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Table 1 7 2D EDWHERIKRE (RS HEBREHEFERALLREY X)) OBE,
EHGHEERBERIIIDAHYDFEYEREREZE TH S, (Evaluation of novel X-ray protective
eyewear in reducing the eye dose to interventional radiology physicians, Journal of Radiation Research,

2021, WZ).

Physician No. Number of Fluoroscopy time | Used Size of the
procedures (min.) Pb glass
1 209 £ 5.2 508.8 = 169.1 Small
2 219 + 3.4 247.3 8 3.8 Large
3 104 + 3.6 120.5 + 44.6 Large
4 194 + 43 218.6 £ 55.0 Large
5 12.7 = 3.0 183.7 £ 35.1 Regular
6 22.0 £ 6.1 254.6 =+ 894 Regular
7 109 + 3.5 136.3 £ 73.2 Regular
Average + SD 15.1 + 6.2 238.5 + 120.2

mean = standard deviation (SD)

Table 2 7 ADOMEDKBAEBRIKRE AHLOANDRES LERE) DBE
BEFINAH-YDOTEHELELERETHD. .

(Evaluation of novel X-ray protective eyewear in reducing the eye dose to interventional radiology
physicians, Journal of Radiation Research, 2021, t%).

Physician Inside dose Outside dose Shielding Effect
No. [Hp (3)] (mSv) | [Hp (3)] (mSv) [“o]
1 1.04 = 0.17 2.64 = 0.3 60.9 £ 2.43
2 0.80 = 0.38 1.97 = 0.85 59.61 &+ 2.93
3 0.17 = 0.09 0.44 +0.28 60.13 = 5.12
4 0.59 £ 0.18 1.61 £ 041 63.36 =+ 3.23
5 0.50 £ 0.22 1.31 = 0.60 58.85 = 4.12
6 1.04 = 0.33 2.76 £ 0.93 60.81 = 1.06
7 045 = 0.2 1.14 = 0.51 61.83 = 0.77

Average + 0.66 = 0.30 1.70 £ 0.77 61.4 = 1.91
SD

mean = standard deviation (SD)



Table 3 7 &2DMEDEMKBAKBRIREHTERE

HEII1MABHEVEREZ 12ELTROTHTEETH S,

(Evaluation of novel X-ray protective eyewear in reducing the eye dose to interventional radiology
physicians, Journal of Radiation Research, 2021, tXZ%).

Physician No. Inside dose Outside dose
[Hp (3)] (mSv/y) [Hp (3)] (mSv/y)
7 12.5+2.0 31.7 3.6
2 06 + 4.6 23.6 +10.2
3 20=+1.1 53x3.4
4 7122 19.3 4.9
5 6.0+ 2.6 15.7x£7.2
6 12.5 + 4.0 33.1 =11.2
7 54+24 13.7 £ 6.1
Average = SD 7.9 3.9 20.3 +=10.0

mean = standard deviation (SD)
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ABSTRACT

The new recommendation of the International Commission on Radiological Protection for occupational eye dose is
an equivalent dose limit to the eye of 20 mSv year™!, averaged over a 5-year period. This recommendation is a drastic
reduction from the previous limit of 150 mSv year™!. Hence, it is important to protect physicians’ eyes from X-ray
radiation. Particularly in interventional radiology (IVR) procedures, many physicians use protective lead (Pb) glasses
to reduce their occupational exposure. This study assessed the shielding effects of novel 0.07 mm Pb glasses. The novel
glasses (XR-700) have Pb-acrylic lens molded in three dimensions. We studied the novel type of 0.07 mm Pb glasses
over a period of seven consecutive months. The eye dose occupational radiation exposure of seven IVR physicians
was evaluated during various procedures. All IVR physicians wore eye dosimeters (DOSIRIS™) close to the left side
of the left eye. To calculate the shielding effects of the glasses, this same type of eye dosimeter was worn both inside
and outside of the Pb lenses. The average shielding effect of the novel glasses across the seven physicians was 61.4%.
Our results suggest an improved shielding effect for IVR physicians that use these glasses. No physician complained
that the new glasses were uncomfortable; therefore comfort is not a problem. The lightweight glasses were acceptable
to IVR physicians, who often must perform long procedures. Thus, the novel glasses are comfortable and reasonably
protective. Based on the results of this study, we recommend that IVR physicians use these novel 0.07 mm Pb glasses
to reduce their exposure.

Keywords: radiation safety; eye lens dose; interventional radiology (IVR); fluoroscopically guided procedures;
radiation disaster medicine; 3 mm dose equivalent [Hp(3)]; Pb glasses (lead eyewear); X-ray fluoroscopy; disaster
medicine

INTRODUCTION
Interventional radiology (IVR) procedures, which can substantially
benefit patients, can also injure both patients and physicians due
to exposure to X-ray radiation [1-9]. Thus, radiation protection of
patients and physicians in IVR is very important [10-18].

The new recommendation of the International Commission on
Radiological Protection (ICRP) for occupational eye dose is an equiva-
lent dose limit to the eye of 20 mSvyear ™', averaged overa S-year period,
with no single year exceeding S0 mSv [19, 20]. This recommendation

is a drastic reduction from the previous limit of 150 mSv year™. Hence,
it has become more important than ever to evaluate the occupational
exposure of IVR physicians and protect their eyes from X-rays using
glasses with lead (Pb)-infused lenses [21-28].

Because IVR involves procedures of long duration, lightweight
Pb glasses (i.e. 0.07 mm Pb-equivalent) are preferable for physicians.
Thus, 0.07 mm Pb glasses have gradually become widely used in IVR
procedures. While such glasses are lightweight and comfortable, the
version currently on the market reduces X-rays in IVR procedures by

© The Author(s) 2021. Published by Oxford University Press on behalf of The Japanese Radiation Research Society and Japanese Society for Radiation Oncology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http: //creativecommons.org/licenses/by/4.0/ ), which
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only ~50-60% [29-31]. We believe that this shielding effect is not
sufficient and that more effective eye protection is needed.

Although the radiation shielding effect of 0.75 mm Pb-equivalent
glasses is excellent, such glasses are heavy and uncomfortable, espe-
cially during long procedures [32].

