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ABSTRACT

Background: Radiation is a recognized and essential component of medical
practice, X-rays and radiological procedures related to their use are becoming
important diagnostic and therapeutic tools in medicine. Participants and
Methods: A cross sectional observational study was conducted in Al-
Qunfudhah Saudi Arabia from November 2022-January 2023 on 189 of the 5%,
6™ year medical students, medical interns and residents’ males, females at
three governmental hospitals: Al- Qunfudhah general hospital, south Al-
Qunfudhah general hospital and Al-Mudhaylif general hospital. Data was
collected using an electronic form of self-administered questionnaire. Results:
The prevalence of poor, fair and good knowledge about radiation exposure
and risk in medical imaging among the participants was 82%, 17% and 1%
respectively. 77% reported that MRI is a non-ionizing radiation, 63%
classified mammography as ionizing radiation and 52% reported Uranium as
the biggest source of radiation in daily life. About 65% reported that the most
health risk caused by radiation exposure was cancer and 71.5% agreed that
leukemia result from large radiation exposures. Only 29% reported that the
amount of radiation dose induced cataract is 2.5 Gy, 33.5% reported gray is
the unit of the equivalent dose and 28.5% reported the annual recommended
dose to the whole body is 50 mSv (5rem). 37% of the medical staffs knows the
ALARA principle, 35.5% of them aware about the radiation exposure hazards
papers and 36% of them knows carcinogenic medical X-rays. Conclusion: A
low level of knowledge about radiation exposure and risk was found among

participants.

Keywords: Ionizing radiations, hazards, knowledge, physicians, Al-
Qunfudhah
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1. INTRODUCTION

Radjiation defined as an energy emission moving subatomic particles or electromagnetic waves. Natural radiation is produced by a
variety of radioactive substances that are present in the human body (Donya et al., 2014). Wilhelm Conrad Rontgen made the X-ray
discovery in December 1895. Since radiation is a recognized and essential component of medical practice (Aldossari et al., 2019). The
most prevalent artificial sources of radiation exposure for people today are X-ray machines, radiopharmaceuticals used in
radiotherapy or diagnostic procedures and other medical devices (Donya et al., 2014). The radiological tests have examined a
widerange of illnesses in daily practice (Aldossari et al., 2019).

X-rays and radiological procedures related to their use are becoming more and more important diagnostic and therapeutic tools
in medicine. As the value of imaging increases, alternative non-radiation-based imaging techniques (including ultrasound and MRI)
have been established and image-guided interventional methods have proliferated to treat patients (Beyer et al., 2021). The use of
radiography has increased in various specialties, A combination of clinical, legal and economic factors have contributed to this
growth (Chung et al., 2019). The primary goal of diagnostic radiology is to reduce needless exposures due to the significant benefits
that medical radiation exposure offers patients (Ravikanth, 2018). According to radiation density exposed, Excessive radiation can
cause damage to living tissues and organs and severe side effects such as nausea, vomiting, redness of the skin, hair loss, radiation
burns, acute radiation syndrome and even death in very high doses (Donya et al., 2014).

The incidence of cancer increased with the exposure to radiation (Kamiya et al., 2015) and increases the risk of adverse health
effects in children because young people have more rapidly dividing cells and growing tissues, cancers have more time to develop.
Radiation doses that are too high can raise the long-term risk of developing some types of cancer (Donya et al., 2014). As a result, it
is critical that clinicians requesting the imaging techniques are aware of the risks that may be involved for patients, as there is
currently insufficient information available in Saudi Arabia about how physicians there view the patient's radioactive
contamination (Alhawas et al., 2020). This study aimed to assess physicians' knowledge of radiation exposure and risk in medical

imaging in Al-Qunfudha region, Saudi Arabia.

2. MATERIALS AND METHODS

Study design, setting and time
A cross sectional observational study was done in Al-Qunfudhah city, KSA from November 2022 to January 2023.

Study participants

5% and 6™ year medical students, medical interns and residents were included.

Sample size and sampling methodology
A small enough sample size was 189 according to Rao soft Sample Size Calculator Software. A possible error range 5% and a
confidence interval of (95%) were used for sample size calculation. The systemic random sampling technique was used to choose

respondents.

Data collection
An online-administered questionnaire was distributed to the study participants. In a Google form through emails. The
questionnaire included two sections, the 1% included items to collect data about the participants' demographics and work characters

and career experience. The 2" section included questions about exposure to radiation knowledge and its hazards on medical staff.

