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INTRODUCTION

Sule Karabulut Gul;!

Recep Demirhan?

ABSTRACT

Objective: The use of radiation in medical diagnosis and surgical procedures is increasing
with developing technology. During these routine interventions and procedures, physicians’
decision-making through radiation safety awareness and application of radiation protection
knowledge daily will protect themselves, their team, and patients from unnecessary radia-
tion exposure and the negative effects of radiation. We aim to determine awareness and
knowledge levels.

Methods: Our research was based on evaluating answers to the questionnaire applied to
physicians working in the Surgical Units of the hospital. The questionnaire consists of 3 parts.
The Ist part of the research questionnaire consisted of 7 questions aimed to collect general
information about the physicians participating in the study. The 2nd part of the research
questionnaire consisted of |3 questions aimed at analyzing the use of acquired radiation pro-
tection awareness in daily practice in the outpatient clinic and operation room. The 3rd part
of the research questionnaire consisted of 12 questions aimed to analyze the basic radiation
safety and radiation protection knowledge.

Results: A total of 172 physicians from surgical units participated in this questionnaire, 96
of them were assistants. In the analysis of 2nd part radiation protection awareness questions,
an awareness level of 50% or more was observed in 10 answers. In the analysis of 3rd part
general radiation safety and radiation protection knowledge questions, a correct answer
level of 50% and more was observed in 6 answers.

Conclusion: Radiation protection awareness is teamwork as well as an individual effort.
The results of this questionnaire we conducted within our hospital clearly emphasized that
our hospital’s chief physician, clinic chiefs, and all physicians in surgical units have high aware-
ness of radiation safety. Knowledge about radiation protection has created optimum working
conditions in outpatient clinics and operation rooms.

lonizing radiation has adverse biological effects on living
organisms that may vary depending on the type of radi-

In addition to the radiation sources that naturally exist
around us, the radiation produced from artificial (man-
made) radioactive sources through developing technology
has been integrated into many areas of our daily lives. X-
rays and y (gamma) rays, used in medicine for diagnosis
and treatment, are electromagnetic wave types of radia-
tion emitted from artificial radioactive sources.["!

The amount of ionizing radiation dose received from med-
ical interventions is considered as the majority of radiation
dose received from artificial sources in the general pop-
ulation exposure.? lonizing radiation is used in a variety
of medical procedures, including angiography, fluoroscopy,
computed tomography (CT), and radiographic imaging.!

ation, absorbed dose, and duration of exposure, which
is the dose rate.*’] The biological effects of ionizing ra-
diation vary depending on the type of radiation and the
magnitude of its energy. Sievert is the unit of equivalent ra-
diation dose, effective dose. For example, a standard chest
X-ray (CXR) corresponds to approximately 0.02 mSv of
effective radiation.!"

One Sv is the amount of radiation necessary to produce
the same effect on living organisms as | Gray (Gy) of
high-penetration X-rays. Quantities that are measured in
Sv represent the biological effects of ionizing radiation.!
When comparing a chest CT scan and a standard CXR,
despite both techniques irradiating the lungs, the effective
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dose from CT can be several hundred times that of a CXR,
depending on the CT protocol technique. While the ef-
fective dose for standard CXR is 0.02 mSy, effective dose
values ranging from 5.1 mSvl” to 10—40 mSv® for lung CT
have been reported in different studies.[”

Considering these exposures, it is recommended that
patients should be informed about the risks of radiation
exposure while being informed about the necessity and
benefits of diagnostic and interventional procedures.”!
The radiation risk of | mSv is not equal for a 10-year-old
child, a 25-year-old adult, or a 70-year-old adult. Also, that
biological risk is not the same for a man or a woman.['

Follow-up and investigation of a patient’s radiological pro-
cedure history will be beneficial for individual patient radi-
ation protection, as it can provide clinical information that
will not require another radiological examination for that
patient. Avoiding unnecessary repetition of medical imag-
ing involving radiation exposure achieves a 100% dose re-
duction, even if the dose from the previous imaging is not
taken into account.!'! Patient dose tracking is a concept
created within the International Atomic Energy Agency
(IAEA) and led to the implementation of the IAEA’s Smart
Card project.'*'"] Many different European countries have
implemented this monitoring system, and experiences
from Finland are presented documenting the impact of
individual patient monitoring in strengthening justification
and optimization processes.!'""!*]

