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Abstract
Background. Medical procedures using X-rays are extensively used in current medicine. Despite the many 
advantages of medical procedures utilizing ionizing radiation, the safety of their application is of great im-
portance. 

Objectives. The aim of the study was to examine healthcare professionals’ awareness of the risks and sa-
fety issues related to medical procedures using X-rays. 

Material and methods. The research group consisted of 156 healthcare workers employed in 2 medical 
facilities. A questionnaire devised by one of the authors was used in the study to assess the respondents’ 
awareness of risks related to medical procedures using X-rays.

Results. Only half of the respondents knew the rules of radiological protection that a healthcare worker 
should follow. The majority of the respondents know the types of ionizing radiation shields and are aware 
of the need for their use. The respondents showed a low level of awareness regarding the dose size of io-
nizing radiation to which they are exposed during medical imaging and the health effects related to long-
-term exposure.

Conclusions. Educational programs targeting all healthcare professionals are recommended to increase 
their knowledge of the risks and health consequences related to exposure to ionizing radiation.
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Streszczenie
Wprowadzenie. Procedury medyczne wykorzystujące promieniowanie rentgenowskie (RTG) stanowią grupę badań licznie wykorzystywanych w dobie dzisiejszej 
medycyny. Mimo wielu zalet płynących z procedur medycznych wykorzystujących promieniowanie jonizujące niebagatelne znaczenie ma bezpieczeństwo ich 
stosowania. 

Cel pracy. Zbadanie świadomości pracowników ochrony zdrowia na temat procedur medycznych z wykorzystaniem promieniowania RTG. W pracy założono, że 
pracownicy ochrony zdrowia jako grupa badana powinni wykazywać się szczególną świadomością w zakresie ochrony radiologicznej, w tym wpływu promienio-
wania jonizującego na organizm ludzki. 

Materiał i metody. Grupę badaną stanowiło 156 pracowników ochrony zdrowia zatrudnionych w 2 placówkach medycznych. W pracy zastosowano autorski 
kwestionariusz ankiety. W celu oceny świadomości pracowników ochrony zdrowia na temat procedur medycznych z wykorzystaniem promieniowania RTG prze- 
prowadzono test wiedzy ankietowanych. 

Wyniki. Badania wykazały, że tylko połowa ankietowanych zna zasady ochrony radiologicznej, których powinien przestrzegać pracownik ochrony zdrowia. Re-
spondenci w większości znają rodzaje osłon przed promieniowaniem jonizującym oraz są świadomi konieczności ich stosowania. Ankietowani wykazali się niską 
świadomością w kwestii wielkości dawek promieniowania jonizującego, na które są narażeni w zależności od wykonywanych badań obrazowych, oraz skutków 
zdrowotnych związanych z długotrwałą ekspozycją. 

Wnioski. Wskazane jest opracowanie programów edukacyjnych skierowanych do wszystkich pracowników ochrony zdrowia w celu zwiększenia wiedzy na temat 
zagrożeń i następstw zdrowotnych związanych z narażeniem na promieniowanie jonizujące.

Słowa kluczowe: pracownicy ochrony zdrowia, promieniowanie jonizujące, diagnostyka obrazowa, procedury medyczne, promieniowanie rentgenowskie

 

Background

Medical procedures involving X-ray imaging are ex-
tensively used in current medicine. The discovery of  
X-rays enabled rapid detection of diseases, as well as 
their prevention and treatment. Despite many advan-
tages of medical procedures using ionizing radiation, 
the safety of their application is of great importance. 

