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Abstract:

Physicians who request radiological imaging must have a broad background in determining the importance of
diagnostic imaging requests for their patients, as well as an adequate understanding of the associated risks.
Although the radiological doses are relatively low and the likelihood of delayed effects is minimal, it is vital to
minimize exposures as low as reasonably achievable. Successfully achieving this objective requires a thorough
understanding and unwavering commitment to following radiation protection procedures. This cross-sectional
study aims to investigate physicians' knowledge of radiation safety and their attitudes towards radiation protection.
121 non-radiologist physicians at Tobruk Town completed a survey between January and July 2023. Data was
entered into Microsoft Excel and analyzed with SPSS, revealing several areas of inadequate knowledge. The
proportion of physicians who had undergone a radiation protection course was less than 33%. A limited number
of physicians demonstrated the ability to precisely respond to several scientific and knowledge-based questions.
Only 18% of the participants demonstrated the ability to recognize the ALARA principle, and only 10% accurately
ordered organs based on their radiation sensitivity. This study linked Libyan physicians' inability to participate in
the radiation safety training course to their insufficient level of knowledge. To bridge this knowledge gap, it is
necessary to increase awareness of potential hazards and practice radiation protection against ionizing radiation
through continuing medical education and training programs.
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Introduction

Millions of people worldwide benefit from the diagnostic and therapeutic use of ionizing radiation. According to
the United Nations, over 3,600 million radiological imaging procedures are conducted annually to diagnose
various diseases, and 7.5 million treatments, including radiotherapy, are administered to patients each year.
Primary diagnostic radiological modalities include fluoroscopy, X-ray, computed tomography (CT),
mammography, and positron emission tomography (PET) [1].

The average annual radiation dose to the general population is 2.5 millisieverts (mSv), with medical exposure
resulting in around 15% of this burden [1,2]. Within the last twenty years, there has been a widespread rise in
medical exposure, primarily due to the use of CT scanning. According to estimates, while most medical exposures
are beneficial for therapeutic purposes, over 20% of these exposures are considered to be detrimental to clinical
outcomes. Estimates suggest that this and other unnecessary medical radiation exposure is responsible for 100-
250 of the cancer deaths that occur annually in the UK [2].

Radiation protection refers to the scientific field concerned with maintaining worker and public health by
minimizing exposure to unnecessary radiation. The basic principle of radiation protection is to assess the potential
risks and advantages associated with the application of radiation. Exposure is regarded as justifiable only when
the advantage obtained from using a source exceeds the risk involved related to exposure.

In radiation protection, the objectives are precise measurement of radiation exposure to workers and the general
public, as well as the development and implementation of techniques to minimize this radiation. [3]

Radiation has non-stochastic (deterministic) and stochastic biological effects. Deterministic effects are dose-
dependent, meaning medical effect and severity are proportional to the amount of dose. The stochastic effect
causes biological harm at an unknown dose. The amount of dose determines the probability of the response, not
its severity. Most stochastic effects come from modest radiation doses. Stochastic effects put doctors and patients
at risk. Despite the modest quantity of exposure, it is necessary to minimize radiation to avoid dose buildup in
doctors and patients. Thus, a patient should only have a radiograph if the benefits outweigh the risks [3].

A set of rules have been established to improve knowledge about radiation risks and the appropriate procedures
to be followed in order to protect those undergoing medical treatment or investigation. The specified measures
include the POPUMET regulations, ALARA (as low as reasonably possible) philosophy, and the global
commitment of the World Health Organization (WHO) on radiation safety in hospital settings. By incorporating
radiation protection into conventional medical practice, these regulations and principles encourage all those
involved in healthcare services to pay attention to radiation safety standards. Essential principles that direct this
attempt are the procedures of risk assessment, risk management, and risk communication [3,4].

No study has evaluated the level of awareness regarding radiation protection among physicians in Libya [3]
Consequently, this study aims to assess the knowledge, awareness, and attitude of non-radiologist physicians
regarding radiation hazards and protection at Tobruk City University Hospitals and Clinics. [4] [6]

Several studies worldwide investigated doctors' opinions on the risks of ionizing radiation in diagnostic procedures
and radiation protection. [7] [8]

surveys published by researchers revealed an inadequate level of radiation safety knowledge among healthcare
personnel. [9] In addition, the majority of participants lacked any radiation safety training course. Although
radiologists and oncologists were more often exposed to ionizing radiation, their knowledge of the risks was
similar to that of non-radiologists. The overall knowledge evaluations ranged from 40% to 60% [10] [11]

Methodology

This study was a cross-sectional assessment conducted over a period of three months, from January 2023 to March
2023. The survey focused in particular on all physicians rather than the non-radiologists who work at various
departments of Tobruk Hospitals and Clinics.