Recently, an improved version of X-ray-protective 0.07 mm Pb
eyewear has been developed. In this study, we evaluated the X-ray
shielding effects of these novel glasses in an IVR clinical setting.

MATERIALS AND METHODS
Novel 0.07 mm Pb-equivalent eyewear

The novel glasses (XR-700) have Pb-acrylic lens molded in three
dimensions; thus, we can expect that scattered radiation from the
sides and underneath will be cut drastically. The novel glasses are
lightweight, with a mass of 42 g. For improved fit, and thus improved
protection by minimizing the gaps between the Pb-acrylic lenses and
the face, the glasses offer two ways in which they can be adjusted to the
facial shape of the physician: (i) the gap between the nose pads has an
adjustable width, allowing the bridge to be adjusted by up to ~5 mm;
and (ii) the angle of the sides (temples) of the glasses can be adjusted
in four steps, with a change of 9° for each step.

Dosimetry

We used digital angiography X-ray systems with a flat-panel detector
(Infinix Celeve-i, CANON, Japan) for all procedures. We studied the
novel type of 0.07 mm Pb glasses (Fig. 1) overa period of seven consec-
utive months, during which time doses were monitored over 1-month
intervals. In our institution, the eye dose occupational radiation expo-
sure of seven IVR physicians was evaluated during various procedures:
coronary angiography, percutaneous coronary intervention, percuta-
neous peripheral intervention, pacemaker implantation and catheter
ablation. During these procedures, the IVR physicians wore the novel
glasses.

During all procedures, the physicians were typically positioned
close to the right side of the patient and used a ceiling protection plate
(0.5 mm Pb) if one was available. The methods used to evaluate the
eye radiation dose have been described previously [29]. Briefly, all IVR
physicians wore eye dosimeters (DOSIRIS™) close to the left side of the
left eye; these measure the 3 mm dose equivalent, Hp(3). To calculate
the shielding effects of the glasses, this same type of eye dosimeter was
worn both inside and outside of the Pb lenses, as in our previous study
[29]. Using the resulting outside (Dout) and inside (Dy,) doses, we
calculated the shielding effect of the glasses as follows:

Shielding effect = (Doyt — Din) /Dout X 100%

We also determined the estimated annual eye dose (EAED) as
follows:

EAED (mSv yearfl) = measured monthly dose x 12

RESULTS
Table 1 lists details about the procedures conducted by the seven physi-
cians. No physician complained that the new glasses were uncomfort-
able, thus comfort is not a problem.

-<—— Pb-acrylic lens
/ (0.07m Pb equivalent)

/

(b)

Cange of 9 for each step

Angle of the sides (temples)
of the glasses can be
adjusted in four steps.

Fig. 1. Novel protective eyewear that shields the eyes from
X-ray radiation. (a) Details of the new 0.07 mm Pb protective
glasses.

o The lenses of the novel glasses are molded
three-dimensionally, so that they can block scattered radiation
not only from the front but also from the sides and below.

e The nose pad and side (temple) of the spectacles can be
adjusted.

These light and comfortable 0.07 mm Pb protective glasses
have been adapted to reduce the burden on the operator during
along procedure.

(b) Overview of how the angle of the temple can be adjusted.
Four adjustments can be made in steps, with a change of 9° for
each step.

Table 2 summarizes the results of our study. The average shielding
effect of the novel glasses across the seven physicians was 61.4%. The
glasses come in three sizes (small, regular and large), and it seems that
the shielding effect did not significantly differ with the size.

Table 3 lists the estimated annual equivalent dose to the lens of the
eye across all physicians while using the novel glasses. The radiation
doses (mean =+ standard deviation) inside and outside of the novel
glasses were 7.9 £ 3.6 and 20.4 &= 9.2 mSv year™, respectively.

Figure 2 shows a bar graph of the average shielding effect of the
novel glasses, and Figure 3 shows the numbers and types of proce-
dure for each physician; most of them were for coronary angiography.
Figure 4 shows the correlations between the doses (mSv month™")
inside and outside the novel glasses, which were significant (R* = 0.98).

DISCUSSION
Although reports have been published on the basic effects of radiation
protection products [33-43], few studies have evaluated the shielding
effects of Pb glasses in a clinical setting, such as IVR [29-31]. Pre-
vention of occupational eye radiation dose is important, particularly
for IVR physicians; thus, Pb glasses that provide better shielding are
required. Although heavy Pb glasses (i.e. 0.75 mm Pb) have such an
effect, they are uncomfortable and thus physicians might not tolerate
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Table 1. Details of the procedures conducted by each physician

Physician no. Number of procedures

Fluoroscopy time (min) Used size of the Pb glasses

1 20.9+5.2
2 21.9+34
3 104 £3.6
4 19.4 +4.3
S 12.7£3.0
6 22.0+6.1
7 109+ 3.5
Average £ SD 15.1+£6.2

508.8 £ 169.1 Small
247.3 + 83.8 Large
120.5 £ 44.6 Large
218.6 £ 55.0 Large
183.7 £ 35.1 Regular
254.6 + 894 Regular
136.3 £ 732 Regular
238.54+120.2

Results are presented as the mean = standard deviation (SD) of the monthly averages

Table 2. Summary of the results of our 7-month study

Physician no. Inside dose [Hp(3)] (mSv) Outside dose [Hp(3)] (mSv) Shielding effect (%)
1 1.04 +0.17 2.64 +0.3 60.9 +£2.43
2 0.80 £ 0.38 1.97 £0.85 59.61 +£2.93
3 0.17 £0.09 0.44 +0.28 60.13 +5.12
4 0.59 +£0.18 1.61 £0.41 63.36 = 3.23
S 0.50 +£0.22 1.31 £ 0.60 58.85+4.12
6 1.04 +0.33 2.76 £0.93 60.81 + 1.06
7 0.45+0.2 1.14+£0.51 61.83 +0.77
Average + SD 0.66 £+ 0.30 1.70 £0.77 61.4+191

Results are presented as the mean = standard deviation (SD) of the monthly averages.

