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ABSTRACT

Introduction: Occupational back pain is one of the musculoskeletal disorders (MSDs) caused by manual
load-lifting among women involved in manual lifting activities. Limits for lifting loads are used to assess the
risk and prevention of occupational back pain. The Washington Industrial Safety and Health Act (WISHA)
checklist is used as a permissible load assessment limit in Iran. The present study aimed to evaluate the
reliability of using the WISHA checklist to determine the allowable limits of manual load-lifting among
women based on biomechanical and psychophysical methods.

Material and Methods: In this study, ten women workers aged 20-30 years with a history of manual load-
lifting were asked to perform 21 load-lifting tasks designed according to the permitted limits of Iran. A
wireless electronic clinometer was used to determine the flexion angles of the trunk while lifting the load.
Anthropometric information, load weight, trunk angle, and posture were entered into 3DSSPP software to
obtain biomechanical forces for each task and compared them with the recommended National Institute
for Occupational Safety and Health (NIOSH) limits. After performing each task, the rate of perceived
exertion of each person for each task was collected by using the Borg scale.

Results: The flexion angle for 47.61% of the lifting tasks were more than 20 degrees. The estimated
average compressive force for the six tasks exceeded NIOSH’s recommended limits. The average Borg
scale was determined hard for 33.33% of lifting tasks and hard to very hard for 9.52% of tasks.

Conclusion: It was found that the manual load-lifting standard for some tasks might not be sufficient
to control and prevent low back pain caused by manual lifting in women, and some non-compliance
was found with the allowable lifting limits. Manual load-lifting with anthropometric and biomechanical
features may increase the biomechanical force on the women’s low back. Therefore, it seems that the
allowable lifting limits of Iran for women based on the WISHA checklist should be reviewed and redesigned
based on anthropometric and biomechanical characteristics.
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1. INTRODUCTION

Musculoskeletal disorders (MSDs), especially
occupational low back pain, are one of the industry’s
major occupational health problems; thus, in 2016,
occupational low back pain accounted for 38.5%
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of all MSDs. The World Health Organization
estimates that 37% of all lumbar injuries occur
in the workplace. Epidemiological studies have
identified manual material handling and lifting
activities as the most important risk factors
for occupational low back pain. The results of
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epidemiological and biomechanical studies in Iran
have shown that the highest prevalence of MSDs is
observed in the workstation’s low back and manual
material handling and non-ergonomic conditions,
which are the main reasons for the increased
risk of back injuries. The prevalence of low back
pain was higher in women than men. The main
reasons for this difference are women’s physical
strength and anthropometric and physiological
dimensions. Researchers have developed tools and
allowable limits to identify the potentially high-
risk occupations for back injuries. However, no
extensive research has been done on the validity
or effectiveness of these methods. While simple
and easy to perform, occupational risk factors for
low back pain must be accurate. Some of these
evaluation methods have limitations despite their
widespread use. Arjmand et al. (2015) showed that
NIOSH’s proposed equation is not accurate enough
in determining the risk of spinal injuries in cases
involving moderate to high trunk flexion. Based on
the allowable occupational exposure limits in Iran,
the allowable lifting limits for men and women are
based on the Washington Industrial Safety and
Health (WISHA) checklist. This method focuses
on the vertical and horizontal positions of the
hand, frequency, and lifting period and is derived
from the American male and female population,
differing from the Iranian population in terms of
race, anthropometric dimensions, and physical
abilities. The mentioned limits are used as the main
reference in a wide range of women’s activities,
including industry, treatment, and services, in
Iran. On the other hand, determining the amount
of force on the back and the amount of perceptual
exertion received from hard work is an acceptable
criterion for assessing the allowable lifting limits.
Thus, the present study aimed to investigate the
applicability of the allowable lifting threshold
values in women based on biomechanical and
psychophysical criteria.

2. MATERIAL AND METHODS
1. Participants

The present descriptive-analytical study was
designed and conducted in the laboratory. Ten
women workers aged 20-30 years with a history of
manual lifting were selected.

2. Study design and work method

In this study, manual load-lifting tasks were
designed based on the tables of allowable load-
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lifting values provided by the Ministry of Health
and Medical Education of Iran. Three frequencies,
1, 3, and 6 (lifts per minute) and weighs less than
10 kg, were selected for this study. Finally, 21 lifting
tasks were designed based on the mentioned cases.
Therefore, for this study, boxes with the weights
of 3,4, 6,7,8,9, and 10 kg with suitable handles
and dimensions of 30 cmx40 cmx22 cm were used.
Participants were asked to lift the boxes from the
starting point of the load, which consisted of a four-
tiered shelf (below the knee, knee-to-waist, waist-
to-shoulder, and above-shoulder) and place them
at a fixed height (waist height). The horizontal
distances of the individual hand position relative to
the boxes at the origin included: 0-15 cm (near),
15-25 cm (medium), and more than 25 cm (far).

