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ÖZ Amaç: Bu çalışmanın amacı, yoğun bakım ünitelerinde (YBÜ) çalışan hemşirelere yönelik 
geliştirilen radyasyon güvenliği eğitiminin etkinliğini değerlendirmektir.
Gereç ve Yöntem: Bu çalışma iki farklı hastanenin yenidoğan ve çocuk YBÜ’lerinde çalışan toplam 
144 hemşire üzerinde gerçekleştirilmiştir. Eğitim grubundaki hemşirelere (n=62) yoğun bakım 
hemşireleri için geliştirilen radyasyon güvenliği eğitimi 8-10 kişilik gruplar halinde 7 oturumda 
yüz yüze verildi. Veriler tanımlayıcı bilgi formu ve radyasyon güvenliği bilgi formu ile araştırmacı 
tarafından yapılan gözlemler aracılığıyla toplanmıştır.
Bulgular: Gözlemler sonucunda eğitim grubundaki hemşirelerin iyonize radyasyona karşı koruyucu 
davranış geliştirmeleri hem kontrol grubuna hem de eğitim öncesi duruma göre anlamlı olarak 
artmıştır (p<0,05). Eğitim grubundaki yoğun bakım hemşirelerinin radyasyon güvenliği bilgi 
düzeylerinin puan ortalamalarının önemli düzeyde belirlendi. Son gözlemlerde eğitim grubundaki 
hemşirelerin bazı kişisel koruyucu ekipman kullanımlarında anlamlı azalma olduğu belirlendi 
(p<0,05). Eğitim grubundaki hemşirelerin radyasyon güvenliği bilgi düzeylerinde zaman içinde sınırlı 
bir düşüş gözlendi.
Sonuç: Araştırma kapsamında uygulanan radyasyon güvenliği eğitiminin YBÜ’lerinde çalışan 
hemşirelerin radyasyon güvenliğinin sağlanmasında etkili bir yöntem olduğu sonucuna varılmıştır. 
YBÜ’ler de çalışanların doğru radyasyon güvenlik uygulamalarına sahip olmalarının çalışan sağlığı 
ve hasta güvenliğine olumlu katkı sunması beklenmektedir.
Anahtar Kelimeler: Hemşirelik, radyasyon, yoğun bakım ünitesi, eğitim, korunma

ABSTRACT Objective: The aim of this study is to evaluate the effectiveness of radiation safety 
training developed for nurses working in intensive care units (ICUs). 
Materials and Methods: This study was carried out on a total of 144 nurses working in the neonatal 
and pediatric ICUs of two different hospitals. The radiation safety training developed for the nurses 
of the ICU for the nurses in the training group (n=62) was given face-to-face in 7 sessions in groups 
of 8-10 people. The data were collected through the descriptive information form and the radiation 
safety information form, as well as the observations made by the researcher. 
Results: As a result of the observations, the development of protective behaviors against ionized 
radiation of the nurses in the training group increased significantly both compared to the control 
group and pre-training case (p<0.05). It was determined that score averages of radiation safety 
knowledge levels of intensive care nurses in training group increased significantly. In the last 
observations, it was determined that there was a significant decrease in the use of some personal 
protective equipment by the nurses in the training group (p<0.05). Over time, a limited decrease 
was observed in the radiation safety knowledge levels of the nurses in the training group.
Conclusion: It has been concluded that the radiation safety training applied within the scope of 
the research is an effective method in ensuring the radiation safety of the nurses working in the 
ICUs. Correct safety practices of employees in ICU units are expected to have a positive impact 
on patient and employee safety.
Keywords: Nursing, radiation, intensive care unit, training, protection
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Introduction

Today, it is known that the greatest amount of artificial 
ionize radiation (IR) exposure is caused by medical irradiation 
source (1). For this reason, many protection measures 
have been developed in order to protect the patients and 
health workers from risks and dangers stemming from IR 
exposure (2,3). Although annual permissible dose limits 
are determined for workers of medical irradiation, genetic 
disorders and carcinogenesis can emerge in people in low 
dose IR exposure for a long time (4). There are studies about 
the fact that many harmful effects such as breast cancer (5) 
and cataract formation in the eye (6) etc. are seen in health 
workers, who were exposed to low dose IR for a long time 
compared to normal population (2,7).

