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ABSTRACT

Purpose: Working on a ship is challenging for maritime workers. Ship movements and high physical wor-
kload on board are straining their musculoskeletal system, which can particularly lead to lower back pain
(LBP). The purpose of this study is to review recent studies about the impact of moving environments on
the lower back both of seafarers and fishermen and the frequency of related health complaints.
Methods: Using a systematic review in the PubMed database, 384 studies about musculoskeletal issues
among maritime workers were identified in the period 2000 to 2021. Evaluation of studies was done
according to the PRISMA statement.

Results: The review revealed 13 studies focusing on musculoskeletal issues of the lower back among ma-
ritime workers. Four studies used biomechanical modeling to examine the physical load on board. They all
described high physical strain when performing heavy working tasks in moving environments and 2 described
the need for compensational efforts due to ship movements. Ten studies examined the musculoskeletal
health of seafarers or fishermen and pointed out that particularly fishermen suffer from increased rate
of LBP. A comparison of the data of four studies, which comprise prevalence of LBP, depict higher preva-
lences on fishermen (between 60.95; 95% Cl 51.62-70.28 and 82.13; 95% Cl 77.23-87.03) than data
from land-based population (48.63; 95% Cl 46.62-50.64), while the study concerning seafarers showed
lower prevalence (28.42; 95% Cl 24.74-32.10).

Conclusions: The high prevalence of LBP among fishermen suggests that heavy physical work (e.g., ope-
rating of fishing nets, filleting process) during ship motions is a strong risk factor. Further studies should
evaluate effects of ship movements on the lower back among maritime workers, considering the different
activities on board of vessels. As in most physically challenging jobs with repetitive activities, consequent
prevention might be a key to lower the morbidity.

(Int Marit Health 2024; 75, 3: 155-166)
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STRENGTHS AND LIMITATIONS OF THIS — This review highlights a high prevalence of low back
STUDY pain in maritime personnel which indicates the high
— This is the first review dealing with the impacts of ship relevance of this issue.
movements on lower back among maritime workers. In — In spite of a broad search string only few studies often
light of contradictory findings there is an urgent need with rather small number of participants could be iden-
for subsequent research. tified.
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— This review bases on heterogenous studies from different
occupational groups in different countries and working
conditions. Therefore, general conclusions are limited.

INTRODUCTION

Working on a vessel is associated with several physical
and psychosocial stressors for the crew, particularly noise,
ship movements, vibration and heat were identified as
major physical stress parameters on ships [1]. Working
activity in a maritime environment predisposes for a high-
er rate of incidents [2]. Ships are moving environments
and full of metal parts with sharp edges, steep stairways
and slippery, wet surfaces. Higher incidence of acute trauma
could lead to subsequent chronic disorder and may also
influence the overall musculoskeletal health of seafarers
[3] and likely fishermen.

Seafarers and fishermen (in this study summarized
as maritime workers) experience high physical workload
and stress depending on the shipboard occupational
groups, vessel types and size. Especially fishermen often
perform heavy physical tasks (e.g., shooting or hauling
of fishing nets, filleting process) while their vessel is per-
forming strong ship movements. This is because the typi-
cally fishing vessels are rather small and ship movements
induced by weather conditions are stronger compared to
larger vessels [4].

Several studies onshore have revealed an associa-
tion between high physical workload and increased rate
of chronic/ acute musculoskeletal affections, such as back
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Figure 1. Sketch of ship’s axes and movements

pain or lumbar discopathies [5]. In the maritime context,
the ship itself performs movements in all spatial axes
during sea voyages (Fig. 1), which may also raise the phys-
ical strain especially on the lumbar spine of the seafarers
[6, 71.

In Germany among the working population musculoskel-
etal disorders constitute the largest part of sick work leaves
[8]. Over the last decades, these diseases result in massive
costs for the German healthcare system, reaching 10%
of health expanses in the year 2015 [9]. A total amount
of 34.2 billion € was spent on diseases of the musculoskel-
etal system and connective tissue, of which more than 13%
accounted for back pain only [9].