In light of this information, physicians have a great duty and
responsibility to protect people from radiation exposure
resulting from medical practices. Three basic elements de-
fined as radiation protection principles by the International
Committee on Radiation Protection (ICRP)—]ustification,
Optimization (As Low As Reasonably Achievable-ALARA),
and Dose Limitations—must be taken into consideration
in clinical management.!l's]

The importance of physician awareness in radiation pro-
tection and radiation safety is also evident during the
management of the fluoroscopic imaging process in the
operating room. We can categorize the principles of flu-
oroscopy protection for teams working in the operating
room under four headings: distance and position (distance
‘D’), duration (exposure ‘E’), use of barrier (barrier ‘B’),
and technical features of the device (technique ‘T’).l'7]

In operating rooms, the distance rule is the easiest to
comply with and the most effective method of protection
from radiation, as radiation decreases inversely propor-
tional to the square of the distance. To minimize the num-
ber of scattered photons, the fluoroscopy device should
be positioned appropriately and the operating room team
should stand on the correct side of the fluoroscopy. The
X-ray tube must be under the table. When taking a lateral
image, the team should be positioned on the opposite side
of the X-ray tube. By increasing the distance between the
X-ray tube and the patient, both the patient’s dose and the
team’s exposure dose will decrease.['”]

The duration of radiation exposure is directly propor-

tional to the amount of radiation to be received. There-
fore, in preoperative planning, determining the location of
fluoroscopy inside the operation room, marking the area
to be shot on the patient’s body if possible, and mastering
the actual medical images of the patient, as well as keeping
the last image on the screen or recording the previous
images by using the technological features of the fluoro-
scopic device, will prevent the repetition of shooting dur-
ing the case.l'”]

Additionally, all shielding equipment and barriers must be
available in the operating room and must be worn when-
ever fluoroscopy is used. This equipment prevents radia-
tion exposure at different rates depending on the regions
where they are used. Lead-coated (0.15 mm) glasses re-
duce the amount of radiation reaching the eye by 70%. It
was found that exposure was reduced by 2.5 times after
thyroid shielding was used. A lead apron increases pro-
tection by |6 times in the anterior-posterior plane and
4 times in the lateral plane. Lead alloy-coated gloves are
difficult to use but can reduce exposure by up to 35%.['®

The main purpose of the study is to evaluate the radia-
tion safety and radiation awareness of physicians working
in surgical units through the questions in the question-
naire created by us, to analyze and determine levels of this
awareness on both their approaches to patients coming to
the outpatient clinic during imaging requests involving radi-
ation, and the importance and attitudes they take to pro-
tect the patient, the operating room team, and themselves
during the use of fluoroscopy in the operating room.

The second aim of the study is to analyze the radiation
safety and awareness knowledge of physicians working
in surgical units with the questionnaire created by us,
through the basic radiation protection and radiation safety
questions.

MATERIALS AND METHODS

Our research was based on the evaluation of answers to
the questionnaire that was applied to physicians working
in the Surgical Units of Kartal Dr. Liitfi Kirdar City Hospi-
tal. This research is planned to be completed between
01/04/2024 and 01/06/2024, including the application of
the questionnaire to the physicians working in the Surgical
Units of Kartal Dr. Liitfi Kirdar City Hospital and the eval-
uation of their answers.

The Ist part of the research questionnaire consisted of
questions aimed to collect general information about the
physicians participating in the study. The questions to be
answered by the participants are: gender, age, clinical title,
the department they work in, years of experience in that
department, their observative analysis of radiation expo-
sure percentage regarding the environment they are work-
ing in, and their radiation protection training status. Seven
questions in total.

