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Abstract

Protection against occupational radiation exposure in clinical settings is important. This paper clarifies the present status of
medical occupational exposure protection and possible additional safety measures. Radiation injuries, such as cataracts, have
been reported in physicians and staff who perform interventional radiology (IVR), thus, it is important that they use shielding
devices (e.g., lead glasses and ceiling-suspended shields). Currently, there is no single perfect radiation shield; combinations
of radiation shields are required. Radiological medical workers must be appropriately educated in terms of reducing radia-
tion exposure among both patients and staff. They also need to be aware of the various methods available for estimating/
reducing patient dose and occupational exposure. When the optimizing the dose to the patient, such as eliminating a patient
dose that is higher than necessary, is applied, exposure of radiological medical workers also decreases without any loss of
diagnostic benefit. Thus, decreasing the patient dose also reduces occupational exposure. We propose a novel four-point
policy for protecting medical staff from radiation: patient dose Optimization, Distance, Shielding, and Time (pdO-DST).
Patient dose optimization means that the patient never receives a higher dose than is necessary, which also reduces the dose
received by the staff. The patient dose must be optimized: shielding is critical, but it is only one component of protection
from radiation used in medical procedures. Here, we review the radiation protection/reduction basics for radiological medi-
cal workers, especially for IVR staff.

Keywords Interventional radiology (IVR) - Radiation safety - Occupational exposure dose - Radiation protection and
shielding - Radiation injury (Cataracts) - As low as reasonably achievable (ALARA)

1 Introduction radiation doses and occupational exposure, which are major

issues in modern medicine [8—15]. The radiation dose must

The Japanese public has become more sensitive to the risks
of radiation exposure since the accident at the Fukushima
Daiichi Nuclear Power Plant after a major earthquake [1-3].
Consequently, many patients have become anxious about
exposure to medical radiation [4-7].

The medical uses of radiation constitute a large source of
human-made ionizing radiation. This includes both patient
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be as low as reasonably achievable (ALARA) [16]. There is
extensive literature concerning radiation exposure [17-23],
and various methods that reduce/optimize patient doses have
been discussed [24-30].

On the other hand, almost all medical radiological medi-
cal workers are subject to daily radiation exposure. There-
fore, the protection of such workers is essential [31-33]. The
potential for overexposure is greatest during fluoroscopically
guided procedures (i.e., interventional radiology [IVR])
[34—41], and I'VR staff are at high risks of radiation-induced
injuries (e.g., cataracts) [42—46]. Vano et al. reported oph-
thalmologically confirmed lens injuries in IVR physicians
and nurses [47].

In 1993, Niklason et al. found that only 10% of IVR
physicians consistently wore protective lead glasses [48].
In 2013, Lynskey et al. reported that 54% of the staff wore

@ Springer



102

K. Chida

lead glasses, suggesting that awareness is increasing [49].
However, radiation protection for radiological medical
workers remains inadequate, particularly among IVR staff.
The International Commission on Radiological Protection
(ICRP) has drastically reduced the recommended maximum
annual lens dose, which is the occupational dose limit from
150 to 20 mSv/year (100 mSv/5 years) [50]. Overall, it has
become increasingly important to protect radiological medi-
cal workers and reduce radiation doses, especially to the
eyes [51-54]. The following discussion reviews the radiation
protection/reduction basics for radiological medical workers,
especially for IVR staff.

2 Radiation protection/reduction methods
2.1 Shielding devices
2.1.1 Personal protective aprons

Almost all IVR physicians should wear personal protec-
tive aprons. However, IVR staff, especially physicians, are
reluctant to wear such aprons for long periods because
they are heavy and can trigger orthopedic problems
[55-58]. Recently, non-lead aprons, which are made of
composites (mainly tungsten and tin) and are lighter than
lead, have been developed. Such aprons are approximately
20% lighter than lead aprons, and they also lack lead-
associated toxicity. Table 1 lists the data from a phantom
study of non-lead personal aprons [59]. The relative pro-
tective effect of a non-lead apron was calculated as: (the
shielding effect of a non-lead apron/the shielding effect
of a lead apron) X 100. Non-lead aprons attenuate direct
X-rays with an effectiveness similar to lead aprons (within
2%). However, at tube voltages > 100 kV, non-lead aprons
provide less protection. Figure 1 shows the mass attenu-
ation coefficient curves for lead and tungsten (non-lead
material) [60]. The K-absorption edge of lead (88 keV)
is higher than the absorption edges of non-lead materials
(e.g., tungsten, 69.5 keV) [60], so the shielding ability of

10® T
—— Total Attenuation with Coherent Scattering (Lead)
—— Total Attenuation with Coherent Scattering (Tungsten)

102

K-absorption edges

101

Mass Attenuation Coefficient (cm?/g)

10 100
Photon Energy (keV)

Fig.1 Mass attenuation coefficient curves for lead and tungsten
(Modified from The National Institute of Standards and Technology
(NIST), XCOM, [60])

lead aprons increases at higher X-ray energies (> 100 kV).
For scattered X-rays, the protection afforded by both non-
lead and lead aprons is similar, as the energy of scattered
X-rays is lower than the energy of direct X-rays at the same
tube voltage, suggesting that the K-absorption edge of lead
does not affect its protection capability. Because most staff
are exposed to scattered X-rays, non-lead personal aprons
provide sufficient protection.

Generally, the shielding effects of protective aprons
exceed 90% [59]. In clinical settings, including IVR, the
shielding capabilities of non-lead and lead personal aprons
(0.25- and 0.35 mm lead-equivalents) in terms of scattered
radiation were evaluated using electric personal dosim-
eters (EPDs) [61]. Non-lead 0.35 mm-lead-equivalent
aprons may be optimal for the IVR procedures, and both
shielding and comfort were acceptable (Table 2). Kato
et al. suggested that non-lead 0.35-mm-lead-equivalent

Table 1 Relative protective

Tube voltage
effects of non-lead

Relative protective effect of non-lead aprons (%)

personal aprons (0.25- and kV)

0.25 mm-lead-equivalent

0.35 mm-lead-equivalent

0.35 mm-lead-equivalent) in

a phantom study. Modified Direct X-rays
from Radiat Prot Dosim. 2008; 80 96.9
120 93.5

Scattered X-rays Direct X-rays Scattered X-rays
98.3 98.7 99.3
98.6 98.1 99.4
98.3 95.5 99.0

Comparison to 0.25 mm Pb and 0.35 mm Pb respectively for the non-lead 0.25 mm and 0.35 mm lead-

equivalent aprons

Relative protective effect of non-lead apron (%)= (shielding effect of non-lead apron / shielding effect of

lead apron) x 100
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Table 2 Performances of

. Protective apron Lead-equivalent Apron weight Number of pro-  Shielding effects

personal protective aprons cedures
in clinical settings (cardiac (mm) (kg) (%)
catheterizations, including PCI).
Modified from Diagnostics Non-lead 0.25 1.8 8 %.1
2021;11(9):1613 [61] Non-lead 0.35 29 51 98.5

Lead 0.25 3.0 50 97.3

Lead 0.35 3.8 50 98.9

The shielding effect of each apron was determined as follows:

Shielding effect (%)= [(no-apron measurement — with apron measurement)/no-apron measurement] X 100

protective aprons may be the preferred type for the pro-
tection of IVR physicians against radiation [61].

A double dosimeter—two monitoring badges (one outside
the apron [on the neck or head] and one under the apron
[on the chest or waist])—is preferable for IVR personnel.
The radiation that reaches the under-apron badge is far less
than the radiation that reaches the exposed badge [62, 63].
However, the double dosimeter may not always be necessary
due to the following reasons. In ICRP Publ.139, although
the double-dosimeter approach generally provides better
accuracy, the authors argue that it has several limitations:
lack of international consensus concerning a combination
algorithm, leading to difficulty interpreting comparisons of
effective doses; uncertainty concerning consistently cor-
rect use of the two dosimeter device; and the higher cost
of using two dosimeters. In practice, IVR physicians may
sometimes reverse the positions of the two dosimeters, thus
leading to a substantial overestimate of the effective dose.
IVR physicians may also forget to wear one or both dosim-
eters [64]. Martin and ICRP Publ.139 suggested a pragmatic
approach in which a single dosimeter is placed at the collar
over the apron [64, 65]. The reading of the collar dosimeter,
corrected by a factor that considers the protected organs,
could provide an indication of the effective dose. Martin also
recommended the use of the double dosimeter when doses
exceed a certain threshold [65].

2.1.2 Ceiling-suspended shields and examination table
curtain shields

Many angiographic X-ray systems feature ceiling-sus-
pended shields (leaded glass screens) and bedside curtain
shields. When positioned appropriately, ceiling-suspended
shields can reduce radiation exposure, particularly to the
upper portion of the body, including the eyes. Domienik
et al. reported that a ceiling-suspended shield afforded a
2.3-fold reduction of the dose to the eye lens proximal to
the X-ray tube [66]. Meanwhile, Maeder et al. found that
such a shield efficiently reduced scattered radiation to the
eyes, but not to the hands [67]. However, these shields
must be carefully positioned to the side of the IVR physi-
cian. But this is often difficult to do in clinical settings,

in which the shield becomes an obstacle. Notably, some
physicians fail to appropriately adjust the position of the
shield.

The regulatory annual dose limits for occupational
exposure are specified as an occupational effective dose
limit of 100 mSv/5 years, with no single year exceed-
ing 50 mSv. The occupational eye lens equivalent dose
limit is 100 mSv/5 years, with no single year exceeding
50 mSv. The occupational extremities equivalent dose
limit is 500 mSv/year. Examination table curtain shields
hang from the side of the fluoroscopy couch down to the
floor, and they effectively reduce the radiation dose to the
lower part of the physician’s body. Shortt and colleagues
reported significant lower limb extremity dose reductions
using this type of shields, and recommended that curtains
be used routinely on all C-arm interventional radiological
equipment [68].

Our previous study investigated the shielding effects of
ceiling-suspended and examination table curtain shields
during cardiac catheterization (Fig. 2) [69]. With addi-
tional shielding (ceiling-suspended and examination table
curtain shields), the fluoroscopy scatter radiation meas-
ured using the human phantom was reduced by up to 98%,
with average scatter dose reduction of approximately 95%,
compared to a dose without the additional shielding [69].
The effective dose of the four physicians during cardiac
catheterization tended to be lower with additional shield-
ing devices (ceiling-suspended and examination table
curtain shields) than without such devices (2.55+ 1.65
vs. 4.65+1.21 mSv/year). Similarly, the dose equivalent
of the eye lens tended to be lower with the additional
shielding devices than without such devices (15.0+9.3
vs. 25.73 +£5.28 mSv/year) [69]. Therefore, although the
physicians were protected by the shielding devices, the
shielding effects were less than expected based from the
phantom study results (phantom study: > 90%; clinical
study: <50%) [69]. This was probably because there are
instances when ceiling-suspended shields were not posi-
tioned appropriately during the procedure [69]. Thus,
more ergonomic protection devices (particularly ceiling-
suspended shields) may be required.
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Fig.2 Additional lead shielding devices. A Lead acrylic shields (0.8 mm-lead-equivalent) suspended from the ceiling. B Table side drapes

(0.3 mm-lead-equivalent)

Fig.3 Mobile shield

2.1.3 Mobile shields

Mobile shields are often used by radiological medical
workers (Fig. 3). Chung et al. reported that mobile shields
reduce the scattered radiation exposure during endoscopic
retrograde cholangiopancreatography (ERCP) [70]. Mobile
shields are extensively employed in IVR. Specifically, the
anesthesiologists and nurses rely heavily on mobile shields
for protection against scattered radiation. However, in some
cases, routine use of such shields may be somewhat difficult

@ Springer

for IVR physicians in C-arm angiographic units; in this con-
text, fluoroscopic views are required from multiple angles
and in some cases the larger size of the mobile shield may
be an obstacle.

