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Abstract

The outcome of an ergonomic assessment underlies and is followed by the decisions on where and when an intervention
is required; therefore, selecting a suitable method indirectly affects the effectiveness of an ergonomics program.
Currently, available ergonomics assessment tools vary over a wide range, some of which can be interchangeably used for
similar purposes. This could make the practitioners confuse to choose the most appropriate tool. QEC, ManTRA and MFA
are of those methods having to do with routine manual tasks which their distinctions have never been drawn. The
objective of this study was to compare the results of these three ergonomics methods to determine their agreements with
one another and correlations with workers’ musculoskeletal discomforts. The tools were applied to 350 manual tasks by
several ergonomics experts, as was the Cornel Musculoskeletal Questionnaire to the workers working on those tasks. The
outputs of the three methods were compared with one another as well as with the workers’ musculoskeletal discomforts
rate. Of the methods, MFA evaluated the tasks as at risk in more moderate way than the other methods and had the most
correlation with the workers’ musculoskeletal discomforts. ManTRA was also found as the most lenient approach which
tended to ignore some risky tasks of the work systems. In contrast, QEC was the strictest of the three and would classify a

task as high/very high risk more than the other tools in this study.
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Introduction into two observation and instrumentation-based
methods. The observation methods have been more

Preventing musculoskeletal disorders requires developed among the practitioners because of being

eliminating or, at least, reducing the workers exposure to
work physical risk factors [1,2]. To determine the degree
of exposure to musculoskeletal risk factors and prioritize
the required ergonomic interventions, they should be
systematically analyzed [3]. During past decades, many
tools have been developed to evaluate musculoskeletal
risk factors [4,5]. These methods are categorized, mainly,
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inexpensive, easier to use and less interrupted as well as
lack of need to special equipment [6]. These are classified
into whole body assessment tools, upper limb assessment
tools and manual material handling, of which the most
appropriate one must be chosen to assess a task [7]. An
appropriate risk assessment technique is challenging to
select and depends on the type of the work, because each
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technique has been developed to be relevant with a
specific type of task or a cluster of risk factors [4,8]. Thus
the practitioners have to properly specify the task’s
properties and risk factors to make a more accurate
choice of the tools [9]. However, they will still probably
encounter a few tools which can be interchangeably used
for the same purpose. A trade-off between the similar-
purpose tools should be made, so that the practitioners
could be able to map them onto the task’s characteristics.
Most of the previous studies compared various ergonomic
assessment tools, some of which belonged to different
particular categories, as per mentioned above [4,5,10].
There are, however, two studies in which only the manual
material handling techniques were compared [8,11].

The whole body assessment tools evaluate the whole
body exposure to work-related musculoskeletal risk
factors. OWAS, REBA, MFA, PLIBEL, QEC, EAWS, PERA,
ManTRA and ISO 11226 are examples of this category.
Some of them just concentrate primarily on the working
posture; others, however, take additional physical risk
factors into consideration as well [6]. Quick Exposure
Checklist (QEC), Muscle Fatigue Assessment (MFA) and
Manual Task Risk Assessment (ManTRA) are of those
tools which consider the work factors including Posture,
Force, Load, Duration, Repetition, and Vibration in the
analysis [12]. Although, QEC method has been
investigated in many studies and its output data has been
proved to be reliable [13-16]; MFA and ManTRA are
rarely used in researches. Therefore, the aim of this paper
was to compare the results of QEC, MFA and ManTRA
methods to determine their agreements with one another
and correlations with workers’ musculoskeletal
discomforts.

Method

This study was carried out in nine plants including two
steel industries, two fish-canning factories, wheat flour
plant, oil factory, industrial-machinery manufacturing
company, heavy electrical equipment factory, schools
equipment company and tobacco factory, providing more
than 1000 jobs, most of which included manual tasks. The
three ergonomics methods and the Cornell questionnaire
were completed for a pilot sampling of 15 tasks, of which
35 percent were at high risk level. Then, based on
calculation of the statistical formula, 350 tasks were
considered as the sample size. All the tasks in the factories
were preliminary inspected by several ergonomics
experts to select those that contain manual tasks. The
inclusion criteria for the workers were having at least one
year work experience in that task and not to have any
chronic musculoskeletal disease. The workers were
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informed about the purpose of the study and the
confidentiality of the data. They were also explained what
the musculoskeletal discomforts are and how to fill the
Cornel Musculoskeletal Discomforts questionnaire. For
each body part just the frequency multiplied by the
discomfort severity yielded the Cornell questionnaire
overall score. Each task was observed precisely and
recorded as photos and videos by the ergonomists in
order to assess the musculoskeletal risks using ManTRA,
MFA and QEC tools.

