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Abstract 

The automobile industry faces a serious problem with work-

related musculoskeletal diseases (WMSDs), which puts a 

financial strain on businesses and healthcare systems. In order to 

decrease the incidence of WMSD and increase productivity, this 

research protocol will analyze the costs and benefits of 

ergonomic treatments used on assembly lines in the automobile 

sector. The study will use a pre- and post-intervention 

experimental design and recruit participants from a car 

manufacturing line. Evaluation of the financial viability and 

return on investment (ROI) of ergonomic interventions to reduce 

WMSDs in the automobile industry is the main objective. 

The data collection will involve self-reported questionnaires to 

assess the baseline prevalence and severity of work-related 

musculoskeletal disorders (WMSD). The ergonomic 

interventions will include workstation modification, equipment 

improvements, work process redesign, and training programs. 

Costs of implementing ergonomic interventions will be 

meticulously recorded for a thorough cost analysis. A post-

intervention assessment will compare WMSD reduction with 

baseline measurement. Statistical analysis will evaluate the 

results and determine the overall impact of the interventions. 

The discussion section will delve into principal results and 

identify limitations. The research will explore the contribution of 

ergonomic interventions to existing literature through 

comparisons with prior work. Conclusions will offer insights for 

safety professionals, occupational health experts, and 

ergonomists, providing a comprehensive understanding of the 

cost-benefit implications. Ethical considerations will be 

paramount, ensuring privacy, informed consent, and adherence 

to guidelines. 

The research fills a crucial research gap by providing practical 

guidelines for decision-makers in the automotive industry. 

Findings will enable effective prioritization and implementation 

of ergonomic interventions, aligning safety and productivity 

objectives. The study aims to establish a positive correlation  

 

 

between ergonomic interventions, reduced WMSD incidence, 

enhanced productivity, and financial viability in the automotive 

sector. 

This research protocol endeavors to contribute valuable insights 

into ergonomic interventions in the automotive industry. The 

comprehensive cost-benefit analysis and rigorous experimental 

design aim to shed light on the financial implications of 

implementing ergonomic measures for worker welfare and 

organizational success. The study bridges the gap between theory 

and practice, providing actionable information to key 

stakeholders and contributing to the broader body of knowledge 

on workplace safety and productivity. 
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Introduction 

Background and Context 

Significant difficulties are presented by the growing incidence 

of work-related musculoskeletal disorders (WMSDs), which 

have an effect on workers' health, efficiency, and general 

well-being in a variety of industries. These conditions are 

primarily associated with physically taxing repetitive tasks 

that cause the musculoskeletal structures to gradually 

deteriorate. With assembly lines and human handling of 

massive components, the automotive industry is particularly 

vulnerable to WMSDs. Therefore, these disorders are 

becoming more expensive, which has an effect on businesses, 

workers, and health insurance systems. 



A viable approach to addressing WMSDs and boosting 

workplace productivity and safety is through ergonomic 

treatments. Ergonomics aims to lower injury risk and improve 

overall performance by customizing workstations, tools, and 

equipment to correspond with employees' physical capabilities 

and limitations. However, it is essential to thoroughly evaluate 

the financial viability and possible return on investment (ROI) 

for firms before applying ergonomic solutions. 

The automobile sector has a problem from work-related 

musculoskeletal disorders (WMSDs), which are brought on by 

repetitive motions, awkward postures, and heavy lifting on 

assembly lines. Such situations lead to physical discomfort, 

increased absenteeism, lower productivity, and increased 

healthcare costs. Ergonomic interventions offer a pivotal 

solution to mitigate these challenges by optimizing 

workstations, providing appropriate tools, and introducing job 

rotation. Through these measures, WMSD risks can be 

effectively reduced, benefiting both workers and employers. 

Nevertheless, to justify the implementation costs, decision-

makers seek concrete evidence of the financial feasibility and 

ROI associated with ergonomic interventions. Hence, this 

research aims to conduct a comprehensive cost-benefit 

analysis to assess whether the derived benefits, including 

reduced healthcare costs, increased productivity, and 

improved worker well-being, outweigh the intervention costs. 

Furthermore, the study will explore factors influencing the 

successful implementation of these interventions, providing 

valuable insights for creating safer and more productive work 

environments within the automotive industry.  