2.1.4 Protective CT gantry shields

The number of computed tomography (CT) examinations is
steadily increasing, so it is important to consider the radia-
tion doses involved in this procedure [71-76]. Although not
common, there are some IVR suites equipped with a CT
scanner in the same room. Medical staff are also exposed
to radiation during fluoroscopically-guided CT procedures
(e.g., CT-biopsy) and when assisting patients [77, 78]. Thus,
occupational radiation protection is essential. Recently, a
protective CT gantry shield has been developed (Fig. 4). Ota
et al. reported that this shield is very effective, but it is also
expensive to acquire, install, and maintain [79].

2.1.5 Radiation protection cabin

A radiation protection cabin (Fig. 5) is sometimes used
during catheter ablation through a right femoral approach.
This markedly decreases operator radiation exposure and
eliminates the need for a lead apron [80, 81]. However, the
cabin is generally large and therefore, cannot be used when
performing percutaneous coronary intervention (PCI), due
to the many variations of fluoroscopic angles that are needed
to be applied.

2.1.6 Zero-gravity™ devices
The Zero-Gravity™ device is a unique protection system

for IVR physicians (Fig. 6). It provides enhanced radiation
protection and improves the IVR physician’s ergonomics and
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Fig.4 Computed tomography (CT) shielding. Shields made of
0.5 mm-lead-containing acrylic and 0.25 mm-lead-rubber; the lower
parts are soft and do not interfere with couch motion during CT

Fig.5 Radiation protection cabin

comfort [8§2-84]. Savage et al. concluded that more in-depth
evaluation of the ergonomic benefits and cost-effectiveness
of this particular system is required [85].

2.1.7 Protective curtains for over-the-couch X-ray units
Generally, it is preferred that IVR examination is performed

with dedicated equipment, providing a PA-projection. How-
ever, in non-vascular IVR (e.g., ERCP), overcouch geometry

Fig.6 Zero-Gravity device. This weightless protective garment sys-
tem is suspended on a swing arm and snaps onto the user (physician)
via a magnetic belt. It features an apron and an acrylic face shield

Fig. 7 Protective lead shield (a curtain) for an over-the-couch-tube
X-ray unit

is employed with a protective curtain to limit staff doses
[86—88]. This kind of curtain features four lead sheets: the
hood is placed over the X-ray tube, while the other sheets
(four lead sheets) hang down to the surface of the fluoros-
copy couch (Fig. 7). The curtain is useful, but it is difficult
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to use when the fluoroscopic angle is varied [89, 90], and
it cannot be used when an under-the-couch X-ray unit is
employed (Fig. 7).

2.1.8 Protective eyeglasses

Protective eyeglasses are often used to protect the eyes of
radiological medical workers. Various types of protective
eyeglasses have been used in clinical settings. Frontal and
side shields are required because IVR physicians also receive
scattered radiation from the lateral side. The thickness and
the lead equivalent both affect shielding [91]. Lead-equiva-
lent 0.75 mm eyeglasses with side shields work well, and the
shielding effect [shielding effect= (D, — D;,) / Dy, %X 100%,
where D, and D;, represent the outside and inside doses of
the lead eyeglasses, respectively] is approximately 80% in
the IVR setting [92]. However, such eyeglasses are heavy
and uncomfortable, which is why IVR staff are reluctant to
wear them during long procedures. Furthermore, an increase
in the lead equivalent thickness to>0.35 mm has a negligi-
ble effect on eye dose reduction [91, 93].

IVR staff tend to favor the 0.07 mm-lead-equivalent eye-
glasses with side shields, since these eyeglasses are light
and comfortable [94-96]. However, they provide a shielding
effect of <60% (45-60%) in the IVR setting [94-96], which
is less than the protection afforded by heavier eyeglasses.
Additionally, the eyes require protection from below, as
well as from the sides. Some recent improvements have
been made to 0.07 mm-lead-equivalent eyeglasses; they are
still light but can now also protect against radiation from
below (Fig. 8). The mean shielding effect for the improved
0.07 mm-lead-equivalent eyeglasses is 61.4% [97]. But
with the use of Monte Carlo simulations, Koukorava et al.
determined a shielding effect of 74% for “wrap-around”
0.07 mm-lead eyeglasses [98]. This suggests that further
improvements in the 0.07 mm-lead-equivalent eyeglasses
are required.

Notably, Doria et al. reported a visor protective tool,
which has a nominal thickness of 0.1 mm lead; the visor
provided a different X-ray protection approach because of
its shape [99].

The International Atomic Energy Agency recommends
that eye radiation monitors should be worn as close as pos-
sible to the eye to enable accurate monitoring [100]. Moni-
toring badges to measure occupational exposure provide
three values: Hp(0.07), Hp(3), and Hp(10), which represent
the personal dose equivalent in soft tissues at 0.07, 3, and
10 mm, respectively, below the body’s surface [101]. The
Hp(3) is desirable to accurately monitor the dose to the
eye. Eye dosimeter systems, such as DOSIRIS™ (IRSN,
France) and Vision™ (Landauer, USA), are suitable lens
dose [Hp(3)] monitors and can be worn behind protective
eyeglasses [102-104].
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Fig.8 Novel protective eyewear. The angles of the sides (at the
temples) can be adjusted in four 9 steps. The nose pad can also be
adjusted. The lead-acrylic (0.07 mm-lead-equivalent) lens: front, side,
and below. Modified from J. Radiat. Res. 2021;62(3):414-419 [97]

Schueler et al. indicated that further follow-up studies
of staff lens opacification are recommended, along with
eye lens dose measurements under current clinical prac-
tice conditions, for IVR [105]. Martin et al. reported that
dose monitoring is necessary to confirm eye dose levels; the
major challenge is ensuring that clinicians wear dosimeters
consistently and in the appropriate location for accurate dose
assessment, particularly with regard to the eyes [106].

2.1.9 Shield drapes

Pelvic/abdomen lead shielding (draping) of a patient is a
simple procedure and has been used to reduce operator
radiation exposure (Fig. 9). This shield drape differs from
gonadal shields for the patient [107]. Ordiales et al. reported
that the median radiation dose received by the interventional
cardiologist was reduced by 50% with a shield drape [108].
The upper body of the physician is also particularly well
protected using the shield drape [109, 110]. Notably, many
of these shield drapes are only good for a single use and
carry a substantial cost.

Such shielding reduces occupational radiation expo-
sure during catheterization (including IVR), especially
when trans-radial/brachial access is required. This shield-
ing approach has also been employed during trans-femoral
access [111-113], but the drape may potentially interfere
with the radiation beam. If the drape attenuates the primary
beam, the “Automatic Exposure Control” of the X-ray equip-
ment will be activated and result in an inappropriate dose.
Consequently, this could increase the dose received by the
patient and/or may produce low-quality images. Thus, the
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Fig.9 Pelvic/abdomen lead shielding (drape), a traditional shield that
is not for single use

drape may not be appropriate in procedures involving trans-
femoral access.

2.1.10 Protective lead gloves

Fluoroscopy-guided orthopedic (spinal) surgery often
exposes the surgeon’s hands to radiation [114, 115]. Omi
et al. reported that the use of protective lead gloves (Fig. 10)
and forceps greatly decreased radiation exposure to the sur-
geon’s index finger [116]. Badawy et al. also suggested that
the hands be kept as far from the primary X-ray beam as
possible to improve protection [117].

Auvailable surgical protective lead gloves have a lead coat-
ing only on the palm side of the hand and not on the back.

Fig. 10 Protective lead glove

This type of glove can be harmful, rather than beneficial,
for the physician’s hands if the physician does not correctly
judge whether the X-ray is in the posterior-anterior or ante-
rior—posterior projection mode. Furthermore, when the hand
protected by the lead glove strays into the X-ray field, the
“Automatic Exposure Control” will increase the output due
to attenuation by the glove [118].

ICRP Publ.139 provides guidance concerning the use of
thin protective gloves; however, the cited protective effects
of the gloves vary (15-60%) [64]. Wagner et al. reported that
if the hand protected by a glove strays into the X-ray field,
the dose rate will automatically increase to compensate for
the attenuation, which increases patient exposure without
achieving any protection for the interventionalist’s hand
[118]. McCaffrey et al. reported that new shielding materi-
als (e.g., bismuth) have been proposed as a hand cream for
hand protection, prior to surgical glove cover that encloses
the cream material [119]. This cream has the same potential
for an increased dose if the hand is placed in the X-ray field.
Additionally, NCRP Report No.168 stated that the reduction
in tactile feedback from the radiation-attenuating material
may lead to increases in fluoroscopy time or CT exposure
time for delicate procedures [120].

2.1.11 Radioprotective neck guards

The use of a radioprotective neck guard (Fig. 11), such as a
thyroid shield, for physicians may be essential during fluor-
oscopy. Lee et al. reported that the use of a radioprotective
neck guard reduced scattered radiation to the thyroid by at
least 85% [121]. Badawy and colleagues also emphasized
the need to minimize the gap between the radioprotective
neck guard and the personal lead apron [117].

2.2 Decreasing the patient dose decreases
the exposure of radiological medical workers

Scattered radiation doses were investigated in cardiac cath-
eterization laboratories using various PCI angiographic

Fig. 11 Radioprotective neck guard (thyroid shield)
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systems [122]. The scattered radiation from a phantom
(representing the patient) was measured using an EPD. The
X-ray outputs were the outputs normally used during PCI.

Empirical assessment indicated that the physician may
receive between 1/1000 and 1/500 of the patient entrance
dose. Depicted in (Fig. 12) is the relationship between
the surface dose (mGy) to the phantom (the patient) and
the scattered radiation (pSv) at the physician location in
12 X-ray units performing cardiac IVR (via fluoroscopy).
The scattered radiation at the physician position was well
correlated (r=0.86) with the phantom surface dose [122].
Therefore, this implies that decreasing the patient dose also
reduces the staff dose in many cases (Fig. 12).

Careful collimation of the primary beam is also impor-
tant; this decreases the exposure of both the patient and radi-
ological medical workers. Collimation to the area of interest
reduces exposure by reducing the volume of patient tissue
that is irradiated. This reduces radiation scatter within the
patient, as well as the radiation received by the staff. Beam
collimation should confine the X-ray beam size to the mini-
mum area needed for effective diagnosis.

2.3 Radiation safety education and radiation
monitoring

Wagner et al. reported that for long procedures, dose differ-
ences of > 8 Gy are possible for some combinations of oper-
ational techniques. Appropriate adjustment of operational
parameters substantially reduces the dose to the patient’s
skin [123, 124]. To avoid nonstandard practices, radiological
medical workers should receive an annual radiation safety/
protection education and training that covers radiation phys-
ics, biology, safety, monitoring, and health risks [125, 126].

251

Scatter radiation (uSv)

0 10 20 30 40 50

Entrance surface dose of the acryl phantom (mGy)

Fig. 12 Scattered radiation at the physician position and the phantom
(patient) surface dose in posteroanterior view. The surface dose for a
20 cm-thick acryl phantom was measured using a skin dose monitor.
The scattered radiation at the physician position from the acryl phan-
tom was measured using an EPD placed 100 cm horizontally from
the X-ray focus at a height of 50 cm above the floor. A significant
correlation was observed between the surface dose of the acryl phan-
tom and the amount of scattered radiation (r=0.86). Modified from
Radiat Prot Dosimetry. 2012;149(4):410-6 [122 ]
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Augmented and virtual reality education methods may also
be valuable for this [127, 128].