Following the distribution of the questionnaires, the participants received instructions to promptly complete them,
ensure their anonymity, and promptly return them. This eliminated the need for the participants to explore the
internet for responses that were correct. They also received instructions to stay in the room until they had presented
all possible replies. There was no set time limit for filling out the questionnaire. We carefully directed the
participants not to respond to the questionnaire again if they had already done so to prevent duplications. All
participants were duly notified that their involvement in this research was entirely voluntary. Our study included
a validated questionnaire acquired from Khamtuikrua et al. [12]. The questionnaire covered three sections:
demographic data, awareness and attitude of radiation protection measures, and knowledge of the hazards
associated with radiation.

Participants answer the following demographic information in the first section of the questionnaire: age, gender,
years of work experience, primary interest, duration of professional experience, the percentage of total working
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hours the respondent spent exposed to radiation in the previous 12 months, and previous participation in a radiation
hazards and protection course.

The second section of the study targeted participants' knowledge of radiation risks and their regular application of
personal protection equipment, namely a lead apron and a thyroid shield while working in a radiation-exposed
area.

The third section involved requesting participants to estimate the effective radiation doses linked to different
imaging modalities and the corresponding number of chest X-ray scans (CXR equivalent) that generate the same
doses. Furthermore, the study assessed their knowledge of the radiosensitivity of various organs in the body and
their ability to distinguish between imaging techniques that involve ionizing radiation and those that do not.
Participants were requested to select the range of an estimated equivalent number of chest X-ray scans considered
acceptable. The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) report
provided the answers to these questions [13]

In this section a group of multiple-choice questions. Each question had four answer choices, one of which
indicated the correct answer. Each correctly answered question obtained a single point, whereas any wrong or
missing answer received 0 points under the assessment model.

Statistical analysis
Statistical Packages for Software Sciences (SPSS) version 26 (IBM Corp., Armonk, NY) was employed to conduct
all data analyses, and Microsoft Excel (Microsoft® Corp., Redmond, WA) was employed to input data.

Ethical approval

The Human Research Ethics Committee of the Faculty of Medical Technology at Tobruk University approved the
questionnaire and methods developed for this study. To obtain permission for data collection from the hospital, a
formal letter was received from the hospital's administrator. After explaining the study's objective and that the
data would be used for scientific purposes, all participants gave informed consent.

Results

A convenient sample size of 140 questionnaires was distributed, however only 121 were correctly and completely
filled out and returned, providing an 86.4% response rate.

The average age of participants was 39 + 9 years (25-60 years). Most participants were male (55.4%) and female
(44.6%). The participants who answered the questionnaire of our study are outlined in Table 1, which contains
their characteristics.

The mean estimated percentage of time that participants had worked in a radiation-exposure environment during
normal working hours over the previous year was 30.5% + 21.8% (0%-110%).

Approximately 17% of the participants had already received professional radiation protection training. An
estimated 83% of the physicians had never undergone any radiation protection-focused training or course before.

Table 1. Background characteristics of the participating physicians from Tobruk Hospital and Clinic (n = 121)
Items No (%)
Age 121(100)

SD (39+)
Gender
Male 67(55.4)
Female 54(44.6)
Main interest
Medicine 57(47.1)
Surgery 64(52.9)
Years of clinical practice
<5 58(47.9)
5to10 35(28.9)
11 to 20 23(19)
> 20 5(4.13)
Radiation exposure in the past 12 —-months
<25% 51(42)
25% - 50% 32(26)
>50% -100% 38(31)
Training in radiation protection
Yes 20(16)
No 101(84)
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Awareness of radiation hazards

In terms of the potential risks that medical radiation could be hazardous to human beings, the majority of
participants (61.1% of them) indicated a strong belief in the matter. However, a significant majority of respondents
(35.9%) believed that it wasn't presenting a major risk, while just only a small percentage of respondents (3%),
on the other hand, believed that it wasn't causing any risk. Figure 1.

A total of 7% and 20% of the participants reported regularly using a lead apron and a thyroid shield when working
in an environment exposed to radiation, respectively. Nonetheless, more than 67% of the participants said they
had never worn lead shielding in such radiation-exposure work as shown in Figure 2.

