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The radiation safety education and the pain physicians’
efforts to reduce radiation exposure
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Background: C-arm fluoroscopy equipment is important for interventional pain management and can cause 
radiation injury to physicians and patients. We compared radiation safety education and efforts to reduce the 
radiation exposure of pain specialists.

Methods:  A survey of 49 pain specialists was conducted anonymously in 2016. The questionnaire had 16 
questions. That questionnaire was about radiation safety knowledge and efforts to reduce exposure. We 
investigated the correlation between radiation safety education and efforts of radiation protection. We compared 
the results from 2016 and a published survey from 2011.

Results: According to the 2016 survey, all respondents used C-arm fluoroscopy in pain interventions. Nineteen 
respondents (39%) had received radiation safety education. Physicians had insufficient knowledge about 
radiation safety. When the radiation safety education group and the non-education group are compared, there 
was no significant difference in efforts to reduce radiation exposure and radiation safety knowledge. When the 
2011 and 2016 surveys were compared, the use of low dose mode (P = 0.000) and pulsed mode had increased 
significantly (P = 0.001). The number checking for damage to radiation protective garments (P = 0.000) and 
use of the dosimeter had also increased significantly (P = 0.009). But there was no significant difference in 
other efforts to reduce radiation exposure.

Conclusions: Pain physicians seem to lack knowledge of radiation safety and the number of physicians receiving 
radiation safety education is low. According to this study, education does not lead to practice. Therefore, pain 
physicians should receive regular radiation safety education and the education should be mandatory. (Korean 
J Pain 2017; 30: 104-15)
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Table 1. Baseline Characteristics of Respondents for 2016 
Questionnaire

Characteristics Number (%) (total = 49)

Workplace 
  University hospital 47 (96%)
  Other 2 (4%)
Respondents position
  Fellow 46 (94%)
  Other 3 (6%)
Use of C-arm fluoroscopy 
  Yes  49 (100%)
Number of procedure per day
  < 10 cases  10 (20.5%)
  10−20 cases 21 (43%)
  20−0 cases  10 (20.5%)
  > 30 cases  8 (16%)

INTRODUCTION

In numerous medical cases, the use of radiation is es-

sential for diagnosis and treatment [1]. C-arm fluoroscopy 

equipment has been useful in pain intervention [2]. 

However, C-arm fluoroscopy-guided intervention is fol-

lowed by radiation exposure. Therefore, radiation exposure 

is inevitable to the physician, and can have a negative im-

pact on their health. Manifestation of such effects can ap-

pear after a few years, so it’s hard to recognize the rela-

tionship between radiation exposure and the symptoms [3]. 

Pain physicians who use C-arm fluoroscopy may be at rel-

atively high risk of radiation because of radiation accumu-

lated over the years. Risk management of radiation ex-

posure is one of the most important priorities in using flu-

oroscopy [4].

Many ways to reduce the radiation exposure have been 

used [5-9]. And it implemented an education related to ra-

diation safety. Education is an essential element for the 

pain physicians, but it is not compulsory for physicians in 

Korea [10]. The degree of radiation safety knowledge and 

radiation safety education is not well known in Korea. We 

conducted a survey related to radiation safety and educa-

tion in 2016 to investigate pain physicians’ radiation safety 

knowledge and efforts.

MATERIALS AND METHODS

An anonymous survey was conducted of 49 pain 

physicians who completed the final exam of the Korean 

Pain Society to become pain specialists in 2016. The ques-

tionnaire contained 16 questions. These included the type 

of hospital they worked at, their position, the degree to 

which they use the C-arm fluoroscope, their average 

number of procedures per day, radiation safety education, 

knowledge of annual maximum permissible radiation doses, 

utilization ratio of radiation protection equipment, and so 

on. The 2016 survey contents are referenced in Appendix 1.

In the 2016 survey, each question was analyzed. 

Radiation safety knowledge and efforts to reduce radiation 

exposure were compared between the group who receive 

radiation safety education and the group who did not. We 

had investigated radiation safety through an anonymous 

survey in 2011. The 2011 survey was referenced in a pre-

vious article of Korean Journal of Pain [10]. And various 

data about radiation safety were compared between the 

2011 and 2016 surveys.

