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ABSTRACT

In the automotive industries, Work-related Musculoskeletal Disorders (WMSD) are
one of the most common occupational diseases due to repetitive movements. This
study aims to compare different ergonomic observational methods, using a case
study applied in the automotive industry. The following methods were applied to
an assembly workstation: (i) Rapid Upper-Limb Assessment (RULA), (ii) Occupational
Repetitive Actions (OCRA), (ii) Key Indicator Method – Manual Handling Operations
(KIM-MHO), and (iv) Revised Strain Index (RSI). This multi-method approach allowed
a more comprehensive assessment, which will support the proposals for improve-
ment. The results show that workstation present a considerable WMSD risk in 3 of
4 methods applied. Comparisons between the selected methods were made, and a
solution for reducing the WMSD was proposed.
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INTRODUCTION

The increased automation of the car manufacturing process, in which much
of the assembly has been delegated from man to machine, has done much
to relieve workers the burden of heavy lifting. However, despite ergonomic
improvements in the workplace, many jobs still require workers to perform
repetitive tasks (Spallek et al., 2010).

Workers that perform manual work are often prone to awkward postu-
res, repetitive movements, forceful exertions and over extensions, which is
some of the main factors for the arising of WMSD. The number of cases
of WMSD has been progressively increasing in industrialized societies (Näf
et al., 2018). WMSD represent a wide range of disorders, which can differ in
severity from slight periodic symptoms to severe chronic and debilitating con-
ditions. The process of identifying and classifying the risk levels for WMSD
is called risk assessment. This assessment should be performed systematically
by the employer, although sometimes ergonomists should be needed to apply
their knowledge in this field. Risk assessments should be performed by using
methods that are objective and adequate to the work activity under study
(Naik and Khan, 2020).
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In the assessment of WMSD risk, ergonomics is the science that stands out.
Ergonomics seeks to adapt the environment in order to ensure people’s pro-
ductivity, comfort, and safety (Bannister and Farmer, 2004). Every time the
physical and psychological limitations of humans are considered, it is possible
to avoid unsafe, unhealthy, uncomfortable, or inefficient situations at work
or in every-day life (Vink, Koningsveld and Molenbroek, 2006). The risk
assessment can be performed by several ergonomic methods. The methods
for risk assessment need to be efficient and comprehensive but, meanwhile,
easy to use, to reveal the tasks involving risk and be able to intervene in
advance. David (2005) proposed a classification for these methods, namely:
(i) self-reports: interviews and questionnaires to collect risk exposure data
from the worker; (ii) observational methods: consist of visual analysis of
the workplace risk exposure by observation on the field and/or videos recor-
dings with the help of predefined ergonomic risk sheets; and (ii) direct or
instrumented-based methods: use measuring devices, placed on the worker’s
body.

The selection of ergonomic methods is based on their characteristics, the
characteristics of the task and the nature of the problem (Berlin and Adams,
2017). Literature shows direct measurement methods to be more accurate
and reliable, but such methods require a significant investment of resources
(Juul-Kristensen et al., 2001). Observational methods are the most commonly
used by practitioners because they are easier to use, less costly, and more
flexible when it comes to collecting data in the field (Takala et al., 2010).

The current study aims to compare different observational methods com-
monly used to assess the WMSD risk in repetitive assembly tasks. To accom-
plish this goal a case study in an assembly workstation of an automotive
company was applied.

METHODS

The current study was centered in a WMSD multi method risk assessment
of a workstation in an automotive industry in Portugal. The selection of the
workstation was made by the company managers considering the nature of
the tasks (repetitiveness and awkward body postures) and due to workers’
complaints. This workstation consists of reaching electronic boards at diffe-
rent levels of height, to the left of the worker, placing them in front of the
worker and then reaching plastic parts that are to the right of the worker.
The assembly of these pieces also requires application of considerable force.
Sometimes the worker has to reach boxes with material that is at a very low
height and return the empty boxes to an even lower height. To apply the dif-
ferent methods and then compare the results obtained, the work activity was
subdivided as presented in Figure 1.

In order to accomplish the objectives, methods that are widely used by
ergonomists and are validated for implementation in industry were sele-
cted (Pascual and Naqvi, 2015). To perform a multi-method assessment
risk, the following methods were selected, based on its characteristics:
(i) RULA(McAtamney and Nigel Corlett, 1993); (ii) KIM-MHO(Klussmann
et al., 2017); (iii) RSI (Garg, Moore and Kapellusch, 2017b); and (iv) OCRA
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Figure 1: Tasks of the workstation selected: (a) reaching boxes; (b) reaching highest
level (left); (c) reaching lowest level (left); (d) placing; (e) reaching highest level (right);
(f) reaching lowest level (right); (g) closing unit; (h) returning boxes.

