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ABSTRACT 
       Occupational health and safety are the most valuable assets for any firm. The hazards that may occur in the workplace 
should be analysed and studied to minimize the possibility of their incidence. WMSDs (Work-related Musculo Skeletal 
Disorders) injuries are one of the most common accidents that happen in the workplace in some countries exceeding 40% 
of the total types of accidents. Thus, many techniques like REBA were innovated to analyse the risks leading to these 
kinds of injuries. This article studies and analyses 15 postures ergonomically in detail to cover all the working stations in 
a Gas Springs factory in Türkiye. This high number of postures with real-life cases from a developing country such as 
Türkiye can be considered an essential contribution to this field. Classical REBA and the REBA calculator are used in 
the application as tools and methods. Additionally, a comparison between REBA results with RULA and OWAS results 
for each posture is provided. The application showed that 53.33% of the postures’ results were medium-level risks. This 
percentage displays that the workers aren’t at a very dangerous risk level, but executives still should take action to reduce 
the risk level. This study aims to understand REBA and its importance. The article also shows how to apply Classical 
REBA step by step and how to use the REBA calculator. Finally, the outputs of this article should be beneficial practically 
and theoretically. It would be practical for the factory to develop the working stations according to the suggestion and 
theoretically for researchers to build new studies on it. 
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INTRODUCTION 
      Nowadays Ergonomics has become an essential matter for all sectors, especially the industrial sector. It plays a 
significant role in the workers’ health and safety. WMSDs (Work-Related Musculoskeletal Disorders) are some painful 
disorders that Ergonomic assessments are interested in evaluating. The assessments focus on evaluating the hazards that 
may be inflicted on muscles, nerves, and/or joints. These types of evaluations examine the physical load by analysing 
body movements in one or multiple postures, as well as the strenuous activities that escalate over time. Therefore, the 
ergonomic analyses and evaluations help to prevent musculoskeletal disorders or physiological disorders. It is very 
significant to start applying the analyses regarding the high number of this type of accidents happening in the industrial 
sector especially. A study from China stated that the percentage of WMSD accidents in China was about 40.2% in 2018 
[1]. This percentage proves that the WMSD accident rate is very high. Also, this study was made in China one of the 
developed and most important industrial countries all over the world so it is expected that this percentage could be higher 
in the developing countries. There are many techniques to analyse the risks that could lead to musculoskeletal disorders 
in workplaces such as RULA, REBA, NIOSH, PATH, OWAS, and QEC. This study is focusing on applying REBA 
(Rapid Entire Body Assessment) in a Gas Springs Factory in Türkiye. The REBA technique was applied to most of the 
daily postures of the workers working in the factory. It is very important for all workplaces to start applying techniques 
like REBA to keep their workers in a safer environment. Al-Madani and Dababneh stated that the importance of REBA 
lies in the ease and speed of its application which is able to evaluate many postures by dividing the body into sections, 
coding them, and scoring them in detail [2]. The article didn’t evaluate the working postures by REBA only; but also, 
solutions are suggested to decrease the risks in each posture if needed because REBA should be a non-stoppable cycle 
until sure that all the workers are working in positions with zero harm for their bodies. The implementation of REBA is 
done both manually and automatically through a new application that is developed to make the evaluation much easier 
than it is. Moreover, a comparison is provided between the results of REBA, RULA, and OWAS to understand the 
differences between these techniques. The literature review goes deeper to explain these techniques and the differences 
between them and goes through some previous studies in different sectors that applied REBA. But briefly, REBA was 
chosen because it covers the whole body not like RULA covers only the upper limb, and it is very detailed not as simple 
as OWAS. That’s why using REBA as the main technique was important for this study. Following that, the 
implementation of REBA was explained step by step in detail to make the application section which was included real 



Sigma Journal of Engineering and Natural Sciences, Technical Note, Vol. 42, No. 6, pp. XX-XX, December, 
2024 

2 
 

postures from a Gas Springs Factory well understandable. The results of this article should show the significance of 
REBA and similar techniques to evaluate WMSDs and to try to create a safer working environment. Also, the output of 
this article is an adding value because it examines 15 postures which is a high number, and in a specific industry there 
are not many studies about it, so it makes a good contribution either for the workers in the same or similar sector, or for 
researchers regarding to the very detailed information it provides. 
      The risks that face the workers in the workplaces, especially in factories, increased the need for research and studies 
to improve the ways and methodologies to prevent the workers from the hazards they may confront. REBA was one of 
the techniques that many researchers were interested in. That’s why there are many studies belt on the REBA technique. 
The efficiency of REBA was obvious and that was an important factor to attract researchers to work on and improve this 
technique. 
 

 
Figure 1. The Subject Areas of The Studies Used REBA in The Last 10 Years 

      Although REBA is used these days in the industrial sector, it belongs originally to the medical sector.  REBA was 
presented by Hignett and McAtamney in the United Kingdom in 2000 to evaluate the working positions in health care 
and other industries [2]. After that, REBA started to be applied in many other sectors until it became the main course in 
some medical and industrial colleges. As shown in figure 1 [3], although REBA was used mostly in the Engineering and 
Medical departments in the last ten years, it was used in more than another eight areas. It was easy to be applied which 
made it spread very widely. According to Joshi and Deshpande, REBA is the most popular technique in that field 
regarding its ease and speed not only in applying it; but also, speed of getting the results [4]. Additionally, REBA handles 
a very significant issue which is dealing with WMSDs as mentioned in the introduction. When the musculoskeletal system 
is exposed to heavy load, it harms the trunk, shoulders, neck, and limps; also, these injuries may lead to paralysis [5]. 
Thus, REBA is a perfect technique analysing the working positions of the workers before the kind of injuries happen 
owing to the fact that it focuses on the same body sections to be assessed.  REBA divides the body into 2 groups and each 
one includes sections. Group A includes the trunk, neck, and legs; on the other hand, arms and wrists are included in 
section B. These are the same sections most likely to get hurt in the musculoskeletal system. According to the position of 
each section, the score is collected, and the final score leads to the level of risk of the examined posture. REBA has 5 
levels of risks from negligible level risk to the level of very high risk. Thus, the evaluators are able to know if there is an 
action that has to be taken immediately or not. 
      A lot of industries were in need of REBA to develop the working positions of their workers. REBA was used in 
different industries in the Industrial sector. In a study made in 2021 that tested 180 postures in the textile industry by 
REBA, more than 30% of the postures were evaluated as high-risk [6]. This number is enormously big and leads to serious 
issues. The sections that were highly effected were the wrist with a significant percentage of 84.41%, the lower arm with 
a significant percentage of 79.31%, and the neck with a significant percentage of 67.24% [6]. So, relying on this study 
the managers are aware of the dangerous postures and can make some modifications to decrease the risks. Similarly, 
another study was conducted on 12 workers in an aircraft production area. The study shows that after applying REBA, 
the most body sections that could be hurt in the aircraft industry are the trunk, neck, and arms especially for the coupling 
area [7]. After these results, it was suggested that more studies should be done in the future to reduce the risks in the 
workplace. In another study placed on trucks manufacturer, most of the workplace accidents hit the musculoskeletal 
system and 43% of them harm the trunk section REBA approved the high-risk on the trunk [8]. However, the company 
was able to decrease the risk rate after more REBA studies. In the same automotive sector, a study was conducted on nine 
workers practicing the usual three tasks. The result of REBA was that all three tasks were classified as high-risk postures 
and the company is working on decreasing the risk level [9]. All in all, applying REBA was very efficient in different 
industries in the production and manufacturing sectors. 
      As was mentioned, REBA was invented for the medical sector at the beginning, but it started to be used in many other 
sectors. In the medical sector, a very recent study had been made for a doctor who was working for a long time in the 
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same posture during the pandemic of COVID-19. The score he got was 8 which means the high-risk that was affecting 
the trunk the most and the neck after it [10]. It was very important in the pandemic period to examine these positions 
because of the stressful atmosphere that the doctors were living in. REBA was also used in the Agricultural sector. A 
study that evaluated working positions for forest nursery workers was conducted on six different agriculture processes. 
As a result, 53% of postures in only one process were classified as high-risk postures [11]. This percentage means that 
more than half of the postures are very risky which increases the possibility of musculoskeletal disorders so the managers 
or the owners should interfere immediately to reduce this percentage. REBA also was used in restaurants with 30 chefs. 
Even if it doesn’t seem that it is a dangerous job however the results showed the opposite. According to this study and 
after applying REBA, 19.03% of the chefs were at high-risk for the neck section then wrist and upper arm [12]. REBA 
even was used with street vendors and their REBA results were shocking. The study stated that REBA showed that 71% 
of street vendors are at high-risks, especially for the upper and lower arms [13]. In short, REBA proved its efficiency and 
capability to evaluate the body postures in many different sectors which gives it credibility over other techniques. 
 