Statistical analyses were performed on SPSS version 

17. Mean differences such as the degree of using the 

C-arm fluoroscope, utilization ratio of radiation protection 

equipment, and so on, were analyzed using an independent 

sample t-test. Categorical data such as gender, the type 

of working hospital, position, radiation safety education, 

knowledge of annual maximum permissible radiation doses, 

and so on, were analyzed using chi-square test. A P value 

＜ 0.05 was considered statistically significant.

RESULTS

Forty-seven (96%) out of 49 respondents worked in 

university hospitals, and 2 respondents (4%) worked in 

hospitals specializing in the spine and joints in the 2016 

survey. Forty-six (94%) out of 49 respondents were pain 

fellows, and all respondents used C-arm fluoroscopy dur-

ing intervention. The number of procedures with C-arm 

fluoroscopy per day varied. Ten (20.5%) out of 49 re-

spondents stated ＜ 10, 21 respondents (43%) answered 

10-20, 10 respondents (20.5%) reported 20-30, and 8 re-

spondents (16%) answered ＞ 30. All 49 respondents 

(100%) were worried about biological adverse effects due 

to radiation exposure (Table 1).

Nineteen (39%) out of 49 respondents were educated 

on radiation safety. Eight (16.5%) out of 49 respondents 

reported that they learned about radiation safety from a 

workshop of the Korean Pain Society, 9 (18.5%) re-
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Table 2. Radiation Safety Education 

Number (%), total = 49

Radiation safety education 
  Yes 19 (39%)
  No 30 (61%)
Place of education
  Radiation safety workshop   8 (16.5%)
  Workplace (hospital)   9 (18.5%)
  Workshop and hospital 2 (4%)

Table 3. Annual Maximum Target Organ Permissible Radiation Doses

Target organ Annual maximum permissible radiation dose

Thyroid 50 rem (500 mSv)
Extremities 50 rem (500 mSv)
Lens of the eye 15 rem (150 mSv)
Gonads 50 rem (500 mSv)
Whole body 5 rem (50 mSv)
Pregnant women 0.5 rem to fetus (5 mSv)

Data from NCRP (National Council on Radiation Protection and 
Measurements).

Fig. 1. The average utilization of radiation protective 
garments in 2016 survey.

Fig. 2. The average utilization of low dose mode and pulsed
mode in 2016 survey.

spondents were educated by their working hospitals, and 

2 (4%) respondents learned from both the workshop of the 

Korean Pain Society and their working hospitals (Table 2). 

Four (8%) out of 49 respondents knew the annual maximum 

permissible radiation doses exactly (Table 3). Eighteen 

(36.5%) out of 49 respondents knew the correct source of 

radiation exposure, scattered X-rays. Only 2 (4%) out of 

49 respondents knew the exact degree of shielding from 

radiation in aprons or other radiation protective devices. 

Radiation protective garments such as glasses or gog-

gles, thyroid collars, aprons, and gloves were evaluated in 

the survey (Fig. 1). There was 1 physician who did not re-

spond in the 2016 survey. Seven respondents (14.5%) used 

goggles all the time, 4 respondents (8%) used them 90% 

of the time, 2 respondents (4%) used them 80% of the 

time, 4 respondents (8%) used them 70% of the time, 2 

respondents (4%) used them 60% of the time, 2 respon-

dents (4%) used them 40% of the time, 2 respondents (4%) 

used them 20% of the time, 8 respondents (16.5%) used 

them 10% of the time, and 17 respondents (35%) did not 

use goggles. Regarding the thyroid collar, 32 respondents 

(65.5%) used it 100% of the time, 7 respondents (14.5%) 

used it 90% of the time, 4 respondents (8%) used it 80% 

of the time, 2 respondents (4%) used it 70% of the time, 

2 respondents (4%) used it 50% of the time, 1 respondent 

(2%) used it 30% of the time, and there was no respondent 

who did not use the thyroid collar. In terms of the apron, 

41 respondents (84%) used it 100% of the time, 4 re-

spondents (8%) used it 90% of the time, 1 respondent (2%) 

used it 80% of the time, 2 respondents (4%) used it 50% 

of the time. No respondents reported that they did not use 

the apron. For the gloves, only 2 respondents (4%) used 

them 100% of the time, 1 respondent (2%) used them 90% 

of the time, 1 respondent (2%) used them 80% of the time, 

5 respondents (10.5%) used them 50% of the time, 5 re-

spondents (10.5%) used them 30% of the time, 2 re-

spondents (4%) used them 20% of the time, and 6 re-

spondents (12%) used them 10% of the time. Twenty-six 

respondents (53%) did not use the gloves at all. 

