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Objective Use of computed tomography (CT) continues to increase, but the relatively high radia-
tion doses associated with CT have raised health concerns such as future risk of cancer. We in-
vestigated the level of awareness regarding radiation doses and possible risks associated with CT 
in medical personnel (MP).

Methods This study was conducted from April to May 2012 and included physicians and nurses 
who worked in the emergency department of 17 training hospitals. The questionnaire included 
measurement of the effect of CT or radiography on health using a 10-point numerical rating scale, 
estimation of the radiation dose of one abdominal CT scan compared with one chest radiograph, 
and perception of the increased lifetime risk of cancer associated with CT. 

Results A total of 354 MP participated in this study: 142 nurses, 87 interns, 86 residents, and 39 
specialists. Interns were less aware of the effects of CT or radiography on health than other phy-
sicians or nurses (mean±SD of 4.8±2.7, 5.9±2.7, 6.1±2.7, and 6.0±2.2 for interns, residents, 
specialists, and nurses, respectively; P<0.05). There was a significant difference in knowledge 
about the relative radiation dose of one abdominal CT scan compared with one chest radiograph 
between physicians and nurses (48.6% vs. 28.9% for physicians vs. nurses, P<0.05). MP perceiv-
ed an increased risk of cancer from radiation associated with CT. 

Conclusion MP perceive the risk of radiation associated with CT, but their level of knowledge 
seems to be insufficient. 
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INTRODUCTION

The use of computed tomography (CT) has increased rapidly up 
until the early 2000s, in part as a result of advances in CT tech-
nology.1 CT imaging is a valuable diagnostic technique, but the 
relatively high radiation doses associated with CT have raised health 
concerns such as future risk of cancer.1,2 In the United States, there 
has been an apparent decline in use of CT since 2008; the inves-
tigators in one study explained that this might be attributable to 
public awareness and published studies regarding the risks of ra-
diation.3

 In several studies on awareness of radiation doses and possible 
risks, emergency physicians, radiologists, pediatricians, and pedi-
atric surgeons were unable to provide accurate estimates of radi-
ation doses for CT and their level of awareness of the hazards of 
radiation was generally low.4-7 However, previous studies targeted 
only a small number of physicians or patients, so the results may 
not reflect the opinions of other medical personnel, such as nurs-
es and interns. 
 In this study, we investigated the level of awareness regarding 
radiation doses and possible risks associated with CT among nurs-
es, interns, residents, and specialists in the emergency department 
(ED).

METHODS 

Participants
This study was a cross-sectional survey conducted from April to 
May 2012. A survey was designed and then distributed to medi-
cal personnel, including interns, emergency physicians (residents 
and specialists), and nurses who worked in the ED of 17 training 
hospitals. 
 This study was approved by the research ethics board at the 
Seoul National University Bundang Hospital.

Survey structure 
The questionnaire (Appendix) included demographic characteris-
tics (Q1 and Q2), measurement of the effect of CT or radiography 
on health using a 10-point numerical rating scale (“none” on the 
left side and “the most possible” on the right side) (Q3), estima-
tion of the radiation dose for one abdominal CT scan compared 
with one chest radiograph (Q4), measurement of the belief that 
the lifetime risk of cancer increases with radiation exposure for 
medical purposes (Q5), and perception of the increased lifetime 
risk of cancer with CT scan in different cases (Q6 to Q9). The ques-
tions about lifetime risk of cancer associated with use of CT were 
developed on the basis of a reference article.1 The last 2 questions 
addressed previous knowledge regarding the risk of radiation ex-
posure due to medical purposes and the route by which this in-
formation was obtained (Q10 and Q11). 
 Responses were elicited through multiple choice questions except 
Q3 (measurement of the effect of CT or radiography on health). 

Data analysis
Data were analyzed using the statistical package PASW Statistics 
ver. 18.0 (SPSS Inc., Chicago, IL, USA). Values for continuous vari-

8

6

4

2

0

N
RS

 Interns Residents Specialists Nurses

*
*

*

Fig. 1. The possibility of computed tomography or radiography affect-
ing health was rated most highly by specialists (6.1±2.7), followed by 
nurses, residents, and interns, respectively (6.0±2.2, 5.9±2.7, and 4.8±  
2.7). There were significant differences between interns and other medi-
cal personnel. NRS, numerical rating scale. *P<0.05.

What is already known
Relatively high radiation doses associated with CT have raised health concerns such as future risk of cancer. The aware-
ness of radiation dose have been investigated in some articles such as among pediatricians or pediatric surgeons or be-
tween physicians and layperson. 