Assessment Tools

Quick Exposure Checklist: QEC is an ergonomic
assessment tool to quickly measure the exposure of four
body regions (back, shoulder/arm, hand/wrist and neck)
to the musculoskeletal risk factors. It considers the risk
factors and work conditions including working body
posture and movements, weight handled manually, hand
force exertion, task duration, work pace, vibration and
visual demands. Each body part gets a risk score
separately which defines its risk level. QEC divides the
risk levels into four levels as low, moderate, high and very
high risk. The total score is the sum of each body part’s
score divided by maximum possible score which is 176
for manual material handling tasks and 162 for the others
[17-19].

Manual Task Risk Assessment: ManTRA is an
ergonomic audit tool which evaluates the exposure to
musculoskeletal risk factors. It allows the inspectors to
assess the five task conditions including total time,
repetition, exertion, posture and vibration for each of four
body regions (lower limbs, back, neck/shoulder and
arm/wrist/hand) using a five-point scale. There are five
codes for each region as five task characteristics’ risk
score. Repetition risk score is combined with duration
and task cycle, both of which is already assessed. Also a
combined score of force and speed is considered as
Exertion risk. For each body region the combined
cumulative score is calculated as the total risk score
which ranges between 5 and 25. This technique just
determines whether a task is at risk or safe. The task
needs to be modified if either the exertion score equals 5,
the sum of exertion and awkward posture is 8 or greater,
or the total risk is 15 or greater [20,21].

Muscle Fatigue Assessment: MFA is a functional job
analysis technique that was developed by Rodgers and
Williams in 1987 to indicate workers’ discomforts [22].
This method is used as a suitable risk predictor tool in the
occupations with no specific biomechanical issues. It
audits the work factors such as posture, force exertion,
grip and manual handling as well as effort duration and
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frequency in workplaces for entire body parts including
neck, shoulders, back, arms/elbows, wrists /hands
/fingers, legs/knees and ankles/feet/toes [23]. In this
method, once the severity of each task effort, for each
body part, is determined by the worker using a ten-point
scale, the duration and the frequency of each effort are
measured. The score of each parameter (effort,
continuous effort duration and frequency) is measured
using a four-point scale. The “priority for change” scores
put the task risk into four levels as low, moderate, high
and very high [18].

Cornel Musculoskeletal Discomfort
Questionnaire

The Cornell musculoskeletal discomfort questionnaire
that was developed in 1999 by Dr. Alan Hedge and
colleagues is a data collection tool for musculoskeletal
disorders. In this questionnaire, a worker expresses the
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past seven-day frequency of pains using a five-point scale
for 12 body organs that are graphically illustrated. In case
of any pain, the worker is required to explain its
discomfort and interference with work ability using
three-point scales [24,25]. The final score for each body
part is obtained from multiplying the frequency score by
the discomfort score by the interference score [26].

Results

Comparison of the musculoskeletal risk levels resulted
from QEC, ManTRA and MFA is provided in Figure 1. For
each body region high and very high risks, taken together,
are presented as percentage of all total tasks. As an
average of all risk percentages, MFA identified 52% of the
tasks as unsafe compared with QEC with 67% and
ManTRA with 23%.
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Figure 1: Comparison the at-risk levels evaluated by the three assessment tools.

The degree of agreement and disagreement between
the three methods was estimated by Kappa and Log-linear
statistical tests at a significance level of 0.05.

The Cohen’s Kappa coefficient was calculated for each
pair of methods with respect to each body part. Tables 1
to 3 demonstrate the results of Kappa test in which the
value ranges from -1 to 1 and represents the extent to
which agreement is reached between each pair of methods.
The more negative the value is, the more negative
correlation exists. The significant Positive value, on the
contrary, shows positive correlation between the two
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methods. Also, there is no correlation when the value is 0.