Twenty-four respondents (49%) knew the modes to re-

duce radiation exposure from the C-arm fluoroscope; low 
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Table 4. Radiation Safety Awareness between Radiation Safety Education Group and Non-education Group in 2016 Survey

Education group
(n = 19)

Non-education group
(n = 30)

P value

Aware of the annual permissible radiation doses  3 (15%) 1 (3%) 0.285
Aware of major radiation exposure source 10 (52%)  8 (28%) 0.171
Aware of the mode to reduce radiation exposure 11 (58%) 13 (45%) 0.488
  Use low dose mode  7 (37%) 11 (38%) 0.953
  Use pulsed mode  7 (37%)  8 (28%) 0.665
Aware of apron’s radiation shielding power  2 (11%)  3 (10%) 0.517
Recognize the importance of apron inspection 16 (84%) 20 (69%) 0.353
Use dosimeter  7 (37%) 12 (41%) 0.689
The degree of utilization of radiation protective garments
  Goggle, glasses 40% 37% 0.777
  Thyroid collar 96% 89% 0.074
  Apron 98% 96% 0.358
  Gloves 29% 11% 0.064

Fig. 3. Other efforts to reduce radiation exposure in 2016 
survey.

dose mode and pulsed mode (1 non-respondent) (Fig. 2). 

Eighteen respondents (36.5%) have been using low dose 

mode (14 non-respondents (28.5%)). One respondent (2%) 

used it 100% of the time, 2 respondents (4%) used it 90% 

of the time, 2 respondents (4%) used it 80% of the time, 

1 respondent (2%) used it 70% of the time, 4 respondents 

(8%) used it 50% of the time, 1 respondent (2%) used it 

30% of the time, 2 respondents (4%) used it 20% of the 

time, and 5 respondents (10.5%) used it 10% of the time. 

Seventeen respondents (35%) did not use low dose mode. 

Fifteen respondents (30.5%) used pulsed mode. There were 

15 non-respondents (30.5%). Two respondents (4%) used 

it 100% of the time, 4 respondents (8%) used it 90% of 

the time, 3 respondents (6.17%) used it 50% of the time, 

3 respondents (6.17%) used it 20% of the time, 3 re-

spondents (6.17%) used it 10% of the time, and 19 re-

spondents (39%) did not use pulsed mode. We also eval-

uated other methods to reduce radiation exposure (Fig. 3). 

One non-respondent was noted. Forty-four respondents 

(90%) tried to reduce frequency and duration of exposure, 

and 12 respondents (24%) used collimation. Thirty-four re-

spondents (69%) maintained as much distance from C-arm 

as much as they could, 46 respondents (94%) tried not to 

put their hands in radiation fields, 7 respondents (14%) 

performed procedures on the opposite side from the radia-

tion source, and 6 respondents (12%) used a lead acrylic 

protector.

In terms of the type of apron, a majority of the aprons 

were still the one-piece type; 41 (84%) out of 49 re-

spondents answered they were using the one-piece type. 

Fifteen respondents (30.5%) used the front and back pro-

tection type, 20 respondents (41%) used the front pro-

tection type, and 14 respondents (28.5%) did not respond.

Thirty-six (73%) out of 49 respondents were aware of 

the need for evaluation of radiation protection devices such 

as aprons or goggles to make sure their radiation pro-

tection functions work properly. Twenty-seven re-

spondents (55%) actually checked, which reveals a sig-

nificant increase in evaluation of radiation protection 

devices. Nineteen respondents (39%) used a dosimeter. 

