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Abstract

BACKGROUND: There are many risk factors that result in musculoskeletal disorders because of work. This also 
occurs in the instant food industry, where apart from manual load handling and repetitive work, the production 
process can also results in risks.

AIM: The aims of this study are to predict the musculoskeletal disorders in the next 50 years and the effectiveness 
of scenarios for controlling musculoskeletal disorders.

METHODS: This study employed Research and Development method through a dynamics system approach. This 
research was conducted in one of the industries that produce instant food in South Sulawesi, Indonesia. The data 
obtained was based on interviews, which were further analyzed using Interpretative Structural Modeling.

RESULTS: Based on the simulation results for 30 years, it was found that there was an increase in the average 
musculoskeletal disorder incidence by 20.63% per year. At the end of the simulation in 2050, the number of 
musculoskeletal disorder incidents became 48481.69. In this case, the simulation for 30 years (2020–2050) was 
conducted on a model of controlling occupational diseases at an instant noodle company in Makassar by providing 
treatment in the form of reducing risk factors that cause musculoskeletal disorders. Based on the simulation results 
for 30  years (2020–2050), musculoskeletal disorders have the most significant contribution to the increase of 
occupational diseases incidents as a whole. The increase in musculoskeletal disorders is an accumulation of several 
risk factors that exist in the instant noodle production process.

CONCLUSIONS: Prediction of the musculoskeletal disorder incidence using a dynamic system approach for 
30 years (2020–2050) has increased by an average of 20.63% per year. The behavior of the model after receiving 
treatment on the occurrence of musculoskeletal disorders has an average decrease in the average incidence of 
51.11% per year. In this case, to control the musculoskeletal disorder incidence, the elements or variables controlled 
simultaneously are work posture, lifting load, and length of work.
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Introduction

Changes in consumption patterns that occurred 
during the Corona Virus 2019 pandemic caused an 
increase in demand for instant food availability, which 
results in the emergence of consumer stockpiling and 
panic buying [1], [2]. As a result, demand for food 
production continues to increase [3], even though the 
prices have increased by 8–25% compared to the 
pre-pandemic conditions [4]. In addition, it causes an 
increase in production capacity in the food processing 
industry due to the high market demand, which impacts 
the lack of mobility possessed by the community during 
the pandemic [5].

Musculoskeletal disorders are still a problem 
for workers with physical activity demands such as 

lifting, pulling, pushing, standing, walking, bending, and 
also repetitive work. The pain caused makes it difficult 
for workers to carry out the work activities. Furthermore, 
the impact on workers due to MSDs can also in the 
forms of a lack of productivity, sick leave and at worst 
stopping work [6], [7], [8], [9].

Due to the high market demand that must be 
met, workers receive adverse health consequences 
in work-related injuries and reported occupational 
diseases [6]. Based on the report on the number 
of occupational accidents and diseases cases in 
the past 9  years (2011–2019), there were 791,807 
incidents in the industrial sector and resulted in a total 
of 86,316,874.45  days lost due to the occupational 
accidents and diseases [7], [8]. One of the particular 
concerns related to occupational diseases in the food 
processing industry is musculoskeletal disorders [9]. The 
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food processing industry is still handling loads manually 
or conduct high-frequency manual handling  [10]. 
Therefore, to obtain maximum work productivity in the 
industrial sector, it requires intense manual labor and 
psychological pressure [11].

The occurrence of musculoskeletal disorders 
in a past process to produce a product depends on 
the production process and the risk factors in the work 
environment [12], [13]. Several risk factors cause 
musculoskeletal disorders in the workers, including 
repetitive tasks, awkward/stressed postures, and 
manual material handling [14], [15], [16]. These risk 
factors are certainly exacerbated by the working hours 
of each worker and management policies regarding 
overtime [17].

In the instant food industry, apart from manual 
load handling and repetitive work, there are also 
other risks that come from the production process. 
The operation of machines that are not in accordance 
with anthropometry [18], [19] and vibrations [20], [21] 
caused by machines are risk factors that trigger the 
musculoskeletal disorders among workers. Therefore, 
special attention is needed on the ongoing production 
process to control the musculoskeletal disorders 
incidence.