The 2nd part of the research questionnaire consisted of
questions aimed at analyzing the use of acquired radiation
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protection awareness in daily practice in the outpatient
clinic and operation room. The questions to be answered
by the participants are divided into categories.

The first category of 6 questions is aimed at determining
the physician’s level of awareness of radiation exposure
and radiation protection when ordering medical imaging
examinations for patients coming to the outpatient clinic.

The second category of 7 questions is aimed at determin-
ing the level of awareness of radiation exposure and radi-
ation protection in cases where fluoroscopy is performed
in the operating room.Thirteen questions in total.

The 3rd part of the research questionnaire consisted of
questions aimed at analyzing the basic general radiation
safety and radiation protection knowledge. The content
of questions aims to determine the knowledge about:
General principles of radiation protection, Factors affect-
ing radiation protection, Imaging techniques that include
radiation, Shielding equipment in the operating room and
their characteristic features, Annual allowed dose limits,
Fluoroscopic techniques and characteristic features, Radia-
tion protection techniques during performing fluoroscopy.
Twelve questions in total.

The questionnaire was administered to designated clinical
units, and questionnaire responses were collected and an-
alyzed. Then, radiation protection awareness and radiation
safety knowledge levels were determined from the analysis
of the answers.

In Part |, the results were declared as percentages for
each marked answer for seven demographic questions.

In Part 2, percentages of each answer were declared for
each of the |3 questions marked for one of the following:
yes, no, or sometimes.

In Part 3, the percentage of correct answers marked for
each of the 12 questions was declared.

To determine the percentages of the questionnaire re-
sponses, frequency charts via descriptive statistics were
used. The statistical analysis of the questionnaire was per-
formed with SPSS 17.0.

Ethical approval for this study was obtained from Kartal
Dr. Lutfi Kirdar City Hospital Ethics Committee, taken
on 27.03.2024 (No:2024/010.99/2/37), and this study was
conducted in accordance with the Declaration of Helsinki.

RESULTS

We presented the evaluation of the answers to the 3 dif-
ferent sections that make up our questionnaire in tables.
The demographic structure of the questionnaire partici-
pants is represented in Table |.

172 physicians participated in the study. 37 of the par-
ticipants were women and 135 were men. Age distribu-
tion: 96 people between 21-30, 44 people between 31-
40, 20 people between 41-50, || people between 51-60,
| people over 60. Distribution and rates of experience:
66,9% (115) for 1-5 years, 18% (31) for 6-15 years, 8,1%
(14) for 16-25 years, 7% (12) for 26-35 years, none for
>36 years. Interdepartment distribution: 22,7% (39) for
Orthopedics and Traumatology, 17,4% (30) for Ear Nose
and Throat Diseases, 12,8% (22) for Plastic and Recon-
structive Surgery, 10,5% (18) for Urology, 8,7% (15) for
Neurosurgery, 8,1% (14) for General Surgery, 8,1% (14)
for Anesthesiology and Reanimation, 6,4% (1 I) for Cardio-
vascular Surgery, 4,7% (8) for Thoracic Surgery and 0,6%
(1) for Pediatric Surgery. Distribution of percentage of the
radiation exposure possibility in work from the point of

Table I. Demographic structure of the questionnaire participants
Gender (W, M) 37 (21.5 %) 135 (78.5 %)
Age 55.8% (96), 25.6% (44), 11.6% (20), 6.4% (11), 0.6% (1),
age21-30 age 31-40 age4l-50 age 51-60 age >60
Title 65.1% (112), 20.9% (36), 1.2% (2), Assistant 8.7% (I5), 4.1% (7),
Assistant Specialist Professor Associate Professor Professor
Experince 66.9% (115), 18% (31), 8.1% (14), 7% (12), None,
|-5 years 6-15 years 16-25 years 26-35 years >36 years
Department 22.7% (39), 17.4% (30), 12.8% (22),
Orthopedics and Ear Nose and Plastic and 10.5% (18), 8.7% (15),
Traumatology Throat Diseases Reconstructive Surgery Urology Neurosurgery
8.1% (14), 8.1% (14), 64%(11), 4.7% (8), 0.6% (1),
General Surgery  Anesthesiology and Cardiovascular Thoracic Pediatric
Reanimation Surgery Surgery Surgery
Percentage of radiation 54.1% (93), 23.3% (40), 13.4% (23, 6.4% (1), 2.9% (5),
exposure possibility 0-20% 21-40% 41-60% 61-80% 81-100%

Participation in radiation Yes 4.7% (8)

protection training

No 95.3% (164)
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Table 2. Evaluation of radiation protection and radiation safety awareness in the outpatient clinic and in the operation

room.

