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ABSTRACT

Introduction: Working with a computer and workplace conditions expose people to risk factors of
musculoskeletal disorders (MSDs). This study aimed to assess posture, examine MSDs, and determine,
weigh and prioritize the risk factors among computer users by a neural network algorithm.

Material and Methods: This descriptive-analytical cross-sectional study was conducted in six phases on
computer users in 2019. The status of MSDs was determined via Nordic musculoskeletal questionnaire
(NMQ). The factors affecting these disorders were determined by the ROSA method, and then these
factors were weighed by the neural network algorithm. The data were analyzed in IBM SPSS Modeler.

Results: The mean age and work experience of the users were 34 + 6.9 and 1.5 + 0.7 years, respectively.
Most of years were observed at the lower back, neck, and upper back, respectively. The final mean
scores of the chair, telephone-monitor, and mouse-keyboard were 3.7 £ 1, 3.6 £ 1.1, and 3.65 * 1.2,
respectively and the final mean score of ROSA was 4.4 + 0.9. The greatest correlation with the ROSA score
was observed in chair (R?* = 0.46), followed by telephone-monitor (R2 = 0.43), and mouse-keyboard (R?=
0.42). The highest predictor importance of the effective factors based on the neural network algorithm
prioritization belonged to the chair (48%), followed by telephone-monitor (28%) and mouse-keyboard
(24%). The accuracy of the neural network algorithm in examining the effect of factors on musculoskeletal
disorders was 98% based on the ROSA score.

Conclusion: Factors affecting years due to working with computers are the chair, telephone-monitor,
and mouse-keyboard, respectively, as prioritized by the neural network algorithm. These disorders can
be prevented by ergonomic modification of users’ chairs and correct placement of the monitor and
telephone.

Keywords: Posture assessment, musculoskeletal disorders, ROSA method, Nordic musculoskeletal
questionnaire, neural network
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1. INTRODUCTION

In recent years, the application of computers at
the workplace has markedly increased. This trend
has accelerated the performance of tasks and led
to resource, time, and energy saving. Employees
spend most of their time at the workplace on
computers. Administrative staff who constitute a
large share of the active population spend at least
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one-third or even half of their day at the workplace.
They are one of the most important work groups
for any society since they are in charge of planning,
implementation, direction, and monitoring
national and regional programs and the number
of them is increasing as countries become more
developed.

The alleviation and control of MSDs among
the human force are the major problem facing
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ergonomic specialists worldwide. Due to the
importance of controlling and alleviating these
disorders, many countries view the prevention of
work-induced MSDsamong the human force as
a national priority. Despite many work-induced
diseases originated in contact with hazardous
substances, several factors may contribute to the
incidence of MSDs. Various scientific studies
have identified ergonomic, psychological, social,
organizational, and personal factors as the risk
factors of the incidence of work-induced MSDs.
The ergonomic factors include undesirable physical
status, non-standard workplace, repetitive daily
movements, and duration of work. Environment
factors  (temperature, humidity, lighting),
psychological and organizational factors (high
demand, low control, absence of social supports),
and personal factors (age, sex, BMI) also contribute
to these injuries.

Several studies in Iran and other countries
have assessed the posture of administrative
staff (computer users) working at universities,
governmental offices, banks, telephone centers,
and other workplaces. However, very few studies
have weighed and prioritized the factors affecting
MSDsamong computer operators via the neural
network method. Prolonged and constant working
with computers and performing tasks in a seated
and static position can be the risk factor for
MSDs, and the prevention of these disorders at
the workplace is of utmost importance. Therefore,
this study aimed to assess posture, examine MSDs,
and determine, weigh and prioritize the risk
factors among computer users by a neural network
algorithm.

