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Radiation safety: a focus on lead aprons and thyroid
shields in interventional pain management
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C-arm fluoroscopy is useful equipment in interventional pain management because it helps to guide correct
needle targeting for the accurate injection and drug delivery. However, due to increased use of C-arm
fluoroscopy in various pain procedures, the risk of radiation exposure is a significant concern for pain
physicians. The harmful biological effects of ionizing radiation on the human body are well known. It is therefore
necessary to strive to reduce radiation exposure. Lead aprons with thyroid shields are the most fundamental
radiation protective devices for interventional procedures, and are very effective. However, the operator’s
radiation safety cannot be guaranteed because pain physicians seem to lack sufficient interest, knowledge, and
awareness about radiation safety. Also, inappropriate care and use of radiation protective devices may result
in a higher risk of radiation exposure. The purpose of this article was to review the literature on radiation
safety with a focus on lead aprons and thyroid shields and present recommendations related to those devices
during C-arm fluoroscopic-guided interventions by pain physicians. (Korean J Pain 2018; 31: 244-52)
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INTRODUCTION

C—arm fluoroscopy is very important and useful for diag—
nosis and treatment in interventional pain management [1].
It ensures the target specificity of a needle for accurate
injection and delivery of a drug through continuous visible
X-ray images. However, the increased use of C—arm fluo—
roscopy in pain management has resulted in greater ex—

posure to ionizing radiation. Pain physicians perform the

procedures close to a patient’s body and the X—ray beam
(the radiation source), so it is difficult to avoid unwanted
exposure to scatter radiation from the patient [2-4].
Therefore, efforts to reduce radiation exposure during pain
management are very important, However, in some sur—
veys, pain physicians reported a lack of interest, aware—
ness, and knowledge about radiation safety [5,6].

There are three major factors in reducing scatter radi—

ation doses: the time of exposure, the distance from the
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radiation source, and shielding from radiation. The most
important among these factors is proper shielding [7].
Based on these factors, the time required to use fluoro—
scopy should be reduced, the physician should be posi—
tioned as far away from the radiation source as possible,
and the physician should be shielded with appropriate radi—
ation protective devices. These radiation protective devices
include lead aprons, thyroid shields, radio—protective caps,
gloves, lead glasses, lead barriers, and table—side or pa—
tient lead drapes. Of these, lead aprons and thyroid shields
are the standard shields for the radiation safety of inter—
ventional medical staff, including pain physicians [6,8]. In
this review, we discuss the basic strategies for reducing
radiation exposure, as well as the proper use of lead

aprons and thyroid shields in interventional pain mana—

gement,
MAIN BODY
1. Methods

The literature review was conducted by searching database
sources such as PubMed for publications in the last 10

years using the search terms “radiation safety and pain

medicine”, “thyroid shield”, “thyroid collar”, “thyroid pro—
tector”, “lead aprons”, and “lead equivalent aprons”.
Additional relevant articles were also reviewed to obtain

additional information,

2. Major sources of radiation exposure during C—arm

fluoroscopy

There are three types of ionizing radiation exposure sour—
ces: 1) direct exposure from the primary X-ray beam, 2)
scattered radiation reflected from patient’s body or table,
and 3) leakage from the X-ray tube [9]. There is no danger
of being exposed to the primary X—ray beam unless the
operator places his or her hand in the X-ray irradiation
area during the procedure. Furthermore, because the
amount of leaking X—rays is not large, it does not sub—
stantially affect the practitioner, The major radiation ex—
posure risk for most medical staff, including pain physi—
cians, originates from scatter radiation [10]. The primary
X-ray beam produces scatter radiation, which interacts
with the patient’s body in all directions, Thus, the major

factor in radiation exposure is how close the operator is
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to the patient during the procedure [11]. Usudlly, pain
physicians tend to stand close to the patient and the X—ray
tube. As a result, they are easily exposed to scatter radia—
tion [2—4]. Thus, scatter radiation is a significant concern

for pain physicians during C—arm fluoroscopic procedures.
3. Biological effects of radiation exposure

