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ABSTRACT

We spent two full days aboard a ship to study muscle fatigue in Sardinian fisher-
men. We investigated three tasks: 1) to drive the wheel, 2) to drop the pots, and 3) to
sail the pots. For each task, we performed several surface electromyography (sEMG)
acquisitions. After a 45–500 Hz band filter processing, we analyzed the signals at the
beginning and end of the tasks. We recorded sEMG signals from the most involved
muscles for each activity according to crew information. We analyzed the Median
Frequency (MF) values. Literature strictly correlated an 8% MF reduction with mus-
cle fatigue. In the first task, the MF of the Right Deltoideus Lateralis after one hour of
working time decreased from 79.7Hz to 73Hz. In the second task, we observed a reduc-
tion of MF after two hours of activity in three muscles. MF of Left Deltoideus lateralis
decreased from 66.7Hz to 59Hz, MF of Left Deltoideus Anterior from 71.4Hz to 49.8Hz,
and MF of Left Trapezius Superior from 63.8Hz to 44.8Hz. Finally, in the third task, after
three hours, we observed an MF reduction in Right Deltoideus Lateralis (78.9Hz to
60.5Hz) and Right Trapezius Superior (from 56.2Hz to 38.9). Our results showed that in
all the tasks, muscle fatigue occurs after less than half a working day. Muscle fatigue
leads to an increased risk of developing musculoskeletal disorders in fishermen.
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INTRODUCTION

An overview of the existing research literature, mentioned in our earlier work
[Silvetti, 2017a; 2017b; 2020; 2021], reports that biomechanical overload
risk in fishermen is relevant.

In our past experiences on Italian ships in Sicily and Veneto and the
Tunisian one [Silvetti, 2017a; 2017b; 2020; 2021], we highlighted that
fishermen’s work presents a high biomechanical overload.

Unlike the types of catch observed during the previous experience, where
we noted minor changes but presented almost the same work cycle, pot fish-
ing, mainly used in catching crabs, lobsters, and octopus, is substantially
different than those previously reported. The small size of the boat, the small
number of crew, and the varied techniques of dropping and setting sail of the
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equipment used in pot fishing, compared to blue fish, all play a relevant role
in the incidence of musculoskeletal disorders.

Previous papers investigated pot fishing in lobster trapping with pots
bigger and heavier than those observed in our experience.

The pots we saw usually served for trapping octopus, but they could also
trap lobsters.

Montreuil (2015) did comprehensive research on lobster pot fishing in
Quebec. The author, however, focused on the fall-out risk that often leads
to fatalities. Fall-out risk, not cited by the authors, could also be an extreme
consequence because of the high biomechanical load, most notably when
dropping and setting the heavy pots that usually occur without mechanical
aids.

Fulmer (2017) used a modified form of the Nordic Musculoskeletal Ques-
tionnaire to study the prevalence of musculoskeletal disorders in 395 lobster
fishermen in North America. He found that 82% of interviewees claimed
pain in at least one area of the body. He also noted that the captain and crew
members suffered specific musculoskeletal disorders related to their different
activities. Fulmer ends that, from their own experience, workers suggested
testing improvement interventions for biomechanical risk reduction.

Mirka (2005) assessed biomechanical load in pot fishing by the CABS
approach. He found a low load for the captain throughout the working day,
while the other two crew members reported a high biomechanical load in
the pot lifting task (20–40 kg weight) and awkward static postures during
crab sorting and packing activities. These last results agree with ours. In
our previous experiences, we identified the sorting tasks among the most
overloading.

Furthermore, in another study (Kucera, 2009) on 89 workers, authors
highlight a strong correlation between pot fishing activities (loading and
unloading traps in the sea) and Low Back Pain occurrence. All these tasks
showed static and awkward postures lasting for a long time, orthogonal com-
pression values at L4/L5 joint exceeding 3400N and lifting indexes above 3
with the NIOSH protocol.

Lastly, in a more recent paper (Duguid, 2019), authors conducted a pos-
tural assessment with OWAS, RULA, and REBA of the six most common
tasks. OWAS, RULA, and REBA assessments showed high levels of biome-
chanical risk for all the investigated tasks. The paper claims that in unstable
floor conditions, none of the methods is applicable, which, on the other hand,
was found in the study and mentioned as a relevant concern by the workers.
Duguid highlights that instability in big ships and mooring sea conditions is
not an issue. Boats used in lobster fishing are usually small. Instability in this
scenario is relevant and can increase the biomechanical overload risk.

Our new onboard experience is like those described before.We had a small
boat and a crew of three.

Our aim in this paper is to investigate muscle fatigue in crabs fishing
workers through surface electromyography (sEMG)

MATERIAL AND METHODS

On the two days on board, we analyzed the work cycle to investigate the tasks
that, according also to the worker interviews, may present biomechanical
overload risks.
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The three selected tasks were: 1) to drive the wheel, 2) to drop the pots,
and 3) to sail the pots. We did various separate sEMG recordings for each
task with a 1kHz bipolar surface electromyograph (FreeEMG BTS, Milan,
Italy). We placed the probes according to the Atlas of Muscle Innervation
Zones (Barbero, 2012). We processed the sEMG signals with a 45–500 Hz
band-pass filter. We analyzed the time-varying median frequency (MF) of the
acquired sEMG signals.

The driving task varied widely in terms of time depending on the working
day. The captain reported that it lasted no more than an hour consecutively.
We did the second acquisition after one hour of work.

The drop task is more standardized in duration due to the number of han-
dled pots, which is always equal; we did the second acquisition of this task
about two hours later, reflecting its normal duty cycle. Also, the sail task was
standardized; we did the second acquisition of this task about three hours
after it started.

