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	 Abstract:		Members of a ship’s crew often suffer a traumatism resulting from falls from a height. Traumatism is a common type of dam-
age affecting those on vessels of the water basins of the north. Falling on board of sea transport vessels occurs 3.7 times more 
often than on river ones, and 5.6 times more often than on fishing vessels. For the purposes of this work, 217 accidents of fall 
from a height were analyzed, which constituted 9.8% of all cases of traumatism (15.3 per 1000 employees). The average age of 
the injured was 32.3 years. The highest frequency of falls from a height occurred among workers 18-20 years old. The highest 
number of falls from a height among ships’ crews was found among the members with working experience of about one year. 
The other groups of marine specialists frequently falling from a height were sailors and minders. Highly dangerous work gen-
erating falls from a height on vessels happens on transition paths on decks and gangways and is connected with handling and 
maintenance of deck machinery, mooring, and hatch covers. Alcohol intoxication was found to influence 17.3% of falls from a 
height on vessels of this group of workers. The major pathologies resulting from falls from a height of members of ships’ crew 
were various bone fractures, traumatic brain injury, severe bruises, and wounds.

   The period of disability of the patients with traumatic pathology resulting from falls from a height was on average 80.2 wor-
king days, including 29.4 days of spent receiving medical care in a hospital. Recovery occurred in 88.6% cases, and 2.0% of pa-
tients obtained legal disability status.

	 Keywords:			fall from a height; ship crew, northern water basin, marine works, alcohol, combined trauma, fractures, brain injuries, 
wounds

	 Streszczenie:		Członkowie załóg statków często cierpią z powodu urazów odniesionych w następstwie upadku z wysokości. Urazy to naj-
częstsza forma uszkodzenia ciała u osób przebywających na pokładach statków na akwenach północnych. Upadek na pokła-
dzie statków i łodzi transportu morskiego zdarzają się 3,7 razy częściej niż w przypadku transportu rzecznego i 5,6 razy częściej 
niż w przypadku łodzi i kutrów rybackich. Dla celów niniejszego opracowania poddano analizie 217 przypadków upadku z wy-
sokości, które złożyły się na 9,8% wszystkich urazów na pokładach statków (średnio 15,3 zdarzenia na 1000 pracowników). 
Średnia wieku poszkodowanych to 32,3 roku. Najczęściej dochodziło do wypadków pracowników między 18 a 20 rokiem życia. 
Upadki zdarzały się najczęściej pracownikom o doświadczeniu zawodowym ok. 1 roku. Inne grupy, którym upadki przydarzały 
się bardzo często to marynarze i pracownicy serwisowi. Wysoce niebezpieczne prace często kończące się upadkiem z wyso-
kości wiązały się z przechodzeniem po pokładach i trapach, obsługą i utrzymaniem urządzeń pokładowych, cumowaniem 
i otwieraniem lub zamykaniem pokryw ładowni. Odkryto, że 17,3 % wszystkich upadków z wysokości wśród pracowników ło-
dzi i statków nastąpiło pod wpływem alkoholu. Upadający najczęściej odnosili różnego rodzaju złamania kości, urazy mózgu, 
dotkliwe stłuczenia i rany.

	Słowa	kluczowe:		upadek z wysokości, załoga statku, akweny północy, prace prowadzone na morzu, alkohol, urazy złożone, złamania, urazy 
mózgu, rany.
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Introduction

A fall from a height is a downwards flight or movement in 
space of a human body set in motion, and the impact on it of 
blunt objects located on the way of falling and in the place 
subsequent landing, of falling and crashing against the sur-
face of the landing spot, which lead to formation of a variety of 
mechanical damages. Falling includes a starting point, sepa-
ration, slippage, flight, hitting the blunt objects on the way of 
fall, hitting the surface of the landing spot in a vertical, diago-
nal, or horizontal position, followed by a fall on the ground and 
hitting it, changing the body’s position to horizontal or similar 
one. When falling from a height, injuries occur due to a stroke, 
concussion, counteracting the fall, stretching, sliding, or fric-
tion [2, 9]. Location of injuries depends on multiple factors: 
height and trajectory of a fall; angle of landing; ability to react 
at the time of losing contact with contact point, characteristic 
features of the flight before hitting the ground; arrangement 
and position of the body, head, and limbs. Other decisive fac-
tors determining the type and extent of injuries are: whether 
the injured pushed off from something or jumped; on accel-
eration obtained initially by the fall; alcohol intoxication and 
its extent; wind speed; air resistance connected with the cloth-
ing; way of landing and direction in which the body moves af-
ter it [3, 7].

Traumatism affecting members of ships’ crews as a conse-
quence of falls from a height is a common injury on vessels [1, 
4, 7]. Among bone fractures resulting from falling on a vessel, 
the most frequent are the fractures of tibia, hips, forearms, 
feet, spine, and pelvis. [5, 6, 8, 11].