There are two major biological effects of radiation ex—

posure: 1) deterministic and 2) stochastic [12].
1) Deterministic effects

Deterministic effects, such as hair loss and skin burns,
have a threshold value below which they do not occur [13].
Thus, adjusting the dose below the threshold dose will re—
sult in no side effects. The occurrence of opacity in the
eyes and cataracts has been attributed to deterministic

effects.
2) Stochastic effects

Stochastic effects (i.e., carcinogenesis and teratogenesis)
have no threshold below which they do not occur [13]. Thus,
because stochastic effects have no threshold, side effects
may occur when the operator is exposed to radiation, In
this case, as the exposure dose increases, the probability
of side effects increases. It is known that radiation causes
cancer; in fact, radiation—induced cancers account for 2%
of all cancers. Therefore, the inappropriate use of fluoro—
scopy can result in high radiation exposure and can sig—
nificantly increase the risk of cancer [14].

Most interventional pain procedures require fluoro—
scopic exposure for only short periods of time compared
to other non—pain interventional procedures, such as in—
terventional radiology, cardiology, and neurosurgery [15].
However, pain physicians who use C—arm fluoroscopy may
be at relatively high risks of radiation because of their cu—
mulative exposure to low—dose radiation over long periods
of time [16]. Low—dose radiation generally refers to radia—
tion less than 100 mSv, such as natural radiation.
Unfortunately, there is no scientific evidence for the mag—
nitude of the direct effects of low—dose radiation on the
human body. In vitro chromosomal damage due to
low—dose radiation has been demonstrated, but more re—

search is needed to determine causality with the human
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body [17].

Roguin et al, [18] reported that the risk of cancer is
increased when physicians who perform interventional
procedures are exposed to ionizing radiation for long peri—
ods of time. Recent evidence suggests that even protracted
low—dose radiation exposure could be associated with leu—
kemia, carotid artery atherosclerosis, and early vascular
aging [19,20].

The dose of radiation exposure is lifetime cumulative;
a higher cumulative dose is more likely to cause cataracts,
cancer, and skin injuries [16]. Thus, stochastic effects can
be a major threat to medical staff involved in interventional

pain management because of the cumulative effects [17].
4, Radiation exposure of pain physicians

When the human body is exposed to radiation, many or—
gans of the body are affected. The organs sensitive to ra—
diation include the ovaries and testicles, bone marrow,
breasts, lens of eye, and thyroid; it is well known that the
susceptibilities of the organs in the human body differ
substantially [21]. The annual maximum permissible doses
for medical workers published by the International
Commission on Radiological Protection in 2007 are listed
in Table 1 [22]. The occupationadl effective dose limit for ra—
diation workers is 20 mSv per year averaged over 5 years,
For the lens of eye, the maximum exposure should not ex—
ceed 50 mSv per year or 20 mSv per year for more than
5 years [23].

Multiple studies have evaluated the radiation exposure

of orthopedic surgeons, cardiologists, urologists, and in—

Table 1. 2007 International Commission on Radiological Protec-
tion (ICPR) Recommendations for Medical Workers

Annual maximum

Exposure permissible dose (mSv)
Whole body 50 (20 mSv per year,
averaged over 5 years)
Dose to the eye 50*
Dose to the thyroid gland 300

Total dose to an individual organ 500
(excluding the eye)

Dose to the skin or extremity (eg. 500
Hand)

*2011 the ICPR reduced this to 20 mSv per year, averaged over
5 years, with no single year exceeding 50 mSv.
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terventional radiologists who perform a variety of visceral
and peripheral angiographic procedures [24]. However, on—
ly a few reports have evaluated radiation exposure in in—
terventional pain management. Table 2 shows the scatter
radiation exposures reported by several studies at various
levels of the body during fluoroscopic pain procedures.

