



Imansuri et al. (2023), Journal Industrial Servicess, vol. 9, no. 2, pp. 81-86, October 2023

Respond form

Authors are required to respond to all comments from the Reviewer and Editor. Authors must indicate in the revised manuscript the
sections that have been revised.

Reviewer #1

No

Comments

Respond

1

Introduction: Does the gap analysis in the introduction effectively position the
study within the wider field, demonstrating its relevance and necessity? — Yes,
but the authors have not written it well, and there are several parts that could be
improved.

We have revised the gap analysis in the
Introduction to ensure better clarity and
logical flow. The revised text now more
explicitly highlights the shortcomings of
previous studies, positions our work
within the broader ergonomic research
field, and justifies the mnecessity of
combining REBA, OWAS, and 3DSSPP
for welding posture improvement.

Introduction: Does the introduction underscore the research’s contributions,
detailing how its findings enhance understanding or offer fresh perspectives to
the field? — No

We have now added a clear statement of
the study’s contributions in the final part
of the Introduction. The revisions
emphasize how integrating observational
ergonomic tools with digital human
modeling provides fresh insights into
posture redesign, and how this approach
contributes to advancing ergonomic
intervention in heavy industrial welding
tasks.

Results and Discussion: Please confirm whether the results are presented
clearly, ensuring coherence with the title and effectively addressing the
research problem. — Yes, but the authors have not written it well, and there are
several parts that could be improved.

We have revised the Results and
Discussion section to improve clarity and
coherence. The flow of findings has been
streamlined to ensure direct alignment
with the research objectives and title. We
also improved transitions between
REBA/OWAS assessments and 3DSSPP
simulations for better readability.

Conclusions: Please confirm whether the conclusion section effectively
synthesizes the key findings into a clear and significant narrative, emphasizing
the study’s contributions to the broader field, rather than merely recapping
content or repeating the research problem. — Yes, but the authors have not written
it well, and there are several parts that could be improved.

The Conclusion section has been revised
to provide a more integrated synthesis of
the study’s findings. Instead of simply
repeating results, the revised conclusion
emphasizes  broader  contributions,
including how combining digital human
modeling with observational methods
strengthens ergonomic analysis. We also
added implications for worker health,
productivity, and future research
opportunities.

In subchapter 4.1 it is necessary to explain each dimension used to design the
table and what percentile is used. The length and width of the table should also
consider the size of the workpiece.

We have revised the subchapter to
provide a detailed explanation of each
dimension used in the table design.
Specifically, we now clarify the use of
anthropometric percentiles (P50 for
height with an additional allowance, P95
for length and width) and explicitly note
that the table’s length and width were
adjusted to accommodate the size of the
welding workpiece.

In sub-chapter 4.1 the design of the welding chair and table needs to be
improved to make it more comfortable for the welder operator. The height of
the chair should consider how the operator can weld on the table easily, so that
the height of the chairs in the workshop is higher than the chairs for studying,
by considering the position of the operator's elbow to the table.

We have revised the description of the
welding chair and table by incorporating
ergonomic principles. The height of the
chair is now explained in relation to the
operator’s elbow-to-table angle, with
justification on why workshop chairs
require greater height than study chairs.
These revisions aim to improve clarity
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regarding comfort and usability for
welding tasks.

In the Discussion chapter, Subchapter 4.5 Preventing MSDs needs to be fixed.
The proposal to lower the MSDs should focus on the table that has been
designed, but in this proposal there is no mention of the designed table but
instead proposes other things that were not discussed in the previous chapters.

We have revised the subchapter 4.5 into
35 to ensure alignment with the
preceding sections. The discussion now
focuses directly on how the redesigned
welding table contributes to reducing
MSD risks. Unrelated proposals have
been removed, and the prevention
strategy is now clearly linked to the
ergonomic redesign presented earlier.

Sub-chapters 4.4 and 4.6 are not discussed and processed in the previous
chapter, they should not be included in the discussion.

Subchapters 4.4 and 4.6 have been
removed from the manuscript to
maintain consistency and coherence
between the Results and Discussion
sections.