As previously mentioned, many risk factors 
result in musculoskeletal disorders in the industrial 
sector. Therefore, this study used interpretative 
structural modeling (ISM) to determine variables that 
can be controlled to suppress the musculoskeletal 
disorders incidence in the next 50 years [22],[23], [24]. 
The advantage of interpretive structural modeling 
compared to other methods is on its ability to determine 
the key elements at the root of the problem discussed 
based on the priority of elements or variables that 
are directly related to an incident [25], [26]. Based 
on these considerations, we considered that ISM is a 
relevant and applicable method to determine the key 
elements in the musculoskeletal disorders incidence 
in the instant food industry. Meanwhile, valuable 
information for controlling and preventing occupational 
diseases was obtained from predictions of research 
models [27].

The control of musculoskeletal disorders 
incidence in this study was done by carrying out 
treatment scenarios on variables that are key elements 
through a dynamic system approach using software. 
The scenario that was carried out on the model aimed 
to find out the phenomena contained in a dynamic 
system based on mathematical calculations [28]. The 

advantage of using a dynamic systems approach to 
research is that it provides predictions (a foresight) 
that other methods cannot and are more efficient than 
trial and error methods; where the scenario simulation 
process uses software [29], [30].

Based on the points above, this study 
aims to answer several research questions. Those 
research questions include the key elements in 
controlling musculoskeletal disorders, predictions 
of musculoskeletal disorders in the next 50  years, 
and the effectiveness of scenario developed in 
controlling musculoskeletal disorders on workers of 
the production section of an instant noodle company 
in Makassar.

Methods

The sample of this study was divided into two, 
for quantitative analysis using aggregate data on the 
incidence of musculoskeletal disorders recorded at 
company occupational health and safety facilities in 
2017–2020, and for qualitative data obtained based on 
the results of interviews with academics, policy makers 
and practitioners in the field of safety and health. 
Totaling 23 respondents. Furthermore, the results 
of the interviews were processed using ISM to draw 
conclusions about the key variables in controlling the 
incidence of musculoskeletal disorders.

This research was conducted in one of 
the industries that produce instant noodle in South 
Sulawesi, Indonesia. The selection of this location 
was based on an initial study at the research 
location which stated that there were many cases of 
musculoskeletal disorders that were recorded in the 
health and safety reports of occupational health and 
safety facilities. This study uses the Research and 
Development method through a dynamics system 
approach [31].

Dynamic modeling begins by making a flow 
diagram of the estimation model for the incidence of 
musculoskeletal disorders in the instant food industry. 
To get the right policy scenario in reducing the incidence 
of musculoskeletal disorders, ISM is used. In applying 
the ISM model, interviews with stakeholders from 
academics and practitioners were conducted to gather 
ideas for controlling the incidence of musculoskeletal 
disorders in the instant food industry. The data obtained 
based on interviews, and then analyzed using ISM. The 
results of the ISM analysis were implemented on the 
model treatment using Powersim Studio 10 Express. 
Powersim Studio 10 Express is one of the software 
made by Powersim Software which is domiciled in 
Norway.

Table  1: Risk variables for the musculoskeletal disorders 
incidence before and after treatment
Variable Before treatment After treatment
Lifting load 10 kg 7 kg
Working posture REBA score = 8 REBA score = 3
Working duration 8 h/day 7 h/day
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Results

Evaluation of ISM

ISM method was used to analyze the 
interrelationships and dependencies between 
the elements that make up the structure of the 
musculoskeletal disorders control model at an instant 
noodle company in Makassar. Based on the results 
of discussions with experts and expert judgment and 
the analysis results of nine constraint elements on the 
musculoskeletal disorders incidence, it shows that the 
key elements in controlling musculoskeletal disorders 
at the instant noodle company in Makassar are work 
posture, lifting load, and length of work.

Based on the value of Driver Power and 
Dependence in Figure  1 above, the 9 constraint 
elements are categorized into four sectors, those 
are: Autonomous factors, dependent factors, linkage 
factors, and Independent factors. Furthermore, based 
on the analysis results, it shows that work posture, lifting 
weight and length of work are included in Independent 
factors, in which the elements that enter this sector 
are elements that have strong driving power and weak 
dependence. Elements in this sector are elements that 
are key factors in model building.

