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Abstract 

Background: Ionizing radiation has long-term risks, including cancer in particular. Since physicians request 

radiological examinations for patients, they need to be aware of its benefits and also risks. The aim of this study 

was to assess the overall knowledge of physicians in Yazd province about the radiation risks associated with 

diagnostic imaging procedures. 

Material and Methods: In this descriptive study, a questionnaire containing 25 questions was used to 

evaluate physicians’ knowledge of radiation doses received from radiological procedures and risks of cancer 

from diagnostic imaging. Their demographic characteristics such as age, sex, specialty and experience (years of 

practice) was also asked. Normality of data distribution was assessed using the Shapiro–Wilks test and the 

Kolmogorov–Smirnov test. A t-test was used for continuous variables and comparison of mean differences in 

scores for dichotomous variables. Spearman's correlation coefficient was carried out to look for any relationship 

between variables of age and experience with the knowledge of the physicians. 

Results: The overall mean knowledge score was 14 ± 3.15 out of 25 questions, or 56% ± 12.6%, and the 

scores ranged from 11.5% to 81%. The total mean score did not correlate with age and experience, but there was 

a significant difference (P value= 0.001) between men and women and also among the two main respondent 

groups, general practitioners and specialists (P value= 0.012). Physicians’ knowledge about detrimental effects 

of radiation including both deterministic and stochastic effects was very weak.  

Conclusion: The awareness of physicians about radiation is generally inadequate. Adequate training to 

practicing physicians about risks of radiological examinations seems necessary, and revision of the curriculum of 

medical students in this area is recommended. 
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Introduction 

Radiological methods have been widely 

used for diagnosis of diseases and monitoring 

of management of patients. The number of 

these methods is rapidly increasing, 

particularly those involving ionizing radiation. 

For example, the use of computed tomography 

(CT) scanning has increased in the USA by a 

factor of 10 during 1980-2005
[1]

. While these 

technologies undoubtedly help accurately 

diagnose a wide range of diseases, ionizing 

radiation applied in them has an inherent 

potential to hurt. Previous investigations have 

proved that the most important long-term risk 

associated with ionizing radiation is cancer 
[2-

3]
.  

In the United Kingdom, about 100-250 

deaths occur each year as a result of cancers 

directly related to medical exposure to ionizing 

radiation 
[4]

. Therefore, limiting usage of 

radiation even for medical purposes is very 

important. Radiation dose should be enough to 

respond the clinical question, but as low as 

reasonably achievable (ALARA) to reduce the 

risk to the patient 
[5]

. The ALARA concept is 

recommended by radiation protection 

organizations such as National Radiological 

Protection Board (NRPB) 
[6]

 and International 

Commission on Radiation Protection (ICRP)
 

[7]
. Justification is a basic principle of radiation 

protection 
[7-8]

. For justification of a 

radiological procedure, it is necessary to 

weigh its risks against its benefits 
[7]

. Since 

physicians request radiological 

examinations for patients, they have to be 

aware of its benefits and also risks of 

examinations involving radiation in order to 

justify a radiography request.  

Awareness of physicians about risks of 

ionizing radiation is one of the main 

prequisites for decreasing unnecessary 

radiological tests and requesting the alternative 

procedures with low or zero radiation risk. In 

the recent years, many studies have 

investigated awareness of physicians from 

varying specialties about radiation dose and its 

associated risks. Results of these studies 

conducted in Australia
[9]

, Norway 
[10]

, 

Germany 
[11]

, Pakistan 
[1] 

and Ireland 
[13]

 have 

indicated that physicians’ knowledge about 

this topic is poor.  

Literature review revealed that except for a 

study conducted by Chaparian et al 
[17]

 about 

awareness of radiographers about radiation 

protection, there is a lack of knowledge on 

level of awareness of radiation especially 

among physicians in Yazd province; therefore, 

the purpose of this study was to gain insight 

into the overall knowledge of Iranian 

physicians about the radiation risks associated 

with diagnostic imaging procedures. 
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Materials and Methods 

A descriptive questionnaire-based study was 

performed to assess physicians’ knowledge of 

radiation doses received from radiological 

procedures (Appendix A). The questionnaire 

consisted of 32 questions: five questions on the 

participant’s demographics such as age, sex, 

specialty and experience (years of practice), 25 

questions on their knowledge of radiation 

doses as well as risks of cancer from diagnostic 

imaging, and two questions on their education 

history and tendency for future education on 

the subject. All questions were in multiple 

choice formats with two to five choices, and 

the responders were asked to check the correct 

answer for each question. Unanswered 

questions were scored as incorrect. The 

validity of this questionnaire was verified by 3 

medical physicists and 3 radiologists, and its 

reliability was determined by Cronbach alpha 

(0.9). 