3. Tools and equipment

In the present study, a wireless electronic three-
axis clinometer (made in the USA, Microstrain,
Williston, vt.) was used to measure the instantaneous
angles of the trunk and more accurately estimate the
biomechanical forces. The University of Michigan
3DSSPP software estimated the compressive and
shear force. This software is a static biomechanical
model that calculates the compressive and shear
forces on the lumbosacral joint (L5/S1) based on
body posture and anthropometric dimensions. For
psychophysical analysis of loading tasks, after each
task, participants were asked to rate the perceived
exertion on a scale of 0 to 10 based on the Borg
CRI10 scale.

4. Statistical analysis

Data entry and statistical analysis were
performed using SPSS software version 22. One
Sample T-test was used to compare the compressive
forces on the back with the recommended limits.

3. RESULTS AND DISCUSSION

The participants’ mean age, height, and weight
were 25.2 years, 159 cm, and 57.3 kg, respectively.
The flexion angle of more than 47.61% of the lifting
trials was estimated to be more than 20 degrees.
The compressive force of tasks 6, 15, 16, 18, 19,
and 20 significantly differed from the NIOSH’s
recommended limits. The maximum compressive
force on the back was related to task number 20
(4428.20 N), and the minimum compressive force
was related to task number 14 (965.10 N). Results
of the present study showed that it was determined
that 33.33% of the lifting tasks were hard, 42.85%
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were moderate, and 4.76% were easy.

1. The role of anthropometric dimensions

In the present study, the participants’ average
body weight was close to the average weight
of Iranian women workers aged 20-60 years,
which is 60 kg, while the average body weight of
American women of 20 years and older is 70.7 kg.
It shows that the average weight of Iranian women
is approximately 10 kg lighter than American
women. This remarkable difference directly affects
the biomechanical loads. In the present study, the
height of the shelves was adjusted according to the
height of the people and the areas recommended
in the standard; thus, this factor did not affect the
biomechanical forces.

2. Evaluation of biomechanical loads

1-2-External load: The average compressive
force was higher than the recommended standard
(3400 N) for the tasks 6, 15, 16, and 18, 19. One
of the reasons for this can be the heavy weight of
the external load (6, 8, 10 kg) for the above tasks.
Increased weight of the load will obviously apply
more force to the spine. In their study, Jones et al.
obtained the compressive and shear forces due to the
load being higher than the maximum compressive
and shear forces obtained in the present study
tasks. Kim et al. set lifting weights less than 10 kg as
a safe range for women and concluded that external
loads of more than 10 kg estimated biomechanical
forces above 3400 N.

2-2-Horizontal access distance: The horizontal
access distance of 25 cm is defined as the safe
horizontal distance in load-lifting. Tasks 6 and
20 had a horizontal distance of more than 25 cm,
so the horizontal distance may also play a role in
increasing the biomechanical forces. The results
of the Ciriello study on female industrial workers
showed that increasing the horizontal access
distance reduces the maximum acceptable weight
lifting.

3.2-Lifting height: Back postures with more
than 20 degrees angle and trunk rotation increase
the risk of MSDs. The maximum flexion angle
is related to lifting tasks 6 and 18. In these tasks,
placing the load at a height below the knee has led
to the maximum flexion angle in the trunk area.
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Due to the loading frequency and repetition of
lumbar flexion, these tasks are associated with the
risk of serious injury to the lumbar spine.

3. The perceived exertion rating

Results of the present study demonstrated
that, based on the amount of perceptual exertion
for lifting, the tasks 18 and 19 were determined as
the heaviest tasks. The high perceptual exertion
for these two tasks can be attributed to the high
frequency of lifting (6 lifts per minute) and lifting
the load below the knee height. Also, among the
lifting tasks performed below the knee, the lowest
score was related to lifting task 21 with a score
(average), probably due to the low weight of the
external load (4 kg). Hattori et al. in Japan showed
that mental comprehension scores for 15kg lifting
tasks were significantly different from 10kg lifting
tasks and that lifting loads significantly affected the
Borgscale. Seveneetal. (2019) found that perceptual
exertion and heart rate increase with increasing
external load weight. In the present study, the Borg
score increased with increasing frequency from
1 to 6 lifts per minute which is supported by Wu
(2003) and the Maiti (2004) studies.

3. CONCLUSIONS

Results of the present study showed that
the estimated compressive loads are too high
for approximately 28.57% of the lifting tasks
designed based on the WISHA checklist. Also,
according to Borgs psychophysical criteria, the
perceived exertion of women was classified as
hard and hard to very hard in more than 50%
of loading tasks. Therefore, it can be concluded
that the allowable load limits of Iranian women
may not be sufficient to protect women against
biomechanical injuries during lifting; therefore, it is
necessary to provide instructions for manual lifting
activities considering the anthropometric and
biomechanical characteristics of Iranian women.
The anthropometric and biomechanics of Iranian
women should be reviewed and corrected as a
complete and comprehensive study.
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