We evaluated the difference in efforts to reduce radi-

ation exposure between physicians who received radiation 

safety education and who did not in the 2016 survey 

(Table 4). There was no statistically significant difference 
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Table 5. Various Data about Radiation Safety in 2011 and 2016 Survey

2011 survey
(n = 27)

2016 survey
(n = 49)

P value

Aware of the annual permissible radiation doses 0 (0%) 4 (8%) 0.291
Aware of major radiation source (scattered X-ray)*  6 (22%)  18 (36.5%) 0.001
Educated physicians about radiation safety  9 (33%) 19 (39%) 0.804
The degree of utilization of radiation protective garments 
  Goggle, glasses
  Thyroid collar
  Apron
  Gloves

40%
81%
93%
34%

38%
92%
97%
18%

0.839
0.095
0.260
0.054

Efforts to reduce radiation exposure
  Use low dose mode*
  Use pulsed mode*
  Reduce radiation exposure time and frequency
  Collimation use
  Long distance from C-arm
  Avoid hand from radiation field
  Opposite side from radiation emission point
  Use lead acryl protector

 6 (22%)
 6 (22%)
24 (89%)
 4 (15%)
19 (70%)
25 (93%)
 7 (26%)
 3 (11%)

 18 (36.5%)
 15 (30.5%)

44 (90%)
12 (24%)
34 (69%)
46 (94%)
 7 (14%)
 6 (12%)

0.000
0.001
0.699
0.442
0.756
0.631
0.362
0.744

Type of apron used usually
  One-piece 23 (85%) 41 (84%) 0.756
Check for damage of radiation protective garments*  3 (11%) 27 (55%) 0.000
Use dosimeter* 2 (7%) 19 (39%) 0.009

*P < 0.05.

in the rate of using goggles, thyroid collars, aprons, and 

gloves, the knowledge of the annual permissible radiation 

dose, the major source of radiation exposure, modes to re-

duce radiation exposure, the apron’s radiation shielding 

power, and knowledge in general about radiation exposure. 

Also this result did not show statistically significant differ-

ence in use of low dose mode, and pulsed mode between 

the education and non-education groups.

We also evaluated the difference between the 2011 

survey [10] and the 2016 survey (Table 5). Eighteen (36.5%) 

out of 49 respondents knew the correct source of radiation 

exposure, scattered X-rays, which is a statistically sig-

nificantly increase compared to the 2011 results; 6 (22%) 

out of 27 respondents had known the source of radiation 

exposure in the 2011 survey. The number of pain physi-

cians who used low dose mode and pulsed mode was stat-

istically significantly increased compare to the 2011 results. 

And the number of pain physicians who actually checked 

the damage to radiation protective devices and who used 

a dosimeter was significantly increased (Table 5). However, 

19 (39%) out of 49 respondents were educated on radiation 

safety, which did not show a significant difference com-

pared to the 2011 results; 9 (33%) out of 27 respondents 

had been educated in the 2011 survey. The number of pain 

physicians who knew the annual permissible radiation dose 

and who used radiation protective garments is not sig-

nificantly difference between the 2011 survey and the 2016 

survey (Table 5). There were no significant differences in 

other methods of reducing radiation exposure compared to 

the 2011 survey, except using low mode and pulsed mode. 

Most pain physicians still wear one-piece type aprons, 

with no significant difference compared to the 2011 survey 

results (2016: 84% of pain physicians, 2011: 85% of pain 

physicians).

DISCUSSION

In this study, all pain physicians used C-arm fluoro-

scopy in pain interventions; therefore, they were inevitably 

exposed to radiation. All pain physicians worried about the 

harmful effect of radiation exposure, however they seem 

to lack knowledge of radiation safety. The important thing 

in reducing radiation exposure is to acquire knowledge re-

lated to radiation safety and protection. However, the 
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number of physicians who received radiation safety educa-

tion was only 39% (19 out of 49).

The International Committee on Radiation Protection 

recommended the annual maximum permissible target-or-

gan radiation doses in 1991 (Table 3) [3]. Only 4 (8%) out 

of the 49 respondents knew the annual maximum permis-

sible target-organ radiation doses in this survey. Pain 

physicians must know the annual maximum permissible 

radiation dose to protect their body against radiation ex-

posure and check their radiation exposure doses regularly 

to know their annual radiation exposure doses exactly. A 

single dosimeter is worn under the lead apron, a double 

dosimeter with one dosimeter inside and one outside the 

apron provides the radiation dose for eyes and extremities. 

