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Abstract

Objectives: The article presents the results of selected pilot studies conducted in medical ambulances. Their aim was to determine the working condi-
tions and identify troublesome factors accompanying the performance of basic medical procedures by rescue teams. Material and Methods: The study
of working conditions was carried out in Mercedes-Benz ambulances, type S and P. Fifty-one paramedics of the Emergency Medical Rescue Service
in Siedlce took part in the research. The questionnaire expert survey method and the direct observation method were used. Results: As a result of
the applied research methods, knowledge was gained on the irregularities and difficulties that occur at the workplace of a paramedic, i.e., in an am-
bulance, including the lack of access to essential elements of medical equipment and their different location inside the vehicle, and the diversity of
solutions for the spatial structure of ambulances, which all cause difficulties at work. Research has shown that paramedics take, on average, 33 min to
familiarize themselves with the location of equipment in an ambulance other than the one in which they are usually on duty. There was no correlation
between the lifeguard’s length of service and the time necessary for getting acquainted with the equipment, which was studied using Pearson’s cor-
relation coefficient. In the study, rescuers also pointed to musculoskeletal ailments, mainly spinal pains resulting from taking forced positions during
medical activities in an ambulance. Conclusions: The results obtained constitute the basis for the author’s methodology of complex research aimed
at defining the ergonomic recommendations necessary in the modification process of the operated medical fleet. The next step will be to formulate
uniform guidelines for the construction of medical compartments of ambulances, the application of which will lead to the unification of their spatial
structure regardless of the vehicle brand. Int J Occup Med Environ Health. 2020;33(1):91-105
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INTRODUCTION tions of an internal origin, e.g., acute coronary syndrome
Medical Emergency Rescue Teams (MERTs) are units of or brain stroke, as well as sudden injuries, e.g., those sus-
the State Medical Rescue System, which provide pre-hos- tained in a traffic accident. In addition, emergency medi-
pital medical assistance to persons in an emergency medi- cal teams provide medical services in the case of childbirth
cal condition. This concerns both life-threatening condi- and deal with patients with mental disorders.
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The state of a sudden health risk is defined as a condition
consisting in a sudden or short-time predicted occurrence
of symptoms of health deterioration, the immediate con-
sequence of which may be a serious impairment of bodily
functions, an injury or the loss of life, requiring immediate
medical rescue and treatment [1]. In Poland, as at Decem-
ber 31,2017 [2], the number of personnel of medical emer-
gency teams was 14 200, with medical rescuers accounting
for 70.9%, nurses for 11.4%, physicians for 10.3%, and
other staff (drivers) for 7.4%. In 2017, emergency medi-
cal teams completed nearly 3.2 million trips/departures to
the place of the incident, of which 70.7% were trips to pa-
tients” homes. In 2017, there were 1519 medical emergen-
cy teams operating in the State Medical Rescue Services

(including 490 specialist and 1029 basic rescuers), 21 bases

of the Medical Air Rescue Service, and 226 hospital emer-

gency departments.

Medical emergency teams are divided into:

— specialist teams — at least 3 people allowed to perform
medical rescue operations, including a physician and
2 persons: a nurse and/or a paramedic. One of the res-
cuers is also an ambulance driver;

- basic teams — at least 2 people allowed to perform med-
ical rescue operations — a nurse and/or a paramedic.
A physician does not belong to the basic team and,
similar to the specialist team, one of the rescuers drives
the ambulance;

— air rescue teams — at least 3 people, including at least
1 professional pilot, a physician, a paramedic or a nurse.

Pursuant to the amended provision of Article 11 of the

Act on State Medical Rescue Services [1], the profession

of a medical rescuer/paramedic is primarily to provide

medical services, in particular a special type of medical
services, i.e., medical emergency procedures for a person
in an emergency health condition. The detailed scope of
activities to be performed independently by a paramedic,
or under the supervision of a physician, is specified in
the relevant regulation [3]. The medical emergency team
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transports the patient from the place of the incident to the
nearest hospital emergency department, or to the hospi-
tal indicated by the medical dispatcher or the physician/
coordinator of the emergency medical rescue service.
A decision to transport the patient to a distant hospital,
omitting the hospital emergency department, concerns
especially patients with severe and multiple injuries, eli-
gible for treatment in an injury/trauma treatment centre
or children’s injury/trauma treatment centre [4,5], and pa-
tients with acute coronary syndrome or brain stroke who
should be immediately directed to a hemodynamic centre
or a stroke treatment emergency department [6].

Patients requiring urgent diagnosis and treatment at dis-
tant hospitals are often transported by medical air rescue
teams, which significantly shortens the time of reaching
the appropriate facilities and, thus, speeds up the imple-
mentation of appropriate procedures. During transport,
medical activities necessary to keep the patient or the in-
jured person alive are often carried out. The road trans-
portation is carried out by an ambulance which, depend-
ing on the function it performs, is characterized by specific
equipment [5,7].