Raising healthcare professionals’ awareness of safety 
issues related to medical procedures using X-rays should 
be of interest not only to the employees themselves, but 
also to the managers of healthcare facilities. Ionizing ra-
diation has always been present on Earth, and everyone 
in the world receives a daily dose of natural radiation 
throughout life. This radiation consists of isotopes con-
tained in soil, air and water; it is also present in build-
ing materials.1 The most important source of natural 
ionizing radiation is radon, which is located under the 
surface of the Earth and constitutes 41% of the general 
occurrence of ionizing radiation. About 74% of the ef-
fective annual radiation dose comes from natural sourc-
es, while cosmic radiation contributes only about 8.5%. 
Artificial sources of ionizing radiation are associated 
with anthropogenic activity, with medical diagnostics 
and therapeutic procedures constituting 25% of the an-
nual total effective dose.2

The most frequently used devices emitting ionizing 
radiation are X-ray machines, computed tomography 
(CT) devices, dental apparatus, mammographs, and 
treatment equipment emitting radioactive isotopes.3 Bi-
ological effects that occur in living organisms as a result 
of irradiation depend primarily on the energy deposited 

and the number of cells involved. The energy deposited 
is determined by the absorbed dose expressed in grays 
(Gy). When the total destruction of atoms is spread over 
a larger number of cells, the chances of cell regeneration 
increase. Sometimes the changes are so inconsiderable 
that they do not significantly affect the functioning of 
the cells.4,5 

Radiation hormesis is a hypothesis based on the state-
ment that low doses of radiation (ranging from 5 mSv 
to about 100–200 mSv for X and gamma radiation) can 
have a positive effect on health. According to this hypo- 
thesis, low doses of radiation can stimulate the process 
of cellular DNA repair, the scavenging of free radicals or 
the immune system. 

Despite many studies on the effects of ionizing radia-
tion on the human body, working in vicinity of its source 
is associated with risks of harmful effects. Therefore, 
a linear hypothesis applies in radiological protection, 
which was adopted in 1959 by the International Com-
mission on Radiological Protection (ICRP). The linear 
hypothesis assumes that the same radiation effects (ge-
netic mutations or cancers) occur after exposure to both 
high and low doses.6 

It should be noted that the linear hypothesis is ques-
tionable because there is no convincing data from epide-
miological studies or radiobiology research that would 
demonstrate the existence of carcinogenic effect of dos-
es below 200 mSv.7 Many factors influence the effects 
of ionizing radiation, including the immune system and 
its efficiency. The nature and seriousness of early ef-
fects also depend upon whether the exposure is to the 
whole body or to a part of it. Even though 3–5 Gy of 
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whole-body irradiation may kill 50% of the individuals 
exposed, the same dose administered to a part of the 
body will cause only local effects.4 The consequences of 
X-ray irradiation are categorized as deterministic and 
stochastic effects. When ionizing radiation causes sig-
nificant disturbances in the function of the cell or cell 
death, the effects are deterministic: They can lead to  
a change in the functioning of individual body organs. 
These effects are observed after exceeding a certain ra-
diation dose threshold. Deterministic effects are vari-
ous early effects observed soon after irradiation. Chang-
es in the numbers of red and white blood cells, along 
with skin burns or cataracts, are the most characteristic 
clinical picture of deterministic effects.9 Early radiation 
response occurs on average up to 90 days after irradia-
tion. The changes that may occur are not permanent, 
which is why they are usually not dangerous.

Stochastic effects have a certain probability that is 
directly proportional to the dose. They are various late 
effects, occurring 90 days or more after irradiation.5 
Therefore, it can be very difficult to determine whether 
stochastic effects contributed to the development of 
diseases such as tumors and hereditary disorders.8 Sto-
chastic effects are also responsible for changes in repro-
ductive cells that may contribute to generating muta-
tions in offspring.5 

The effects of ionizing radiation on the entire organ-
ism depend on the radioactivity of the tissues and the 
area that has been irradiated. The entire human body 
can be irradiated as a result of a radiation accident or an 
atomic explosion; the radiation response is then depen-
dent on the absorbed dose. This condition can manifest 
itself mostly in diarrhea, vomiting and hair loss. As the 
dose increases, when the whole organism is irradiated, 
the survival time is reduced. If the dose range is above 
100 Gy, this time is reduced to several hours or even 
minutes. 