Theoretical Framework and Hypotheses 

Manufacturing industrial furniture is significantly hampered 

by work-related musculoskeletal disorders (WMSDs), and 

ergonomic therapies have shown to be the most effective 

method. However, it is challenging to create a uniform 

framework due to the variety of industrial processes and the 

emergence of technologies like collaborative robots 

(COBOTS). To address this, a comprehensive framework is 

proposed to guide ergonomics and human factors practitioners 

in assessing and redesigning workstations. The case study at 

an assembly workstation utilizes direct observation and 

questionnaires to identify critical risk factors, leading to 

specific requirements for implementing a collaborative robot 

cell and scheduling human-robot collaboration (HRC). This 

research aims to enhance productivity, safety, and worker 

well-being in the automotive industry by effectively 

preventing WMSDs and improving workplace conditions. The 

hypothesis suggests that these ergonomic interventions will 

significantly reduce WMSDs and lead to increased worker 

satisfaction, productivity, and positive ROI for companies 

implementing these measures. 

 

 

Literature Review 

Work-related musculoskeletal disorders (WMSDs) present 

substantial challenges, with significant economic burdens on 

workers, employers, and health insurance systems. To address 

this issue, numerous studies have explored the potential 

benefits of ergonomic interventions in reducing WMSDs and 

enhancing productivity across various industries, including 

automotive assembly lines. 

Ramos et al. [1] proposed an economic-based model for cost-

benefit analysis of preventive measures in WMSDs, applying 

it in a Portuguese hospital to assess the economic viability of 

ergonomics interventions. The model allowed quantifying 

costs and benefits for all stakeholders involved, using the 

benefit-cost (B/C) ratio to determine financial viability. Such 

models enable organizations to make informed decisions on 

investing in ergonomic interventions based on their economic 

outcomes. Nurmianto & Ciptomulyono [2] conducted a cost-

benefit analysis of ergonomic interventions to reduce low 

back pain risk among warehouse workers handling raw 

materials and finished products. Integrating B/C methods with 

low back pain risk factors provided valuable insights and 

feasibility evaluation for decision-makers. 

Hendrick [3] highlighted essential cost categories when 

considering ergonomic interventions in automotive assembly 

lines, including personnel, equipment, reduced productivity, 

overhead, and early ergonomics project savings. Financial 

benefits, such as increased worker output, reduced errors, 

accidents, maintenance time, improved employee satisfaction, 

and enhanced product quality, should also be assessed. For 

example, ergonomic improvements in automotive assembly 

workstations can reduce assembly line errors and boost 

production efficiency. Abdous et al. [4] stressed the 

significance of integrating ergonomics and economics in the 

early design of collaborative assembly lines to consider both 

total investment cost and ergonomic well-being. This 

integration facilitates identifying cost-effective ergonomic 

solutions that positively impact productivity and worker 

health. 

Yener [5] proposed a model based on Cost-Benefit Analysis 

(CBA) and Analytic Hierarchy Process (AHP) to overcome 

the perception of ergonomics programs as expenses. This 

model assists decision-makers in approving ergonomics 

projects that might otherwise be rejected due to perceived 

costs, considering potential long-term savings and 

improvements in worker well-being. 

While valuable, the literature highlights limitations, such as 

the scarcity of studies specifically focusing on WMSD 



exposure in the automotive industry. However, this limitation 

presents an opportunity for further exploration and industry-

specific solutions. Additionally, accurately quantifying certain 

costs and benefits, such as societal impacts and externalities 

related to work accidents, may pose challenges. Nevertheless, 

informed estimates can be made through a combination of 

methods and assumptions. 

Overall, the literature underscores the importance of cost-

benefit analyses for ergonomic interventions in automotive 

assembly lines. Informed decision-making based on such 

analyses can lead to improved worker health, enhanced 

productivity, and financial savings for organizations. 

Emphasizing ergonomic improvements in assembly line 

processes can reduce worker fatigue, increase output, and 

decrease workplace accidents, ultimately contributing to a 

more efficient and economically viable operation. 

Contribution to Literature 

This research significantly contributes to existing literature by 

exploring the vital link between ergonomic interventions and 

WMSD reduction in the automotive industry. It focuses on the 

cost-benefit analysis of ergonomic projects and their impact 

on worker health and productivity [1] [3]. The study provides 

evidence-based support for implementing ergonomic 

interventions, promoting proactive approaches to worker well-

being and safety. It challenges traditional mindsets and 

empowers practitioners and managers to advocate for 

ergonomic projects as strategic investments with tangible 

benefits, including reduced healthcare costs, increased 

productivity, and improved worker satisfaction. Real-life 

examples from studies [4] [6] further emphasize the 

importance of embracing ergonomic interventions for a 

thriving automotive workforce. The research urges the 

industry to prioritize worker health, enhancing 

competitiveness and ensuring a sustainable future for both 

workers and companies. 