Ambulances are divided into 3 basic types: A, B, C.
This division results from the Polish Standard PN-EN
1789 + A2 “Motor vehicles and their equipment - road
ambulances” [8]. Type A is an ambulance used to trans-
port patients whose life and health are not seriously
threatened, and who “are not expected to become patients
in an emergency medical condition.” The construction of
this type of an ambulance allows distinguishing types Al
and A2. Type Al is used to transport 1 patient in a lying
position, whereas type A2 is used to transport >1 patients
in a sitting position. Type B is a rescue ambulance which,
through its construction and fit, is used primarily to trans-
port the patient, but also to monitor the patient’s health
condition and provide basic treatment. Type C is the so-
called “mobile intensive care unit” [8]. It is an ambulance
which is adapted to perform the most advanced and inten-
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sive rescue operations. Its equipment includes specialized
equipment for the most difficult cases of threat to patients’
health and life.

Another, and more often used, division refers to both
equipment and personnel. In this division, ambulances
are marked with the letters S, P, N or T. An S-designated
ambulance is assigned to a specialist team (formerly a re-
suscitation ambulance, type R), whereas a P-designated
ambulance is meant for the basic medical rescue team.
The S and P medical rescue teams, together with medical
air rescue teams, form system units which are ordered by
dispatcher centers to provide medical services within the
State Medical Rescue Services system. The medical dis-
patcher, after receiving the notification in an emergency
mode, dispatches the ambulance with the shortest arrival
time to the place of the incident. If necessary, paramedics
of the basic team can get the support of a specialist team
physician or a medical rescue helicopter physician.

The ambulance marked with the letter N (neonatologi-
cal) is adapted to transport and resuscitate newborns and
infants. Most often, N-type ambulances transport chil-
dren born prematurely or children necessitating specialist
treatment in intensive care units for other reasons, from
less specialized to more specialized hospitals. The T-type
(transport) ambulance is designed for transporting pa-
tients without the characteristics of a sudden health con-
dition. Ambulances of this type are equipped adequately
to transport a person in a lying or sitting position, and to
provide oxygen therapy. However, the T-type ambulance
does not have the equipment required for the State Medi-
cal Rescue Services teams, enabling the implementation
of full-range medical rescue operations.

Ambulances operated in Poland (and also abroad) are
characterized by a large diversity, resulting from their vari-
ous applications as well as different vehicle brands they are
built on. In Poland, vehicles such as Mercedes-Benz Sprint-
er, Mercedes-Benz Vito, Fiat Doblo, Fiat Ducato, Volk-
swagen Transporter, Volkswagen Crafter, Renault Trafic,

and Renault Master are most often used as ambulances.
These vehicles differ in dimensions and the arrangement
of equipment; however, each of them should meet the re-
quirements specified in PN-EN 1789 + A2 “Medical ve-
hicles and their equipment - road ambulances” [8]. In the
“Body” section of this standard, the minimum dimensions
of the patient and treatment space are defined, as well as
dimensions and the number of seats, depending on the
type of the ambulance. Following these requirements is
important from the point of view of safety and necessary
equipment deployment. However, there is no standard or
document that would specify the equipment arrangement
in the ambulance so that easy access to medical materials
and devices used when performing medical procedures
(during the ambulance ride) is ensured, and the unification
rules for the interior of the patient space regardless of the
car brand are provided for. This aspect is of great impor-
tance for the efficiency and reliability of the paramedics’
task performance.

Medical assistance to injured or sick patients is provided
by medical rescue teams under different conditions. It is
carried out at the scene of an accident, at home or during
transport to the hospital, i.e., in an ambulance. Threats
inherent in the work of a paramedic have a diversified
nature and impact on occupational risk. Among the risk
factors present in the work of a paramedic, there are phys-
ical, chemical, biological and psychosocial factors men-
tioned in [7,9]; some researchers add ergonomic factors
aswell [10,11].

In the literature, one can find a classification of threats
and their character but their sources are not always pre-
cisely defined. Many dissertations also concern accidents
at work, to which the researchers devote special attention,
analyzing their reasons to help eliminate them in the fu-
ture [9,12,13]. The authors of this article [14] analyzed
work activities carried out in an ambulance in which a med-
ical intervention per 1 emergency call lasted 34-78 min.
On average, there were 31 min for the duration of the am-
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bulance journey, 18% of which, i.e., 12 min, were devoted
to medical procedures performed with the patient: out of
which 7 min (56%) for the ambulance standing still and
5 min (44%) for active assistance provided to the patient
during transport to the hospital.

According to British researchers dealing with this prob-
lem [12], on average, per 1 call for an ambulance, 1 h 52 min
(or 24% of on-duty time) were devoted to medical activi-
ties in the ambulance cabin, of which about 81 min cor-
responded to the time of transport to the hospital, during
which the patient remained under the care of paramedics
performing the necessary procedures. Despite the differ-
ence in the presented data, the time spent in the ambu-
lance cabin, and allocated for medical procedures during
on-duty time, appeared significant. Therefore, in view of
the reliable performance of life-saving activities, the prob-
lem of adapting the interior structure of ambulance pa-
tient compartments to the needs of physicians, paramedics
and nurses gains increasing importance.