 
Figure 2. Top 10 Countries Used REBA in The Last 10 Years in Their Studies 

      Although REBA was invented in Europe, it became popular everywhere from the East to the West. Not only in 
developed countries, but in developing countries as well. Figure 2 [3] displays that the top 10 countries that used REBA 
in their studies last ten years were not European countries. This section contains some studies that prove the popularity 
of this technique which led it to reach even developing countries. In 2018, a great REBA study had been made in Brazil, 
which covered many dairy farms in Brazil after a survey showed that a lot of milking workers are suffering from 
musculoskeletal disorders. As a result of the REBA evaluation, 7 postures were classified as high-risk (scored from 8 to 
10) and 13 postures as very high-risk (scored over 11), so the study recommended an immediate interference to change 
some postures, especially the posture of classical squatting for milking because it puts more than 50% of the workers 
under very high-risk [14]. According to a study in Colombia, 85% of the injuries in the workplace are muscle injuries 
[15]. Therefore, there was a need for evaluation techniques in order to decrease the number of injuries. El Bosque 
University conducted a study on 3 different factories metalwork, plastics, and timber company. 13.33% of the postures 
in the metalworking factory were high-risk postures and 86.67% for middle-risk postures, and the vulnerable sections are 
neck and trunk; for the plastic sector, 33.34% for high-risk postures, 52.38% for middle-risk postures and 14.24 for low-
risk postures, and the vulnerable are wrists and arms; while in the timber company, 43% of the postures were high-risk 
ones and 57% for middle-risk postures, and the entire muscular structure was threatened with injury [15]. This REBA 
application gave detailed information about the risky postures that the managers should interfere with to change 
immediately. According to a study in Iran, 13.1% of the whole budget of the government is the cost of the MSDs so they 
tend to use techniques such as REBA, RULA, and even try new techniques such as NERBA [16]. There was a study in 
India also that used REBA on women who work in tea gardens. The main complaint was elbow pain and after applying 
REBA it was proved that there are high risks on the upper arms after analysing their working postures [17]. So, REBA 
can be used either before having injuries or after MSDs in both situations it would be effective to find out the problem or 
to prove it.  
      Asea Pacific is one of the most regions that use REBA in many studies. The countries there appreciate the efficiency 
of REBA, so it became obvious to see many academic articles from their universities in English or even in their local 
languages. Many studies proved the importance of this kind of technique in this region. A study conducted in Indonesia 
evaluated many postures in some SMEs (small and medium enterprises) by using REBA and the result was that 10.7% 
of these positions were categorized as very high-risk postures while 60.7% as high-risk postures which is an enormously 
big percentage that should be decreased immediately [18]. In a survey that included 12 cities and 482 workers in 
Indonesia, it was found that around 40.5% of their illnesses are caused because of MSDs [19]. Another study in Indonesia 
too but in the agriculture, sector tried to apply many techniques to figure out the reasons for the increase in the MSDs for 
the harvesters. It was stated that after using many techniques most of them described the postures as safe low-risk ones, 
only REBA evaluation showed that at least 4 postures out of 24 are classified as high-risk postures and need to be modified 
urgently [20]. Indonesia is not the only Asia Pacific country that is interested in REBA, Malaysia conducted some REBA 
studies too. The Malaysian Occupational Safety dept stated that between 2005 and 2014 the MSDs cases increased from 
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10 to 675 [21]. That was the alarm to start using REBA and similar techniques in Malaysia. REBA was conducted in 
many studies in different sectors in Malaysia such as food, clothing, engine oil, and manufacturing; as a result of these 
studies, only the postures in the engine oil company were described as a moderated level of risks and all the other sectors 
showed at least 40% of high-risk postures in each company [21]. These were some studies that show the influence of 
REBA techniques all over the world. The combination between simplicity, speed, and accuracy made REBA the most 
popular technique to evaluate WMSDs cases even in developing countries. 
       Some comparisons were provided in this article between some popular assessments. RULA (Rapid Upper Limb 
Assessment) is similar to REBA while OWAS (Ovako Working Posture Analysing System) is more straightforward in 
the application section. Therefore, it is significant to mention some previous studies about RULA and OWAS and their 
relationship with REBA. RULA has many common points with REBA, they are very similar in concept and application. 
RULA was invented by McAtamney and Corlett in 1993, and it evaluates the body into 2 groups, A which contain wrists, 
arms, and forearms, and B which contains the torso, neck, and legs to check the possibility of getting MSDs injuries for 
workers [22]. REBA also focuses on most of the sections that RULA works on. Also, McAtamney was one of the 
scientists who invented REBA as well. They have very similar scoring steps too, but RULA has only four risk levels 
while REBA has five levels as mentioned before. The similarity between REBA and OWAS lies in their both interest in 
the entire body. OWAS was created by a steel manufacturer called OVAKO company from Finland, and it divides the 
body into three parts which are 4 situations for the back, 3 situations for arms, and 7 situations for legs plus a score for 
weight; so, by collecting the number of each position, we get a code from 4 digits that lead to 4 levels action plan [23]. 
RULA and OWAS have the same number of risk levels and REBA has more than them by 5 levels. A study was made in 
South Korea to compare these three popular techniques. The examiners chose 209 stressful working postures, and the 
result was that 72.2% of OWAS’s results and 78.9% of REBA’s results were classified as low-risk level; however, 63.6% 
of RULA’s results were classified as high-risk level postures [24]. These studies show that each technique has its own 
characteristics and sometimes it is needed to apply more than one technique in order to decide which one is more suitable 
for the study. Sometimes the results might be correspondent so they prove the problems or not so a decision should be 
taken according to the more realistic technique in the examined case. For instance, a study was made in a school in 
Indonesia that used REBA and RULA to evaluate the seating positions for the students. The final score of REBA was 8 
and the final score of RULA was 7, which are both high-risk levels, so the study suggested a new chair design that 
decreased the risk level [25]. On the other hand, a study used REBA and OWAS to evaluate the risks in the harvest 
working in Türkiye. The results of OWAS and REBA were different and the risk level of OWAS was lower than REBA; 
OWAS was easier, but REBA was more detailed, and its details corresponded more with the postures [26]. In the previous 
study relying more on REBA was suggested because it was more suitable than OWAS for the examined positions. In 
brief, using more than one technique and making comparisons in every single study enriches the study and increase its 
value and creditability.    
       Even though applying more than one technique is very valuable some techniques might fit the application and may 
not. So, making the choice of which technique is more suitable can differentiate from one sector to another and from 
industry to another. Sometimes the same sector may need to be evaluated by different techniques according to the tasks 
or the postures. For instance, there are two studies in the agriculture sector one in Korea and the other one in Canada. The 
study conducted in Korea was about manual harvesting tasks and after using REBA, RULA, and OWAS, the result of the 
hit rate was 30.1% for REBA, 33.3% for RULA, and 34.4% for OWAS [27]. The results of this study were very close, 
and it showed that using any of these techniques wouldn’t make a huge difference. However, the study that had been 
applied in Canada was applied to the operations using agricultural machinery. The study suggested that RULA gave the 
most satisfactory results and after that REBA came which gave important results too but the evaluation of OWAS proved 
its weakness in evaluating postures using agricultural machinery [28]. In the second study, OWAS gave the lowest score 
however it had the highest percentage in manual farming activities, so it is highly recommended to run many evaluations 
with different techniques to get more accurate results. In Italy, REBA and RULA techniques were applied for the manual 
wood-chipping process. The results of REBA and RULA were very similar, and they both showed results between 
medium and high risks, but REBA was able to highlight the risk on the lower limb better than RULA [29]. That’s why it 
was recommended in the study to use REBA to have a better overview. A study made at railway stations used REBA and 
RULA too on the vendors there. It stated that REBA and RULA gave similar results because they both evaluate the neck, 
upper arms, and back, which are the risky body sections for the working postures of the vendors [30]. In this situation, 
we can claim that choosing a technique should be based on the parts of the bodies that exposure to risks. A furniture 
manufacturer applied REBA and OWAS to study 18 postures to check and redesign the risky ones. REBA’s result showed 
3 postures with high-risk levels and OWAS also showed 3 postures but only one posture was mutual between REBA and 
OWAS, and after a questionnaire, the mutual posture was proved to be the one that the company should redesign 
immediately [31]. As mentioned before, using more than one technique enhances the study and leads to the most accurate 
possible result. 
       The need to apply ergonomic assessments in Türkiye increased very much due to the high number of accidents 
happening in the production area. More than 50% of workplace accidents in Türkiye happen in the manufacturing 
environments and there aren't enough studies that work on these kinds of accidents [32]. This shows the significance of 
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having more of these studies, especially in Turkish factories. A foundry factory in Türkiye conducted REBA on a critical 
and common position in the factory. The result of REBA was 10 which means a high risk that needs an immediate and 
urgent change; so, the working stage had been redesigned taking into consideration the REBA analysis to decrease the 
risk and the result was scoring 6 after the redesigning as a medium risk [33]. A Turkish textile factory tested 15 postures 
using REBA for sewing and packaging processes that are generally conducted by women. The REBA results were 
between 4 and 8 and according to these results, they rearranged the tasks of the workers in a way that the workers change 
their working positions during the shift so each worker wouldn’t work on a posture with high risk the whole day [34]. 
Another study in Türkiye also applied RULA to decrease the risk on the upper limb of the employees’ body. The score 
had been reduced, the arms and wrist from 12 to 4, and the overall score of the neck, trunk, and leg from 10 to 4 [35]. 
These touchable results display the efficiency of using ergonomic assessments in Türkiye. For different purposes, a 
vehicle seat manufacturer in Türkiye applied REBA to test the final product itself. REBA was conducted to test a new 
design of seats to check their risk level, and the REBA score was 3 which means a low-risk level  [36]. Ensuring that the 
product doesn't put the customers at a high level of risk is a very significant approach that all factories should take care 
of. These cases from Türkiye reflect the necessity of ergonomic assessments owing to the gains the appliers have gotten 
by preserving the health of either workers or customers. Business-wise, applying these assessments is a huge advantage 
for each country to guarantee safety with economic developments.  
      It is important to conduct many techniques to analyse postures. Using different instruments such as REBA, RULA, 
and OWAS in one study gives more accurate results for a risk assessment of WMSDs [37]. Accordingly, a comparison 
was conducted in this article between the chosen technique (REBA) and another two popular techniques (RULA & 
OWAS). After all these literature studies, REBA shows that it is one of the most popular techniques to evaluate risks that 
may cause WMSDs. It proven its efficiency in many fields and sectors all over the world. Also, REBA is more 
comprehensive and detailed than RULA and OWAS. Therefore, REBA is used to evaluate the working postures for a gas 
springs factory in the next sections of the article. This enhances the role of the article contribution by proving the 
efficiency of the used techniques as the literature review displayed and adding a new case study in a new sector to the 
cases covered by the literature review.        
 