(Colombini, Occhipinti and Álvarez-Casado, 2017). The use of different
methods enables a more comprehensive workstation assessment, since it
allows to integrate a wide range of musculoskeletal risk factors.

Since this assessment aims to compare the results of four different meth-
ods, four global risk levels were defined, integrating the different risk levels
considered by each method (Table 1).

To calculate a weighted average of the workstation score for each method,
a time study through video analysis was performed, according to the follow-
ing formula:

T =
∑

(MSi × ti)/
∑

ti (1)

MS: method final score of the task; t: task time (s).
This formula was only applied to RULA and KIM-MHO, because they

allow the assessment of each task performed separately. Regarding theOCRA
checklist, it was not necessary to apply the formula since the result is rela-
ted to the workstation risk. In the specific case of RSI, the evaluation of the
workstation was made using the Composite Strain Index (COSI) (Garg et al.,
2017a).

RESULTS AND DISCUSSION

Assembly workers present a steeper increasing high WMSD trend compared
with other activities (Spallek et al., 2010). This is associated with productivity
losses leading to the relevance of this work. The main results of the applied
methods are presented in Table 2.
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Table 1. Global risk levels’ definition according to the outputs of the selected methods.

Global
Risk
level

RULA KIM-MHO RSI OCRA

Final
Score

Meaning Final
Score

Meaning Final
Score

Meaning Final
Score

Meaning

I 1 or 2 Posture is
acceptable if it

is not
maintained or
repeated for
long periods.

<20 Physical
overload is
unlikely.

≤10 Safe Job < 7.5 Acceptable
risk

II 3 or 4 Further
investigation is
needed, and
changes may
be required.

20 −
<50

Physical
overload is
possible for
less resilient
persons.

7.6 −
11.0

Very low
risk

III 5 or 6 Investigation
and changes
are required

soon.

50 −
<100

Physical
overload is

also
possible for
normally
resilient
persons.

11.1 −
14.0

Medium-
low
risk

IV 7 Investigation
and changes
are required
immediately.

≥100 Physical
overload is

likely.

> 10 Hazardous
Job

14.1 −
>22.5

Medium/
high risk

The scores calculated for each task indicate that Tasks 1 and 8 present a
higher value of RULA score, which indicates a higher musculoskeletal risk
when compared with the other tasks. However, in Tasks 5 and 6 the arm is
more affected due to the vertical reaching of the pieces. Additionally, in Task
4 the wrist is the body segment that is more affected due to the posture main-
tained during the placing of the pieces. The score attributed to the remaining
tasks is mostly caused by the awkward postures of the trunk (flexion) and
neck (extension) maintained during the reaching of the pieces at the lowest
level. This leads to an uneven balance of body weight. Regarding the RULA
score, the weighted average of the tasks performed shows that the worksta-
tion has level III (classified as medium risk), which means that investigation
and changes are required soon.

KIM-MHO findings pointed out to the fact that Task 4 is associated with
a higher physical workload, indicating that the redesign of the workplace
is necessary to prevent WMSD. In addition, task 8, despite having a lower
KIM-MHO score, presents the same level of risk as task 4. However, all
the tasks present a significant risk, being the hand/arm posture position and
trunk posture the main contributors. Regarding the KIM-MHO risk level for
the workstation, it seems that can be classified as a moderate load situation.
This global risk level, compared to the results of RULA, it is at a low level.
This may be since the KIM method is not very rigorous about the detail of
the angular variation of the different body segments.
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Table 2. Summary of RULA, KIM-MHO, RSI and scores and risk level for each sub-
task, workstation scores and the risk level (* means the major scores for each
method).

