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ABSTRACT 

Workplace injuries in machining departments, particularly back pain from manual handling, reduce productivity 

and increase manpower shortages. This study aimed to identify the root causes of these injuries and propose an 

engineering control solution through the Plan-Do-Check-Act (PDCA) cycle. Hazard Identification, Risk 

Assessment, and Risk Control (HIRARC), Ishikawa diagram analysis, and ergonomic assessment using the Rapid 

Entire Body Assessment (REBA) were applied to evaluate existing practices. The findings showed that lifting 

cutting tools from low storage racks produced a high REBA score of 9, indicating a high risk of musculoskeletal 

disorders. A new ergonomically designed storage rack concept was developed and evaluated using CATIA V5 

software, with three alternatives compared through a Pugh Chart. Design B, which eliminated the need for trunk 

bending, was selected. Reassessment revealed that the REBA score decreased from 9 to 2, while the risk score for 

back pain was reduced from 12 to 3, achieving a 75% risk reduction. These improvements demonstrate a 

significant enhancement in workplace safety, reducing injury risks and improving productivity. The study 

highlights how ergonomic interventions integrated with the PDCA framework can provide practical solutions for 

minimising occupational hazards and ensuring sustainable productivity. 

Keywords: Workplace injuries; PDCA cycle; HIRARC; Ergonomic assessment; REBA 

 
1.0 INTRODUCTION  
Workplace safety has long been recognised as a critical priority in the manufacturing industry, where the primary 

aim of safety measures is to create an environment that minimises hazards and promotes the health and well-being 

of employees. Effective safety procedures focus on identifying, evaluating, and eliminating potential risks to 

prevent worker exposure to harmful situations [1]. Poor workplace safety not only results in injuries but also 

reduces productivity, increases operational costs, and contributes to employee dissatisfaction. 

Musculoskeletal disorders (MSDs) represent one of the most common occupational health concerns in 

manufacturing environments. Research has shown that improper working posture, repetitive movements, and 

awkward body positions are significant contributors to MSDs among maintenance and production workers [2], 

[3], [4]. These disorders are frequently associated with poorly designed workstations and insufficient ergonomic 

considerations. In addition to ergonomic risks, workplace hazards can stem from equipment, hazardous materials, 

unsafe practices, and unsafe human behaviour. If not addressed, each of these factors can lead to injuries, illnesses, 

or even fatalities [5]. Recognising these risks and implementing appropriate control strategies is therefore essential 

in establishing a safe and sustainable work environment. 

Many organisations focus on administrative controls and personal protective equipment (PPE) to manage risks. 

These include safety training, supervision, and protective gear. While these measures are important, they often do 

not fully eliminate hazards at their source. Consequently, administrative controls and PPE should be viewed as 

supplementary measures rather than the primary means of defence [6]. This highlights a significant gap in 

workplace safety practices: the underutilization of engineering controls. These controls offer sustainable and long-

term solutions by redesigning equipment, tools, or workstations to reduce risk exposure. To address this gap, 

structured methodologies are needed that not only identify risks but also guide the implementation of engineering 

interventions. 

To address safety concerns in a structured and continuous manner, the Plan-Do-Check-Act (PDCA) 

framework offers a systematic approach for problem-solving and process improvement. This framework allows 

organisations to identify hazards, implement targeted interventions, evaluate outcomes, and refine safety 

strategies. For example, Balubaid and Basahel [7] demonstrated that the application of PDCA in the Saudi cargo 

sector significantly improves workplace safety through systematic hazard identification and corrective action 

planning. 

This research was conducted at a multinational company located in Penang, Malaysia, that specialises in the 

production of electronic and industrial products. The study was initiated following a formal complaint made to 
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the supervisor, which prompted an investigation to identify a specific area in need of intervention. The assessment 

focused on the machining department, particularly the milling process, where workers are exposed to risks from 

high-speed rotating tools, sharp cutters, and prolonged exposure to loud noise. Unsafe practices in this department 

can lead to injuries, long-term health issues, manpower shortages, and decreased productivity, underscoring the 

need for a structured safety intervention. 

