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Abstract
Article History: Objectives: Despite the increasing trend of automation and mechanization in the
Received: 03/04/2024 industry, many workers are exposed to high physical workloads, repetitive
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relatively new and practical solution. This study was conducted to design an
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assistive arm according to ergonomic principles and investigate its effect on the
electrical activity of shoulder muscles.

Methods: This research was fundamental in its approach, using an experimental
intervention method. The investigated samples included students studying in the
Tabriz University of Medical Sciences, Faculty of Health in 2021, of which 12
participated in the study, half of whom were female and half were male. A
prototype of a passive assistive arm was first designed. The electrical activity of
muscles was then evaluated at two work heights and two tasks in a simulated
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Extended Abstract
Background and Objective

There is a growing trend in the modern industry
towards human-robot collaboration to improve the use of
robotics while maintaining human flexibility. One of the
solutions is the use of assistive technology. Working with
robotic arms is a risk factor for shoulder musculoskeletal
disorders. Musculoskeletal disorders of the shoulder are a
particular health concern in the workplace because they
require a long recovery period. Few studies have
investigated the effectiveness of assistive systems in
manufacturing tasks for jobs with arm mobility or overhead
work. Many scientific studies have addressed the technical
problems of assistive systems; however, not much attention
has been paid to their effect on the human user. For this
reason, this study was conducted with the aim of designing
an assistive arm and investigating its effect on shoulder
muscle activity.

Materials and Methods

This research was fundamental in its approach, using an
experimental intervention method. The minimum sample
size was determined at 8 cases in each group based on
previous studies and using g-power software; as a result, 12
individuals (6 males and 6 females) were included in the
study. Data for quantitative and qualitative variables were
reported as mean (standard deviation) and frequency
(percentage), respectively. To compare the two conditions
(with and without the assistive arm), an independent t-test
was conducted in four different test conditions (shoulder
height, head height, weight-holding task, and screw-
tightening task with a screwdriver).

SPSS26 software was used for data analysis at a
significance level of 0.05. The designed assistive arm is
passive, cost-efficient, light, simple, and focused on
performing one task (above shoulder height); therefore, it
can be easily used in industry and other sectors. It is
designed for static and semi-static tasks, has two degrees of
freedom, and weighs 1,800 g. It can also be adjusted for the
5th to the 95th percentile of the difference between forearm
height and shoulder height, and the 5th to 95th percentile
of shoulder width (distance between two deltoid muscles).

An assembly workstation was prepared, and the tasks
were defined in a way that represented natural needs in the
production process, encompassing both strength and
precision. Electromyography was used to evaluate the
electrical activity of muscles. To determine the exact
location of the installation of electrodes, in addition to the
images and protocols of the MegaWin software, the
SENIAM site, which provides guidelines for determining
the location of electrode installation and and project
protocols in electromyography research, was also used.
The most common normalization method, known as
normalizing to the maximum voluntary isometric
contraction, was adopted to normalize the data. This test
was individually performed three times for each target
muscle.

The target muscles in this study were selected based on
previous studies and included trapezius, anterior
deltoideus, deltoideus medius, deltoideus posterior, biceps
brachii, and triceps brachii. According to the purpose of this
study, which was to measure the level of muscle electrical
activity, a technique called RMS Averaging was used to
analyze the raw data. This technique generally provides the

average strength of the signals in a time interval, which was
100 ms in this study. The person was then asked to do
practical tests (tasks) that were randomly selected in
advance. The practical tests included performing two tasks
(tightening the screw and holding the weight) at two
heights (shoulder and above the shoulder), with and
without the assistive arm. Each task lasted for 2 minutes,
with at least 3 minutes of rest in between. The task at head
height was set in such a way that the arm had a 90-degree
angle with the forearm and the trunk, while the task at
shoulder height was positioned to ensure a 90-degree angle
between the arm and forearm.

Results

The participants included 12 students of the Faculty of
Health who were right-handed and in the age range of 20-
24 years old. The average weight for the participants was
recorded as 71.50+9.80 kg, the mean height was
169.96+6.89 cm, elbow height measured at 105.50+11.82
cm, and shoulder height at 139.97+8.41 cm. The results
related to the electromyographic activity of muscles during
the use and non-use of the assistive arm in shoulder height
and weight-holding tasks showed a significant difference in
the activity of the trapezius (P<0.001), anterior deltoid
(P<0.001), and posterior deltoid (P=0.004) muscles. In the
head height and weight-holding task, the activity of the
trapezius (P<0.001), anterior deltoid (P<0.001), posterior
deltoid (P=0.002), and triceps brachii (P=0.024) muscles
was significant. In the shoulder height and screw-
tightening task, the activity of the trapezius (P<0.001),
anterior deltoid (P<0.001), posterior deltoid (P=0.033),
biceps brachii (P=0.039), and triceps brachii (P=0.002)
muscles was significant. Lastly, in the head height and
screw-tightening task, the activity of the trapezius
(P<0.001), anterior deltoid (P<0.001), and triceps brachii
(P=0.017) muscles was significant.

Discussion

Based on the results of this study and as previously
reported in other studies, it can be concluded that tasks that
require elevation above shoulder height exhibit the highest
muscle activity in the trapezius and deltoid muscles.
Furthermore, as the angle of the task height increases
(resulting in increased elbow flexion angle), the activity of
these muscles also increases. The assistive arm also caused
the greatest reduction in electrical activity in these two
muscles, with less decrease in muscle activity observed in
head-height tasks (at higher heights).

Conclusion

Although controlling physical demands during
overhead tasks is of great importance to prevent the
potential risk of injury, it may not be possible to completely
remove these tasks from the work environment. The
present study evaluated the effect of an assistive arm on the
electrical activity of the muscles during work simulation.
The results showed that this technology could reduce the
electrical activity of the shoulder muscles and had varying
impacts across different tasks and working heights.
Generally, these results suggest that the use of assistive
technology can be an effective intervention for overhead
tasks. However, further research is needed to evaluate the
long-term outcomes of such an intervention (e.g., benefits,
side effects, and changes in work strategies) on a diverse




population and to better understand health and safety issues in settings where this technology may be utilized.
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