Body region Value Approx. Sig
Neck -.594 <0.001
Shoulders -420 <0.001
Back -423 <0.001
Arms -.195 <0.001
Wrist/hands -.225 <0.001
Total -404 <0.001

Table 1: Agreement between QEC and ManTRA using
Kappa test.
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Body region Value Approx. Sig Method | Estimate | Significance
Neck -164 <0.001 QEC 1.02 <0.001
Shoulders - 040 003 Neck ManTRA -0.373 0.029
Back 033 009 MFA 0% '
ac - : QEC 0.222 0.046
Arms ~007 555 Shoulders | ManTRA | -0.921 <0.001
Wrist/hands -.015 233 MFA 02 .
Total -.043 <0.001 QEC 0.178 0.098
Back ManTRA -0.875 <0.001
Table 2: Agreement between QEC and MFA using Kappa MFA 02 _
test. QEC 0.04 0.71
Arms ManTRA -0.34 0.004
Body region Value Approx. Sig MFA 02 _
Neck -.025 .012 QEC 0.077 0.464
Shoulders -.090 <0.001 Wrist/hands | ManTRA -0.351 0.003
j MFA 02 .
Back .098 <0.001 VanTRA 1813 0001
Arms -.057 <0.001 Leg/knees ;I/IIIFA - 6§ =
Wrist/hands -.059 <0.001 ManTRA -1.764 <0.001
Ankle/feet
Leg/knees -.144 <0.001 MFA 02
Ankle/feet -135 <0.001 Table 4: Disagreement between the three methods using
Total -.087 <0.001 Log-linear test.

Table 3: Agreement between ManTRA and MFA using
Kappa test.

As shown in Table 4, the Log-linear analysis examined
the methods seven times, each time with respect to a
specific body region. It should be noted that MFA in this
analysis is selected by SPSS software to serve as a basis
for comparison with the results of the other tools. QEC
also does not deal with the lower limbs. That is why; it
was not considered in lower limbs-related analyses.

The workers’ information about musculoskeletal
discomforts/pains  gathered using the  Cornell
Musculoskeletal Discomfort Questionnaire. As shown in
Figure 2, the percentage of the workers’ musculoskeletal
discomforts/pains, for each body part, are stratified in
four categories as mild, moderate, fairly severe and severe
discomfort. As can be seen, the prevalence of the back
pain was greatest. It did not exceed 40% of the total
workers’ population, though. The least complaints, on the
other hand, were made relative to the arms/elbows.
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Figure 2: The workers’ report of musculoskeletal discomforts.
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The Pearson Chi-Square and Gamma tests at a
significance level of 0.05 were used to find the significant
correlation between the results of each method and the
musculoskeletal discomfort questionnaire’s responses
with respect to each corresponding body region. Gamma
test is applicable when ordinal by ordinal data is in hand
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[27]. That is why; it was not applied for the analysis of the
results of ManTRA because of its two-point scoring
modality (ManTRA just determines whether or not a task
needs to be modified) against four-scale pain score of
Cornell questionnaire. It was examined just by Pearson
Chi-Square test.

Neck Shoulders Back Arms Wrist/hands Legs/knees Ankles/feet
QEC 0.065 0.066 <0.001 0.018 0.001 - -
ManTRA 0.016 <0.001 0.051 0.016 0.020 0.214 0.49
MFA 0.047 <0.001 <0.001 <0.001 <0.001 0.002 <0.001
Table 5: The P-Value of the Pearson Chi-Square test at a significance level of 0.05.
Neck Shoulders Back Arms Wrists/hands Legs/knees Ankles/feet
QEC 0.012 <0.001 0.016 0.091 <0.001 — —
MFA 0.033 <0.001 <0.001 <0.001 <0.001 0.020 <0.001

Table 6: The P-Value of the ordinal by ordinal gamma at a significance level of 0.05.

Discussion

In case of a particular work type assessment; there
may be some similar-purpose methods which make the
practitioners confuse to choose the most appropriate one.
QEC, ManTRA and MFA are of those have to do with
whole-body manual tasks assessment which their
distinctions have not been studied yet. In this study, the
results of assessing the risks of 350 manual labors using
the three methods were compared with both each other
and the workers’ musculoskeletal discomforts with
respect to each corresponding body regions.

As a result, MFA stratified the tasks in more moderate
way than did either of the other two and had statistically
significant correlation with the worker’s musculoskeletal
discomforts in all body regions. That is to say, most of the
workstations whose workers experienced, at least, severe
discomforts one to two times during last week were
identified as high or very high risk by MFA method. Also
as an outcome of a relevant study, in which it was proved
to be consistent with a virtual, biomechanical analysis
tool, a practically beneficial technique, MFA is a useful
method to find biomechanical risks of musculoskeletal
disorders [28].