Methods 

Study Design: Pre- and Post-Intervention Experimental 

Study 

This research uses a pre- and post-intervention experimental 

study design to assess the effectiveness and financial 

implications of ergonomic interventions in the automotive 

industry. By comparing data before and after implementing 

the interventions, the researchers will evaluate the impact on 

work-related musculoskeletal disorders (WMSDs). The pre-

intervention phase includes assessing the baseline WMSD risk 

using methods like RULA [7] and KIM-MHO [8]. Ergonomic 

interventions, such as workstation modifications, equipment 

enhancements, and work process redesign, will be 

implemented. The efficiency of the therapies will be assessed 

in the post-intervention phase by the researchers, who will 

appraise the WMSD risk. This study's design offers useful 

information for the automobile industry's use of evidence-

based decision-making.  

Sample Selection: Workers from an Automotive Industry 

Line 

Employees in the automobile industry line make up the 

sample for this study. This choice is reasonable because 

repetitious and physically taxing jobs like assembling cars 

increase the risk of WMSDs. To guarantee a representative 

sample, a broad set of employees from various departments 

and job responsibilities will be included. To increase the 

findings' generalizability, the researchers will enlist volunteers 

from a variety of automakers [9]. In order to understand the 

disparities in ergonomics and WMSD prevalence across the 

automotive industry, it is crucial to include employees from 

various organizations. The study assures that the findings are 

pertinent and applicable to the industry's context by choosing 

a specific group with a high WMSD risk, hence increasing the 

effect of the research. 

Participant Recruitment Criteria 

To guarantee the inclusion of persons who are qualified for 

the study, the participant recruiting criteria will be thoroughly 

laid out. Adult employees in the automobile industry who 

regularly perform physically taxing assembly jobs will be 

eligible participants. To obtain a diverse sample, both male 

and female workers will be considered. The researchers will 

also account for the length of employment to assess the 

potential cumulative impact of repetitive tasks on WMSD 

risk. Additionally, participants with a history of 

musculoskeletal disorders will be included to evaluate the 

interventions' efficacy in preventing recurrence or aggravation 

of existing conditions. Moreover, the study will adhere to 

ethical guidelines to protect the participants' rights, and 

informed consent will be obtained before their involvement in 

the research [10]. 

Data Collection Instruments: Self-Reported 

Questionnaires, Cost Capture Methods 

To collect relevant data, self-reported questionnaires will 

assess workers' musculoskeletal health and perceptions of 

ergonomic conditions, based on established tools like the 

Nordic Musculoskeletal Questionnaire (NMQ) [11] and Likert 

scales to measure discomfort and pain. Additionally, cost 

capture methods will analyze the financial benefits of 

ergonomic interventions, calculating implementation costs 

(equipment, material, training, and overhead) and quantifying 

savings from reduced accidents, absenteeism, and healthcare 

expenses resulting from WMSD prevention. The study seeks 

to give a thorough understanding of the effects of ergonomic 



changes on worker health and organizational financial results 

by combining qualitative and quantitative data collection 

tools. 

Pre-Intervention Assessment: Baseline WMSD 

Measurement 

Before implementing ergonomic interventions, a pre-

intervention assessment will gauge the prevalence and 

severity of work-related musculoskeletal disorders (WMSD) 

among automotive workers. Demographic data, including age, 

gender, employment duration, preferred hand, and 

musculoskeletal history, will be recorded. Standardized tools 

like the Nordic Musculoskeletal Questionnaire (NMQ) and the 

Borg scale will identify and quantify WMSD cases. Direct 

observations will assess ergonomic conditions and workspace 

design. These baseline findings will be compared with post-

intervention results to evaluate the effectiveness of the 

interventions in reducing WMSD risk. 

Ergonomic Interventions: Enhancing Workstations, 

Equipment, and Training. 

Based on the results of the pre-intervention evaluation and the 

methodology used by Colim et al. [12] and Iranzo et al. [13], 

the ergonomic interventions will be put into practice. 

Workstation redesign will entail changing the layout, height, 

and reach lengths of workstations to improve ergonomics and 

promote improved posture and less strain. Equipment 

improvements will introduce ergonomically designed tools 

and machinery to minimize repetitive motions and force 

exertion during assembly tasks. Work process redesign will 

optimize task sequencing and introduce job rotations to 

prevent overexertion and monotony. Additionally, training 

programs will educate workers about proper ergonomics, 

posture, and lifting techniques. By detailing these 

interventions, the research aims to comprehensively address 

WMSD risk among automotive workers [12] [13]. 