According to the Act of 8 September 2006 on State Medi-
cal Rescue [15], there is a “permission” in Polish legislation
for not fastening seat belts by the ambulance staff. In ac-
cordance with Article 39 sec. 1 of the Road Traffic Act,
road traffic participants are required to wear seat belts dur-
ing the ride. However, sec. 2 pt 7 exempts from this obli-
gation members of an emergency medical team providing
medical assistance. This, of course, has certain negative
consequences, such as injuries. A comparative analysis of
Finnish and British paramedics [6] showed that Finnish
paramedics more closely abided by the regulations reduc-
ing the risk of accident consequences by fastening seat belts
(96 people - 75.6%), whereas only 15 people, or 22.4%, of
British paramedics, fastened the seat belts, regardless of
whether they were going to the patient or with the patient.
An element considered hazardous, especially in accident
situations, is the technical equipment of the ambulance
interior [16], due to the lack of additional safety mea-
sures such as airbags (there are possibly only the lap belts
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providing a poor safety level). In addition, an ambulance
medical compartment equipment consists of heavy un-
secured medical equipment — unfastened or having only
poorly securing straps. There are also sharp edges of vari-
ous surfaces, forward facing seats, etc. Accident causes
also include an incorrect organization of work [13], which
indicates that increasing the efficiency of the rescue team’s
work also has an impact on reducing the number of ac-
cidents [9]. Knowledge of the causes of accidents makes
it possible to formulate guidelines and define preventive
actions that can be taken by the employer to eliminate
hazards [16].

They should concern work in tight, hardly accessible places
where special care should be taken. The workstation itself,
i.e., the place where first aid is provided, should be adjust-
ed so that there is convenient access to the patient and no
hazards for the paramedic are present. In an ambulance,
one must keep the place in good order, and all tools and
objects — to be easily found — must have a designated place.
It is not always possible to meet these requirements due to
the dimensional diversity of the ambulance interior.
Descriptions of faulty solutions of the ambulance interior
structure characterized, on the one hand, by the shortage
of safety equipment elements and, on the other hand, their
improper placement and no possibility to access the neces-
sary medical equipment and materials from a sitting position
can be found in many publications [14,17-20]. According to
British researchers [18], approx. 48% of paramedics from
among 271 respondents rated access to ambulance ele-
ments as bad on a 5-point scale (below there is only a “very
bad” mark). The seating comfort was also negatively ra-
ted — 116 out of 271 people marked it as bad, and 49 people
as very bad. Similarly, the backrest being a structural ele-
ment of the car seats, affecting the sitting comfort, was rated
as very bad by 95 paramedics, and as bad by 105 of them.
Musculoskeletal disorders are among the occupational
health issues reported by paramedics . They come primar-
ily from the need to transport patients on stretchers or
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rescue chairs, on an uneven surface and in limited space,
and also from the necessity to assume an unnatural body
posture [21]. The most frequently mentioned type of pos-
ture stress is pain in the lower back, i.e., the lumbar-sacral
section of the spine [7,11,21,22], followed by pain in the
neck and shoulder region.

The analysis of the questionnaire surveys carried out by
the Central Institute for Labour Protection — National
Research Institute (Centralny Instytut Ochrony Pracy —
Panstwowy Instytut Badawczy — CIOP PIB) [21] showed
that, both in the last 7 days and 12 months before the sur-
vey, the highest percentage of female paramedic respond-
ers had experienced discomfort in the lower back (38%,
66%), and in the neck and shoulder region (28%, 53%),
as well as in the upper back (22%, 44%). Similar discom-
fort was experienced by male paramedics, and the results
concerned the lower back pain (46%, 65%), the neck and
shoulder region (25%, 45%), and the upper back (22%,
37%). However, it should be noted here that this uncom-
fortable and unnatural position is not only connected with
patient transport, but it often occurs also while performing
medical procedures in an ambulance.

The problem of an improper interior structure of ambu-
lances and discomfort arising therefrom occurs in many
countries. Paramedics assessing ambulances operated in
Malaysia [23] described the following characteristics of
the ambulance as bad or very bad: the total space avail-
able (60%), space above the head (40%), access to the
patient (43.3%), and access to equipment in a sitting posi-
tion (50%). Polish paramedics also pointed to the issues
of ambulance equipment. The research showed that the
ambulances were not adapted to the amount of medical
equipment components (as defined by PN-EN 1789:2008);
also, the small amount of space in the ambulance was re-
ported, hindering free movement [22].

In the surveys conducted in Israel [14], questionnaires,
observations of medical procedures performed in ambu-
lances and interviews with paramedics were used, as well

as an analysis of the postures assumed by paramedics dur-
ing work. The obtained results showed an improper place-
ment of the seat, which was not conducive to the effective
performance of clinical procedures. It was confirmed by
74% of the paramedics; 94% found the bench uncom-
fortable, and 77% thought that the distance between the
bench and the stretcher was too big.