ManTRA is found to be the most lenient tool of the
three. In other words, it appears that its sensitivity is less
than that of the other tools in identifying at risk tasks and
tended to show false-negative results especially in back,
but its leniency drops in arms/hands. The difference is so
much that this method generally accorded neither with
QEC nor with MFA. QEC, on the contrary, seemed to be
stricter. In this study, although the complaints of
discomforts in arms were the lowest, QEC could not make
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a significant correlation because of its stringency. Indeed,
the outcomes of the relevant studies in this regard are
consistent with our findings that there is clear distinction
between the results of QEC and ManTRA. ALICI, et al.
reported that the evaluated tasks are considered to be
high riskier by QEC method than ManTRA [29]. Bell and
Steele also found that ManTRA classified the vacuum
cleaning tasks as at risk only in arms and hands and as
safe in terms of back and neck, whereas QEC resulted that
there were no safe task [30].

To be more elaborate, in this research, no correlation
(neither disagreement, nor agreement) was statistically
found between QEC and MFA in terms of back, Arms and
Wrists/hands assessments. Even though, the results of
ManTRA and MFA were relatively closer in neck, as were
those of QEC and MFA in shoulders. The methods all are
inversely correlated with one another in these body
regions. it is noteworthy that although the results of two
different methods may be close to each other (i.e. risk of
arms by QEC and that by MFA), it should not be taken to
mean that there must be a positive correlation between
them, or vice versa. This is because what is graphed as a
risk percentage of a given body part, is considered
generally. While the statistical tests used case-by-case
analysis to estimate the correlation of the results. Also a
dramatic difference is seen in lower-limbs assessment
between MFA and ManTRA which may have been due to
their discrepancies in the way they consider the factors
such as duration and repetition. To be precise, ManTRA
evaluated 9% of the tasks as high risk in terms of lower
limbs versus 55-57% resulted by MFA. This is while 23-
35% of the workers felt pain in the lower limbs just
during the last seven work days. It is important to note
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that, in real practice, if a task assessment method in
identifying musculoskeletal risks goes much further than
what the workers report their musculoskeletal pains,
could be acceptable. It is because despite the presence of
the risks, work-related musculoskeletal traumas take time
to show up. As a converse case, it would be undesirable.

Broadly speaking, it could be inferred that the risk
factors and their weights each tool considers in its
assessment impress the assessment outcome. The more
similar risk factors a couple of methods take into account,
the closer their final results are. This is consistent with
what Jones and Kumar concluded from their study [4].
Each of the three tools weighs the considered risk factors
differently. Of particular difference is the way they take
the “duration” and “frequency/repetition” into account.
QEC uses specific scales with respect to each body region
to calculate the repetition of risk factors and a general
scale to calculate the total exposure time for all. ManTRA
applies an equivalent scale for all body regions to
consider the repetition, duration and total exposure time
with wider ranges of timeframes than the others two,
which made it more permissive. MFA, however, calculates
the “duration” and “frequency” of a particular effort into
consideration with a narrow timeframe and does not take
the total exposure time in a typical workday into
consideration. MFA also takes posture, force and load
lumped together as one, whereas the others evaluate
them separately. Such discrepancies made these tools
different from each other. Another possible reason for the
difference, especially between the results of ManTRA and
those of the other methods, could be that both QEC and
MFA have parts in which the worker’s participation is
required for assessment, whereas ManTRA does not. That
means, ManTRA is non-invasive, as well as easiest to use
than the other two.

In this study, it was hard to find employees working at
one task for a long time, because the workers had been
rotated through the different tasks a couple of times.
Therefore, just minimum one-year-work experienced
workers were taken. Another limitation was to persuade
the workers to be honest about expressing their
musculoskeletal pains. It is yielded after a couple of
attempts, though. As a future study, it is suggested to
determine the consistency and sensitivity of the tools
with respect to each work type.

Conclusion

This study has found that, of the three ergonomic
assessment methods, MFA has more moderate results and
is more predictive of workers’ musculoskeletal pains. This
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tool is sensitive enough to evaluate the workers’ muscle
fatigue and could be suitable for repetitive tasks.
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