2. MATERIAL AND METHODS

This descriptive-analytical cross-sectional study
was conducted on computer users in 2019. As the
goal was to prioritize the risk factors of MSDs, no
inclusion criteria were set for the participants and
only their musculoskeletal status in relation to their
workstations was assessed. Based on the methods
adopted in previous studies, 100 workstations
were ergonomically assessed and their data were
recorded. This study was conducted in six phases
on computer users:

1. Determining the status of MSDs: To this
end, the Nordic musculoskeletal questionnaire was
administered.

2. Selecting and calculating factors affecting
MSDsamong computer users: The rapid office
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strain assessment (ROSA) method was used for
this purpose. ROSA was developed by Michael
Sonne et al. (2011) to identify administrative work
risk factors and determine their priority to strike
an optimal balance between employees and work
station equipment. ROSA is a paper-based method
adopted from the CSA-Z412 standard in Canada.
It divides the workstation into several sections,
including chair, monitor, and telephone, mouse,
and keyboard, and specifies the risk level of each.

3. Pre-processing the data: The final scores of
the effective factors and the final ROSA score were
the input into the software. All the data sources
collected were evaluated in a file and finally, the
IBM SPSS Modeler 18 was employed to determine
the predictor importance of the effective factors.

4. Prioritizing and weighing the effective
factors: A neural network algorithm simulating
the biological neural network was used for this
purpose. Fig. 1 depicts the three-layer structure
of the feed forward network with the back-
propagation algorithm. This algorithm is used in
most of the time-series modeling studies and is a
general model for non-linear mapping of input and
output variables. This three-layer structure is based
on a linear combination of input variables that are
transformed via a non-linear Dynamic function.
Parameters i, j, and k denote the neurons of the
input, hidden, and output layers, respectively.

In the above structure, the mathematical
equation expressing the function of the network for
generating output values is formulated as:

M N
J7k :fo ZVVlgfh (zwjixi+wjoJ+wko 1)
j=1 i=1

where, w._ is the weight factor of the connection
branch between the i neuron in the input layer and
the j* neuron in the hidden layer, w is the value
of bias for the j" neuron of the hidden layer, f is
the activation function of the hidden-layer neuron,
w,; is the weight factor of the connection branch
between the k™ neuron of the hidden layer and the
j™ neuron of the output layer, w,_ is the value of
bias of the k™ neuron of the output layers, f is the
activation function of the output-layer neurons, x,
is the i" input variable in the input layer, y, and y are
calculated and observational variables, respectively,
and M and N are respectively the number of
neurons in the input and middle layers. The weight
of hidden and output layers differs and their values
can be altered during network training .
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Fig. 1. Three-layer structure of the feedforward neural network with back-propagation

5. Calculating the accuracy of the neural
network algorithm: In classification algorithms
such as neural network applied for classifying
discrete output variables, evaluation criteria such
as accuracy, confusion matrix, sensitivity, and
specificity are used. Herein, accuracy and confusion
matrix are utilized. Based on the following equation,
the accuracy of the model is, in fact, the ratio of the
correctly predicted cases to all the cases.

Accurate positive cases + Accurate negative cases
Accuracy =

All cases

A confusion matrix is a square matrix, the
dimensions of which are equal to the number of
output variable classes.

6. Interpreting the data: Visualization is a
knowledge representation technique to present
the discovered knowledge to users, such that the
weight of each effective factor on the final disorder
can be discerned.

Data analysis (frequency distribution, mean,
SD, plotting the figures) was performed using SPSS
22.

3. RESULTS AND DISCUSSION

Of the 100 computer users, 70 were women
(70%) and 30 were men (30%). The participants’
mean age was 3416.9 years and their mean work
experience was 1.5+0.7 years.

Most of the musculoskeletal problems were
observed at the lower back (66%), neck (52%),
and upper back (50%), Minimum problems were
reported in the elbows (18%). The majority of
the problems was the lower back pain (59%) and

702

neck pain (44%) in the age group of 30> years old;
lower back pain (69%) and upper back (56%) in
the age group of 31-40 years old; and lower back
pain (63%) and neck pain (52%) in the age group
of 41< years old. Most of the musculoskeletal
problems were lower back pain, with 70% and 48%
prevalence among women and men, respectively.
The prevalence of MSDswas higher in women. The
statistical analysis revealed no significant difference
in the frequency of MSDsin terms of BMI, but
MSDsincreased with work experience.