These inconveniences translated into forced and unnatu-
ral positions assumed by paramedics while performing
medical procedures. In the summary, it was indicated that
the interior of the ambulance was not adjusted to either
paramedics or patients, and a number of design modifica-
tions were formulated. The most important ones included:
replacing the bench with 2 adjustable chairs for the rescue
personnel, changing the location of the medical cabinet
to provide easy access, adding an adjustable folding chair
opposite 2 adjustable seats, and adding a swivel base and
a device for lifting the patient on a stretcher, in order to
provide paramedics with better access to patients.

The last of the recommendations given also appeared in
other studies [6,18], because the lack of devices to facilitate
loading and unloading the stretcher increases the risk of mus-
culoskeletal disorders. To reduce the risk of these ailments,
detailed ergonomic analyses are undoubtedly required. The
suggestion to use ergonomic methods in the assessment of
the ambulance interior structure has also appeared in the
studies on ambulances operated in Great Britain [12].

As a result of the surveys carried out in the USA and su-
pervised by national safety institutions, an ambulance pro-
totype was developed which, as compared to its predeces-
sors, was modified with respect to securing cabinets and
drawers, providing secure locks for heavy equipment and
elements that constitute hazard for the paramedic’s head.
The seating position has also been changed by introduc-
ing, among others, sliding seats. Additionally, a lighting
control panel, and communication and control devices
were placed closer to the seats in order to reduce the need
to stand up and work in a standing position. A warning
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system was also designed, which would be triggered in the
event of sudden braking, in order to prepare the emer-
gency personnel performing medical procedures for the
appropriate response. Changing the interior design and
the way of mounting medical equipment in the patient
compartment of the vehicle should be correlated with the
results of crash-tests involving ambulances.

The next step to improve the safety of medical rescue
teams and reduce the need to assume a standing position
in the ambulance is to introduce new equipment solutions,
e.g., mechanical chest compression devices, which also
have better operational efficiency while the ambulance is
moving. Studies have shown that the efficiency of the com-
pression exerted by the personnel during patient’s trans-
portation varies 0-30%, whereas mechanical devices give
an 88-100% efficiency result according to the European
Resuscitation Council (ERC) and American Heart Asso-
ciation (AHA) Guidelines 2015 [24].

In the studies carried out in the USA [25], many state in-
stitutions responsible for occupational safety in medical
services got involved in the research, including the Depart-
ment of Homeland Security Science and Technology Direc-
torate States, the National Institute for Occupational Safety
and Health, the National Institute of Standards and Tech-
nology, and design companies. It was found that the oper-
ated ambulances were ergonomically inefficient and often
dangerous for paramedics, especially in the course of imple-
menting medical procedures during the ambulance ride.
As a consequence, the number of accidents leading to
death or serious injuries at the paramedics’ workstation
exceeds by far this value for an average workplace in the
USA. This fact has become the premise for the develop-
ment of new standards for the design of the ambulance
interior structure and equipment in the patient compart-
ment, the use of which is to ensure the safety of the emer-
gency personnel and patients, and to facilitate the care of
the patient. These activities were preceded by detailed re-
search, whose aim was to assess the current state.
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The presented analysis of the problem has shown a num-
ber of irregularities present in ambulances that reduce the
efficiency of paramedics” work and increase the risk of
musculoskeletal disorders, as well as the probability of an
accident occurring during performing medical procedures
while transporting the injured or sick person to the hos-
pital. They are of a general nature because, according to
the research, they concern ambulances in many countries.
The studies of the functionality of the ambulance interior
structure, conducted from the point of view of paramed-
ics’ work, confirm the necessity of developing uniform
guidelines which, when used in the design process, could
ensure the proper adaptation of the workstation in the res-
cue vehicle to the needs and capabilities of both paramed-
ics and patients, as well as harmonize the deployment of
the necessary equipment inside the ambulance.

The authors, guided by the above premises, developed
a methodology for testing ambulances operated in Poland.
Knowledge of the current situation, as well as the needs
and expectations of paramedics, will be used to develop
the principles of ergonomic design of ambulance-unified
interior structures. This article presents the results of pi-
lot studies carried out in the environment of paramedics,
which set a starting point for the implementation of fur-
ther steps aimed at formulating recommendations for the
modification of the medical car fleet in use.

MATERIAL AND METHODS

Initial research on working conditions was carried out in
Mercedes-Benz ambulances, type S and P, using a ques-
tionnaire expert survey method and a direct observation
method. In each case, the medical team consisted of 2 pa-
ramedics, one of whom was also a driver. The presented
research is the first stage of developing a methodology for
an ergonomic assessment of the ambulance interior struc-
ture. Moreover, using the participant observation method,
typical procedures performed by paramedics in a medical
ambulance were recorded, i.e., cardiopulmonary resusci-
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tation and inserting a venous line. The results of an analy-
sis of the recordings made are presented in Results.