Table 1. Literature Review Table 

No Title Date Source Topic Usage in The Article 

1 The Prevalence and Risk Factors of 
Work-Related Musculoskeletal 
Disorders Among Electronics 
Manufacturing Workers: A Cross-
Sectional Analytical Study in China 

2023 Detecting the reality of the statistics 
regarding WMSD injuries through 
questionnaires from 30 factories in 
China to check the extent of its spread 
and effects  

The percentage of 
WMSD injuries in China 

2 Rapid Entire Body Assessment: A 
Literature Review 

2016 Giving a review summarizing the 
application of REBA presenting its 
applicability, limitations, and validity 
in different sectors such as industrial, 
constructional, and medical sectors 

REBA's history and 
importance 

3 Analyze Search Results for REBA 2023 Statistical graphs by Scopus which 
display information about the studies 
that had been made using REBA 

The fields and countries 
applied REBA in 10 
years 

4 Investigative Study and Sensitivity 
Analysis of Rapid Entire Body 
Assessment (REBA) 

2020 A detailed study to evaluate the 
REBA as an assessment tool and 
discuss its sensitive and insensitive 
zones while assessing the postures 

The popularity of REBA 

5 Ergonomic Evaluation of Working 
Position Using the Reba Method – 
Case Study 

2019 A case study using REBA to evaluate 
the risk level for a waterjet operator 
working on cutting different complex 
materials such as plastic, rubber, and 
metal 

Vulnerable sections of 
the musculoskeletal 
system 

6 Investigation of Ergonomic 
Working Conditions of Sewing and 
Cutting Machine Operators of 
Clothing Industry 

2021 Assessing 180 different working 
postures in the textile sector in SMEs 
using REBA  

Using REBA in textile 
industry 

7 Ergonomics Study Among 
Operators in Water-Jet Production 
Area in the Aircraft Industry 

2020 Creating an assessment model 
combining ERA, REBA, and MAC to 
evaluate the risk level of 12 workers 

Using REBA in aircraft 
industry 
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working in the water jet production 
area  

8 New Challenges Regarding the 
Intervention of Musculoskeletal 
Risk in Truck Service Garages 

2022 Minimizing the risk level of the 
working postures in the Automotive 
sector in Spain by applying REBA on 
bus and truck garages 

Using REBA in truck 
industry 

9 REBA Evaluation on Garage 
Worker: A Case Study 

2018 A risk assessment using REBA was 
applied to nine workers in a vehicle 
maintenance garage to check the risk 
level of their working postures 

Using REBA in 
automotive industry 

10 Work Related Musculoskeletal Risk 
Assessment Using REBA 
Assessment Tool in a Medical 
Doctor during COVID-19 Pandemic 
- A Case Study 

2022 Assessing the working postures of the 
doctors in the COVID-19 period by 
using NRS for overall pain analyses 
and REBA for detecting the risk level  

Conducting REBA in the 
medical sector 

11 Comparison of Ergonomic Risk 
Analysis Methods for Working 
Postures of Forest Nursery Workers 

2019 Using OWAS, REBA, and RULA to 
detect the risk level of forest nursery 
working postures and checking which 
one of the 3 tools would give the 
more sensitive results 

Conducting REBA in the 
agricultural sector 

12 Assessment of Posture Related 
Musculoskeletal Risk Levels in 
Restaurant Chefs using Rapid Entire 
Body Assessment (REBA) 

2021 Using the REBA sheet to assess 30 
postures for 30 different chefs to 
evaluate the risk levels that may cause 
WMSDs 

Conducting REBA in 
restaurants 

13 Ergonomic Evaluation of Street 
Vendors As Determined By Rapid 
Entire Body Assessment Method 

2021 Analysing the risk level of the 
working postures of the street vendors 
by using REBA on 60 workers and 
detecting the most affected parts of 
the body 

Conducting REBA with 
street vendors  

14 Health in the Rural Environment: A 
Postural Evaluation of Milking 
Workers in Brazil 

2018 Detecting the parts of the body and 
muscles that get hurt during the 
milking processes in some Brazilian 
farms 

Presenting a study from 
Brazil 

15 Evaluation of Disergonomic Risks 
in Small and Medium-Size 
Enterprises (SMES) in Bogotá 

2020 Evaluating the risks in 3 different 
factories in Bogotá working in metal, 
plastic, and wood sectors by applying 
REBA on 76 workers in 48 different 
postures 

Presenting a study from 
Colombia 

16 Ergonomic Assessment of Posture 
Risk Factors Among Iranian 
Workers: An Alternative to 
Conventional Methods 

2018 Testing a new ergonomic assessment 
tool called NERPA by comparing it 
with REBA and RULA by conducting 
them on 455 employees of different 
companies in Iran 

Presenting a study from 
Iran 

17 Prevalence of Musculoskeletal 
Disorders and their Association with 
Ergonomic Physical Risk Factors 
Among Women Working in Tea 
Gardens of Darjeeling district of 
West Bengal, India 

2021 Checking the extent of the spread of 
WMSDs among the women who 
work in tea plucking in India by 
applying REBA on 210 worker 

Presenting a study from 
India 

18 Ergonomic Assessment in Metal-
Based Small Industries in Bogor 
Regency, Indonesia, 2019 

2021 Ergonomically analysing the working 
postures in the metal sector in the 
SMEs using REBA as an assessing 
method and NMQ to collect data 

Indonesian experience 
with REBA 

19 Analysis of Operator Body Posture 
Packaging Using Rapid Entire Body 
Assessment (REBA) Method: A 
Case Study of Pharmaceutical 
Company in Bogor, Indonesia 

2020 Using REBA to decrease the 
percentage of workers' absences that 
usually happens because of WMSD 
injuries in a pharmaceutical 
warehouse in Indonesia 

Indonesian experience 
with REBA 
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20 Assessment of Work Postures on 
Non-Mechanical Rice Harvesting 
(Case Studies in Bantul and Sleman 
Districts, Diy Province) 

2020 Detecting the high-risk postures in 5 
different operations of the rice 
harvesting process by conducting 
OWAS, QEC, REBA, and PERA on 9 
healthy workers 

Indonesian experience 
with REBA 

21 Ergonomic Posture Assessment of 
Butchers: A Small Enterprise Study 
in Malaysia Food Industry 

2019 Identifying the risk postures of the 
butchers working in SMEs by using 
REBA and RULA in Malaysia 

Presenting a study from 
Malaysia 

22 Musculoskeletal Risks: RULA 
Bibliometric Review 

2020 Presents a literature review studying 
RULA using 226 academic papers 
and comparing the results with REBA 
and OWAS 

Introducing RULA 

23 Musculoskeletal Disorders: OWAS 
Review 

2017 Presents a literature review studying 
OWAS in many fields and in different 
countries using 166 academic articles 
and conference papers 

Introducing OWAS 

24 Comparison of OWAS, RULA and 
REBA for Assessing Potential 
Work-Related Musculoskeletal 
Disorders 

2021 The study compares the results of 
OWAS, RULA, and REBA conducted 
on 209 daily routine postures in 
different workplaces 

Comparison study 
between REBA, RULA, 
and OWAS 

25 Analysis Of Musculoskeletal 
Complaints Disordered with REBA 
Method and RULA Method 

2021 A study built on REBA and RULA 
analysis to design an Ergonomic 
Learning Chair to decrease the 
Musculoskeletal Disorders in classes 

Comparison study 
between REBA and 
RULA 

26 Comparison of Ergonomic Risk 
Assessment Outputs from OWAS 
and REBA in Forestry Timber 
Harvesting 

2019 Assessing the harvesting postures in 
the forests using REBA and OWAS 
with combating their results 

Comparison study 
between REBA and 
OWAS 

27 Application of AULA Risk 
Assessment Tool by Comparison 
with Other Ergonomic Risk 
Assessment Tools 

2020 Generating and testing a new 
ergonomic assessment specializing in 
Agricultural activities called AULA 
and comparing it with RULA, REBA, 
and OWAS 