Today, there are several studies trying to assess
and quantify possible effects of the working environment
of seafarers and Fishermen on their musculoskeletal sys-
tem; among them cross-sectional surveys were conducted
to cover subjective health issues, as well as retrospective
studies, based on healthcare data, and field studies [e.g.,
10-12]. Some studies point out the stress that ship move-
ments can put on the musculoskeletal system [7]. Despite
this, other studies showed that the prevalence of MSD
among seafarers was lower compared to land-based work-
ing collectives while fishermen depicted a higher prevalence
than compared land-based working collectives [13, 14].
This study aims to review the current scientific knowledge
about the influence of the shipboard work environment
on the lower back of seafarers and fishermen as well as
the frequency of respective health impairment.
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Figure 2. Search strategy for shipboard impacts on the lower back according to the PRISMA Statement (according to Moher, Liberati [15])

METHODS

The systematic review was carried out by three sci-
entists who used the database PubMed and MEDLINE.
The last search took place on June 15™, 2023. All three
scientists checked independently if the detected studies
were suitable to be included in this review. The identifi-
cation and evaluation of studies took place according to
the PRISMA (Preferred Reporting ltems for Systematic Re-
views and Meta-Analyses) Statement [15].

Scientific studies about musculoskeletal disorders and dis-
eases among maritime personnel were outlined with the fol-
lowing search string: (musculoskeletal OR ergonomics OR
posture OR lower back) AND (seafarer OR fishermen OR ships).

Studies that considered acute injuries of the musculo-
skeletal system were not taken into consideration in this
review. Upper limb diseases were also not included in this
review as it has been described that ship movements mainly
affect the lumbar spine [7].

This term generated a total number of 384 hits and three
were manually added. The year of publication ranged from
1964 to 2021. After defining the observation period as pub-
lication date not older than January 2000, a total number
of 73 studies were not considered for further analysis. Out
of this list 9 studies were not written in either German or
English language and therefore excluded.

Thereafter, 291 studies were excluded due to thematic
mismatch as they did not deal with maritime professions,
or they focused on rehabilitation or acute injuries or upper
limb diseases. In total, there were 14 studies remaining that
underwent further observation (Fig. 2). One of these studies

was excluded as it was not related to ship motions. Each
of the 13 suitable papers were categorized on type and aim
of the study, the examined maritime profession and the exam-
ined musculoskeletal aspect of the subject’s health (Tab. 1).

All chosen studies were checked for comparable data. In
four cohort studies the prevalence of LBP is stated. Prepa-
ration of data was not necessary. LBP prevalence data was
plotted against each other in a forest plot with confidence
intervals (Cl) calculated after Wald (Fig. 3). Plotting and cal-
culation of Cl was done using R 4.2.2 [16].

RESULTS
The 13 chosen studies include 5 cross-sectional surveys,
3 retrospective cohort-studies, 4 field trials and 1 field study
(Tab. 1). Of the 13 studies 8 were published until 2010,
and 5 afterwards. Altogether the studies comprise 12 differ-
ent collectives. Of these collectives, 4 consist of seafarers,
5 of fishermen, 2 on both and one of persons without maritime
experience. National background of collectives are as follows:
Denmark (3), USA (3), Canada (1), Dutch (1), Filipino (1), Nigeri-
an (1) and Turkish (1). One collective consists of international
seafarers from a Norwegian shipping company.
The identified studies generally had two different foci.
On one hand, some manuscripts pursued physical char-
acteristics of the ship as a dynamic working environment
and how it physically affects the human body. On the other
hand, some studies rather described physical effects in dif-
ferent maritime professions, mostly distinguishing between
merchant seafarers and fishermen. Therefore, this results
section was subdivided accordingly.
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Figure 3. Forest plot of lower back pain (LBP) prevalence from cohort studies on seafarers [blue; 18], fishermen [green; 12, 19, 24]
and an additional study on male adult German population [yellow; 25]

