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Abstract

Background: Musculoskeletal disorders are one of the most common occupational diseases, and in recent years, several methods
have been developed to evaluate risk factors for these types of disorders. Methods: In this cross-sectional study, 40 tasks in small
industries including carpentry, turning, welding, loading and unloading, and sewing were recorded with a video camera and in
the second stage, the postures were reviewed and evaluated by six raters. In total, forty of the worst and most frequent postures
were analyzed by self-raters and then, the same risk levels were determined for the six methods and analyzed with correlation
and Kappa agreement coeflicient tests using SPSS (version 19), and then they were compared with each other using the
Intraclass correlation coefficient (ICC). Results: The results revealed the importance of Kappa Coefficient in which it shows the
risk level of different method and specified pair method: OCRA/SI =0.25, OCRA/HAL=0.2, SI/HAL= 0.32, SI/ RULA= 0.33,
REBA/OCRA = 0.4, QEC/SI= 0.27, QEC/ RULA= 0.23Inter-rater Reliability of the methods was found as
follow:ICCOCRA=0.3, ICCSI= 0.67, ICCHAL= 0.8, ICCRULA= 0.85, ICCREBA=0.8, ICCQEC=0.972.Conclusions: The
results showed that there was no complete agreement among the methods. This agreement among methods is evaluated from

poor to good (0.2-0.4). The ICC showed high reliability in the methods except in the OCRA method.

Keywords: Risk assessment, Reliability, Agreement of Methods, Posture.

Introduction

he advancement of technology has led to occupational diseases and the cause of many disabilitdes
change in the situadons and working in developing industrial countries.”” According to
conditions of the industrial workers."” Today, studies conducted from 1992 to 2010, these disorders
many of the workers have aligned themselves with the account for 29% to 35% of absenteeism among
inappropriate  work ~environment.**  Work-related workers.® Musculoskeletal disorders computed %31
musculoskeletal disorders are one of the most common (356,910 cases) for all workers of the total cases in
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2015.° Moreover, the cost of these disorders is
estimated to be between 0.5% - 2% of gross national
product in Europe and 3.4% in Canada.'*"!

Various evaluation techniques, such as RULA,
REBA, QEC, SI, OCRA, HAL, OWAS, LUBA,
PATH, etc. are considered as observational methods.
These methods are used as the most common methods
for evaluating working postures due to their ease of use,
low cost, and availability."” The priority in calculating
and recording physical exposures during the
performance of individuals for risk assessment using
these methods is very important. Raters can apply their
opinions in evaluations according to their perceptions
and interpretation of the process. These methods have
evolved over time, and on the other hand, various
researchers have achieved other methods by adding
additional options to each method. In total, the
ultimate goal of all these methods can be a
comprehensive and complete evaluation of the activities
of individuals in the workplace and investigation of the
existing risk factors to prioritize and intervene in the
workplace. Therefore, an important challenge in these
methods is the correct use of the methods and
awareness of the amount of agreement and correlation
between the evaluatdon methods and inter-rater
reliability of the method rates.”>' If a valid method is
not selected, a good evaluation will not be done, and
prioritizations, controls, and possible interventions will
also be questioned. An analyzer should select the
method based on the applicability, validity, reliability,
and purpose of the evaluation. Various semi-
quantitative or observational risk assessment methods
are usually used instead of each other based on various
criteria such as cost, time, goal, etc. This has led several
researchers to investigate the correlation between
methods and their reliability and obtain different
results. >?' The results of this study can predict whether
these methods can replace each other or that each of
them has its own existential philosophy and they can be

used for specific purposes in evaluations. This study
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also shows if the Inter-Rater Reliability of any method
is acceptable.

The purposes of this study were to investigate the
agreement between six ergonomic risk assessment
methods that are common in Iran, including RULA,
REBA, QEC, SI, OCRA, and HAL, and to measure
the reliability of these methods by various raters. These
methods are common in most industries and work

environment in Iran.

Methods

1. Provide information on tasks

This study tried to use the usual methods utilized to
evaluate posture in Iran and the experts apply them in
the industries and work environment. The observation
and sampling methods were also carried out using
common and simple techniques by the same process that
experts and raters perform at operational levels.
Therefore, forty tasks were selected from the jobs of small
industries, including carpentry, turning, welding, loading
and unloading, and sewing, and the information on the
physical exposures of individuals in these tasks was
collected. The work cycle was video-recorded by
Samsung Galaxy S4 camera, a 13-megapixel camera that
is capable of capturing images at a resolution of 1080 x
1920 pixels. Video-recording was done at a suitable
distance and from the place of the work and at different
angles of the task. The work cycle in each task was then
checked by the leader of the research team and the worst
and most frequent postures were selected according to
the posted videos. Photos taken from posture along with
videos were transferred to the raters.