What is new in the current study
The perceptions of medical personnel regarding radiation dose are more accurate than in the past but still seem to be 
insufficient.
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ables are expressed as medians (interquartile range), and categor-
ical variables are expressed as numbers (percentages). The Mann-
Whitney U-test and Wilcoxon signed rank test were used to com-
pare differences between the 2 groups. Fisher exact test and Pear-
son chi-square test were used for categorical variables. Two sided 
P-value of <0.05 was considered statistically significant.

RESULTS

The questionnaire were completed by 354 (34.3%) of the 1,032 
subjects who were invited to participate in the study. In total, 154 
(43.5%) of the respondents were male, and the mean age was 
29.5±5.2 years. Most of the respondents were nurses (40.1%), 
followed by residents (24.6%), interns (24.3%), and specialists 
(11.0%). 
 The effect of CT or radiography on health was rated lowest by 

interns (Q3) (mean±SD of 4.8±2.7, 5.9±2.7, 6.1±2.7, and 6.0±2.2 
for interns, residents, specialists, and nurses, respectively) (Fig. 1). 
Regarding the relative radiation dose for one abdominal CT scan 
compared with one chest radiograph, only 143 participants (40.4%) 
replied that the radiation dose for CT was equivalent to that for 
1,000 chest radiographs, and there was a significant difference in 
knowledge about the relative radiation dose for one abdominal 
CT scan compared with one chest radiograph between physicians 
and nurses (44.2%, 53.5%, 47.4%, and 28.9% for interns, resi-
dents, specialists, and nurses, respectively, P<0.05) (Fig. 2). In ad-
dition, 49.2% of respondents underestimated the radiation dose 
for CT (Table 1).
 Most respondents (81.0%) believed that the lifetime risk of can-
cer was increased as a result of exposure to radiation for medical 
purposes (Table 1). And most respondents (84.3%) answered that 
they already knew the risk of radiation exposure for medical pur-
poses; specialists were most knowledgeable about this risk (Table 
1). The participants generally gained this knowledge in the hospi-
tal (37.2%), followed by mass media (20.6%).
 The proportions of correct answers in the different cases (Q6 
to Q9) were 25.4%, 35.4%, 24.3%, and 15.1% for interns, resi-
dents, specialists, and nurses, respectively, and there was no sig-
nificant difference among groups (Fig. 3). The proportions of un-
derestimation of the lifetime risk of cancer with use of CT in the 
different cases were 64.0%, 42.9%, 66.6%, and 76.9%, respec-
tively (Fig. 4). Physicians demonstrated greater underestimation 
of the lifetime risk of cancer in 40-year-old patients (second and 
fourth cases) as compared with nurses (P<0.05).

DISCUSSION

The use of CT has increased rapidly, in part because of the advent 
of fast helical CT, but the relatively higher radiation doses of CT 
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Fig. 2. Dose estimates for one abdominal computed tomography scan 
versus one chest radiograph. Only 41 nurses (28.9%), 38 interns (44.2%), 
46 residents (53.5%), and 18 specialists (47.4%) provided the correct 
answer. Knowledge about the relative radiation dose was also signifi-
cantly different between physicians and nurses (48.6% vs. 28.9%, re-
spectively). *P<0.05.

Table 1. Radiation dose and question about increased risk of cancer 

Nurses (142) Interns (86) Residents (87) Specialists (39) Total (354) P-value

Dose estimates for one abdominal CT scan vs. one CR <0.01 

   CT=CR 0 (0) 1 (1.2) 0 (0) 0 (0) 1 (0.3)

   CT=10 CR 29 (20.4) 6 (7.0) 3 (3.5) 2 (5.3) 40 (11.4)

   CT=100 CR 54 (38.0) 30 (34.9) 34 (39.5) 14 (36.8) 132 (37.5)

   CT=1,000 CR 41 (28.9) 38 (44.2) 46 (53.5) 18 (47.4) 143 (40.6)

   CT=10,000 CR 18 (12.7) 11 (12.8) 3 (3.5) 4 (10.5) 36 (10.2)

Lifetime risk of cancer believed to be increased by radiation exposure due to medical purpose 0.12

   Yes 115 (81.6) 61 (70.9) 76 (88.4) 33 (84.6) 285 (81.0)

   No 15 (10.6) 16 (18.6) 8 (9.3) 4 (10.3) 43 (12.2)