It is also essential to properly maintain and control the
quality of the X-ray equipment [129, 130]. Optimal mainte-
nance and quality control (QC) procedures for X-ray equip-
ment can help avoid unnecessary radiation exposure, so
X-ray units should be checked periodically for optimal imag-
ing performance, appropriate radiation dose, etc. [131, 132]

Robust radiation monitoring is also necessary [62,
133-135]. Awareness of the present dose can help reduce
future doses. The knowledge of occupational exposure
(awareness of the radiation dose) is closely related to reduc-
ing the radiation dose, as staff become more mindful of
potential exposure risks and ways to reduce exposure with
the appropriate safety training.

3 Discussion

IVR procedures tend to be complex, which may sometimes
increase the fluoroscopy time and the resultant radiation
doses to both patients and staff [136, 137]. Currently, fluor-
oscopy patient exposure and tracking of such exposure is
required in many countries.

There are two-types of radiation injuries: acute radiation
injury (e.g., erythema) and long-term injury (e.g., cata-
racts). Skin radiation injuries have been reported in many
patients, so the evaluation of the IVR patient radiation dose
is required [138, 139]. Some IVR physicians also have been
injured, with some reports on physicians having developed
cataracts [140, 141]. The ICRP has greatly reduced the
acceptable, occupational annual eye dose limit. Eye protec-
tion is critical, particularly for IVR physicians [142—145].

Schueler et al. emphasized that ideal protective devices
block all radiation from the personnel; they do not impede
access to or communication with the patient, or cause physi-
cal discomfort for the patient or staff [146]. Unfortunately,
current protective equipment does not consistently achieve
this ideal scenario [146].

3.1 Sources of staff-received scattered radiation

Medical staff are exposed to two main sources of scattered
radiation in X-ray procedures: the patient (including the
examination tabletop) and the front cover of the X-ray beam-
collimating device (not the X-ray tube housing and shroud
of the collimator; the X-ray tube housing and shroud absorb
almost all X-rays, except those emanating from the exit
port.) (Fig. 13) [143]. Scattered radiation from the patient
has high intensity because the patient’s surface receives the
highest dose when the incident beam has not been attenu-
ated and is also the main source of staff-received scattered
radiation. The scattered radiation from the front cover of the
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Under-couch X-ray system

Image recepto

Examination table

0

g
Scatter radiation )

st Front cover of
collimating
X-ray tube ~ dgvice

Fig. 13 Sources of medical scatter radiation. The two princi-
pal sources are the patient and the surface cover (exit port) of the
X-ray beam-collimating device. Modified from J. Radiat. Res.
2010;51(2):97-105. [46]

X-ray beam collimating device cannot be ignored. [143].
Usually, the front cover is fabricated from thin acrylic, so
the attenuation is small. However, the distance between the
front cover of the beam-collimating device and the X-ray
source is also small, so the radiation intensity is high at the
front cover. Therefore, the amount of scattered radiation is
high given that the percentage attenuation is small. Thus,
this source of scattered radiation received by the staff can-
not be ignored.

When an under-couch X-ray system (posteroanterior view)
is used, the lower part of the physician’s body receives a high
level of scattered radiation. In the lateral view, if the physician
stands to the side of the X-ray tube, s’he may receive high lev-
els of scattered radiation (i.e., backscattered radiation from the
patient). Therefore, the physician should stand on the image
receptor (e.g., flat-panel detector (FPD)) side for the lateral
view, such as in neuro-angiography. However, in cardiac angi-
ography, it is difficult for the physician to stand on the FPD
side for the lateral view. Importantly, the left lateral view (i.e.,
FPD to the left side of the patient) is generally used in cardiac
angiography, due to the short distance between a patient’s heart
and the FPD. If the FPD is too far from the patient’s heart, the
sharpness of the radiographic images is degraded.

3.2 Distance, shielding, and time (the three-point
policy)

The three-point policy of external radiation protection fea-
tures Distance, Time, and Shielding. The concept involves

increasing the distance from the radiation source, reducing
exposure time, and using shielding for protection. For point
sources, the inverse square law states that X-ray intensity is
inversely proportional to the distance squared:

Exposure « 1/distance’

If the distance from the source is doubled, the exposure is
reduced to one quarter (because the inverse square law is for
point sources, the relationship differs somewhat for scattered
rays). However, IVR physicians work near the source of the
scattered radiation (i.e., the patient). The distance between
the patient and the IVR physician is typically 50 to 75 cm.
The IVR procedure also tends to be lengthy. Therefore, in
the three-point policy of external radiation protection fea-
tures, “Distance and Time” are rather difficult conditions to
meet during IVR procedures. Hence, effective shielding is
critical, particularly for physicians. However, there is still
no ergonomic or comfortable shielding device available for
radiological medical workers. Thus, there is a great need
for ergonomic and economical protection devices for such
workers.

3.3 Anovel four-point policy for external radiation
protection for medical staff: patient dose
optimization, distance, shielding, and time

As mentioned above, the three-point policy of external radia-
tion protection features Distance, Shielding, and Time. As
discussed before, staff-received scatter radiation is correlated
with the entrance surface dose of the patient, so a reduction
in patient radiation will also decrease occupational radiation.
Hence, patient radiation-reduction methods are nearly identi-
cal to staff dose-reduction methods. As such, the importance
of optimizing the dose to the patient for the benefit of both
the patient and the radiological medical worker has been
emphasized by international radiation protection associa-
tions [147]. A central theme of this review paper is the rein-
forcement of this concept.

A decrease in the image receptor (e.g., FPD) input dose
reduces patient exposure, but it also increases image noise.
Furthermore, in an IVR angiographic X-ray system, if the
radiation dose is to be reduced, the recording speed (i.e., the
fluoroscopy pulse rate and acquisition frame rate) must also
be decreased. But these reductions in recording speed are
associated with a loss in temporal resolution. The need to
minimize patient exposure requires that the dose be reduced
to the minimum level that will generate an image with an
acceptable balance between radiation dose and image noise/
temporal resolution. Patient radiation dose management/
optimization is also important when seeking to reduce medi-
cal staff doses. An optimized dose to the patient has become
one of the most basic requirements when seeking to reduce
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the dose to medical staff; patient dose reduction based on
the optimization principle also significantly reduces the
occupational dose. Therefore, here we present a novel four-
point policy for protecting medical staff from external radia-
tion: patient dose Optimization, Distance, Shielding, and
Time (pdO-DST). Patient dose optimization means that the
patient never receives a higher dose than is necessary, which
also reduces the dose received by the staff. Eliminating the
unnecessary patient dose will also always result in staff dose
reduction. Shielding is very important particularly with the
IVR procedure, but it is only one component of protection
from radiation used in medical procedures.

Staff education and occupational dose monitoring are
vital components of reducing the risk of radiation injury
for both patients and radiological medical workers. Among
medical radiation workers, “non-essential personnel” should
not be in the procedure room and “essential personnel” need
to perform their duties with the maximum distance from
sources of radiation as much as possible. Radiation safety
education for medical radiation workers (both essential and
non-essential personnel) is important. Le Heron et al. high-
lighted the importance of radiation protection training pro-
grams in hospital settings. These programs include those
medical personnel who are outside the radiology department
but who are involved in X-ray imaging procedures [148].

Bartal et al. reported that artificial intelligence (AI) tools
should have an impact on dose management in IVR [149].
AI will contribute to image quality improvement, noise
reduction, higher resolution, and real-time radiation dose
estimation and reduction; it will also aid in patient-specific
and staff dosimetry [149].

The key focus of this review paper are radiation protec-
tion in X-ray imaging and IVR procedures. Further reviews
and investigations are desirable for nuclear medicine and
radiation therapy departments.

4 Conclusion

Protecting radiological medical workers from radiation is a
critical problem. Many shielding devices are available but
no definitive shielding method has yet been developed, par-
ticularly designed for IVR personnel. It is essential to com-
bine various protection/reduction methods (tools), and also
to continue developing more ergonomic protection devices
(e.g., lead glasses and ceiling-suspended shields). Reduction
of the patient dose decreases occupational exposure, and the
methods used to reduce the patient dose are often identical
to those employed to reduce the staff dose. Optimizing the
dose to the patient (i.e., eliminating a patient dose that is
higher than necessary) is critical to reducing doses to medi-
cal staff. Instead of the traditional three-point policy (Dis-
tance, Shielding, and Time), we propose a novel four-point

@ Springer

policy for protecting medical staff from external radiation:
patient dose Optimization, Distance, Shielding, and Time
(pdO-DST). Thus, shielding is only one component of radia-
tion protection. Several components are required to reduce/
optimize patient exposure level, as well as staff exposure.
Medical radiation workers must be educated and trained, and
occupational radiation must be monitored, to avoid radiation
injuries.
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Abstract: In 2011, the International Commission on Radiological Protection (ICRP) recommended
a significant reduction in the lens-equivalent radiation dose limit, thus from an average of 150 to
20 mSv/year over 5 years. In recent years, the occupational dose has been rising with the increased
sophistication of interventional radiology (IVR); management of IVR staff radiation doses has become
more important, making real-time radiation monitoring of such staff desirable. Recently, the i3 real-
time occupational exposure monitoring system (based on RaySafe™) has replaced the conventional
i2 system. Here, we compared the i2 and i3 systems in terms of sensitivity (batch uniformity), tube-
voltage dependency, dose linearity, dose-rate dependency, and angle dependency. The sensitivity
difference (batch uniformity) was approximately 5%, and the tube-voltage dependency was <£+20%
between 50 and 110 kV. Dose linearity was good (R? = 1.00); a slight dose-rate dependency (~20%)
was evident at very high dose rates (250 mGy/h). The i3 dosimeter showed better performance for
the lower radiation detection limit compared with the i2 system. The horizontal and vertical angle
dependencies of i3 were superior to those of i2. Thus, i3 sensitivity was higher over a wider angle
range compared with i2, aiding the measurement of scattered radiation. Unlike the i2 sensor, the
influence of backscattered radiation (i.e., radiation from an angle of 180°) was negligible. Therefore,
the i3 system may be more appropriate in areas affected by backscatter. In the future, i3 will facilitate
real-time dosimetry and dose management during IVR and other applications.

Keywords: radiation protection and safety; fluoroscopy; interventional radiology (IVR);
fluoroscopically guided interventional procedures; percutaneous coronary intervention (PCI);
eye lens dose; occupational radiation exposure; X-ray examination; real-time radiation sensor

1. Introduction

Medical radiation (patient radiation doses and occupational exposure) is a major
problem in radiation medicine [1-10].

Interventional radiology (IVR) plays a major role in disease diagnosis and treatment.
IVR is performed using X-ray imaging equipment, catheters, and needles [11-14].

The procedural times of sophisticated IVR and other procedures have lengthened,
increasing the radiation dose and making radiation control very important [15-22].