2. Rater

Six students of the Master of Science in occupational
hygiene engineering were employed to evaluate these
tasks. Fach student, in addition to their specialized
training during education, also got further information
on expected evaluations in various ways. All videos were
copied and shared to the raters. First, the videos that
were related to a particular job and task were well
assessed by the leader of the research team. Then each

video related to the intended job was provided to the
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raters. The worst and most frequent posture were
selected according to the opinion of raters, and they
were evaluated using the six methods, including RULA,
REBA, QEC, SI, OCRA and HAL, based on the
specific guidelines which are available for each method
and available software that users and experts apply in
the industry. A total of 40 postures were extracted from
all of these tasks, and they were assessed by six raters
with the six methods. In total, 1440 samples were
analyzed.

3. Exposure assessment methods

3.1. Quick Exposure Check (QEC)

The QEC is a quick and practical method for
evaluating musculoskeletal disorders that evaluate the
exposure of the four areas of the body, including the
back, shoulder-arm, wrist-hand, and neck.?' In this
study, QEC2003 software was used.

3.2. Rapid Upper Limb Assessment method
(RULA)

The RULA is an observational method that, in
addition to the posture, also takes into account the
force and related motions”.In  this  study,
Ergointelligence software was used that is a Canadian
company's product. This software is completely
designed based on procedures of the method
evaluation, and it has been approved and used by

various sources 2%

3.3. Rapid Entire Body Assessment method (REBA)

In REBA, the human body is divided into two
groups. Group A includes trunk, neck, and legs, and
group B includes upper and lower arms and wrists.
Other items including the load handled, couplings
with the load, and physical activity are individually
scored, and ultimately, the final score for the
corresponding posture is calculated.” Ergointelligence
software was used in this study.

3.4, Strain Index (SI)

In the SI method, the combined effect of six
variables affecting the development of skeletal
disorders is examined. Three task variables such as

intensity of exertion, Hand/ wrist posture, and speed

of work are observationally estimated and other task
variables including duration of exertion, efforts per
minute, and duration of task per day are measured.
The task variables are categorized using the
corresponding tables. Each of the task variables takes a
coefficient, and the SI index is calculated from their
multiplication.” The Strain Index 22 software was
used in this study. All parameters were estimated
based on qualitative tables and observation according
to the method described by Moore and Garg. ”/

3.5. Hand Activity Level (HAL)

In the HAL-ACGIH method, two indicators that
are hand activity level (HAL) and Normalized Peak
Force (NPF) of the hand are used to assess the risk
factors for developing skeletal disorders in hand,
wrist, or forearm. The hand activity level is
determined based on the exertion frequency and rest
time within the range of 0 to 100. The Normalized
Peak Force is set on a scale of 0—10, and finally the
number from each indicator in the TLV graph is
obtained. Their intersection point specifies the
exposure limit for individuals.*®

3.6. Occupational Repetitive Actions (OCRA)

The OCRA method is based on the correlation
between the daily number of actual technical actions
performed by the upper limbs in repetitive tasks and
the corresponding number of recommended
technical actions. In addition to a relatively precise
analysis of various risk factors, such as repetitiveness
of movements, force, posture, effective and
additional factors, and recovery period distribution,
this index can also be useful for further preventive

2627 Ergointelligence software was used in

measures.
this study.”
4. Risk assessment

Table 1. Risk level classification of the ergonomic
risk assessment methods

Risk Assessment Level 1 Level 2 Level 3
QEC-GENERAL <%40 %40-%70 >%70
RULA 1-2 3-6 7
REBA 1 2-7 8-15
Sl 0-3 3.1-7 >7
ACGIH- HAL <0.56 0.56-0.78 >(.78
OCRA INDEX <1 1.1-4 >4
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The risk assessment was in accordance with those
described by previous studies.

The results of all methods were defined as three risk
levels according to Table 1°**' . As shown in Table 1,
the corrective action levels are defined according to
each method protocol.

Therefore, to compare the agreement among the
methods, each corrective action level was considered
to three agreed levels according to Tablel.