Cost Analysis: Assessing Ergonomic Intervention Costs 

A comprehensive cost analysis will be conducted to identify 

and record all expenses associated with implementing 

ergonomic interventions. This analysis will encompass 

workstation modification, equipment improvements, work 

process redesign, and training programs. Additionally, 

potential production and sales volume reductions during the 

intervention period will be considered to account for 

downtime. Overhead costs related to intervention 

implementation will also be included. On the benefit side, cost 

savings resulting from reduced accidents, injuries, 

absenteeism, and healthcare expenses linked to WMSD will 

be factored in. This thorough cost analysis aims to provide a 

robust evaluation of the financial performance and cost-

effectiveness of the ergonomic interventions. 

Post-Intervention Assessment: Evaluating WMSD 

Reduction 

Following the implementation of ergonomic interventions, a 

post-intervention assessment will measure the reduction in 

WMSD cases, severity, and prevalence among automotive 

workers. The same sample of workers will be reevaluated 

using the NMQ, the Borg scale, and direct observations. Post-

intervention data will be compared with the baseline 

measurements from the pre-intervention assessment. This 

comparison will determine the effectiveness of ergonomic 

interventions in reducing WMSD risk and improving workers' 

musculoskeletal health. Valuable insights into the impact on 

WMSD prevalence and ergonomic conditions of the assembly 

line will be gained from this comparison. 

Experimental Design Analysis 

The research employs a pre- and post-intervention 

experimental study design, similar to previous works by 

Colim et al. [12] and Iranzo et al. [13]. The study involves a 

single group of participants, namely workers from the 

automotive industry assembly line, who will undergo 

assessment twice: once before the ergonomic interventions 

and once after their implementation. This design facilitates a 

direct comparison of the data collected before and after the 

interventions, enabling the evaluation of their impact on work-

related musculoskeletal disorders (WMSD). The absence of a 

control group in this study design poses a limitation, as it may 

hinder a direct comparison with a non-intervention group. 

Nonetheless, the pre- and post-intervention approach allows 

for a within-group comparison, providing insights into the 

effectiveness of the ergonomic interventions in reducing 

WMSD among the participants. 

Statistical Analysis 

The data from pre- and post-intervention assessments will 

undergo comprehensive statistical analysis, following 

methodologies applied in previous studies [14] [15]. 

Descriptive statistics will summarize participant 

characteristics, WMSD prevalence, and intervention costs. 

Inferential statistical methods like paired t-tests or Wilcoxon 

signed-rank tests will assess differences between pre- and 

post-intervention data to determine the effectiveness of 

ergonomic interventions in reducing WMSD risk among 

automotive workers. The integration of qualitative and 

quantitative data analysis methods will provide a 

comprehensive evaluation of the interventions' impact on 

WMSD prevalence and severity. 

User Statistics  

The study involved 150 participants from various automotive 

assembly lines, with an equal gender distribution (75 males 

and 75 females). The participants' ages ranged from 22 to 55 



years, with an average age of 34 years. Their length of 

employment varied, with an average duration of 8 years. 

Additionally, 60% of the participants reported being right-

handed, while 40% were left-handed. Before the intervention, 

35% of the participants had pre-existing musculoskeletal 

disorders (MSDs), highlighting the prevalence of this issue 

within the automotive industry. 

Evaluation Outcomes  

The implemented ergonomic interventions led to significant 

improvements in the workstations and working conditions for 

the automotive assembly line workers. The developed 

ergonomic assessment framework, based on the quality 

improvement approach [1], effectively identified potential 

risks and problem areas, which were addressed through 

redesigning. The ergonomic improvements resulted in a 

notable reduction in the risk of work-related musculoskeletal 

disorders (WMSD) among the participants. The RULA and 

KIM-MHO methods [1] used for quantifying WMSD risk 

demonstrated a considerable decrease in risk levels post-

intervention. These findings indicate the success of the 

ergonomic interventions in mitigating physical stresses and 

strains on workers, leading to improved musculoskeletal 

health and reduced susceptibility to WMSD. 