Comparison study 
between REBA, RULA, 
and OWAS 

28 Comparison of Methods for Postural 
Assessment in the Operation of 
Agricultural Machinery 

2018 Assessing tillage operation using 
agricultural machinery through 
RULA, REBA, OWAS, and TOR-
TOM to indicate the similarities and 
differences between the techniques 

Comparison study 
between REBA, RULA, 
and OWAS 

29 Risk Assessment for 
Musculoskeletal Disorders in 
Forestry: A Comparison Between 
RULA and REBA in the Manual 
Feeding of a Wood-Chipper 

2019 Using REBA and RULA to assess the 
working postures of feeding the 
woodchipper machines manually and 
comparing the results 

Comparison study 
between REBA and 
RULA 

30 Postural Analysis Through RULA, 
REBA and QEC of Vendors Selling 
Edible Items at Railway Stations 
and in The Trains 

2019 Evaluating the postures of the 
hawkers or street vendors 
ergonomically in the train stations 
using RULA, REBA, and QEC 

Comparison study 
between REBA and 
RULA 

31 The Proposed Improvement of 
Work Posture as An Attempt in 
Lowering the Risk of 
Musculoskeletal Disorder 

2018 Testing 18 postures in the production 
area of a furniture factory using QEC, 
REBA, and OWAS 

Comparison study 
between REBA and 
OWAS 

32 The Assessment of Occupational 
Safety and Health in Turkey by 
Applying a Decision-Making 
Method; MULTIMOORA 

2020 Studying the number of accidents in 
Turkish workplaces according to the 
recorded data using a multi-objective 
decision-making tool called 
MULTIMOORA 

The situation of 
workplace accidents in 
Türkiye 

33 Ergonomic Analysis of Working 
Postures in a Foundry Workshop by 

2020 Improving the productivity level by 
using DHM to analyse the working 

An implementation of 
REBA in Türkiye 
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Digital Human Modelling Based 
REBA Method 

postures and supported by the 
simulation software CATIA V5 in a 
foundry factory and REBA was used 
to identify the risk levels 

34 Model Proposal for Physically 
Ergonomic Risky Personnel 
Scheduling Problem: An 
Application in Textile Industry for 
Female Employees 

2023 Identifying the high-risk postures in a 
textile factory by applying REBA on 
15 different postures to prevent the 
workers from working in the high-risk 
positions permanently 

An implementation of 
REBA in Türkiye 

35 Ergonomics Assessment and 
Redesign of Helicopter 
Transmission Assembly Fixture 
Using Digital Human Models 

2021 Using RULA and BMA to analyse the 
working posture ergonomically in 
helicopter transmission assembling 
workstation in order to design a new 
assembling line 

An implementation of 
RULA in Türkiye 

36 Biomimetic Based Design and 
Analysis of Vehicle Seat Back 
Support 

2022 Applying REBA to test the ergonomic 
situation of the car seats to develop 
the best shape and used materials for 
the backbone 

Using REBA for testing 
products in Türkiye 

37 Does Motor Manual Pine Oleoresin 
Tapping Bring Work-Related 
Musculoskeletal Disorders Risk to 
the Tappers? (RoM, REBA, RULA, 
and OWAS Based Postural 
Analysis) 

2023 Using RoM, REBA, RULA, and 
OWAS as ergonomic assessment 
techniques to evaluate the risk levels 
causing WMSDs during the motor 
manual tapping process to produce 
pine oleoresin 

The importance of 
conducting more than 1 
technique 

     

 

MATERIAL AND METHODS 
 
      This study has applied the classical REBA technique in the whole study. However, it was important to give a synopsis 
about another form of REBA which is REBA calculator. REBA was chosen because it deals with the entire body and it 
is a very detailed method; so, it was expected that it would be more suitable for the working postures in the factory. 
Moreover, this study made a comparison between the result of REBA, RULA and OWAS for all the postures provided 
in the study. The whole study was conducted by the production planning engineer of the factory with the main purpose 
of decreasing the risk level of all work postures in the factory. 
 
CLASSICAL REBA 
      REBA is characterized by its simplicity and speed in application. It can be done by supervisors or researchers easily 
anytime. That’s why it is very effective when the evaluator is keeping re-evaluating after each result and modification on 
the postures so REBA should be stay a non-stoppable cycle until guarantee the safeness of each posture in the workplace. 
     The full REBA worksheet is as shown in figure 3 [38]. There are two groups and three tables. Group A assesses neck, 
trunk, and leg positions. Group B evaluates upper & lower arms and wrists. The score of group A should be assign on 
table A, and similarly the score of group B should be assign on table B. Then, the output of table A plus force score and 
table B plus the coupling score should be assign on table C. The output of Table C plus the activity score gives the final 
REBA score and accordingly, the action should be taken. 
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Figure 3. REBA Employee Assessment Worksheet 

REBA scoring sheet is also a useful sheet that can be used during the evaluation to write down the score of each position 
as figure 4 shows [39]. 

 
Figure 4. REBA Scoring Sheet 

Group A: 
      Firstly, the score of the neck position should be decided according to its angle as shown in figure 5. If the angle is 20 
degrees or less, the score should be 1. If more than 20 or in backward move the score should be 3. In the condition of 
twisting or bending, we add 1. So, the score of the neck should be from 1 to 3 points. 

 
Figure 5. Neck Position 
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      Secondly, if the trunk is in straight position the score should be 1 point. With less than or equal 20 degrees bowing or 
in backward position the score should be 2. From 20 to 60 degrees the score should be 3 and 4 for more than 60 degrees 
as shown in figure 6. As the neck there is an extra 1 point for twisting or bending to be add. The final score of the trunk 
should be from 1 to 5 points. 

 
Figure 6. Trunk Position 

      Thirdly, if both legs in the same position, their score should be 1 and if not, the score should be 2. After that, if there 
is adjusting between 30 and 60 degrees, 1 point should be added and if it is more than 60 degrees, 2 points should be 
added as shown in figure 7. The legs score should be from 1 to 4 points. 

 
Figure 7. Legs Position 

After that, the score of neck, trunk and legs should be assigned on table A. 
 

Table 2. Table A 

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 5 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 

 

      The force or the load score should be added to the score of table A. If the load is less than 5 kg, the score should be 0 
points. 5 to 10 kg, the score should be 1 point. For more than 10 kg, the score should be 2 points. If there is a rapid build 
upload or force, another 1 point should be added. Thus, the A final score should be from 1 to 12 points.   
 
Group B: 
      Firstly, the upper arm position should be checked separately. If its move 20 degrees forward or backward, the score 
should be 1 point. If it is more than 20 degrees backward or between 20 and 45 degrees forward, the score should be 2. 
Between 45 and 90 degrees, the score should be 3 and if it is more than 90 degrees, the score should be 4 as shown in 
figure 8. 1 point is added if the shoulder is raised and another 1 point there is an abducting which means that the arm is 
moving away from the centre of the body. If the arm is supported we subtract 1 point. So, the score of upper arm should 
be from 1 to 6. 
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Figure 8. Upper Arm Position 

      Secondly, if the lower arm is moving between 50 and 100 degrees, 1 point should be the score. 2 points should be the 
score if the movement is more than 100 degrees, or less than 50 degrees as shown in figure 9. The score of lower arm 
should be 1 or 2 points. 

 
Figure 9. Lower Arm Position 

      Thirdly, if the movement of the wrist is 15 degrees or less upward or downward, the score should be 1 point. If more 
than that, the score should be 2 points as shown in figure 10. In the condition of twisting 1 point should be added. So, the 
score of wrists should be 1, 2 or 3. 

 
Figure 10. Wrist Position 

Then, the score of arms (upper & lower) and wrist should be assign on table B. 
 

Table 3. Table B 

Table B 

Lower Arm 

  1 2 

  
Wrist 

    

1 2 3 1 2 3 

Upper 
Arm 
Score 

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 

 

      The coupling score should be added to the score of tables. There are three levels for coupling. If it is safe with well 
fitted handling, 0 points should be added. If the coupling is acceptable but not ideal (fair), 1 point should be added. If it 
is not acceptable (poor), 2 points should be added. 3 points should be added if there is risk, and the situation is unsafe. 
So, the total score of B’s should be from 1 to 12. 
 
Table C is the table that score of A and B are assign on to come up with the C score. 
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Table 4. Table C 

Score A 
(score 

form table 
A 

+load/force 
score) 

Table C 

Score B, (table B value + coupling score) 

 

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 11 12 12 12 12 12 12 12 
 

12 12 12 12 12 12 12 12 12 12 12 12 12 
 

 

C score is the final score plus the points of activity which are as following: 
• If one or more part of the body is being on hold for more than 1 minute, 1 point to be added 
• Small range of repeated actions (4 or more in 1 minute), 1 point to be added 
• An action that causes a rapid change in the posture, 1 point to be added 
 

The total score of REBA is from 1 to 15 points and according to the score, an action should be taken depending on the 
posture’s risk level as presented in the following table. 
 