Table 3. Estimated annual dose to the lens of the eye

Physician no. Inside dose [Hp(3)] (mSv)

Outside dose [Hp(3)] (mSv)

1 12.54+2.0
2 9.6 + 4.6
3 20%1.1
4 71+£22
S 6.01+2.6
6 12.5+4.0
7 S4+24
Average £ SD 7.9+ 39

31.7+£3.6
23.6 £10.2
53+34
19.3+4.9
18.7+72
331£112
13.7+6.1
20.3 £10.0

wearing them for long procedures. Thus the development of new, light
(0.07 mm Pb) eyewear is desirable.

Now, such eyewear has been developed, and we performed a clinical
study of their use during IVR procedures. For the first time, we present
occupational eye dose data of seven physicians over 7 months and can
report the shielding effects of these glasses. Previous versions of these
glasses could block ~50-60% of the X-ray dose in clinical settings
[29-31]. We found that the new versions block ~61.4% (Table 2), a
slight improvement, although it is not clear whether there is a statisti-
cally significant difference.

One likely reason for this improvement is that the scattered rays
coming from below may be shielded by the new glasses as the gap

between the lenses and the face is reduced through adjustments at the
nose and at the temples. Moreover, there are three different sizes of
glasses, possibly further improving fit. These results indicate that the
novel glasses are useful for reducing eye exposure.

Because of the strong correlation (R* = 0.979) between the mea-
surements made inside and outside of the novel glasses, it may be
possible to estimate the inner dose from one dosimeter placed outside
of them. However, in our dosimeter test setting, the shielding effect
may contribute to a reduction in radiation exposures, mainly in the
AP direction, because, the dosimeters are attached on the front and
back of the glass. In actual exposure scenarios (i.e. in a clinical setting),
scattered radiation can enter the eyes from above, from below and from
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Fig. 2. Seven-month average of the shielding effect for each
physician.
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Fig. 3. Numbers and types of procedures performed by each
physician.

CAG, coronary angiography; PCI, percutaneous coronary
intervention; PPI, percutaneous peripheral intervention; PMI,
pacemaker implantation; ABL, catheter ablation.

the side, as well as from the front. Therefore, more research may be
required in actual exposure scenarios in order to estimate the eye doses
more accurately.

The shielding effect of the glasses, the type and number of proce-
dures for each physician and the fluoroscopic time are shown in Figs 2
and 3 and Table 1, respectively. The results show that the shielding
effect did not differ greatly with the type and number of procedures
or the fluoroscopic time.

In our study, the occupational EAED of the IVR physicians was
lower than the new maximum allowable radiation limit
(20 mSvyear™).

Finally, like the previous versions, the new glasses are also light
and comfortable. However, a previous study (Monte Carlo simulation
method, i.e. computer-based calculation) reported a shielding effect of
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S o R?=0.9793

1 4

K
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Inside dose (mSv)

Fig. 4. Differences between the doses measured near the eye
inside and outside the glasses.

74% for ‘wrap-around’ 0.07 mm Pb glasses [36]. The novel 0.07 mm
Pb glasses tested in this clinical study are of a ‘wrap-around’ design,
but the shielding effect was lower than projected by the Monte Carlo
simulation. This was probably because the glasses are not fully ‘wrap-
around’ when in use in the clinical IVR setting because there is a
small gap between the face and the glasses. In addition, the value of
the shielding effect might be affected by variations in the direction,
position and angle of the physician’s head during the procedure. Thus,
the version we tested requires further improvement to achieve a fully
‘wrap-around’ design in clinical settings.

In summary, it is important to protect physicians’ eyes from X-ray
radiation. Particularly in IVR procedures, many physicians use protec-
tive Pb glasses to reduce their occupational exposure. However, the
shielding effects of Pb glasses depend on their specific features, and
the impact of these is unclear in clinical settings. This study assessed
the shielding effects of novel 0.07 mm Pb glasses worn by seven physi-
cians in IVR laboratories for seven consecutive months. The average
shielding effect was 61.4%. The new, improved 0.07 mm Pb glasses
are as comfortable as the previous version. Because IVR procedures
are typically of long duration, we recommend that physicians wear
lightweight glasses. We particularly recommend that IVR physicians
use the novel 0.07 mm Pb glasses to reduce their X-ray exposure.

This was an initial study of the novel 0.07 mm Pb glasses. Further
investigation and statistical analysis are required based on a controlled
comparison study, such as a multiinstitute evaluation over a long dura-
tion (a full year).

CONCLUSIONS
We performed a clinical study of the physician eye dose and shielding
effect of novel 0.07 mm Pb glasses during cardiac IVR procedures. The
average shielding effect of the glasses was >60%. Our results imply
some improvement in shielding of the eyes of IVR physicians that
use these glasses. The lightweight glasses were found acceptable by
IVR physicians, who often must perform long procedures. Thus, the
novel glasses are comfortable and reasonably protective. Based on the
results of this study, we recommend that IVR physicians use these novel
0.07 mm Pb glasses to reduce their exposure.
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Table 1 fiFEH LB E THORBAIEZE(120cm., 140cm. 160cm) ZH TS ZIR=BIEFE R (X #RFHER:
THEHRES —ILRRL—TZ2 BV =158 B RFL—T7 BELBSHRS —ILRRL—T%2EB W\ -1548 B
LRL—T AL EBIEMES  FL—TEL) . BIURBERIERREDENSEH L= X #REHFER 5T
B —ILERL—T (B RL—T) B IUBSHRS—ILREL—T (BELFL—7) O X #HERKRIE (%)