There are many studies showing that though IR has 
negative effects on the health of workers, health workers 
have insufficient information, attitudes and behaviors 
in protection from radiation (8,9). In a study conducted 
on cardiologists, it is established that cardiologists had 
insufficient information about protection from radiation (10) 
and the health workers of urology service did not sufficiently 
use personal protection equipment (PPE) (lead apron, 
goggles) during scopy investigation (11). 

The nurses undertake responsibilities in many areas with 
IR such as intensive care units (ICUs), operating theaters 
etc. During care process, IR exposure due to their profession 
can be a significant occupational health problem for nurses 
because they are the health workers closest to the patients. 
When the studies are investigated, it is seen that the 
nurses have insufficient knowledge level about radiation 
safety compared to the other health workers (12,13). In 
some studies conducted specifically for nurses, it has been 
reported that the nurses working in the nuclear medical 
department do not know the basic principles of protection 
from radiation (14); and that the oncology nurses have not 
developed expected positive behaviors after radiation safety 
education has been performed (15).

Since the patients of ICU are not mobilized, X-ray 
shooting processes are carried out with mobile X-ray devices, 
which causes the ICU health workers to be exposed to IR. 
In their study carried out to measure the radiation that the 
doctors and nurses working in ICUs were exposed to, Xie 
et al. (16) stated that the doctors and nurses were exposed 
to radiation at a rate of 0.99 and 0.88 milisievert (msv), 
respectively; and this exposure showed a positive correlation 
with the working hours and the size of the service. When the 

insufficient knowledge level about radiation safety with the 

nurses are considered, it can be understood that this case 

is an important issue affecting the safety of ICU nurses and 

patients.

In X-ray radiographies conducted in ICU, it is in the 

responsibility of the nurse that the nurse accompany the 

patient and the taking care of the patient should not be 

interrupted. One study reported that some accidental 

extubations occurred when nurses tried to remove the 

patient from the machine during radiography (17). Likewise, it 

is possible that many tools such as ureteral catheter, central 

venous catheter and nasogastric catheter mounted on the 

patients for invasive attempts may be accidentially removed. 

Therefore, even during radiography, the nurses cannot go 

away from the environment because of patient’s safety; and 

they can be exposed to IR more. In the literature, although 

there are trainings on radiation safety for nurses, there is not 

any standard application of this (18). With this study, after 

considering the working conditions of the nurses of ICUs, 

it is aimed to evaluate the effect of radiation safety training 

on the knowledge, attitude and behaviors of nurses. In 

accordance with this aim, the questions of the investigation 

are determined as follows:

1. Has radiation safety training applied to ICU nurses 

been effective on their radiation protection behaviors?

2. Has radiation safety education applied to ICU nurses 

been effective on their radiation protection knowledge and 

attitudes?

Materials and Methods

Trial Design

This study has been designed in quasi experimental 

and implemented. During the experimental design with 

the control group, one follow-up was performed before the 

intervention, and two follow-ups were performed after it. 

Radiation protection behaviors and knowledge levels were 

evaluated at one-month intervals after the intervention. 

Following all follow-ups, questionnaires, and observations 

were conducted before interventions were implemented.

Participant

The population of the study consists of nurses working 

in pediatrics and newborn ICUs of two hospitals which 

have similar properties. Within the context of the study, 

the training group and the control group were made up 
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with nurses of two different independent hospitals in order 
that the training can be evaluated impartially; hence, it was 
established that the health workers would not be affected 
from each other. The criteria to be included in the study are 
working as nurses in the pediatrics and neonatal ICUs of 
hospitals and being willing to participate in the study. On 
the other hand, the exclusion criteria of the study were 
determined as leaving the hospital during the process while 
the research was in progress (go on a leave, change the 
clinic etc.) and not accepting to participate in the study. The 
participants were appointed in 2 equal groups as training (75) 
and control group (75). During the process of the study, due 
to the leaving of some participants, the study was ended 
with total participants of 144 as 62 people in each the 
training and control groups (Figure 1).

Control group: The control group were not provided with 
radiation safety training prepared within the context of this 
study. The informative posters related with radiation safety 
were hung visible places of workplaces. 