The paper survey form included general and specific ques-
tions. On the basis of the general questions, knowledge
was gained about the gender of the rescuer, height, right-
or left-handedness, seniority in the profession, and the
type of an ambulance in which the rescuer was usually on
duty. A set of 18 detailed questions concerned the areas
related to ambulance equipment, the nature of work and
the inconvenience of medical procedures. Table 1 shows
a set of specific questions.

From the list of questions in the article, only some
were analyzed, which clearly indicate onerous working
conditions.

The research was of a pilot nature and embraced 51 para-
medics randomly selected from the Emergency Medical
Rescue Service in Siedlce. The research was carried out
in January-February 2018. The participants had different
seniority, ranging 2-35 years, and, therefore, the average
length of service was 14.3 years. The participants includ-
ed both women and men. The group of women consisted
of 5 people, which constituted 9.8% of all the participants.
The group of men embraced 46 people, or 91.2%. The dis-
tribution of seniority is shown in Table 2.

All the paramedics who participated in the research worked
in emergency medical rescue teams, including 29 parame-
dics working daily in a P-type ambulance, 8 in an S-type
ambulance, and 11 working alternately in an S- and P-type

Table 1. Specific questions asked to rescuers in a pilot study on the working conditions in road ambulances
that embraced 51 paramedics from the Emergency Medical Rescue Service in Siedlce, Poland (January-February 2018)

Questions asked

1. What are the most common (average) medical procedures you do in an ambulance? Please indicate them in the descending order.

2. In what position are you performing your medical procedures while driving an ambulance?

3. Which procedures are easier to perform in a standing position?

4. When performing procedures in a standing position, are you secured against falling? If so, specify how.

5. Is the sitting position comfortable for medical procedures? If not, state the reason.

6. What kind of difficulties are encountered in performing medical procedures in a moving ambulance?

7. What kind of pain do you experience during and after work?

8. Which medical procedures are the most difficult for you to perform?

9. Which medical procedures in an ambulance are difficult to perform because of the lack of easy access to medical equipment?

10. Is the necessary medical equipment accessible to you in every position you assume? If not, specify which one.

11. Question for left-handed users — what is the classic arrangement of ambulance equipment? Are you comfortable with it? If not,

state the reason.

12. What amenities (including additional equipment), in your opinion, would increase your comfort of working in an ambulance?

13. Do you experience any inconvenience while working in a different ambulance than usual? If so, what are they?

14. Do you think it would be advisable to unify the arrangement of the basic elements of the equipment in every ambulance

regardless of its type?

15. Please specify which modifications of the spatial structure (interior) of the ambulance would raise your work comfort.

16. Is the lighting in the ambulance sufficient for the medical procedures to be performed?

17. Is the arrangement of the ambulance equipment the same regardless of the vehicle model?

18. If the arrangement of the equipment in different ambulances is not the same, how long does it take you to get acquainted with it

before you are ready to work?
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Table 2. Distribution of seniority among the research participants in a pilot study on the working conditions in road ambulances
that embraced 51 paramedics from the Emergency Medical Rescue Service in Siedlce, Poland (January-February 2018)

Participants
(N=51)
Seniority [n]
total females males

(N=Y5) (N = 46)
0-10 years 14 0 14
11-20 years 30 5 25
21-30 years 2 0 2
>3] years 0

ambulance. The tests were anonymous and were conducted
with the consent of the Head of Emergency Medical Res-
cue Service in Siedlce. The obtained results were coded in
MS Excel 2010 and developed statistically using the Statis-
tica version 8 software.

RESULTS

Questionnaire expert surveys

The results obtained from the questionnaires revealed
many irregularities present in ambulances. This article
presents selected issues closely related to the paramedics’
working conditions. In the research area regarding incon-
veniences related to work in an ambulance, the participants
mainly indicated the necessity of assuming a standing po-
sition while performing medical procedures, and thus the
lack of protection against falling during the ambulance ride.
An analysis of the responses showed that 36 out of 51 para-
medics performed medical procedures in a standing posi-
tion, and only 9 in a sitting position. The others worked in
both positions interchangeably (Figure 1).

Performing medical procedures in a standing position is
a great threat to the life and health of paramedics when
the procedures are carried out while the ambulance is
moving. In some rescue ambulances, there are fall pro-
tection devices installed, e.g., in the form of a protective
net, but this solution is not obligatory. In the research,
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24 medical rescuers mentioned ambulance safety equip-
ment in their responses, whereas 26 confirmed the lack of
such equipment. Out of 24 people, 18 mentioned a pro-
tective net mounted next to the side seat; 4 paramedics
indicated a handrail located on the car ceiling as a fall pro-
tection device, and 3 medical rescuers indicated spreading
legs far apart as a security feature. In addition, members
of the ambulance crews pointed out that the existing pro-
tective net and railing did not provide any support for the
paramedic standing at the patient’s head.

