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Abstract

Keywords

Background and aims: Musculoskeletal disorders related to work are one of
the most common causes of absenteeism. In order to reduce the damage caused Assessment
by these disorders, first, we should try to identify the risk factors and the factors
affecting it, and in the next step, evaluate them. The purpose of this article is
a systematic review of the methods of risk assessment of ergonomic factors Measurement
related to musculoskeletal disorders.

Musculoskeletal Disorders

Risk Factor
Methods: In thisreview, all articles published in Persian and English in the field of
ergonomic risk factor evaluation methods related to musculoskeletal disorders
(March 2015 to December 2022) (last search date) were investigated. For this Tools
purpose, a systematic search of articles using Persian keywords (methodology,
hand carrying loads, observational methods, instrumental methods, self-
report methods, physical condition, questionnaire, musculoskeletal disorders,
upper limb, lower limb, evaluation risk, ergonomic assessment, posture
assessment) and their English equivalents were performed in PubMed, Google
Scholar, Web of science, Cochrane library, Embase, SID, Scopus, Magiran Iran
Medex databases. Unrelated articles were removed using PRISMA statement
guidelines, and finally articles that were completely related to the study were
examined. GraySource and BASE databases were used to find gray sources.

Posture

Methodology

Results: Initially, 1176 articles were identified from different databases and a
total of 82 articles were selected for final review. In some reliable sources, the risk
assessment methods of ergonomic factors related to musculoskeletal disorders
are classified into three categories: observational (42 articles), instrumental (11 Accepted : 2023/11/28
articles) and self-report (29 articles). Pen-paper-based observational methods

were among the most common methods used in ergonomic evaluations. Among

the investigated individual reporting methods, the Nordic questionnaire was the

most widely used tool (87/. of the articles), followed by the Cornell questionnaire

(137. of the articles). Some occupations, such as nurses, also have specific methods

for assessing ergonomic risk factors (MAPO, DINO).
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Conclusion: It is suggested that the ergonomic risk assessment methods of
musculoskeletal disorders should be multi-factorial (individual, occupational
and psycho-social) and specific methods should be developed for jobs with
high diversity in job duties.
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EXTENDED ABSTRACT

INTRODUCTION

The present study was conducted with the
aim of investigating and identifying the risk
assessment methods of ergonomic factors related to
musculoskeletal disorders as a systematic review.

METHODOLOGY

In this review, articles published in both Farsi and
English were examined by the authors in the context
of the application of ergonomic risk factors assessment
methods related to musculoskeletal disorders. The
results obtained by the authors included 1176 studies,
and finally, 82 articles were reviewed according to the
specified entry criteria. The authors used GraySource
and BASE databases to find gray sources.

The authors selected texts using electronic
databases. These databases included PubMed, Google
Scholar, SID, Web of Science, Scopus, Magiran, Iran
Medex, Cochrane Library, and Embase. The terms or
keywords used by the authors include: methodology,
manual load carrying, observation methods, device
methods, self-report methods, physical condition,
questionnaire, musculoskeletal disorders, upper
limb, lower limb, musculoskeletal symptoms,
risk evaluation, ergonomic assessment, posture
assessment, ergonomic method, and observational
methods based on pen-paper. The authors performed
searches in databases using these terms and their
English equivalents.

The authors used the following criteria to screen
the identified sources:

A: Selection of original articles with full text in
both English and Persian.

B: Exclusion of review articles, editorials, letters
to the editor, articles presented in conferences, and
reports.

C: The period from 1394 to the end of 1401 (March
2015 to December 2022) (last search date).

RESULTS

A wide range of risk assessment methods for
ergonomic factors related to musculoskeletal
disorders have been identified and classified by the
authors under three headings: observational methods
(indirect), instrumental methods (direct), and self-
report methods. Each of these is explained in this
section.
1. Observational methods (indirect)
1.1. Based on pen and paper

From the early 17th century, methods for recording
the positions of the human body became available.
However, until the development of the Prill method,
the recording of the position was done using drawings
or photographs and supplementary narratives. The
Prill method involves the use of a paper card called
a Posturegram. The analyst is required to observe,
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select, and then draw the desired position in a job and
categorize the body position according to 14 different
positions of the upper and lower limbs in relation to
three reference planes. This method allows matching
recorded states with digital data transmission and
processing, but it takes several minutes to complete a
state and is therefore unsuitable for dynamic activities.
The number of exposure factors assessed by different
techniques varies.