Materials and methods 

The analysis of traumatism affecting members of ships’ crews 
working in sea and river transport and fishing fleets of the 
Northern water pool was based on 217 cases of fall from a 
height on board of vessels resulting in a temporary loss of abil-
ity to work. Analyzed were the age structure of the crews of the 
Northern water pool and data obtained on the basis of medi-
cal documentation, namely:

♦♦ a) regular reports written by the vessels’ medical staff; 
♦♦ b) vessels’ medical journals;
♦♦ c) medical files of the discharged patients;
♦♦ d) fragments of patients’ medical records;
♦♦ e) medical records of the patients;
♦♦ f) reports on causes of temporary disability;
♦♦ g) occurrences of accidents happening on board of vessel. 

Diagnoses stating alcohol intoxication were given on the basis 
of statements of the ambulance doctors, ER doctors, teams of 
surgeons, and results of blood alcohol content examinations. 
In all the cases, diagnosis “alcohol intoxication” was a second-
ary diagnosis. Traumatism affecting workers of vessels under 
alcoholic intoxication is reflected in the documentation of 
accidents at work. While working on these documents, the 

following methodological approaches were used: systematic, 
comprehensive, integrative, functional, dynamic, process, reg-
ulatory, quantitative, administrative, and situational. Methods 
of comparison were also employed such as grouping, compari-
son of absolute and relative values, averaging, continuous ob-
servation, and generalization.

Results 

In the general structure of injuries on a vessel, various inju-
ries resulting from falling from a height amounted to 9.8% of 
cases (of 15.3 per 1000 employees). The majority of the injured 
were men (96.0%; p<0.001), who fell from a height 24 times 
more often than women members of the crews. The average 
age of the injured was 32.3 years. The highest frequency of falls 
from a height occurred among the workers 18-20 years old. 
It should be emphasized that their older colleagues fall from 
a height much less often. In case of the age groups of 20-29, 
30-39, 40-49, and over 50 years, the frequency of falls from a 
height remained at an approximately constant level, with fluc-
tuations not exceeding 15%.

About three quarters of injuries resulting from falls from a 
height (74.7%) occur on sea transport vessels (affecting 24.7 
per 1,000 workers; on board river transport vessels, 9.0% of 
the falls (6.6) happen, and on boards of the fishing ones – 8.3% 
(4.4) [12-14]). Among the members of the crews, two per three 
workers falling from a height are the sailors (36.3%) and the 
motormen (26.4%), while the mechanics were only 9.0% of 
the injured, navigators – 7.1%, the captains – 6.2%, and the 
other members of ships’ crews – 14.9%. The highest frequency 
of falls from a height was found among members of the ves-
sels crews with working experience of up to 1 year (35.0). Along 
with growth of professional skills, and with mastering the 
technological processes in the first three to five years of work 
on a ship, the risk of a fall is reduced 2-3.2 times and it remains 
at a stable level among the workers who have worked on ves-
sels for 10 – 15 years and longer.

The most typical situations in which injuries resulting from 
falls occur from a height on vessels are: falling from gangways 
into an open hold or overboard (into the water, on the ice, and 
onto a board of another vessel situated alongside the ship, or 
onto the berth). In contrast to falls occurring on land, charac-
terized by falling on the ground, asphalt, wooden floor, and 
often on garbage, snow, bushes, in case of the falls on vessels, 
the surface on which a person falls is usually the metal deck. 
Another feature of falls from a height by a member of a ship’s 
crew is the relatively low fall height. As a rule, the height does 
not exceed 2 – 4 meters, and only in exceptional cases is it as 
high as 8 – 10 meters. In contrast, in the falls from a height 
that happen onshore, the heights are significantly greater as 
the commercial and residential buildings are built higher and 
higher. To sum up, falls on vessels are characterized by a rela-
tively small height of the fall and a hard impact surface made 
of metal.
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Various parts of the body may come into contact with a metal 
surface as a result of falling. It depends on the falling per-
son’s ability to coordinate their movements in a passive or 
active way. When falling from a height on vessels, the part of 
the body that hits the ground was often the head or torso; a 
fall on these parts may cause severe damage to the brain and 
spinal cord, as well as to internal organs of the chest and ab-
domen. That is why it is necessary, when rendering first aid 
to the injured in such accidents, to exclude the possibility of 
damages to these organs in the first place, and next diagnose 
fractures, sprains, wounds, and bruises in other places. An 
incorrect diagnosis of the exact number of injuries and trau-
mas may result in underestimation of how serious the state 
of the injured person is and, consequently, inadequate or in-
sufficient treatment.