Training group: In the study, radiation safety training 
program developed specific to the ICU nurses were applied 

as a means of intervention to ICU nurses working in the 

hospital specified as training group. In the preparation of 

these training materials, International Radiological Protection 

Commission (ICRP) reports and updated literature were 

taken as bases (3,7,14,16,18-22). The aim of the training 

program is to teach ICU nurses to apply the basic standards 

of radiation protection by providing them with patient safety 

yet without hindering their services. The trainings made face 

to face were applied in practical terms with groups consisting 

8-10 persons. In total six sessions, the intervention of the 

nurses in the training group was completed. The content and 

learning outputs of training are shown in Table 1.

Outcome Measures

Within the context of the study, the data were collected 

through face-to-face survey and questionnaire. Before starting 

the study, pretests were applied; after the homogeneity of 

the training and control groups was examined, intervention 

phase was started. The data in the study were collected 

by using introductory information form, radiation safety 

information level form and observation form.

Figure 1. Consort flow diagram
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Introductory information form: Introductory information 

form consists of total 14 questions related with the working 

conditions of ICUs such as working years, number of shifts 

per month, besides sociodemographic data about the 

participants such as age, gender, civil status, and education 

level.

Radiation safety information level form: The researchers 

prepared it to assess nurses’ radiation safety knowledge. The 

form was prepared based on the ICRP (22) and International 

Atomic Energy Agency (23) reports as well as current 

literature (8-16). It consists of three sections as information 

level about radiosensitive organs and tissues (sensitive-KL), 

knowledge level about the biological effects of IR (effect-KL), 

and knowledge level about radiological examinations having 

IR (examination-KL).

 I. Sensitivity-KL: It is the score type obtained through 

truly knowing whether the organs and tissues (thyroid, blood 

tissue etc.) of different parts of human body are sensitive to 

radiation or not. The smallest score and the highest score are 

taken as zero and eight, respectively.

 II. Effect-KL: It is the score type obtained through truly 

knowing the biological effects (cancer, infertility etc.) possible 

to occur with regard to long time low IR dose exposure. The 

smallest score and the highest score are taken as zero and 

six, respectively.

 III. Examination-KL: It is the score type obtained through 

knowing the radiological examinations, used in different 

parts of the hospital, and in which IR is used and not used 

(MR, X-ray etc.). The smallest score and the highest score 
are taken as zero and twelve, respectively.

Observation form: In creating the observation form, 
updated literature (17-20) and guidance (22,23) were taken 
as bases; and the behaviors necessary to be conducted 
to protect from radiation in ICUs were investigated in five 
items. The specialists whose opinions were applied are of 
academician and radiology specialist doctor working at a 
university and at the radiation safety committee of a research 
hospital, respectively. Each item was scored in 5 Likert scale 
by the specialists and they were analyzed with the help of 
W analysis. At the end of the analysis, it was concluded that 
the scoring of each specialist were found not to be different 
from each other statistically (Kendall W =0.167; p=0.255); 
and there was a harmony between them. The observation 
items:

• Going away from the environment during irradiation,
• Using lead screen,
• Wearing lead apron during radiation,
• Using additional protectors during radiation (thyroid 

protector, goggles etc.),
• After radiological examination, ventilating the 

environment one stays.

Determination and Application of Observation Numbers

Defined protective behaviors were marked as “done” 
and “did not do” on the observation form. Daily records were 
attained by the researcher through observing the records of 

present cameras of the hospital. 

Table 1. Radiation safety training program

Section Content Learning outcomes

Preparation and introducing General information about issue
Making the importance of radiation
safety understood and raising
awareness.

Radiation safety
Definition of radiation, its sources, 
its biological effects, its dose unit s and the 
sensitivity of tissues to radiation

Knowing the difference between ionized and 
non-ionized radiation. Knowing the effects of 
radiation.

Radiated areas in hospitals
Controlled and supervised radiation
areas

Knowing which areas of hospital
need protection from radiation.

Basic principles to protect from
radiation

Time, distance, barrier Actions needed to be taken in radiated areas.

Protection from radiation in ICUs
Dose restriction in ICUs application of basic 
standards to protect from radiation in ICUs 
using personal protection equipment

Protection from radiation in working conditions 
of ICUs and providing the safety of the patients.

Questions and guidance Institutions to obtain information on the subject.