   Don’t know 11 (7.8) 9 (10.5) 2 (2.3) 2 (5.1) 24 ( 6.8)

Already known radiation risk 111 (78.7) 69 (82.1) 78 (90.7) 37 (94.9) 295 (84.3) 0.02

CT, computed tomography; CR, chest radiograph.
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Fig. 3. Perceptions of the increased lifetime risk of cancer with computed tomography (CT) in specific cases (Q6 to Q9). The first case (A) was the current 
estimate of the excess lifetime risk of brain cancer for a 1-year-old patient undergoing CT scan of the brain, the second case (B) was the current esti-
mate of the excess lifetime risk of brain cancer for a 40-year-old patient undergoing CT scan of the brain, the third case (C) was the current estimate of 
the excess lifetime risk of cancer for a 1-year-old patient undergoing abdominal CT scan, and the fourth case (D) was the current estimate of the excess 
lifetime risk of cancer for a 40-year-old patient undergoing abdominal CT scan. A small number of medical personnel answered correctly. The percentage 
of correct answers for the first, second, third and fourth cases was not significantly different between groups (P=0.39, P=0.45, P=0.18, and P=0.30, 
respectively).
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result in an increased lifetime risk of cancer mortality attributable 
to radiation exposure, especially in children.8 The possibility of an 
increased risk of cancer associated with diagnostic CT has been 
debatable because no epidemiological studies have convincingly 
shown an increased incidence of cancer associated with low-dose 
radiation from medical imaging during childhood and adulthood. 
However, a recently published cohort study showed an increased 
incidence in leukemia and brain tumor in children and young adults 
who received more than certain doses of radiation during CT,2 and 
more research is currently under way.9 With this background, ef-
forts to reduce radiation doses should be extensive, and educa-
tion for medical personnel such as nurses and physicians might 
be the first step. However, before providing education, there is a 
need for knowledge about the radiation hazards of CT, and sever-
al survey studies have been performed to determine how many 
medical personnels are aware of the exact radiation dose and po-
tential risk associated with CT.4-7 
 Lee et al.4 investigated the level of awareness concerning radi-
ation dose and possible risks associated with CT among emergen-
cy physicians, radiologists, and patients. They reported that 45% 
of radiologists, 9% of emergency physicians, and 3% of patients 
believe there is an increased risk of cancer from CT. They also iden-

tified that patients, more than emergency physicians or radiolo-
gists, underestimated the relative radiation dose for one CT scan 
compared with one chest radiograph. In our study, medical per-
sonnel (81.0%) were aware of the increased risk of cancer associ-
ated with CT; however, 49.2% still underestimated the radiation 
dose from abdominal CT scan compared with chest radiography.
 Thomas et al.5 investigated awareness of radiation dose among 
pediatricians, and 48% (105/220) of respondents were aware of 
the article on pediatric CT and radiation. However, only 6% were 
correct in their estimate of the quoted lifetime excess cancer risk 
associated with radiation doses equivalent to pediatric CT. Many 
(87%) of the respondents underestimated the effective doses of 
various pediatric radiological investigations in chest radiograph 
equivalents. Although approximately one-half (54%) of pediatric 
surgeons believed that the lifetime risk of cancer was increased 
because of radiation from one abdominal/pelvic CT scan, more 
than 75% of respondents underestimated the radiation dose from 
a CT scan compared with a chest radiograph.6 Lee et al.7 recently 
performed research comparing radiologists with non-radiologists 
about knowledge of radiation exposure in common radiological 
investigations; they concluded that more radiologists (40%) had 
accurate knowledge of radiation doses than non-radiologists (16%), 
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Fig. 4. Perceptions of the increased lifetime risk of cancer with computed tomography (CT) in specific cases (Q6 to Q9). The first case (A) was the current 
estimate of the excess lifetime risk of brain cancer for a 1-year-old patient undergoing CT scan of the brain, the second case (B) was the current esti-
mate of the excess lifetime risk of brain cancer for a 40-year-old patient undergoing CT scan of the brain, the third case (C) was the current estimate of 
the excess lifetime risk of cancer for a 1-year-old patient undergoing abdominal CT scan, and the fourth case (D) was the current estimate of the excess 
lifetime risk of cancer for a 40-year-old patient undergoing abdominal CT scan. The proportions of underestimation of the lifetime risk of cancer for CT 
in each case were 64.0%, 42.9%, 66.6%, and 76.9%, respectively. Physicians demonstrated greater underestimation of the lifetime risk of cancer in 
40-year-old patients (second and fourth cases) as compared with nurses (P<0.05). 
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but knowledge of radiation doses was generally inadequate in both 
groups. In our study, 40.6% of medical personnel correctly esti-
mated the effective dose of one abdominal CT compared with 
one chest radiograph, but only a few respondents (25.4%, 35.4%, 
24.3%, and 15.1% in each case) correctly estimated the quoted 
lifetime risk of cancer associated with radiation doses equivalent 
to another case, and many respondents (64.0%, 42.9%, 66.6%, 
and 76.9% in each case) underestimated the lifetime risk of can-
cer associated with CT. However, these results were better than 
those in previously reported studies. We could infer that these 
differences originate from more knowledge over time. 
 Taken together, perceptions about the radiation hazards of CT 
have increased among medical personnel, but further education 
is required regarding these hazards. 
 Supporting increased perceptions about radiation hazards, uti-
lization of CT in pediatric patients in the ED has recently declined 
in Korea and the United States.3,10 However, use of CT in adults in 
the ED has increased at a rate that far exceeds the growth of ED 
patient volume.11 The authors explained this discrepancy with in-
creasing concerns about radiation exposure in the pediatric pop-
ulation and educational efforts regarding limiting use of CT in pe-