Data analysis

Data were statistically analyzed using the (SPSS) application version 26. To assess the association between the variables, the Chi-
squared test (x2) was applied to qualitative data that was expressed as numbers and percentages. Statistical significance was
defined as a p-value of less than 0.05.

3. RESULTS

Table 1 shows that 52% if the participants were females, 88% had an age ranging from 20-30 years, 30.5% were 5" year medical
students and 62% were working at the Al-Qunfudhah College of Medicine. For residents, the most common resident’s specialty was

surgery. And 81% of the respondents had no career experience.
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Table 1 Distribution of participants based on demographic and work data (n=200).

Variable n %
Female 104 | 52.00%
1 Sex
Male 96 | 48.00%
20-30 176 | 88.00%
31-40 22 | 11.00%
2 | Age
41-50 1 0.50%
Over 50 1 0.50%
5t year medical student 61 | 30.50%
. 6" year medical student 57 | 28.50%
3 | Profession
Medical intern 44 | 22.00%
Medical residents 38 | 19.00%
Al-Muzaylif general hospital 11 | 5.50%
Al-Qunfudhah College of Medicine | 124 | 62.00%
4 | Workplace -
Al-Qunfudhah general hospital 38 | 19.00%
South Qunfudhah general hospital | 27 | 13.50%
ER 8 4.00%
Medicine 8 4.00%
Obstetrics and gynecology 6 3.00%
5 | Resident’s Speciality ophthalmology 1 0.50%
Pediatric 6 3.00%
Surgery 9 4.50%
Not Resident 162 | 81.00%
1 years 7 3.50%
2 years 12 | 6.00%
3 years 8 4.00%
6 | Career Experience 4 years 5 2.50%
5 years 1 0.50%
Over 5 years 5 2.50%
No Experience 162 | 81.00%

Figure 1 illustrates that the prevalence of poor, fair and good knowledge regarding the dangers of radiation exposure in medical
imaging among the participants was 82%, 17% and 1% respectively.

Table 2 demonstrates the participants’ response to knowledge items related to risk from radiation exposure in medical imaging.
It was found that 77% of the participants classified MRI as non-ionizing radiation, while 63% classified mammography as ionizing
radiation. The majority (52%) reported that Uranium is the biggest source of radiation in their daily life and 40% reported that
nucleal medicine is the most worrisome sources of radiation exposure. For 65.5% the most health risk caused by radiation exposure
was cancer and 45% reported that the lung is the most susceptible tissue to ionization radiation. Most of them (70.5%) agreed that
large radiation exposures can have predictable effects such as fibrosis, cataracts, erythema, or hematopoietic destruction. And 71.5%
agreed that leukemia is one of the stochastic effects that can result from large radiation exposures. Almost one third of the
participants (29%) reported that the amount of radiation dose induced cataract is 2.5 Gy and 33.5% reported that gray is the unit of
the equivalent dose. About 28% (28.5%) reported that the annual recommended dose to the whole body of a radiation worker is 50
mSv (5rem). Only 37% were aware about the ALARA principle, 35.5% Know published articles on radiation hazards and 36% knew
about FDA listing medical X-rays as a known carcinogen. Most of the participants (46.5%) did not know the total ionizing radiation
the general public is exposed to from medical radiation and 44% did not know recommended patient dose limit for medical

radiation (mSv).
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Figure 1 Participant percentage distribution Level of understanding of exposure to radiation and problems in medical imaging
(n=200).

Table 2 Participant’s responses to knowledge items concerning radiation exposure and hazards in medical imaging (n=200).