Table 1 lists the frequency of computer users
depending on the level of exposure to inappropriate
whole-body posture risk by using the ROSA, and
the relationship between frequency distribution of
MSDs. The relationship between these disorders
and the ROSA score was significant only for the
neck.

The mean final ROSA score for 100 analyzed
stations was 4.4+0.9. The minimum mean score of
the subsets belonged to mouse-keyboard, and the
maximum belonged to telephone-monitor. The risk
level of 65 workstations was examined. Thirty-five
work stations (35%) had equal scores of above 5,
which needs further assessment and immediate
measures.

The correlation between the final scores of
factors affecting MSDsand the final ROSA score
is reported. The greatest correlation with the final
ROSA score belonged to chair (R? = 0.46), followed
by telephone-monitor (R’= 0.43), and finally
mouse-keyboard (R?= 0.42). The highest predictor
importance of these factors as prioritized by the
neural network algorithm belonged to the chair
(48%), followed by telephone-monitor (28%), and
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Table 1. Frequency distribution of musculoskeletal disorders in terms of exposure level to inappropriate posture risk in computer users

posure level to risk based on ROSA score

3
Yes 0 14 14 22 2 52
Neck 0.03
No 4 16 18 10 0 48
Yes 2 13 19 20 1 55
Shoulder 0.9
No 2 14 14 14 1 45
Yes 0 1 6 11 0 18
Elbow 0.3
No 4 29 22 25 2 82
Yes 1 16 16 17 0 50
Wrists/hands 0.6
No 2 13 15 18 2 50
Yes 1 22 19 22 2 66
Lower back 0.3
No 3 11 12 0 34
Yes 0 6 6 7 1 20
Buttocks/thighs 0.7
No 4 24 26 25 1 80
Yes 0 9 10 18 0 37
Knees 0.1
No 4 19 20 18 2 63
Yes 2 13 17 19 1 50
Upper back 0.9
No 3 14 15 17 1 50
Ankles/f Yes 0 6 4 16 16 0.7
niles/leet No 4 24 28 26 5 84 :

Table 2. Confusion matrix and accuracy of the neural network algorithm in predicting the ROSA score

2 3 4 5 6 7 8 9
2 0% 0% 50% 0% 0% 50% 0% 0%
3 0% 100% 0% 0% 0% 0% 0% 0%
4 0% 0% 100% 0% 0% 0% 0% 0%
5 0% 0% 0% 100% 0% 0% 0% 0%
6 0% 0% 0% 0% 100% 0% 0% 0%
7 0% 0% 0% 0% 0% 100% 0% 0%
8 0% 0% 0% 0% 0% 0% 100% 0%
9 0% 0% 0% 0% 0% 0% 100% 0%

Worst | Accuracy 98% |

]

L L] L

finally, mouse-keyboard (24%). score. The accuracy of this algorithm in examining
Table 2 lists the confusion matrix and accuracy of  the effects of effective factors for MSDswas 98% based
the neural network algorithm in predicting the ROSA on the final ROSA score classification.
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So far, several studies have examined computer
use and assessed the MSDs among administrative
staff, but very few studies have focused on the
assessment, prediction, weighing, and prioritization
of factors affecting these disorders by using a neural
network algorithm. Therefore, it is recommended
more studies be conducted on larger samples. A
limitation of this study was the lack of cooperation
of some computer users due to lack of awareness,
a problem which was resolved by explaining the
characteristics of the study to them.

4. CONCLUSIONS

The highest weight of the factors affecting
MSDsin computer users based on the neural
network algorithm prioritization belonged to the
chair, telephone-monitor, and mouse-keyboard,
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respectively. The highest correlation with the final
ROSA score belonged to the chair, telephone-
monitor, and mouse-keyboard, respectively.
These disorders and injuries can be prevented by
ergonomic modification of users” chairs and correct
placement of the monitor and telephone. The ROSA
method helps identify the nature and effect of each
MSDsin users, and ergonomic interventions to
mitigating these disorders can be provided based
on these factors’ degree of effectiveness.
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