Table 5. Risk Levels of REBA 

REBA Score Risk Level   Action   

1   Negligible   Unnecessary 

 2 - 3   Low   May be necessary 

 4 - 7   Medium   Necessary   

 8 - 10   High   Necessary soon 

 11 - 15   Very High   Necessary now 

 

      Finally, in case of medium and high levels, the evaluator should come up with solutions and repeat the evaluation 
again and again (re-REBA) to decrease the risk level as much as possible. 
 
REBA CALCULATOR 
      This is an automatic technique that evaluates all the body sections according to REBA assessment and gives detailed 
feedback showing each part of the body and its risk level. 
First, enter the website of the calculator https://industrial.ergo-plus.com/ergoplus/home/eplus and make an account which 
is free for one month. Then, click add new and choose REBA. After that, choose the position of each body part as shown 
in figure 11. 
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Figure 11. REBA Calculator 

 
Then, press calculate, and the result should appear as shown on the next side of the page. The result appears on top as 
shown in figure 12. 
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Figure 12. The Result of REBA Calculator 

 
Below the result, detailed information should be provided for each section and its score as shown in figure 13. 
 

 
Figure 13. The Detailed Info of Each Section in REBA Calculator 

Finally, press save to add the assessment to the account as shown in figure 14.  

 
Figure 14. Saving The Assessment of REBA Calculator 
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      REBA calculator is proof of its popularity and how researchers seek to improve it and make it easier to be used by 
everyone to provide safer environments for all workers. Also, the website provides more automated assessments so the 
companies can make more evaluations easily to improve their workplace by reducing all the possibilities of WMSDs 
injuries. The study has been conducted manually and automatically, providing the results of both methods for each 
posture. 
 
THE COMPARISON OF REBA WITH RULA & OWAS 
      As the literature studies have proven the importance of comparing techniques in each study. This study provides 
comparisons between REBA, RULA, and OWAS. REBA study has been done in detail then the results of RULA and 
OWAS were given to make the comparison for each posture. The technique of RULA is very similar to REBA as shown 
in figure 15 [40]. After dividing the body into sections, the score has been evaluated according to the RULA risk category 
which contains 4 levels. 

 
Figure 15. RULA Employee Assessment Worksheet 

      On the other hand, OWAS considers the simplest technique to examine the whole body. Figure 16 [41] shows how 
the score is collected. After evaluating the posture according to figure 16, a force factor is added as 1 point if the load is 
less than 10 kg, 2 points from 10 to 20 kg, and 3 points for more than 20 kg. Then, specify the risk level from OWAS risk 
categories that contain 4 levels. 

 
Figure 16. OWAS Classification Chart 
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      The comparison shows the efficiency of each technique in evaluating the working posture in the gas spring factory 
and enhances the study by giving more accurate results. 
 

APPLICATION 
      The goal of this article is to analyse the critical working postures in a gas springs factory and after that give some 
suggestions and solutions to reduce the risks in the workplace. The gas springs are mainly contained in 4 main parts rods, 
tubes, internal parts, and end fittings or plugs. There are different working positions in the factory because of the variety 
of production processes. These positions may affect the upper limbs or the lower limbs, so REBA was chosen as the main 
technique in order to cover the entire body. After evaluating each posture, a comparison with RULA and OWAS has been 
made to ensure that the results are as accurate as possible. OWAS was chosen because it covers the whole body too and 
RULA because according to many studies, it shows the most accurate results regarding the upper body. The data were 
collected by picturing and filming all the postures of the production processes in the factory. The study covers 15 postures 
starting from the very beginning process of manufacturing until assembling the end fittings of the products passing 
through all the production processes in between and Table 6 gives a summarized idea about the postures that the study 
goes through. 

Table 6. The Postures Used in the Study 

Posture No Posture Discerption 

1 Rods cutting  

2 Rods manufacturing in CNC 

3 Tubes preparation 

4 Tubes chamfering  

5 Rods polishing  

6 Rods control 

7 Tubes welding 

8 Interior components assembling 

9 Rods riveting  

10 Rolling and closing the gas springs 

11 Gas charging horizontally 

12 Gas charging vertically 

13 Gas springs washing  

14 Gas springs painting  

15 Assembling the end fittings  

 

At the end of the section, a general discussion displays the results of each posture and combines them to be able to see 
the big picture of the study that would be a guideline for many studies in the future. Therefore, it is believed that the 
output of this application is going to be very effective for the company practically and for researchers theoretically. 
Posture No: 1 
      Rod cutting is one of the essential processes in the industry. As the following picture shows, the worker is sitting most 
of the day cutting the rods and putting them in the boxes next to him. 
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Figure 17. Posture No: 1 with REBA Score and Result 

      The REBA score for the position is 4 which seems small but still, it is a medium risk level. Similarly, the RULA score 
was 3 showing the same risk level. OWAS stated the risk level as normal which is expected from the score of REBA and 
RULA.  
Suggested solution: the button panel of the machine in front of the worker is useless during the process because the worker 
is using a foot press instead so firstly the panel should be moved because it takes a space and would be an obstacle to 
reshaping the sitting position. Then, the chair must be redesigned to increase its height and the cutting area should be 
higher too. The REBA score would decrease from 4 to 3 directly because of the arm movement and the neck position. 
So, the risk level would be low.  
 
Posture No:2 
      Shaping the rod end sides via CNC one by one is a common process with stainless steel rods because of their strength 
which makes shaping them manually very difficult. So, the worker in this position shown in figure 18 is setting the 
industrial cart in front of the CNC in a very close way, and on top of it, there are two boxes one is full of unmachined 
rods, and the other to put the rods in after machining. He is getting the rods and putting them in the machine one by one 
then he waits until the processing is finished to get the rod back and put another one.   

 
Figure 18. Posture No: 2 with REBA Score and Result 

      As shown in figure 18, the REBA score is 6 which means medium risk. Also, the risk level of RULA was the same 
with a score of 4. While OWAS stated the posture as normal with code 3121. The detail in the upper limb in REBA and 
RULA gave more credibility to analyse this posture. It doesn’t show high risk in REBA and RULA too but still, there is 
a risk that is supposed to be studied. 
Suggested solution: the worker has to work in a sitting position on an adjustable office chair to decrease the risk level by 
keeping his trunk straight because he would be able to adjust the height level he needs, and the chair should be twisting, 
not the trunk of the worker. Also, the height of the table should be increased to the same level of machining and be 
adjacent to the CNC machine so the worker wouldn't have to lie down. Nevertheless, this might be not the best ergonomic 
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solution but the economic one and the best solution in this situation would be using a robotic arm which could be 
expensive for many firms. 
 
Posture No: 3 
      In this posture that is shown in figure 19 the worker is pulling the tubes in order to put them in the cutting machine. 
It is one of the few postures in the gas springs industry that need strength because of the load. The REBA scoring is 
presented in figure 19. 

 
Figure 19. Posture No: 3 with REBA Score and Result 

      The REBA score for this posture is extremely high and it needs an immediate action to change this posture. Also, 
RULA scored 7 which is the highest score in its range which and OWAS showed that the level of the risk is number 4 
the highest in its category too. There is more than one reason causing this high level of risk. Firstly, the place is not clean 
and full of raw materials which is an obstacle and affects the position of the worker badly. Second, the power needed to 
pull these heavy tubes, carry them, and move them. So, after the consensus between the three techniques, it became a 
need for the factory to find a solution for this posture.  
Suggested solution: The beginning should be with tidying the area from the raw materials. Then, shelves should be 
changed to movable ones that move and come to the level of the worker so the load on the legs, trunk, and upper arms 
wouldn’t be as high as it is now. Also, the moving shelves should be designed in a way that the tubes can be taken by the 
mini electric forklift so the physical load on the worker will be decreased to a very low level. 
 
Posture No: 4 
      After cutting the tubes, the tubes are taken from the machine to be fed to the chamfering machine next to the cutting 
machine. The following figure shows the position of the worker who collects around 10 tubes to put in the chamfering 
machine. The weight of the tubes could be between 5 to 10 kg according to the dimensions and carrying them by curving 
the back more than 60 degrees is not safe. 

 
Figure 20.  Posture No: 4 with REBA Score and Result 
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      The REBA score in figure 20 shows 7 which is a medium risk level. RULA’s score was 4 at the same risk level. 
OWAS code for this posture is 2131 and it gives a slight risk level. The trunk and arm position play a bigger role in this 
position and that is the reason for getting medium-level risk. 
Suggested solution: the storage box of the machine must be replaced with another one with a lower level of depth and the 
height of the table below should be increased to reduce the REBA score and improve a bit the position of the trunk and 
arms. 
 
Posture No: 5 
      The posture in figure 21 shows a worker using the polishing machine to polish the thread of the rods. The worker is 
taking the rods from his left side and twist his body to polish the rods on his right side. Figure 21 display the REBA 
scoring sheet of this posture. 

 
Figure 21. Posture No: 5 with REBA Score and Result 

      The REBA score of the posture is 8 which means a high-risk level that the company should interfere ASAP to decrease 
that risk. The score of RULA was 5 which needs a soon change also so it is almost at the same risk level as REBA. 
However, OWAS code is 4111 which is risk category 2 (slight risk) with no immediate action. Both REBA and RULA 
advise rapid action, unlike OWAS results. According to the analysis the risk is high because of the move of the trunk and 
the upper arm. 
Suggested solution: the worker must sit in front of the machine with a position of straight legs and the height of the 
machine should be increased to make the trunk of the worker a straight level, and the rods should be closer to the machine 
or even in a shelf on top of it so the worker wouldn't need to move and twist his trunk that much. This suggestion would 
decrease the risk by at least one level. 
 