ICU: Intensive care unit
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The epi info Statcalc package program was used to 

determine the number of follow-ups. The number of monthly 

radiological examinations was recorded as 1,152. For this 

reason, it was concluded that at least 33 follow-ups were 

required for each group with a 5% margin of error in a 

two-group study design with a confidence interval of 80% 

before the training. In order to prevent duplicate observation 

of participants and to increase the confidence interval, all 

nurses included in the study were observed once in each 

follow-up. As a result, a total of 144 nurses included in the 

study were observed once in each follow-up.

Sample Size 

G-Power 3.1.9.2 program was used in the study in order 

to determine the size of sample. In line with the reference, 

results obtained with literature scanning carried out before 

the study, while the effect size was 0.8 and alpha: 0.05, 

the sample to be taken for each group was obtained as 47 

people and 94 people in total. Considering such cases as 

going on a leave during the study, withdrawing from the 

study and nurses changing their departments, all participants 

in training and control groups were included in the study. 

The data collected at the end of the study were obtained as 

alpha, 0.05 and total sample size, 124, while effect size, 0.99, 

as a result of post-hoc analysis.

Statistical Analysis

The data obtained as a result of the study were analyzed 

in the IBM SPSS 22 package program (Statistical Package 

for the Social Sciences). Frequency, percent arithmetic 

mean, minimum-maximum values and median were used 

from descriptive statistical methods. The paired simple t-test 

was used to evaluate the quantitative dependent variables 

showing normal distribution in the training and control 

groups. Chi-square test was used to evaluate categorical 

variables between groups. The McNeamer test was used 

to determine how the training and control groups changed 

during the intervention process. It was considered significant 

since the materiality value (p-value) was below 0.05.

Ethical Approval

Before starting the study, the necessary permission was 

obtained from Koç University Social Sciences Research 

Ethic Committee with decision number 2017.102.IRB3.055 

(date: 22.06.2017). To conduct the study, the necessary 

permissions were obtained from the institutions to which 

ICUs are connected. The participants were informed in 

written and orally and their consent confirmations were 

obtained. The radiation safety training applied to the training 

group was later applied to control group as well.

Results

Sociodemographic and working features of the nurses: 

It was determined that the age average of the groups 

accepted in the study were training, 28.22±4.86 and 

control, 29.01±4.39; and that no statistically significant 

difference was found in age (p=0.345), gender (p=0.389), 

civil status (p=0.072) and education levels (p=0.931), total 

job experience (p=0.358) and their working types (p=0.075) 

and working years (p=0.358) in ICUs (Table 2).

In the pre-tests, no statistically significant difference 

was found in the behaviors of training and control groups 

in moving away from the environment (p=0.427), using 

protective shield (p=0.500), wearing lead apron (p=0.120), 

using additional protective (p=0.500) and ambient ventilation 

(p=0.320) that were observed (Table 3). The most frequent 

behavior observed in the nurses during radiological 

examination was moving away from the place where medical 

examination is done (training: 58.1%, control: 61.3%). Using 

protective shield (training: 11.3%, control: 12.9%) and 

using lead apron (training: 14.5%, control: 6.5%) and using 

additional protectors (training: 3.2%, control: 4.8%) and 

ambient ventilation (training: 6.5%, control: 4.8%) behaviors 

were found to be rarely applied radiation protection behaviors.

Pre-training radiation safety knowledge scores; 

sensitive-KL (training: 2.72±1.10; control: 2.80±1.08), 

effect-KL (training: 4.25±1.62; control: 4.46±1.71) scores 

were found to be at similar levels (Figure 2). 

It was determined that the socio-demographic, working, 

radiation protection behavior and knowledge levels of the 

groups had similar characteristics (Table 2, 3, Figure 2). 

Evaluation of radiation protection behaviors and 

knowledge scores of groups: The behavior of moving away 

the environment after the intervention was significantly 

higher in the control group than in the training group in 

the second and third follow-ups (p=0.000; p=0.012). On 

the contrary, it was observed that there was a significant 

difference in favor of the training group in other radiation 

protection behaviors such as using a radiation shield, 

wearing a lead apron, using additional protective equipment, 

and ambient ventilation (p=0.000). 
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It is seen that the score averages of radiation knowledge 
level (sensitivity-KL, examination-KL, effect-KL) have been 
given correct answers at similar levels in both groups, which 
is shown in Figure 2.