Doses from 2 to 10 Gy lead to survival times from sev-
eral days to several weeks. The absorption of doses in 
this range results in damage to the hematopoietic sys-
tem and hence to a decrease in the number of morpho-
logical elements in the blood.9 In this situation, a de-
tailed blood smear shows a reduced number of platelets 
and erythrocytes. In addition to biochemical changes, 
vomiting and nausea appear. During the development 
of radiation sickness, intestinal symptoms such as 
bloody diarrhea or tissue hemorrhages intensify. Water 
management is disrupted. As the immunity of the body 
decreases, secondary infections invade the organism. 
Doses above 10 Gy contribute to the formation of intes-
tinal syndromes, which are characterized by reduced 
appetite, diarrhea, dehydration, drowsiness, and fever. 
A significantly reduced number of white blood cells is 
observed. All these symptoms cause death within a few 
days. Doses above 50 Gy contribute to the development 
of a cerebrovascular syndrome that manifests in a se-

ries of disorders: coordination of movements and bal-
ance, apathy and agitation, tetanic spasm, diarrhea, sei-
zures, and coma after a few hours.9–11 The late effects of 
ionizing radiation include both tissues, organs and the 
entire organism. Irradiation of the gonads with a dose 
of around 4–6 Gy can cause permanent infertility.9 For 
women, a dose of around 3 Gy can cause early meno-
pause.9 The main late effects of irradiation include  
a shortened lifespan, but also the emergence of second-
ary tumors. Ionizing radiation is carcinogenic, which 
can be explained by the formation of point mutations or 
chromosomal translocations creating changes in genet-
ic material. Therefore, medical personnel’s awareness 
regarding the risks of medical procedures using X-rays 
is crucial to reducing the exposure of both themselves 
and their patients, because the doses received can be 
highly variable.8 

Observation of post-radiation complications resulting 
from a lack of knowledge on the part of medical per-
sonnel led to the adoption of legal regulations defining 
acceptable doses that patients and medical staff can re-
ceive during exposure to ionizing radiation. The most 
important method is the ALARA (As Low As Reason-
ably Achievable) principle.8

Material and methods 

The study group consisted of 156 healthcare workers 
(127 women and 29 men) employed in 2 medical facili-
ties: Hospital A (96 respondents) and Hospital B (60 re-
spondents). 

The healthcare workers surveyed included doctors, 
nurses, midwives, paramedics, radiographers, labora-
tory diagnosticians, medical carers, and sterilization 
technicians. The author’s questionnaire was distributed 
and collected from January to April 2018. It consisted 
of personal information (questions about gender, age, 
education, job position, and place of residence) and 21 
single-choice closed questions, including 2 questions 
about the respondents’ subjective assessment of contact 
with ionizing radiation (Fig. 2), which were not included 
in the questions verifying the respondents’ knowledge, 
and 19 questions checking their substantive assessment 
of the ionizing range of various medical applications.

This publication discusses 3 questions from the 
knowledge test and the 2 subjective assessments pre-
sented in Fig. 1 and 3, which the authors consider the 
most important.

The results obtained were correlated with the re-
spondents’ gender, age, level of education, and profes-
sion. The results of the questionnaire were developed 
and analyzed using Microsoft Excel v. 16 spreadsheets 
(Microsoft Inc., Redmond, USA) and STATISTICA v. 13 
(StatSoft Inc., Tulsa, USA), and are presented in Table 1 
and Fig. 1–3.
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Table 1. The relationship between gender, age, education and profession, and points obtained in the knowledge test (Spearman’s R) 

Tabela 1. Zależność pomiędzy płcią, wiekiem, wykształceniem oraz wykonywaną pracą a punktami uzyskanymi w teście wiedzy (korelacja R Spearmana)

Variable Valid  
N Spearman’s R t (N–2) p-value

Gender  
– total points

156 0.0266882 0.331310 0.74086

Age  
– total points

156 0.0600733 0.746838 0.45630

Education  
– total points

156 −0.1566142 −1.967815 0.05089

Profession  
– total points

156 −0.1127193 −1.407781 0.16121

53%
29%

12%
6% all rules listed

the exposure time should be as short as possible

the distance between the operator and the
radiation source should be as great as possible

there should be shields between the operator and
the source

45%

43%

12%

yes

no

I don’t know

42%

38%

20% 2–6 weeks of pregnancy

5–7 weeks of pregnancy

7–12 weeks of pregnancy

Fig. 1. Answers of the respondents  
to the question “Which of the following 
principles of radiological protection 
do you think should be followed by 
healthcare professionals?”