The objective of this research is fourfold: first, to identify areas within the machining department that are 

prone to risk; second, to assess the associated hazards and their levels of risk; third, to propose appropriate 

engineering and organizational changes aimed at mitigating these risks; and finally, to evaluate the effectiveness 

of the implemented changes in reducing workplace hazards and improving employee safety. 

  

2.0 METHODOLOGY 
2.1 Structure of the research 
To achieve the objective, this study used the PDCA framework as the basis of the identification of hazards, 

implementation of targeted interventions, evaluation of outcomes, and refining safety strategies. The PDCA cycle, 

initially formulated by Dr. W. Edwards Deming, represents a systematic methodology for managing workplace 

hazards and promoting continuous improvement [8]. The process comprises four fundamental phases: Plan, Do, 

Check, and Act, which together establish a systematic and repetitive approach for recognising potential dangers, 

executing preventive measures, evaluating effectiveness, and fostering a culture of continuous improvement. 

Table 1 outlines the steps of the PDCA cycle that are undertaken sequentially to address the issues in the 

machining department. 

 

Table 1: PDCA Cycle Flow Process 
PDCA Step Stage Methods and Techniques      Goals 

Plan 

1 
Problem 

identification 
• Observation • Identify the hazards that occur from the work 

activities in the machining area. 

2 Data collection 
• Interview 

• HIRARC 

• Analyse the risk score for the hazards. 

3 Data analysis 

• Ishikawa diagram 

• Initial ergonomic 

assessment 

• Examine and identify the root cause of the 

work accidents. 

4 Action Plan 
• Hierarchy of Control • Develop preventative measures that can be used 

to overcome the identified hazards. 

Do 

5 
Materials 

Selection 

• Market research • Finding the materials to apply for making the 

new equipment. 

• Gain the idea based on the current equipment. 

6 Design 

• CATIA V5 Software 

• Pugh Chart 

• Propose three designs of new equipment. 

• Choose the suitable design that meets the 

requirements. 

Check 7 Assessment 
• Ergonomics assessment 

• HIRARC 

• Reassess and compare the result for before and 

after improvement including cost of accident. 

Act 8 Standardization 
• Standard operating 

procedure (SOP) 

• Prioritize the safety precautions for further 

steps. 

 

This study adopted the Plan-Do-Check-Act (PDCA) cycle as a structured framework for improving workplace 

safety in the machining department. The methodology is presented according to the four phases of the PDCA 

cycle, as summarised in Table 1. 

Plan Phase: The objective of the Plan phase was to identify potential hazards in the machining department. 

This was accomplished through direct observations, interviews with the department supervisor, and a review of 

accident records. The current work was analysed using the Hazard Identification, Risk Assessment, and Risk 

Control (HIRARC) method to identify the workstations or tasks that contributed to the most common injuries. To 

further investigate the causes, the Ishikawa Diagram was employed for root cause analysis. Additionally, 

ergonomic risks were assessed using tools such as the Rapid Entire Body Assessment (REBA), which are widely 

recognised for identifying high-risk postures and repetitive tasks that contribute to musculoskeletal disorders. The 

REBA assessment method has been successfully applied in industries such as food delivery [9], waste handling 

[10], and manufacturing [11]. Based on the findings, preventive measures were formulated using the Hierarchy 

of Control as the action plan. 

Do Phase: In the Do phase, the action plan was implemented. Following the Hierarchy of Control, we chose 

an engineering control, specifically the design of a new storage rack, to address the identified injury risks. The 

design criteria took into account ergonomics, safety, durability, functionality, and efficiency. To support this 

process, the specifications of the current equipment were analysed, and market research was conducted to identify 
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suitable materials. Three design alternatives were proposed, and the most appropriate design was selected using a 

Pugh Chart evaluation. 

Check Phase: The Check phase concentrated on assessing the effectiveness of the implemented solution. Risk 

assessments were conducted again using the REBA and HIRARC method, and the new results were compared 

with the baseline data. This evaluation determines how effectively the intervention reduces the identified hazards 

and ensures that the new design enables workers to perform tasks more safely and productively. 

Act Phase: The Act phase brought together the improvements that had been implemented. During this phase, 

recommendations were made to standardise the standard operating procedures (SOPs) for using the new 

equipment. Additionally, it was suggested to hold training and awareness sessions to ensure proper usage. By 

adopting these practices, the company can sustain the risk reductions achieved and prevent future work-related 

injuries. 