Evaluation of training group radiation protection behaviors 
and knowledge scores: In the evaluation of the radiation 
protection behaviors observed in each follow-up in the training 

group, no statistically significant change was observed in 
the protection behavior moving away from the environment 
(Table 4). There were 27 nurses who showed moving away 
behavior in the first and second follow-ups, 23 nurses in the 
first and third follow-ups, and 31 nurses in the first and third 
follow-ups (Table 4). Statistically significant increases were 
observed in the other four protective behaviors compared 

Table 2. Sociodemographic characteristics of nurses

Introductory features
Training
group

Control
group

Examination
values

Age  ± SD (year) 28.22±4.86 29.01±4.39 t=-0.949 p=0.345

Working duration in ICU  ± SD (year) 5.17±4.50 6.51±3.77 t=-1.795 p=0.075

Total working years  ± SD (year) 3.41±3.01 3.96±3.57 t=-0.923 p=0.358

Gender
Female, n (%) 33 (53.2%) 36 (58.1%)

χ²=0.213 p=0389
Male, n (%) 29 (46.8%) 26 (41.9%)

Civil status
Married, n (%) 32 (51.6%) 41 (66.1%)

χ²=2.698 p=0.072
Single, n (%) 30 (48.4%) 21 (33.9%)

Education status
High school graduate, n (%) 9 (14.6%) 10 (16.1%)

χ²=0.444 p=0.931
University graduate, n (%) 53 (85.6%) 52 (83.9%)

Having shifts
Yes, n (%) 55 (88.7%) 60 (96.8%)

χ²=2.995 p=0.082
No, n (%) 7 (11.3%) 2 (3.2%)

χ²: Chi-square test, t*: independent simple t-test, p: significant value, ICU: intensive care unit,  ± SD: mean ± standard deviation

Figure 2. Evaluation of knowledge score averages in training and control groups
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to the pre-intervention status (p=0.000). In the ICU, there 
were 51 people, who did not use protective shields during 
the radiological examination before the intervention, but 

there were 47 people, who applied it in the second and 
third follow-up after the intervention. Similarly, of 51 nurses, 
who did not use lead aprons, 43 nurses started using lead 

Table 3. Investigation of radiation protection behaviors and radiation knowledge 

scores of training and control groups

Radiation protection 
behaviors

Groups

1st Follow-up 2nd Follow-up 3rd Follow-up

Yes 
(n/%)

No 
(n/%)

Yes
(n/%)

No 
(n/%)

Yes
(n/%)

No 
(n/%)

Moving away the 
environment

Training 36/58.1% 26/41.9% 43/69.4% 19/30.6% 41/66.1% 21/33.9%

Control 38/61.3% 24/38.7% 60/96.8% 2/3.2% 53/85.5% 9/14.5%

Examination values χ²*=0.134 p=0.427 χ²*=14.676 p=0.000 χ²*=6.332 p=0.012

Using shield
Training 7/11.3% 55/88.7% 57/91.9% 5/8.1% 53/85.5% 9/14.5%

Control 8/12.9% 54/87.1% 33/53.2% 29/46.8% 29/46.8% 33/53.2%

Examination values χ²*=0.076 p=0.500 χ²*=21.437 p=0.000 χ²*=20.739 p=0.000

Wearing lead apron
Training 9/14.5% 53/83.5% 59/95.2% 3/4.8% 51/82.3% 11/17.7%

Control 4/6.5% 58/93.5% 11/17.7% 51/82.3% 10/16.1% 52/83.9%

Examination values χ²*=2.148 p=0.120 χ²*=72.465 p=0.000 χ²*=54.240 p=0.000

Using additional 
protectives

Training 2/3.2% 60/96.8% 54/87.1% 8/12.6% 46/74.2% 16/25.8%

Control 3/4.8% 59/95.2% 11/17.7% 51/82.3% 7/11.2% 55/88.7%

Examination values χ²*=0.208 p=0.500 χ²*=59.785 p=0.000 χ²*=50.121 p=0.000

Ventilating the 
environment

Training 4/6.5% 58/93.5% 57/91.9% 5/8.1% 47/75.8% 15/24.2%

Control 3/4.8% 59/95.2% 13/21.0% 49/79.0% 11/17.7% 51/82.3%

Examination values χ²*=0.151 p=0.320 χ²*=63.509 p=0.000 χ²*=63.509 p=0.000

χ²: Chi-square test, p: significant value

Table 4. Examination of the training group’s radiation protection behaviors and knowledge scores