The questionnaire was distributed over an 8-

week period to all physicians including general 

practitioners (GPs) and specialist physicians 

(SPs) working in Yazd province, Iran. 

Enrolment to the study was done by 

convenience sampling of them on a voluntary 

basis. There was no potential damage to 

participants, and the anonymity of responders 

was protected. 

Data taken from completed questionnaires 

were transferred to the Statistical Package for 

the Social Sciences software (SPSS, version 

19.0, USA) for statistical analysis. 

Normality of data distribution was assessed 

using the Shapiro–Wilks test and the 

Kolmogorov–Smirnov test. A t-test was used 

for continuous variables and comparison of 

mean differences in scores for dichotomous 

variables. Statistical significance of all tests 

was set at a p value of ≤5%. Spearman's 

correlation coefficient was carried out to look 

for any relationship between variables of age 

and experience with the knowledge of the 

physicians. 

Results 

Totally 250 physicians were asked to answer 

the questionnaire, of whom 144 agreed to 

complete it (58% response rate). The 

participants included 45 general practitioners 

(GPs) and 99 specialist physicians (SPs) 

(including specialists in infectious diseases, 

internal medicine, surgeons, urologists, 

dermatologists, pediatricians, neurologists, 

orthopedists, gynecologists, cardiologists, 

ophthalmologists and ear, nose and throat 

specialists). The mean age of participants was 

42.3  ± 8.9 years with a range of 29 - 74 years. 

Their mean experience was 12.8 ± 8.7 years 

with a range of 1–35 years. 

A score (percentage of correctly answered 

questions) was given to each physician. The 

overall mean knowledge score was 14 ± 3.15 

out of 25 questions, or 56% ± 12.6%, and the 

scores ranged from 11.5% to 81%.  
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The total mean score did not correlate with 

age and experience, but there was a significant 

difference (P value= 0.001) between men and 

women (Table 1) and also among the two main 

respondent groups, GPs and SPs (P value= 

0.012) (Table 2). 

 

Table1: Scores of male and female physicians who completed the questionnaire 

Sex Number Mean Std. Deviation 

Male 89 59% 11.4% 

Female 55 52% 13.3% 

P. value: 0.001 

 

Table 2: Scores of general and specialist physicians who completed the questionnaire 

Specialty Number Mean Std. Deviation 

GPs 45 52% 12.5% 

SPs 99 58% 12.3% 

P. value: 0.012 

 

Table 3 shows responses given to 25 

questions by the physicians about different 

aspects of radiation and radiobiology related to 

radiological methods.  

A statistically significant difference was 

found between the GPs and SPs in eight 

questions. Surprisingly, 60.5% of GPs did not 

know that an x- ray of abdomen produces the 

highest radiation exposure for the patient 

compared with ultrasound of abdomen, MRI of 

spine and chest x-ray. Also, only 21% of GPs 

and 37% of SPs knew that computed 

tomography is responsible for more radiation 

dose received by the people than ultrasound, 

chest x-ray, MRI, and lumbar spine x-ray. 

Physicians’ knowledge about detrimental 

effects of radiation including both 

deterministic and stochastic effects was very 

weak.  

Only 31.25% of physicians were aware of 

the fact that there is risk of carcinogenesis even 

if the number of x-ray examinations is little. 

Unfortunately, only 13.9% of physicians were 

familiar with the ALARA concept.  
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Table3: Percentages of correct answers of general and specialist physicians to 25 questions 
Q

u
es

ti
o

n
s 

Correct responses Significance 

Q
u

es
ti

o
n

s 

Correct responses Significance 

GPs 

(N=45) 

SPs 

(N=99) 

Total 

(N=144) 

GPs 

(N=45) 

SPs 

(N=99) 

Total 

(N=144) 

1 83.72 83.84 83.33 NS
*
 14 86.05 87.88 87.50 NS 

2 65.12 87.88 81.25 p< 0.001 15 53.49 50.51 50.69 NS 

3 88.37 85.86 86.71 NS 16 20.93 20.20 20.14 NS 

4 69.77 93.94 87.41 p<0.001 17 25.58 23.23 23.61 NS 

5 58.14 93.94 83.33 p<0.001 18 11.63 12.12 11.81 NS 

6 88.37 94.95 91.67 NS 19 30.23 26.26 27.08 NS 

7 88.37 89.90 89.58 NS 20 9.30 19.19 15.97 NS 

8 39.53 69.70 60.42 p<0.001 21 27.91 34.34 31.94 NS 

9 81.40 75.76 77.78 NS 22 20.93 11.11 13.89 NS 

10 20.93 37.37 33.33 p<0.041 23 34.88 30.30 31.25 NS 

11 81.40 77.78 79.17 NS 24 34.88 38.38 36.81 NS 

12 88.37 80.81 82.64 NS 25 25.58 59.60 50.00 p<0.0001 

13 88.37 79.80 82.64 NS      

*NS = Not significant 

As shown in Figure 1, only 2.4% of GPs and 

14.4% of SPs had undergone formal training 

on risks of radiation. This figure also 

demonstrates that 83.3% of GPs and 66% of 

SPs were interested in being trained on this 

topic.  
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Figure 1: Status of education history and tendency of physicians for future education. 