SHIP MOVEMENTS AS PARTICULAR
PHYSICAL STRESSOR IN MARITIME
PROFESSIONS

The search algorithm has identified a small num-
ber of studies that had particularly assessed the effects
of the ship’s movement on the seafarer’s health (n = 3).
Two of these were field trials, meaning that biomechanical
experiments were performed on board of a ship at sea
[6, 10]. One study performed biomechanical experiments
in a simulator, respectively [11] One further field study from
1997, which was not included by the applied time window,
was manually added [7].

Faber, Kingma [6] recruited nine healthy male seafar-
ers for their trial. Each had at least six months experience
in working on a ship. The subjects performed different lifting
tasks under biomechanical monitoring. The authors conclud-
ed that vertical ship movement (heaving, Fig. 1) account-
ed with a maximum absolute average acceleration value
of 0.5 m/s2. At this acceleration the spinal compression
force was increased by 9.5% and the net moment/torque
(in newton meter) by 5%. However, lateral (sideward) accel-
erations of the ship (swaying; Fig. 1) did not affect these pa-
rameters since the subjects automatically held their bodies
in the gravitational vertical posture. The authors observed
that the subjects did not adapt their timing of lifting tasks
to the movement of the ship [6].

Walter, Wagman [10] performed a trial with 16 men
and women who had 2-38 years of experience in seafar-
ing. The subjects were instructed to perform walking tasks
by walking on a 0.3 m wide path of the ships’ deck, either

in direction of the vessels’ x- or y-axis (Fig. 1). Prior to the ex-
periment, subjects were asked to pre-judge how far they
might walk on the path without crossing the lateral markings
of the path due to the ship’s movement. The authors figured
that the test persons on board could walk further on the y-ax-
is of the ship without crossing the lateral markings, due to
the ships relatively low pitching movements. When walking
along the ship’s x-axis though, the subjects were exposed
to the more intense rolling movements, and therefore could
not walk as far without crossing the lateral marks. The au-
thors of the study also observed that the participants could
very well judge their walking distance prior to the actual
performance, suggesting an awareness of walking chal-
lenges in experienced seafarers [10]. Regarding these data
the authors concluded that the ship movements seem to
force the seafarers to a permanent need of musculoskeletal
compensation. However, the intensity of compensation may
depend on the direction of the walking paths on the ship.

Torner, Almstrom [7] conducted a field trial on a single
fisherman and described an increased musculoskeletal load
during physically work on a moving ship, especially in low-
er back and lower limbs. The subject performed holding
and lifting tasks with a 21 kg load in both moving and rest-
ing environments. Under motion, compression forces on
L4/L5 rose when holding weight and even more during
lifting. Compression peaked at more than 40% increase
compared to calm conditions [7].

The latter is consistent with data by Holmes, MacKin-
non [11]. The authors conducted a study in a moving ship
simulator with 19 healthy male subjects without seafaring
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experience. Subjects had to perform lifting tasks with a 15 kg
load from ground or from a 250 mm elevated position under
biomechanical monitoring. Subjects displayed an enhanced
erector spinae muscle activity under motion. The authors
concluded that lifting tasks in a moving environment could
induce a greater risk for injuries due to manual material
handling related overexertion, particularly over extended
time periods [11].

LOWER BACK IMPAIRMENTS IN MARITIME
WORKERS

MERCHANT SEAFARERS

Regarding musculoskeletal disorders among seafar-
ers in merchant shipping, two studies were identified; one
retrospective cohort study [17] and one cross-sectional
survey [18].

