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Abstract: This study includes the determination of the skeletal and muscular system disorders occurring in 

the operators working in the maintenance and repair department of a textile company that requires labor 

intensive operations. To determine the risk scores for the jobs performed by the operators in the 

maintenance and repair unit, REBA and RULA approaches are applied. As a result of the studies, it was 

decided to apply the mechanical parts in place in a way that minimizes the risk levels as improvement 

suggestions for clamping, milling and turning operations that require urgent intervention. It is planned to 

apply the study in the future periods with various ergonomic evaluation methods in departments other than 

the maintenance and repair unit. 
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1. INTRODUCTION 
  

Today, with the development of technology, 
the need for manpower, which is one of the most 
basic production factors, has decreased, 
especially in production areas, and has been 
replaced with automated systems [1]. The 
simplification and autonomy of operations and 
systems in general in production and service 
areas, which increase its impact day by day with 
Industry 4.0, has enabled the manpower 
involved in production to work under more 
favorable conditions [2]. 

In our modern world, automatization in 
production areas continues to replace 
conventional systems at a rapid pace. 
Automatization activities are progressing very 
slowly in Turkey, especially in enterprises 
operating in the field of textile [3]. This situation 
causes the working environment and conditions 
of manpower to be under more difficult 
conditions [4]. 

The fact that the human power, which is very 
important in production efficiency, works in 
negative and risky conditions causes skeletal and 

muscular system disorders [5]. Therefore, the 
work to be done by manpower should be carried 
out under ergonomic conditions [6]. 

In companies, the maintenance-repair unit, 
which is a department where the human factor 
has a great impact on the emergence of the final 
product, works intensively and includes quite a 
variety of operations [7]. When the processes 
taking place in the maintenance-repair unit and 
the conditions for the operators to perform the 
work are examined, it has become a very critical 
situation to make ergonomic evaluations [8]. 

When we look at ergonomic evaluation 
methods in the literature, studies in different 
fields with REBA and RULA methods, which 
are widely used, draw attention. 

Hignett and McAtaney [9]’s study includes 
ergonomic evaluations of the working 
conditions of nurses. The aim of the study is to 
determine the risk status of the unpredictable 
working situation of the health workers. It is 
understood that more situation analysis is 
needed to ensure its validity. When we look at 
the studies carried out with REBA in the 
production processes, a sample application of 
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the REBA method was made in the production 
line and a decrease was observed in the REBA 
risk score with the suggested improvements for 
the results obtained in the study by Tarakçı et al. 
[10]. Another study [11] conducted with REBA 
analyzed the postures of people who repair and 
design computers using the REBA method. 
When the studies in the field of maintenance and 
repair are examined, the risky operations caused 
by the postures of the operators working in the 
maintenance unit were determined using the 
REBA method in the study by Am-Eam et al. 
[12]. 

When the studies on RULA were examined, 
it was found that the study by Nahavandi and 
Hossny [13] investigates the utilization of 
Kinect sensors for real time RULA to aid in 
ergonomic analysis for assembly operations in 
industrial environments (similar approaches as 
presented in [14, 15]). 

In addition to the studies with various 
examples in the literature, within the scope of 
this paper, the stances taken by the operators 
working in the maintenance and repair unit of 
the Boyar Kimya Tekstil factory, which 
produces and dyes acrylic yarn in Turkey, were 
analyzed. In the evaluations made, unlike a 
conventional method, a questionnaire was 
conducted with the human anatomy poster given 
to the operators working in the maintenance and 
repair unit, whether they were exposed to any 
skeletal musculoskeletal disorders during or 
after the work. As a result of the survey data 
obtained, the method that will ergonomically 
evaluate the posture movements of the operators 
working in the maintenance-repair unit in the 
best way has been selected. It was decided that 
REBA and RULA would be the most 
appropriate evaluation methods for operators' 
stances. By using two different evaluation 
methods together, the risks that the operator is 
exposed to have been evaluated from a broad 
perspective. In this way, attention was paid to 
the skeletal and muscular system health, which 
could threaten the skeletal and muscular system 
of the human factor and cause permanent 
disorders in the following periods, and it was 
aimed to make the working environment of the 
manpower, which should work with optimum 
efficiency in a labor-intensive factory, more 
favorable. 