diatric patients.11 We have tried to reduce radiation exposure in 
young patients in various ways, such as educating others by giv-
ing lectures at academic conferences in the emergency medicine 
community. 
 Several studies have also attempted to reduce the radiation dose 
with CT in children and young adults by using another approach. 
We showed that low-dose CT was non-inferior to standard-dose 
CT with respect to negative appendectomy rates in young adults 
with suspected appendicitis.12 Others have shown that CT was 
avoided in 53% of participants with use of the staged ultraso-
nography and CT imaging protocol for the accurate diagnosis of 
suspected appendicitis in children.13

 This study has some limitations. First, this survey targeted nurs-
es and physicians in the ED. Emergency medical personnel have 
recently been educated about the radiation risk of CT in children, 
so emergency physicians might be more aware of radiation risk 
than physicians in other departments. Therefore, these findings 
are not generally applicable. Additional research should be con-
ducted that targets physicians in other departments and the gen-
eral public. The low response rate also introduces selection bias.
 In conclusion, the perceptions of medical personnel regarding 
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radiation dose are more accurate than in the past but still seem to 
be insufficient. Therefore, medical personnel such as nurses and 
physicians should be better educated about the lifetime risk of 
cancer associated with CT to reduce the hazards of radiation from 
CT as much as possible.
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Appendix 1. Questionnaire 

  1. Your gender and age?
      Gender:          □ male / □ female Age: (         ) years

  2. What’s your specialty? __________________________

  3. How do you think computed tomography (CT) scans or radiography affect health?

  4. Dose estimates for one abdominal CT scan vs. one chest radiograph (CR)?
      □ 1 CR □ 10 CR □ 100 CR □ 1,000 CR □ 10,000 CR

  5. Do you believe the lifetime risk of cancer to be increased by radiation exposure due to medical purpose?
      □ Yes □ No □ Unknown

  6. The current estimate of the excess lifetime brain cancer risk of a 1-year-old undergoing brain CT scan is approximately
      □ 7 in 100 □ 7 in 1,000 □ 7 in 10,000 □ 7 in 100,000 □ 7 in 1,000,000

  7. The current estimate of the excess lifetime brain cancer risk of a 40-year-old undergoing brain CT scan is approximately
      □ 5 in 100 □ 5 in 1,000 □ 5 in 10,000 □ 5 in 100,000 □ 5 in 1,000,000

  8. The current estimate of the excess lifetime cancer risk of a 1-year-old undergoing abdominal CT scan is approximately
      □ 14 in 100 □ 14 in 1,000 □ 14 in 10,000 □ 14 in 100,000 □ 14 in 1,000,000

  9. The current estimate of the excess lifetime cancer risk of a 40-year-old undergoing abdominal CT scan is approximately
      □ 2 in 100 □ 2 in 1,000 □ 2 in 10,000 □ 2 in 100,000 □ 2 in 1,000,000

10. Have you known previously about the risks of radiation exposure due to medical purpose?
      □ Yes □ No

11. How did you know about it?
      □ Listened to people around me □ Mass media
      □ In hospital  □ Internet
      □ Others: _______________________________________________

0 1 2 3 4 5 6 7 8 9 10

None The most possible