It can be recommended that physicians use the double 

dosimeter during interventional procedures [11]. In 2016, 

the dosimeter use rate was 39%, which was significantly 

higher than the 7% in 2011, but not much.

Because of the adverse effects of radiation, pain 

physicians should make several efforts to reduce radiation 

exposure and be adequately trained to minimize radiation 

exposure by using ALARA (as low as reasonably achiev-

able) principle [12,13]. The 3 types of Ionizing radiation ex-

posure are primary X-ray beams, scattered X-ray beams, 

and leakage X-ray beams [5]. The major radiation ex-

posure source to physicians is the scattered X-ray beam. 

Scattered radiation is spread in all directions from the pa-

tient and table, and it is difficult to predict the direction 

[14]. The scattered exposure dose is higher near the X-ray 

tube and the scattered levels are inversely proportional to 

the square of the distance from the irradiated patient and 

table [5]. Therefore, exposure to radiation can be reduced 

by positioning physicians farther away from the C-arm 

fluoroscope and patient. It is recommended that pain 

physicians perform procedures on the side of the image 

receptor not the side of the X-ray tube while checking lat-

eral fluoroscopy, and that they should keep their hands 

away from the irradiated area [15]. 

There are several protective garments such as the lead 

apron, goggles or glasses, gloves, and thyroid collar, and 

use of a large mobile lead acrylic shield to reduce radiation 

exposure [16]. It is recommended that physicians use more 

protective devices for their radiation protection [16]. To at-

tenuate over 90% of scattered X-rays, an apron with over 

0.5 mm lead equivalent thickness is needed. And the lead 

acrylic shield has a 1.0-1.5 mm lead equivalent thickness 

which almost completely attenuates the scattered X-ray 

beams [5]. A thyroid collar can block radiation for the neck 

and thyroid, and should be of 0.5 mm lead equivalent 

thickness. Generally, radiation protective gloves used in 

pain intervention reduce radiation by 25.8-26.5% [9]. The 

average rate of wearing the lead apron and thyroid collar 

were high (97% and 92%, respectively). And there was no 

one who did not use them in the 2016 survey. The average 

rate of wearing goggles and gloves were low (38% and 18% 

respectively). The rate of physicians using the acrylic pro-

tector was only 12% (6 out of 49). Despite the high rate 

of wearing the apron, only 2% of the pain physicians knew 

the shielding power of the apron they were wearing. 

Aprons can be divided into 3 types: front – coverage only, 

full front and back coverage, and two – piece aprons with 

a wraparound skirt and vest. Full front and back coverage 

aprons or front and back two–piece aprons are useful for 

protection from radiation. These styles of apron provide 

double–barrier thickness in the front area. If the lead 

equivalent thickness is 0.25 mm, the front side is equal 

to 0.5 mm lead equivalent thickness [3]. Radiation pro-

tective garments could crack or tear over time, and the 

ability to shield radiation could be reduced. Therefore, all 

garments should be checked regularly using fluoroscopy 

[6]. 

In addition, pain physicians tried to reduce radiation 

exposure time and frequency. Pulsed and low dose fluoro-

scopy can decrease radiation exposure time and radiation 

dose [7,13,17]. Pain physicians could use collimation to re-

duce the radiation exposure dose and maintain a good im-

age quality [8,13].

In comparing the 2011 and 2016 surveys, the degree 

of using low dose mode and pulsed mode was increased 

significantly in the 2016 survey (Table 5). And the number 

of pain physicians who know the major radiation exposure 

source had also significantly increased. Seventy-three 

percent of respondents found it is necessary to check for 

damage to radiation protective garments and the number 

of physicians who check was actually increased. Radiation 

can have a detrimental effect on pain physicians who use 

C-arm fluoroscopy. The extent of the adverse effects of 

radiation on the human body correspond to the amount of 

accumulated radiation [18]. Those adverse effects appeared 

in parenchymal cells, structural cells, and vascular tissue. 