Posture No: 6 
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      Rods controlling process is a very important process for the gas spring because the surface of the rods should be 
without defects to guarantee an ideal life cycle for the gas spring. In this process, the worker rolls the rods and checks the 
defects on them as shown in figure 22. 

 
Figure 22. Posture No: 6 with REBA Score and Result 

      The posture scored 9 points and it means again that the risk level is high. RULA scores 6 for this position so it 
corresponds this time too with REBA that there is a high-risk in this posture. OWAS code here is 2211 which leads to a 
slight risk level. In this posture, the trunk position should be modified.  
Suggested solution: an angular stand must be put on the table to roll the rods on to keep the trunk of the worker in straight 
shape so the risk would be reduced. 
 
Posture No: 7 
      Welding the end plug on the tube is one of the most common activities in this industry. In the posture in figure 23, 
the worker is taking the tubes from his left side and twisting his body to weld them in the welding machine on his right 
side. 

 
Figure 23. Posture No: 7 with REBA Score and Result 

      As figure 23 shows the REBA scoring, the score is 7 which means a medium risk level that doesn’t need immediate 
action. RULA score is 4 and it also means no need for rapid change. OWAS code was 3121 which means that the position 
is normal in risk level 1. However, keeping twisting the body in that way the whole day might cause a WMSD injury in 
the long term especially because of the load on the waist. 
Suggested solution: although there is no need for immediate action here, the observations show that the worker should 
feed the machine without twisting his trunk by putting all needed components adjacently next to the machine, which 
would make the posture totally safe according to REBA and RULA as well. 
 
Posture No: 8 
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      Many of the gas springs have complex interior components so before using them they have to be gathered as shown 
in figure 24. The worker gets the interior parts one by one and puts them on top of each other. 

 
Figure 24. Posture No: 8 with REBA Score and Result 

       The REBA score for this posture is only 3 which means a low-risk level. RULA also gave a score of 2 which means 
that’s an acceptable posture. OWAS result states that it is a normal position too.  
Suggested solution: the worker should work in a sitting position to make the posture safer, especially for the neck. 
 
Posture No: 9 
       Riveting is the process when the worker compresses the interior components of the gas springs on top of the rod as 
shown in figure 25. He takes the rods from his right side and puts them in the machine to compress them with their 
components to put them on his left side. 

 
Figure 25. Posture No: 9 with REBA Score and Result 

      5 points were the score for this position. It is not a dangerous level but still at the medium level. RULA score is 4 at 
a medium level too. On the other hand, OWAS shows a normal level with 1111 code due to the fact that there is no 
detailed analysis for the arms and wrists positions, unlike REBA and RULA which scored medium level risk because of 
that. 
Suggested solution: the stand of the machine is thin so it can be positioned in between the legs of the workers and by 
increasing the height of the chair to be on the same level as the table the risk level reduces. Because as REBA results 
show, the high risks came from the load on the arms so increasing the height of the chair would improve the position of 
the arms. 
 
Posture No: 10 
      The rolling and closing process is one of the unique processes of the industry of gas springs. After putting the rods in 
the tubes, the worker takes them to put them in the machine of rolling and closing to be assembled as shown in figure 26. 
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Figure 26. Posture No: 10 with REBA Score and Result 

      This posture scored 4 points. So, the risk level is medium. RULA also scored 4 and that’s the same risk level. OWAS 
code for this position is going to be 1121 and this code gives a result of a normal position with risk level 1. The upper 
arm position and rapid change in the position of the worker to get the parts caused the score of REBA and RULA. 
Suggested solution: it would be difficult to solve the position of the upper arm but in order to reduce the risk level, 
ensuring that the parts are very close to the machine, so the worker gets them without rapid change in his position reduces 
the activity points. Also, putting a sensor to pause the machine automatically while approaching it could reduce the 
coupling points and decrease the risk level as well.  
 
Posture No: 11 
      In this posture, the worker is charging the gas springs with gas as the following figure shows. Charging with gas is 
one of the unique processes for this industry. Also, it is one of the daily processes that doesn’t stop at all. The worker here 
is getting the gas springs next to him and putting them in the charging machine one by one. 

 
Figure 27. Posture No: 11 with REBA Score and Result 

      The REBA score shown in figure 27 is 10 so there is a need to interfere because it is a high-risk level situation. 
However, RULA gave a lower level than REBA this time with a score of 4 a need to change but not immediately. This 
difference between them that time is because of the legs’ positions. RULA doesn’t zero in on the position of the leg 
because it is interested more in the upper limb of the body. The result of OWAS was normal position and this result 
happened because OWAS doesn’t evaluate the upper limb in detail as the lower limb. So, RULA and OWAS are just the 
opposite in evaluating this posture, one focuses more on the upper limb, and the other one on the lower limb. Thus, REBA 
gave a better result for this posture.  
Suggested solution: maybe there won’t be a fast solution for the position of the leg because of the leg press button, but 
the height of the machine must be increased slightly to improve the positions of the trunk and neck without putting too 
much extra load on the arms so, the risk of the posture would be reduced. Also, it would be more economical to make an 
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anthropometric measurement analysis to check if there is another worker with more suitable body measurements for the 
machine. 
 
Posture No: 12 
      The gas filling has another position which is filling in the vertical machine as shown in figure 28. The worker puts 
the gas springs in the vertical gas filling machine and after that takes it back and puts another one. 

 
Figure 28. Posture No: 12 with REBA Score and Result 

      The REBA score shows a middle-risk level which is better than the horizontal gas filling machine which gave a high-
risk level. RULA scored 4 which is at the same risk level. OWAS risk level was 1 as normal position. The upper arm 
position is the reason why REBA and RULA scored higher than OWAS. 
Suggested solution: the worker has to stand on top of a small stage, so the upper arm would be in a comfortable position 
to decrease the risk level. 
 
Posture No: 13 
Gas springs should be washed very well before painting in order to have a well-painted gas spring at the end. So, in this 
posture the worker is putting the gas springs in water, washing them, and shaking them off as in figure 29. 

 
Figure 29. Posture No: 13 with REBA Score and Result 

      Figure 29 displays that the posture scored 7 and the risk is in medium level. However, the score of RULA is 5 which 
means that there is a need to interfere. On the other hand, OWAS agreed with REBA that there is no need for risk level 
2. In this posture, what made RULA more accurate is because of the assessment of the wrist because it was shaking too 
much. 
Suggested solution: to decrease the RULA score, a water gun must be used to solve the wrist problem and decrease the 
score of RULA to the safe side. 
 
Posture No: 14 
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      The painting machine in the factory is an automated robotic machine. Thus, the workers only need to hang the gas 
springs on the hangers as shown in figure 30. Most of the gas springs need to be painted that’s why the workers of the 
painting department keep working in this position all the working days. 

 
Figure 30. Posture No: 14 with REBA Score and Result 

      The REBA score for this Position is 9 again a high-risk level as shown in figure 30. RULA also supported this result 
with a score of 5 which means the same risk level on RULA’s scale. The OWAS result was shocking because the code 
was 1321 which gives risk category number 1 on the OWAS scale to describe the posture as normal. This result occurred 
due to the fact that OWAS doesn’t focus too much on the position of the upper arm in detail and also if the trunk has a 
backward move. On the contrary, REBA and RULA scored highly because they take these positions into consideration. 
The upper arm is in a very risky position because it raises to its maximum level with the shoulders too and the arm is 
abducted because it moves beyond the centre of the body.  
Suggested solution: the hangers would be moveable up and down until they came to the same level as the worker so 
workers can hang with a straight trunk level and their upper arm won’t be at risk because of raising it the whole day. 
 
Posture No: 15 
      Assembling the end fittings is the final step of making a gas spring. Usually, it happens on a table where the worker 
is getting the end fittings and assembling them on one side or on both sides. 

 
Figure 31. Posture No: 15 with REBA Score and Result 

      A score of 3 was the REBA score for this posture which means a low-risk level. RULA’s result was an acceptable 
posture too with a score of 2. OWAS agrees also with REBA and RULA for this position by stating the position as normal. 
Suggested solution: working should be sitting in this process to lead to a more comfortable position for the neck without 
raising the arms. 
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DISCUSSION 
      After applying REBA, RULA, and OWAS on 15 postures, the following table displays the result of each posture for 
the three techniques. 
 