Difficulties in performing certain medical procedures re-
sulting from the presence of the mentioned fall protection
devices were also found.

Assuming an inconvenient, forced body position when
performing standing or sitting work, e.g., with upper limbs
above the shoulder level, and keeping such a position for
a long time, can cause many injuries and musculoskeletal
disorders. More than half of the respondents (29 persons)
stated that they experienced back pain while performing
work. They also reported pain in the ankle joints, wrist
pain, bruises, contusions, limb cramps, aches of muscles,
arms, shoulders, loins, and lower limbs. Figure 2 presents
the percentage share of pain occurring in the examined
ambulance rescuers.

The respondents were also asked about the subjective
feelings associated with the ambulance equipment. To the
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Body position
[Jsiting [ standing I both

Figure 1. The number of paramedics assuming various body
positions in the course of performing medical procedures

while the ambulance is moving, in a pilot study on the working
conditions in road ambulances that embraced 51 paramedics
from the Emergency Medical Rescue Service in Siedlce, Poland
(January-February 2018)

question: “Is the necessary medical equipment accessible
to you in every position you assume? If not, specify which
one,” more than half of the respondents (53.5%) replied
that, regardless of the position assumed, not every item
of equipment was accessible. Most often, it was pointed
out that there was no problem to access the equipment in
a standing position, while in a sitting position the access
was limited, which may happen when the patient’s condi-
tion during the journey requires the rapid use of “restrict-
ed availability” medical materials.

During the analysis of the research results, it was noticed
that the problem was not only related to equipment ac-
cessibility, but also to its arrangement in various types of
vehicles. The variety of interior ambulance structure solu-
tions causes difficulties at work.

As many as 18 out of 51 examined paramedics experienced
discomfort or inconvenience during an on-call service in
an ambulance other than their usual one. In the case of
changing the ambulance assignment, paramedics must be-

Pain
[ backpain B other [ no pain

Figure 2. The number of paramedics experiencing

various types of pain, in a pilot study on the working conditions
in road ambulances that embraced 51 paramedics

from the Emergency Medical Rescue Service in Siedlce, Poland
(January-February 2018)

come acquainted with the arrangement of individual piec-
es of equipment (devices, medical supplies, medicines) at
the beginning of their on-call duty. This is very cumber-
some and time-consuming.

The average time spent on these activities was defined to be
33 min. The paramedics also underlined the fact that get-
ting acquainted with a new workplace was not tantamount to
memorizing the arrangement of individual elements. During
paramedics’ work, as it is necessary to implement procedures
quickly and efficiently, these are often the routine and auto-
matic reactions that prevail. They are of no use in an unfamil-
iar interior structure, which leads to a longer time needed to
perform particular activities. Table 3 shows the times needed
to understand the location of ambulance equipment.

The authors investigated the correlation between the se-
niority of paramedics (y) and the time necessary for fa-
miliarization with the new vehicle interior (x). Pearson’s
product moment correlation coefficient (or Pearson’s r)
was used in the research. This coefficient is used to study
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Table 3. Time necessary for becoming acquainted with the
deployment of equipment in the ambulance interior, in a pilot
study on the working conditions in road ambulances that
embraced 51 paramedics from the Emergency Medical Rescue
Service in Siedlce, Poland (January-February 2018)

Participants
Time (N=51)

[n]
0~10 min 18
11-20 min 17
21-30 min 9
31-40 min 0
41-50 min 0
51-60 min 2
=60 min 5

the relations in which an increase in the value of one of
the features causes proportional changes in the average
value of the second feature. Like other correlation coef-
ficients, Pearson’s r may vary from -1 to 1. Extreme values,
i.e., -1 and 1, indicate a perfect correlation between the
variables studied. The result equal to 0 means that the val-
ues of these 2 variables do not coincide (no correlation).
Pearson’s r can be considered in the following ranges:
0-0.3 - a poor correlation; 0.3-0.5 - a moderate correla-
tion; 0.5-0.7 — a strong correlation; 0.7-1 — a very strong
correlation [25]. In order to calculate the value of Pear-
son’s correlation coefficient for 2 variables, designated as
x and y, formula 1 was used:

o)

’ s(x)sly)

where:

I,- Pearson’s correlation coefficient,

X, y,— values of the features of ith and jth observations,
X, y — average variables values,

n - sample size,

s(x), s(y) — standard deviations.
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As a result of calculations, average values x = 24.88;
y = 14.33 and standard deviations SD_= 17.13, SDy =6.80
were determined. Pearson’s correlation coefficient was
r,= —0.15. On the one hand, the sign of the coefficient indi-
cates a negative correlation between the analyzed variables.
On the other hand, the absolute value of the measurement
speaks of the lack of dependence between both features.

The next step was to check whether the calculated correla-

tion was statistically significant.

Hyq=0 2)
Hyq#0 (3)

_ rm 4
= e @

where:
r - Pearson’s correlation coefficient,

n - number of tests.