R RYASY VAR

LAO30, LAO45, LAO30, RAO30, RAO30,

EE 030  Caul0o  Causo  cra30 O causo 7
&&120cm
EHE N L— 7L 5 19 12 26.3 1.2 4 2
(WGy) E®mLFL—7 1.1 4 9.7 25 035 077 0.7
B EL—7 065  3.07 3.4 19.7 018 072 041
EEE E&lFL-7 78 79 19 5 71 81 65 57
%) EFRL—7 87 84 72 25 85 82 80 73
=&140cm
THE  FL—FEL 4 14.1 10 245 1 1.8 1
(WGy) EELFL—7 168 2.8 9.2 24 0.53 05 0.5
B R L— 1.1 2.2 6.3 23.1 0.27 03 043
BEE EBELFL—7 58 80 8 2 47 72 35 43
%) B RL—F 73 84 37 6 73 83 57 59
= &160cm
RHE N L—SEL 3 10.2 8 216 0.8 1.2 0.8
(WGy) EELFL—7 143 2.3 7.6 212 054 055 058
B EL—7 1.05 191 7.3 2087 041 043 057
EEE E@FL—7 52 77 5 2 33 54 28 36
%) B RL—7 65 81 9 3 49 64 29 43

VX AE BIEAE)

- 1B 7]

« Left Anterior Oblique(LAO)30° Cranial (Cra)30°
« LA0O45° Caudal (Cau)10°

« LAO 30° Cau 30°

« Right Anterior Oblique (RAO)30° Cra30°

« RA030° Cau30°

« Cra30°
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Table 2 fii&EFIRAUE (MTEIFMELI-IREZEELI-MUE) COLBESES(120cm, 140cm, 160cm)
2T EREINTEHR (X R ERER A RSHE —ILRRL—TZ2 B -158 B RL—F BELKR
FHRS—ILERL—T#B V=156 BELFL—T [AELENGWNGE  FL—TEL) . LUK BRERTE
HREOEISEHL - X 4RI EE RS —IILFFL—T (B FL—2) B LU EHES —IILFRL—T
(BRELFL—7) D X B E (%)

i T RAE
B o cunr om0 cas ™
= &120cm
KiHE FL—7#L 1 1 1 2.2 2.85 1.4 2
(MGy) =L FL—7 047 0.17 0.45 0.95 0.47 0.37 0.9
BEfFFL—7 0.22 0.12 0.235 0.55 0.24 0.28 0.5
BRxE EELNL—7 53 83 55 57 54 74 55 66
(%) BfFFL—7 78 88 77 75 92 80 75 81
=&140cm
EiHlE FL—7#L 2.6 2.1 3.87 5.9 3.65 2 7.5
(MGy) BEELFL—7  1.75 0.95 2.27 49 1 1.2 6.4
BffrFL—7 0.9 0.72 0.78 3.1 0.48 0.82 2.5
BRE EmELNL-—7 33 55 vy 17 73 40 15 39
(%) BffrL—7 65 66 80 47 87 59 67 67
=&160cm
EiHE FL—7&L 2.1 2 5.22 4.6 3.69 2 5.8
(MGy) EELFL—7  1.65 1.29 4.8 4.15 1.4 1.35 5.6
BfFRL—7 1.28 1.1 2 3.9 0.9 1.1 5.4
BRE EmELNL-—7 21 36 8 10 62 33 3 25
(%) BEfFFL—7 39 45 62 15 76 45 7 41

TXBREAE BIEAE)
« 1B 5]

+ Left Anterior Oblique (LAO)30° Cranial (Cra)30°
+ LA045° Caudal (Cau)10°

« LAO 30° Cau 30°

* Right Anterior Oblique (RAO)30° Cra30°

+ RA030° Cau30°

+ Cra30°
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S ARCE 2 Fig. 117, BIRIX. 2
BriEig X BRA MVEEY 7 h T 2T T
& % X-ray spectrum by Tucker's formula
Version 4 (X-Tucker-4) (Z X 0 & ET 80 kV,
[E A 2.5 mmAl O KL F— 2~
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X-ray tube

Portable X-ray equipment
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Fig. 2 Simulation results of scattered
radiation behavior
(A) Front of patient, (B) Side of patient
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Table 1 Comparison between actual

measurement and simulation

Measurement Measured Simulation
condition data result
I 1 1 1
Tube voltage 80 80
(kV]
mAs value [mAs] 3.2 2
SID [ cm | 100 120
Dose value at 1 m
from the radiation 0.7 0.54
source [1Sv]
2. V2al—arvT—3N=ZREERTE
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() (d)

Fig. 3 Three-dimensional display of the
spread of scattered radiation

Table 2 Range of displayed dose values

Displayed

relative dose Range [uSv]

(a) 100-1000
(b) 10-100
(©) 1-10
(d) 0.5-1
(e) 0.1-0.5

3. R77Ur—>a DR

152, ParaView TH I L7 =>4
ANV T —=FORMMBPMDD > T2,
Blender version 2.79 CTAAL—Y 7% L,
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H OB B ZRROTZDDR K O iE e
EHEREDBIMZATV, TV r—a D
BH%E % L 7= (Fig. 5),

(A) (B)

Fig. 4 Voxel phantom before and after
smoothing
(A) Before smoothing (B) After smoothing

Fig.5 Unity development screen
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4. 2Ty MR THIBAITORT (#
AEDERER)

ER L7z AR 77V r—varnX 7L
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1 Color scale & Distance
switching button measurement
surface

Flat detection
surface

Distance
measurement button

? Sub monitor 1
measure

(b)

! Scattered

‘—I radiation

Portable x-ray
equipment

Fig. 6 AR application screen on tablet
device

(A) Before displaying scattered radiation,
(B) After displaying scattered radiation

ER L7z AR 77V r—varnX 7L
v MR ETCoO®mE%A Fig. 6 (277, &)
W, Eif B T — A — L YRR L
HTE=H FRHEEHHIAR Z RSN T
Wb, Z7 by MmKROI A ZIZBLED -
IR AS R YT i faw 1IN X e R T pAAE AN
ENnb, Fmmtimzy vy 73562 TX
A, BELR, B Xy R, A—47 X
I EENFR RIS, MEOLEIZHD
MEMEOFPHNTL SN T — A — /LR
RE AN TEBY, T THT L TH
BLER R LD, IERRICZLIEVTHZ
ENTE D, FEEEFHAIE & BRI AR 2
WD Z LT AEED 2 SAEE L.,
D ENTE D, A5 Z & T,
ZITRENDL EDOL L WEERL TV D O
ERCED Z ENTE D, B 7E=21E, &
FL_y KoL ZEFRL, BE L ONERM
RafiiE L3 <35,