The ergonomic evaluation methods carried 
out within the scope of this study were carried 
out in four stages. In the first stage, the working 
conditions of the operators working in the 
maintenance-repair unit were examined. In this 
way, the determination of the problems that 
come across operators during and after the 
operation was made with a survey. In the second 
and third stages of the study, there are 
applications of REBA and RULA methods, 
which are ergonomic evaluation methods 
selected by evaluating the physical strains of the 
body parts according to the posture of the 
operators. The last stage of the study is the part 
where the results of REBA and RULA methods 
are evaluated. In this section, one of the 
suggested improvement activities is to make 
changes in the position of some parts in the 
machines for the milling, turning, and clamping 
operations from the four basic operations that 
take place in the maintenance-repair unit. The 
details of the four phases are covered in the Case 
Study section of this study. 

When the studies in the maintenance and 
repair units of textile companies are examined in 
national and international studies, it has been 
understood that the most frequently used 
ergonomics evaluation methods in this field are 
REBA, RULA, and OVAKO Working Posture 
Analysis System (OWAS). In this study, unlike 
other studies in the literature, statistical problem 
detection method with a questionnaire was used 
to determine the problem that occurred. 
Considering the problem that occurred and the 
working conditions of the operators, it was 
decided to use the REBA and RULA methods, 
and ergonomic evaluation was made with the 
visuals of the operations that occurred, unlike 
most studies. 

In the last part of the study, in which REBA 
and RULA, which are ergonomic evaluation 
methods for the solution of a real problem, are 
applied, then the study is concluded where the 
general evaluation is made.  
 
2. METHODOLOGY 
  

Operators working in production areas have 
both physical and mental work intensities and 
loads within the framework of the work they do. 
The starting and most basic point of getting 



- 761 - 
 

 

efficiency from the work done are that the way 
the work is done is designed very well [16]. 

When the studies carried out in recent years 
are examined, especially repetitive work that is 
not done ergonomically has a great effect on 
operators both physically and psychologically. 
When we look at the types of occupational 
accidents, it is understood that skeletal and 
muscular system disorders are the most common 
[17]. 

Considering the problems that the work 
process or operation will cause because of all 
kinds of burdens on the employee, aiming to 
reduce the risk that may occur or already occur, 
the process of designing the system will be 
provided with ergonomic evaluations [18]. 

Ergonomics has been defined by the 
International Ergonomics Association as "the 
understanding of the interaction between the 
elements and people of a system and the 
professional scientific discipline that applies 
theory, principles, data, and methods to design" 
[19]. 

The goal of ergonomics is to ensure that the 
work is compatible with people and also is done 
efficiently and reliably. Anthropometric data are 
used in ergonomic evaluations and designs. 
Anthropometric data is the numerical evaluation 
of body height and characteristics of individuals 
according to their region and nationality. The 
concept of nationality and region, which is valid 

in the numerical expression of body proportions, 
arises from the fact that environmental and 
hereditary characteristics play a role in the 
morphological evaluation of people. For this 
reason, anthropometric data should be used for 
the workplace to be designed in an ergonomic 
way [20]. 

Different measurements and methods are 
used to make ergonomic evaluations. It is 
necessary to understand the intensity of the work 
to which the operator is exposed or how much 
the load is at which points [21]. 

Considering the ergonomic risk assessment 
methods, RULA (Rapid Upper Limb 
Assessment), NIOSH (National Institute for 
Occupational Safety and Health), REBA (Rapid 
Entire Body Assessment), OWAS (Ovako 
Working Posture Analysing System), and LMM 
(Lumbar Motion Monitor) are used. Ergonomics 
is one of the evaluations methods [22]. 