 

3.0 RESULTS AND DISCUSSION 
3.1 Plan phase 

The research began following a formal complaint submitted to the supervisor, which led to an investigation. 

This investigation identified a specific area that requires intervention: the milling process in the machining 

department. Subsequently, an observation period was implemented in which workers' activities and workplace 

conditions were closely monitored to identify potential safety issues. In total, workers performed ten different 

activities to operate the milling process. These activities are detailed in Table 2, which categorise the injury risk 

as low, moderate, or high. Through interviews with the supervisor and observations of the workstation, five 

activities in the work process were identified as potential causes of injury within the department. 

The risk assessment employs the Hazard Identification, Risk Assessment, and Risk Control (HIRARC) method 

to analyse the hazards and risks associated with these five activities that can lead to injury. Risk assessment is a 

qualitative method that utilises a likelihood and severity table to calculate the risk score for the five activities. The 

initial risk assessment is presented in Table 3. 

Based on the risk assessment, the primary risk in the machining department is back pain resulting from manual 

handling when lifting cutting tools from the storage rack. The lifting of cutting tools in this department has 

introduced an ergonomic risk, which contributed to the onset of back pain and other musculoskeletal disorders. 

Improper body mechanics and lifting techniques are the main factors contributing to the ergonomic risks linked 

to lifting cutting tools. When workers lift the cutting tools without employing appropriate lifting techniques, they 

place an excessive amount of strain on their back muscles [12]. 

 

Table 2: Work processes in the machining department 

 No Activity 
Quantity 

(unit) 

Distance 

(m) 

Time/

unit 

(min) 
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1 

Pick up raw materials at the 

inventory using an electric 

motor jack 

1 200 30      Low injury 

2 
Ties the raw material using 

a chain 
- - 15      No injury 

3 
Lift raw material using 

crane 
- - 30      No injury 

4 
Lift the cutting tools from 

the storage rack 
10 10 5      

High 

injury 

5 
Setup the cutting tools on 

the machine 
- - 10      

Moderate 

injury 

6 
Setup raw material on the 

machine 
- - 120      

Low injury 

7 
Check the cutting tool for 

every program 
- - 5      

Low injury 

8 Hold the cutting tool - - 5      
No injury 

9 Untie the final product - - 25      
No injury 

10 Remove the final product - - 5      
No injury 

 Total 11 210 250 5 3 1 1 0  
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When the major risk has been identified, the primary causes of the identified risk were analysed through the 

data analysis process. Data analysis is the process of systematically examining and interpreting collected data to 

gain a deeper understanding of the problem and its root cause. The Ishikawa Diagram (Figure 1) is utilised as a 

tool to facilitate comprehensive analysis, which can encompass various aspects such as determining the effects of 

an accident and exploring all potential causes [13]. It is a versatile tool for analysing the causes of back pain that 

occur in the machining department. The method proves to be highly effective in addressing issues that involve a 

series of interconnected causes.  

After identifying all the factors that contribute to the occurrence of back pain, it is possible to understand the 

most crucial factor. Based on observation, the height of the storage rack emerged as the most significant factor 

contributing to the occurrence of back pain.  
To assess the risk level, an initial ergonomic assessment was conducted using the Rapid Entire Body 

Assessment (REBA) method to analyse and score the postures and movements of various body parts while lifting 

the cutting tools. The REBA framework provides a systematic approach for effectively evaluating ergonomic 

hazards and prioritising interventions based on the severity of the identified risks [14]. The current posture of 

workers when lifting cutting tools from the storage rack is shown in Figure 2, created using CATIA V5 software. 

This positioning is based on the cutting tool at the lowest tier of the rack. 

 
Table 3: Initial risk assessment 

No Work Process Hazard Risk Likelihood Severity Score 

1. 
Lift the cutting tools from the 

storage rack. 
Body bending Back pain 4 3 12 

2. 
Setup cutting tools on the 

machines. 
Sharp cutting tools. Hand injury 2 3 6 

3. 
Setup the raw materials on 

the machine. 

Walked on the slippery 

floor on the machines. 
Slip and fall 2 2 4 

4. 
Pick up raw material using 

electric pallet jack. 

