Korean J Pain 2012 January; Vol. 25, No. 1: 16-21
pISSN 2005-9159 eISSN 2093-0569
The Korean Journal of Pain http://dx.doi.org/10.3344/kjp.2012.25.1.16

| Original Article |

Radiation Safety and Education in the Applicants
of the Final Test for the Expert of Pain Medicine

Department of Anesthesiology and Pain Medicine, Konkuk University Hospital, Seoul,
*Jeju National University Hospital, Jeju, TSamsung Medical Center, Sungkyunkwan University School of Medicine,
TSeoul National University Hospital, Seoul, Korea

Pyong Eun Park, MD, Jung Min Park, MD, Joo Eun Kang, MD, Jae Hun Cho, MD,
Suk Ju Cho, MD*, Jae Hun Kim, MD, Woo Seog Sim, MD", and Yong Chul Kim, MD"

Background:

The C-arm fluoroscope is known as the most important equipment in pain interventions. This study was
conducted to investigate the completion rate of education on radiation safety, the knowledge of radiation
exposure, the use of radiation protection, and so on.

Methods:

Unsigned questionnaires were collected from the 27 pain physicians who applied for the final test to become
an expert in pain medicine in 2011. The survey was composed of 12 questions about the position of the hospital,
the kind of hospital, the use of C-arm fluoroscopy, radiation safety education, knowledge of annual permissible
radiation dose, use of radiation protection, and efforts to reduce radiation exposure.

Results:

In this study, although most respondents (93%) had used C-arm fluoroscopy, only 33% of the physicians
completed radiation safety education. Even though nine (33%) had received education on radiation safety, none
of the physicians knew the annual permissible radiation dose. In comparing the radiation safety education group
and the no-education group, the rate of wearing radiation-protective glasses or goggles and the use of radiation
badges or dosimeters were significantly higher in the education group. However, in the use of other protective
equipment, knowledge of radiation safety, and efforts to reduce radiation exposure, there were no statistical
differences between the two groups.

Conclusions:

The respondents knew very little about radiation safety and had low interest in their radiation exposure.
To make the use of fluoroscopy safer, additional education, as well as attention to and knowledge of practices
of radiation safety are required for pain physicians. (Korean J Pain 2012; 25: 16-21)
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INTRODUCTION

Radiological methods such as X-ray or CT have been
widely used for precise pain management and effective
treatment. The C—arm fluoroscope, in particular, is known
as the most important equipment in various pain inter—
ventions [1]. However, radiation exposure is inevitable when
using C—arm fluoroscopy, and doctors are not exempt
from this [2].

Many approaches and types of equipment to reduce
the radiation exposure produced by C—arm fluoroscopy
have been tested in the medicdl field, and an annual work—
shop on radiation safety is offered by the Korean Pain
Society. Among pain physicians, however, it seems that
some are indifferent to radiation exposure,

In Korea, radiation safety education has not been
mandatory for pain physicians, and the attention given to
radiation safety may be less than that given to the C—arm
guided procedure.

This study was conducted to investigate the completion
rate of radiation safety education, the knowledge of radia—
tion and protection from fluoroscopic exposure, the use of
radiation protective equipment, and the efforts to reduce
radiation exposure among applicants to become pain med—

icine experts.

MATERIALS AND METHODS

Unsigned questionnaires were collected from the 27
pain physicians who applied the final test for the expert
of pain medicine in 2011, The survey was composed of 12
questions about applicant’s hospital position, type of hos—
pital, use of C—arm fluoroscopy, average number of fluo—

roscopic procedures per day, radiation safety education,

Table 1. Various Characteristics of Respondents
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knowledge of annual permissible radiation dose [3], use of
radiation protection, and efforts to reduce radiation ex—
posure (Appendix).

Each answer was analyzed, and a comparison was
made between the education group, who received training
in radiation safety, and the no—education group, who re—
ceived no education about radiation safety.

