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ABSTRACT

Introduction: Office workers, who comprise a substantial portion of the country’s workforce and use
computers extensively, are at risk of developing occupational musculoskeletal disorders. Therefore, the
aim of this study is to assess posture and predict the risk of developing musculoskeletal disorders using
ML techniques based on ROSA scoring.

Material and Methods: This descriptive-analytical, cross-sectional study was conducted in North Khorasan
Gas Company in 1402. This study was conducted in three steps, which included collecting data using
the ROSA method and the Nordic questionnaire, creating a prediction model based on machine learning
techniques, and evaluating the results based on the criteria of accuracy, precision, sensitivity, specificity,
area under the ROC curve, and F criterion. Also, the 10-fold cross validation method was used to evaluate
the performance of the models.

Results: The results showed that 32.5% of employees were aged 41 to 45 years and 35% had a work
experience of 16 to 20 years. The most pain and discomfort was observed in the back and neck areas with
a prevalence of 52.1% and 41.5% of employees, respectively. The results of the ROSA showed that 44.8%
of people had a score of 5 and above. The Bayesian Network and RF models achieved accuracy of 80.87
and 80 and sensitivity of 80.9 and 80, respectively. However, the low value of specificity for RF showed
that its performance in identifying high-risk cases was low. Considering all performance criteria, the best
model was the Bayesian Network, which in addition to high accuracy and sensitivity, also had a specificity
of 60.6%.

Conclusion: The results showed that the proposed model can be used to identify and predict
musculoskeletal disorders in organizational employees. This tool can also be used as a predictive tool for
diagnosing musculoskeletal disorders and interpreting the results effectively and reliably.
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1. INTRODUCTION

People working in office sectors, which
constitute a significant part of the country’s
working population, spend at least one third of
the day in their workplace. One of the equipment
that can be seen in office work environments is the
computer system, the use of which has increased
significantly over the last twenty years. According
to reports, more than 77 million people in the
United States and 88 million people in the European
Union use computers at their workplace, but there
are no accurate statistics on Iranian computer
users. The results of a study showed that office
workers spent about 75% of their working time
working with computers; on the other hand, office
environments create a complex physical workspace
with interaction between the user, workstation and
equipment.

Office  workers who use computers
extensively are at risk of developing occupational
musculoskeletal ~disorders. In organizations,
musculoskeletal disorders are a major cause of
reduced productivity, absenteeism, disability, and
illness. Results from other published articles also
show that the risk of developing musculoskeletal
disorders is higher in computer users than in
other occupations. On the other hand, the work
style of individuals, the amount of computer use,
and physical posture during work are among the
factors that can be used to predict the incidence of
musculoskeletal disorders in workplaces.

The ROSA method is a workstation ergonomic
tool designed to assess computer-based office work
based on observational assessment that examines
factors related to office equipment. This method
is based on the Canadian Standards Association
(CSA) for determining musculoskeletal risk factors
for computer work. On the other hand, machine
learning (ML) is the programming of machines
to optimize performance using data and past
experience, and seeks to create a program that
automatically improves performance based on past
experience. ML methods enable users to discover
fundamental structures and make predictions from
large data sets.

Theincreasing use of computers in the workplace
has been significantly associated with an increase
in the prevalence of musculoskeletal disorders
affecting various body regions. Several studies
have reported the prevalence of musculoskeletal
disorders in the back, shoulders, and neck. So
far, many studies have been conducted on the
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assessment of posture of office workers—computer
users—working in various organizations and work
environments in Iran and abroad; however, no
study has been conducted on the application of
ML techniques based on ROSA scoring to predict
the risk of musculoskeletal disorders among
computer users. On the other hand, given that
continuous and long-term work with a computer
and performing tasks in a static and sitting position
can be recognized as a risk factor for developing
musculoskeletal disorders, the purpose of this
study was to evaluate posture and predict the risk
of developing musculoskeletal disorders using ML
techniques based on the ROSA scoring method.

2. MATERIAL AND METHODS

This  descriptive-analytical ~ cross-sectional
study was conducted in 2023 in the offices of North
Khorasan Gas Company using machine learning
techniques based on the ROSA scoring method. In
this study, all administrative employees of North
Khorasan Gas Company were included in the
study through a census. This study was conducted
on administrative employees in three steps, which
were:

1- Extracting risk factors and collecting
data using the ROSA method and the Nordic
questionnaire

2- Creating a prediction model based on
machine learning techniques

3- Evaluating the results based on the criteria
of accuracy, precision, sensitivity, specificity, area
under the ROC curve, and F criterion.