Unable to stop 

immediately due to 

heavy raw materials. 

Struck 1 2 2 

5. 
Check the cutting tools for 

every program. 

Expose to the hot 

surface during 

checking the tools. 

Skin burns 1 1 1 

 

 

 

  
 

Figure 1: Ishikawa Diagram for identifying the root cause of back pain 
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The neck is positioned at 10˚ to 20˚ forward (+1), resulting in a total score of 1 (Figure 3(a)). The trunk is bent 

forward between 20˚ and 60˚ (+3), with the trunk side bending according to the situation (+1). The total score for 

trunk position is 4 (Figure 3(b)). The legs and feet are supported (+1) with adjusted position (+2), giving a score 

of 3 (Figure 3(c)). Based on the score gathered, the total score for neck, trunk and leg was looked up from Table 

A (refer to Table 4). Based on the score combination, the gathered trunk posture score is 6. The total score is 

added with the force or load being considered between 11 to 22 lbs (+1). This results in a total score of 7. 

 
Figure 2: Current body posture of workers 

   
(a) (b) (c) 

Figure 3: REBA neck, trunk and leg analysis 

Table 4: Trunk Posture Score 

Table A 

 Neck 

 1 2 3 

Legs 1 2 3 4 1 2 3 4 1 2 3 4 

Trunk 

Posture 

Score 

1 1 2 3 4 1 2 3 4 3 3 5 6 

2 2 3 4 5 3 4 5 6 4 5 6 7 

3 2 4 5 6 4 5 6 7 5 6 7 8 

4 3 5 6 7 5 6 7 8 6 7 8 9 

5 4 6 7 8 6 7 8 9 7 8 9 9 
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Based on the assessment of the upper arm position in Figure 4(a), the arm is positioned between 20˚ to 45˚  

(+2), and the shoulder is raised (+1). The upper arm position score is 3. The lower arm is positioned between 0˚ 

to 60˚  with a score of 2 (Figure 4(b)). The wrist flexes less than 15˚, scoring 1 for wrist position.  

Based on the scores gathered, the total score for arm and wrist posture scores was looked up from Table B 

(refer to Table 5). The gathered arm and wrist score is 4 based on the score combination. The coupling score 

component is 0 because the tool has a well-fitting handle and mid-range power grip. This gathers a total score of 

4. 

The REBA total score is categorised into four levels of risk based on the score range. A score between 1 and 

4 indicates a low risk, suggesting minimal risk of musculoskeletal disorders (MSDs). Scores ranging from 4 to 7 

fall under the medium risk category, which implies the need for further investigation and potential ergonomic 

interventions to reduce risk. A score of 8 to 10 is classified as high risk, requiring immediate investigation along 

with the implementation of control measures to modify the task. Finally, scores between 11 and 15 represent a 

very high risk, where immediate changes are necessary to reduce strain and prevent MSDs. In the current 

workstation assessment, the total REBA score is derived from Table C (see Table 6). An additional point was 

added to the final score because one or more body parts are held in position for longer than one minute (+1). A 

total score of 9 in the REBA assessment indicates a high risk of musculoskeletal disorders (MSD), prompting a 

recommendation to investigate and implement changes. 

 

  
(a) (b) 

Figure 4: REBA arm and wrist analysis 

 

Table 5: Arm and Wrist Analysis Score 

Table B 

 Lower arm 

 1 2 

Wrist 1 2 3 1 2 3 

Upper 

Arm 

1 1 2 2 1 2 3 

2 1 2 3 2 3 4 

3 3 4 5 4 5 5 

4 4 5 5 5 6 7 

5 6 7 8 7 8 8 

6 7 8 8 8 9 9 

 