1.2. Computer-based or videotapes

A wide range of video-based observational
techniques have been developed to assess postural
changes for dynamic activities. Examples of these
techniques are given in Table 2. Each of these methods
records data on a video tape or computer, which are
subsequently analyzed objectively using dedicated
software. A worker’s postural changes are recorded
in real time for a work period, and multiple joint
segments may be analyzed simultaneously. A number
of dimensions may be determined, such as distance
traveled, angular changes, velocity, and acceleration.
Analysis may involve the use of biomechanical models
that represent the human body as a set of joint links
in a kinetic chain and use anthropometric, postural,
and manual load data to calculate intersegmental
forces and moments. These complexities range from
2D static models to 3D dynamic models. The costs
of the aforementioned systems can be significant
and require extensive technical support from highly
trained operators to operate effectively. They are time-
consuming to use in practice and are more suitable
for use in recording and analyzing simulated tasks
rather than conducting practical assessments in the
workplace (12).

1.3. Instrumental (direct) methods

The authors have identified a wide range of
methods that rely on sensors directly attached to the
sample to measure scoring variables at work. Examples
of these methods are shown in Table 3. These methods
range from simple, hand-held devices for measuring
joint range of motion to electronic goniometers that
provide continuous recording of motion across joints
during the execution of a device. Lightweight devices
for direct application to joints have been developed to
measure finger and wrist angles and forearm rotation,
along with corresponding systems for computerized
data analysis.

The Lumbar Motion Monitor (LMM) is a three-
axis electrogoniometer designed to record three-
dimensional components of trunk position, velocity,
and acceleration. This system is designed to be placed
on the worker’s back and tracks the movement of the
worker’s torso during work. Marasetal. (1992) reported
that the LMM was approximately twice as accurate as
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a video-based motion assessment system. A possible
drawback of the system is that the maximum duration
of continuous data collection is limited (about 30
seconds), so tasks involving long cycle times must be
divided into short time intervals. Additionally, the
LMM does not drive motion at the hip joint, which
greatly contributes to low back motion. In general, the
electrogoniometer system adopts a simple concept,
that is, the direct measurement of joint angles. It
is easy to use and its registration is accurate and
reliable enough for epidemiological studies. However,
attaching goniometric devices to a body part may
cause discomfort and potential changes in postural
behavior. This system is limited to planar movements
and has difficulty with complex joints such as the
shoulder/arm. In addition, installation, alignment,
and calibration of the system are tedious tasks that
require more precision to minimize errors.

Another direct method is the simultaneous
recording and computer analysis of myoelectricactivity
(EMG) (Figure 2). This device can be used to estimate
muscle tension. Although this relationship may be
non-linear in many situations, careful interpretation
is therefore required. It may also be used to assess local
muscle fatigue that relies on changes in the spectral
characteristics of the myoelectric signal, although
reinterpretation may be difficult. Direct measurement
systems can provide large amounts of highly accurate
data over a wide range of exposure variables. Attaching
sensors directly to the subject may lead to discomfort
and possibly changes in work behavior. The increased
data generation capacity of many of these systems may
be considered impractical by many clinicians because
of the time required to analyze and interpret the data.
Direct measurement systems require significant initial
investment to purchase equipment as well as resources
to cover maintenance costs and hire highly trained
and skilled technical staff to ensure their effective
operation.

1.4. Self-report methods

The assessment of physical burden, body
discomfort, or job stress may be conducted through
self-report methods, taking forms such as “body maps”,
questionnaires, physical exposure to WRMD hazards,
interviews, and checklists. The subjective assessment
of body pressure and discomfort has been the most
widely used due to its ease of use and apparent validity.
It appears that the questionnaire approach is the most
common method used in epidemiological studies
that aim to assess the situational burden. Mindfulness
methods are so popular that some authors even
believe that “if a person tells you that they are busy and
hard-working, then they are busy and hard-working,
whatever behavioral and performance measures show”
However, subjective ratings are susceptible to many
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influences other than the task or workplace under
investigation. For example, it may reduce response
variety and obscure the overall user experience. Also,
studies have shown that self-report approaches have
very low validity and reliability in relation to the need
for ergonomic interventions.

Workers’ self-reports can be used by the authors
to collect data on workplace exposure to physical
and psychosocial factors using methods that include
worker diaries, interviews, and questionnaires.
Generally, data collection has been by written records,
but recent innovations include self-assessment of
video footage of work tasks or the use of web-based
questionnaires. Some examples of studies using self-
reports are shown in Table 4.