The comparison between the two groups was analyzed
by the chi—square test. Statistical significance was accepted

for P values under 0,05,

RESULTS

The work place of the respondents was a university
hospital for 25 subjects (93%), general hospital for 1 sub—
ject (4%), and local clinic for 1 subject (4%); 24 subjects
(89%) held the position of fellow, while 3 subjects (11%)
were not fellows, Twenty—five subjects (93%) had used
C—arm fluoroscopy for interventions. Among these, the
number of fluoroscopic procedures per day was under 10
for 7 subjects (28%), between 11 and 20 for 10 subjects
(40%), between 21 and 30 for 5 subjects (20%), and over
31 for 3 subjects (12%) (Table 1).

Nine respondents (33%) had received radiation safety
education. Five (19%) attended the radiation safety work—
shop at the annual meeting of the Korean Pain Society,
and five (19%) were educated in their hospital. One physi—
cian was trained at both the workshop of the Korean Pain
Society and the hospital (Table 2).

None of the respondents knew the annual permissible
radiation dose (Table 3). Also, only 6 people (22%) knew
accurately that the most important cause of exposure for
physicians is scattered X—ray, among the three types of
radiation exposures (primary X—ray beam, scattered X-ray,

Parameter Number (%) (n = 27)
Place of work University hospital 25 (93%)
General hospital 1 (4%)
Others 1 (4%)
Use of C-arm fluoroscopy Yes 25 (93%)
No 2 (7%)
Fluoroscopic procedure/day out of 25 patients 1—10 7 (28%)
11—20 10 (40%)
2130 5 (20%)
31— 3 (12%)
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Table 2. Various Data about Radiation Safety

Radiation safety education

Aware of the annual limitation dosage 0 (0%) 0 (0%)
Aware of major exposure source 1 (11%) 5 (28%) 0.326
Over 75% apply
Glosses & goggle* 5 (56%) 3 (17%) 0.037
Thyroid protector 8 (89%) 15 (83%) 0.702
Apron 9 (100%) 15 (83%) 0.194
Glove 3 (33%) 4 (22%) 0.535
The number of other protective methods (total No. = 9) 41 £ 16 34 £ 21 0.558
Dosimeter* 2 (22%) 0 (0%) 0.038
*Significant difference between two groups, P < 0.05.
Table 3. Annual Permissible Radiation Doses 1007 =m 0%
H 25%
1 75%
Thyroid 50 rem (500 mSv) 1 100%
Extremities 50 rem (500 mSv) = 601 _
Gonads 50 rem (500 mSv) 8
Lens of the eye 15 rem (150 mSv) e 40 4
Whole body 5 rem (50 mSv)
Pregnant women 0.5 rem (5 mSv) 20
and leakage X-ray) [4]. 0 Goggle, I Thyroid I Apron I Gloves I
The rate of use of radiation protection devices such glasses protector

as goggles or glasses, thyroid protectors, aprons, and
gloves is summarized in Fig. 1. Regarding the percentage
of time respondents used protective equipment, for glasses
or goggles, 2 people (7%) used them 100% of the time, 6
people (22%) used them 75% of the time, 8 people
(30%)used them 50% of the time, 1 person (4%) used them
25% of the time, and 10 people (37%) never used them.
In the case of thyroid protectors, 16 people (59%) used
them 100% of the time, 7 people (26%) 75% of the time,
1 person (4%) 50% of the time, 1 person (4%) 25% of the
time, and 2 people (7%) 0% of the time. For body pro—
tectors, such as aprons, 22 people (82%) wore them 100%
of the time, 2 people (7%) wore them 75% of the time, and
3 people (11%) wore them 50% of the time, In the case of
hand protectors such as gloves, 3 people (11%), used them
100% of the time, 4 people (15%) 75% of the time, 5 people
(19%) 50, 3 people (11%) 25% of the time, and 12 people
(44%) never used them.,

In terms of attempts to reduce radiation exposure, 24

subjects (89%) attempted to reduce the time and frequency

Protective device

Fig. 1. Frequency of protective device use.

of fluoroscopy use, 6 subjects (22%) used pulsed mode, 6
subjects (22%) used low—dose mode, 4 subjects (15%) used
collimation, 19 subjects (70%) kept apart from C—arm fluo—
roscopy when performing procedures, 7 subjects (26%)
performed interventions on the opposite side of the X—ray
generator in cases of lateral view, and 3 subjects (11%)
took shots behind a lead acrylic protector. Twenty—five
subjects (93%) particularly attempted to reduce exposure
of their hands within the C—arm fluoroscopic radiation field
(Fig. 2).