RULA KIM-MHO RSI OCRA Checklist

Task
Score

Risk
Level Score

Risk
Level Score

Risk
Level Score

Risk
Level

T1 -Reaching
boxes

7* IV 46 II 6.5 I (Not applicable)

T2 - Reaching
highest level (left)

5 III 26 II 1.7 I

T3 -Reaching
lowest level (left)

6 III 38 II 1.7 I

T4 - Placing 4 II 52* III 38.9* IV
T5 - Reaching
lowest level (right)

4 II 26 II 1.7 I

T6 -Reaching
highest level
(right)

5 III 38 II 5.3 I

T7 - Closing unit 4 II 34 II 0.5 I
T8 - Returning
empty boxes

7* IV 50* III 2.1 I

Risk Level of the
Workstation

5 III 48 II 53,71 IV 13,72 III

RSI is a method for assessing physical exposure of the upper extremity
(Garg et al. 2017b). Results show that Task 4 is the only one which can be
considered a hazardous task. This classification is because Task 4 is the one
that presents a greater deviation of the position of the wrist in relation to
the neutral position. Regarding all other tasks, they are considered safe jobs.
This seems to be since this method is focused on the upper extremities, not
considering variations in body postures in the remaining parts of the body. In
what concerns the risk level of the workstation, calculated through the COSI,
the result points out that this workstation is a hazardous job. According to
the authors of the method, this result can’t be related to the arising of WMSD
of the upper extremities. Although the different multipliers are based on the
principle that increasing values of intensity of exertion (force), duration of
exertion, efforts per minute, flexion/extension of the wrist and/or duration
of task per day increases strain on the body (Garg et al., 2017b). Globally this
result shows that the workers are exposed to a high level of physical exposure
of the upper extremity.

Finally, the OCRA Checklist was also applied. This method is a proce-
dure for assessing exposure to biomechanical overload of the upper limbs
on repetitive manual tasks. This method was only applied globally to the
task since this method describe a job and estimate the intrinsic exposure level
of the task, as if the worker would be performing that job throughout the
entire shift (Colombini, Occhipinti and Álvarez-Casado, 2017). The results
point out that the workstation under analysis has medium-low risk level. This
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result is mainly due to the lack of recovery time and the posture. This result
also predicts that 8.5% to 10.7% of the workers have a WMSD.

Comparing the results of the selected methods, it appears that Task 4 is the
one with the highest risk value in two of the selected methods (KIM-MHO
and RSI). This task requires a high physical effort from the hand-wrist system
and both methods whose risk value is higher for this task have a high focus on
this body segment. Task 8 also has a high-risk score for two of the selected
methods (RULA and KIM-MHO). These results are mainly because to the
handling of loads and the awkward postures of the trunk. Tasks that involve
vertical reach at the shoulder level (Task 2 and 6) also have a high-risk value
(Level III on RULA and Level II on KIM-MHO). This happens due to the arm
posture maintained during the task and the repetition of the same during the
work shift.

Regarding the global risk of the workstation 3 on 4 methods present a
considerable level of risk. The KIM-MHO is the only one with a relatively
lower level (level II), however it is important to note that the assigned score
is very close to the highest class of that risk level. These results point out the
need to apply improvements to this workstation so that becomes safer for
workers.

CONCLUSION

As a conclusion it is important to mention that the selection and application
of the observational methods allowed the comparison of the different cha-
racteristics of them. Also, it was shown that the workstation under analysis
presents a greater level of risk, which justified its selection. Specially, ‘task 4 –
placing’ presents the highest risk level in KIM-MHO and RSI, while ‘Task 8 –
returning empty boxes’ has a high-risk value in RULA and KIM-MHO. The
tasks that involve vertical reach at the shoulder level ‘Task 2 – reaching high-
est level (left)’ and ‘Task 6 – reaching highest level (right)’ also have high-risk
value (Level III on RULA and Level II on KIM-MHO). These results suggest
that a change to the workstation is necessary. A possible solution would be
to implement a Human-Robot Collaboration (HRC) solution, to reduce the
physical demands associated with repetitive movements to which workers are
subjected. Colim et al. (2021), has been shown a reduction of WMSD risk of
an assembly workstation with an implementation of a HRC solution when
compared with the manual workstation.

Concerning the knowledge acquired when applying the different methods
related to risk factors that each method considers, OCRA is the one that
considers more risk factors in the process of evaluation WMSD risk. Fol-
lowed by KIM-MHO and RSI that consider the same risk factors (posture,
frequency, duration, and load/force). RULA only considers two risk factors,
namely, posture and load/force. All the selected methods aimed at assessing
the WMSD risk of the upper limbs. The RSI focuses only on the upper limb
extremities.

The limited sample is the main limitation of this study. The workstation
was selected by the company based on their needs and due to workers’ com-
plaints. In future work, the authors will extend the proposed methodology to
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a larger sample and will apply direct measurements to get physiological and
biomechanical data to better characterize this workstation.
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