Highly dangerous are the general handling works involv-
ing moving along the gangways and decks (6.4); throughput 
works carried out by the crew (1.3); maintenance and opera-
tion of on-deck equipment (1.1); mooring and ha cargo hatch 
covers (0.9). 17.3% of all the analyzed falls from a height on 
board vessels occurred when the persons affected were in a 
state of alcohol intoxication [15].

One in three cases of traumas resulting from a fall from a 
height takes place in summer, during the most active period of 
navigation in the northern region. In autumn and spring, the 
sea traffic is less heavy due to ice phenomena, which translates 
into a reduction in the frequency of falls from a height. In win-
ter, the number decreases by 1.5 times. Falls from a height on 
vessels occur 2.3 times more often when on board of vessels 
stationed at a port than during cruises. This is due to the maxi-
mum intensification of throughput works, frequent opening 
and closing of the holds, mooring at berths, etc.

Due to the fact that the bulk of works performed by ships’ 
crews are carried out in temperate climate zones, most of 
the damages (59.1%) happen in these zones. While sailing 
in the Arctic, the psychological factors connected with polar 
cruises and constructional characteristics of the vessels used 
in the climate are accompanied by hard weather conditions 
(frequent storms and fogs, wet deck, icing), which increase 
significantly the probability of falling from a height. The per-
centage of falls from a height happening in the polar climate 
zone was equal to 37.2% of all the cases of traumas resulting 
from fall from a height. Percentage of falls happening when 
navigating in the tropics is about 3.8%, which means that 
their share is ten times smaller than that of falls at higher 
latitudes.

The severity of injuries suffered as a result of a fall from a height 
depends on many factors: on the falling person’s weight, body 
mass, and physique; their fitness and strength; elasticity of 
the ligamentous apparatus and the bone system; rapidity of 
reacting to a situation of a sudden fall; ability to coordinate 
movements fast; anatomical features of the injured part of 
the body; features of the damaged tissues and their sensitiv-

ity to mechanical stress; elasticity and capacities to absorb the 
shock; stamina; and features of the particular person such as 
their age and health condition [2, 3].

Injuries resulting from falling from a height can be divided 
into:

♦♦ the primary direct damages caused at the time of the pri-
mary impact and localized in the impacted places; 

♦♦ the primary indirect damages, also formed at the time of 
primary impact, but affecting other places than the im-
pacted ones; 

♦♦ secondary damages formed due to the secondary contact 
with the impact surface;

♦♦ subsequent damages, resulting from the later contacts 
with parts of buildings and objects on the way of the fall;

♦♦  the final damages caused when hitting the impact surfa-
ce in case of gradual falls. [9, 10].

Important to recognize is that the higher the fall height, the high-
er the number of injured parts of the body. What is worth notic-
ing, as the number of head traumas gradually decreases, there 
increases the number of damages to other parts of the body, es-
pecially the chest and abdomen.

When analyzing the character of injuries resulting from falls from 
a height of members of ships’ crews, it was found that 60.7% of the 
clinical pictures included records on fractures of various locations: 
15.1% - traumatic brain injuries; 9.2% - severe bruises; and 5.2% - 
wounds. With increase in fall height, there increases dramatically 
the number of multiple damages, which needs to be taken into 
account during initial inspection and during evacuation of the in-
jured person from the place where the fall occurred to the ship’s 
medical center, or, if need be, to an on-shore health care facility. In 
case of such patients, it is important to assess properly the general 
symptoms of contusion syndrome, the clinical manifestations of 
which are more visible as fall height increases. It is characterized 
by multiple injuries of soft tissues, internal parenchymal organs 
(lungs, liver, heart, brain, kidneys), bleeding or crushing of organs, 
and rupture of spleen or aorta.

In 23.3% of cases of fall from a height on a vessel, there occurred 
severe traumatic skull and brain injuries, which are accompanied 
by brain contusion with subarachnoid hemorrhage (11.4%), frac-
tures of the bones of calvaria and the base of the skull (15.5%), 
and concussion (42.1%). In the second position are injuries of feet 
(18.0%; 3.1). This kind of injury is typical for falls from a height in 
marine environment where a falling person falls from a deck into 
a hold or falls overboard on both legs. In such situations, both 
calcaneal bones typically suffer. There are slightly fewer injuries 
of shins - 14.3%, spinal column - 10.9%, and bones of the chest - 
9.2%. Less common are injuries of the forearm, wrist, shoulder, 
and the hip.

The injury mechanism is determined by the sequence of 
movements of the human body made during the fall and 
after landing in accordance with the laws of mechanics, 
and resulting in particular types of mechanical injuries. 
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However, the process of formation of injuries in the course of 
a fall does not fully obey the laws of physics, because tissues of 
human body are moveable, flexible, elastic, sensitive, and resist-
ant to varied degrees. The human body  has complex systems of 
levers (joints) and shock absorbers (skin, subcutaneous tissue, 
muscles, ligaments of internal organs and capsules), which sig-
nificantly reduce the impact force [2, 7, 9].