Manchikanti et al. [15,25] evaluated radiation exposure
in the upper and lower part of the body in various pain
procedures. The authors compared the scatter radiation
exposure at the chest and groin inside and outside of
aprons with or without lead shielding from the table to the
floor by one physician [15,25]. In this study, Group I in—
cluded data from individuals with lead aprons and thyroid
collars, but without lead shielding from the table to the
floor; Group II included data from individuals with lead
aprons, thyroid collars, and lead shielding from the table
to the floor on the lower part of the body. The results
showed that scatter radiation exposure was higher outside
the lead aprons compared to that inside the lead aprons
at both chest and groin level in both groups. The scatter
radiation level in Group Il was 313 mREM or 0.629 mREM
per patient outside the apron at the chest, and 176 mREM
or 0.352 mREM per patient at the groin, The doses in
Group II inside the apron at the chest and groin were O
and 13 mREM, respectively, or 0.026 mREM per patient.
These doses were lower than those in Group 1. However,
the scatter radiation exposure was similar in both groups
at the inside of groin level (13 vs. 15 mREM total or 0.029
vs. 0.026 mREM per patient). Lead shielding from the table
to the floor reduced the scatter radiation exposure for the
upper part of the body as well as outside and inside the
apron at all levels; however, it failed to reduce scatter ra—
diation to the inside of the apron in the groin area. The
results of this study show that the inguinal area inside a
lead apron is vulnerable to radiation exposure,

Manchikanti et al. [10] also evaluated the average ra—
diation exposure time and dose inside and outside a lead
apron through a total of 1,000 patients who were under—
going various interventional pain procedures, The results
showed that the exposure level was significantly less than
the annual maximum permissible dose.

Botwin et al. [26—28] evaluated the radiation exposure
for fluoroscopic—guided lumbar transforaminal epidural
steroid injections, caudal epidural steroid injections, and
lumbar discography (Table 2). The scatter radiation doses
outside a lead apron at the chest were 3,98, 0.3, and 2.367
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Table 2. Studies on Radiation Dose during C-arm Fluoroscopic Interventional Pain Procedures

Neck Neck Chest  Chest Groin  Groin
Number Number  (outside) (inside) (outside) (inside) (outside) (inside)
Author or, :
year Procedure  Unit gf of Cumulative Note LET
patients procedures
Per patient
Manchikanti ~ Group | mREM 509 827 NA 0 690 NA 1152 15 No lead shielding from 0.5 mm
et al., 2003  various 1.355 2.263 0.029 the table to the floor
Group I mREM 500 865 NA 0 313 0 176 13 Lead shielding from the 0.5 mm
various 0.626 0.352 0.026 table to the floor
Kim et al.,  Various mREM Operator 505 2032 NA NA 108 1292* NA  Predicted annual radia- 0.5 mm
2010 4.023** 0.21**  2.56** tion dose calculated
Assistant 572 82 504* from dosimeter
1.13** 0.16**  0.99**
Botwin et al., Caudal ESI mREM 100 100 NA NA 398 15 NA NA 0.55 mm
2001 3.98 0.15
Botwin et al., Lumbar mREM 100 100 NA NA 30 0 NA NA 0.55 mm
2002 TFESI 0.3
Botwin et al., Lumbar mREM 37 106 NA NA 251 10 NA NA 0.55 mm
2003 discography 2,367 0.27

*: dosimeter position at leg, **: per procedure, NA: not available, LET: lead equivalent thickness.

mREM per patient during caudal epidural steroid injections,
lumbar transforaminal epidural steroid injections, and lum—
bar discography, respectively. Collectively, the results of
these three studies demonstrate that radiation exposure to
physicians performing fluoroscopic—guided pain proce—
dures is well within safety limits when the proper techni—
ques are followed.