The most common type of apron was one piece, used
by 23 subjects (85%), while a two piece type was worn by
4 subjects (15%). Among the one—piece types, 14 people
(52%) used the type of vest that completely wrapped
around the body and 9 people (33%) used the type that
could not protect their back.

Only 3 subjects (11%) had experience with checking a
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Fig. 2. Other protective methods to reduce the radiation
exposure. Opposite side of X-ray generator: in case of
radiographic lateral view, try to operate on the other side
of X-ray generator.

torn apron or thyroid shield by fluoroscopy. A radiation
badge or dosimeter was used by only 2 subjects (7%).
Nine people (33%, education group) received an edu—
cation about radiation safety and 18 people (67%, no—edu—
cation group) did not. In comparing the two groups, the
rate of wearing radiation—protective glasses or goggles
and the use of a radiation badge or dosimeter were sig—
nificantly higher in the education group (Table 2). However,
in the use of other protective equipment, knowledge of ra—
diation safety, and efforts to reduce radiation exposure,
there were no statistical significances between the two

groups.

DISCUSSION

The amount of radiation absorbed by an individual’s
tissues corresponds with the risk of developing biologic ef—
fects [5]. The biologic effects of radiation are a concern
at any level of exposure and can result in erythema, cata—
racts, and cancer [6]. Among these, the most important
risk of prolonged exposure to low—dose ionizing radiation
is cancer [7,8]. Therefore, precautions should be taken to
reduce exposure as much as possible in most pain

physicians.
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The amount of radiation exposure is proportional to
the duration of exposure and inversely proportional to the
square of the distance from the radiation source [9].
Decreased exposure can also be accomplished by in-—
creased shielding with a gown, thyroid protector, gloves
and glasses; beam collimation; and using the low—dose
option available on some C—arm fluoroscopy units [10]. In
this study, although most respondents (93%) had used
C—arm fluoroscopy, the number of fluoroscopic procedures
per day was found to be under 30 in 22 people (88%). Pain
physicians have to recognize that the risk of radiation ex—
posure increases with the number of procedures. However,
only 33% of the physicians completed radiation safety
education, In particular, none of the subjects knew the an—
nual permissible radiation dose. In addition, only 6 people
(22%) knew that the most important cause of exposure to
physicians is scattered X-rays. Even in the education
group (33%), a fair number of respondents did not have
exact knowledge about radiation exposure, and only 2 re—
spondents (7%) had checked their personal amount of radi—
ation exposure using a radiation badge or dosimeter.
These findings mean that most respondents took no inter—
est in their level of radiation exposure.

Furthermore, many respondents exposed themselves
to radiation without any significant protective gear when
they used C—arm fluoroscopy for interventions. They gen—
erally wore aprons, but radiation—protective eyewear,
gloves, or thyroid shields were not frequently worn.

Fourteen people (52%) responded that they wore an
apron of the vest type that completely wraps around the
body. Unlike this type, the kind of apron that is not a vest
but that is open at the back cannot block out radiation
that comes through the back, In addition, even if they are
the same 0.3 mm lead equivalent, the vest type of apron
has double layers in the front, giving the effect of 0.6 mm
lead equivalent, The non—vest type, however, only shows
as much protective effect as 0.3 mm lead equivalent.
Therefore, it can be said that the vest type has a better
protective effect than the non—vest type. For example, 0.5
mm of lead, which is the amount normally used in a lead
apron, could block 90% of radiation exposure [l1].

