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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. 
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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 

postures and high physical loads [4]-[7]. These 

ergonomic risk factors often result in long-term health 
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 
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.  

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 
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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. 

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.  

 
 

Table 1 
The results of the NBM survey. 

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 

 
 

   

(a) (b) (c) 

 
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 lbs 
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 

 
 

   

(a) (b) (c) 
 

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 lbs 
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 lbs 
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Table 6 
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. 

 
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 

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 (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 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). 
 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 
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 

 
 

 
(a) 

 

 
(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. 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 
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. 
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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 

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

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 
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%) [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 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.  

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: 

• 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]. 

• 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 
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 

 
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.  

 

 
(a) 

 

 
(b) 

 
(c) 

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 
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 

 
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 lbs 

 
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). 

 
(a) 

 
(b) 

 
(c) 

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 lbs 

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 

 
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 lbs 

 
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 (P95). 
 
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: 

• Small percentile: 62 cm 

• Middle percentile: 75 cm 

• 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. 
 

 
(a) 

 
(b) 

  
(c) 

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

 
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. 
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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 necessity of 
combining REBA, OWAS, and 3DSSPP 
for welding posture improvement. 

2 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. 

3 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. 

4 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 
3.5 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. 

2 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. 

3 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. 

4 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. 

5 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. 

6 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. 

7 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. 

8 

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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9training centers and small-scale 
industries to enhance productivity and 
occupational safety. 

9 

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. 

2 

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. 

3 

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. 

4 

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. 

5 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. 

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

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

7 

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. 

8 

Remove irrelevant software screenshots; replace with meaningful 
data/visualization. 

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

9 
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, AI 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 
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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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