Table 6: REBA total score 

Score A 

Table C 

Score B 

1 2 3 4 5 6 7 8 9 10 11 12 

1 1 1 1 2 3 3 4 5 6 7 7 7 

2 1 2 2 3 4 4 5 6 6 7 7 8 

3 2 3 3 3 4 5 6 7 7 8 8 8 

4 3 4 4 4 5 6 7 8 8 9 9 9 

5 4 4 4 5 6 7 8 8 9 9 9 9 

6 6 6 6 7 8 8 9 9 10 10 10 10 

7 7 7 7 8 9 9 9 10 10 11 11 11 

8 8 8 8 9 10 10 10 10 10 11 11 11 

9 9 9 9 10 10 10 11 11 11 12 12 12 

10 10 10 10 11 11 11 11 12 12 12 12 12 

11 11 11 11 11 12 12 12 12 12 12 12 12 

12 12 12 12 12 12 12 12 12 12 12 12 12 
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3.2 Do phase 
There are several techniques that can be used to manage hazards effectively. These techniques are ranked from 

most effective to least effective: (1) elimination, (2) substitution, (3) engineering controls, (4) administrative 

controls, and (5) the use of personal protective equipment (PPE). This ranking is known as the hierarchy of control. 

It is essential to eliminate hazards whenever possible and to ensure a good fit between the job and the worker [3]. 

This study emphasised the importance of engineering controls to eliminate hazards. Engineering controls involve 

the process of removing or reducing workplace hazards through the installation of various physical modifications 

or safety systems [4].  

For this case study, substitution together with engineering control was selected as the preventive measure to 

mitigate the identified problem by designing a new storage rack that meets the necessary requirements concerning 

ergonomics, safety, durability, functionality, and cost. Past research has shown that engineering control and 

substation are among the successfully implemented measures to ensure occupational safety and health of workers 

[4]. In essence, the hierarchy of control is a systematic approach to mitigating hazards by prioritising and 

implementing control measures in a specific sequence [15].  

The design of a new storage rack is the solution that has been considered as the action plan to solve the highest 

injury rate in the machining department. The initial process of designing a new storage rack began with the 

selection of materials for the design. The materials selection to be used in a product must meet safety standards 

and regulations [16]. Based on the market research, the most suitable material to be used for manufacturing a new 

storage rack is steel due to its strength and durability, which can hold up the heavy equipment. Regarding this 

study, the average weight of each cutting tool used in the machining department was 4 kg. Thus, steel is the best 

choice to manufacture a new storage rack. 

The current storage rack in the department, as shown in Figure 5, was examined to gather ideas for developing 

an improved storage rack, particularly in terms of ergonomics and safety to prevent workers from sustaining 

injuries when lifting cutting tools. Referring to the Ishikawa diagram, the height of the storage rack in the 

department is one of the factors contributing to occurrences of back pain among workers. The recommended 

height of workbenches is between 95cm and 114cm for medium-class light work [17]. The measurement shows 

that the current rack's total height was approximately 82 cm (on the highest tier), which is lower than the 

recommended height. As a result of this, the worker needs to bend down while performing their work when lifting 

cutting tools.  

After reviewing the current design of the storage rack, a new model was created using CATIA V5 software 

during the design phase. The objective of this phase is to enhance safety and implement strategies to prevent and 

reduce the likelihood and severity of back pain. The new rack design is unique and requires specific holders for 

tool tips, making standard commercial racks unsuitable. This approach addresses the distinct characteristics of 

specific workplaces to improve hazard management [18]. Consequently, we have proposed and designed three 

new storage racks with different heights and safety features, as shown in Figure 6. 

 

 
Figure 5: The current storage rack in the machining department 
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(a) Design A and dimensions 

 

  
(b) Design B and dimensions 

 

  
(c) Design C and dimensions 

 
Figure 6: The proposed designs of the new storage rack 
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Ergonomic testing was conducted to analyse which of the three designs meet the ergonomic requirements. 

This testing involved examining the body posture of workers when lifting cutting tools from each of the new 

storage racks. The body posture of workers was structured using CATIA V5 software, as shown in Figure 7. Based 

on the result, the body posture for design A and design C showed that the workers need to bend their bodies when 

lifting the cutting tools from the different shelves of the tool holders. This situation could still expose workers to 

back pain injuries due to the repetitive posture of lifting the tools. Apart from that, design B showed that the 

workers are no longer required to bend their bodies to lift the cutting tools; instead, they can lift the tools while 

standing straight, as there is only one shelf of tool holders in design B. 