The 2011 statement of the International Commission on Radiological Protection (ICRP)
reduced the eye-lens exposure limit (the occupational dose) from 150 to 20 mSv/year [23].
It is expected that some medical staff will exceed this, and thus it is essential to evaluate the
dose to the lens. Currently, in Japan, radiation doses delivered to medical staff during IVR
and other procedures are assessed principally using radiation-monitoring badges attached
to the neck, chest, or abdomen. Such badges measure cumulative doses over a long period
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(e.g., 1 month), not the dose associated with each examination or procedure. We think
that it may be difficult to reduce the occupational dose further in the absence of real-time
radiation monitoring in IVR. Originally, the RaySafe i2 (i2) real-time dosimeter was used
(Figure 1a). This has been replaced by the RaySafe i3 (i3) (Figure 1b) [24,25]. According
to the manufacturer, the i3 is better than the i2 in terms of scattered-radiation detection,
easy battery replacement, and analytical performance. Here, we compared the i3 and i2
dosimeters (sensors) [26].

(@) (b)

Figure 1. (a) The RaySafe i2 sensor (44 x 45 mm); (b) The RaySafe i3 sensor (40 x 58 mm). Recently,
the i3 sensor has replaced the former i2 sensor.

2. Materials and Methods
2.1. The i3 Dosimeter

Like the i2 dosimeter, the i3 measures scattered radiation (1 cm dose equivalent) in
real-time, displaying both the dose rate and the cumulative dose (Figure 2). The dose rate
is displayed as a red, yellow, or green bar, from the highest to the lowest dose, that is
refreshed at 1-s intervals; a glance is sufficient to determine whether the dose rate is high.
The i3 system stores dose data; a chronological dose history can be viewed and subjected to
time-series analysis using a PC running dedicated software. Additionally, the i3 dosimeter
uses a replaceable battery as opposed to the i2 dosimeter model in which the battery is
non-replaceable.

Figure 2. A schematic of the i3 system (left: base station with 10.4-inch display; right: i3 dosimeter
sensor). The system comprises a wireless i3 sensor (solid-state semiconductor detector) that transmits
the scattered-radiation dose to the base station. The i3 sensor is small (40 x 58 mm, 34 g) and thus
easy to carry during interventions.
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2.2. Fundamental Evaluation

We used a diagnostic X-ray system featuring a high-frequency inverter generator
(DHEF-155H, Hitachi) to evaluate the i3 system. The total filtration of this X-ray sys-
tem was 3.6-mm-aluminum equivalent. The distance from the X-ray tube to the i3 sys-
tem was 180 cm, and the exposed area (the radiation-field size) at the i3 entrance was
30 x 30 cm. Variation in the sensitivity (batch uniformity) of i3 systems was evaluated by
directly irradiating four i3 systems and an ionization chamber dosimeter simultaneously
(Figure 3). Fluoroscopy was performed for 1 min under three conditions: (1) 65 kV tube volt-
age and 1 mA tube current, (2) 65 kV tube voltage and 0.1 mA tube current, and (3) 40 kV
tube voltage and 0.1 mA tube current. These X-ray output conditions were to simulate
scattered radiation (i.e., a low dose rate). To confirm reproducibility, all measurements were
performed 10 times. An ionization chamber calibrated using the Japan national standard
exposure dose (thimble type 6 mL; Model-9015, Radcal) was used to confirm the stability
of the instrument.

lonization chamber

b Lead plate

Figure 3. Experimental layout. The exposed area (radiation field) at the i3 entrance was 30 x 30 cm.

The tube-voltage dependency of the i3 system was evaluated under the same geometric
conditions as employed when assessing batch uniformity. Fluoroscopy was continuous
over 1 min, as shown in Table 1. Three measurements were made at each tube voltage, and
the averages were calculated. The tube-voltage dependency for the i3 dosimeter was the
ratio of the average i3 value to that of the ionization chamber dosimeter.

Table 1. Fluoroscopic X-ray tube voltage and half value layer.

Tube Voltage (kV)

50 60 70 80 90 100 110

Half value layer (mmAl) 2.0 24 2.8 32 37 4.15 4.7

Dose linearity was measured using the integrated dose for X-ray irradiation of the four
i3 systems under the same geometric conditions employed to evaluate batch uniformity.
The fluoroscopy conditions were a 65 kV tube voltage, 1.6 mA tube current, and 15 min
fluoroscopy time. The i3 integrated doses were recorded at 1, 2, 4, 6, 8, 10, 12, 14, and
15 min after fluoroscopy commencement. The experiment was repeated three times. For
each dataset, the coefficient of determination (R?) was calculated by approximating linearity
using the least-squares method in Microsoft Excel.

The dose-rate dependency of the i3 system was measured at 11 different dose rates
ranging from 20-500 mGy/h. The dose-rate dependency was the ratio of the mean i3 value
to that of the ionization chamber dosimeter. Copper plates were attached to the X-ray tube
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entrance when measuring low dose rates. The i2 dosimeter was evaluated under the same
conditions, and the dose-rate dependencies of the i2 and i3 systems were compared.

The limit of radiation detection of the i2 and i3 systems was evaluated using fluo-
roscopy scatter radiation from an acrylic phantom. The fluoroscopy tube voltages were 60,
80, and 100 kV, and the fluoroscopy durations were 3, 10, and 60 s.

A digital cine single-plane X-ray system (Infinix Celeve-I: INFX-8000F, Toshiba Med-
ical) was used to measure angle dependency. The i3 sensor was placed 75 cm from the
focal point of the X-ray tube and irradiated in free air. The dependency of the i3 sensor
on the X-ray beam angle in air was measured at 0, 15, £30, £45, 60, £75, £90, +135,
and 180° along the vertical and horizontal axes under identical X-ray conditions (70 kV,
HVL, 2.7 mm aluminum, 10 mA, 5 ms); the 0° measurement served as the reference value.
The experiment was repeated five times at each angle (Figure 4). This method is that of
Inaba et al. [26].

0° 0°

90°

270°

(@) (b)
Figure 4. Experimental layout for evaluation of angle dependency: (a) Horizontal; (b) Vertical.

3. Results
3.1. Fundamental Evaluation

Table 2 shows the variations in sensitivity (batch uniformity). For the first condition,
the reproducibility of each detector (average coefficient of variation (CV), CV = standard
deviation/mean measurements) was 2.099% (range 1.380-3.192%), and the batch unifor-
mity (CV of each i3 sensor measurement) was 3.239%. For the second condition, the
reproducibility of each detector was 2.216% (range 1.934-2.398%) and the batch uniformity
was 3.431%. For the third condition, the reproducibility of each detector was 4.847% (range
2.291-6.913%) and the batch uniformity was 8.141%.

Table 2. Variations in sensitivity (reproducibility, batch uniformity).

Reproducibility (%) Batch Uniformity (%)
condition (1) 2.099 (range 1.380-3.192) 3.24
condition (2) 2.216 (range 1.934-2.398) 3.43
condition (3) 4.847 (range 2.291-6.913) 8.14

Figure 5 shows the i3 tube-voltage dependency with respect to that of the ionization
chamber dosimeter. Although the i3 value decreased with decreasing tube voltage, the dif-
ference in the i3 and chamber dosimeter values was <420%, using the 70 kV measurement
as the reference value.
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50 60 70 80 90 100 110
Tube voltage (kV)

Figure 5. Tube-voltage dependencies of the i3 system (vertical axis: i3 measurements/ionization
chamber measurements; horizontal axis: tube voltage).

Figure 6 shows the dose linearities. The R? was 1.00.

-
L]

-
=

i3 Measurements (mSv)

0 2 A 6 8 10 12 14
Exposure (mGy)

Figure 6. Dose linearities of the i3 system (vertical axis: i3 measurements; horizontal axis: ionization-
chamber measurements).

Figure 7 shows the dose-rate dependencies. The dose per hour is shown on the
horizontal axis, and the ionization-chamber dosimeter reading divided by those of the i2
or i3 is shown on the vertical axis. At low dose rates, the i2 and i3 responses were similar.
At very high dose rates (250 mGy /h), both the i2 and i3 evidenced dose-rate dependency
(~20%).

1.2
T>° 0.8 ‘\
206
= 0.4
%02
0
1 10 100 1000

Dose-rate (mGy/h)

Figure 7. Dose-rate dependencies (vertical axis: i3 or i2 measurements/ionization-chamber measure-
ments; horizontal axis: ionization-chamber measurements).
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Table 3 shows the limit of radiation detection of the i3 and i2 dosimeters. The i3
dosimeter showed better performance for the lower radiation detection limit compared

with the i2 system.

Table 3. Low radiation detection limit of the i2 and i3 systems.

Tube Voltage 60 kV 80 kV 100 kV
Fluoroscopy Duration 3s 10s 60s 3s 10s 60s 3s 10s 60s
i3 measurements (uSv /h) 57.5 30.5 19.5 59.6 345 21.3 484 27.3 16.6
i2 measurements (uSv/h) 185.7 46.3 413 101.3 31.2 35.2 99.8 39.8 22.2

3.2. Angle Dependency

Figure 8a,b show the results in the horizontal and vertical directions, respectively.
All doses are expressed as relative values, where 1 is the dose at 0°. In the horizontal
direction, the i3 exhibited a reliable dose response from 0 to £75° with a sensitivity >80%.
In the vertical direction, the i3 exhibited a reliable dose response from 0 to +65° and
0 to +270° (—90°) with a sensitivity >80%. Figure 9a,b show the i2 sensitivities in the
horizontal and vertical directions, respectively. i3 evidenced better angle dependency than
that of i2. Furthermore, using the i2 sensor, the influence of backscattered radiation must
be considered.

Horizontal

0 o Vertical
34512 15 345°1 2 15°
0 . 30 330° ih 30°
315 O": \,\ 45 315° /""':} . \\ 45°
300 / 0.6 \ 60 300° // 0.6 \ 60°
285 | o 1\ \7s 285° | 2‘2‘ / 75°
0.2 b
270 S 0 & / 90 270° l 0 90°
255 105 255° — 105°
240 120 240° 120°
225 135 225° 135°
210° 50°
il 195 165 30 195° 165°
180
(@ (b)

Figure 8. Angle dependency of the i3 sensor: (a) Horizontal plane; (b) Vertical plane.
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Figure 9. Angle dependencies of the i3 and i2 sensors: (a) Horizontal plane; (b) Vertical plane.

4. Discussion

Safety measures to prevent radiation exposure are important due to the risk of
radiation-induced injuries, such as skin damage in patients and cataracts in medical
staff [27-37]. Therefore, increasing attention is being paid to radiation safety and pro-
tection for patients and medical staff, particularly related to IVR [38-47].

Radiation monitoring badges (e.g., glass badges) and pocket dosimeters are used
extensively to assess radiation doses to medical staff. Glass badges measure long-term
exposure, but they cannot be used for real-time measurements. Pocket dosimeters measure
doses in real-time, but must be constantly checked. Unlike the i3 system, pocket dosimeters
do not display doses in real-time on a monitor. Dosimeters placed in the vicinity of the
lens, such as the Eye-D and DOSIRIS, can also be used [26,48-52]; the passive DOSIRIS
dosimeter, which does not provide real-time monitoring, was designed to measure the lens
dose, but the real-time i3 system may be more effective for reducing occupational doses.
The use of dosimeters such as the i3 will be valuable in situations such as IVR, in which
exposure doses are high and instantaneous monitoring is required [53-58].

Real-time monitoring is important to minimize the exposure of medical staff and to
ensure adequate protection [59-64]. To the best of our knowledge, this is the first detailed
fundamental study of the ability of the i3 dosimeter to monitor the real-time occupational
doses of IVR staff. The reproducibility of each i3 system and the batch uniformity among
the systems were both approximately 5%, thus comparable with or better than those of the
i2 system.

In terms of tube-voltage dependency, the lower the tube voltage, the slightly lower the
i3 value. However, if the ratio of the values measured at 70 kV was set to 1, the difference
between the 50 and 110 kV values was <£20%, thus well within the +25% range of the
Raysafe instruction manual [25].