Regarding the extraction of risk factors and
assessing posture, the ROSA method was used,
which was presented by Michael Son et al. in 2012
to identify risk factors of office work and determine
priorities to achieve an optimal fit between
employees and workstation equipment. The
ROSA method is a pen-and-paper method based
on the Canadian CSA-Z412 standard that divides
the workstation into several sections, including
the components of the chair, monitor, telephone,
mouse, and keyboard, and determines the risk
level of each of these sections. After coding the risk
factors identified in each section, neutral postures
receive a score of at least one and deviations from
these postures receive a score of 1 to 3. Also, the
score for the duration of the posture is added to the
above score according to the checklist. Finally, the
score for each section is entered into the relevant
matrix and a final score of zero to ten is obtained
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Chart 1: Results from 10-cross fold validation of different ML models

from the resulting matrix. An increase in the score
indicates an increase in the risk level. If the ROSA
score is 5 or higher, the work surface is high-risk
and requires immediate and necessary correction.
According to the ROSA standard method, the
scores are in the sections of the chair, monitor-
telephone, mouse-keyboard, the individuals
posture while using these tools, and the duration
of work.

In the step of creating a prediction model
based on machine learning techniques, several
ROSA score prediction models were designed
using machine learning techniques. ML techniques
included multilayer perceptron, decision tree,
Bayesian Network, Support vector machine, and
Random forest. These models were designed and
operated based on the risk factors identified in the
previous step and by predicting the ROSA score;
in other words, they can determine who is at the
risk of developing musculoskeletal disorders. All
models were implemented in the Python software
environment. In the step of evaluating the results,
based on the criteria of accuracy, precision,
sensitivity, specificity, area under the ROC curve,
and F criterion, the evaluator score was considered
as the gold standard and the output of the models
was compared with it. The model output was
categorized into two groups: high-risk (scores
>5) and low-risk (scores <5). Also, the 10-fold
cross validation method was used to evaluate the
performance of the models. In this method, the
data set is divided into ten equal and independent
parts, then each time 9 parts are used for training
and one part for testing the model. For each step,
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performance metrics are calculated and finally
their average for ten runs is reported. This method
prevents the creation of bias and invalid results.

3. RESULTS AND DISCUSSION

The results showed that 32.5% of employees
were aged 41 to 45, 35% had 16 to 20 years of work
experience, 50.4% had a bachelor’s degree, 65% had
a body mass index above 25, 34.2% exercised 1 to
2 hours a week, 54.7% worked on the computer for
more than 4 hours a day, and 69.7% did not exercise
while working on the computer.

The highest pain and discomfort experienced
by office workers in the past 12 months was in the
back and neck areas, with a prevalence of 52.1%
and 41.5%, respectively. The results of assessing
employee posture using the ROSA method showed
that 44.8% of people scored 5 or higher in the
posture assessment.

Several ML models were implemented and
evaluated to identify the best model for predicting
the risk of musculoskeletal diseases. Figure 1
shows the results of the 10-cross fold validation.
According to Figure 1, although the Bayesian
Network and RF models achieved accuracy of 80.87
and 80 and sensitivity of 80.9 and 80, respectively,
the low specificity value for RF indicates that its
performance in identifying high-risk cases was
low. Considering all performance criteria, the
best model was the Bayesian Network, which in
addition to high accuracy and sensitivity, also had a
specificity of 60.6%.

The confusion matrix of the Bayesian network
model is shown in Figure 1. According to the results
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Fig. 2: ROC chart for Bayesian Network algorithm

of the figure, in the positive class (High risk), 26
cases were correctly identified as positive, while
23 cases were incorrectly classified in the negative
class. In contrast, 21 cases of the negative class (Low
risk) were incorrectly classified in the positive class.
Overall, 80.87% of the total data were correctly
classified (Accuracy). The accuracy in other models
varied between 71.3 (MLP) and 80 (RF).

Figure 2 shows the ROC plot for the Bayesian
Network algorithm, which had an area under the
curve (AUC) of 0.74.

4. CONCLUSIONS

This cross-sectional study was conducted with
the aim of assessing posture and predicting the
risk of musculoskeletal disorders using machine
learning techniques based on the ROSA scoring
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method. The highest pain and discomfort in the
past 12 months was observed in the back and neck
areas of office workers.

The results of the present study indicate that
computer users are exposed to musculoskeletal
disorders due to the type and nature of their work.
According to the results of the Nordic questionnaire,
the highest prevalence of musculoskeletal disorders
was in the back and neck areas, respectively. In the
present study, there was a significant relationship
between work experience and the prevalence of
musculoskeletal disorders.

The results of assessing the posture of
employees using the ROSA method showed that
44.8% of people scored 5 or higher in the posture
assessment, and considering all performance
criteria, the best model was the Bayesian Network,
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which in addition to high accuracy and sensitivity,
had a specificity of 60.6%.

This study used the ROSA method, the Nordic
questionnaire, and machine learning models to
assess posture and predict the risk of developing
musculoskeletal disorders in the workplace. The
proposed model showed significant accuracy
and precision. The results demonstrated that
this model can be used to identify and predict
musculoskeletal disorders in office employees and
has the potential to accelerate the identification
process and reduce costs. This tool can also be used
as a predictive tool for diagnosing musculoskeletal
disorders and interpreting the results effectively
and reliably.
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