C. IE#ER

1. R7IVr—L a3 v eaFERALEETF
Table 2 OHf &l o & (2 HELRR 2 Bl
FZEMNZERR LT F % Fig. 8 ITRT,
SLAR DO FE SRR B OB /NS < 72 1% EHUEL
BROIEN Y RREL 2o TND Z EnNbd
Do Fl-. 27 Ly M RER - TRBEIT S
ETEBEOMNENOBIETH LN T
5, & LT, BEE CHELRZ Y Y B2 C
For L, HORNZRZ 5 HELR OB O
T =R — L OEN, BEMETORE
ENRAARRE L HEETE D,

— 117 —



(i)

Fig. 8 Scattered radiation displayed for
each dose range and observation of the
patient from multiple directions

(a) 100-1000 [pSv /0.2 mGyl, (b) 10-100
[uSv /0.2 mGyl, (c) 1-10[puSv /0.2 mGy], (d)
0.5-1 [pSv /0.2 mGyl, (e) 0.1-0.5 [uSv /0.2
mGyl, (f) Feet side, (g) Head side, (h) Right
side, (1) Left side
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Abstract
As radiation is widely used in medical institutions, the lack of radiation protec-
tion education for health workers increases the risk of radiation exposure. The
purpose of this study is to develop an application for radiation medical person-
nel that visualises the distribution of scattered radiation by using augmented
reality (AR). The irradiation conditions for mobile chest and pelvic radiography
were simulated using Monte Carlo simulations (Particle and Heavy Ion Trans-
port code System). Monte Carlo results were verified using physical measure-
ments. The behaviour of scattered radiation was displayed three-dimensionally
in virtual reality using ParaView. Subsequently, an application to visualise
scattered rays was developed in Unity for tablet devices. An application with
a sense of reality was developed by visualising the scattered radiation distri-
bution of a mobile imaging in a real space in AR in a three-dimensional size,
which is close to the actual size. The radiation dose could be estimated at any
position and the behaviour of scattered radiation became easier to understand.

Keywords: Monte Carlo simulation, mobile imaging, AR, Unity, radiation
protection education

Some figures may appear in colour only in the online journal
1. Introduction

Many medical workers are exposed to radiation as part of patient diagnosis and treatment.
However, radiation protection education provided at professional health training institutions is

© 2020 Society for Radiological Protection. Published on behalf of SRP by IOP Publishing Limited. All rights reserved
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insufficient. During employment, medical workers have few opportunities to receive radiation
protection education [1], which leads to a lack of understanding about protection from radi-
ation exposure [2]. This increases the risk of radiation exposure for medical workers [1]. The
understanding of scattered radiation is important in radiation protection education. Scattered
radiation is invisible, which makes it difficult to understand. In conventional radiation protec-
tion education, the scattered radiation is shown by two-dimensional dose distribution [3]. This
makes scattered radiation, which has a three-dimensional (3D) spread, difficult to visualise
and understand.

In recent years, technologies such as augmented reality (AR) and virtual reality (VR) have
been introduced in the medical field [4-6]. AR and VR enable our understanding of invisible
things. AR displays a virtual image using computer graphics (CG) in the real space and creates
a virtual space in the user’s field of view [7]. VR provides users with an internal virtual 3D
model and builds a virtual world that looks real to the user’s eyes [7]. Earlier studies have
reported radiation protection education using AR [8—10]. One of the studies involved the use
of AR markers to display the AR electromagnetic cascade [8]. Visualisation of the invisible
electromagnetic cascade using AR improves user understanding. Earlier reports suggest the
application of VR for radiation protection education [11-13]. Using VR, scattered radiation
of various modalities such as angiography were displayed [11]. The use of VR allows the user
to see and learn the 3D spread, which improves the user’s understanding of scattered radiation.
In fact, the use of AR and VR has been shown to improve the educational effect [11, 14].

However, the teaching materials developed so far for radiation protection education using
AR and VR require special equipment and few facilities own AR or VR display devices. There-
fore, the practical application in radiation protection education is difficult. In addition, the
display of scattered radiation using VR on display was different from the actual size.

In this study, we developed an application that displays the behaviour of scattered radiation
using AR without using specialist equipment. A tablet device is not a special device and can
be used anywhere regardless of location. By using AR, scattered rays can be displayed in
the real world at a size similar to the actual size. In addition, this study has targeted portable
radiography, which involves many medical personnel in radiology.

The purpose of this paper is to develop an application for radiation protection education with
AR that can be displayed only on a tablet terminal that visualises the behaviour of scattered
radiation during portable imaging for medical workers who have few opportunities in educat-
ing themselves from radiation protection education.

2. Materials and methods

2.1. Confirmation of simulation accuracy

The behaviour of scattered rays was simulated using the Monte Carlo simulation code Particle
and Heavy Ion Transport code System (PHITS) version 3.17 [15]. Photons were transported
using the EGSS5 (Electron-Gamma Shower version 5) code system in the PHITS setting [16].
EGSS5 uses the more recent photon cross sections of the PHOTX library [17]. In a study by
Iwamoto et al, the simulation validation has been done using EGS5 [18]. The reproducibil-
ity accuracy of the behaviour of scattered rays in the simulation was investigated. Irradiation
was carried out using a portable x-ray machine. The measurement of incident surface dose
and the scattered dose was performed using RaySafe X2 (Unfors RaySafe, Uggledalsvagen,
Sweden), which is an x-ray measuring device. Ray Safe device was calibrated. In the simu-
lation, a cube of 1 cm on each side of the cube was constructed, and the number of photons
passing through the cube was counted and the dose was detected by the fluence-ambient dose
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Figure 1. Placement during experiment.

equivalent factor of ICRP74 [19]. The simulation results and the measurement results are com-
pared. The portable x-ray equipment used was IME-100A (TOSHIBA MEDICAL, Kanagawa,
JAPAN). The exposure conditions for a supine chest radiograph were recreated. The irradiation
conditions were a tube voltage of 80 kV with 2.7 mm Al specific filtration, focus-detection
surface distance of 120 cm, tube current-time product of 2.0 mAs, and irradiation field size of
35.4 x 43 cm? [20]. The subject was a 30 x 30 x 15 cm® water phantom. The measurement
was performed three times at each measurement point, and the average value was used as the
measured value.