Question

|. After the examination, before a new imaging procedure order for the
patient, | check the system when was the last time any imaging proce-
dure was applied.

2. After the examination, before a new imaging procedure order that
will cause radiation exposure for the patient, | also check by asking the
patient when the patient last had one of these tests. (private or other
centers)

3. When | monitor the patient from the system, | look at the summary
document showing the applications involving radiation to which the pati-
ent is exposed for diagnosis and treatment purposes.

4. Without affecting the diagnosis and treatment process, if the previous
imaging examination performed on the patient involved radiation ex-
posure, | would consider re-evaluating the need for a new examination
that would cause radiation exposure and postponing it if it is not urgent.

5. Without affecting the diagnosis and treatment process, | focus on the
examination that will cause the least radiation exposure fort he patient.

6. During examination if the patient insists on an imaging procedure that
involves radiation exposure, | explain to the patient that this examination
is not necessary and that procedure will cause a radition exposure.

7. If fluoroscopic imaging technique will be used during the surgical ope-
ration, | always use the shielding equipment in the room.

8. When using the fluoroscopic imaging technique during the surgical
operation, if | do not have shielding equipment, and if my duty/position
is appropriate, | keep distance from the floroscopic device or leave the
room.

9. When using the fluoroscopic imaging technique during the surgical
operation, even if | have shielding equipment, and if my duty/position
is appropriate, | keep distance from the floroscopic device or leave the
room.

10. When using the fluoroscopic imaging technique during a surgical ope-
ration, | warn my colleagues who do not have shielding equipment, to
use the equipment or leave the room during the shooting.

I'l. When using the fluoroscopic imaging technique during the surgi-
cal operation, | pay attention to the duration and necessity of use, use
techniques that will reduce the number of shots, and take care to make
transactions under optimum conditions.

12. While fluoroscopic imaging technique is used during the surgical ope-
ration, in case of suspicion of a radiation accident, | contact the operating
room nurse in charge and | write a report stating the situation.

13. While fluoroscopic imaging technique is used during the surgical ope-
ration, in case of suspicion of a radiation accident, | follow up the report
that | write and examine the analysis report.

Yes No Sometimes
83.7% 4.1% 12.2%
84.8% 5.8% 9.4%
23.4% 62.6% 14%
70.9% 10.5% 18.6%
82.6% 7.6% 9.9%
75.6% 10.5% 14%
51.2% 15.9% 32.9%
60.9% 15.4% 23.7%
43.5% 26.8% 29.8%
73.4% 12.4% 14.2%
70.8% 10.1% 19%
67.7% 23.4% 9%
49.4% 34.5% 16.1%

view the participants: 54,1% (93) for 0-20%, 23,3% (40)
for 21-40%, 13,4% (23) for 41-60%, 6,4% (I 1) for 61-80%,
and 2,9% (5) for 81-100%. And last distribution of partic-
ipation in radiation protection training: Yes 4,7% (8), and
No 95,3% (164).

Evaluation of questions about radiation protection and ra-

diation safety awareness in the outpatient clinic and in the
operation room is represented in Table 2.

The distribution of ‘yes’ answer percentages for |3 ques-
tions is as follows. Ist question 83,7%, 2nd question
84,8%, 3rd question 23,4%, 4th question 70,9%, 5th ques-
tion 82,6%, 6th question 75,6%, 7th question 51,2%, 8th
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Table 3. Evaluation of radiation protection and radiation safety knowledge

Question

% of Correct Answer

|. Which is not one of the general principles of radiation protection determined by the Internatio-
nal Commission on Radiological Protection (ICRP)?