Observed behaviors
1st & 2nd

Follow-up
1st & 3rd 
Follow-up

2nd & 3rd 
Follow-up

Yes No Yes No Yes No

Moving away the 
environment

Yes 27 9 23 13 31 12

No 16 10 18 8 10 9

Examination values χ²*=0.412 p=0.230 χ²*=0.516 p=0.472 χ²*=0.674 p=0.832

Using protective 
shield

Yes 6 1 6 1 52 5

No 51 4 47 8 1 4

Examination values χ²*=46.173 p=0.000 χ²*=42.188 p=0.000 χ²*=0.245 p=0.219

Using lead apron
Yes 8 1 8 1 51 8

No 51 2 43 10 0 3

Examination values χ²*=44.290 p=0.0000 χ²*=46.173 p=0.000 χ²*=38.205 p=0.000

Using additional 
protectives

Yes 1 1 1 1 46 8

No 53 7 45 15 0 8

Examination values χ²*=4.429 p=0.000 χ²*=48.167 p=0.000 χ²*=40.196 p=0.000

Ventilating the 
environment

Yes 3 0 3 0 47 10

No 54 5 44 15 0 5

Examination values χ²*=4.429 p=0.000 χ²*=52.019 p=0.000 χ²*=42.023 p=0.000

χ²*: McNeamer test, p: significant value
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aprons at the last follow-up after the intervention. There 
were 53 nurses, who did not use an additional PPE before 
the intervention, they used it at the first follow-up after the 
intervention, and 45 nurses used it at the last follow-up. 
Fifty four nurses, who did not ventilate the environment 
after the radiological examination, started to ventilate the 
environment in the first follow-up (Table 4). In the second 
and third follow ups made with a one month interval after 
the training, no statistically significant change was observed 
in the behavior of moving away from the environment and 
using protective shields (p=0.832; p=0.219). However, at the 
last follow-up (3rd follow-up), it was determined that there 
were significant decreases in wearing lead apron, additional 
PPE use and ambient ventilation protection behaviors. It was 
observed that after the intervention, 8 people using lead 
aprons, 8 people using additional PPE, and 10 people who 
ventilated the environment after radiological examination in 
the first follow-up did not apply these protective behaviors in 
the last follow-up (Table 4). 

As shown in the graph, the radiation knowledge level 
score averages show remarkable rises, while these rises in 
control group are limited. As a matter of fact, remarkable 
score rises are observed in the training group at the first 
sight. Although some slight decreases are observed in 
sensitivity-KL, effect-KL scores in the last observation, this 
is more obvious in examination-KL score average (Figure 2). 

Discussion

In order to prevent the effects of long-term low-dose 
IR exposure, radiation safety training developed specifically 
for ICU nurses was applied within the scope of the study. 
For this purpose, in the pre-tests (1st follow-up) in the 
experimental design conducted in two different hospitals, 
it was observed that the study groups had insufficient 
knowledge and behavior in radiation protection (Table 3, 4). 
When the protective behaviors of the training group during 
the radiological examination in the pre-training ICUs were 
examined, it was determined that the most protective 
behavior of the nurses was going away from the environment 
and they were insufficient in the use of PPE (Table 3). After 
the training, while no significant variation was observed in 
the doing away protection behavior in the training group, a 
significant increase was found in other protective behaviors 
(Table 4). Going away from the beam source is one of the 
basic principles of radiation protection and the square of 
the distance to the beam source is inversely proportional to 
the amount of radiation received (23). In this case, sufficient 

distance from the beam source will be effective in protection. 
However, it is not always possible to implement this situation 
in ICU working conditions. Divatia and Bhowmick (17), in 
their study in ICUs, reported that when nurses go out of the 
ICU during imaging, patients connected to the mechanical 
ventilation device may leave the device, and this will cause 
complications such as mortality that may develop due to 
hypoxia and an increase in the length of stay in the hospital. 
In addition, another problem is how far going away from the 
beam source will provide protection. When the sources are 
examined, values between two and six meters are given at 
the point of how far going away from the beam source should 
be (24,25). An important reason for this situation is that the 
position of the person changes relative to the beam source 
and the variability of the applied radiation dose. In ICUs, going 
away from the beam source may cause various accidents 
and complications in the patient, and it is not always a safe 
method of protection by itself, due to the ambiguity about 
how far away the person should be. In the second and third 
observations after the training, it was determined that while 
the going away and protection behavior was significantly 
higher in the control group (Table 4), there was a significant 
increase in other protective behaviors in the training group 
compared to the control group (Table 3). This situation shows 
that after the training, the use of PPE gained importance 
in the protective behaviors of the training group rather than 
going away from the environment.