The dose linearity of the i3 system was good (R? = 1). It was reported previously
(Inaba [26]) that the i2 dose linearity is also good (R% = 1). The i2 and i3 systems may be
similar in this respect.

In terms of the dose-rate dependency, a decrease in sensitivity was observed at high
dose rates (e.g., 250 mGy /h) for both dosimeters. As the scattered radiation received by
an IVR physician is lower than this, we do not perceive a clinical problem. In detail, the
diagnostic reference level (DRL) of the patient reference fluoroscopy dose rate during IVR
in Japan (Japan DRL2020 [65]) is 17 mGy/min (i.e., 102 mGy/h). An IVR physician may
receive between 1/1000 and 1/500 of the patient entrance dose, so, it has been thought that
IVR physicians are not exposed to high dose rates (e.g., 250 mGy/h).
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The angle dependency of the i3 system was good in both the horizontal (0 to £75°)
and vertical (0° to +65° and —90°) axes. The angle dependency of the i3 was better than that
of the i2. Regarding the semiconductor sensor and the internal structure of the dosimeter,
there is no detailed information disclosure from the manufacturer. Figure 10 shows X-ray
photographs from the i3 and i2 dosimeters. We speculate that the X-ray sensor of the i3
dosimeter has improved angle dependency by being placed at the bottom of the sensor
compared to the i2 dosimeter in which the sensor is located at the upper right side.

Replaceable

battery ‘
i2 sensor

i3 sensor Non-replaceable battery

Figure 10. X-ray photographs for the i3 and i2 dosimeters.

Behind the sensor, i2 sensitivity almost doubled, whereas i3 was insensitive. When a
dosimeter is mounted on the head or neck, backscattering must be considered. As the i3 is
insensitive behind the sensor, such effects can be ignored.

The basic performance of the i3 system was thus equal to or better than that of the
i2 system; the i3 should be preferred by medical staff. Although pocket dosimeters can
measure doses in real-time, the i3 dosimeter is better because a glance at the display reveals
the current dose, increasing radiation awareness.

In summary, the dose limits for medical personnel have been reduced in many
countries; in Japan, the dose limit was significantly reduced from 150 to an average of
20 mSv/year over a 5-year period. Personal dose management is becoming increasingly
important. Currently, badges (e.g., glass badges) and pocket dosimeters are used by med-
ical staff; in the future, real-time dosimeters may become more important, especially in
IVR. We previously reported the basic performance of the former i2 system (i2 sensor).
Recently, a new i3 dosimeter (sensor) was developed to replace the i2 sensor. Here, we
evaluated the basic performance of the new sensor (i3 system). The results show that the
basic performance of the new i3 sensor is the same as or better than that of the i2 sensor. To
date, it has not been possible to determine the chronological dose history (e.g., the dose
rate, and exposure duration); the i3 system enables history determination at a glance. The
i3 dosimeter is appropriate for clinical use, exhibiting especially good angle dependency.
Such dosimeters will remain important in the future.

5. Conclusions

The i3 dosimeter performs as well as, or better than, the i2 dosimeter. The angle
dependency of the i3 is particularly good. Furthermore, unlike the i2, the i3 can be used in
areas exposed to backscatter. In the future, i3 will facilitate real-time dosimetry and dose
management during IVR and other applications.
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Initial Considerations for Real-Time Measurement of Lens Dose in PCI Surgeons
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Yoshihiro HAGA'?, Yuji KAGA?, Mitsuya ABE?, Yohei INABA'®, Koichi CHIDA>
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The Regulations for the Prevention of Ionising Radiation Hazards have been revised in 2021. In line with this,
lens equivalent dose management’s importance is increasing in Japan. Therefore, we assessed and analyzed the
lens dose of six percutaneous coronary intervention (PCI) surgeons in real-time using a new type of personal dosimeter.
We found that the dose rates varied according to the different X-ray irradiation directions, the surgeon’s face position,
and the ceiling protective plate. In addition, the percentage of incorrect use of the ceiling protective plate could be
calculated. This study showed the value of real-time analysis and the need to pay attention to the conscious use of

the ceiling protective plate.

Key words: PCI, eye lens dose, occupational dose
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Fig. 2 Front image of wearing RaySafe i3 (Left) and position of the person when performing PCI (Right)

Table 1 Basic patient information.

Procedure NO. Sex Agelyears] Height[cm] Weight[kg] BMI[kg/m?]
Procedure 1 Female 77 152 59.7 25.8
Procedure 2 Male 71 159 54.0 21.4
Procedure 3 Female 56 175 87.0 28.4
Procedure 4 Male 84 173 65.5 21.9
Procedure 5 Male 67 164 83.0 30.1
Procedure 6 Male 71 164 65.4 243
Procedure 7 Male 62 170 82.0 28.4
Procedure 8 Male 78 160 67.0 26.1
Procedure 9 Female 74 153 55.0 23.5

Average (£SD) 71.1(£8.6) 163.3(+8.2) 68.7(£12.4) 25.6(£3.2)

BUETH - 7o LT FATEOBRICE W T, X
TICBWTEREBIRY 70—FThY, B M1k s
[BIHEKZ & FIRFICAT » /oG BE D &, HBEEEIIRY 70—
F (Right radial) TH - 7=. ¥, EBRICEIML 2%
(first operator) i3 (A~F)D 6 A TH - 7z. BE D
FRHIET11+8.65%, FHHRIT163.3£8.2cm, FHE
#(168.7+12.4kg, F¥J BMI (325.6+3.2kg/m2 TH -
7o, DO, LHBEI24, BHEZITILTHA
(Table 1).

-2 HWE%E

FHRBICUET AN ASHHTRE L CTFREOET &
MiH ORI EICRBE L 23 ICEFEIN TV S HE
7 — % % Dose Viewer % I\ THER L 7z, B, K
DfiF OB OALE % Fig. 3 1TRT 3 /8% — /T 7z,
IRED I TR 9 i % L HE R (Baseline) & L IS\

12

56 i (near), BEHIEWIGA T (far), £ O
TH5HO%F (middle) & 737z, F/z, RV EH#EKR
DOALE PR BAALE (13 OFE) #EL2ICEZ TED,
POBEOIITEWTWAEE% Casel, W HNTE
TWihEWEBE% Case3, ELLMANTETWHLEES
Case2 L4531}, ZOBOMEREHERL /2 (Fig. 4).
7z, MEHEHTY 7 & L CIMP Pro 16.2 (SAS In-
stitute 1) Z i L 7=. PCLI3AE 4« 72 51 H S8 21T
20, SENT A BRI MR (RAO-Caudal) &
H AL — SR )i AR5 (RAO-Cranial) & IEHiRHZ—R
9 5 % B (LAO-Caudal) & /2 g RHY — SR & 5 [ i
(LAO-Cranial) ® 4 FFRIC B L, @M % 4T - 7= (Fig.
5). RAO-Caudal & RAO-Cranial O &3 K (F LAO-
Caudal & LAO-Cranial D &30 2 FEH HK % Wil-
coxon MEIZ T\, pfETHHIL /2. 7z, AFHIESD
LB £ A 3 BRI KT, PR OMEIC L5 3 5
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Fig. 5 Explanation of irradiation direction and position of X-Ray tube and FPD
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Table 2 Information on procedures performed and their accumulated dose.

Procedure NO. Operator Treatment Approach Left eye lens dose [uSv]
Procedure 1 A LAD Left radial 62.2
Procedure 2 B RCA Left radial 118
Procedure 3 B RCA Right femoral 118.3
Procedure 4 C RCA Left radial 119.8
Procedure 5 A LAD Left radial 175.3
Procedure 6 A RCA Left radial 42.4
Procedure 7 D RCA Left radial 292.9
Procedure 8 E LAD Left radial 66.9
Procedure 9 F LAD Right radial 50.4

LCX
Average (£SD) 115.7(+78.9)

Table 3 Comparison of radiation dose and fluoroscopy dose.

Procedure Radiation dose Radiation dose rate Fluoroscopy dose Fluoroscopy dose rate

NO. Lusv] [%] Lusv] [%]
Procedure 1 24 38.6 38.2 61.4
Procedure 2 30 26.5 83 73.5
Procedure 3 54 45.6 64.3 54.4
Procedure 4 30 25.0 89.8 75.0
Procedure 5 73 41.6 102.3 58.4
Procedure 6 26 61.3 16.4 38.7
Procedure 7 31 10.6 261.9 89.4
Procedure 8 18 26.9 48.9 73.1
Procedure 9 24 47.6 26.4 52.4

Average (£SD) 34.4(£17.6) 36.0(+15.1) 81.2(£73.8) 64.0(£15.2)

E &% Table 3 1TR T . ARG EORBEHREOTFY
fE1£126.7£75.9uSv TH YV, FRAEIL118.3 uSv TH >
7o, BB E OEEIL34.4217.6 uSY TH D, ik
fEIZ30 uSv TH - 7=. PR E A 5 G = & R
MR EORCTHRL 2O RENRERSG L T5E, £
DFHHEI36.0£15.2% TH D, F4fEi338.6% TH -
7z,

3-2 BsIAMOREHF

TEBT7 R O3 S Bed 1 & B £ OV Wilcoxon
WE & AT - 7=. Frontal % D4 78 RAO-Caudal &
RAO-Cranial ® & O % sz L, Lateral 45 O R & J5m A
LAO-Caudal & LAO-Cranial ® & O 7% H#F L /2. #58R
% Fig. 6 IZ/”9. Frontal ¥OAEIC &k S HL#E T, p
<0.01 L HEEHDPHD BN, RAO-Caudal fi[n % & L5k
BOIED DERIFEER L - 7. Lateral ED It
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BT, p=0.8395L7 0, HEAEFRBOONEP-TC

3-3 firE - BHEERGIEIC L DT

FH B ORHREOMEME, KT BFREROME DR
RAREL 2. WMEBOBOMEIC L AMERO M A
Fig. 712, K 0 BIERALEIC X 2 ER D5 % Fig.
8 |27 . Kruskal-Wallis REICEB\WT, &Hilp<
0.01 7V, MM THEEPRDON:. £IT,
Steel-Dwass #E % 1T - 7. PCI#liEZEDOHEDLLEIC L 5
MERAETHE, TXNTOMAEDE TPp<0.01&7%0),
FTRTOMAGOE THEEPZD BN/, HFHEDED
CLERFIOH G O EIROHFRAEIL3.41 mSv/h, FD
BE O i i$2.46 mSv/h, BOBEOMERDpR
flf131.16 mSv/h TH - 7=. KT D BH#ERAEIC X %5
BRETIL, Casel & Case2 ICHB W T p<0.01&7c D),
Casel & Case3 }5 L Uf Case2 & Case3 ICB\W\WTEHilp
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INSTELENE 7S s e ARLIRE R () 1A SRR A - IVRIFER

(mSv) FilrE BFE Zoft AF FiiE BiF o &FF
15 0.9 0.88 0 0 0.88 8 0 0 8
2H 4.0 1.92  0.08 0 2.00 10 1 0 11
3A 0.2 2.50  1.71 0 4.21 20 4 0 24
41 5.5 5.00 3.09 0.34 8.43 22 5 1 28
5H 2.5 5.16 1.95 0.24 7.35 12 4 1 17
6H 4.1 6.76  1.68 0 8.44 15 3 0 18
7H 5.5 6.91 1.14 0 8.06 21 4 0 25
81 5.1 3.21  1.24 0.60 5.05 9 1 2 12
9H 4.3 3.44  4.14 0 7.58 12 8 0 20
104 6.3 433  0.56 042 5.31 16 2 1 19
114 4.0 4.63  1.35 0 5.97 15 3 0 18
12H 3.6 1.69  3.25 0 4.94 8 7 0 15
At 46.0 46.42 20.21 1.60 68.23 168 42 5 215