Continuous radiation exposure to the skin can result in er-

ythema, blistering, ulceration, and necrosis. The radiation 
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Table 6. Skin Manifestation and Radiation Exposure Dose

Effect
Typical threshold
Dose, rad (Gy)

Time of onset

Early transient ischemia 200 (2) Hours
Temporary epilation 300 (3) 3 wk
Main erythema 600 (6) 10 d
Permanent erythema 700 (7) 3 wk
Dry desquamation 1000 (10) 4 wk
Invasive fibrosis 1000 (10) Not reported
Dermal atrophy 1100 (11) > 14 wk
Late erythema 1500 (15) 6−10 wk
Dermal necrosis 1800 (18) > 10 wk
Secondary ulceration 2000 (20) > 6 wk

Data from Frazier et al. [19].

threshold dose and skin manifestations are shown in the 

Table 6 [19]. However, physicians cannot see their accumu-

lation of radiation exposure. The radiation can also induce 

cataracts and many types of cancer. Radiation-induced 

cancer occurs more in the skin, gastrointestinal tract, 

lungs, breast, and thyroid [20,21]. Therefore, protection 

and checking radiation exposure are important to 

physicians. The percentage using a dosimeter increased 

significantly from 7% of physicians in 2011 to 39% in 2016. 

However, there was no significant difference in the various 

efforts at radiation protection and radiation safety 

knowledge.

In regard to radiation safety education, 9 (33%) out of 

27 physicians had received it in 2011, and 19 (39%) out of 

49 physicians in 2016. Respondents received radiation 

safety education at their working hospital and workshops 

put on by the Korean Pain Society. When the radiation 

safety education group and non-education group were 

compared, there was no significant difference in radiation 

safety knowledge and efforts to reduce radiation exposure 

(P ＞ 0.05) (Table 4). This shows that education does not 

lead to the practice of radiation safety. So pain physicians 

appear not to have been attentive during their radiation 

safety education. Forty-two percent of educated pain 

physicians received radiation safety training at workshops 

of the Korean Pain Society, and 46% of educated physi-

cians received radiation safety training at their working 

hospital. But there were no lectures on radiation safety 

during the 60th and 61st conferences of the Korean Pain 

Society held in 2015. At the workshop of the Korean Pain 

Society held in 2015, there was a C-arm fluoroscopy 

workshop which covered radiation protection equipment in 

only about 10 minutes, and their wearing demonstrations 

for a total of one hour of the lecture. The short time of 

the training may not influence the physician’s practice of 

radiation safety. Pain physicians who are preparing to be-

come experts in pain medicine should participate in the 

Cadaver Workshop, however there were no lectures about 

radiation safety in this workshop. Therefore, radiation 

safety related lectures should be prepared for the Cadaver 

Workshop, conference, or other workshops of the Korean 

Pain Society. If it is possible, a radiation safety manual 

should be created, and pain specialists should be able to 

implement this manual within the Korean Pain Society.

Radiation exposure dose is affected depending on the 

complexity of the procedure, the experience of the physi-

cian, and the degree of radiation safety training. There-

fore, the need to receive radiation safety education is as 

important as learning fluoroscopic procedure for pain 

physicians. Regular education and practical training in ra-

diation protection are most important in reducing radiation 

exposure [12,13,17]. In general, American radiologists re-

ceive proper training in performing fluoroscopy, and are 

certified by the American Board of Radiology with the 

completion of their residency [22]. And interventional car-

diologists must pass an examination which include radia-

tion physics and radiation safety to obtain board certifi-

cation in the USA [23]. And radiation safety regulation for 

physicians using fluoroscopy is done according to the ca-

pacity of the individual states in the USA. Some states re-

quire physicians who use fluoroscopy to obtain their cre-

dential to perform fluoroscopy. Depending on the state, 

the qualifications are slightly different, but physicians must 

receive radiation physics and radiation safety education 

and complete a test. And physicians should be trained reg-

ularly to maintain eligibility [22]. Similarly, radiation safety 

education and a radiation safety test should be mandatory 

for pain physicians who are preparing experts in pain 

medicine within the Korean Pain Society. Existing pain 

specialists should also be encouraged to be received radia-

tion safety education. And pain specialists are also obli-

gated to use a dosimeter and regularly check for doses ra-

diation exposure.