First, the incident dose was measured, at the position of the phantom surface, to determine
the scattered dose per incident surface dose. The measurement was performed using a meas-
uring device at the centre of the water phantom.

Next, at the height of the surface of the water phantom, a total of 9 points were measured
at a distance of 1 m, 1.5 m, and 2 m from the centre of the water phantom, in the directions of
0, 45, and 90 degrees (respectively A, B, and C) (figure 1).

Similarly, at the height of 80 cm of the water phantom a total of 9 points were measured at
a distance of 1 m, 1.5 m, and 2 m from the centre of the water phantom in the directions of 0,
45, and 90 degrees (respectively A, B, and C). After the actual measurement, the same system
was reproduced on PHITS. X-ray spectrum by Tucker’s formula Version 4 (X-Tucker-4) [21],
which is a diagnostic region x-ray spectrum calculation software, was used to calculate the
continuous energy spectrum of tube voltage 80 kV and intrinsic filtration 2.7 mm Al at 0.5 keV
intervals. The data obtained was used as the radiation source.

2.2. Simulation of the behaviour of scattered radiation during hospital room imaging

A typical example of radiation work that many medical workers are involved in is imaging
using portable x-ray equipment. PHITS was used to simulate the behaviour of scattered radi-
ation imaging in a ward with portable x-ray equipment. In order to observe the difference in
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Figure 2. Geometric layout during simulation.

dose distribution and the difference in relative dose depending on the arrangement, the beha-
viour of scattered rays during chest supine position, sitting position and antero-posterior pel-
vis radiography was simulated. The irradiation conditions for the supine and sitting positions
were the same. The pelvic irradiation conditions were a tube voltage of 80 kV with 2.7 mm Al
specific filtration, focus-detection surface distance of 120 cm, tube current-time product of
22 mAs, and irradiation field size of 43 x 35.4 cm? [22]. An x-ray tube, an x-ray source, a bed
(height 60 cm, length 240 cm, width 120 cm), portable x-ray equipment, and a phantom sim-
ulating a patient were prepared in a virtual hospital room filled with air consisting of density
0.001293 (g cm™3), composition “N (79.6%), >N (0.4%), '°O (20%). The x-ray tube is an
iron box with a density of 7.874(g cm™?) and a thickness of 5 mm, and interior of the x-ray
tube is vacuum. The collimator in the irradiation side of the x-ray tube is made of lead with
a density of 11.34(g cm~3) and a thickness of 2 mm. The stretcher is made of polyurethane
foam (0.3 g cm~? density). In addition, an aluminium (2.7 g cm ™~ density) plate that simu-
lates flat panel detector was placed behind the imaging site. The portable x-ray equipment is
made of iron. As the phantom, a male human body voxel phantom [23] of ICRP (International
Commission on Radiological Protection) 110 of the ICRP was used. The geometric arrange-
ment is depicted in figure 2. X-ray spectrum (X-Tucker-4) was used to calculate the continuous
energy spectrum of tube voltage 80 kV and intrinsic filtration 2.7 mm Al at 0.5 keV intervals.
The obtained data was used as the radiation source.

The x-rays were emitted with a fan beam of continuous-spectrum photons from the focal
point, and the collimator opening in the x-ray tube was set so that the irradiation field was
35.4 x 43 cm? at the position of the detector. We were unable to set the tube current through
PHITS. The relative dose was calculated by dividing the fluence-ambient dose equivalent
factor [19] by the entrance surface dose of 0.2 mGy, per irradiation under the simulation con-
ditions. The values displayed on the screen were relative doses. The created space by PHITS
was divided into voxels with side length 2 cm. The result of the simulation of the behaviour
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Figure 3. Simulation results of scattered radiation behaviour. (a) Front of patient
(Coronal section), (b) Side of patient (Sagittal section).

of scattered radiation was confirmed in two dimensions, the front and the side of the patient
(figure 3).

2.3. 3D display of simulation data

The spread of scattered radiation was displayed for each dose value, shown in figure 4, using
the 3D visualisation software ParaView, version 5.6.0 [24]. The 3D image that is displayed on
VR is as shown in figure 4. In addition, each dose value was coloured, corresponding to the
scattered radiation spreads colour to distinguish them.

Moreover, the 3D volume data of the PHITS simulation was converted to polygon data,
in the format (.obj) in the corresponding extension of Unity version 2017.4.15f1 [25] used to
develop the AR application. Initially, the volume data of PHITS was in (.vtk) format, which
was later converted to (.obj) format that represents only 3D geometry in ParaView.

2.4. AR application development

The surface of the 3D geometry data output generated with ParaView was rough. The 3D data
smoothening was performed with 3D data processing software (figure 5). An application was
developed with Unity based on the smoothening data, and functions were added, such as the
arrangement of 3D data like x-ray tube and positioning of buttons for switching display of
scattered radiation distribution.

Also, the AR function was incorporated into the application using ARKit 2.0 [26]. ARkitisa
framework created by Apple for AR application development that runs on tablet terminals with
iOS 11 or higher. ARkit enables many functions such as plane detection, scale synchronisation
with real space, and distance detection.

2.5. Display of scattered radiation distribution on a tablet device (description of functions)

The screen of the created AR application on the tablet terminal is shown in figure 6. Initially,
a colour scale & switch button, sub monitor, and distance measurement button are displayed
on the screen. When an actual plane is taken by the tablet terminal camera, the plane detection
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Displayed
relative dose range Display colour
[1Sv/0.2mGy]

(a)  100-1000 Red

(b) 10-100 Yellow

() 1-10 Green

(d) 0.5-1 Light blue

(e) 0.1-05 Blue

Figure 4. Three-dimensional display of the spread of scattered radiation (The unit
0.2 mGy is the entrance surface dose).

surface and the distance measurement surface are displayed. By tapping on the flat detec-
tion surface, the x-ray tube, scattered radiation, the patient, the bed, and the portable x-ray
equipment are displayed. The button on the left denotes a colour scale with a range of dose
values. One can toggle between the scattered radiation displays by tapping on it. The dis-
tance can be measured by designating two arbitrary points using the distance measurement
surface and the distance measurement button. By measuring the distance, for example, how
far the observer is from the phantom can be numerically known. The sub-monitor displays
only the patient and the bed, making it easy to understand the positional relationship with the
patient.
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(a) (b}

Figure 5. Voxel phantom before and after smoothing. (a) Before smoothing, (b) After
smoothing.