The selection of the method to be used is 
based on the body parts and movements to be 
evaluated. In the algorithm below, the usage 
cases of the three most used different methods 
from ergonomic evaluations are schematized 
(Figure 1). In this study, when the performance 
of the operators of a textile company engaged in 
yarn production and dyeing was evaluated, it 
was understood that the operators working in the 
maintenance and repair unit had skeletal and 
muscular system disorders. 

 

 
Fig. 1. Diagram of ergonomic assessment methods. 

 
 

As a result of the survey conducted separately 
for the operators working in this unit, it was 

understood that the operators working in the 
maintenance and repair unit were uncomfortable 
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with the common body parts. The questionnaire 
required to make this determination is given in 
Figure 2. 

As a result of the determined data, when the 
national and international literature studies are 
examined, it is understood that there are 
ergonomic evaluation methods that vary 
according to the body parts of the operators 
affected by the work done. In this study, unlike 
the studies in the literature, the scope of 
ergonomic evaluation, which is made by using 
more than one method at the same time, has been 
expanded. 

Two of the selected REBA and RULA 
ergonomics evaluation methods are applied to 
the welding, clamping, milling and turning 
processes in the maintenance and repair unit, and 
the risk levels are given in the tables together 
with their visuals (Figures 3 to 9). 
 
2.1 Rapid Entire Body Assessment (REBA)  

It is an ergonomic evaluation method in 
which the risk rating of the damage caused by 
the physical load that occurs due to the posture 
positions of the human body is made. With this 
method, risk points are given to the physical load 
that occurs on the neck, trunk, legs, arms, and 
wrists during the work of the human body, and 
actions are recommended. 

In the REBA application, points are assigned 
according to the stance of the operator while 
performing the work, for the limbs specified in 
the A and B tables. In addition to the A table 
score; an additional score is assigned according 
to the load-bearing status of the neck, trunk, and 
legs. The same is done by adding the gripping 
score to table B. 

After the A and B scores are completed, the 
resulting risk scores are assigned to table C. The 
REBA score is found by adding the activity 
intensity score to the C risk score obtained. 
 
2.2 Rapid Upper Limb Assessment (RULA) 

One of the most common ergonomics 
methods is RULA. RULA is a method 
developed by Corlett and McAtamney to obtain 
the degree of risk determined by considering the 
human skeletal and muscular system of the 
physical load occurring on the upper arm, lower 
arm, wrist, neck, trunk, and legs of the operator 
performing the work. The application steps of 

the RULA method are similar to REBA. The 
first step in the RULA method is to obtain the A 
score. The body parts rated by the A score are 
the lower arm, upper arm, and wrist. Neck, 
trunk, and limbs constitute the evaluation 
criteria required for obtaining the B score. The 
situation exhibited by the operator while 
performing the job is analyzed, and the scores 
are marked in the table, respectively, and the 
intersection point is expressed as the B table 
score. In obtaining the C table score, which is the 
last stage of the RULA method, the intersection 
points of the scores of the A and B tables are 
taken from the table and the RULA ergonomic 
risk rating score for the selected operation is 
determined.  
 
3. CASE STUDY  
  

In this section, ergonomic evaluations of the 
operators working in the maintenance and repair 
unit were made with REBA and RULA. The 
study was carried out to find a solution to a real 
problem. Ergonomic evaluation stages and 
results are given in the subsections. 
  
3.1 Description  

The place where improvement suggestions 
are made by using REBA and RULA 
ergonomics risk assessment methods is the 
maintenance and repair workshop of a textile 
company in Turkey that produces and dyes 
synthetic yarn. It includes the ergonomic 
analysis of the postures of the operators working 
in the maintenance and repair unit while 
performing the milling, turning, clamping, and 
welding processes. 