Abaya, Enriquez [17] set up a study cohort of 33,616 Fil-
ipino seafarers that were checked in a pre-employment
medical exam (PEME). One subgroup additionally under-
went a pre-employment functional capacity evaluation (FCE,
n =5,578), which particularly evaluates physical capabilities
and body kinetics. Additionally, it imparts correct lifting tech-
niques. The other subgroup was employed after completing
the PEME only (n = 28,038). The number of seafarers that
had to be repatriated due to “lumbar pain, lower back pain,
lumbago, herniated lumbar disc, or L4-L5 disc herniation
or injury” was lower in the FCE group (odds ratio 0.346).

Geving, Jorgensen [18] examined the physical activ-
ity level among 577 seafarers of a Norwegian shipping
company in a cross-sectional survey. About 28% reported
to have been troubled by lower back pain. Interestingly,
only 39% of the investigated subjects claimed to exercise
two or more times a week on board the ship, compared to
70% exercising during home leave. The authors concluded
that on-board exercise facilities should be provided more
frequently and arranged more attractively. It is consistent
in both studies, that frequent physical exercises seem to be
an important aspect for a healthy musculoskeletal system
in merchant seafarers.

FISHERMEN

Within the observation period, seven studies were found
regarding musculoskeletal diseases among fishermen. These
were cross-sectional surveys [n =412, 19-21], field studies
[n=122] or retrospective cohort studies [n = 223, 24].

Berg-Beckhoff, Ostergaard [12] observed in their study
that 80% of 270 Danish fishermen claimed to have had
lower back pain in the year prior to the survey, of which 37%
lasted for at least 30 days during the last year. In that study,
low, medium and high workload was estimated according
to a score system based on a questionnaire focusing on

the frequency of different tasks. Compared to low workload,
a medium workload increased the incidence of lower back
pain by 32% and by 60% at a high workload, respectively.

Dienye, Birabi [19] conducted a cross-sectional study
including 384 Nigerian fishermen of which 68.2% reported
lower back pain (LBP). Severe LBP was mostly associated
with marriage (79.5%; without LBP 63.1%), abnormal BMI
(73.3%; without LBP 7.1%) and lower education (45.5%;
without LBP 15.6%).

Fishermen with at least 21 years of seafaring experience
reported the lowest rate LBP. A survey by Percin, Akyol
[20] among 1,166 Turkish small-scale fishermen revealed
that 84% suffered from diseases of the musculoskeletal
system and connective tissue. These were often located
in the lower back.

Kaerlev, Jensen [23] investigated the musculoskeletal
health in a cohort study within the population of all Danish
seafarers (differed in officers and non-officers) and fish-
ermen between 1994 and 1999 with a minimum of six
months of experience at sea. They compared health data
of more than 20,000 seafarers and fishermen to the general
Danish population and calculated standardized incidence
ratios (SIR). The SIR for injuries (single body region) was
increased for non-officers (109, 95% Cl: 105-114) and fish-
ermen (140, 95% Cl: 134-146) compared to land-based
population. Interestingly, fishermen —compared to officers
and non-officers —also had an increased SIR (124, 95% Cl:
116-132) for musculoskeletal diseases, especially thora-
co-lumbar disc disorders (185, 95% Cl: 160-215). Officers
had relatively low SIRs (< 100) in almost every examined
category of musculoskeletal diseases, compared to non-of-
ficers and fishermen.

The latter is consistent to data generated in a field
study by Mirka, Shin [22]. The authors used the continuous
assessment of lower back stress (CABS) method on two- or
three-men crab fishing crews. They measured high inter-
and intra-crew variability: The captain of the ship experi-
enced a lower amount of physical stress during the workday,
whereas the mate and third man had to pull heavy loads
aboard and staid in awkward trunk positions for more than
five minutes.

These findings line up with results of a retrospective
cohort study with 116 fishermen [24], who also claimed
that rather certain activities on board of fishing ships
are associated with higher incidence of lower back pain.
Amongst other, they named forces greater than 20 Ibs. while
in a non-neutral trunk position and spine compression great-
er than 3,400 N. Complementary data is found in a study
by Thamrin, Pasinringi [21]. This cross-sectional survey
with 56 fishermen analyzed relations of body mass index
(BMI) and work posture to musculoskeletal disorders using
the Nordic Body Map and Rapid Entire Body Assessment
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questionnaire. While there is no significant relation between
BMI and musculoskeletal disorders (p = 0.848), the authors
found a significant relation to work posture [p <0.001; 21].