Figure 1: Matrix driver power (Dp) and dependence (D) for constraint 
elements in musculoskeletal control model disorders in instant 
Noodle Company in Makassar

Based on Figure  2, the analysis of 9 
sub-elements of musculoskeletal disorders based on 
interviews with occupational health and safety experts, 
company management, and stakeholders shows that 
the sub-elements that have a considerable driving force 
in the prevention program for musculoskeletal disorders 
in the instant food industry are work posture, lifting load 
and working duration.

As seen on Figure 3, the following is a dynamic 
model of controlling the musculoskeletal disorders 
incidence, which was built based on the field conditions 

and the factors that cause musculoskeletal disorders in 
the instant noodle industry in Makassar.

Figure  2: Hierarchical diagram of the constraint elements in the 
development of a model for controlling the musculoskeletal disorders 
incidence in the food industry

Based on Table 1, it is known that the results 
of field measurements based on secondary data taken 
in the vulnerable years during the research show the 
average results of the variables that affect the incidence 
of musculoskeletal disorders. Then treatment is 
carried out on these variables using a dynamic system 
approach following applicable regulations regarding the 
threshold value adjusted to the conditions in the field 
when the research takes place.

Figure  3: Model of musculoskeletal disorders incidence in instant 
Noodle companies in Makassar

Based on the simulation results for 30 years 
(Figure 4), it was found that there was an increase in the 
average incidence of musculoskeletal orders of 20.63% 
per year. At the beginning of the 2020 simulation, the 
number of musculoskeletal events ordered was
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Figure 4: Result of predictions for 30 years from 2020 to 2050 on the 
occurrence of musculoskeletal disorders at instant noodle companies 
in Makassar

47.25, which increased continuously. At the end of the 
simulation, in 2050, the number of musculoskeletal 
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events ordered became 48481.69 events. This happens 
because the number of markets demands that must be 
met every year continues to increase until the end of 
the simulation in 2050.

As is known on Figure 5 that from the simulation 
results for 30 years (2020-2050), musculoskeletal 
disorders have the most significant contribution to the 
increase in the number of occurrences of occupational 
diseases as a whole. The increase in musculoskeletal 
disorders is an accumulation of several risk factors that 
exist in the instant noodle production process.
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Figure  5: Simulation for 30  years (2020–2050) on a model of 
controlling occupational diseases at an instant noodle company in 
Makassar by providing treatment in the form of reducing risk factors 
that cause musculoskeletal disorders

The data from the analysis of body posture 
at work obtained a value of 8 which means that the 
posture when working in the workforce is in a high-risk 
condition, and changes in work posture must be carried 
out immediately. Furthermore, it is known that to carry 
out the production process, the workforce has a lifting 
load of 10 kg. Based on Regulation of Minister No. 5 
of 2018, the threshold value for lifting goods with an 
extended distance (>60 cm horizontal distance) is 7 kg.

Based on the data obtained above and 
the results of expert interviews using ISM, it can be 
concluded that to control the musculoskeletal disorder 
incidence, the elements or variables controlled 
simultaneously are work posture, lifting load and length 
of work.

Discussion

One technique that can be used to formulate 
the role of occupational disease control programs is 
“Interpretative Structural Modeling,” which is a method 
of making decisions from complex situations by 
connecting and organizing ideas in visual maps. ISM 
is modeling that describes the specific relationship 
between variables, the overall structure and has an 
output in the form of a graphical model in quadrants and 
variable levels [32]. It is known that in the hierarchical 

diagram of the constraint elements in the development 
of an occupational disease control model for instant 
noodle companies in Makassar, the elements that 
become level I are Work Posture (A2), Lifting Load 
(A3), Working Duration (A4), and Dust (A6). This 
means that the elements have a strong driving force. 
This analysis explains that ISM does not attempt to 
break down a problem or situation into smaller parts 
but rather connecting the ideas in building a situation 
model. Because of these peculiar properties, ISM excels 
at solving high-level problems, vis-a-vis cause-root 
analysis, complex process definitions, or simply a 
concept. A simple application of ISM, including grouping 
and sequencing, is used in industrial activities [27].