Kim et al. [3] estimated the probable annual level of
radiation exposure for C—arm fluoroscopic—guided inter—
ventional pain procedures by a primary operator and an
assistant over a 3—month period (Table 2). The results
showed that the predicted annual radiation dose calculated
from the three measurements were all within the permis—
sible radiation doses. The radiation doses were measured
by a dosimeter under a lead apron, over a thyroid collar,
and on the leg; all doses were higher for the operator than
for the assistant. The dosimeter under the apron was used
to measure whole—body exposure, There were no sig—
nificant differences when comparing doses over the thyroid
collar or on the leg for the whole—body exposure levels of
the operator and assistant because they both wore lead
aprons to protect the whole body. It was assumed that the
assistant normally stood 1 m further away from the X—ray
beam than the operator; the exposure doses over the thy—
roid collar and on the leg were greater for the operator

than for the assistant, and radiation exposure is inversely
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proportional to the square of the distance [3]. These re—
sults indicate that the distance from the radiation source
is an important factor for radiation safety.

In dll of the described studies, radiation exposure dur—
ing pain management was within safety limits when lead
aprons and thyroid shields were used. However, stochastic
effects should not be overlooked. Thus, it is recommended

to reduce radiation exposure as much as possible.
5. Efforts to reduce scatter radiation

A basic concept to reduce radiation exposure is “as low
as reasonably achievable” (ALARA) [29]. Based on this
concept, the three major factors to reduce occupational
exposure to scatter radiation are the time of exposure, the
distance to radiation, and shielding from radiation [7].
Therefore, procedures first should be performed by experi—
enced pain physicians in order to decrease the procedure
time and thus minimize radiation exposure time. As men—
tioned previously, radiation exposure is inversely propor—
tional to the square of the distance from the radiation
source reflected from the patient’s body. For example, a
distance twice that of the original distance results in a
fourfold decreased radiation exposure. The scatter ex—
posure level from a patient who is 1 m away is approx—

imately 0.1% of the patient’s entrance skin exposure [30].
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The radiation dose depends on the type of interven—
tional pain procedure, the patient’s size, the equipment,
the technique, and many other factors [10]. Lumbar medial
branch blocks, lumbar epidural blocks, and caudal epidural
blocks have relatively short procedure times; however, the
procedure times are longer for sacroiliac joint injections,
epidural adhesiolysis, sympathetic blocks, and spinal cord
stimulation, If an individual has severe degenerative
changes, spondylolisthesis, osteoporosis, or previous spinal
surgery (depending on the spinal pathology), anatomical
landmarks may disappear, thus affecting the screening
time and also increasing the procedure time,

Dose area product is a unit that may be used instead
of the effective dose; this number is automatically recorded
by image intensifiers. Hanu—Cernat et al. [31] reported
that the dose area product is increased for patients with
greater body mass. Therefore, efforts are needed to ad—
here to the ALARA principle for dose exposure, regardless

of the occupational dose limits.
6. Radiation protective devices

Appropriate shielding is the most important factor in pro—
tecting individuals from radiation exposure. There are
three types of shielding: 1) structural shielding, 2) equip—
ment—mounted shielding, and 3) personal protective de—
vices.

Structural shielding is embedded into the walls of the
procedural suite. In addition, mobile, transparent, and
leaded acrylic shields offer protection from direct exposure
but are less effective at protecting against scatter
radiation,

Equipment—mounted shielding includes leaded drapes
and leaded acrylic shields suspended from the fluoroscopy
table or scanner,

Personal protective devices include lead aprons, thy—
roid shields, lead glasses, caps, and gloves [29]. All per—
sonnel who perform C—arm fluoroscopic—guided proce—
dures should wear personal radiation shielding devices to
protect themselves. Personal protective devices are made
of lead composite or lighter lead—free materials that at—

tenuate scatter radiation using various designs.
1) Lead aprons

Lead aprons are the primary radiation protective garments
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used by personnel during fluoroscopy. The radiation pro—
tection provided by a lead apron is approximately the same
as 0.25— to l-mm thick lead. An apron with 0.5—mm
thickness can attenuate approximately 90% or more of the
scatter radiation, Lead glasses with 0.5— or 0.75—-mm
thickness can reduce more than 95% of scatter radiation
[32]. According to studies conducted in Korea, lead aprons,
thyroid shields, and lead glasses are worn by approx—
imately 93-100%, 81-100%, and 38-40% of operators,
respectively [5,6,33]. However, the lens of the eye is the
most radiation—sensitive part of the body; therefore,
wearing lead glasses is essential.