A Pugh chart was used to compare these designs based on the criteria of ergonomics, safety, functionality, 

durability, cost, and maintenance. According to the analysis (refer to Table 7), design B was chosen as the best 

design because its net score was the highest among the other designs. This design meets the criteria of ergonomics 

and safety, effectively addressing back pain issues in the machining department. Additionally, design B offers 

benefits for the workers, ensuring they are comfortable when using the new storage rack for storing and lifting the 

cutting tools. 

 

   
(a) Design A (b) Design B (c) Design C 

Figure 7: Ergonomic testing for each design 

 

 

Table 7: Design comparison through Pugh Chart 
Description Cutting tools storage rack 

Evaluation criteria Weight Current Design A Design B Design C 

Ergonomic 3 0 - + - 

Safety 3 0 + + - 

Functionality 2 0 0 0 0 

Durability 2 0 + + + 

Cost 2 0 0 0 0 

Ease of Maintenance 2 0 + + + 

Total (+) 0 7 10 4 

Total (0) 6 2 2 2 

Total (-) 0 3 0 6 

Net score 0 4 10 -2 

 

3.3 Check phase 
The body posture was changed from bending to standing as to lift the cutting tools after design B was selected 

as the new storage rack in the machining department. In relation to this posture change, an ergonomic assessment 

was conducted again to reassess the ergonomic score. The score was evaluated using the REBA method, and the 

comparison of the REBA score before and after the improvements made in the machining department is shown in 

Table 8. 

The neck is positioned at 10˚ to 20˚ forward (+1), resulting in a total score of 1. The trunk is in an upright 

position (0), with the trunk twisted according to the situation (+1). The total score for trunk position is 1. The legs 

and feet are supported (+1), giving a score of 1 (Figure 2 (c)). Based on the score gathered, the total score for 

neck, trunk and leg was looked up from Table A; and the gathered trunk posture score is 1. The total score is 

added with the force or load being considered between 11 and 22 lbs (+1). This results in a total score of 2. 

Based on the assessment of the upper arm position, the arm is positioned between 20˚ (+1), and the shoulder 

is raised (+1). The upper arm position score is 2. The lower arm is positioned between 60˚ and 100˚ with a score 

of 1. The wrist flexes less than 15˚, scoring 1 for wrist position. Based on the scores gathered, the total score for 

arm and wrist posture scores was looked up from Table B. The gathered arm and wrist score is 1 based on the 

score combination. The coupling score component is 0 because the tool has a well-fitting handle and mid-range 

power grip. This gathers a total score of 1. 
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The REBA total score is gathered from Table C. Two activity scores are added to the final score; the first is 

on one or more body parts that are held for longer than 1 minute (+1). The total score of 2 in the REBA assessment 

indicates a low risk of MSD, where change may be needed. 

The REBA score, as shown in Table 8, indicated that the body posture score for workers lifting cutting tools 

from the new storage rack was reduced from 9 to 2. The reduction in score demonstrated that the improvement 

has successfully reduced the risk of back pain among the workers. This shows that the workers are not required 

to bend their bodies; instead, they can lift the cutting tools whilst standing. The implementation of the new storage 

rack will reduce the risk of back pain in the machining department. In this case, the risk evaluation was conducted 

to evaluate the risk after making the improvement. The comparison of risk scores before and after the improvement 

is shown in Table 9. The emphasis on risk reduction has become a key aspect of implementing ergonomic practices 

in the workplace [19]. 

 

Table 8: Comparison of REBA Score before and after improvement 

Group Body parts and factors 
Score 

Before improvement After improvement 

Table A - Neck, trunk 

and leg Assessment  

Neck 1 1 

Trunk 4 1 

Leg 3 1 

Table A value 6 1 

(+) Load force 1 1 

Total Table A 7 2 

Table B - Arm and 

Wrist Assessment 

Upper arm 3 2 

Lower arm 2 1 

Wrist 1 1 

Table B value 4 1 

Coupling 0 0 

Total Table B 4 1 

Table C – Total REBA 

score 

Table C value 8 1 

Body parts held longer than 1 min 1 1 

Total REBA score 9 2 

 

 

