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Abstract 

Background: To evaluate current approaches to ionizing radiation by personnel working in urology operating room 
at all levels of health service in Anatolia, Turkey.

Methods: A questionnaire was e-mailed to urology operating room personnel including MDs at different academic 
levels, between August and September 2020 in Anatolia, Turkey. The questionnaire included demographic questions 
and questions about ionizing radiation, exposure and protection.

Results: Of the 173 (11.9%) respondents, 44.5% were doctors, 24.9% were nurses, 20.8% were radiology technicians, 
and 9.8% were other operating room personnel. While most participants (73.4%) had some knowledge of radiation, 
only 42.2% stated they had received radiation-specific training. The two most commonly used personal protective 
equipments (PPEs) among respondents (79.8%) were lead aprons and thyroid protectors. Interestingly, both types 
of PPE were preferred among those who had not received radiation safety training. Conversely, besides lead aprons 
and thyroid protectors; gonadal protection, goggles and gloves were the preferred PPEs among respondents who 
had received radiation training (p < 0.001). Radiology technicians exhibited the highest compliance rate for dosimeter 
usage (100%), followed by faculty members (37.5%), urology specialists (36.7%) nurses (27.9%), operating room staff 
(17.6%) and assistants (15%). While differences in compliance were statistically significant (p < 0.001), no significant 
relationship was found between radiation protection measures and years of experience, daily fluoroscopy exposure or 
education level.

Conclusions: Despite advances in medical science, our findings suggest that many hospital personnel are still insen-
sitive to the dangers of fluoroscopy, which is of great importance in urology operating rooms.
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1  Background
As technologies continue to develop, more physicians 
are performing minimally invasive surgeries [1]. Among 
the minimally invasive methods performed, fluoros-
copy, which is simple to use and interpret, is a com-
monly practised and preferred imaging technique in the 
field of urology [1, 2]. However, the major disadvantages 

of fluoroscopy are the dangers of ionizing radiation, to 
which all operating room personnel are exposed during 
fluoroscopy procedures [1].

The International Radiation Commission recommends 
that, in a 5-year period, professional groups should not 
exceed 20  mSv/year [3]. Exceeding this limit can have 
serious consequences, which vary depending on radia-
tion dose, duration and whether personal protective 
devices are used [1].

Despite an understanding of radiation and its harm-
ful effects, there is inadequate coordination of operating 
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room staff in the use of and protection against radiation 
due to fluoroscopy usage. In both Turkey and worldwide, 
various studies have examined the dangers of inadequate 
radiation protection methods among endourologists, 
urology operating room staff members, medical students 
and urology residents [4–8]. To date, no Turkish study 
has simultaneously compared radiation safety compli-
ance among urology staff at all levels over the same 
period of time. Therefore, this study surveyed personnel 
working at all levels in urology in Anatolia, Turkey, to 
evaluate their current approaches to ionizing radiation.

2  Methods
Research ethics for this study was approved by Zon-
guldak Bulent Ecevit University local ethics commit-
tee  (BLINDED FOR PEER REVIEW). A questionnaire 
was e-mailed to 1453 urology operating rooms personnel 
including MDs at different academic levels, nurses, medi-
cal staff and radiology technicians. Our survey captured 
respondents working at various hospitals (i.e. state, pri-
vate, academic and medical facilities) at different Ana-
tolian regions between August and September 2020. 
Google Docs™ was used to prepare the survey form as it 
also ensured participants’ anonymity. Furthermore, par-
ticipants were informed that the results of the question-
naire would be used for scientific purposes only.

The survey comprised 15 questions and evalu-
ated participants’ demographics such as age, profes-
sion, educational status, duration in the profession and 
their institution of employment. The questionnaire also 
interrogated participants’ knowledge about the harm-
ful effects of radiation, their daily fluoroscopy exposure, 
whether they received radiation-specific training, possess 
a dosimeter, use personal protective equipment (PPE) 
and have a warning sign posted in the appropriate work 
areas.

The survey used in this study was adapted from the 
questionnaire used by Tok et al. (1) but has not yet been 
validated. To determine the sample size for this study, 
power was taken at least 80% and 5% type 1 error for each 
variable. Descriptive statistics for categorical variables in 
our study were expressed as numbers and percentages, 
and the Chi-square test was used to determine the rela-
tionship between categorical variables. A significance 
level (α) of 5% was used, and the SPSS statistics package 
program (IBM SPSS for Windows, ver.24) was used for 
calculations.

3  Results
Fully completed questionnaires were returned by 
173/1453 participants (11.9%), of which 77 (44.5%) were 
doctors of different academic levels, 43 (24.9%) were 
nurses, 17 (9.8%) were auxiliary healthcare personnel, 

and 36 (20.8%) were radiology technicians. Respondents 
ranged in age from 24 to 63 years old, with the average 
age being 38.9 ± 9.6 years old. With respect to their high-
est level of education, 136 respondents (78.6%) graduated 
from university, 24 (13.9%) completed a 2-year associate 
degree, and 13 (7.5%) completed either primary or high 
school. Other demographic data are shown in Table  1. 
Most of the participants were staffed at public (33.5%) 
and university (29.5%) hospitals. Most staff members 
used fluoroscopy at least once daily (39.3%), and the 
intensive usage rate was substantial (37.0%). In terms of 
their experience working in urology operating rooms, 27 
participants (15.6%) stated that they had been working 
for 1–5 years, 33 (19.1%) for 6–10 years and 113 (65.3) for 
more than 10 years.