There are some limitations to this study. In order to 

clearly compare the effect of radiation safety education, 

the survey should have included items asking if the re-

spondent’s hospital has adequate radiation protection 
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equipment, such as goggles, thyroid collars, aprons, gloves, 

lead-acrylic protectors and dosimeters. The reason for low 

utilization of radiation protective equipment and dosim-

eters may be that the hospital was not fully equipped, and 

thus the equipment could not be used by respondents. If 

there are not enough radiation protective garments in a 

hospital, it is important to procure enough equipment for 

the safety of their physicians.

Most respondents in this survey were fellowship 

trainers. In the near future, similar research on general 

pain physicians, including the staff of university hospitals, 

will be helpful in recognizing the actual state of radiation 

safety awareness in Korea’s pain physicians.

In conclusion, all pain physicians used C-arm fluoro-

scopy during pain intervention and worried about adverse 

effect due to radiation exposure. Nevertheless, they seem 

to lack knowledge of radiation safety. The rate of physi-

cians receiving radiation safety education was low, and ed-

ucation does not lead to proper practice. Therefore, pain 

physicians should receive regular radiation safety educa-

tion, and the education should be mandatory. At the 

Korean Pain Society, the number of lectures and education 

time related to radiation safety should be increased, and 

a radiation protection manual should be provided and 

implemented. 
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Appendix 1. Questionnaire about the radiation safety in 2016 survey

1. What is your gender?

Female (     ) Male (     )

2. What is the current positionin the hospital?

Fellow (     ) Others (     )

3. Which hospital do you work?

University hospital (     ) 

General hospital (     )

Others (     )

4. Do you use C-arm fluoroscopy in the hoispital during procedure?

Yes (     ) No (     )

5. How many fluoroscopy guided procedure do you perform in average usually?

Less than 10 (     )

11−20 (     )

21−30 (     )

More than 30 (     )

6. Have you ever worried about the adverse effects of radiation on your body?

Yes (     ) No (     )

7. Have you ever received education about radiation safety?

Yes (     ) No (     )

If you answered yes, where did you receive the education

Radiation safety workshop of The Korean Pain Society (     )

Your hospital (     )

Others (     )

8. Do you know the annual maximum target organ permissible radiation doses?

Yes (     ) No (     )

9. When you use the C–arm fluoroscopy during intervention, do you know the major source of radiation exposure 

to pain physicians?

Primary X-ray beam (     )

Scattered X-ray beam (     )

Leakage X-ray beam (     )
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10. When you use the C–arm fluoroscopy during intervention usually, please check an approximate percentage of 

the degree of using radiation safety garments

Radiation safety goggles or glasses

0------10------20------30------40------50------60------70------80------90----100%

Thyroid protector

0------10------20------30------40------50------60------70------80------90----100%

Lead apron

0------10------20------30------40------50------60------70------80------90----100%

Radiation safety gloves

0------10------20------30------40------50------60------70------80------90----100%

11. Do you know the mode (pulsed mode, low dose mode) to reduce radiation exposure?

Yes (     ) No (     )

If you answered yes, 

Please check an approximate percentage of the degree of using low dose mode

0------10------20------30------40------50------60------70------80------90----100%

Please check an approximate percentage of the degree of using pulsed mode

0------10------20------30------40------50------60------70------80------90----100%

12. Please check all methods you use to reduce radiation exposure during fluoroscopy guided procedure.

Try to reduce radiation exposure time and frequency (     )

Use collimation (     )

Long distance from C-arm fluoroscopy (     )

Avoid hand from radiation field (     )

Opposite side from radiation emission point (     )

Use lead acryl protectoy (     )

Others (Please fill in the detail) : 

13. Which type of apron do you wear primarily?

13-1

  One piece (     )

  Two piece (vest and skirt) (     )

13-2

  Full front and back coverage style (     )

  Front - coverage only style (     )



Kim, et al / Physicians’ radiation safety knowledge and efforts 115

www.epain.org

14. Shielded power of the radiation protection apparel is expressed as 'Pb equivalnet thickness'. Do you know the 

shielded power of your apron?

Yes (     ) No (     )

If you answered yes, please write the shileded power of your lead apron.

mm Pb equivalent thickness

15. Radiation protective garments are damaged over time. Do you know that you should check regularly the damage 

of the garments using C-arm fluoroscopy?

Yes (     ) No (     )

16. Do you check the amount of radiation exposure regularly using radiation badge or dosimeter?

Yes (     ) No (     )