& 3 2017 TV DK b RSl Mg B S AR ] - A F R D HERS

NETERL N T 75 AL ] (IRF () I 58 B AR A - VR 5L

(mSv) TiE BT 2ot 5§ T BF o &5
1] 7.0 6.00 1.57 0.66 8.24 20 4 1 25
2H 3.0 4.72  1.86 0 6.97 15 7 0 22
3H 1.9 2.44  1.67 0 4.11 10 4 0 14
4 J] 6.6 4.04 201 049 6.54 16 1 1 18
5H 3.4 7.16  3.27 0.73 11.16 15 6 1 22
6H 5.8 11.92  0.22 0 12.14 23 1 0 24
"H 2.8 6.11  0.41 0 6.84 11 1 1 13
8H 5.1 7.76  0.98 0 8.75 19 4 0 23
9H 6.1 5.75  0.65 0 6.40 14 2 0 16
10H 2.2 1.91 0.21 0 2.11 7 1 0 8
11H 1.1 2.25  0.74 0 2.99 12 3 0 15
12H 1.4 0.89 1.04 0 1.94 5 5 0 10
At 46.4 60.96 14.63 2.20 77.79 167 39 4 210




4 2018 FRIZ I DK b ARG AR £ & LIRF IR - PR D HERS
K A A S AT R FERAREHT (REFH]) 135 & AR - VRIS

(mSv) FifiE BT 2ot AF FifiE BT 2oft AF
1H 2.9 3.41  0.04 0.00 3.45 13 1 0 14
2 6.3 3.98  3.05 0 7.03 15 8 0 23
3H 2.5 1.96 0.71 0.67 3.34 8 3 1 12
41 1.5 2.50  2.16 0 4.65 6 2 0 8
51 3.2 2.12  1.66 0 3.78 11 4 0 15
6 6.1 3.17  3.63 0 6.80 7 4 0 11
7H 4.5 5.23  0.96 0 6.19 12 2 0 14
81 4.9 3.59  4.47 0 8.06 12 8 0 20
9H 2.2 2.90  1.27 0 4.16 10 2 0 12
10 3.0 412 1.73 0 5.85 15 4 0 19
11H 1.9 2.91  0.90 0 4.16 8 1 1 10
12 2.6 439 049 1.99 6.87 12 1 1 14
& 41.6 40.27 21.06 3.02 64.36 129 40 3 172

5 2019 T I1T DK b AR AR e & LR [ - PR D HERS

7K A A S AT R B REH] (REFH]) 138 & AR A - VRIS

(mSv) FifiE BT 2ot AF FiFE BT Zoft A5
1H 1.2 1.13  0.70 0.05 1.88 5 1 1 7
2 3.2 1.84  2.22 0 4.06 10 6 0 16
3H 4.9 8.11 4.45 1.12 13.67 16 6 1 23
41 2.4 3.98 1.85 0 5.83 12 2 0 14
51 1.1 2.49  1.48 0 3.97 6 2 0 8
6 1.2 3.69  0.66 0 4.35 9 2 0 11
7H 0.6 1.51  0.24 0 1.75 7 1 0 8
81 0.8 2.33 0 0 2.33 9 0 0 9
9H 2.0 3.26  1.35 0 4.61 18 3 0 21
104 3.4 6.16  0.83 0 6.99 13 3 0 16
114 2.3 6.92  0.53 0 7.46 12 4 0 16
12 0.8 1.97  0.05 0 2.02 14 1 0 15
At 23.9 43.39 14.36  1.17  58.92 131 31 2 164
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2016-2018 DA D 7K fi A A 4 21 %
Iz EmL L 1 AEHT-D DK Sl AR B R
T2 50 mSv I[ZIBAM R Th o7z, ZOERKE
LT, 2016 1%, BN ZRICHEFLIED T
fRERG D7ed |, PHICKEMZZE L CLEIEH]
B RENTZZENF T HND (EHRE RO
KA BB 6.9 FER) , 2L CREREA
LT B0 TSR EICHE T DD
ILTLEITHAD, WVolFH, FHRITENT
72 2017-2018 AFI%, HEL WV 2 RIZAE
HITDIENEL IR ZENER EHEZRS NS,
FEEE, 2017 FTlE, EIRE TOBHEIFR A
11.9 K Cho7- AL OB, R DT
RFFETO A L7- 4 FRIT—FEL 61.0 KFH
Thote, ZOIHT, BEBRED EF LN,
BRI DML R T DR KN B2 D72 | gL
SHRED EL<IR D BRI Z 5 U 53 M 972 0 2
NHHEHZZHID,

INDHEZT T, AR R b LT 3
BaEZRUTRER . KSR AR I 50%0E
SETEBTHIENTE, ETE TOERM
OFEFRFRIL, 2018 FE LI L T2 a8
BT DL, R R A LIRT K0 A 20
IEHTETWALHEESND, LU, IKAREL
THR] 20 mSy ZB 2 TRV, 5%, Sb725%
ARG Rk LD ENHD,

+ A
ivo aff

IVR ZATH[ERTO KSR ZATRR =& D ERES
A U7z, RRBRAE TG U TR d IR S5 i R
X TFR->TELT, TeLAEELWHE RS
IZIEET D2 END, SHIZE RS AT REMED
Binkieote, Flo, RIFIRETUPS N E 2R
HNZAE 3528 T KRR EIL 50%
T<SETIRIH CTEDZ LDV HERR TET=, L,
SEREERRIL, RIZAERM 20 mSv 282 TWA7-
D, LStk SH7RDMHETT RN RDOILD,

2. KBARBIIBREFHEF ZOMRELERE

= IBRE T O RRIE L, BT
VRS 2N | A AR T O 2 R
B L2 iU b7y, LLRnG, &
AU RS I BRI 56 SRICHLESILT
WDRRD K SR DR W AR E LS LT
i 7 ¥ED 2L BUIR, i 72270 8 TR R D
ZEMIFEAETHAD, £ T, 5% HANE
RZDORTBEFEIZHDH T RE | WEERIEE DR
HZPALNCTHI L% B, BRI
T 2E DIROKBIRIZEE T 2K M A%
FEhiL 7=,

ik

FHAIE, 2020 4 11 H 19-21 HE 2021 11
H 25-27 HIZBRES LT B AR ahRR I N IR
5 (LUT L JSNET) O S 25N,
7K it A VR VR R A A e T ) PN R Ao S —
VIEEL TSGR, @ ORI E T
ONAIROREFZ WA R L7z, TR
1%, 20 UL EOFT X TORIFEDOSINE
BLOBHRF L LI, 728, [FENELNRW
FENLORANL AR ASITWDHEIC
DOWTIERRA L=,

BARM 72 32 mm H %, © (KU R 2 i 2B
T2) 7 —h, QU RER A . @A
iR, @ GEREMRBEOHEELANEDOY A KT
Ot Z HELT) 72, @KMEEROBIZE,
O, A, KR MEIE O W % % OB
2. OFEMEICELZE. ONEDH E,
O IE<MET —FOFSS (1 B, *HEIC
&R HARE) . LV -T2 9THA LT, IRFM
FHEE 2, R A NBE O RIEIRZE T DK b
KDKIE (Vacuoles) . ANFE 3 9 (B, K2
B.1%%ET) BILO, Retrodots, Water clefts
D 2 B AR BT BEASEE D 1
% (X 1) ORARAIET L, 36 J UK AL AT 142



EHEIZZWI LT, e (B - IRIE ST - IR )
[ZBAT AR AR B LA N RO 2 W 5
IZONWTIE, 2O TENGHIEALNT,
ZWTCIREN LB G0 IR A A S
LY AII% E . BORRBZEEZ T ThbboT,

1 HBsUAT BRI (ZER)

S

2020 4, 2021 D JSNET eI T,
84 4 & 85 4 DX GFE NI h )1 DK FH A 15
b= (3 6-7),

% 6 2020 4E JSNET I ESICB T 574
o

(N) (%)

A 39U 23 274
40-59 7% 55  65.5

60 kLA 1 4 4.8

PRl Bk 77 91.7
ok 7 8.3

HAE  Meepidsh el BEME 21 25.0
fegE 29 345

JEREE 14 16.7

2R O R Al 13 15.5

Z DA CRELA G L) 7 8.3

#$ 7 2021 4ED JSNET FiiE S BT 54
W

(N) (%)

FER 39T 23 27.1
40~59 7% 58  68.2

60 7% LA b 3 3.5
(~H) 1 -

MRl Bk 69 81.2
Mk 16 18.8

TR PRV EE EPRE 18 21.2
Ei=E-AFS 19 224

JERFHE 15 17.6

2R U R Al 23 27.1
HERN 8 9.4

Z DA, 2 23

IRFHEIZ LD /K SRR g (X 2) OH)E
(20, %% TIC AL vacuoles D% Ll
FLAE 3 mm W -SMTTREMZA T o 7o R %5
FHO—EHIZAWNEOFIIIIRZ THhD Vacuoles
RN E ) AR O BT, T O, BN FEZR
&L MOIRE BT ANRBOLNLE A AT
TEUTz, BUTE, BRARZRMRAT VESEC B N BT AL
ZBE T 2EFH M TOIL TS, o, BRI,
KGR DD H OO KU R 2 IR O FUH B 1 X
SBHREIRDLOIRD KD R0, IR ORI LGB %t
T HRLO R NEE T, 7ds, #EIE<HR
BIZOWTL, F RO ERF 1T 72 -
TWo,

2 T8 5 PRI T AT % FHVAN T K Bt (A PR e
% (ZeiR)



EE

ARFRA TIM S NIZARD K S R A IZLD

KHREF DO—HET Vacuoles B2 F D455
IR T AAFEO I, BT A NkE
I%. Vacuoles 1B Z AT HARZA L L | Fpfj &L
IZHEATL THRERBIK T2 A LS E5REICE
HEEZBILTWD, 1RFE T ANFEIL, RIRIE
EVEDFFEA) TH L0, FIH B ClrIiskee
~OBITITLA L BRIEIREL TITR
DIZWY, DFED | £5E T LD Vacuoles &7
DIZRRE VL, RREIEEFICORND ATREME %

FZREL T, REIWRAEDNROLND, SHIZ,

HNEDOHHITR N BOLNTHITH LT
1%, EEBLS TOIRDKEER~DHILIED
B A MRAET D7 X< EDOZ FE LA
REHII<AECDRM O R ZFHET D40
EWHRH D, 7ok, KA CIIHEREIR T2 S
STEHEIT, EOHERNPANEIZELDL O
DOYENTELIDIREIREDBIZZ L, 2D
DRI BN DV THEEERL TWND, £ D727
T, JRFITITREN BEZR & D BRZE BT L3
RHEShTng,

B EA X IC KD IR AR~ D S B K R IR
IZIRERNCELDL DO LIZ S WIS, A
FERZEC | SRR XS EAR R AR LA DR
DR E L OBEIZ DWW THRRFE T D0 %
Wb, Flo, T REBEx 72 LT &k
BT F BB RE AL (D RE RSO R R4
TIBHGEM ., By — e d) O R -BAF DT
Ta—FICONWTHIETHLERH D,