Following fluoroscopy procedures, 75 (43.4%) partici-
pants stated that they used dosimeters and 44.5% of the 
participants took monthly and annual measurements. 
Notably, 31.4% of personnel working in university hospi-
tals and 55.2% of those working in training and research 
hospitals stated that they used dosimeters. In contrast, 
80.8% of the participants from private hospitals did not 
(p = 0.001).

Statistically significant differences in dosimeter usage 
were observed among healthcare workers and staff 
(p < 0.001). Specifically, compliance rates for dosimeter 

Table 1 Demographic characteristics of participants

Questions Answers n %

Gender Male 122 70.5

Female 51 29.5

Mean age 38.9 ± 9.6

Job Urology specialists 49 28.3

Nurses 43 24.8

Radiology technicians 36 20.8

Assistants 20 11.6

Auxiliary healthcare person-
nel

17 9.8

Faculty members 8 4.6

Level of education University 136 78.6

2-year associate degree 24 13.9

Primary or high school 13 7.5

For how long (years) have 
you worked in a urology 
surgery room?

1 to 5 years 27 15.6

6 to 10 years 33 19.1

More than 10 years 113 65.3

Your corporation State hospital 58 33.5

Private hospital 26 15.0

University hospital 51 29.5

Training and research 
hospital

38 22.0
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usage among radiology technicians were 100%, 37.5% for 
faculty members, 36.7% for urology specialist, 27.9% for 
nurses, 17.6% for auxiliary healthcare personnel and 15% 
for assistants. When asked if they were aware of the dan-
gers of radiation, 127 participants (73.4%) responded in 
the affirmative. Only 58 (42.2%) participants stated they 
had received radiation-specific training, while 88.9% of 
radiology technicians received such training regularly.

As outlined in Table  2, responses to the question 
“Which system(s) are affected by radiation?” were not 
influenced by age, gender or the length of employ-
ment. In contrast, however, variables such as profes-
sion, education level and institution each influenced the 
respondents’ answer to this question. Responses to the 
question “Which disease(s) are caused by radiation?” 

were significantly associated with participants’ profes-
sion, gender, education level and the year in the profes-
sion (p < 0.05). No statistically significant difference was 
observed among participants who were educated about 
radiation dangers versus those who were not (p > 0.05).

Lead aprons and thyroid protectors were the most 
commonly used PPEs among respondents (79.8%), and 
both types of PPE were preferred among those who had 
not received radiation safety training. Conversely, besides 
lead aprons and thyroid protectors gonadal protec-
tion, goggles and gloves were the preferred PPEs among 
respondents who received radiation training (p < 0.001), 
although no difference was observed between occu-
pational groups. When asked if there were radiation-
specific warning signs posted in fluoroscopy procedure 

Table 2 Other questionnaire responses by participants

Questions Answers n %

Average number of fluoroscopy exposures per day? 1 68 39.3

2 27 15.6

3 14 8.1

 > 4 64 37.0

Do you have a dosimeter? Yes 75 43.4

No 98 56.6

Are your dosimeter measurements taken regularly? Yes 77 44.5

No 96 55.5

Do you have enough information about the undesirable effects of radiation? Yes 127 73.4

No 46 26.6

Which systems or systems does the radiation affect? Central nervous system 104 16.2

Gastrointestinal system 101 15.7

Haematological system 150 23.4

Skin 150 23.4

Eyes 137 21.3

What disease or illnesses does radiation cause? Cancer 172 38.7

Cataract 94 21.2

Dementia 49 11.0

Leukaemia 120 27.0

Thyroid pathology 4 0.9

Infertility 4 0.9

Colitis 1 0.2

Have you been educated about the negative effects of radiation? Yes 73 42.2

No 100 57.8

What are the protective method you use to protect yourself from the negative effects of 
radiation?

Lead apron 169 45.7

Thyroid shield 138 37.0

Gonadal protector 21 5.7

Gloves 32 8.6

Goggles 11 3.0

Is there a radiation warning sign in the area you work? Yes 115 66.5

No 58 33.5
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areas, 115 (66.5%) participants stated that there were 
warning signs in areas where radiation is used. Among 
participants who confirmed the presence of warning 
signs in radiation areas, 42 (36.5%) worked in state hos-
pitals, while only 16 (13.9%) worked in private hospitals.