Variable n %
Is magnetic resonance Imaging (MRI) No 45 | 22.50%
classified as non-ionizing radiation? Yes 155 | 77.50%
Is mammography classified as ionizing No 74 | 37.00%
radiation? Yes 126 | 63.00%
Actinium 13 | 6.50%
Thallium 21 | 10.50%
What is the biggest source of radiation in -
o Thorium 36 | 18.00%
our daily life?
Tritium 26 | 13.00%
Uranium 104 | 52.00%
Consumer Products 27 | 13.50%
Medical/Dental X-rays 37 | 18.50%
What are the most concerning sources of Nuclear Medicine 80 | 40.00%
radiation exposure? Radon gas, naturally
42 | 21.00%
produced
Rocks & Soil 14 | 7.00%
Acute Radiation
55 | 27.50%
Syndrome
What is the most health risk caused by Cancer 131 | 65.50%
radiation exposure? Cardiovascular disease | 3 1.50%
Cataract 1 0.50%
Skin burns 10 | 5.00%
Bladder 18 | 9.00%
What is the most susceptible tissue to Gonads 55 | 27.50%
ionization radiation? Kidney 19 | 9.50%
Lungs 90 | 45.00%
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Stomach 18 | 9.00%
Is fibrosis, cataracts, erythema, or No 59 | 29.50%
hematopoietic damage among the
deterministic effects that can result from Yes 141 | 70.50%
large radiation exposures?
Is leukemia, one of the stochastic effects that | No 57 | 28.50%
can result from large radiation exposures? Yes 143 | 71.50%
0.5 Gy 19 | 9.50%
2.5 Gy 58 | 29.00%
What is the radiation dose that induced the
4Gy 44 | 22.00%
cataract?
5.5 Gy 43 | 21.50%
10 Gy 36 | 18.00%
Becquerel 40 | 20.00%
Coulomb/kg 29 | 14.50%
What is the unit of the equivalent dose? Curie 21 10.50%
Gray 67 | 33.50%
Sievert 43 | 21.50%
10 mSv (1rem) 27 | 13.50%
20 mSv (2rem) 51 | 25.50%
What is the recommended annual dose for a
o 50 mSv (5rem) 57 | 28.50%
whole body of a radiation worker?
150 mSv (15rem) 40 | 20.00%
500 mSv (50rem) 25 | 12.50%
o No 126 | 63.00%
Aware of ALARA principle
Yes 74 | 37.00%
Know any published articles on radiation No 129 | 64.50%
risks? Yes 71 35.50%
Know about FDA listing medical X-rays as No 128 | 64.00%
a known carcinogen Yes 72 | 36.00%
1-10 36 | 18.00%
15-30 32 | 16.00%
Total ionizing radiation the general public 35-45 25 12.50%
is exposed to from medical radiation 60-75 10 | 5.00%
80-95 4 2.00%
I don’t know 93 | 46.50%
5 17 | 8.50%
20 15 | 7.50%
) 50 26 | 13.00%
Recommended patient dose limit for
] o 100 18 | 9.00%
medical radiation (mSv)
0.5 18 | 9.00%
I don’t know 88 | 44.00%
No dose 18 | 9.00%

Table 3 shows that good knowledge level about radiation exposure and risk in medical imaging was significantly higher among
participants with an age ranging from 31-40 years and with an age > 50 years (p = < 0.05). At the same time, good knowledge was
significantly higher among none residents and among residents with obstetrics and gynecology specialty and among those having >
5 years of experience or those without career experience (p = < 0.05). On the other hand, a non-significant relationship was found
between knowledge level and participants' sex, profession, or workplace (p => 0.05).
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Table 3 Relationship between knowledge level regarding radiation acquaintance and threats in imaging in medical field knowledge

and participants' demographic and work data (n=200)

Knowledge level
Poor Fair Good
. X2 p-value
Variable Knowledge Knowledge Knowledge
(164) (34) 2)
Female 82 (50.00%) 21 (61.76%) 1 (50.00%) 1.56
Sex 0.457
Male 82 (50.00%) 13 (38.24%) 1 (50.00%
20-30 150 (91.46%) 26 (76.47%) 0 (0.00%)
31-40 13 (7.93%) 8 (23.53%) 1 (50.00%)
110.74 <0.001
Age 41-50 1 (0.61%) 0 (0.00%) 0 (0.00%)
Over 50 0 (0.00%) 0 (0.00%) 1 (50.00%)
5% year medical
55 (33.54%) 6 (17.65%) 0 (0.00%)
student
6" year medical
47 (28.66%) 9 (26.47%) 1 (50.00%)
student 7.61 0.268
Profession Medical intern 35 (21.34%) 9 (26.47%) 0 (0.00%)
Medical residents 27 (16.46%) 10 (29.41%) 1 (50.00%)
Al-Muzaylif general
) 8 (4.88%) 2 (5.88%) 1 (50.00%)
hospital
Al-Qunfudhah
. 107 (65.24%) 17 (50.00%) 0 (0.00%)
College of Medicine
12.72589 | 0.476
Al-Qunfudhah
. 28 (17.07%) 9 (26.47%) 1 (50.00%)
general hospital
Workplace South qunfudhah
. 21 (12.80%) 6 (17.65%) 0 (0.00%)
general hospital
ER 8 (4.88%) 0 (0.00%) 0 (0.00%)
Medicine 6 (3.66%) 2 (5.88%) 0 (0.00%)
Obstetrics and
) 2 (1.22%) 3 (8.82%) 1 (50.00%)
necolo
. 8y 8y 29.62 0.003
Resident’s ophthalmology 0 (0.00%) 1 (2.94%) 0 (0.00%)
Specialty Pediatric 4 (2.44%) 2 (5.88%) 0 (0.00%)
surgery 7 (4.27%) 2 (5.88%) 0 (0.00%)
Not Resident 137 (83.54%) 24 (70.59%) 1 (50.00%)
1 years 5 (3.05%) 2 (5.88%) 0 (0.00%)
2 years 9 (5.49%) 3 (8.82%) 0 (0.00%)
3 years 6 (3.66%) 2 (5.88%) 0 (0.00%)
Career 4 years 3 (1.83%) 2 (5.88%) 0 (0.00%) 28.29 0.005
Experience 5 years 0 (0.00%) 1 (2.94%) 0 (0.00%)
Over 5 years 4 (2.44%) 0 (0.00%) 1 (50.00%)
No Experience 137 (83.54%) 24 (70.59%) 1 (50.00%)