The International Council on Radiation Protection set an
annual permissible radiation dose to reduce the amount of
scattered radiation [12,13]. It recommended not to exceed
this limit of radiation exposure, and many countries have
applied this limit to radiation fields (Table 3) [13]. The an—
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nual allowance of whole radiation exposure is 50 mSv, but
exposure is limited to an amount not to exceed 20
mSv/year on average over 5 years in Europe, and, regu—
lations limit exposure to only 10 mSv/year over a person’s
entire life in the USA [I4]. So, pain physicians who use
C—arm fluoroscopy over a 5—year period need to monitor
and control their radiation exposure to maintain levels less
than 10 mSv/year.

The continuing increase in the worldwide use of X-ray
imaging is creating new challenges for occupational radia—
tion protection of medical staff [15]. Patients’ treatment is
important, but it is prudent for physicians to have more
awareness and concern about radiation safety and its
threats, which have been easily ignored, to promote their
own and their patients’ safety. In comparison between the
education group and the no—education group, only two
practices (using glasses or goggles and checking a dosim—
eter) showed statistically significant differences (Table 2),
and the others did not. Therefore, even in the education
group, the practices learned in the education were not
employed.

Radiation safety education must become more prac—
tical, and it should be made a mandatory part of fellowship
training. If the education is included in the cadaver work—
shop of the Korean Pain Society, at least, the attendees
can gain some knowledge about radiation safety. Additio—
nally, academic advisors must train fellows not only to
learn fluoroscopic procedures but also to take an interest
in radiation safety, exposure, and protection,

In this study, the respondents knew very little about
radiation safety and had a low level of interest in their ra—
diation exposure. In general, except aprons and thyroid
protectors, the use of each type of protective equipment
was low frequency. Even participants in the education
group seem not to put the education they received about
radiation safety into practice. To make fluoroscopy use
safer, education about, attention to, and practices of radi—

ation safety should be required of all pain physicians.
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1

. What is your current position at your hospital?

Fellow ( ) Other ( )

. Which hospital is your place of work?

University hospital ( )
General hospital ( )

Others ( )
. Have you been doing procedure with C-arm fluoroscopy?
Yes ( ) No ( )
Less than 10 ( )
1120 ( )
21-30 ( )

More than 30 ( )

. Did you complete the education about radiation safety?

Yes ( ) No ( )

If your answer is yes, where did you get the education?
Radiation safety workshop in Korean Pain Society (
Your hospital ( )

Others. ( )
. Do you know the annual permissible radiation dose?
Yes ( ) No ( )

Primary X-ray beam. ( )
Scattered X-rays. ( )
Leakage X-rays. ( )

Try not to locate any hand in the X-ray field of radiography. (

. On a regular procedure day, how many fluoroscopy guided procedures are you doing in average?

. In case of an procedure using C-arm fluoroscopy, which is the primary source of the radiation exposure to the operator?

In case of radiographic lateral view, try to operate on the other side of X-ray generator. ( )

Try to take an X-ray behind the Lead acrylic protector (
Others ( )

10. Please check what type of lead apron is primarily used.

1) One piece ( )
2) Two piece ( )

1) Vest style that wraps the whole body. ( )
2) Not a vest style which exposes the user’s back side (

)

11. Lead apron can be torn as time passes. Have you ever checked for such damage on lead apron or thyroid protector?

Yes ( ) No ( )

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

Yes ( ) No ( )

. In your usual procedures using C-arm fluoroscopy, please check on the closest percentage of the time you use each radiation protector.
Eye protections, such as radiation safety goggles or glasses.
100% ( ) 75% ( ) 50% ( ) 25% ( ) 0% ( )
Thyroid protector use.
100% ( ) 75% ( ) 50% ( ) 25% ( ) 0% ( )
Body protector such as an apron.
100% ( ) 75% ( ) 50% ( ) 25% ( ) 0% ( )
Hand protector like gloves.
100% ( ) 75% ( ) 50% ( ) 25% ( ) 0% ( )
. Please choose all of methods you use to minimize radiation exposure during fluoroscopy guided procedures.
Try to reduce the time and number of radiography. ( )
Use of pulsed mode ( )
Use of low dose mode ( )
Use of collimation ( )
Stay as far away as possible from C-arm fluoroscopy during radiographing. ( )