The maintenance and repair unit is the team 
responsible for the maintenance and repair of 
machinery and equipment in operation. In the 
maintenance and repair workshop, there are 
welding, milling, turning, and drilling machines 
for the repair of machinery and equipment. In 
this unit of the factory, a total of 12 people work 
in three shifts.  
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3.2 Identification of Physical Problems 

Fig. 2. The body map of pressure and pain. 

 
Skeletal musculoskeletal pain caused by 

operators' posture while performing milling, 
turning, clamping and welding operations were 
investigated. At this stage, a schematic image of 
human body parts (Figure 2) was given to 12 
operators working in three shifts. The operators 
were asked the question of which parts of their 
bodies the pain occurs during or after the work. 
The answers given by the operators are 
independent of each other. The proportions of 
the answers obtained are illustrated in Figure 2. 

When the answers given by the operators 
were examined, the parts in red are the parts that 
the operators describe as moderate intensity and 
it is 86%. The parts indicated in yellow are the 
areas defined by the operators as mild pain. The 
rate of mild severe pain is around 4%. There is 
no pain defined by the operators as severe pain. 
 
3.3 REBA and RULA Application 

In this section, the analyses of the operators' 
stop during the milling, clamping, turning and 
welding processes during the machining of the 
part are made using REBA and RULA methods. 
In the Figures 3 to 12 given below, the risk 
ratings are obtained by using the images 
showing one or more operation steps for each 
transaction. 

Welding Process: It is the process of joining 
two parts. REBA and RULA methods were 
made by recording and examining the methods 
which were applied. The REBA and RULA risk 
levels of the welding process are given in Fig. 3 
below.  

Clamping Process: It is the process in which 
the operator clamps the work piece and fixes it 
as desired. The process has sub-processes. The 
processes whose risk scores for the clamping 
procedure are determined according to the 
REBA and RULA methods are given in Figures 
4 to 7. 

 

Fig. 3. Risk score of the welding process. 
 

 

   
Fig. 4. Risk scores of turning the product on the 

clamping process. 
 

  
 

Fig. 5. Risk scores of the clamping process. 
 

   
Fig. 6. Risk scores of clamping process while the 

operator applies force. 
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Fig. 7. Risk scores of clamping processes while the 
operator turnings the product by force. 

 

 
  

Fig. 8. Risk scores of the milling process. 
 

   

Fig. 9. Risk scores of milling processes while the 
operator is bending over. 

 

Turning Process: It can be defined as a 
workbench that gives the desired shape by 
giving rotational movement to the workpiece 
and continuously removing chips with a cutting 
tool. The results of turning process are shown in 
Figures 10 to 12. 

Milling Process: It is the process in which the 
operator fixes the work piece and then drills. 
During these operations, the operator must 
adjust the work piece. The results are shown in 
Figures 8 and 9.  
 
3.4 Results and Recommendations   

Suggested improvements with the data 
obtained because of ergonomic evaluations. 

In clamping operation, it is necessary to turn 
the arm by applying a force by the operator to 
process the part.  

The RULA risk level obtained when the 
operator performs this operation frequently and 
for long periods is 7 (High risk), and it is known 
that it will cause serious skeletal and muscular 
system disorders. To prevent this situation, it is 
suggested to use a power transmission system 
that will be mechanically designed. In this way, 
there will be a reduction in the amount of power 
required to cycle the machine part.  
 

 

   

Fig. 10. Risk scores of the turning process. 
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Fig. 11. Risk scores of turning process while the operator presses the button. 
 

  
 

Fig. 12. Risk scores of the turning adjustment. 
 
Another improvement activity needs to be 

applied to the milling operation. The risk level 
in the milling operation is 9 (high risk) for 
REBA and 5 (medium risk) for RULA.  

These scores proved that the limbs evaluated 
in the REBA method are highly under the 
influence of physical load. The operator must 
uncontrollably bend and apply force during the 
milling process and cycle to adjust the machine. 
When the research and the machines available in 
the market are examined, it has been suggested 
that the cycled apparatus should be positioned 
upwards so that it will not burden the operator's 
waist for this operation that is required for the 
adjustment of the machine and that the operator 
does while each part is being processed. 