Reviewer #2

No

Comments

Respond

1

Abstract: Background and problem statement not included. Reviewer suggests:
Add the issue at the beginning of the paragraph.

We have revised the Abstract to include
the background and problem statement
at the very beginning, so that the research
issue is clearly introduced before
describing the method and findings.

Introduction: Literature review of past studies not well written, needs
improvement.

We have revised the literature review in
the Introduction to ensure better
organization and clarity. The narrative
now highlights the state-of-the-art more
systematically and emphasizes the
knowledge gap our research addresses.

Introduction: Methods used by other researchers for similar problems not
described.

We have added explanations of methods
used in previous ergonomic and
workstation design studies. A clear
rationale is now provided for choosing
our selected method over these
alternatives.

Introduction: Contributions not stated. Reviewer suggests: Add the research
contribution.

We have revised the last paragraph of the
Introduction to explicitly outline the
research contributions, including
methodological novelty, ergonomic
implications, and practical impact on
reducing musculoskeletal risks.

Introduction: Citation style not IEEE. Example: Hita-Gutiérrez et al. (2020).

We have carefully checked and corrected
all in-text citations and references to fully
comply with IEEE citation style.

Introduction: The last two paragraphs and Table 1 should be placed in Results
and Discussion.

We have moved the last two paragraphs
and Table 1 to the Results and Discussion
section, ensuring a more logical
manuscript structure.

Results & Discussion: No comparisons with other studies. Reviewer suggests:
Include several comparisons with other studies. If they align, explain why; if not,
explain why.

We have added comparative analysis
with similar studies. The revised
discussion explains why our findings
align or differ, supported by contextual
factors such as operator anthropometry,
task demands, and environmental
conditions.

Results & Discussion: Add managerial implications.

A new subsection on managerial
implications has been added,
highlighting how the redesigned
workstation can be applied in vocational
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Otraining centers and small-scale
industries to enhance productivity and
occupational safety.

Conclusion: Synthesizes findings but needs improvement.

The Conclusion has been rewritten to
clearly synthesize the main findings,
emphasize contributions, and highlight
how this study expands knowledge in
ergonomic workstation design for
welding.

10

References: Relevant, but several can be improved.

We have updated the References by
adding more recent and directly relevant
studies. All references have been revised
for accuracy and consistency in IEEE
format.

Editorial Board

No

Comments

Respond

1

JISS policy: remove research location from Introduction (last 2 paragraphs).

We have removed the last two
paragraphs in the Introduction that
explicitly mention the research location,
and revised them to emphasize the
methodological approach and broader
relevance of the study.

Abstract: add background and problem before objective.

The Abstract has been revised to include
a clear background and problem
statement at the beginning, before stating
the research objectives.

References and citations must use IEEE style.

All in-text citations and references have
been checked and reformatted according
to the IEEE style. Previous non-IEEE
forms (e.g., “Hita-Gutiérrez et al. (2020)")
have been corrected.

After describing the study approach (REBA, OWAS, VHM, 3DSSPP), add
advantages compared to other approaches.

A new paragraph has been added in the
introduction, after the methodological
contribution statement, highlighting the
advantages of using REBA, OWAS and
VHM  compared to conventional
ergonomic assessment approaches.

Paragraph about research location (“This research was conducted at...”) should
be moved to Materials and Methods or Results.

This paragraph has been moved to the
Materials and Methods section.

Paragraph on preliminary assessment with Nordic Body Map should be
moved.

The NBM paragraph has been relocated
to the Materials and Methods section.

Table 1 should be relocated and justify why only 1 observation is made and
generalized.

Table 1 has been moved to the Materials
and Methods section. We have added
justification explaining the observation
process, why the welding operator was
selected, and why high NBM scores from
this operator were relevant as a critical
case study.

Remove irrelevant software screenshots;

data/visualization.

replace with meaningful

All non-informative software screenshots
have been removed. We have replaced
them with meaningful visualizations that
directly  present the  ergonomic
simulation results.

Discussion lacks explanation of results (e.g., design in Figure 11, use of
adjustable features).