Ryc. 1. Odpowiedzi ankietowanych  
osób na pytanie: „Których  
z wymienionych zasad ochrony 
radiologicznej Pana/Pani zdaniem 
powinni przestrzegać pracownicy 
ochrony zdrowia?”

Fig. 2. Answers of the respondents 
to the question “Are you afraid of 
examinations using ionizing radiation?”

Ryc. 2. Odpowiedzi respondentów 
na pytanie „Czy obawia się Pan/
Pani badań wykorzystujących 
promieniowanie jonizujące?”

Fig. 3. Answers of the respondents 
to the question “In which period of 
pregnancy do you think irradiation can 
cause numerous malformations and 
even death of offspring?” 

Ryc. 3. Odpowiedzi pracowników 
ochrony zdrowia na pytanie  
„W którym okresie trwania ciąży Pana/
Pani zdaniem napromieniowanie może 
spowodować liczne wady rozwojowe,  
a nawet śmierć potomstwa?”
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Results

In the test of knowledge regarding medical proce-
dures with the use of X-rays, the respondents scored 
from 3 (5% of respondents) to 15 (2% of respondents) out 
of a possible 19 points. The most common score (16%) 
was 9 points. 

Correlations were considered significant at p < 0.05. 
The linear regression analysis and Pearson’s linear cor-
relation coefficient for the test of knowledge did not 
show a linear relationship with respect to sex, age, edu-
cation, or job position (Table 1). The results of the study 
showed that education does not significantly affect the 
level of knowledge of medical procedures using X-rays; 
this may be related to the fact that the education of the 
respondents was only slightly differentiated: 94% of 
respondents had secondary (46%) or higher education 
(48%).

The healthcare workers’ knowledge of the first type 
of damage that may occur after absorbing low doses of 
ionizing radiation varied widely. Almost half of the re-
spondents (48%) answered that it is intestinal damage; 
26% that it is the brain damage; while 26% gave the cor-
rect answer, indicating that the hematopoietic system is 
the most affected.

A question related to the type of examination charac-
terized by the largest range of X-ray doses also caused 
difficulties for the respondents. Only about 1/5 of the 
healthcare workers (22%) gave the correct answer that 
it is CT. The remaining 78% of the respondents chose 
incorrect answers, indicating X-ray diagnostics (58%) 
and mammography (20%). Over half of the respondents 
(53%) knew the correct answer to a question about the 
principles of radiological protection that healthcare 
professionals should follow, indicating “all of the rules 
listed” (47%).

Discussion

Research conducted among healthcare workers (in-
cluding nurses, midwives, paramedics, and laboratory 
diagnosticians) showed that their level of knowledge 
about the risks associated with medical procedures us-
ing ionizing radiation is insufficient. 

One question in the survey that proved quite difficult 
to answer was “In which period of pregnancy do you 
think irradiation can cause numerous malformations 
or even the death of the offspring?” Pregnancy is a spe-
cial period, so X-ray examinations should only be per-
formed if they are necessary to protect the mother’s life 
and health. The effects of irradiation during pregnancy 
depend on the duration and dose of radiation. Irradia-
tion of a fertilized egg before it is implanted in the en-
dometrium may lead to the death of a zygote or embryo. 
Studies conducted in mice consisting in irradiation 

