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Abstract - Overhead work is a main risk factor for upper limb work-related musculoskeletal disorders. In this paper, the
research team evaluated the effectiveness of a passive exoskeleton(PE) with a mechanical arm linked to the exoskeleton
body as an assistive device for overhead work. Ten male volunteers participated in the research by effectuating repetitive
overhead lifting tasks using each of three payloads: (1kg, 3kg, and 6kg) and with/without passive exoskeleton (PE). The
performance evaluation was then conducted by analyzing the electromyography (EMG) and ratings of perceived
discomfort(RPD) of the shoulders and back muscles obtained from experiments.
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1. Introduction

Work-related musculoskeletal disorders (WMSD) in
the upper limb are frequent in industrial work, mechanics,
agriculture, and construction. WMDS is often caused by
repetitive tasks such as overhead lifting work. In the
United States, the reported number of 2011
musculoskeletal diseases incidence: in the shoulder is
13%, and lumbar is 42% [1]. Shoulders injuries are serious
problems, with the average number of days off for
shoulder ailments being reported as 23 days (compared
with 11 days for other injuries) [1, 11]. Musculoskeletal
disorders often have repetitiveness and prolonged
elements. Research has shown that overhead lifting tasks
have been suggested to be one of the major causes of these
diseases in musculoskeletal [2-7],[18]. Those jobs that
need to lift heavy objects overhead are very common in the
mechanical manufacturing and construction industries as
drilling, bolting, and cutting materials.

In recent years, there have been many scientific types
of research to resolve upper limb WMSD, including both
theoretical and experimental [9]-[17]. Although extensive
studies have been conducted over a long period and
guidelines for such efforts are available, there is not
enough information to judge the effectiveness of such
tasks. Laboratory simulations have been performed for
overhead lifting work and varied the duty cycle (work/rest
ratio), arms reach, and hand orientation of a tapping task.
The study results also show that the duration of endurance
and the time of onset of fatigue are indicated by feelings of
discomfort and a reduction in muscle strength. Significant
effects of the cyclical activities were found on fatigue
times; prolonged and repetitive overhead lifting objects
also increase muscle fatigue. The dismemberment of
muscle endurance and fatigue time are presented as
standards for evaluating overhead work.

This paper deals with presents experimental research
evaluating the effectiveness of a passive exoskeleton for
tasks requiring overhead lifting works. The purpose of the
research is to reduce the force exerted by heavy objects on
the shoulders and back muscles. The passive exoskeleton
system (Figl) supports heavy objects such as machine
tools and transmits force to the ground, reducing the force
exerted on the shoulder and back muscles. This paper
evaluates the effect of using a passive exoskeleton for
overhead lifting. It is performed by comparing lifting
objects with the support of the passive exoskeleton with
the case of lifting objects without the help of the passive
exoskeleton through electromyography signals obtained
from the shoulder and back muscles. In addition, it is also
assessed through the feedback of the experimental
participants.

2. Materials and Methods
2.1. Participants

This research considers ten right-handed male
participants recruited from the University of Transport and
Communication. All participants were of average height
1m70 and average weight 70kg, between ages 18 and 22,
and reported moderate levels of physical activity with no
recent history of musculoskeletal injuries. Although the
study was not limited to male participants, no female
participants were included because they could not
complete all experimental conditions during an initial
practice session.

2.2. Passive Exoskeleton (PE)

The passive exoskeleton system comprises a
mechanical arm designed according to the passive gravity
compensation mechanisms. The weight of the lifting object
will be balanced with the elastic force of the two springs
inside the arm. The geometrical dimensions of the arms are
calculated to be suitable for an adult. The mechanical arm
can move flexibly according to the operator's movement
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by hinged joints. The mechanical arm is linked to the
exoskeleton to form a complete passive exoskeleton
system that lifts the weight and transmits the force of the
weight to the ground. Thus reducing the force exerted by
heavy objects on the operator. (Fig 1)

———

heavy objects

mechanical

Fig. 1 The passive exoskeleton with a mechanical arm

2.3. Experimental Task
The experimental task simulated occupational
overhead work, which is lifting and holding heavy objects

The task of each of those participants was to perform
6 lifts in 60 s, of which 3 lifted with/without the help of a
passive exoskeleton (Figure 2). The lifting load is light
load (1kg), medium load (3kg), and heavy load (6kg).
During the work period, participants were asked to grasp
heavy objects with both hands.