5. Statistical analysis

5.1. Correlation and agreement analysis between
methods

This analysis was performed based on the classified
information of each method in three risk levels
according to Table 1. The Spearman and Cohen's
Kappa correlation coefficients were used to evaluate
the agreement among the methods. Spearman
coefficient expresses the strength of the relationship
between categorized methods and the Kappa
coefficient eliminates the probable chance agreement
and shows the actual agreement.”” According to the
Landis-Koch benchmark scale in 1977, the Kappa
result is interpreted as follows: values <0 indicating no
agreement and 0.01-0.20 slight, 0.21-0.40 fair, 0.41-
0.60 moderate, 0.61-0.80 substantial, and >0.81 an
almost perfect agreement.”” Each rater has evaluated
40 postures of various tasks in the 6 methods .Then,
the risk levels of each method in these 40 postures
have been compared together.

5.2. Inter-Rater Reliability analysis between
raters

This analysis was performed based on the raw
scores from each rater's evaluation using the
Intraclass correlation coefficient (ICC), as proposed
by Shrout and Fleiss in 1976. Confidence intervals
with standard errors (a = 0.05) were also computed

using SPSS software version 21.% The reliability of
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the method based on the Intraclass correlation
coefficient (ICC) is interpreted as follows: values
less than 0.4 as poor, between 0.4 and 0.75 as
moderate and greater than 0.75 as an excellent
reliability.** In the reliability analysis, the results of
each method have been analyzed among six raters
and their inter-rater reliability has been measured.
For example, 40 postures were evaluated by the
raters using RULA method, and the results of these

six raters were compared together.

Results
1. Comparison of risk levels

Table 2 presents the risk level distribution in
various methods. As shown in Table 2,
approximately 60.8 percent of postures are at a
dangerous level in the OCRA index method, and the
lowest percentage of risk among postures has been
evaluated in the QEC-General method. The REBA
and HAL methods report approximately the same
percentage of the risk level (50.4 and 51.7 percent,
respectively) and this similarity exists in the rest of
the risk levels.

2. Agreement and correlation between methods

Table 3 shows the paired correlation of methods.
The correlation of each method has been evaluated
based on the specified risk levels. The Spearman and
Kappa correlation coefficients have been used in this
table, and the results of previous studies related to
each method have also been presented in separate
columns. The results of some studies have been
reported using the Pearson correlation coefficient,
which has also presented in the same way. As shown
in Table 3, RULA-REBA possesses a good
correlation of 0.808 and REBA-HAL has a weak

correlation of 0.12.
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Table 2. Distribution of risk levels in the various methods (percent)

Risk levels QEC-General REBA RULA Sl ACGIH-HAL  OCRA index
First Level (Safe) 43.30 0.80 31.30 32.10 39.60 6.20
Second Level (Moderate) 40.40 48.80 32.90 27.90 8.80 32.90
Third Level (Dangerous) 16.30 50.40 35.80 40.00 51.70 60.80
Table 3. Paired correlation of the methods
Paired methods Spearma_n. correlation P-VALUE Tht_a results qf Ka;_)pa P. VALUE Thg results gf
coefficient (SP) previous studies coefficient previous studies
QEC-RULA 0.46 P<0.001 0.37P# 0.23 P<0.001 -
QEC-REBA 0.25 P<0.001 0.89+++SP, 0.35P# 0.04 P>0.05 -
QEC-SI 0.45 P<0.001 0.17P# 0.27 P<0.001 -
QEC-OCRA 0.39 P<0.001 0.56spA, 0.03P# 0.08 P<0.05 -
QEC-HAL 0.40 P<0.001 0.01P# 0.24 P<0.001 -
RULA-REBA 0.81 P<0.001 0.67P# 0.25 P<0.001 -
SI-REBA 0.36 P<0.001 - 0.18 P<0.001 -
OCRA-REBA 047 P<0.001 0.40 P<0.001 -
HAL-REBA 0.12 P>0.05 0.07 P<0.05 -
SI-RULA 0.50 P<0.001 0.33 P<0.001 0.11-
OCRA-RULA 0.60 P<0.001 0.18 P<0.001 -
HAL-RULA 0.20 P<0.001 - 0.15 P<0.001 -
0.77##SP, 0.69P#,
SI-HAL 0.41 P<0.001 048++, 0.73sp+ 0.32 P<0.001 0.45+, 0.33++
0.75sp+, 0.32P#,
SI-OCRA 0.53 P<0.001 0.5044SP 0.25 P<0.001 0.55+
OCRA-HAL 0.38 peogot  OT4SPY DAZHHSE, 0.20 P<0.001 0.52+
P Pearson correlation + Results of Mohammadian et al.
# Results of Chiasson et al. ++ Results of Spielholz et al.
## Results of Serranheira et al +++ Results of Motamedzade et al.
A Results of Joseph et al. - Results of Drinkaus et al.
Table 4. Reliability and validity between raters in various methods
Method QEC-General REBA RULA SI ACGIH-HAL OCRA index
ICC 0.97 0.80 0.85 0.67 0.80 0.30
%95 Cl 0.95-0.98 0.69-0.88  0.77-0.91 0.48-0.8 0.69-0.88 (-0.09)-0.59
PVALUE 0.001 0.001 0.001 0.001 0.001 0.06
results of previous studies 0.82-0.90a 0.5-0.7b 0.56¢, 0.59¢, 0.43i 0.71-0.79k, 0.69g -

ICC: Intraclass correlation coefficient
%95 Cl: 95% confidence interval

a Comper et al.

b Dockrell et al.