Literature suggests that a reduction of 8% in MF may be associated with
muscle fatigue [Oberg, 1990]. Depending on the task we investigated, we
varied the muscles to acquire:

1. to drive the wheel: right Deltoideus Lateralis, Biceps Brachii, Trapezius
Superior, and Deltoideus Anterior.

2. to drop the pots: Deltoideus Lateralis, Deltoideus Anterior, and Trapezius
Superior bilaterally.

3. to sail the pots: Deltoideus Lateralis, Deltoideus Anterior, and Trapezius
Superior bilaterally.

RESULTS

Figures 1a, 2a, and 3a show workers on the three investigated tasks.
Figures 1b, 2b, and 3b show sEMG Power Spectrum Density (PSD) from

the three tasks analyzed at the beginning (in red) and at the end (in green) of
the work activity along with the MF.

On task 1, the worker did a constant abdo-adduction movement, of the
right shoulder on the frontal plane. Following one hour of activity, MF in the
right lateral Deltoid (Fig. 1b) decreased by more than 8% from 79.7 to 73
Hz) (Fig. 1b).

Figure 1: a) (Left): image shows the worker driving the wheel. b) (Right): image shows
the PSD of the sEMG signals acquired from the right Deltoideus lateralis at the begin-
ning (in red) and at the end (in green) of the driving wheel task. The vertical red and
green lines represent their MF.
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During task 2, the worker took the pots from another crew member using
his right hand, handed them to his left hand, and threw them in the sea. The
worker performed a movement of abdo-adduction of his left shoulder on the
frontal plane. In this second task, all three muscles investigated on the left side
showed an MF reduction of over 8% after two hours of activity: Deltoideus
lateralis (MF from 66.7 to 59 Hz), Deltoideus lateralis (MF from 71.4 to 49.8
Hz) and Trapezius superior (MF from 63.8 to 44.8 Hz Fig. 2b).

Figure 2: a) (Left): image shows workers dropping the pots. We acquired the worker
throwing the pot with his left limb onto the sea. b) (Right): image shows the PSD of the
sEMG signals acquired when dropping the pot from the left Trapezius superior at the
beginning (in red) and at the end (in green). The vertical red and green lines represent
their MF.

In task 3, we acquired the worker pulling a rope holding all the pots tied
together. The worker used to do this task with a manual winch. The pots are
simultaneously placed in a standardized sequence by another worker over
the boat. The worker operating the winch performed a repetitive flexion-
extension movement of both shoulders in the sagittal plane. Muscles that
showed an MF reduction of more than 8% after three working hours were
on the right side. Deltoideus lateralis (from 78.9 to 60.5 Hz) and Trapezius
superior (from 56.2 to 38.9 Hz Fig. 3b).

Figure 3: a) (Above): image shows workers sailing the pots. We acquired the worker
pulling the rope with both upper limbs. b) (Below): image shows the PSD of the sEMG
signals acquired when sailing the pot from the right Trapezius superior at the begin-
ning (in red) and at the end (in green). The vertical red and green lines represent their
MF.
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DISCUSSION

Our findings show that in all investigated tasks, the limb most used is the one
that showed muscle fatigue.

When driving the wheel (Fig. 1a), the worker executes a round outward
motion with the right limb, resulting in abduction and lifting of the shoul-
der. Of all the muscles we acquired, the one suffering fatigue is the right
Deltoideus lateralis.

When dropping the pots (Fig. 2a), the worker used his left limb to throw
them into the sea, doing an abdo/adduction and elevation of the left shoulder.
As a result of this repetitive motion, all the muscles we investigated on the left
limb (Deltoideus lateralis, Deltoideus anterior, Trapezius superior) showed
an MF reduction of over 8%, suggesting fatigue; in the right limb, which
supports and passes the pots to the left limb, we did not observeMF reduction
over 8%.

In pots sails, a worker used his right limb to pull the rope that ties
the pots. He uses the left limb mainly as support. The worker performed
a complex movement in all three planes of space. The right shoulder did
abd/adduction, flex/extension, and elevation movements. The movements
lead to muscle fatigue in the Deltoideus lateralis and Trapezius superior
muscles.

Pot fishing, as explained in the introduction, has been widely investigated.
All the studies highlighted the high biomechanical load for the workers.

For the first time we applied sEMG aboard a fishing boat in an actual
scenario to assess fishermen’s muscle fatigue.

Following our previous findings [Silvetti, 2016a; 2016b; 2019; 2021],
we can again conclude, in this new case, with a fishing mode dissimilar
to the ones we previously studied, that fishing can lead to high risks of
biomechanical overload, notably, here, for the upper limbs.

Moreover, our study shows that an instrumental technique such as sEMG
is easy to use also in real work situations, including extreme work environ-
ments, with no interferences for the workers. Thanks to the sEMG, we found
to be true that some muscles suffer more muscle fatigue than others. Mus-
cle fatigue assessment can be helpful in the early detection of bio-mechanical
overload-related risks before they lead to pain and chronic musculoskeletal
disorders.

A relevant topic like muscle fatigue is not even considered in ISO tech-
nical standards (11228-1, 11228-2, 11228-3, 11226) despite being a well-
known parameter for more than 60 years (Kogi, 1962). Nowadays, we
can detect muscle fatigue with modern and non-invasive instrumental tech-
niques. From a standards viewpoint, the CWA 17938 standard [CEN, 2023]
provides indications for biomechanical overload risk assessment and can
contribute to widening instrumental technology use in nearly any work
environment.
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