Color scale &
switching button
- Distance

ﬁ
measurement button
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F

Dilanc,e Flat detection

measurement jSurface
surface

Patient

Figure 6. AR application screen on tablet device. (a) Before displaying scattered radi-
ation, (b) After displaying scattered radiation.

3. Results

3.1 Simulation accuracy verification result

Figure 7 illustrates the measured and simulated results. The relative value at other points is
shown, with the dose value at a point with a height of 0 cm and the distance of 1 m, as 1.
These outcomes indicate that the simulation result in PHITS was within 5% of the actual dose
values.

3.2. Actual use of the AR application

Figure 8 depicts how scattered rays were displayed in real space for each range of dose values.
The spread of scattered radiation increases as the relative dose of scattered radiation decreases.
The user can observe the tablet terminal from any position by moving with it, as shown in
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Figure 7. (a) Difference between measured and simulated dose values, (b) Positional
relationship between points A, B, and C (Based on a height of 0 cm and distance 1 m).

figure 9. Then, scattered rays can be switched ON and displayed for each dose value at the
observation position. The colour on the colour scale of the dose value of the scattered radiation
seen in front of the user can be estimated as the approximate relative dose at the observation
position.

Figure 10 shows comparative images of the behaviour of scattering rays in the supine chest,
seated and frontal pelvic imaging. In the sitting position, the behaviour of scattered radiation
was more diffuse toward the feet than in the supine position. In the pelvic examination, the
scattered-ray behaviour in the same dose value was larger than that in the chest examination.
Different imaging conditions resulted in different behaviour of the scattering rays.
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Figure 8. Scattered radiation displayed for each dose range. (a) 100-
1000[Sv/0.2 mGy], (b) 10-100[uSv/0.2 mGy], (c) 1-10[uSv/0.2 mGy], (d)
0.5-1[1Sv/0.2 mGy], (e) 0.1-0.5[1Sv/0.2 mGy].

4. Discussion

4.1 Calculation accuracy of scattered ray distribution

The differences between the simulation and the measured values were all within 5%. The
difference may have been caused by the accuracy of the position of the dosimeter in the actual
measurement, which may even affect the accuracy of the simulation. The dosimeter used this
time has energy dependence, dose dependence, and direction dependence [27]. It is considered
that the difference was caused by the orientation of the measurement points in the simulation
and the orientation of the measured dosimeter. Therefore, the PHITS simulation results are
valid.

4.2. How to display the scattered rays

The distribution of scattered rays can be switched ON and displayed. The scattered ray values
are displayed as discrete values for each range specified at the time of creating the applica-
tion. For a more detailed estimation of relative dose, continuous display of relative dose values
of scattered radiation is required. However, the closer the continuous display, the larger the
amount of data and the heavier the operation. Another issue is the need to use external equip-
ment.

The difference in the behaviour of the scattered rays between supine and sitting positions
was thought to be due to the difference in imaging positions. The larger scatter ray behaviour
in pelvic imaging is thought to be due to the higher mAs value in pelvic imaging than in chest
imaging.
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Figure 9. Observation of the patient from multiple directions. Displayed dose value is
10-100 [uSv/0.2 mGy ]. (a) Foot side, (b) Head side, (c)/(d) Side.

4.3. Usefulness and issues of scattered ray visualisation AR application

In the visualisation of scattered radiation using VR [11], the spread of scattered radiation was
different from the actual size because of variation in the display size. Projecting the distribution
of scattered radiation in the real space using AR enables a stereoscopic observation with a
size close to the real object, thus enhancing the reality of the scattered behaviour. Therefore,
the user can easily understand the spread of scattered radiation. When the AR application
of this research is used for medical professionals and students who have few opportunities
for radiation protection education, the visible spread of scattered radiation may give a false
recognition and fear [3]. The AR applications need to consider the methods used in radiation
protection education. For example, a lecture for students on the threshold of deterministic
influence can be considered.

Dedicated equipment and software were required to display the behaviour of scattered radi-
ation in VR [11]. However, displaying the developed AR application does not require any spe-
cial device. Scattered radiation can be observed only on tablet devices. Therefore, AR applica-
tions can be used for radiation protection education in more facilities compared to VR applic-
ations. When using VR to display radiation, the use of an operation manual is required [11].
However, you can display scattered radiation using the developed AR application by moving to
the observation position and pointing the tablet terminal in the direction you want to observe,
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() (H

Figure 10. AR display of scattered radiation behaviour under different shooting condi-
tions. Displayed dose value is 1-10[Sv/0.2 mGy ]. Foot side (a) chest supine (b) chest
sitting (c) front of the pelvis Side, (d) chest supine (e) chest sitting (f) front of the pelvis.

and tapping on the screen. The distribution of scattered radiation can be observed and learned
with intuitive and simple operations. Therefore, the use of AR may improve the learning effect
in radiation protection education. The teaching material needs to be modified for using AR in
radiation protection education. For example, the development of a method of evaluating the
degree of comprehension of the behaviour of scattered radiation when using an AR application
can be considered.

At the position of the observer in the real world, the rough exposure dose can be estim-
ated from the colour of the scattered rays in front of the eyes and the colour scale. Therefore,
the position where the exposure dose is low, and the appropriate assistance position can be
grasped in a form close to the actual inspection. Teaching materials using AR have the poten-
tial to provide realistic radiation protection education. However, the CG of the portable x-ray
equipment and the like that is displayed is simple. AR needs to be used in an actual inspection
room to provide additional reality.