These methods have advantages such as: easy to
use, non-interference in a person’s work, can be used
in a wide range of work situations, and are suitable for
examining a large number of subjects at a relatively
low cost. Large sample sizes are usually required to
ensure that the data collected are representative of the
occupational groups under study. The main problem
with these methods is that workers’ perception of
exposure is inaccurate and unreliable. Additionally,
difficulties with self-reporting may arise from
different levels of literacy, comprehension, or question
interpretation. Although quantification of absolute
exposure levels using these methods is not definitive,
occupational groups at relatively higher risk can
be identified for more detailed analysis using other
methods. Their levels of reliability and validity have
been reported to be very low for use as a basis for
ergonomic interventions.

DISCUSSION

The present study was conducted by the authors
with the aim of a systematic review of the risk
assessment methods of ergonomic factors related
to musculoskeletal disorders. Obviously, there are
different methods available to assess exposure to
workplace risk factors for WMSDs. The choice of
methods depends on the nature of the research and
the purpose for which the data will be used. The
chosen method should fit the requirements of the
developed measurement strategy. Some methods are
only suitable for use by skilled researchers and require
extensive use of resources. Other methods that allow
for more general, observation-based assessments
are better suited to the needs of occupational health
and ergonomics professionals or those from related
professions, who have limited time and resources to
conduct assessments. These professionals are often
faced with the challenge of preventing or reducing the
number of MSDs in the workplace and need a basis for
determining intervention priorities.

Although it is widely accepted that poor work
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posture is one of the important factors associated
with a variety of work-related musculoskeletal
disorders, other occupational risk factors (such as
force, frequency or repetition of movement, duration
of work, etc.) are also important. Ideally, in assessing
work-related musculoskeletal risks, all possible major
risk factors should be measured. However, this is
problematic; because little is known about the relative
importance of each risk factor. Therefore, it is difficult
to weight the dichotomous risk variables that describe
the exposure. In addition, knowledge about the “safe
exposure level” from which exposure can be measured
is limited. As a result, there is no consensus on how
the different scoring variables should be integrated
and interpreted as “dose”, and there is a wide variety of
classifications in variables such as posture, movement
(repetition), and thus in comparisons between
methods. This causes various problems.

Another problem with using existing risk assessment
methods is that in many cases a risk assessment method
is developed for a specific research objective, so the
tool may focus mainly on the situation it is originally
intended for. Asaresult, these methods can be “misused”
in situations where the tool was not developed for that
purpose. Task identification is another important issue
to consider when assessing exposure. For example, with
the same observational method, different observers
may still obtain different evaluation results from the
same job because they select aspects of the evaluation
for different tasks in that job. Job title is often used as
an exposure variable, but studies have shown that risk
estimation in terms of job titles cannot be a practical
basis for ergonomic interventions. However, this does
not mean that the nature of a job is not important in
assessing exposure. On the contrary, it is first necessary
to understand the nature of work. For example, whether
the work is highly dynamic or static, whether the work
involves manual handling or repetitive motion, and
further, understanding whether the work has multiple
subtasks and, if so, whether these tasks should be
evaluated separately. This is also necessary before
applying the exposure assessment method.

In general, practitioners tend to focus on monitoring
and/or identifying problematic jobs/activities to decide
whether ergonomic interventions are needed, and if
so, whether the interventions are effective. Specialists,
on the other hand, although sometimes having similar
goals for their research purposes, usually require much

more detailed information about the job than non-
professionals. Therefore, the amount of detail required
will guide the choice of exposure assessment method.
Finding a “safe” level of physical exposure for any job
appears to be difficult and requires accurate data to be
collected. While focusing on change or direction of
change in exposure may be a more realistic approach.
However, the exposure assessment should be able
to determine two things: whether the ergonomic
intervention is necessary for the job (risk/no risk),
and if so, whether the intervention is effective. Future
development of exposure assessment methods should
incorporate both the views of experts and the needs of
experts with the aim of achieving a practical and valid
method for its purpose.

CONCLUSION

Assessment of exposure to risk factors for
musculoskeletal disorders in the workplace is a
complex and challenging field. A wide variety of
assessment methods have been developed and
described. A significant challenge has been created in
choosing the appropriate method or combination of
methods from this range. More general, observation-
based assessments seem best suited to the needs of
ergonomics and occupational health professionals (or
those from related professions) who have limited time
and resources and need a basis for setting priorities.
They interfere, it matches.

However, it is suggested to develop methods that are
used in a multi-factor manner (individual, occupational,
and psycho-social) to assess the ergonomic risk of
musculoskeletal disorders. There is also a need for
businesses with a variety of job duties (agriculture,
service, etc.) to benefit from specific ergonomic risk
assessment methods. One of the major limitations of this
study is the lack of access to the original article of some
studies, which caused some articles to be removed.
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