B Very hazardous M Not much hazardous © Non hazardous

Figure 1. Distribution of medical radiation hazard
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Figure 2. Physicians' distribution based on their regular commitment to wearing lead aprons and thyroid shields
in a radiation-exposure workspace

Radiation Protection Knowledge

The International Commission on Radiological Protection (ICRP) established as low as reasonably achievable
(ALARA) as the basic principle of radiation protection, and on average, 17.9% of participants correctly identified
this principle. Roughly 3% of the participants correctly specified the precise distance that must be carefully
maintained between a worker and a radiation source. Most of the participants were unaware that patients are not
bound by an annual recommended dose. Approximately 35% of the participants indicated their preference for
selecting “I don’t know” as their primary answer to the majority of questions. Moreover, less than 5% of the
participants provided correct answers to all the questions in Figure 3.
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Figure 3. Participants' answers to questions related to general principles of radiation protection

By asking participants to categorize the sensitivity of various organs to radiation, a significant majority (70%)
provided incorrect answers regarding the radiosensitivity. Specifically, 84%, 75%, 79%, and 63% of participants
incorrectly categorized the kidney, bladder, stomach, and gonads, respectively. It was observed that the kidney
had the least sensitivity, while the gonads were the most sensitive as shown in figure 4.
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Figure 4. Knowledge about the degree of radio-sensitivity of different organs.

A majority of the participants (75%) provided inaccurate responses, indicating that tests involving ionizing
radiation, such as Barium of upper and lower GI, CT scan abdomen, and IVU, are not radiation-related. On the
other hand, investigations that do not involve radiation, such as ultrasound of the abdomen, Doppler ultrasound
of the lower limb, MRI of the abdomen, and MRI of the brain, are indeed radiation-related Figure 5. Only 9% of
the participants accurately categorized all the investigations that were provided.
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Figure 5. Participants' identification of image modalities that use ionizing radiation and those that do not use
ionizing radiation

The overall average correct dose estimation rate was 6%, with only 9.9% of participants correctly estimating the
CT scan abdomen. For the CT scan L-spine, 8.3% of participants provided an accurate estimate of the dose. About
5% of participants provided an accurate barium dose estimate for a meal. For an IVU, (2.5%) of participants
estimated the radiation dose accurately. However, most participants answered “I don’t know” (62%).

Table 2 displays the percentages of correct answers, underestimations, overestimations, and "I don't know"
responses for each imaging modality in relation to the chest equivalent dose, without any discernible correlation.

Table 2. Estimations of radiation doses used in various investigation

Dose in(CXR Equivalent) | 1to 99 | 100 to 199 | 200 to 499 | Don't know | No answer
CT abdomen 8.3 14.0 9.9 25.6 42.1
CT of head 4.1 8.3 11.6 31.4 44.6
Barium meal 9.9 5.8 5.0 36.4 43.0
IVU 8.3 6.6 2.5 39.7 43.0

Discussion

Recently, there has been a significant increase in the use of medical procedures, including radiological
examinations. As a result, there has been a gradual increase in radiation exposure for both patients and medical
personnel [1, 2, 5]. As a result, this research is critical because it is the first attempt to assess the level of
knowledge, awareness, and attitude towards radiation protection measures among physicians in Tobruk Twon.
Previous studies have clearly demonstrated that continuous and long-term exposure to ionizing radiation could
increase the risk of cancer and other disorders in several anatomical areas throughout the body [2, 6]. This aligns
with the results of our questionnaire, in which a significant proportion of respondents (63%) defined radiation
exposure from everyday activities as very hazardous. Furthermore, a few participants said that they often used a
lead apron and a thyroid shield when working in a location that included radiation exposure. In contrast, the
findings of Friedman et al indicate that the use of body and thyroid shields was considerably high, with rates of
99% and 73% respectively [14].

The results of the questionnaire revealed that a small proportion of the physicians, roughly 20%, had participated
in a radiation protection course either during their undergraduate studies or at their professional environment.
Consistent with the findings of YA Alshabi et al, 89.5% of physicians reported lacking previous training in
radiation safety. The inability of doctors to acquire sufficient knowledge and awareness may be attributed to the
absence of a comprehensive training program on ionizing radiation safety during their medical residency [15].
The given situation suggests the need to establish and develop courses or training workshops in both medical
colleges and hospital settings, taking into account the frequent updates in biological and physical knowledge, as
well as radiation safety standards.