Lead aprons should have at least 0.25-mm
lead—equivalent thickness on the back and front. Wrap—
around—type aprons are designed with 0.25 + 0.25 mm
lead—equivalent thickness in the front (0.5 mm total) [34].
There are severadl different designs available, including
aprons with front coverage only, aprons that wrap around
the body, and a vest and kilt combination, If the back is
exposed to the radiation source and the patient during the
procedure, wraparound aprons or vests with kilts are suit—
able [32].

Regardless of the design, it is most important that the
garment fits properly at the neckline and armhole [32].
Large gaps could result in the increased exposure of breast
tissue, which is especially important for female staff [35].
A large cohort study and survey found an increased preva—
lence of breast cancer among female radiation techno—
logists. Another study showed a significantly increased risk
of breast cancer for female radiologic technologists who
were exposed to daily low—dose radiation for several years,
which potentially resulted in significant cumulative expo—
sures. A third study reported a 1.9—fold increased preva—
lence of cancer and a 2.9—fold increased prevalence of
breast cancer in female orthopedic surgeons compared
with American women of similar ages and races [36]. Thus,
aprons of appropriate size and proper fit should be pro—
vided to each operator,

The long—term use of heavy radiation—protective gar—
ments is associated with musculoskeletal problems and fa—
tigue in interventional physicians [37,38]. Surveys of inter—
ventional cardiologists and radiologists indicate evidence of
a relationship between the use of lead aprons and spine
problems [39,40]. A standard lead apron weighs approx—
imately 7 kg, which could cause the development of back

problems [41]. Conventional lead aprons are heavy, but
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newer aprons are made of lighter—weight protective mate—
rials, including barium, tungsten, tin, and antimony. These
aprons are 20—40% lighter than standard lead aprons (—4
kg) and have a lead equivalent weight effect similar to lead
aprons,

The X-ray transmittance for 70-100 kVp was 0.5-5%
when using a 0.5—mm lead apron and 0.6—6.8% when us—
ing a lead composite or lead—free apron with O.5—mm lead
equivalent thickness [41]. Lighter materials are under
development. For example, aprons made from lead—free
bismuth have shown excellent shielding in a phantom
study. However, for an operator who performs procedures
beside a patient, the shielding effect is less than when
wearing a lead apron [42). In addition, the vest and quilt
design reduces the burden on the spine, as compared with
a one—piece apron, by distributing the weight concentrated
on the shoulders and back to the shoulders and hips.

The shielding materials inside protective garments may
suffer damage after long—term use, such as cracks or
holes, which may not be visible [33,37]. Therefore, it is
necessary to regularly inspect aprons and other radiation
protective garments every year to determine the degree of
damage [43]. Visual and tactile tests can be performed;
in case of doubt, a fluoroscopic image can be taken to find
uniformity or holes [34]. A survey on the degree of damage
of lead aprons used during pain management in a general
hospital operating room showed that the most common site
of damage was the waist of the apron (51%), followed by
the lower part of the apron (33%) [44]. An apron should
always be handled carefully and kept hanging when not in

use,

2) Thyroid shields

The thyroid gland should be protected because it is vulner—
able to scatter radiation [9]. Thyroid shields are the best
way to minimize the risk of thyroid cancer from radiation
exposure during procedures. The annual maximum per—
missible dose recommended to the thyroid is 300 mSv [45].
A thyroid shield can reduce the effective dose by 2.5 times
and the total exposure by almost 50% [46]. Therefore,
thyroid shields should have at least O.5—mm lead equiv—
alent thickness for neck and thyroid protection.

Thyroid shields provide very effective protection to the
thyroid, but they do have limitations from weight and

movement [47]. For example, some surgeons wear thyroid
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shields loosely or not at all because they are uncomfortable
when worn tightly and properly [33,45]. However, despite
this discomfort, tightening the thyroid shield has a greater
effect on the thyroid gland [7].