MARITIME SEAFARERS AND FISHERMEN

Figure 3 illustrates data of the four cohort studies, which
comprise prevalence of LBP both from seafarers (Geving et
al., 2007) and fishermen (Kucera et al., 2009; Berg-Beck-
hoff et al., 2016; Dienye et al., 2016) and compared them
with the findings of a study on a male German land-based
population [12, 18, 19, 24, 25]. All studies on fishermen
depict higher prevalence on LBP than the land-based pop-
ulation, while the study concerning seafarers had lower
prevalence. Thus, fishermen seem to be at higher risk for
lower back impairments than seafarers.

DISCUSSION
In this review the recent scientific knowledge about
the impact of the shipboard work environment on the lower
back and related health consequences for maritime workers
was summarized. Different study types with various foci
have contributed information.

SHIP MOTIONS AND WORK STRAIN

Some of the included studies imply that especially verti-
cal ship motions (along z-axis) can increase physical stress
[6, 7, 11]. Thus, external circumstances, such as weather
and area of operation should be taken into consideration
in further studies to evaluate the maritime workers’ spinal
strain on the high seas. Vertical acceleration is also depen-
dent to the type and size of a vessel. Smaller vessels are
usually more susceptible to sea conditions. Within a vessel
acceleration increases with distance to turning axes. That
means, e.g., that employees working on a high bridge are
more exposed to vertical movement, than employees working
in an engine room. On large ships, therefore, vertical accel-
eration depends on the location on board. However, Walter,
Wagman [10] describes compensation efforts of the mus-
culoskeletal system that may increase the overall muscle
activity and may also have positive, training-like effects on
the seafarer’s strength and health. This is especially true
when seafarers are only exposed to ship movements without
simultaneous heavy lifting tasks. Therefore, it is important
to compare groups which differ in heaviness of work tasks.

LBP IN COMPARISON OF SEAFARERS
AND FISHERMEN

Compared to seafarers, fishermen perform heavy work
tasks on the high seas more frequently and are therefore
rather prone to lower back strain. Latter assumption is con-
sistent with results from Kaerlev, Jensen [23] and findings
of Oldenburg, Harth [26 and b] comparing the Standardized

Hospitalization Risk (SHR) of maritime workers with that
of the general population. Concerning musculoskeletal or
connective tissue diseases, the authors observed lower SHR
for seafarers (0.91, 95% Cl 88-93), but increased SHR for
fishermen (1.08, 95% Cl 0.99-1.19). In total, fishermen
seem to be at higher risk for lower back impairments than
seafarers. Correspondingly, Thamrin, Pasinringi [27] found
an association between musculoskeletal disorders and du-
ration of working period of fishermen.

Comparing this risk for LBP, it also needs to be con-
sidered, that the size of fishing vessels on which most
fishermen were working in the analyzed publications, is
in general much smaller than most cargo or passenger
vessels. Therefore, the impact of ships” motion on fishermen
is usually higher due to higher z-axis acceleration. However,
the actual size of vessels the maritime workers were working
on was often not stated in the reviewed studies.

LBP IN COMPARISON OF OCCUPATIONS
ON BOARD

As outlined by Mirka, Shin [22], there are also notable
differences in physical workload and musculoskeletal strain
between crew members of a single ship. The occupational
tasks (e.g., heavy lifting) as well as the function on board can
impact the risk for lower back complaints. The workplace on
the ship plays another role especially on larger vessels. In
several studies engineers and nautical officers are usually
both categorized as officers. The usual workplace during sea
voyages for nautical officers is the ships’ bridge, which is
more distant to x and y axes of the ship compared to the en-
gine control room. Thus, it is assumed that nautical officers
are exposed to stronger vertical ship motions. Despite this,
nautical officers normally do not perform physically heavy
tasks on bridge. Due to the merge of bridge and engine
control room staff, the analyzed studies are not able to
examine whether the working area affects the abundance
of lower back impairments. Possibly, the diverse maritime
professions each attract employees out of different social- or
economic groups, which leads to a generally altered health
state among the maritime workers: A study by Morken, Mag-
eroy [28] concluded that a physically active lifestyle, both at
workplace and at home, is associated with a lower incidence
of musculoskeletal disorders in Norwegian navy workers.