Table 9: The comparison of risk scores before and after improvement 
No Work 

process 

Hazard Risk Before improvement After improvement 

Likelihood Severity Score Likelihood Severity Score 

1 

Lift the 

cutting tools 

from the 

storage rack 

Body bending 
Back 

pain 
4 3 12 1 3 3 

2 

Setup cutting 

tools on the 

machines 

Sharp cutting 

tools 

Hand 

injury 
2 3 6 2 3 6 

3 

Setup the raw 

materials on 

the machine 

Walked on the 

slippery floor 

on the 

machines 

Slip 

and 

fall 

2 2 4 2 2 4 

4 

Pick up raw 

materials 

using electric 

pallet jack 

Unable to stop 

immediately 

due to heavy 

raw materials 

Struck 1 2 2 1 2 2 

5 

Check the 

cutting tools 

for every 

program 

Expose to the 

hot surface 

during 

checking the 

tools 

Skin 

burn 
1 1 1 1 1 1 
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The effectiveness of risk control was evaluated using Relative Risk (RR) and Relative Risk Reduction (RRR) 

as practised by previous research [20]. RR is a proportional measure that estimates the impact of control measures 

compared to the baseline risk. An RR value of 1 indicates no effect of the intervention, values below 1 suggest 

that the control is effective, while values above 1 imply that the intervention is ineffective and may even increase 

risk [21]. RR is calculated as the ratio of post-control risk (CP) to pre-control risk (PP). In this case, the RR value 

is 0.25 with CP of 3 and PP of 12.  

In addition, RRR was applied to determine the proportional reduction of risk achieved by the intervention 

relative to the baseline group, using the formula RRR = 1 – RR [22]. Risk control strategies were prioritised for 

the most prevalent hazards and the most affected risk groups, forming the basis for program recommendations. 

The RRR for the evaluated case study is 0.75. The results showed that the design of the new storage rack increases 

the height to ensure the workers do not bend their bodies to lift the cutting tools. This resulted in a 75% risk 

reduction on the new storage rack used after the improvement. 

 

3.4 Act phase 
In the Act phase, the focus is on maintaining the improvements achieved by replacing the rack with a better 

design. It is essential to conduct training and awareness sessions to ensure that operators and maintenance 

personnel are familiar with the proper use and handling of the new rack, thereby maximising its ergonomic 

benefits. Additionally, a structured feedback loop should be established to allow workers to report any issues or 

suggest improvements based on their daily experiences with the rack. Continuous monitoring is also critical; this 

can be implemented through periodic ergonomic assessments and safety inspections to verify the long-term 

effectiveness of the intervention and to ensure that the risk of musculoskeletal strain remains minimised. These 

administrative processes and procedures are crucial to ensure that the engineering control functions correctly. The 

effectiveness of the engineering control is, in fact, reliant on humans properly implementing these administrative 

processes [23]. 

 

 

4.0 CONCLUSION AND RECOMMENDATIONS 
In conclusion, utilising the PDCA (Plan-Do-Check-Act) framework for continuous improvement provides a 

systematic approach in identifying and resolving problems. Based on the assessment of the work task, several 

outcomes can be concluded. 

For the Plan Phase: 

• The machining area, particularly the milling operation, posed the highest risk of musculoskeletal disorders 

(MSD) to workers. 

• The Hazard Identification, Risk Assessment, and Risk Control (HIRARC) method identified back injury 

as the most significant hazard in the machining department, with a risk score of 12. 

• The Ishikawa diagram revealed that the main root cause of this issue is the non-ergonomic design of the 

storage rack, which necessitates that the workers bend their bodies while lifting cutting tools. 

• The Rapid Entire Body Assessment (REBA) indicated that the initial work setup design resulted in a score 

of 9. 

For the Do Phase: 

• Substitution and engineering controls were implemented by proposing three new storage rack designs. The 

most effective design was selected using the Pugh Chart, with ergonomics being the main criterion for 

selection. 

For the Check Phase: 

• A risk re-evaluation was conducted, showing that the REBA risk score decreased from 9 to 2. 

• The risk score assessment was also re-evaluated, resulting in a score of 2, which equates to a 75% Relative 

Risk Reduction (RRR).  

Based on this assessment, the new storage rack is expected to provide long-term benefits to the company. 

However, ongoing training and awareness sessions are recommended to ensure that operators and maintenance 

personnel are familiar with the proper use and handling of the new rack. This will maximise its ergonomic benefits 

and further minimise risks related to human factors and work methods. 
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