In the turning process, the score level of the 
load that the operator is exposed to while 
performing the operations is 9 (high risk) for 
REBA and 6 (medium risk) for RULA. 

Considering the current state of the machine, its 
location, and the operator's posture, the first 
recommendation is to move the start button 
located at the bottom of the machine until the 
operator presses the button without bending over 
during the operation. Another suggestion is to 
lift the machine until it reaches a level where the 
operator does not have to go into a bending 
position while working on the part. 
 
4. CONCLUSION  
  

Within the scope of this study, the postures of 
the operators working in the maintenance and 
repair unit of a textile company engaged in the 
production and dyeing of synthetic yarns were 
evaluated ergonomically with REBA and RULA 
methods and improvements were made. 
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With REBA and RULA methods, REBA risk 
degrees for milling, turning, welding and 
clamping operations occurring in the 
maintenance and repair unit are 7 (medium risk), 
7 (medium risk), 9 (high risk), 9 (high risk), 
RULA ergonomic the levels of risk are 
respectively 4 (low risk), 7 (high risk), 5 
(medium risk), 6 (medium risk). 

 
In line with the obtained data, improvement 

suggestions were made. These improvement 
suggestions have been determined according to 
the degree of risk posed by the operator's stance 
while performing the work. Suggested 
improvements for turning, clamping, and 
milling operations that threaten the operator's 
skeletal and muscular system; repositioning of 
machine parts so that the operator can operate 
before or during the operation without shifting 
to the bending position. It has been proposed to 
use a mechanical design and a power 
transmission system to save the operator from 
the power applied to the machine part for 
processing it in the machine. 

 
With this study, in addition to the applications 

handled in the maintenance and repair unit, it is 
planned to apply REBA and RULA ergonomic 
evaluation methods in other departments of the 
factory in the future. In practice in different 
departments, it is thought that it will be possible 
to use different evaluation methods in addition 
to REBA and RULA applications. In addition to 
the applications planned to be implemented in 
the future to examine with different methods in 
case of psychological exposure, apart from the 
physical load that the operators are exposed to 
while performing the work.  

 
The definitions of REBA and RULA methods 

used within the scope of the study and the studies 
in the literature are included in the introduction 
part. In the Methodology part, the explanation 
that the REBA and RULA ergonomics 
evaluation methods are for the current identified 
problem is included in this section. In the Case 
Study part of the study, there are studies 
conducted with the operators working in the 
maintenance and repair unit of the REBA and 
RULA ergonomics evaluation methods in the 
yarn production line. In the Result and 

Recommendations part, there is an evaluation of 
the REBA and RULA methods and suggested 
improvements. In the Conclusion part, which is 
the last part of the study, a general evaluation 
was made. 

 
In the future research additional implications 

of the investigations and their findings will be 
discussed (e.g., the case of hybrid work and the 
postural analysis dynamics [23], occupational 
health and safety [24]). International 
collaborations will create the debate between 
different communities of ergonomists [25] and 
could extend the methodological framework of 
the research.  
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Evaluarea riscurilor ergonomice a operatorilor dintr-un atelier de reparații și mentenanță a 
unei fabrici de textile, utilizând metodele REBA și RULA  

 
Rezumat: Articolul prezinta modalitatea de determinare a afecțiunilor sistemului musculo-scheletic 
ce apar în cazul operatorilor care lucrează în departamentul de mentenanță și reparații al unei 
companii din industria ușoară. Pentru determinarea școrurilor de risc, aferente sarcinilor de muncă 
executate de operatori, s-au aplicat metodele REBA și RULA. Ca rezultat al studiului, s-a decis 
utilizarea compenentelor mecanice pentru reducerea riscurilor, precum și intervenții urgente privind 
operațiile de prindere, frezare și strunjire. Se intenționează reluarea studiului pentru analiza 
ergonomică a altor departamente din cadrul companiei. 
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