The determination of critical elements in the 
occupational disease control model built in this study 
was based on the type of occupational disease that 
occurs in instant noodle companies. This was done 
because of the hierarchical diagram of the constraint 
elements, which are the results of the ISM analysis in 
which there are several variables at the level I. This is 
in line with Awuzie’s research in 2019 that interpretive 
structural modeling (ISM) showed a paired relationship 
between categories of organizational factors identified 
in a system [33]. This is also in line with research 
conducted by Careza in 2020, where the determination 
of risk factors for an occupational disease must involve 
the working duration, which is a factor that has a 
significant influence on the quality of life of workers and 
complaints on health [34].

The increase of the musculoskeletal 
disorder incidence in simulations without scenarios 
for 30  years is controlled in the scenario, where the 
control scenario is carried out in 2027. Based on the 
simulation scenarios results, there was a decrease of 
musculoskeletal disorder incidence that affects the total 
amount of occupational diseases at the instant noodle 
company. The decrease in the number of occupational 
diseases due to the treatment of work posture variables, 
lifting loads and length of work is in line with research 
conducted by Hwang in 2011 that the effect of lifting 
angles, lifting loads and work duration has an impact 
on the incidence of workers’ muscle injuries [35]. The 
same thing was expressed in research conducted on 
catering industry workers that risk factors that cause 
musculoskeletal disorders are long work duration, 
repetitive work postures, non-ergonomic equipment, 
and limited workplaces [31].

In this study, control was carried out using 
a dynamic system approach. The dynamic systems 
approach is referred to the mathematical formulation of 
the physical/chemical/biological processes found in the 
workplace, work processes and production processes 
to produce instant noodles. Therefore, if supporting 
data are input, then calculation was done using 
certain calculation methods, it will be able to an overall 
picture of the process is generated. All production 
processes contained in the instant noodle company are 
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conceptualized into a dynamic system. A  model was 
formulated to be simulated for the next 30 years from 
2020 to 2050. Furthermore, the control was carried 
out to make changes to the values contained in the 
constants contained in the occupational disease control 
model. The impact of changes from a dynamic system 
is a causal relationship that affects each other [36].

The work environment is an activity of identifying 
and evaluating environmental factors that affect the 
health of the workers. Meanwhile, the supervision of the 
work environment is a series of supervisory activities of 
all actions taken by worker inspectors for the fulfillment 
of the implementation of laws and regulations on the 
object of supervision of the work environment. A clean 
and healthy work environment is a practice that can 
minimize the appearance of PAK and provides a work 
atmosphere that encourages workers to give their 
best [37].

Frank E Bird mentions a modification of 
the domino theory that occupational accidents 
and diseases are not caused by one factor alone, 
but rather a multifactor interaction that reflects the 
management  [38]). The first thing is the weakness of 
management control (lack of control). Control is one of 
the four functions of management. This function relates 
to managers in all administration, marketing, quality 
control, engineering, ordering, and safety. In addition 
to the causal factors mentioned, there are other several 
variables that we did not include in the assessment of 
the musculoskeletal disorders incidence in the workers 
such as smoking habits, exercise habits, lifestyle, and 
several other variables which are not directly related to 
work but cause musculoskeletal disorders.

Conclusions

The critical elements in the control model 
of musculoskeletal disorders at an instant noodle 
company in Makassar based on the interpretation 
of ISM are work posture, lifting load, and working 
duration. Four control scenarios were carried out using 
a dynamic system approach in the model of controlling 
the occupational disease incidence at an instant noodle 
company in Makassar. These scenarios include Do 
Nothing Scenario, Musculoskeletal Disorder Scenario 
(work posture, lifting load, and working duration). The 
prediction of the musculoskeletal disorder incidence 
using a dynamic system approach for 30  years 
(2020–2050) has increased by an average of 20.63% 
per year. The behavior of the model after receiving 
treatment on the musculoskeletal disorder incidence 
has an average decrease of 51.11% per year.

The impact of this research is the decrease in 
the musculoskeletal disorder incidence in predictions 
from 2020 to 2050 as a result of treatment on work 

posture, lifting load, and working duration variables 
through a dynamic system approach using Powersim 
software. The determination of the controlled variables 
in this study used the conclusions of expert interviews 
through interpretive structural modeling.
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