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ABSTRACT

Introduction: The use of exoskeletons as a new ergonomics intervention to reduce musculoskeletal
disorders risk factors and increase human performance has emerged in the fourth-generation industrial
revolution. The aim of this study was to assess the cervical exoskeleton effect on the neck and shoulder
muscles electrical activity.

Material and Methods: In this experimental study, 14 male participants were asked to perform
the simulated overhead work with and without using the cervical exoskeleton at two neck postural
angles randomly. During the task, electromyography of the target muscles in the neck and shoulders
was recorded. In addition, at the end of each task, participants completed a perceived discomfort
guestionnaire. Electromyographic signals were processed with Matlab 2017b software and the level of
the electrical activity of the target muscles was normalized to the maximum muscle activity. Data analysis
was performed using Random intercept mix model in STATA 14 software.

Results: Mean perceived discomfort in the neck and shoulders regions significantly reduced by the
exoskeleton device, but there was no statistically significant difference in other areas. Also, the mean
activity level of sternocleidomastoid and splenius capitis muscles on the right and left was significantly
decreased during the use of the cervical exoskeleton. However, this difference showed a significant
increase in trapezius muscles.

Conclusion: The use of the neck exoskeleton was associated with a reduction of muscle electrical activity
and the perceived discomfort in the neck area. These results may be related to transferring neck and
head weight by the exoskeleton retaining jack during the neck extension to other areas of the body. The
exoskeleton design did not provide support for the shoulder and arm area, which explains the reason
for the non-significant results in the shoulder area. Using the exoskeleton with the additional support in
shoulder area could be considered as an ergonomic intervention in such overhead works.
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1. INTRODUCTION

Overhead work or performing tasks above
the acromion height is associated with upper
limb musculoskeletal disorders (MSDs). This
physically demanding work is implemented in
various occupational tasks, including overhead
assembling, monitoring painting, etc. In order
to facilitate overhead work implementation,
researchers have been proposed several ergonomic
inventions. For instance, using a mirror to keep
indirect observation of task sit, changing work/
rest cycle time, using a holder for hand tool
devices and, recently, exoskeletons are among
such interventions. =~ Wearable technologies
(exoskeletons) are emphasized in Fourth industrial
revolution.

Exoskeletons are categorized in the active and
passive forms. Active exoskeletons use an actuator
to support human body parts and the passive
ones use spring and fabric belt to conserve energy
during body movement and recycling that energy
when needed. exoskeletons previously used to
military and rehabilitation applications. Recently,
the occupational application is of interest by many
ergonomic researchers.

Exoskeleton augmentation for overhead work
has been documented in several studies, but there
is a gap in published research to assess exoskeleton
effects in the neck region. Therefore, this study
aimed to ergonomically assess the cervical
exoskeleton effectiveness during overhead work
implementation.

2. MATERIAL AND METHODS

In this experimental study, 14 male participants
were asked to perform the simulated overhead
work with and without using the cervical
exoskeleton at two neck postural angles, randomly.
All participants signed an informed consent form.
Institutional Review Board of Tehran University
of Medical Sciences (approved the research
methodology No.IR. TUMS.SPH.REC.1399.103).
During the task implementation, electromyography
of the target muscles including right and left
sternocleidomastoid, splenius capitis, trapezius,
and deltoid muscles were recorded by a surface
bipolar EMG (g-USBamp, made in Austria). In this
case, passive Ag/AgCl electrodes, with a center-to-
center distance of 20 mm, were placed on the skin.
Electrode placement was done as proposed by the
surface electromyography for the non-invasive
assessment of muscles protocols.
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The recorded EMG signals were bandpass
filtered (Butterworth) with the cutoff frequencies
of 20 and 400 Hz. On the way to normalize EMG
signals, isometric maximal voluntary contractions
(MVCs) were performed bilaterally before
performing the overhead work. The maximum of
each muscle was found from peak signal during
MVCs, and considered 100% MVC.

In addition, at the end of each task, participants
were asked to complete the perceived discomfort
questionnaire in the neck, shoulders, upper arms,
hands and back regions. Electromyographic signals
were processed with Matlab 2017b software and the
level of the electrical activity of the target muscles
was normalized to the maximum muscle activity.
Data analysis with a random intercept mix model
was implemented in STATA 14 software and P <
0.05 was considered as significant level.

3. RESULTS AND DISCUSSION

All 14 male participants completed the
overhead nut fastening task. Fig. 1 shows that
the mean perceived discomfort in the neck and
shoulders was significantly reduced when the
cervical exoskeleton is used. However, there was
no statistically significant difference for other
investigated regions. The highest mean score for
discomfort was found in the shoulder regions
(without exoskeleton condition), this result is in
line with previous researches that exoskeleton
effectiveness was investigated in a simulated
overhead work.

According to Table 1, the mean activity level
of the neck anterior and posterior muscles was
significantly decreased during the use of the
cervical exoskeleton, but the trapezius muscles
activity was associated with a significant increase.
To the best of our knowledge, this study is the
first research with the focus on neck angle change
concerning with/whiteout using exoskeleton
during overhead work implementation. Several
studies have been approved the upper limb
exoskeletons effectiveness for overhead work and
some consider a tradeoff between discomfort and
biomechanical advantages.

4. CONCLUSIONS

The use of the neck exoskeleton augmentation
was associated with a reduction of muscle electrical
activity and the perceived discomfort in the neck
regions. These results may be related to transferring
neck and head weight by the exoskeleton-retaining
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Fig. 1. The mean level of perceived discomfort during performing overhead work.

Table 1. The main effect of exoskeleton for LPD during overhead work. The negative sign in the percentage of changes indicate
reduction. (N=14)

Body regions Interventions Changes % P-Value
Exo -6.98 <0.001
Sternocleidomastoid (Right) x
Neck angle 1.73 0.160
Exo -7.10 <0.001
Sternocleidomastoid (Left)
Neck angle 3 0.032
@ () Exo -3.79 0.04
enius Capitis (Ri
- . g Neck angle 603 0.743
E -3.56 0.023
Splenius Capitis (Left) xO
Neck angle -0.56 0.720
Exo 8.37 <0.001
T ius (Right
rapezius (Right) Neck angle .35 0.830
E 8.70 <0.001
Trapezius (Left) *o
Neck angle .830 0.593
E -2.27 0.104
Deltoid (Right) *o
Neck angle -.36 0.794
E -1.38 0.32
Deltoid Left o
Neck angle -.47 0.73
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