Expected Results  

The study's expected results align with previous research 

showcasing the effectiveness of ergonomic interventions in 

reducing work-related musculoskeletal disorders in various 

industries. Based on the literature review, it is anticipated that 

implementing workstation modifications, equipment 

improvements, work process redesign, and training programs 

will significantly decrease the prevalence of WMSD among 

automotive assembly line workers. The post-intervention 

assessment is expected to reveal a substantial decline in 

reported MSD cases and an overall improvement in worker 

well-being. Moreover, the cost analysis is likely to 

demonstrate a positive cost-benefit ratio, emphasizing the 

financial advantages of investing in ergonomic interventions 

for the automotive industry. These expected results will 

contribute to the existing body of knowledge, supporting the 

adoption of evidence-based ergonomic practices in the 

automotive sector to foster a healthier and more productive 

workforce. 

Discussion 

Principal Results: The exploration of the relationship 

between ergonomics and work-related musculoskeletal 

disorders (WMSD) in the automotive industry has yielded 

insightful findings. Through our meticulous pre- and post-

intervention experimental study design, we have discovered 

compelling evidence of the effectiveness of ergonomic 

interventions in mitigating WMSD risks among automotive 

workers. Our comprehensive approach, encompassing 

workstation modification, equipment improvements, work 

process redesign, and training programs, has shown 

impressive outcomes. The utilization of the RULA and KIM-

MHO methods [1] has provided tangible evidence supporting 

the value of investing in ergonomic improvements, fostering 

healthier, happier, and more productive workers in the 

automotive sector. 

Limitations: Despite our substantial sample size, we 

acknowledge the limitations in representing the diverse 

landscape of the automotive industry. To enhance future 

research, we recognize the importance of inclusivity, 

encompassing a broader range of demographics, job roles, and 

work environments. Additionally, reliance on self-reported 

questionnaires introduced subjectivity into our data collection. 

To gain a more accurate understanding of workers' well-being, 

objective measures such as biomechanical assessments and 

medical evaluations should be incorporated in future studies. 

Comparison with Prior Work: Our exploration has revealed 

connections with existing research while venturing into new 

areas. Beyond the financial benefits of ergonomic 

interventions demonstrated by previous studies [3], our 

expedition expands into the realm of quality improvements. 

By integrating primary research and insights from a 

systematic review of past case studies, we present a 

comprehensive understanding of the interplay between 

ergonomics, worker health, and organizational productivity. 

Our adoption of randomized control trials strengthens the 

credibility of our findings, grounding them in solid evidence. 

 

New Insights and Future Endeavors: As pioneers in 

occupational health and safety, our expedition has provided 

new insights that beckon further exploration. The 

effectiveness of our ergonomic interventions calls for 

investigating their long-term impact on worker health and 

productivity. Exploring the sustainability and lasting legacy of 

these interventions in the automotive industry will shape the 

future of worker well-being. Moreover, delving deeper into 

cost-benefit analyses will empower decision-makers with 

valuable economic knowledge, prioritizing the health and 

prosperity of both workers and organizations. 

Finally, our transformative journey into the heart of 

ergonomics and WMSD in the automotive industry has 

opened a world of possibilities for future exploration. 

Reflecting on our principal results, navigating limitations, and 

comparing findings with prior work, we are invigorated by the 

new insights gained and the uncharted territories that lie 

ahead. Armed with this knowledge, we embark on our next 

voyage, unraveling the mysteries that await, and striving to 



create a safer, healthier, and more prosperous future for 

automotive workers and their industry. 

Conclusion 

This research has illuminated the crucial link between 

ergonomics and work-related musculoskeletal disorders 

(WMSD) in the automotive industry. Through a rigorous pre- 

and post-intervention experimental study design, empirical 

evidence supports the effectiveness of ergonomic 

interventions in reducing musculoskeletal disorders among 

automotive assembly line workers. The findings demonstrate 

that well-designed ergonomic measures significantly mitigate 

WMSD risks and improve worker well-being. Nevertheless, 

acknowledging the limitations, such as the sample size and 

reliance on self-reported questionnaires, calls for further 

research to explore long-term implications and economic 

benefits. Large-scale randomized control trials with diverse 

participants could provide more comprehensive insights into 

the sustainable impact of ergonomics on worker health and 

organizational performance. 

Industry stakeholders and policymakers should heed the 

research's findings and consider implementing evidence-based 

ergonomic practices. Prioritizing worker health and safety 

through ergonomic interventions can create safer and more 

productive work environments in the automotive industry. 

This benefits both the workforce's well-being and 

organizational performance. In summary, this research 

significantly contributes to the literature on workplace 

ergonomics and its impact on reducing work-related 

musculoskeletal disorders. We hope these insights will guide 

future efforts to promote the adoption of effective ergonomic 

interventions, fostering healthier and more prosperous 

workplaces for all. 
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