2.4. Experimental Process

The participants completed two experimental parts
segregated by at least five days [10]. Before
experimenting, the participants were asked to practice
overhead lifting at different loads with and without PE,
and then formal testing was conducted. In the first
experimental session, the participants lifted payloads
overhead without the help of PE. In the second part of the
test, taken five days later, the participants lifted payloads
overhead with the support of PE.

EMG signals were collected from the shoulder and
back muscles of the participants in each experiment. EMG
signals were monitored bilaterally from the same body and
were specifically collected from the anterior deltoid (AD),
medial deltoid (MD), and lumbar (LB) muscles on the left
and right sides of the body [10]-[12].

During the experiment, participants were also
asked to provide ratings of discomfort (RPD) using the
Borg CR10 scale [26] to assess the shoulders and back
muscles' ratings of perceived discomfort. RPD values of

Fig. 2 Experimental working for the overhead task without the PE (a) and with PE (b)

overhead. Experimental tasks do not simulate any specific
occupational situations but instead were used to capture
the need to work overhead lifting and to do so with varied
loads, predetermined rest and work cycles, and precision
demands.

participants were also recorded for shoulders, low back for
each experiment, and both the left and right sides of the
body.

2.5. EMG signal measuring device and processing
In recent years, There have been many scientific
studies on recording and processing EMG signals [19]-
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[25]. In this research, EMG signal recording equipment
and processing devices are produced by Noraxon, USA.

The measuring input device is attached to the
electrode sensor's two poles, which are glued to the skin's
surface. From these, the EMG signal on the skin's surface
can be sent to the computer by the transducer and
recorded. The transducer received the electromyography
signal data transmitted to the computer by wifi signal.

The specialized software NORAXON MR3.8 installed
on the computer measures EMG. Each participant
collected the EMG signal on a separate recording. On the
record, 6 signal channels can be obtained corresponding to
the locations of the measuring input device, which are left
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anterior deltoid (LAD) muscle, right anterior deltoid
(RAD) muscle, left middle deltoid (LMD) muscle, right
middle deltoid (RMD) muscle, left lumbar (LLB) muscle
and right lumbar (RLB) muscle[11].

The EMG raw signal after receiving has been
processed by NORAXON MR3.8 software through steps
such as filtering the raw signal, rectifying, and smoothing
the signal. Then NORAXON MR3.8 software calculated
the EMG root mean square (RMS) values, and the median
of the shoulders and lumbar muscle activity was
determined (Fig 3). The median EMG values obtained
during the experiment were then standardized to the
reference values.
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Fig. 3 The EMG root mean square (RMS) values obtained during the experiment

3. Results and Discussions
3.1. Electromyography (EMG)

The EMG root mean square (RMS) values
statistical results of the overhead lifting work tasks in this
research were presented in Table 1 and exposed in Figs. 4,

5, and 6. The results showed that Intervention of PE with
all of the payloads had significant main effects on median
NEMG values for most of the shoulder and lumbar muscle
groups monitored.
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Table 1. Results for median NEMG values

median nEMG values light median nEMG values medium median nEMG values
payload Q=1kg (uV) payload Q=3kg (uV) heavy payload Q=6kg (uV)
With PE Without PE With PE Without PE With PE Without PE
support support support support support support
LAD 4.28 33.2 4.6 344 6.88 59.8
RAD 7.7 31.2 7.92 33.7 8.03 40.1
LMD 7.1 12.2 7.24 12.7 7.31 13.5
RMD 2.3 6.7 2.4 7.04 2.47 7.13
LLB 10.2 12.2 12 14.4 16.6 19.8
RLB 6.4 7.68 6.6 7.9 6.74 8.13
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Fig. 4 Intervention of PE with light payload effects on median values

of EMG for the right and left anterior deltoid muscle (AD), middle
deltoid muscle (MD) and lumbar muscle (LB)
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Fig. 5 Intervention of PE with medium payload effects on median
values of EMG for the right and left anterior deltoid muscle (AD),
middle deltoid muscle (MD) and lumbar muscle (LB)