Our findings showed that the great majority of the participants (80%) did not know that investigations involving
ionizing radiation fared less well, and it was surprising to observe that 75% of participants were unaware that
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sonography has no ionizing radiation, and 87% of participants were unaware that MRI does not involve ionizing
radiation. The percentages observed were greater than those documented in other studies [2, 3]. This outcome
could be due to a lack of radiation protection training; 84% of the physicians who participated in our study had
no training. This lack of awareness may stem from the lower availability and utilization of MR facilities in certain
centers, as well as their relative costs. These factors suggest a pressing need for enhanced educational initiatives
aimed at healthcare professionals. By improving understanding of image modality and its safety, we can ensure
better patient care and informed decision-making within medical practices.

Insufficient understanding of radiological matters was clearly apparent, as only 18% of our participants were able
to recognize the ALARA principle, despite its fundamental importance in the radiation protection philosophy.
The estimated number is considerably smaller than the percentages recorded in previous studies, which ranged
from 20% to 50%. [3,16,17,18].

In addition, Physicians should have the ability to evaluate the possible radiation doses associated with various
medical imaging procedures and estimate the effective doses in chest X-ray equivalent units. This approach has
demonstrated its usefulness not just in prior non-radiology-oriented research but also in facilitating patients and
their family’s comprehension of the relative hazards. [17,18] On average, only 6% of the physicians demonstrated
the ability to estimate the effective dose equivalent in relation to a chest X-ray dose for a CT scan of the abdomen,
a CT scan of the lumbar spine, an IVU, and a barium meal examination. Comparable findings from other studies
in the literature suggest that, on average, less than 6% of non-radiologists were able to differentiate between these
equivalent doses.

Surprisingly, 85% of the participants who contributed part in our study were unable to recognize the gonads as
the organ that is most sensitive to harm from ionizing radiation. This contradicts the findings of a study conducted
in Turkey by Zekioglua and Parlar, which demonstrated that the majority of the physicians who participated
possessed an exceptionally high level of knowledge [19,20].

However, in this study, the majority of physicians chose to select "don't know" or leave the question without an
answer rather than randomly guessing the correct answers. Such choices may be a positive indication that they
are aware of their lack of knowledge and, hence, the importance of receiving training in radiation protection.
The results seem to support the ICRP reports, which suggested that a significant number of imaging procedures
were obtained globally without sufficient justification [20, 21].

This understanding demonstrates how important it is for physicians to pursue ongoing education and
professional development. Healthcare professionals can improve patient safety and guarantee that imaging
procedures are both justified and optimized by giving radiation protection training their highest priority.

Conclusion

According to the findings of this study as well as those of other studies, the lack of knowledge physicians have
about radiation doses and safety leads to an increase in the risk of radiation exposure for both patients and
radiology staff. This is a matter that warrants attention, especially considering an increasing number of
radiological examinations, and this was connected to the fact that they did not attend any training program.
Considering this reality, and to help physicians to request radiological tests taking into account the potential risks
and benefits, they need to possess an awareness of ionizing radiation doses and its associated hazards. If this
awareness is inadequate, patients may be subjected to more investigations and exposed to radiation doses that are
higher than the required levels.

Limitations

The most significant issue that we had in this study was the relatively small size of the sample. This was the most
significant challenge that we faced in this investigation. It is therefore necessary to do additional studies with a
larger number of participants in order to acquire an improved understanding of the subject matter. In addition, the
percentage of physicians who participated in our questionnaire was 71%, and it would have been advantageous to
have a greater percentage.

The low levels of knowledge that were acquired in this study were the result of a number of different variables. A
formal education on this subject was never received by the undergraduate student. In postgraduate education, there
is a lack of awareness of fundamental scientific ideas, and there is no coordinated continuing teaching on radiation
protection in hospitals. Radiation dose badges and other radiation safety equipment were not readily available,
which may be one of the primary reasons why they were not utilized. In addition, there was an inadequate supply
of radiation safety equipment. Due to the fact that there was no consistent monitoring of radiation exposure
throughout the year, it is difficult to determine the typical amount of radiation exposure that occurs in hospitals.
It was our belief that the following solutions would be beneficial to the understanding of individuals who are
physicians:
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Make a suggestion that it is necessary to design and run training workshops or courses on radiation
protection, both within medical schools and in hospitals, taking into account the rapid changes that occur
in the biological and physical information that is accessible as well as the radiation safety requirements.
A approach that may improve awareness among physicians and limit the number of unneeded
investigations is to develop a collaboration between the departments of the hospital and the radiology
departments in order to set local protocols for when to order radiographic investigations and what to
order.
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