Table 7. Results Analysis 

 
REBA RULA OWAS 

Posture 
No 

Score Risk 
Level 

Score Risk 
Level 

Score Risk 
Level 

1 4 Medium 3 Medium 1 Normal 

2 6 Medium 4 Medium 1 Normal 

3 12 High 7 High 4 High 

4 7 Medium 4 Medium 2 Slight 

5 8 High 5 High 2 Slight 

6 9 High 6 High 2 Slight 

7 7 Medium 4 Medium 1 Normal 

8 3 Low 2 Low 1 Normal 

9 5 Medium 4 Medium 1 Normal 

10 4 Medium 4 Medium 1 Normal 

11 10 High 4 Medium 1 Normal 

12 5 Medium 4 Medium 1 Normal 

13 7 Medium 5 High 2 Slight 

14 9 High 5 High 1 Normal 

15 3 Low 2 Low 1 Normal 

 

      As shown in Table 7, REBA and RULA almost have the same results, but OWAS mostly gave lower risk levels. 
53.33% of REBA and RULA results were Medium-Risk Level. While 33.33% of them were declared as High-Risk Level. 
Only 13.33% were Low-Risk Level. On the other hand, OWAS stated 66.67% of the postures as Normal Position, 26.67% 
as Slight-Risk Level, and only 6.67% as High-Risk Level. One of the reasons why REBA’s results are above the low 
mostly is the activity section. In almost all postures one or more section of the body is stable for a long time and the others 
are moving rapidly so the score of the activity section was always 2 for all postures that had been examined. 
      Due to the fact that RULA deals only with the upper limb of the body, REBA was more realistic than RULA for 
analysing the postures that had loads on the legs. Nevertheless, the analysis of RULA for wrists was more accurate but 
this does not negate the fact that RULA wasn't suitable for some postures because of the load on the lower limb as 
mentioned. Therefore, it is suggested to use REBA or RULA (in case of the absence of the importance of the load on the 
lower limb)to analyse these postures and similar ones regarding their precise results and the high ability to define sections 
of the body at risk. Oppositely, it is not recommended to use OWAS for the similar postures because of their complexity 
and OWAS generally could come up with better results for simpler postures, so it showed an inability to detect risks for 
the examined postures in this study. In this case, a hypothesis was made about the bond between the techniques. The 
techniques were gathered in pairs (REBA-RULA, REBA-OWAS, and RULA-OWAS) and a chi-square test was 
conducted on the results of the risk levels. The categories were stated as low-risk, medium-risk, and high-risk, as in Table 
7.  The results of the chi-square test were as Table 8 shows. 
 

Table 8. Chi-Square Results 

Chi-Square P value 
REBA-RULA 0.264 
REBA-OWAS 0.009 
RULA-OWAS 0.009 
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According to the results of the Chi-Square test, the P value of the pairs of REBA-OWAS and RULA-OWAS is less than 
0.05 which rejects the hypothesis of having a bond or connection between OWAS and the other technique. On the other 
hand, for the pair of REBA-RULA, P > 0.05 which assures the relation between REBA and RULA in this case and 
confirms that RULA could be an effective alternative for REBA in this study. To approve the connection between REBA 
and the other techniques, a correlation analysis was made and the result of REBA-OWAS was 0.468 but REBA-RULA 
was 0.844 which is a very high correlation and a positive relationship. Therefore, it can be stated clearly that REBA and 
RULA are very suitable to be conducted to evaluate the type of postures in this study regarding the sensitive results they 
showed in contrary to the results of OWAS. In brief, the comprehensiveness of REBA for the entire body is the difference 
between it and RULA, and dealing with the complex postures in detail is what differentiates REBA from OWAS, and 
that’s why using REBA as the main technique was the best choice.   
       Comparing the results of this study with the studies in the literature review, it achieved the same target by suggesting 
solutions to decrease the risk level of the working postures from the high levels to the low levels. However, this study 
worked on 15 postures which is much more than the other studies giving this study a privilege over the others as an 
additional advantage. In general, the risk level of most of the postures was medium which means that the workers’ safety 
in the factory is not threatened under high-level hazards. But, decreasing the medium to low-risk level is going to be the 
goal for the company and by taking the suggestions into consideration and re-REBA, the company could achieve that 
target. The company started solving these issues by looking for movable shelves to decrease the risk of posture no: 3 
which scored the highest risk. This action displays the significance of applying ergonomic assessment in factories to 
minimize risk levels.   
 

CONCLUSION 
      In conclusion, this article displays the importance of applying the analysis techniques that detect if the workers 
are exposed to WMSDs injuries. REBA is one of the most popular and effective techniques to analyse these kinds of 
risks. This paper proved that efficiency either by the literature review which showed how much is REBA used and 
trusted in many sectors all over the world or by the application which was conducted in a gas springs factory. 15 
postures were analysed in this paper using the classical REBA methodology and REBA calculator. Also, a 
comparison between REBA, RULA, and OWAS was conducted to enhance the study and its results. After the 
application, it was recommended to rely on REBA or RULA’s results more than OWAS which couldn’t deal with 
these postures effectively. The results of OWAS didn’t highlight the risks in this study but it might be more suitable 
for different studies. According to REBA’s results, 53.33% of the postures were declared as medium-level risk so 
the risk situation of the factory can be improved with some simple solutions as suggested. It would be beneficial to 
employ both REBA and RULA for the situations’ reassessment after implementing the suggested solutions or 
different ones to guarantee that the possibility of WMSDs injuries would be dramatically decreased.  It is very 
significant to get used to making REBA and re-REBA always to develop the environment of the workplace to be 
safer for the workers. All supervisors and managers should be trained to conduct these assessments because they are 
easy to apply, fast to be conducted, and accurate in analysis. The suggestions given in the study are very informative 
and helpful, but the absence of the engineering design dimension could be considered as a limitation in this paper. 
Thus, some postures of this study can be chosen to design a physical solution for them in future research such as 
designing an ergonomic chair for posture number 2. Moreover, it was interesting to discover a tool such as the REBA 
calculator by ErgoPlus company that makes risk analysis much easier. This proves the importance of technology to 
improve classical methodologies. The time spent observing, filming, and recording is another obstacle or limitation, 
especially for analysing a huge number of postures, and technology should interfere to solve this issue too. Therefore, 
at the end of this paper, I recommend more studies in that field using high-tech like AI technology. For instance, 
security cameras in the workplace can be developed in future research to be able to analyse all the movements of the 
workers and report for risky postures automatically after feeding the cameras system with the needed data from 
previous studies of REBA, RULA, OWAS ..etc such as this case. Lastly, it will be a relief to see that all the 
workplaces are secured with the lowest possibilities of injuries and accidents. 
 

REFERENCES       

[1] Yang F, Di N, Guo W wei, Ding W bin, Jia N, Zhang H, et al. The prevalence and risk factors of work 
related musculoskeletal disorders among electronics manufacturing workers: a cross-sectional analytical study 
in China. BMC Public Health 2023;23. https://doi.org/10.1186/s12889-022-14952-6. 



Sigma Journal of Engineering and Natural Sciences, Technical Note, Vol. 42, No. 6, pp. XX-XX, December, 
2024 