Falls from a height happening on vessels lead to severe multiple 
and associated damages. The ship’s doctor (or, if there is no such 
person, the senior assistant of the captain responsible for admin-
istration of first aid), or an emergency physician who arrived first 
at the place of incident, has to accept the responsibility for coordi-
nating the diagnostic and urgent medical interventions. The pro-
cedures for examination of the injured person at the scene where 
the incident took place include:

1) Inspection of the oral cavity or upper respiratory tract;

2) Determination of frequency and character of breathing, and 
check of indications for administration of artificial respiration;

3) Assessment of hemodynamic parameters (pulse, blood pres-
sure, AD index shock);

4) Assessment of neurological condition;

5) Inspection of the outer injuries (determination of severity of 
injuries).

After medical evaluation of the injured person there is deter-
mined a survival prognosis and priorities for providing medical 
help and the scope of therapeutic measures. The survival progno-
sis is determined with use of various prediction tools - formulas, 
nomograms, various scales [TS (Traume Score), MPM (Mortal-
ity Prediction Model), and MSOF (Multiple System Organ Failure 
Scoring System]. Among the more easily available in the prehos-
pital phase is the prognosis assessment with the CRAMS (Circula-
tion Respiration Abdomen Motor Speech) scale.

The medical activities performed are not always effective enough 
to save the lives of the parties injured. Death occurred in 9.3% of 
cases of falls of crewmembers happening on vessels. The direct 
causes of death were: post-traumatic shock, brain injuries, intrac-
ranial hemorrhage, pulmonary embolism, heart injuries, rapture 
of big blood vessels, and loss of blood. In case of shipboard person-
nel, the average duration of disability from work resulting from a 
fall from a height amounted to 80.2 working days, including 29.4 
days when the injured person spent time in hospital receiving 
medical aid. Recovery occurred in 88.6% of the cases, while 2.0% 
of patients obtained legal disability status.

Discussion

In many countries, protection against falling is mandatory when 
a worker is exposed to a risk of falling from a height of over three 

meters. This simplified interpretation is based on the opinion that 
a fall from a height of less than three meters is allegedly not dan-
gerous. The three-meter limit is actually a consensus between the 
social, political, and practical opinions that it is unnecessary to or-
ganize any special protection against falling while working on the 
level of the first floor. Even when the three-meter-limit for man-
datory protection against falling is accepted, it does not change 
the fact that a worker should always be protected against falling 
[13, 16]. The fall height is not the only factor translating into sever-
ity of accidents of falling and into death. There should also be tak-
en into account the place where a worker’s fall occurred. Strategy 
of preventing falls is based on the assumption that it can be pre-
dicted whether there is a risk of a fall or not. Thus, falls can, sup-
posedly, be prevented. Emphasis is placed on prevention against 
falls for practical reasons. It is easier for an employer and a con-
structor to create a system of preventive actions against falling, as 
their requirements concerning the minimum tensile strength are 
10 to 20 times lower than in case of systems retarding the falling 
process. For example, the minimum tensile strength requirement 
for the safety barriers is around 1 kN – a weight similar to that of a 
large man, while the minimum tensile strength requirement for 
an individual, anchored system for termination of a fall may be as 
high as 20 kN – a weight of two small cars or one cubic meter of 
concrete [12, 14].

When preventive measures are taken, falls from height do not 
happen, and there is no risk of injury. When using the systems 
that halt the fall, the falls still happen and the risk of trauma-
tism, though smaller, still exists. The issues of prevention of 
falls from a height in marine conditions are connected with 
diminishing the role of human factor in their occurrence, and 
with decisions to adopt purely technical and constructive so-
lutions. In the first place, conditions for safe work should be 
provided for the members of ships’ crews, due to the fact that 
the majority of accidents occur because of violations of tech-
nological discipline applicable to a particular vessel.

The following groups constitute the groups liable to get in-
jured seriously in a consequence of a fall on a vessel: persons 
under 20 years old; crew members with professional experi-
ence of up to 1 year; workers performing technical service of 
the vessels; motormen and seafarers; and crews of the trans-
port fleet. The complex works or works involving a high risk 
are: outboard training; closing and opening the holds; opera-
tion of on-board equipment; on fishing vessels – operation of 
the trawl. These works ought to be carried out by the most 
professionally competent and experienced members of the 
crew. Parties in charge of organization of works should take 
into account the role of specific aspects of the works, and the 
regional factors in the situations where there occurs a risk of 
contusion, especially in conditions of an Arctic voyage. Promo-
tion of a healthy lifestyle among the crews of vessels should 
be conducted on an individual, group, collective, professional, 
and social level [17, 18].
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