¢ Stephens et al.
g Paulsen et al.

i Stevens et al.

k Ebersole et al.

3. Inter-Rater Reliability and validity among raters

In this study, six raters evaluated the postures
using six methods. The inter-rater reliability among
the raters was analyzed based on the raw scores of
each raters using the Intraclass correlation coefficient
(ICC). A total of 240 tasks has been evaluated so
that, the contributions of each rater were 40 different
postures. The results of these analyzes are presented
in Table 4. As shown in table 4, the highest
reliability is associated with the QEC method
(0.972), and the lowest reliability is related to the

OCRA index (0.3). This table also presents the

results of previous studies.

Discussion

1. Risk assessment and agreement between
methods

The purpose of this study was to compare the
correlation and agreement of risk levels in the most
widely used and most important posture assessment
methods for various tasks. Several studies have been

performed on this subject with various approaches
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and characteristics and a complete agreement
between these methods has not been reported. The
findings of this study shows that the correlation
coefficients do not have a strong agreement and as
shown in Table 3, the Kappa agreement coefhicient is
in the range of 0.2-0.4 in most methods which,
according to the criteria set out in Section 2.5.1,
indicates that there is a fair agreement between
methods. The agreement is even slight between some
methods (QEC-REBA, HAL-REBA, QEC-OCRA).
The results of Chiasson et al. 's Studies in 2012 are
very close to the findings of this study.”
Furthermore, the results of a study by Serranheira et
al. in 2008 provides a quite close and very good
agreement with the methods of OCRA-HAL and SI-
OCRA with the results of this study, but there is no
correlation between RULA and other methods and
there was more agreement between the two methods
of SI and HAL (RSP = 0.77).® Drinkaus et al.
obtained slight agreement between RULA and SI in
2003 (K = 0.1) and in the present study, this
agreement is evaluated as fair based on the Kappa
coefficient (0.33).*® The study of Mohammadian et
al. in 2013 does not match with the results of this
study, and the agreement class is evaluated as
moderate, based on the criteria of Kappa coefficients,
while the results of the present study shows fair
agreement.” The results of the agreement between
QEC-REBA in the present study are much closer to
the study of Chiasson et al. and they are very
different from the study by Motamedzade et al.*®
Mohammadian and Motamedzade have suggested
that the reason for the difference in the results of
their studies compared to other studies was the
homogeneity of the industries studied. However, this
research is more similar to the industries of Chiasson
and Saranian studies, where the heterogeneity of the
industry is evident. Joseph et al., in 2015, described
the weak correlation of OCRA-QEC methods.”’
Many other studies have also evaluated the

agreement between methods, but most of them have
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considered the percentage agreement approach. For
example, Jones and Kumar in 2010 found a good
correlation between OCRA, RULA and REBA
methods.” Since the purpose of this study was to
compare the agreement coefficients such as Kappa
and Spearman, it has been devoted to studies which
have analyzed their results with this approach. The
results of this study and previous studies show that
none of the ergonomic evaluation methods can fully
agree on each other and that a method cannot be
considered as an alternative to other methods. These
methods are often performed with a screening
approach, and It would be better to choose the most
appropriate method by considering a series of items
such as the purpose of the evaluation, time, sample
size, speed, method complexity, simplicity of
implementation, facility in learning of the method,
etc. Preferably, two methods should be used for
screening. For example, simple and rapid methods
such as QEC, RULA, REBA, ACGIH HAL should
be used for general screening; and more precise
numerical methods such as OCRA, strain index
should be applied to identify complex and difficult
jobs and tasks. '"“"The results showed that the
output risk in each method is strongly dependent on
exposure conditions such as activity, status,
repetition, etc. For example, the repetition in the
OCRA index method is the most important
parameter that greatly changes the output risk.’”
The results of this study indicated that there is no
complete agreement between the methods.