2. Which is one of the most important factors in radiation protection?

3. Which is the radiological imaging technique that causes radiation exposure?
4. Which is the radiological imaging technique that does not cause radiation exposure!?

5. Which is not one of the shielding equipment for radiation exposure during surgical operations?

6. Which of the following is the maximum permissible exposure dose limit for | year for members
of the public, according to the recommendation of the International Commission on Radiological
Protection (ICRP)?

7. Which of the following is the main source of radiation exposure for the operation room team
when using fluoroscopic imaging technique during surgery?

8. Which of the following is the most appropriate place to be positioned in the room when lateral
imaging is performed with fluoroscopy during the surgical operation, even if | have shielding equip-
ment and | cannot keep a distance from the patient due to my duty/position?

9. For which of the following organs radiation exposure can be dangerous?

10. Radiation dose decreases as distance increases. What is the formula for the decrease in radia-
tion with distance? (d =distance between employee and primary beam)

I'l. Which of the following is the safe distance between employee and the fluoroscopic device, as
recommended by the International Atomic Energy Agency (IAEA)?

12. How much greater is the radiation exposure that the patient received during fluoroscopic

46.1

90.6
98.2

96.5
21.9
42.7

18.1

1.5

90

56.9

58.3

31.9

application compared to received from a chest X-Ray?

question 60,9%, 9th question 43,5%, 10th question 73,4%,
I Ith question 70,8%, |2th question 67,7%, |3th question
49,4%.

The distribution of ‘no’ answer percentages for |3 ques-
tions is as follows. |Ist question 4,1%, 2nd question %5,8,
3rd question %62,6, 4th question %10,5, 5th question
%7,6, 6th question 10,5%, 7th question 15,9%, 8th ques-
tion 15,4%, 9th question 26,8%, 10th question 12,4%, | Ith
question 10,1%, 12th question 23,4%, 1 3th question 34,5%.

The distribution of ‘sometimes’ answer percentages for |3
questions is as follows. st question 12,2%, 2nd question
9,4%, 3rd question 14%, 4th question 18,6%, 5th question
9,9%, 6th question 14%, 7th question 32,9%, 8th ques-
tion 23,7%, 9th question 29,8%, 10th question 14,2%, | Ith
question 19%, 12th question 9%, |3th question 16,1 %.

In the analysis of 2nd part radiation protection awareness
questions, an awareness level of 50% or more was ob-
served in 10 answers. This percentage rate is given based
on the ‘yes’ answer given to the questions. In total, an
awareness level of 50% or more was observed in 10 an-
swers, and an awareness level of 70% or more was ob-
served in 7 answers.

The evaluation of questions about radiation protection
and radiation safety knowledge is represented in Table
3. The distribution of correct answer percentages for 12

questions is as follows. Ist question 46,1%, 2nd question
90,6%, 3rd question 98,2%, 4th question 96,5%, 5th ques-
tion 21,9%, 6th question 42,7%, 7th question 18,1%, 8th
question | 1,5%, 9th question 90%, |0th question 56,9%,
I Ith question 58,3%, 12th question 31,9%.

In the analysis of 3rd part general radiation safety and ra-
diation protection knowledge questions, a correct answer
level of 50% or more was observed in 6 answers. This per-
centage rate is given based on the correct answer given to
the questions. In total, it was observed that there were 6
questions with over 50% correct answers and 4 questions
with over 90% correct answers.

DISCUSSION

Within the scope of the study, our questionnaire results
show that the radiation protection awareness is high and
the basic knowledge of radiation protection is sufficient
for our physicians working in surgical units within our hos-
pital.

It is clear that many benefits are provided by our physi-
cians working in surgical units as a result of their attention
to minimum radiation exposure as the primary goal. With
awareness and knowledge of radiation protection during
fluoroscopic applications, the physician protects themself,
the team in the operation room, and the patient from un-
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necessary radiation dose exposure. Moreover, due to ra-
diation protection awareness and knowledge, before med-
ical imaging examination orders, the physician protects
the patient from unwanted radiation dose exposure and
prevents unnecessary use of hospital radiation resources.