4. DISCUSSION

The aim of the current study was to assess information of physicians about contact to radiation in Al-Qunfudha region, Saudi
Arabia. In the current study, 44% of physicians did not know the recommended patient dose limit for medical radiation (mSv). The
same poor knowledge regarding the dose limit was observed in a previous Saudi study, where only 2% of the participants correctly
identified the patient’s radiation dose limit (Najjar et al., 2022).

Only 63% of physicians in the present study were unaware of ALARA principle. About 70% of physicians reported being
unaware of As Low as Reasonably Achievable (ALARA) principle in a previous Saudi study (Najjar et al., 2022). A similar response
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was observed in the Palestine study (Hamarsheh and Ahmead, 2012). This is a shocking percentage since ALARA is considered the
most basic concept of radiation safety that is even taught to the undergraduate students in medical schools nowadays (Justino,
2006). The very low level of knowledge in this study was also observed in a study done in at King Khalid University, Abha, Saudi
Arabia to evaluate the level of medical students’” and intern doctors’ awareness of ionizing radiation exposure doses during
common radiological procedures (Mohammed, 2020). This study found that 77% of the participants classified MRI as non-ionizing
radiation. In a prior Saudi investigation, the level of knowledge was very poor and only 4.6% of students and intern doctors
correctly identified the actual dose received from chest X-rays. Only 11.5% and 10.3% being aware that magnetic resonance imaging
and Ultrasound are non-ionizing imaging modalities (Mohammed, 2020).

More than half of our medical staff knew that MRI was non-ionizing radiation and mammography is ionizing radiation in a
previous Saudi study done at Saudi health institutions (Rafique et al., 2020). Almost one third of the participant physicians in the
current study (29%) reported that the amount of radiation dose induced cataract is 2.5 Gy and 33.5% reported that gray is the unit of
the equivalent dose. About 28% (28.5%) reported that the annual recommended dose to human full body of a radiation worker is 50
mSv (5rem). In a study that included multiple health providers organizations in Saudi Arabia, more than one-half of the
participated members of the medical staff didn’t know the quantity of CT scan that can be performed per year and didn’t know the
approximate effective radiation dose received from chest radiography (Rafique et al., 2020). Many studies have reported that the
main of workers in heath givers have limited knowledge about the risk of radiation and its protection and radiation doses from
commonly requested imaging modalities (Dellie et al., 2014; Zhou et al., 2010; Mubeen et al., 2008; Jo et al., 2014; Khafaji et al., 2022;
Sarma et al., 2022). A study done in Saudi Arabia has found gaps in knowledge about radiation hazards in 73% of physicians. In
that study, half of the physicians investigated were not able to classify mammography as ionizing radiation and, of them, 69.3%
were unaware of the recommended dose limit for radiation workers' entire bodies (Saeed et al., 2018).

The current study discovered that there were more people with poor, fair and good understanding among the participants was
82%, 17% and 1% respectively. A previous study done in King Abdulaziz Medical City (KAMC) and King Abdullah Specialist
Children’s Hospital (KASCH), Riyadh found that poor knowledge was observed in 70.5% of physicians (Najjar et al., 2022). A
previous work done in the Hospital of University of King Khalid, Saudi Arabia, including included 157 doctors. It was revealed that
58.6% of participants lacked understanding of radiation dose for a variety of routine radiological exams. Interestingly, there was no
variation in the knowledge among radiologists and other physicians (Aldossari et al., 2018). Therefore, we evaluated the overall
knowledge of the medical staff; only 31.7% of all participants showed overall high awareness, whereas more than one-half reported
low awareness (Rafique et al., 2020). Another research was conducted on 450 medical doctors in 20 towns in Saudi Arabia reported
that 30% only who received radiation safety training. Moreover, these results indicating that there is poorness in the cognizance
between the doctors. As a result, leads to the risk of cancer occurrence will increase (Saeed et al., 2018). In Saudi Arabia, there is lack
of radiation equipment protection like shields and lead glasses (Salama et al., 2016).