of a fertilized mouse egg with a 2 Gy dose in the early 
preimplantation period caused it to die in up to 80% of 
cases. On the 5th day after fertilization this percentage 
is halved. The correct answer to the question is that it is 
the period between 2nd and 6th week of pregnancy, when 
organogenesis occurs (the process of organ formation 
and development). During this period, irradiation can 
cause numerous malformations that can lead to peri-
natal death.9 Interestingly, in the regulation of Polish 
Council of Ministers dated January 18, 2005, on limit-
ing exposure to ionizing radiation, women are not pro-
hibited from work exposing them to ionizing radiation 
while pregnant as long as the woman and unborn child 
are not exposed to an effective dose exceeding 1 mSv; 
this stipulation is effective from the moment the female 
employee notifies the head of the organizational unit 
about pregnancy.10 In a study by Selmi and Natarajan 
concerning the knowledge of young doctors about ex-
posure to ionizing radiation, a very limited awareness of 
the group examined on the subject of doses and health 
risks was indicated.12 A study carried out in Spain by 
Lumbreras et al. showed that almost 80% of the doctors 
surveyed had never heard of European recommenda-
tions regarding doses of ionizing radiation.13 A low level 
of awareness among physicians regarding the effects of 
radiation on patients, including pregnant women, was 
also demonstrated by an Indian study conducted by 
Suresh et al.14 A Turkish study by Yurt et al. showed that 
general knowledge about radiation, radiation protection, 
health risks, and doses used in radiological procedures 
is insufficient among medical professions using ionizing 
radiation in their work.15 Faggioni et al. obtained simi-
lar results by interviewing a group of 159 young doctors 
and medical students in Italy.16 

The respondents also showed a lack of knowledge re-
garding the types of examinations that are character-
ized by the broadest range of X-ray doses. Research car-
ried out by Domienik and Zmyślony indicates that there 
are significant differences in the doses used during CT 
and classic X-ray diagnostics.17 The differences are due 
to the CT technique itself. During a single CT scan, sev-
eral X-rays are performed around the axis of rotation of 
the X-ray lamp, parallel to the long axis of the patient.

A good example for comparing these 2 techniques is  
a comparison of a standard chest X-ray in posterior-
anterior (PA) projection with a chest examination us-
ing CT. One standard X-ray image involves a dose many 
times smaller than in the case of the CT scan. Health-
care professionals’ lack of knowledge in this area may be 
due to the fact that CT has been introduced relatively 
recently, in the early 1990s. The impression that CT 
is a more modern and detailed technique means that 
it is more and more often chosen by doctors. A study 
conducted in Sudan on 250 representatives of medical 
professions (radiographers, doctors, dentists, labora-
tory diagnosticians, and nurses) aimed at studying their 
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knowledge of the impact of ionizing radiation on grow-
ing environmental threats.18 The study showed that 
radiographers with bachelor education had the high-
est levels of knowledge in this field. It was determined 
that 75% of medical staff gained knowledge in this field 
thanks to lectures and seminars, and the remaining 25% 
from public information.

The role of compulsory education in the field of radia-
tion protection in medical schools was also emphasized 
in a study conducted by Arslanoğlu et al. regarding the 
level of knowledge of doctors and trainees on the dos-
es of ionizing radiation to which patients are exposed 
during radiological examinations.19 These authors em-
phasized that training medical personnel in the field of 
exposure to ionizing radiation when they are studying 
and qualifying to work in the medical profession is im-
portant to safety and health of both healthcare workers 
and patients. 

It should be emphasized that healthcare profession-
als are responsible for their own health as well as their 
patients’ health. Unfortunately, despite the progress and 
rapid development of diagnostic techniques and their 
increasing use, the problem of health risks resulting 
from exposure to X-rays is still downplayed, which is 
clear from the limited number of publications and sci-
entific papers on this issue in Poland.

Conclusions

The study shows that only half of the respondents 
know the rules of radiological protection a healthcare 
worker should obey. The awareness of the respondents 
regarding the doses of ionizing radiation to which they 
are exposed during imaging examinations and the 
health effects associated with long-term exposure to 
low doses of ionizing radiation was low. It is advisable 
to develop educational programs, targeted to all health-
care professionals, in order to increase knowledge about 
health risks and consequences related to exposure to 
ionizing radiation.
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