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of musculoskeletal disorders on the productivity and general health of employees,
ePublished: 19/03/2024 p Yy 8 ploy

this research utilizes the Cornell Musculoskeletal Disorder Questionnaire (CMDQ)
to develop an intelligent model for assessing and predicting the levels of
musculoskeletal disorders.

Methods: In this descriptive-analytical study, 810 employees from five
organizations (in four occupational categories, including administrative, technical,
production, and services) completed the CMDQ voluntarily. After collecting the
questionnaire and performing relevant statistical analyses, data normalization and
clustering based on the K-Means method were used to determine levels of

*Corresponding  author:  Arezoo musculoskeletal disorders. Finally, the multilayer perceptron artificial neural
Sammak Amani, Department of network was trained to predict the levels of musculoskeletal disorders; moreover,
Occupational Health, Faculty of the criteria of precision, accuracy, recall, and F1-score were used to evaluate the
Health, Mazandaran University proposed model.

of Medical Sciences, Sari, Iran. Results: The performance of the proposed model in predicting the levels of
Email: arezoo.sam76@yahoo.com musculoskeletal disorders is presented in two scenarios (use and non-use of the

Synthetic Minority Oversampling Technique (SMOTE) method) based on the
evaluation criteria provided. The accuracy, precision, recall, and F1-score values
were 0.724, 0.709, 0.756, and 0.720, respectively. The appropriate accuracy and
precision in the proposed model indicate its capability to identify the levels of
musculoskeletal disorders in individuals and help healthcare professionals take
necessary measures to prevent and predict them.

Conclusion: This study employs the CMDQ questionnaire and artificial intelligence
to analyze musculoskeletal disorders in the workplace. The proposed model
demonstrates significant accuracy and precision compared to similar studies. The
results indicate that this model can be utilized to identify and predict
musculoskeletal disorders in organizational employees, offering the potential to
expedite the identification process and reduce costs.

Keywords: Artificial intelligence, CMDQ), Neural network, WMSD

(e D Copyright © 2024 Iranian Journal of Ergonomics. This is an open-access article distributed under the terms of the Creative
Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy
and redistribute the material just in noncommercial usages, provided the original work is properly cite



http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-6856-7888
https://orcid.org/0000-0002-5363-5718
https://orcid.org/0000-0003-4983-5781
https://orcid.org/0000-0003-2780-7069
http://dx.doi.org/10.32592/IJE.11.4.261
http://dx.doi.org/10.32592/IJE.11.4.261

Extended Abstract
Background and Objective

Work-related musculoskeletal disorders (WMSDs) are
one of the serious problems in developing and advanced
countries, threatening individuals throughout their lives.
According to the World Health Organization,
musculoskeletal disorders are not only limited to old age but
can affect people across the lifespan. One of the
questionnaires used to assess the prevalence of
musculoskeletal disorders is the Male and female versions of
the Cornell Musculoskeletal Discomfort Questionnaire
(CMDQ) for standing workers developed by Professor Alan
Hedge. Machine learning can be used to predict and classify
musculoskeletal disorders. Supervised and unsupervised
learning are examples of two different types of machine
learning approaches. Considering the harmful effects of
musculoskeletal disorders on the productivity and general
health of employees, the present study aimed to provide an
intelligent model to determine and predict the level of
skeletal-muscular  disorders with the help of
demographic information using the CMDQ and machine
learning algorithms, such as k-means clustering method,
Synthetic Minority Oversampling Technique (SMOTE)
for labeling and the learning method with perceptron
neural network monitoring.

Materials and Methods

In this descriptive-analytical study, 810 employees of
five organizations with four occupational
classes(administrative, technical, production, and service)
voluntarily ~ completed the CMDQ to  assess
musculoskeletal disorders. The proposed method to
determine and predict the level of musculoskeletal
disorders consists of five main steps. After collecting
questionnaire data, descriptive statistics related to data
evaluation and verification were carried out in the first
stage. Thereafter, pre-processing operations, data
normalization, and calculation of missing values in the data
sets were performed. In the following, the K-means
clustering algorithm is used as one of the most famous
clustering and unsupervised learning methods for
clustering and labeling the severity and level of
musculoskeletal disorders. Due to the nature of the
categories identified in the clustering stage by the expert
and the imbalance in different categories, the SMOTE
technique was employed to manage imbalanced data.
Finally, the multilayer perceptron artificial neural network
was trained as a supervised learning method to predict the
level of musculoskeletal disorders. The criteria of
precision, accuracy, recall, and Fl-score were used to
evaluate the proposed model.

Results

Clustering was performed on the score collected
from the questionnaires using the K-Means algorithm.
The elbow method was used to determine the
appropriate number of clusters. Based on the Elbow
method and the investigations carried out, the data were
clustered into five categories (no problem, with low

problem, medium, high, and critical) based on the K-
Means method. The performance results of the proposed
model in predicting the level of musculoskeletal
disorders in two modes (use and non-use of the SMOTE
method) are presented based on evaluation criteria. The
accuracy, precision, recall, and Fl-score values were
0.724, 0.709, 0.756, and 0.720, respectively. The
performance results of the proposed model in predicting
the level of musculoskeletal disorders in two modes (
use and non-use of the SMOTE method) are presented
based on evaluation criteria.

The results pointed to a significant improvement in the
performance of the proposed model using the SMOTE
method. Moreover, the efficiency improvement rate of the
proposed model using the SMOTE method was 0.184
based on accuracy criteria and a maximum of 0.329 based
on accuracy criteria, compared to the non-use of this
method. The appropriate accuracy and precision values in
the proposed model demonstrate its ability to identify the
level of skeletal-muscular disorders in people and assist
health professionals in identifying and taking effective
measures to prevent and predict them.

Discussion

Due to the different nature of the columns in the
CMDQ, it is preferable to use a method to cluster the data
instead of categorizing the data only based on the final
scores. Since, in this case, the difference between the
severity and frequency of musculoskeletal disorders is
also considered. Nonetheless, in a study by Akbari et al.,
musculoskeletal disorders were assigned to 10 identical
categories only based on the final score of the
questionnaire, and it needs revision and correction since,
in addition to the final score, the score of body parts
should also be taken into consideration when interpreting
and making decisions in this regard. The SMOTE method
can predict the level of musculoskeletal disorders with
72.4% accuracy. In this study, a score of >612.5 was
determined as a critical point. In a study by Moodi et al.,
a score above 367 was determined as a critical point by
artificial intelligence (machine learning); nonetheless, no
reference was made to the accuracy and precision of the
method used in the research (Gaussian Mixture Method
(GMM)). This difference can be ascribed to the accuracy
and precision of the k-means method compared to the
GMM method.

Conclusion

According to the purpose envisaged in this research for
the proposed model, two applications can be expressed.
The  first application includes identifying the
musculoskeletal disorders of employees of new
organizations, and the mere use of people's demographic
information accelerates this identification process.
Considering the reduction of the required time of the
process, which can lead to the reduction of the associated
cost, it could be envisaged that more willingness and
cooperation from organizations and their employees should
be expected.
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Layer (type)

Output Shape Param #
dense_40 (Dense) (Nome, 512) s120
activation_24 (Activation) (MNone, 512} =]
dropout_24 {(Dropout) (Mone, 512) 5]
dense_41 (Dense) {Mone, 25&8) 131328
activation_25 (Activation) (Mone, 256) 5]
dropout_25 {(Dropout) {Mone, 25&8) =]
dense_42 (Dense) (Mone, 128) 32896
dense_43 (Dense) {Mone, 5) 545

Total params: 169,989
Trainable params: 169,989
Mon-trainable params: @
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