The authors assumed the level of significance: a = 0.05,
r,, =-0.15
Hence:

_rn2 ©)

t =
e

The critical value is calculated for quantiles:

1-% - 0975 (6)
and

n-2 = 51-2 = 49 degrees of freedom 7

From the Student’s t-boards: T,,,, = 2.00.
The critical area has a form:

(-w;-2 > U <2; +w) (8)
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Test statistics do not belong to the critical area, i.e., there
is no correlation between the length of service and the age
of rescuers.

In connection with the above, it was found that there was
no dependence between seniority and the time of famil-
iarizing with the new interior of the vehicle. This means
that the years of service and the experience gained did not
shorten the time of adapting to an unfamiliar ambulance
equipment deployment. The graphical interpretation of
the correlation is the so-called scatterplot, which is shown
in Figure 3.

The questionnaire also included questions regarding pro-
posals for modifying the structure of the vehicle interior.
The responses were very detailed and extensive, and at-
tention was drawn mainly to several areas, presented in
the order of importance: the unification of equipment and
interior development, the necessary implementation of
a system to protect paramedics from falling during work
in a standing position while the ambulance is moving, in-
creased space in ambulances allowing for the possibility of
accessing the patient from both sides, and a modified cabi-
net construction — cabinets supplemented with descrip-
tions, compartments and interior lighting. The research
shows that the problem of equipment unification is par-
ticularly important from the point of view of paramedics’
work. As many as 90% of the participants regarded unifi-
cation of the equipment deployment desirable.

It was pointed out that such unification should concern
P- and S-type ambulances. The unification would signifi-
cantly reduce the paramedics’ work discomfort and stress
associated with uncertainty regarding the deployment of
equipment. Above all, it would shorten the time that the
paramedics need to familiarize themselves with interior
equipment.

A few years ago, paramedics of the Medical Air Rescue
Service faced similar problems. This is why the purchase
of helicopters was preceded by ergonomic research, which
led, at the construction stage, to the optimization of de-
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Figure 3. The correlation (along with the trend line) between
seniority and the time necessary to become acquainted

with the deployment of equipment in the ambulance, in a pilot
study on the working conditions in road ambulances that
embraced 51 paramedics from the Emergency Medical Rescue
Service in Siedlce, Poland (January-February 2018)

ployment of medical equipment and necessary medical
materials in the helicopter medical compartment. Cur-
rently, all rescue helicopters are unified which results in an
identical placement of medical equipment in all machines.
Also, further actions have been taken to standardize the
equipment of rescue backpacks in such a way that in each
helicopter stationed in one of the 21 bases the distribution
of drugs and medical materials would become identical.
Thanks to these solutions, if a paramedic being a member
of the HEMS crew is on duty at a base other than his/her
own, he or she works in identical conditions.

Observation of procedures performed

in simulated conditions

By means of direct observation, the work of paramedics
was monitored in a simulated event in an ambulance. The
analysis concerned the procedure of cardiopulmonary re-
suscitation performed in the case of sudden cardiac arrest
(SCA). The very diagnosis of SCA as well as the series of
subsequent activities to be performed required from the
team members a forced standing position, which is not
safe when working in a moving ambulance.
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The standing posture requires unfastening the seat belts.
A paramedic, in a standing position, often performs proce-
dures involving both hands, such as compressing the chest,
connecting the defibrillator electrodes or even reaching
for equipment or medicines stored in cabinets. This af-
fects the balance of a paramedic assuming a standing pos-
ture while the ambulance changes the speed, in particular,
while decelerating. As can be seen in the film, paramedics’
attempt to keep a stable position through the increased
leaning of the lower limbs against the transport stretcher
can lead to injuries and bruising. This is not only danger-
ous for the paramedics, but it can also affect the precision
of the medical procedure.

Placing small medical equipment in cabinets under the
ceiling when the patient cannot be accessed from both
sides makes it virtually impossible to reach this equip-
ment from a sitting position. This concerns both the side
seat and the seat by the patient’s head. It is also worth
underlining that even in a seated position it is difficult to
perform some procedures, not only because of the shocks
the ambulance generates during the ride, but also because
of the lack of space to collect the equipment necessary to
perform the procedure.

A paramedic wanting to insert a venous line while the
ambulance is moving must assume a standing position in
order to collect the necessary equipment. Then, when he
or she has again assumed a sitting position in the side seat,
the paramedic must put the equipment in one place be-
fore starting the procedure. There is no stable table/tray
around where the equipment could be placed. Therefore,
the paramedic puts the necessary accessories on the seat
while assuming the squatting position behind the seat.

In the case of sudden braking, this can, of course, lead to
numerous injuries, especially of the head, neck and chest.
After inserting the venous line, the paramedic must place
the used equipment in a suitable container, which again
requires assuming a vertical position and moving towards
the medical ambulance front compartment. The above-
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described inconveniences are only some examples, and
there are many others that should be carefully examined
and systematized. There is no doubt that safety and com-
fort of work of medical emergency teams translates into
the well-being and safety of patients; therefore, further
research in this area seems necessary.