In the last follow-up (3rd follow-up) in the training group 
after the radiation safety-training program was implemented, 
a significant decrease was observed in the protective 
behavior of additional protective, lead apron and ambient 
ventilation (Table 4). Although the radiation safety training 
given to the training group significantly increased the use 
of PPE, it is clear that there was a partial decrease in the 

use of PPE over time. In the literature, many reasons such 

as not adopting protective behaviors, personal beliefs and 

sensitivities are shown as the reasons for the decrease 

in the protective behaviors of health workers about 

occupational health and safety over time (26-28). In addition, 

the availability of PPE is an important factor affecting its 

use 15. When examined in terms of radiation protection, 

Flôr and Gelbcke (29), in their study on nurses working in 

the cardiac catheterization unit, found that the nurses did 

not use the PPE equipment used in radiation protection 

because they found it heavy and uncomfortable. In another 

study conducted on nurses in neonatal ICUs, it was stated 

that the use of PPE was closely related to employee-related 
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risks (30). Except for this, it is thought that this causes a 
decrease in the risk perception of time-dependent nurses 
and a decrease in the use of PPE over time, due to the fact 
that the use of PPE is disturbing and heavy. The knowledge 
levels of intensive care nurses on radiation protection were 
examined in three sections where basic radiation safety 
issues were questioned. In the evaluation made in the 
study groups before the training, it was observed that their 
knowledge about IR was quite limited (Table 3,4). Looking 
at the studies in the literature, there are studies showing 
that healthcare professionals from different professions such 
as doctors, dentists, and radiology technicians do not have 
sufficient knowledge about radiation safety (12,31,32). In a 
study on intensive care nurses, it was stated that 62.7% of 
the nurses had little knowledge about radiation safety, and 
the remaining 37.3% had moderate knowledge (33). In all 
these studies, different levels of information deficiencies 
have been identified due to different measurement tools. 
However, there are also studies reporting that nurses are 
more inadequate than some healthcare professionals such 
as doctors and radiology technicians (12,13,34). Since the 
level of knowledge about radiation protection is positively 
correlated with radiation protection behaviors (11), obtaining 
the right information is also an important requirement for 
developing correct behavior about radiation safety.

After the radiation safety training, it was determined that 
the level of knowledge about radiation safety among the 
nurses increased in the measurements made both in the 
training group and compared to the control group (Figure 2). 
In similar studies conducted, it is shown that radiation safety 
training provides increased knowledge at different levels 
(15,19). For this reason, it is an expected result consistent 
with literature that there is an increase in IR knowledge level 
in training group. However, in the last measurement, it is 
seen that there is a limited decrease in the knowledge level, 
which is more obvious in examination-KL knowledge average 
(Figure 1). In the third observation, there is a parallel situation 
in the decrease of protection behaviours and knowledge 
level of ICU nurses (Table 3,4). In their study, Morishima et al. 
(20) stated that the level of radiation protection knowledge 
of cardiology nurses decreased over time. In line with these 
data, which we have reached a similar conclusion with 
the literature, it has been concluded that it is an important 
necessity to conduct trainings periodically in order to 
perpetuate the increasing level of knowledge. 

If the last follow-up was carried out three or six months 
after radiation safety training, this would have given more 
information about the persistence of radiation protection 
behaviors. However, the last follow-up could be made only 
one month after the second follow-up due to the frequent 
occurrence of situations such as leave for holiday and the 
nurses’ change of service. In the study, since there was no 
measurement tool with reliability and validity in Turkish to 
measure the radiation knowledge level of ICU nurses, the 
evaluation of the radiation knowledge level was made using 
descriptive statistical methods and visuals.

Conclusion

The findings obtained within the scope of the study 
show that the radiation safety training developed for ICU 
nurses is an effective tool in ensuring radiation safety. 
However, in order to prevent the correct protection behaviors 
and decrease in knowledge level depending on time, the 
trainings should be organized periodically.

*This study was produced from the data of the Doctoral 
Thesis published in Koç University Health Sciences Institute 
Nursing Department (Thesis No: 568819).
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