Discussion 

The aim of this study was evaluation of 

physicians’ knowledge about radiation hazards 

from medical imaging procedures. We found 

that the awareness of physicians on this topic is 

generally inadequate. This reflects a lack of 

knowledge regarding basic scientific principles 

of radiation, and an adequate training to 

physicians seems necessary. 

The results of this study are somewhat more 

promising than the results of other studies. 

While the overall mean knowledge score in 

this investigation was 14 ± 3.15 of 25 

questions (or 56 ± 12.6% as percentage of 

correct answers), it was 40, 43, and 39% in 

studies done by Keijzers et al. 
[9]

, Shiralkar et 

al
[4]

, and Soye et al.
 [13]

, respectively. There 

was no statistically significant correlation 

between the overall mean score and the 

experience of physicians, which is similar to 

findings in some studies such as Heyer et al. 

[15]
 and Gumus et al.

 [16]
 studies. However, it 

was shown that the difference of knowledge 

between two sexes of physicians was 

statistically significant in our study (Table 1). 

This may probably be explained by the fact 

that usually men are more curious to know the 

technical aspects of radiation and imaging 

equipments. Furthermore, the overall mean 

score differed between the two main 

respondent groups, GPs and SPs (Table 2), 

which is consistent with Ghazikhanlou et al. 

study 
[14]

 and demonstrates tendency of 

specialists to care more about what they order 

for diagnostic maneuvers. 

Physicians' knowledge about organs’ 

sensitivities to ionizing radiation was better, 

with 77.8% correctly identifying the gonads as 

the most sensitive organ, whereas in the 

Ghazikhanlou et al. study
[14]

, it was 81% and 

92% for GPs and SPs, respectively. 

Interestingly, only 13.9% of physicians stated 

that they knew the ALARA principle; it was 
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almost similar with the obtained scores in the 

Heyer et al. study 
[11]

, which was 15%. About 

51% of respondents stated that they were 

familiar with the terms of deterministic and 

stochastic effects, but only 11.8% - 31.9% of 

them were able to determine the type of 

different detrimental effects, which is 

consistent with the Borgen et al. study 
[10]

. 

Nearly 63% of physicians wrongfully thought 

that after an X-ray examination, objects in the 

room emit radiation, which is almost similar 

with findings of the Mubeen et al. study 
[12]

, 

which was 58%. Only 25.6% of GPs and 

59.6% of SPs knew that contrast substances 

used in some radiographies such as angiogram 

are not radioactive, whereas in the Mubeen et 

al. study 
[12]

, this was 20%. About 17% of 

physicians mistakenly thought that an MR 

study is associated with ionizing radiation, 

whereas in the Keijzers et al. study 
[9]

 and the 

Soye et al. study (13), this was 21% and 22%, 

respectively. Also, 13% of physicians were 

incorrect in their assumption that ultrasound 

examinations using ionizing radiation, whereas 

in the Keijzers et al. study 
[9]

 and the Soye et 

al.  

 study 
[13]

, this number was 5% and 10%, 

respectively. The reasons of discrepancies 

between different research works are not clear, 

but it may be attributed to differences in the 

curriculum, by which physicians have been 

trained in various countries.  

Regarding the education history of 

physicians and their tendency for future 

education, only 2.4% of GPs and 14.4% of SPs 

had undergone formal training on risks of 

radiation, whereas in the Keijzers et al. study
[9]

 

and in the Soye et al. study
[13]

, this was 24% 

and 34%, respectively. About 83% of GPs and 

66% of SPs were interested in getting trained 

in this area. No significant differences were 

observed between the mean scores of trained 

physicians and untrained ones. The same 

finding was reported in the Keijzers et al. study 

[9]
. 

The major limitation of the present study 

was reluctance of some physicians to complete 

the questionnaires. Some of them admitted that 

they have no knowledge about the issue, or did 

not have enough time to respond. Another 

limitation of this study was lack of distinction 

between different specialist physicians; 

therefore, it is recommended that a similar 

study is conducted to compare the awareness 

of physicians with different specialties. 

Consequently, the results of this study 

obviously show lack of knowledge about the 

radiation risks from radiological procedures 

among physicians. An increase in awareness 

could ideally cause physicians to order less 

radiological examinations, ultimately 

minimizing unnecessary exposure of patients 

and its accompanying risk of cancer. Training 

courses on the risks of ionizing radiation are 

essential for practicing physicians. Also, 

revision of the curriculum of medical students 

in this area seems necessary. 
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