4  Discussion
The discovery of X-rays and radium, their use in medi-
cal applications and the emergence of harmful radiation 
effects on hospital staff underscore a need for radiation 
protection awareness [9]. Although exposure to radiation 
in medical imaging devices is minimized by technology, 
they are not entirely negligible. Since radiation has sto-
chastic dose-dependent and dose-independent cancer-
causing effects [10], and given the cumulative radiation 
doses healthcare workers (e.g. operating room staff) are 
exposed to over time, there is an increased risk of can-
cer and radiation-related illnesses among these groups 
[10]. It is therefore imperative that healthcare workers 
using radioactive technologies such as fluoroscopes com-
ply with the principles of ALARA ("as low as reasonably 
achievable"[9]. Indeed, the most important form of pro-
tection from the health risks associated with radiation 
exposure is the use of appropriate radiation-specific PPE 
[11, 12].

Our study is the first to evaluate awareness among 
urology staff about the systemic effects of ionizing radia-
tion in Turkey. We found that the responses regarding 
the negative effects of radiation on organ systems were 
not influenced by whether participants received training. 
This further illustrates that radiation education may need 
to be revised.

Many studies have shown that most urologists do not 
take proper protective measures during fluoroscopy pro-
cedures and neglect to use proper PPE [10, 13, 14]. As 
previously reported [1, 8], our findings showed that urol-
ogists and their assistants are exposed to higher single 
doses of radiation during a procedure, while other per-
sonnel are exposed to higher cumulative radiation doses 
over time. In a study by Söylemez et  al., they showed 
that not all urology healthcare workers used a dosimeter 
nor did they don adequate PPE [4]. In another study, the 
same group also revealed that urologists do not regularly 
use gonadal protection [5].

In this study, we found that irrespective of their occu-
pation, half of the participants wore lead aprons and 
almost a third used thyroid protectors. The proximity 
of personnel to the fluoroscope during procedures may 
explain this observation. Indeed, most faculty members 
and residents, but none of the nurse respondents, stated 
that they used gonadal protection. When we assessed 
adherence to the usage of safety glasses and gloves, fac-
ulty members and assistants weakly complied with the 

use of these types of PPE, while nurses and radiology 
technicians showed strong compliance. One possible 
explanation for this observation is that safety glasses 
might impair the physician’s vision during the procedure, 
which could influence compliance with this type of PPE.

Similar to our study, others have shown that lead 
aprons and thyroid protectors are more commonly used 
than other types of PPE [10, 11]. While we expected to 
see a relationship between education level and PPE 
compliance, the observed findings did not reveal such 
a correlation. Hence, we agree with the explanation put 
forth by Söylemez et al. that these types of PPE are non-
ergonomic and thus affected PPE compliance among the 
participants in our study [4]. Furthermore, many stud-
ies have shown that urology operating room staff receive 
insufficient training on the dangers of radiation [15–18]. 
With only 42.2% of respondents receiving radiation-spe-
cific safety training, our findings suggest that this has still 
not improved among personnel working in the urology 
field.

The individual permissible radiation dose is deter-
mined by law [19], and it has been advised that dosimetry 
is used in cases where threshold values are exceeded [1]. 
In our study, we found that 43.3% of the participants used 
dosimetry. While all radiology technicians stated that 
they used dosimetry, a similar level of compliance was 
not observed in the other groups. Interestingly, dosim-
eter usage was more commonly practised among partici-
pants in education, research and state hospitals, which 
may be related to more frequent fluoroscope usage in 
these centres.

Warning signs must be used in areas where there is a 
high risk of radiation exposure to increase patient and 
staff member safety. As such, radiation warning signs 
should be posted in areas where fluoroscopy is used. 
However, only 66.5% of the participants stated that there 
was such a warning sign in their working environment. 
This could be because the warning signs posted are not 
striking enough to capture the personnel’s attention. 
Thirty-seven per cent of participants stated that they per-
formed fluoroscopy at least 4 times in their daily practice. 
Of these respondents 12.1% were radiology technicians, 
8.1% were auxiliary healthcare personnel, and 5.8% were 
assistants. Despite such regular fluoroscopy usage, there 
is gravely insufficient awareness about the dangers of 
radiation and the use of PPE.

The main limitation of this research is the small num-
bers of respondents that fully completed the survey. The 
small number may be related to the fact that internet 
usage is not a preferred tool. However, this question-
naire has further underscored the lack of radiation safety 
compliance in Turkey. Reaching the participants online 
was another limitation. However, our approach enabled 
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anonymity and allowed participants adequate time to 
reflect on their answers, rather than providing an answer 
immediately.

Though similar to previously published studies, our 
study is significant because it highlights the current state 
of radiation awareness among urology operating room 
staff at all levels in Anatolia, Turkey.

5  Conclusion
Full awareness of radiation protection is still not observed 
today. Compliance with ALARA principles is important 
in all areas of radiation exposure—both for the general 
and occupational health of fluoroscopy practitioners and 
also in terms of the additional burden imposed on the 
health economy. During their training, doctors and other 
healthcare practitioners using radiological instruments 
should be appropriately instructed on proper radiation 
protection. Improving the ergonomics of PPEs will help 
to ensure ease of use by the employee. Lastly, strict com-
pliance with radiation safety measures and adherence to 
state-regulated ambient radiation levels should be moni-
tored by the appropriate authorities.
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