+ A
o aff

ARFRA TIM S NIZAR DK SRR A IS LD

SGEEDO—HICANFEOHHIHRETHD
Vacuoles RCIEE T A FRD BN, SHITAK
T DT —ZRNTIZLD | R 2 D KU R
E<EKRBIRIRE O BIEZREET DL LI,

m A IO RREME DR DD IEFE AL |

BN A T ERZE T 52 L055RD
5D, £ LT, I i DU #R B 2B 4
WM B e & G D 1o W RAVZRIR DK R D
PUFARBER AR T2,

3. A—N—TFT—TIILBREE R DM R
Hh—TUDORBELEMRDIREE

TEE BTl HURBZ2IR O FIREO/E
OB EO B ROHND, o, A
IR O B B A 32 T2 121%, OB 7
TROBRZ: @ LFRY R OB BRI O FERK) |
OEBRXIR (EEEOEBE) | OfF NF57#
LHOFEH, LW 7= FIERFERI 725, fith
MR TITOITHEEL W=D . Z RS o5k
DROLIND, T, LEMRIRELT, H
ARTIESE KL TNDA— =T —T L%
TEEBEORERIZE B L, BEfFOLOE WD
AR —T (LR, re T —7)
DO MEDIRS % S8 U7z S DL F BB
#H—T (LI, va—hh—T2) B30,
07 I —T o LD U BRI HE D Rt LTz,
ZDFE, EMWE ORI EIRREERE A —
N—=T =7 NAFEHRLEE TIT LD KR
2 (B FH) O EME SR OER KK
SRR EARECRD 2 SOBLENBREELT-,
Fio, BT T DL K G AR S &
DI HDNWT, ro T h—T o bya—hh—
T DI EE R T 5,

b5

va—h—720% 100X 30X 0.5 cm DE§h
T—T oyl XERE ) A—5— L O AT
THERSH TS (K 3a), AR, X B
Ba)A—K—raieZ LIZL0 (¥ 3b) ., I
HRAETHBEME IR TED, T a— —
TUDESL 1.6 kg HDHID | BEEMBITTH
FEARMDZA L L 72V ED ., 0.2 cm JED Acrylic
plate & Lead sheet (0.13 mm #1354 Y) %



Urethane sheet MDZFR A CHEEAIA TG L7
STV (K 3c), Fiz, BT T TS,
X BRE L OPEGER \ZIX 7 7 AT — DT vy
o BN 7T 7 AT — D —T 5y
(R AeWT — 712k > T X U A—H
WZHOfHT A2 e TED (X 3d),
va—h—T O EME O KRR EI
PR IE, 77 b AR AL CHIE L 72 22 R
R 4) &, RFEFIKEEAFEREZ HWTH
U7z, F72, BT ORI RS &
IR, BLfiRR 12 381F 5 2017 SR I2F 1=
BT OL M m A2 R —~ R R AE )
DT FIK AR IR AR A2, I —T
YOI R BRI A T U AR E L T
HEE LTz, ZNDDOELBLERN B2 MAE LT,

(@ O

(C) Inside

" Urethane sheet

0.5cm i

[ Urethane sheet ‘
Outside

3 va—bI—T DR EMEE, (a) va—
M —7 > DR, (b) X FRal) A—2—(ZHY
FHFBNTIREE, (o) va—Fh—T oD —b
R OWr, (d) >a—hh—T &2 B0, X
BB MBIV TV DIRRE, STHk[21:0 51,

F
60 cm

- ©o o 0 T o

4 ZE AR RO ERCE X (@ILHE ).,
SCERL21RDFERL THI .

BmR

FEMEPEEOMTENL TREEITIER.
K Eb AR R (e, 5) b LIEEEB(d, 5) (2L
BEL TV (F 8), 7o, EfiENRL—20
RERIL72E T, Fooz i+ oL ST A
DEENEIR DT K IRITEE (e, 4) . HLL
IR (d, DITALEL T, ZNHORE R4
bl MEEH LIz a— I —T > DK
IR AR, 17.7%&72-72 (£ 8),

ERENRITa— M —Tr kvbre 77—
T DI Tz, L, HEEK S A2
FEBERIL, T XTOEHFHEOFTrY
771 —T U H3 G T RETR 2 R TR (]
Endoscopic Retrograde Cholangiopancreato—
graphy (ERCP) 72&) D R4 2K L0
TRTCOBRFRI a— b —T 2R L
T DTT, m@<leo72 (& 9) EHIT, 3T
DOBRFHITHLCrr I h—T b L IF e
—M =T DTN ELT RIS A
AR [ K it A S iR AR I R K C 25.6%
ElpoT= (R 9),



* 8 Ta—Mh—T U NZLD FAE DR K AR BRI

TIE ORI E,  fEEC fEER fEk RN REI AR | MUK IR EARIECR
figik (7, %1) 4,d e @D (6,0 6,4 6, e) (%)
= B
H#Flﬁ%kﬁiwﬁﬁé 1.5 49 133 183 582 5.8
(%)
va—hI—7 LD 17.7
K e AR SRR 18.2 188 19.6 13.2 184 19.5
(%)

R a—MI—Tral 7 Ii—7 AL DM ORI S AR AR B AR

SR RSP AR ST P A R S

T (sv) (%)
L 6.239 t -
=N A 5.625 t 9.8
a—bh—T 5.135t 17.7
va—hhr—Trb LIRS —T 4.643 t 25.6

E=

T —7  HAR D K SRR EARECR I, my
T H—=T DI Na—b—T o L0E EFIRY
2RO, T DB K i A S AR S O B R
D0 FLAUVE ARER X545, Zhud, ry
79 —T ORI DIBRIE B (78 73 FBEB 2 JZ
GO ENBEREINMNWNZVILZDT5F4 ., 5
e BN RL F—VF 2—7 Ok &
LEATO T, Ny RZBUTHFENTERWY)
THY, FEREL T, BRFED 12%I12L7F]
FATERNWIERERELTEZLND, K
DOARERE MK &b | FIIHEFH O JRE L) 8
NS, va—h—Trnar T —T
HEV TR AE R EIFHTENTEZ (X 5),

hham

Ta— b —7 AR TIEK SRR B AR
KR, PLHAMEOEENG, X TO%
BT HNT I 1T DI K A A8 55 A B A K 3k
THIENTED, TOBLEND, a— —

FToAL BEFEOa 7T —T 2 06 EO K A
RS AR AR D RN HIRF TE D,

Long curtain Short curtain

Vs
| KR RERE |
I I
| 89% | > [ 177% |
I I
H SEKRGEEHRRIERE |
| |
I 9.8 % | < | 177w |

5 1 —7 > DR IR BRI R AR K
i P S A R B AR R oD PR, SCR[2] <0 FraR



4. Augmented Reality Technology Z & L 1=
EEEREBEEOXRABERMERDIELL
FEWABE7 IV r—av DR LT DT
i

S FRZ T DF (TR LT RIEL
IO 7= D F5 @i A B0 % EHIRINCATO &
End b, ZOHE L, k% @O 572D DE
BEERKT) %%57‘:&5@%’@&%:0) 2 DITRBIE
%o M EHHITARIEI DO ITITEE R EIE
LSOV @%%@Efﬁﬁ%f X ETTED
DAIVIZAIT 1 R O RIC LS, FEER
ISR TRE BB 22 T OB NE N TH

D HRIZL L~V S U T B B 2 fic s R D et 2
BN —=0 T BT 5 L7 b B2 I

WZHEFEL TWDEEDNFEE THAI[3-6], 2T,

k&) Z @O DT D DRFRIR BB EL T
Augmented Reality (AR) ZFI L . L& &
B ORI FER DO ELWMENTT %
FETDHIODOT TV —ar ORI
21707,

abs
KRIFRRZETUB MR O 2 a7 8 07 5%
FEFLID ORI ERE L
720N (Scene 1) . @ RHRREZERIPLFENR T fxl i
B OREREEORNIZPRI 2385 (Scene 2) , @K
HIRZERIPGRERR T i & B DR & D FRITRR
F"ﬁﬁ#otl/\(S(:ene 3D 3 DU—EREL,
FELTZ 3 DOV =122\, MEIE
EEODE&EL#@ AR DREEITUV, AR BB O
JLETR DM ET — 22U, JIE TITKT
7‘/LA%51£H%L T NT L= DINE
PidEE SNV AT —R (FETE
JW%L 16.8 mA, #S/LAL—h 15 pulses/s) T
Fiﬁ@%%—f%‘fﬂ‘of;o Euuﬁﬁia S URSIYEA)
71&5 WrEMIZIE, THROIX<E#T 5
0.5 mm f"*ﬁé@% 7J~7/?5: RE LT, B
B|RE T H LT T A & EF (GD-302M) %

70 kV,

A, BeR— L BIOFEIZ 20 em @ PRS0
mE 0.2-1.8 m O#HiPH) THEVIT | A&
RN (4.0 m X 5.4 m) (2 20 cm [ k@ CHOE
L7z,

BELE 3 SOV —r OBERS T, 32
RARALRDY 10 em RREZRDIOTRE KD
2B HEALEEL | AR TR (%) 2 53 B b
DHT—TRIL, £L T, ThE AR RS
. Mobile ¥ K (iPad Air, Apple Inc.,
Cupertino, USA) EIZA AM—L1LT=,

MEEERERINEF T HEFEAZ YT 33
AT, BEOME EEmES LIc&REIhD
3 OO — OEELIRD AR B EATEE DT
MABRIEL THHU Y, KAL), %*ﬁ@
WS TE LM H 5B DUV TR RIS
BT, TOH%, AR T TV r—ravk #
M3 28 ST LW BLE BRI 9572
D, R4 AVE RIAKIR A A FE R L 72, B R
T IX ARCS B SirET [T, 8IIcH-3<
FE 2 OFE BAGAAE (IMMS: Instructional
Materials Motivation Survey) [8-11]Z2FI|HL
Zo B[ 36 THH THERRS AL, 4 DD TALR
JE Attention, Relevance, Confidence,
Satisfaction (253 FEIND, FIZIZY v —RR
B Fo7<BHTUTELRN, 2: 0T TH T
1TFES, 3: - 0<bWHTTES, 4: 037205 T
ITEDL, 5: 6 THHTULED) L, 1561
T2 TR EZ LD G, W AR e A%
WEFERNCE U, Fo, TALREZ ok
D774 Kruskal-Wallis test |27C. A = 2R
Ea LIz (p<0.05), 723, B EMLLE

ERNCBEIL T, & s (5—1, 42,
3—3) L CRHmL 7=,



R
M E R RN O BE YR LR

EE LT AR g X 6[12)12~ 9, HLEL
BT RE OEREE ChRb <, BEhdlcoh
THE->T= (X 6C, D), F7=, FHEMM<CHR
PR TR A E 32 (2 6A, C) IZiXBh#
T —T 3722 RN (K 6B, D) 12k
RTEBENEL 25T,

RIFFRZRIBFERIEI 5 3 o —2 D AR

B2 TH2IR T, Rtk &
BEDIRBOMICREI NG DL, BELRAT
DR % 8> THTE OIEFR DI~ AL H
TV (K TE) , BRI <ERIET 52T W
AU Q=B O BGELER DB LT (K TF)

X 6 I 1EEMRAEOEELIRD LD AR
i1 BRIZAHALER 2L ) . (A) B AR <Ol IR
THELEONBAE, (B) ERION HALE,
(C) BEATCERIR T DN BALED AR
g, (D) ERIDONLHBALED AR B, SCHER
[12]&EDFERLCTHI L,

Relative Dose (%)