Additional explanation has been added
to clarify the rationale behind the
proposed design, particularly the need
for adjustable features to accommodate
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operator anthropometric variability and
minimize postural risks.

10

No comparative discussion with other studies.

We have included comparisons with
relevant recent studies. The discussion
now explains similarities and differences,
with justifications based on task context,
anthropometric variations, and
methodological differences.

11

Add managerial implication sub-section, including justification of simulation
validity.

A new sub-section on Managerial
Implications has been added. It discusses
how the proposed simulation-based
design can reduce workload and improve
occupational safety, with justification for
the trustworthiness of the 3DSSPP
simulation results.

12

Conclusion should not repeat results or numbers; must highlight problem
solved, improvements, implications, limitations, and future research.

The Conclusion has been fully revised. It
now focuses on the problem solved, key
improvements made, implications for
ergonomics and industrial engineering,
limitations of the study, and suggestions
for future research.

13

References must be improved; minimum 30 journal/proceeding papers in
English.

The References list has been updated.
Now more than 30 references from
reputable English-language journals and
proceedings (within the last 10 years)
have been included.

14

IMPORTANT: Use the latest JISS template.

The manuscript has been reformatted
using the latest official JISS template.

15

IMPORTANT: Use red font for all revised parts.

All revisions in the manuscript have been
marked with red font to facilitate review.

16

IMPORTANT: At least 30 recent (<10 years) references; 70% must be English
journal/proceedings.

This requirement has been met. The
updated reference list contains more than
30 references, with over 70% sourced
from English-language journals and
proceedings.

17

IMPORTANT: Provide high-resolution figures.

All figures have been replaced with high-
resolution versions (sufficient DPI) for
publication quality.

18

IMPORTANT: Complete metadata (authors, order, affiliations, etc.).

The metadata section has been completed
according to the journal template,
including correct author names, order,
and affiliations.

19

IMPORTANT: Add mandatory statements (Declaration, Acknowledgment,
Disclosure, Funding, Data Availability, Al Usage).

All required statements have been added,
following the examples in the Author
Guidelines.

20

IMPORTANT: Complete Author Information section as per latest template.

The Author Information section has been
revised and completed according to the
latest template requirements.

21

In the methodology section, please provide stronger justification for why
an in-depth observation of a single welder (with a high NBM score) is
sufficient as a critical case study for designing this intervention.

We have revised the methodology section
to provide a stronger justification. We
explain that although several workers
were surveyed, only the welder
consistently recorded a substantially
higher NBM score and reported
musculoskeletal ~ discomfort  across
multiple body regions. This case was
therefore selected as a critical case study,
representing the worst-case scenario of
ergonomic risk. Interventions designed
for this high-risk posture are expected to

16




Imansuri et al. (2023), Journal Industrial Servicess, vol. 9, no. 2, pp. 81-86, October 2023

also provide insights transferable to less
extreme working conditions.

22

In Figure 7, the adjustable bench design is presented. Since the text
mentions a hydraulic system, please add one or two sentences explaining
briefly how the adjustment works and why hydraulics were chosen (e.g., ease
of use, precision).

We now provide a short explanation that
the hydraulic mechanism enables smooth
vertical adjustment, allowing welders to
fine-tune the bench height with minimal
effort and high accuracy. Hydraulics
were chosen over mechanical systems
because they ensure stable positioning,
durability under heavy industrial use
and ease of fine-tuning, which are
essential for comfort and safety during
long welding tasks.

23

In the Discussion (Managerial Implications), it would be useful to add a
short paragraph on the potential economic impacts of investing in this
ergonomic workstation, such as reduced injury compensation costs, increased
productivity, or a qualitative cost-benefit perspective.

We have included a paragraph
discussing the potential economic
impacts. The new text explains that
investment in ergonomic workstations
can yield long-term savings by lowering
injury compensation costs, reducing
absenteeism and minimizing medical
expenses. At the same time, improved
comfort and safety are expected to
enhance productivity and work quality,
providing a qualitative cost-benefit
justification for industrial organizations.
This addition highlights both the
economic and operational advantages of
ergonomic intervention.
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