The poor knowledge observed in the current study agrees also with two other regional studies conducted in Palestine and Egypt
(Hamarsheh and Ahmead, 2012; Abdellah et al., 2015). In contrast to the poor knowledge level observed in the present study, a
study conducted in Italy in 2017 revealed that the majority of participants had very high knowledge levels an excellent level of
knowledge (Campanella et al., 2017). Additionally, another study performed in 18 hospitals in Iran and indicating a good
awareness between physicians regarding to safety on radiation coverage (Dehghani et al., 2015). However, in our study, it was
surprising that two-third of the physicians who participated were unable to identify the gonads as the most susceptible organ to
ionizing radiation (Saeed et al., 2018). Radiological courses have been proven effective in increasing awareness about radiation
hazards. There is a need to bridge the gap of knowledge about radiation exposure relevant to medical imaging among medical
students and interns to provide accurate information and proper protection measures to their patients (Mohammed, 2020;
Khamtuikrua and Suksompong, 2020). This study found that 65.5% the most health risk caused by radiation exposure was cancer.
According to Berrington et al., (2009), 29,000 cancers in the USA developed as a direct consequence of radiation exposure from CT
examination. Another study was done by Aldossari et al., (2018), who reported that 58.6% of their participants healthcare knowing
the common radiological testes dose whereas 28.1% correctly recognized them. The same disappointing results were revealed from
a study that included healthcare providers. This study in Saudi Arabia revealed a low knowledge among the medical staff (68.3%)
(Rafique et al., 2020).

The present study showed no gender difference according to the level of knowledge. While male physicians had significantly
better knowledge than female physician in a previous Saudi study (Najjar et al.,, 2022). A Saudi study conducted on physicians
showed that physician's information's was low among surgeons and orthopedists (Saeed et al., 2018). In the present study, good

knowledge was significantly higher among no residents and among residents with obstetrics and gynecology specialty.
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Radiologists had the best knowledge regarding the hazards of radiation followed by pediatricians, while orthopedists had the least
knowledge in previous studies (Hamarsheh and Ahmead, 2012; Almalki et al., 2021). Good knowledge among the participants of
the present study was significantly higher among those having > 5 years of experience. A Saudi study conducted on physicians
showed that the overall knowledge of physicians was low among surgeons and orthopedists (Saeed et al., 2018). In addition, the
study (Saeed et al., 2018) reported that the experience of the physicians didn’t affect the knowledge and wasn’t related to the
knowledge, which was in agreement with our findings. A study compared the awareness and knowledge regarding radiation
protection for medical students, and resident doctors showed that no variations amongst the resident doctors and students
although medical students reported slightly higher knowledge (Bhadane and Bahadane, 2017).

Limitations
A self-reporting questionnaire may have a recall bias. Furthermore, using a cross-sectional study design could reveal associations

between variables while ignoring casual relationships.

5. CONCLUSION

This study revealed a low knowledge regarding medical imaging among studied physicians as only 1% had a good knowledge
level. Of the participants, 77% classified MRI as non-ionizing radiation and 65.5% reported that the most health risk caused by
radiation exposure was cancer. Almost one third of the participants (29%) reported that the amount of radiation dose induced
cataract is 2.5 Gy and 33.5% reported that gray is the unit of the equivalent dose. Only 28.5% reported that the annual
recommended dose to full body workers in radiation field is 50 mSv (5rem). Only 37% were aware about the ALARA principle.
About 46% did not know the total ionizing radiation the general public is exposed to from medical radiation and 44% did not know
recommended patient dose limit for medical radiation (mSv). Good knowledge level was significantly higher among those aged 31-
40 years and with an age > 50 years, among no residents, obstetrics and gynecology specialty and among those having > 5 years of
experience. Knowledge about exposure to radiations is low among the physicians studied. This understanding could be increased
by incorporating this information into medical curriculums as well as educational and training courses on radiation dose

introduced to patients and radiation safety.
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