: il -lIL_-*;, 7 %’%‘%
. 7 35#'5“‘ iﬂ%ﬁ%ﬂi@ﬁb VY — I AR

B, (A)iENREE AL TU7eu (Scene 1),
(B) Btk T ik & A ORIZHA &Y (Scene
2), (C)Bi#ER TRREBFOMIZEM L
(Scene 3), (D)Scene 1 ® AR Hj{&, (E)Scene
2 @ AR Hif%, (F)Scene 3 ™ AR ®if%, STk

[12] X0 FIERLTHIH,

IMMS Dt a2 101212773, 2hkfED
TREZEOFEERIL, T X TR
(Attention:4.77. Relevance:4.64.
Confidence:4.57, Satisfaction:4.69), £7-. F
AL REEZ EORRFE R LLEg DS I L, =R O
FROMLOIEFR DS R VSR ME A 2> T2,
2L, pfEIZ Attention:0.313. Relevance:
0.879. Confidence:0.379, Satisfaction:0.397
CHEEZITRD LN T,

7% 10 IMMS @ FAL R EE RIS 45 S E SRR R bhie, SCRR(12]1d80—B k22 LTI H,

Score (P-#8) £ AR HE (R 72)

LR E [ il EiAT RO ERR Tt &t
n=7) (n=11) n=17) (n=28) (n =33)
Attention 4.5510.42 4.88%£0.15 4.80=x0.27 4.78+0.31 4.77%0.30
Relevance 4.46%£0.68 4.70%0.31 4.731+0.34 4.65%0.35 4.64+0.42
Confidence 4.57%=0.33 4.45%+0.38 4.70x0.31 4.60%0.62 4.57%0.42
Satisfaction 4.40%£0.53 4.79%0.27 4.74%0.36 4.77%0.31 4.69+0.38
&t 4.512£0.37 4.71£0.25 4.74%0.28 4.70x0.32 4.67=%=0.30




B

IMMS CEEAf L7255 R BEFR IR S 3 15
HTCHATZZENS, AR TV r—ait, K
FIRZER LR O FiEE27E 75601
BHABREM THHZENRENTZ, WolED, Bk
M THEZEITROWLOO, EROS R
VMEMNICH D ERIT, S EThHAD, 3720
B, BRI TERIONENBEMDOZLETH
D, fIERAEIE & O BT R A H LN T
ol LIS, Ll EROSE
FIT 4 BAREZTEY, ERIOSEIMENEN
&0, TeLAMORERE L 5L TRV B O B
RIEE B2 T 85 2%, ZhUX, FEMOEIR
LHEEODOIEBAED, EMO#EORL
HUICEAMRZL, BELFR O ELRmZIT 5T
LERLTCNDTEHEEZBND, B EAME
IR L 2R3 510X, #ricebig s
KA UDD XA RFICRF ITE S0
WED 72 BGE TEN & S T D4 E3 D, ICRP
TS DL XN H S T2 HEEITHI %
HELEL CTRV[3], 4% . Tk, #iX<oRP
INUTedk 2 72 AR 77— a OfERkE ., %

DEENROBGREPLETHDHES XD, T,

KT T, AR 77V r—ar L

HOEFEROBLENOFIE LI ISBE T,

EIRAL 7 DT AR ERL TET2 89
P, A1 OIE NI R DIRHT RS R 215
7o RUTTRBIRNZEDNARMFFED R TH D,

+ A
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7. 7=, Cronbach’s coefficient Alpha |%, £ DOIEFED T
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Satisfaction: 4.384.81 & {i#% %

FEHTi D Attention & Confidence 7%, Z11Z 74U 0.59,

L7z, FEi

N

WM

l%_

REE$ 0.70 B &

L

0.68 L78o7z.

[ — [Zfifi (n=8) il (n=12) ISR (n=38) ER L%+ (n=9) 2K (n=37)
T o S TormmEs O TasmmEs S TasmmEms S Tormmme 9
Al 7505053 792029 7505076 1785044 7705052
A2 438+0.74 4924029 4.13+1.46 4.89+0.33 4.62+0.83
A3 425+1.04 4924029 4:50+0.76 47784044 4.65+0.68
A4 5.00£0.00 4.75+0.62 4.88+0.35 4.44+0.73 4.76+0.55
AS 4.88+0.35 5.000.00 5.000.00 4:89+0.33 495023
A6 4775£0.46 4775+0.62 4775+0.46 4.89+0.33 47784048
Attention A7 4:50+0.76 4.83+0.39 4.63+0.52 5.00+0.00 4776+0.49
A8 4.75+0.46 5.00£0.00 4.88+0.35 4.56+0.73 4814046
A9 4.00+1.41 4.75+0.45 4775046 4.78+0.44 4:59+0.80
Al0 425071 4.83+0.39 4.38+1.06 456+0.53 45440.69
All 4.63+0.74 5.00+0.00 5.00+0.00 4:89+0.33 4:89+0.39
Al2 5.00£0.00 5.00+0.00 5.00+0.00 4.89+0.33 4.97+0.16
Vel 4.57+0.32 081 4.89£0.10 059 4.70%0.28 0.83 4.78%0.17 0.88 4.7550.14 0.80
Rl 4.88%0.35 433%0.89 4.63+0.74 4445053 2.54%0.69
R2 4.13+0.99 4.75+0.45 4.63+0.52 4.44+0.53 4514065
R3 438+0.74 4775045 4.50+0.76 4778+0.67 4.62+0.64
R4 4.38+0.74 4.50£0.67 438+0.92 4.44+0.53 443+0.69
Relevance RS 438+1.06 442+0.79 4.63+0.52 444+0.73 4.46+0.77
R6 4.25+1.04 4.83+£0.39 4.88+0.35 5.00+0.00 4.76+0.60
R7 425+1.04 4.83+0.39 4.38+0.52 444+0.73 4:5140.69
R8 4.50+0.53 4.92+0.29 5.00+0.00 4.67+0.50 4.78+0.42
RY 4.63+0.52 5.00+0.00 4.88+0.35 4.89+0.33 4.86+0.35
N 442023 0.92 4.70£0.23 071 4.65:0.22 0.83 4.6250.22 0.79 4.61£0.16 0.83
Cl 2.00£1.07 3.6751.50 4.75+0.46 233%1.00 2.14%1.16
2 4.75+0.46 475045 4.88+0.35 4778+0.67 4778+0.48
c3 4.38+0.52 4.58+0.51 4.63+0.52 4.89+0.33 4.62+0.49
c4 4.88+0.35 4.83+0.39 5.000.00 456+0.73 4.8140.46
Confidence cs 4.25+0.46 4.17+0.94 4.50+0.53 4.44+0.73 43240.71
C6 4.75+0.46 4.67+0.65 4.88+0.35 4444101 4.68+0.67
c7 3.88+1.13 4.00+0.74 3.7540.71 4.00£0.71 3.9240.80
cs8 5.00£0.00 4.92+0.29 5.000.00 4778+0.44 4.92+0.28
9 4.63+0.52 4.83+0.39 4.50+0.53 4.78+0.44 4704046
et 4.5020.40 0.72 4.49£0.44 0.68 4.65+0.39 0.88 4.5620.28 0.94 4.5450.34 0.80
SI 4.50%0.53 4.920.29 4.5020.76 5.000.00 4.76+0.49
2 375£1.04 4.67+0.65 438+1.06 4.67+0.71 4.41+0.90
S3 4113+0.99 492+0.29 4.63+0.52 4778+0.44 4.65+0.63
Satisfaction S4 4:50+0.53 4.67+0.49 4.63+0.74 4.56+0.53 4.50+0.55
S5 4.63+0.52 4.67+0.49 4.63£0.52 4778+0.44 4:68+0.47
S6 4775+0.46 5.00+0.00 4.88+0.35 4.89+0.33 4.89+0.31
JNET 4.38+0.37 0.78 2.8150.16 0.72 4.6020.17 0382 2.78%0.16 0.72 2.6610.16 0.78
Total 2.48+0.35 091 4.73£0.25 0.90 4.66+0.36 0.95 2.68+0.30 0.93 2.6500.31 0.92

* ENIREF OO, % KiE (5—1,4-2,3-3,2—4,1-5) L7z
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WTEANEFRE 21TV, 3ERITORINE 1
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Thbh, HERHUNKTICORN S L 574
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84 4, M 16 44) BT < FRE DR
5 BT, AL SN2 K R R T,
T 54 13. 218, 3mSv, [T 1 4 2. 84, 9mSv
T o7z, 3 2 ITHRERID N3 & 7R,
KT D% < IXEIT 1 4E 7T 5mSv AT, ELIT
54TH 20mSv Kjifi TH o 7203, —F LRt
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ERIEDOXMGE L EEN TV, KRR
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T TRRHTIC K DR & A - BER & O
el Cid, BT 1 AEONEL K AR R TR
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RZ =Y .
| ;/i; s | BEEmAK
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2021 | JSNET (#&[) 85
2022 IVR (f#7) 165

2. 100 £ DKL IAHR B O 4

LT 5 4R LT 1 4R
KEEHERE | AH | KEEHE | A
< 20mSv 74 | < 5mSv 80
20-40 mSv 17 5-10 mSv 13
40-60 mSv 5 10-20 mSv 5
= 60 mSv 4 = 20 mSv 2

% 3. FHR Vacuoles BIEIZETH o A7
PO /AL iE S

0dds ratio 95% CI P&
Flp 1.02 0.98-1.06 | 0.381
R 0.78 0.22-2.70 | 0.691
Bz - 2. 76 0.90-8.44 | 0.075
TE 0.12 0. 051

*1 MERI=2 Ik D B DY X7
*2 B SE=HhT - BRI D ERMO Y 27
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(Worgul BV et al, Radiation Research
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WEBLRLTWDAREENRH DL, S DI
HEEALRPNAIVLETH D,
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il CTIEd 22, [AFEE OB EE BEFEBROT
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Mol-, HIXHREE AN E OREIZD
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LRI DWW T IEfE 22 3 25 SR TV af
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AR OFRERE R TIE, ER OB EE <
XA - BRI A RIS E < BRI
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X T O IHEE O KA < DRI 72
FTTWEENWEEZ TS,

F. @wmX#E

1. PIREET. REREH R
PEFEF KT ANEMRE. SRERK
FHEEE 2020;45(1):14-15

2. WERAEET, B NAHEL, ST, K
DARFIN SR, e 2 RPE. THRER B — R
SR AR LT 6T DI IR 28 |
FNEREFHEICOWT, BHARE NS
258 2020;32(1):49-51

G. AEER
L FISRAREA, B RAHE, APRTEL, RA

A5, 2 REE. TS RREBIEFF
DR FES B B T2 0098 ) BTN R
EFERE, 5 60 B HAANERS
2>, 2021/11/26-27, Ak

2. PIRARERT, SRHAEE, W N AH, ®H
e, WS AEER, — WK, 15 BEAH, K
5, AARILEL, M2 KR¥E. Al o7z
KK Vacuoles & H &7 /L D BH3E &34,
% 61 [Al H R ANE TSR 5 48 [FK
PR RAFZE S, 2022/8/27-28, FHLE

3. PIRARERT, SRHEAE, AR, B
¥, BEERHET, AR, THE—, M
B AR, BIRIREAR, 12 x REE. fspp
TR A2 3 R AR A - L NTRRAE - D hi
SRR A NEE, 55 76 0] H AREERIRRL 2,
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BRENENESNTNDA L H—_vad L
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D3, BEMRA IR I HE C& A2l Bl 1R
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B 22662 K2 THEHL TV EE
Bl ) A7 T HFEE D K LRI ITES D
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