Itis further assumed, that particular activities on board
seem to negatively influence the seafarer's musculoskeletal
health rather than the ships movement itself. This is sup-
ported by the significant association between bad working
postures and musculoskeletal disorders of fishermen [21].

Studies by Hansen, Tlichsen [14], Kaerlev, Jensen [23]
and Oldenburg, Harth [13] indicated decreased rates for
musculoskeletal diseases among seafarers compared to
general population. This leads to the hypothesis that working
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in a moving environment may even have positive effects
on the lower back musculoskeletal system. The positive
effect, however, only seems to apply, if the subject is not
simultaneously exposed to high levels of physical work at
sea such as fishermen [26].

LIMITATIONS

Although most of the included studies consensually
highlighted lower back complaints as a central health prob-
lem among maritime workers, the examined populations
and the shipboard circumstances are subjected to a high
degree of variation and bias. While some studies are based
on extremely small and homogenous populations, others
do not further outline work circumstances and cultural or
health background of the crew. According to the results
of Abaya, Enriquez [17] it seems noticeable that the seafar-
er’s pre-employment physical capacity influence the risk for
lower back injuries during their work on ships. When study-
ing the maritime workers’ spinal strain, it may be too simple
to just classify populations according to their profession.

In most studies there is also only little information about
the amount of systematic prevention of injury in the wide
field of maritime occupations (dependent on, e.g., national
work safety laws, cultural background, working hours etc.).
Further investigations should regard the fact, that knowl-
edge about correct lifting techniques can likely prevent
injuries [17, 29]. Studies with back injuries connected to
accidents were not included. However, there is a relatively
high risk for such accidents on vessels. These injuries may
increase risks for other non-accident-related back injuries.

Putting all these facts together, it becomes obvious that
maritime work is very heterogeneous and the risk for lower
back impairments among maritime workers needs to be
evaluated in a differentiated manner. Numerous factors
influenced and biased the results in previous studies. There-
fore, data from only small heterogenous collectives in isolat-
ed working conditions cannot completely depict the complex
working situation in seafaring. Further investigations should
either include very large groups of maritime workers in na-
tional/international cohorts or improve existing biomechani-
cal models, to assess and calculate individual spinal health
risks when working on board a ship in certain circumstances.

CONCLUSION

There are many different maritime professions and oc-
cupations, which are subjected to high physical workload.
A ship itself poses a challenging work environment due to
various factors (ship movements, narrow aisles and ceiling,
bulkheads, slippery surfaces etc.). Numerous studies have
identified a higher prevalence for lower back pain in fish-
ermen compared to both land-based working populations
and other maritime professions.

However, maritime employees with lower workload,
such as officers, do not show higher prevalence or even
increased hospitalization rates for lower back pain. Field
studies displayed increased physical stress during heavy
working tasks at sea due to the ship motion.

Reviewing the recent scientific publications may thus
lead to the conclusion, that a moving environment could
generally also have positive effects on the workers’ health
if heavy physical work is not performed simultaneously. In
such a case, the negative effects of the physical stress may
be intensified if the ship is moving. Additional longitudinal
evaluations and further field studies with larger populations
and improved biomechanical modeling are required to verify
this hypothesis.

As in most physically challenging jobs with repetitive
activities, consequent prevention measures might be a key
to lower the morbidity. Therefore, special attention to work
and job-related aspects is required.
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