DISCUSSION

The pilot questionnaires and expert surveys included
51 paramedics of various work seniority. The research
was aimed at identifying current problems occurring while
working in selected ambulances used in Poland. The same
problems were also identified while observing paramedics
performing selected procedures in simulated conditions.
The obtained preliminary results allow the conclusion
that the observed difficulties at work, resulting from an
improper development of medical compartments of am-
bulances, are also present in other countries. Numerous
examples of research conducted in Great Britain, Finland,
Israel, Australia, Malaysia and the USA, quoted in the
introduction to the article, confirm the validity of the ad-
opted direction of the research. In many cases, the lack
of fall protection devices for paramedics while driving an
ambulance, difficult access to the patient and difficult ac-
cess from a sitting position to the necessary equipment,
medicines or medical materials have been demonstrated.
The research shows the common risk — present in many
countries — of musculoskeletal disorders and the possibil-
ity of an accident occurring while performing medical pro-
cedures on the way to the hospital.

Research in this area was also conducted by CIOP at the
request of the Social Insurance Institution in 2012-2013,
where, among others, ailments experienced by paramedics
of both sexes in the last 12 months before the tests were
analyzed [21]. These results are in line with the results of
the pilot studies.

American studies [20] have shown a significant correlation
between the low ergonomic level of ambulance worksta-
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tions and the recorded number of accidents at work, which
exceeds that of an average workplace in the USA. This
fact has led to work on standards for the design and unifi-
cation of the spatial structure and ambulance equipment,
which will undoubtedly lead to increased safety for both
the rescuer and the patient.

The introduction of harmonized guidelines in Polish leg-
islation leading to unification would significantly reduce
the discomfort in the work of a paramedic and the stress
associated with the uncertainty about the deployment of
equipment. Above all, it would reduce the time that para-
medics devote to familiarizing themselves with the interior
of a vehicle.

A few years ago, similar problems were encountered by
the rescuers of the Air Rescue Service. Therefore, the pur-
chase of new helicopters was preceded by ergonomic re-
search, which led, at the design stage, to the optimal place-
ment of medical equipment and necessary medical materi-
als in the helicopter medical compartment. Currently, all
rescue helicopters are unified and the result is a uniform
distribution of medical equipment in all machines.

Going further, actions were taken to standardize the
equipment of rescue backpacks in such a way that in each
helicopter stationed in one of the 21 bases the distribu-
tion of drugs and medical materials was identical. Thanks
to these solutions, if a paramedic is on duty in a differ-
ent base than the home base, he or she works in the same
conditions.

The analysis of the problem shows that it was found in
many studies that the ambulance interior structure was
not properly adapted to the tasks performed, but only in
a few cases specific modifications were proposed.

CONCLUSIONS

Changes to the ambulance interior design are necessary,
but the procedures for their implementation require sys-
tematization. As a result of detailed research and ergo-
nomic analyses, legal acts should be adopted to formulate

the principles for equipping ambulances, from the point
of view of adapting them to the psychophysical needs of
paramedics and the nature of their work. These steps
would allow for the unification of interiors regardless
of the vehicle brand based on which the ambulance was
built. Pilot studies have shown that familiarizing oneself
with the new interior in the case of working in an ambu-
lance other than usual requires additional time, although
it does not guarantee a faultless localization of the equip-
ment while carrying out rescue tasks. In the “Body” sec-
tion of PN-EN 1789 + A2 “Medical vehicles and their
equipment — road ambulances,” minimum dimensions
are specified defining the patient and treatment space, di-
mensions and the number of seats, depending on the type
of the ambulance. However, these requirements are not
sufficient to design an ergonomic interior that guarantees
comfort and work reliability to members of emergency
medical teams.

The presented research is a starting point for the develop-
ment and implementation of the methodology of compre-
hensive research on the spatial structure of an ambulance,
including the acquisition of detailed data. Implementa-
tion of further research should be preceded by a detailed
analysis of the procedures and types of ambulances used.
Formulating recommendations to improve the current
state would require an assessment of the ergonomic level
of existing solutions for the spatial structure of medical
compartments in functioning ambulances. For this pur-
pose, subjective, objective and estimated methods should
be used to enable, among others, the assessment of physi-
cal effort, risk assessment related to musculoskeletal load
(e.g., rapid upper limb assessment [RULA], rapid entire
body assessment [REBA], or the Ovako Working posture
Analysis System [OWAS]), an assessment of muscle load
and fatigue during the performance of medical procedures
using surface electromyography, an assessment of the ki-
nematics of rescue movement during work, as well as an
anthropometric verification of medical compartment di-
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mensions with the use of available simulation packages.
The analysis of the obtained results is likely to facilitate an
assessment of the ergonomic level of the examined objects
and proposing directions for their modification, followed
by the development of uniform guidelines for manufactur-
ers, the application of which will ensure the production of
unified ambulances.
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