Radiation protection awareness is a team effort as well as
an individual, and this is a win-win situation. The results
of this questionnaire we conducted within our hospital
clearly emphasized this. The fact that our hospital’s chief
physician, clinic chiefs, and all physicians in surgical units
have high awareness of radiation protection has created
optimum working conditions in outpatient clinics and op-
eration rooms.

The importance given by the chief physician and clinic
chiefs to radiation safety and radiation protection in the
meetings, and the protocols and approaches they created
regarding medical imaging and interventions involving radi-
ation in the clinics they manage in line with this awareness,
have yielded results as seen in the questionnaire analysis.

Conclusion

In addition, the care shown by the chief physician and all
clinic chiefs during this questionnaire participation process
once again demonstrated their attention to this issue.
Developing awareness about radiation safety and radiation
protection should be supported by attention to in-clinic
practices and maintenance as well as the management of
the training process.
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p
Cerrahi Birimlerde Calisan Hekimlerin Radyasyon Guvenligi Bilgisi ve Radyasyondan
Korunma Farkindaliginin Degerlendirilmesi

Amag: Radyasyonun tibbi teshis, prosediir ve cerrahi tedavide kullanimi, gelisen tekniklerle birlikte artmistir. Bu rutin miidahale ve islemler
sirasinda hekimlerin radyasyon giivenligi bilinciyle karar vermesi ve radyasyondan korunma bilgilerini giinliik olarak uygulamasi, kendilerini,
ekiplerini ve hastalarini gereksiz radyasyon maruziyetinden ve radyasyonun olumsuz etkilerinden koruyacaktir. Amacimiz, bu farkindalik ve
bilgi diizeylerini belirlemektir.

Gereg ve Yontem: Arastirmamiz, Kartal Dr. Lutfi Kirdar $ehir Hastanesi Cerrahi Birimlerinde gérev yapan hekimlere uygulanan ankete
verilen yanitlarin degerlendirilmesi tizerine kurulmustur. Anket 3 boliimden olusmaktadir. Aragtirma anketinin |. bolimd, ¢alismaya katilan
hekimler hakkinda genel bilgi toplamayi amaglayan 7 sorudan olusmustur. Arastirma anketinin 2. boliimi, poliklinik ve ameliyathanede edinilen
radyasyondan korunma bilincinin giinliik pratikte kullanimini analiz etmeyi amaglayan |13 sorudan olusmustur. Aragtirma anketinin 3. bolimdi,
temel radyasyon giivenligi ve radyasyondan korunma bilgilerini analiz etmeyi amaglayan 12 sorudan olusmustur.

Bulgular: Bu ankete cerrahi birimlerden, 96’si asistan olmak iizere, 172 hekim katilmistir. ikinci bélim radyasyondan korunma farkindalig
sorularinin analizinde, 10 yanitta %50 ve iizerinde farkindalik diizeyi gézlendi. Ugiincii bslim genel radyasyon giivenligi ve radyasyondan
korunma bilgisi sorularinin analizinde, 6 cevapta %50 ve iizeri dogru cevap diizeyi gézlendi.

Sonug: Radyasyondan korunma bilinci, bireysel bir gaba oldugu kadar bir ekip isidir. Hastanemizde yiiriittigiimiiz bu anketin sonuglari agikga
vurguluyor ki, hastanemiz baghekimi, klinik sefleri ve cerrahi lnitelerdeki tiim hekimlerin radyasyon giivenligi konusunda farkindaliklarinin
yliksek olmasi ve radyasyondan korunma konusunda bilgi sahibi olmalari, poliklinik ve ameliyathanelerimizde optimum galisma kosullarini
olusturmustur.

Anahtar Sozciikler: Cerrahi birimler; floroskopi; radyasyon farkindaligi; radyasyon giivenligi; radyasyondan korunma.