2. Inter-Rater Reliability and validity between
raters

In this study, the reliability of each of the RULA,
REBA, QEC, SI, OCRA, and HAL methods was
investigated by six raters. Investigation of the validity
of each method will enhance the credibility of the
evaluation using that method. In total, accreditation
methods are one of the priorities in the evaluation
process. The results of each six raters in each method

were examined using the intraclass correlation
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coefficient (ICC), which is currently one of the best
indicators of reliability measurement.”> As shown in
Table 4, the results demonstrated that QEC
(p=0.972), REBA (»=0.8), RULA (»=0.85) and HAL
(»=0.8) have excellent reliability according to the
interpretation criteria of reliabilicy which was set out
in Section 2.5.2. In 2005, David et al. examined the
QEC method with ordinary raters and expert raters,
and they reported that the Pearson correlation
coefficient was 0.79 between the raters.”? David et al.
also evaluated the validity of the QEC method in
2008 and they suggested that this method is valid.”' In
2012, Comper et al. expressed the range of reliability
to be 0.82-0.9 for the QEC method “. In a study by
Dockrell et al. in 2012, the reliability of the RULA
method in individuals working computers was
evaluated, and moderate reliability (p=0.5-0.7) was
reported. The results of the study indicated that the
REBA method also has excellent reliability, but no
reliable studies have been done in this field.* Stevens
et al. (2006) examined the repeatability of the SI
method, and the intraclass correlation coefficient of
0.56 was obtained, which was a coeflicient for
individual assessments; the ICC has been upgraded to
0.82 for team evaluations.*® Paulsen et al. (2015)
and Stevens et al. (2004) also expressed the inter-rater
reliability of the SI method to be 0.59 and 0.43,
respectively which is consistent with the present study
and the reliability of the SI method is evaluated as
poor to moderate.”® Paulsen et al., In 2014, examined
the reliability of the HAL method and the mean
Pearson correlation coefficient of 0.69 was obtained.”!
Ebersole (p= 0.71), Spielholz (p= 0.4) and Takala et al.
reported that the reliability coefficient of the HAL
74647 No  study
reported the reliability for the OCRA index method,
but there are several studies for the OCRA Checklist
that report the reliability of 0.8 for this method."”

method was poor to moderate.

Typically, a checklist is used for simple screening and
OCRA index is applied for deep work analyses.”*® As
shown in Table 4, the ICC of the OCRA index is 0.3,

which indicates that the reliability of this method is
poor. Repetition factor is very sensitive in this
method, which causes the raters to have a a large
number of errors and also reduces repeatability.
According to the results of this research and previous
studies, six considered methods can be evaluated to
have a relatively good reliability. However, the OCRA
index method has some specific complexities that
makes its repeatability questionable, and more studies
are needed in this field. Overall, it seems that the
reliability of the methods is decreased when the focus
is on repetitive activities. No matter how much the
systematic methods design is precise, they do not have
a 100 percent reliability for some reasons, which are as
follows:

1. Workers demonstrate different movements,
postures, and techniques in the same jobs.

2. Activity time can also affect the movements and
work postures in the task.

3. The study on the posture and the movements
of the small parts of the body, which affect
repeatability needs to be more precise.

4. The interpretations that raters make about

movements and postures are varied (48).

Conclusion

The results of the present study showed that
neither of the two methods are in complete
agreement. Because these methods have completed
each other for the sake of evolution or they are
designed for specific purposes, for example, to
evaluate small parts of the body such as wrists.
Therefore, a relative agreement is expected between
them, but there is no complete agreement between
them based on the current study and other similar
studies. In this regard, different factors must be taken
into account for the use of these methods. So,
although the ultimate goal of selecting these methods
is to evaluate the postures and estimate the risk
factors to prioritize and intervene in postures, each
method can be sclected specifically in different

conditions. For example, if we want to make a
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general assessment of the hands, arms, and shoulders,
then QEC or REBA methods are more appropriate
than SI or OCRA INDEX, but if we want to
measure the risk of carpal tunnel syndrome, the SI
method seems to be more appropriate. The results of
the current study and similar studies confirm this
fact.”®  The objectives of the evaluation, the
assessment time, the cost of performance method,
method complexity, simplicity of implementation,
facility in learning of the method, etc., can be other
criteria for choosing the methods.”’ Except for
selecting a suitable method, selecting a method that
has good repeatability and reliability is also very
important. The design of systematic methods enables
the methods to be as reliable and valid as possible,
but the upgrading of sampling systems (advanced
video-recording equipment), work experience, skill
creation and training needed to learn the method can
enhance the validity of the method.”"* In the end,
all studies have evaluated the validity of the methods
as moderate to good, but it is recommended that, as
far as possible, multiple methods and even several
evaluations be used in repetitive tasks to achieve valid

and acceptable results.
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