At all of the payloads, the PE reduced median nEMG
values. Mean EMG values had the greatest reduction with
anterior deltoid (AD) and medial deltoid (MD) and with
minimal decrease in lumbar (LB) muscle for both the left
and right sides of the body.

heavy payload Q=6kg

Fig. 6 Intervention of PE with heavy payload effects on median
values of EMG for the right and left anterior deltoid (AD), middle
deltoid (MD) and lumbar muscle (LB)

Under heavy payload, median nEMG values of LAD
were significantly reduced to 85%, RAD reduced by 80%,
RMD reduced by 65.3%, LMD reduced by 45.8%, LLB
reduced by 16.1%, and RLB reduced by 17%. The
reduction of median EMG values in all these muscles was
also very significant for light and medium payloads. The
use of PE reduced the median nEMG values of all the
shoulder and lumbar muscles, especially at the heavy
payload. With the support of the PE, when the participants
performed the task of lifting objects, median NEMG values
for the LAD, RAD, LMD, RMD, RLB, and LLB muscles
reduced significantly. That recommended the level of
fatigue in these muscles was decreased.

The results have also shown that with overhead lifting
work, the anterior deltoid (AD) muscle is mainly active
because the median NEMG values of the anterior deltoid
(AD) muscle is maximum and because the participants
were all right-handed. Hence, the median NEMG values of
left muscles were always higher than right muscles in all
muscle groups.

3.2. Ratings of Perceived Discomfort (RPD)

The mean values of RPD notified by all participants
were below five levels at three loads corresponding to very
light, light, average, heavy, and very heavy (Fig 7). The
help of the PE normally reduced the total discomfort when
participants performed tasks at all payloads. Especially
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with medium and heavy payloads, all participants reported
that the load on their shoulder and back muscles were
light. Participants reported that the mean RPD values for
their shoulders and back were significantly reduced with
the help of PE, which was agreeable with the previous
studies. [10-12].

RPD values
69 - {7} With PE surport R
——Without PE surport I
very heavy 5 4 ¢
right muscle left muscle
heavy 4 4

average 3 -

light 2 4

very light 1 4

Weight (kg)
Fig. 7 Intervention of PE with payloads effects on ratings of
perceived discomfort (RPD)

It showed that the support of the PE had effects on
decreasing the discomfort and muscle fatigue of the
shoulders and back in the overhead lifting work. With
medium and heavy payloads, all participants only feel the
degree of discomfort at very light and light compared to
medium and heavy in cases without support of the PE.
With the support of the PE, the overall RPD ratings at the
medium and heavy payload levels decreased the most,
which shows the obvious effect of PE with medium load
and heavy load. This shows that the supporting effect of
PE in overhead lifting work is very significant.
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4. Conclusion

Overhead lifting work has been seen as a main risk
factor for upper limb WMSD. The deal of this paper is to
valuation the effects of the passive exoskeleton (PE) for
overhead lifting work tasks. The EMG signal measures the
working state of muscles, and then the mean value of

EMG is evaluated and compared with the case
with/without PE support. Muscle fatigue was also assessed
through the mean value of RPD using the Borg CR10 scale
to rate the shoulders and back muscles of the participants
when they performed lifting overhead payloads.

The test results showed that the support of the PE was
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payloads in the simulation experiment tasks. Participants
with support of the PE have decreased median nEMG
values for the LAD, RAD, RMD, and LMD muscles
reduced by 30% to 80% compared to the case without the
help of the PE; this recommends that the fatigue in these
muscles was reduced when using the PE. Therefore, it can
be seen that the PE's support has likely decreased the risks
of upper limb work-related musculoskeletal disorders in
repetitive overhead lifting works. The mean of RPD values
also showed that the PE had effects on decreasing the
discomfort of shoulders and back muscles when the
participants performed lifting overhead payloads.

In summary, this research showed that the support of
the passive exoskeleton could be effective in supporting
workers in performing overhead lifting works; the effects
of support were especially significant in the medium and
heavy payload. Overhead lifting works cannot be
completely replaced in modern work, and it is a main put
at-risk factor for upper limb WMSD, according to this
research. Therefore, the research and application of
supporting devices such as passive exoskeletons in
practical work are essential.
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