27 
 

[2] Al Madani D, Dababneh A. Rapid entire body assessment: A literature review. American Journal of 
Engineering and Applied Sciences 2016;9:107–18. https://doi.org/10.3844/ajeassp.2016.107.118. 
[3] Analyze Search Results for REBA . Scopus 2023. 
https://www.scopus.com/term/analyzer.uri?sort=plf-
f&src=s&sid=0938a383528d603db14a6ffdaf3934ab&sot=a&sdt=a&sl=19&s=TITLE-ABS-
KEY%28REBA%29&origin=resultslist&count=10&analyzeResults=Analyze+results (accessed September 13, 
2023). 
[4] Joshi M, Deshpande V. Investigative study and sensitivity analysis of Rapid Entire Body Assessment 
(REBA). Int J Ind Ergon 2020;79. https://doi.org/10.1016/j.ergon.2020.103004. 
[5] Pa��ga M, Rydz D, Wojtyto D, Arbuz A. Ergonomic Evaluation of Working Position Using the Reba 
Method – Case Study. System Safety: Human - Technical Facility - Environment 2019;1:61–8. 
https://doi.org/10.2478/czoto-2019-0008. 
[6] Ahmad A, Javed I, Abrar U, Ahmad A, Jaffri NR, Hussain A. Investigation of ergonomic working 
conditions of sewing and cutting machine operators of clothing industry. Industria Textila 2021;72:309–14. 
https://doi.org/10.35530/IT.072.03.1723. 
[7] Mahmod WNFW, Abdullah UNN, Othman N. Ergonomics Study Among Operators in Water-Jet 
Production Area in the Aircraft Industry. International Journal of Automotive and Mechanical Engineering 
2020;17:8197–205. https://doi.org/10.15282/ijame.17.3.2020.13.0617. 
[8] Hernández CO, Li S, Benedí MJA, Rodríguez IM. New challenges regarding the intervention of 
musculoskeletal risk in truck service garages. Sustainability (Switzerland) 2022;14. 
https://doi.org/10.3390/su14010181. 
[9] Shukriah A, Baba MD, Jaharah AG. REBA evaluation on garage worker: a case study. Journal of 
Fundamental and Applied Sciences 2018;9:1080. https://doi.org/10.4314/jfas.v9i5s.74. 
[10] George SA, Abraham AT. Work Related Musculoskeletal Risk Assessment Using REBA Assessment 
Tool in a Medical Doctor during COVID-19 Pandemic - A Case Study. International Journal of Research and 
Review 2022;9:217–21. https://doi.org/10.52403/ijrr.20220325. 
[11] Yayli D, Caliskan E. Comparison of Ergonomic Risk Analysis Methods for Working Postures of 
Forest Nursery Workers. European Journal of Forest Engineering 2019;5:18–24. 
https://doi.org/10.33904/EJFE.556997. 
[12] Karelia BJ, Rathod D, Kumar A. Assessment of Posture Related Musculoskeletal Risk Levels in 
Restaurant Chefs using Rapid Entire Body Assessment (REBA). Int J Health Sci Res 2021;11:333–9. 
https://doi.org/10.52403/ijhsr.20210552. 
[13] Sathe S, Baxi M, Chaudhary N, Pawar V, Bhirange S. Ergonomic evaluation of street vendors as 
determined by rapid entire body assessment method. Int J Curr Res Rev 2021;13:62–6. 
https://doi.org/10.31782/IJCRR.2021.13819. 
[14] Caldas de Oliveira C, de Paula Xavier AA, Ulbricht L, Pereira Moro AR, Belinelli MM. Health in the 
rural environment: A postural evaluation of milking workers in Brazil. Cahiers Agricultures 2018;27. 
https://doi.org/10.1051/cagri/2018021. 
[15] Medina-Chacón ER. Evaluation of disergonomic risks in small and medium-size enterprises (SMES) 
in Bogotá. DYNA (Colombia) 2020;87:98–104. https://doi.org/10.15446/dyna.v87n213.83207. 
[16] Khandan M, Vosoughi S, Poursadeghiyan M, Azizi F, Ahounbar E, Koohpaei A. Ergonomic 
assessment of posture risk factors among Iranian workers: An alternative to conventional methods. Iranian 
Rehabilitation Journal 2018;16:11–6. https://doi.org/10.29252/nrip.irj.16.1.11. 
[17] Bhattacherjee S, Mukherjee A, Dasgupta S, Chakraborty S. Prevalence of musculoskeletal disorders 
and their association with ergonomic physical risk factors among women working in tea gardens of Darjeeling 
district of West Bengal, India. Int J Occup Saf Health 2021;11:31–9. https://doi.org/10.3126/ijosh.v11i1.35179. 
[18] Andriani P, Tejamaya M, Widanarko B, Putri AA. Ergonomic assessment in metal-based small 
industries in Bogor Regency, Indonesia, 2019. Gac Sanit 2021;35:S360–3. 
https://doi.org/10.1016/j.gaceta.2021.10.051. 
[19] Haekal J, Hanum B, Prasetio DE. Analysis of Operator Body Posture Packaging Using Rapid Entire 
Body Assessment (REBA) Method: ACase Study ofPharmaceutical Companyin Bogor, Indonesia. International 
Journal of Engineering Research and Advanced Technology 2020;06:27–36. 
https://doi.org/10.31695/ijerat.2020.3620. 
[20] Mulyati GT, Maksum M, Purwantana B, Ainuri M. ASSESSMENT OF WORK POSTURES ON 
NON-MECHANICAL RICE HARVESTING (CASE STUDIES IN BANTUL AND SLEMAN DISTRICTS, 
DIY PROVINCE). Jurnal Ilmiah Rekayasa Pertanian Dan Biosistem 2020;8:184–94. 
https://doi.org/10.29303/jrpb.v8i2.194. 



Sigma Journal of Engineering and Natural Sciences, Technical Note, Vol. 42, No. 6, pp. XX-XX, December, 
2024 

28 
 

[21] Mahmood S, Hardan MN, Samat MK, Jiran NS, Shaari MF. Ergonomic posture assessment of 
butchers: A small enterprise study in Malaysia food industry. J Teknol 2019;81:89–102. 
https://doi.org/10.11113/jt.v81.13615. 
[22] Gómez-Galán M, Callejón-Ferre ÁJ, Pérez-Alonso J, Díaz-Pérez M, Carrillo-Castrillo JA. 
Musculoskeletal risks: RULA bibliometric review. Int J Environ Res Public Health 2020;17:1–52. 
https://doi.org/10.3390/ijerph17124354. 
[23] Gómez-Galán M, Pérez-Alonso J, Callejón-Ferre ÁJ, López-Martínez J. Musculoskeletal disorders: 
OWAS review. Ind Health 2017;55:314–37. https://doi.org/10.2486/indhealth.2016-0191. 
[24] Kee D. Comparison of OWAS, RULA and REBA for assessing potential work-related 
musculoskeletal disorders. Int J Ind Ergon 2021;83. https://doi.org/10.1016/j.ergon.2021.103140. 
[25] Wargiono D, Hutabarat J, Laksmana DI. ANALYSIS OF MUSCULOSCKELETAL COMPLAINTS 
DISORDERED WITH REBA METHOD AND RULA METHOD. Journal of Sustainable Technology and 
Applied Science (JSTAS) 2021;2:9–16. https://doi.org/10.36040/jstas.v2i1.3578. 
[26] Enez K, Nalbantoğlu SS. Comparison of ergonomic risk assessment outputs from OWAS and REBA 
in forestry timber harvesting. Int J Ind Ergon 2019;70:51–7. https://doi.org/10.1016/j.ergon.2019.01.009. 
[27] Choi KH, Kim DM, Cho MU, Park CW, Kim SY, Kim MJ, et al. Application of aula risk assessment 
tool by comparison with other ergonomic risk assessment tools. Int J Environ Res Public Health 2020;17:1–9. 
https://doi.org/10.3390/ijerph17186479. 
[28] Possebom G, Alonço A dos S, Bellochio SDC, Lopes TG, Carpes DP, Becker RS, et al. Comparison 
of Methods for Postural Assessment in the Operation of Agricultural Machinery. Journal of Agricultural 
Science 2018;10:252. https://doi.org/10.5539/jas.v10n9p252. 
[29] Cremasco MM, Giustetto A, Caffaro F, Colantoni A, Cavallo E, Grigolato S. Risk assessment for 
musculoskeletal disorders in forestry: A comparison between RULA and REBA in the manual feeding of a 
wood-chipper. Int J Environ Res Public Health 2019;16. https://doi.org/10.3390/ijerph16050793. 
[30] Khan IA, Deb RK. Postural analysis through RULA, REBA and QEC of vendors selling edible items 
at railway stations and in the trains. Int J Eng Adv Technol 2019;9:7269–77. 
https://doi.org/10.35940/ijeat.A9878.109119. 
[31] Suhardi B, Sari FP, Astuti RD. The Proposed Improvement of Work Posture as An Attempt in 
Lowering The Risk of Musculoskeletal Disorder. Jurnal Ilmiah Teknik Industri 2018;17:117. 
https://doi.org/10.23917/jiti.v17i2.6638. 
[32] Dizdar EN, Ünver M. The assessment of occupational safety and health in Turkey by applying a 
decision-making method; MULTIMOORA. Human and Ecological Risk Assessment 2020;26. 
https://doi.org/10.1080/10807039.2019.1600399. 
[33] Erdemir F, Eldem C. Bir Döküm Atölyesindeki Çalışma Duruşlarının Dijital İnsan Modelleme 
Tabanlı REBA Yöntemi ile Ergonomik Analizi. Journal of Polytechnic 2020. 
https://doi.org/10.2339/politeknik.534877. 
[34] Aksüt G, Alakaş HM, Eren T, Karaçam H. Model proposal for physically ergonomic risky personnel 
scheduling problem: An application in textile industry for female employees. Journal of the Faculty of 
Engineering and Architecture of Gazi University 2023;38. https://doi.org/10.17341/gazimmfd.882419. 
[35] KOÇ Ö, TOP N, ELDEM YrdDDrC, GÖKÇE H, ŞAHİN İ. Helikopter Transmisyon Bütünleme 
Tezgahının Dijital İnsan Modelleme Kullanılarak Ergonomik Değerlendirmesi ve Yeniden Tasarımı. Journal of 
Polytechnic 2021. https://doi.org/10.2339/politeknik.886411. 
[36] ULAŞ EC, BAŞAK H, AKKURT A. Araç Koltuğu Sırt Desteğinin Biyomimetik Tabanlı Tasarımı ve 
Analizi. Journal of Polytechnic 2022. https://doi.org/10.2339/politeknik.1056314. 
[37] Yovi EY, Wilantara B. Does Motor Manual Pine Oleoresin Tapping Bring Work-Related 
Musculoskeletal Disorders Risk to the Tappers? (RoM, REBA, RULA, and OWAS Based Postural Analysis). 
Jurnal Sylva Lestari 2023;11. https://doi.org/10.23960/jsl.v11i1.664. 
[38] REBA Employee Assessment Worksheet. ResearchGate 2015. 
https://www.researchgate.net/figure/REBA-employee-assessment-worksheet-12_fig2_278038814 (accessed 
September 13, 2023). 
[39] REBA Score Sheet. ResearchGate 2013. https://www.researchgate.net/figure/REBA-score-sheet-
McAtamney-Hignett-2005_fig2_276226216 (accessed September 13, 2023). 
[40] RULA Employee Assessment Worksheet. ResearchGate 2018. 
https://www.researchgate.net/figure/RULA-Employee-Assessment-Worksheet_fig1_326127463 (accessed 
September 13, 2023). 
[41] OWAS Classification. ResearchGate 2008. https://www.researchgate.net/figure/Example-OWAS-
Classification-Chart-9_fig2_264970482 (accessed September 13, 2023). 

  
 