One study investigated the most effective thyroid
shields for thyroid protection using simulations during spi—
nal surgery [48]. In the lead—shield group, radiation doses
were measured with the shield worn tightly, worn loosely,
and worn loosely with a bismuth masking reagent. Wearing
the shield tight against the throat and wearing it loosely
with a bismuth masking reagent led to lower radiation ex—
posure levels compared with simply wearing the shield
loosely (P < 0.001), In the lead—equivalent shield group,
doses were measured for the same three conditions. Lower
scattered radiation doses were delivered to the thyroid in
the lead—equivalent thyroid shield group compared with the
lead thyroid shield group (P < 0.001). The best way to re—
duce scattered radiation exposure to the thyroid is by
wearing the thyroid shield tightly or by wearing it loosely
in combination with a bismuth masking reagent [48].
However, bismuth masking is somewhat expensive,

Radiation exposure is a cause of thyroid cancer, and
the dose and age of exposure to the thyroid are major risk
factors for thyroid cancer [49]. The precise risk of scat—
tered radiation to the thyroid is still unknown. A cumulative
dose of 65 uSv per operation has been reported to increase
the long—term risk of thyroid cancer, The risk of radia—
tion—induced thyroid cancer is significantly reduced with
age, and the risk is less critical at age 40 years and older
[32]. However, considering the stochastic effects, pro—
tection of the thyroid gland is essential because it can be
highly exposed to scatter radiation if a thyroid shield is not
worn. A thyroid shield should also be checked for damage

with an annual inspection, like that for aprons [43].
7. Radiation safety education

Radiation safety education is important to protect patients
and medical staff. Despite the increasing use of fluoro—
scopy for diagnosis and treatment in interventional pain
management, appropriate education and training programs
on radiation safety are lacking. There is no formal require—
ment for the education of pain physicians in Korea within
pain fellowship programs. However, a radiation safety ed—
ucational program for orthopedic surgery residents led to

decreased radiation exposure in residents and patients
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[50], and an online course regarding the safe use of fluo—
roscopy for radiology residents decreased patient doses
without affecting diagnostic qudlity [51].

Several surveys have investigated radiation safety
knowledge and efforts to reduce exposure [5,6,52 53].
Korean surveys in 2011 and 2016 reported that pain physi—
cians’ knowledge about radiation safety is lacking, with
61% of respondents never having received radiation safety
education. Even among those who received education, their
efforts to reduce radiation exposure did not differ sig—
nificantly from those of physicians who never received ra—
diation education, Thus, there is a gap between the educa—
tion and practice of radiation safety [5].

A survey of orthopedic surgeons’ knowledge on radia—
tion protective measures and preferred methods indicated
that most surgeons were lacking the required technical
background for C—arm fluoroscopy [52]. Another study
evaluated whether real-time coaching feedback on scat—
tered radiation dose monitoring during pain treatment can
reduce the scattered dose received by the physician,
However, procedures with real-time monitoring of the
scattered dose profile did not have significantly different
exposure levels than procedures without monitoring, pre—
sumably because of the shorter procedure time without
monitoring. However, real-time coaching on the appro—
priate position for dose reduction while monitoring the
scattered radiation dose increased the physician’s aware—
ness of the scattered radiation, reducing the radiation dose
to the pain physician by half [54].

Currently, radiation safety education is not mandatory
for a pain specidlist qudlification in Korea. However, radia—
tion safety education is necessary to improve awareness
and knowledge of radiation safety. It is also important to
coach pain specidlist trainees on good habits regarding ra—

diation safety.

CONCLUSIONS

The ALARA principles of time, distance, and shielding are
basic strategies to reduce radiation exposure, Lead aprons
and thyroid shields are the most frequently used personal
radiation protective devices, but their importance is often
overlooked. Protective devices that are used inappro—
priately or are not properly cared for increase the risk of
radiation exposure, The use of well-fitting and lightweight

lead aprons and thyroid shields, as well as regular annual
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inspections, are effective and important ways to use per—
sonal protective equipment. Both proper education and
training on the appropriate use of radiation protective de—
vices and equipment should be mandatory to reduce radia—

tion exposure in practice,
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