5. Conclusions

An AR application has been developed, by using AR to visualise the behaviour of scattered
radiation during mobile imaging in the real space for use in radiation protection education with
a sense of existence that allows observation from any position and angle. The AR application
made it possible to grasp the appropriate care position in the clinic and roughly estimate the
exposure dose at the care position. In addition, AR application needs to be examined how to
make it user friendly for applications in radiation protection education.
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(International

Enhanced Topic Session (ETS)

ETS3. Eye Lens Exposure

-Findings from the 2019 IRPA survey on
the implementation of the eye dose limit
Marie Claire Cantone (Univ.of Milan,
Ttaly)
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Freo AT LR R LR RSN TVN D,
-Lens of the Eye Dosimetry and Beta
Radiation Protection Factors

Donald Cool (EPRI, USA)

The Electric
Institiute (EPRI)%, ARODHFEHEEIH N
57 7 N AORHERA AR EE X KT
=i N— 2T,
-Assessment of the Occupational Doses
to the Eye
Radiology

Power Research

Lens 1in Interventional

Ana Morcillo (La Paz Univ. Hospital,
Spain)
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B N kerma area product & O BAfRNFH~
b7, 18 » AMIZ 3 4 DERIN 3 DD H
1% 2 A T ORERE T T ADHIMT OSL,
HERR S — /L K> BIZ OSL, $p— 7" 1 > Dl
I BB ERE) CHIE Lz, AT RN
FAUTESZ 20mSv/ A2 2D Z L v
>7,

of Regulators
Worldwide for
ICRP” s

Equivalent Dose Limit for the Lens of

-Practical Experiences
and Stakeholders
Implementing the Recommended
the Eye for Occupational Exposure
Christina Dodkin (CNSC, Canada)
OECD/NEA @ Committee on Radiological
Protection and Public Health (CRPPH) .
IROAKGIRDIRERE TS 2 =% X /3—
k7' )L —=7" (Expert Group on the Dose
Limit for the Lens of the Eye: EGDLE)
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-Development of Guidelines on Radiation
Protection for the Lens of the Eye in
Japan
Sumi  Yokoyama (Fujita Health Uniyv,
Japan)
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KERAICEHI S 472,

Measurement of Radiation Dose: Patient

Dosimetry

-Assessment of Radiation Dose to Eye
Lens during Rapid Arc Treatment of Head
and Neck Cancer Patients

Gourav Kumar Jain (SMS Medical College
and Hospital, India)
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Refresher Course: For Beginners

-Radiological Protection of the Lens of
the Eye

Marie—Claire Cantone (University of
Milan, Italy)
Topic Session Program: Oral
Presentation

Topic 2. Dosimetry and Measurement
Measurement of Radiation Dose: External

Dosimetry/Retrospective Dosimetry

-Experimental Evaluation of Scattered
X-ray Spectra due to X-ray Therapeutic
and Diagnosis Equipment for Eye Lens
Dosimetry of Medical Staff
Munehiko Kowatari (JAEA, Japan)
EIRUEFH D32 T D HEL X FRO =R
— AT RVH RANDO 7 7 R A ERT T
77 v b, CdZnTe -EfAM 22 T

Topic Session Program: Poster

Presentation

Topic 2. Dosimetry and Measurement

-A Workplace Trial of Eye Lens Dosimetry
at the Atomic Weapons Establishment, UK
Matt Stuart— White AWE Plec, United
Kingdom

Atomic Weapons Establishment T, 3D
OffiEE (A, B-#iE, C-HaER) @ 32 412
L. RO KB IR DB ERE T O, 2
TDO AN Significant dose (1 mSv) L V1K
<. BT ANOFIAEIE A & B Esk ClxZi
THL 38%& 2T%, FHIEERLEDS 0.90mSy &
0. 70mSv T o7z, TR D ARDKE A
DFREDIIT A T2.4,B1X3.0 ThHoT,
C TIHMEDH = NI\ 2o Tz,
-A Comprehensive Analysis of Eye Lens
Radiation Doses During External Beam
Radiotherapy of Head and Neck Cancer
Patients
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-Dose Reassessment in TL Dosimetry by
Using the Phototransferred
Thermoluminescence (PTTL) Phenomenon to
the High Sensitive LiF: Mg
Anna Sas— Bieniarz Cu, P Detectors used
and Eye Dosemeters
Institute of Nuclear Physics PAN, Poland
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-Estimation

in Environmental

of Eye Lens Dose In
Scattered Radiation Fields
Maru Yamamoto Fujita Health University,
Japan
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-Estimating Real-Time Measurement Doses
for Eyes in Interventionist Procedures
HUGO REUTERS SCHELIN PELE  PEQUENO
PRINCIPE RESEACH INSTITUTE, Brazil
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Topic 4. Practical Implementation:

Medical Sector

-Estimation of the Eye Lens Dose in
Interventional Radiology
Marcel Greuter University of Groningen,
University Medical Center, Netherlands
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Enhanced Topic Session

-Lens of the Eye Dosimetry and Beta
Radiation Protection Factors

Donald A. Cool,
Phung K. Tran

Lawrence T. Dauer, and

The Electric Power Research Institute
(EPRI) DOHFFET, IROKEEARDHBEERNIEIZ
BUIDL7 72 FAIZONT, IERME, X -
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-Findings from the 2019 IRPA Survey on
the Implementation of the Eye Dose Limit
Marie Claire Cantone, Merce Ginjaume,

Colin Martin, Nobuyuki Hamada, Sumi

Yokoyama, Jean—Marc Bordy, Lawrence
Cameron Jeffries,
Olga Kashirina, Arthur

Michelin,

Dauer, Ariel Duran,
Willie Harris,

Omandi  Koteng, Severino
Waraporn Sudchai (F548)
- Practical Experiences

and Stakeholders Worldwide for

of Regulators

ICRP’ s Recommended

Equivalent Dose Limit for the Lens of

Implementing the

the Eye for Occupational Exposure
C. Dodkin, M.C. Cantone, and J. Garnier-—
Laplace (f548)

-Assessment of the Occupational Doses

to the Eye Lens 1in Interventional
Radiology

A. Morcillo, L. Alejo, C. Huerga, J.
Bayon, E. Corredoira, J. Novo, T.
Hernandez, D. Ponce, G. Garzoén, and E.

Guibelalde (¥548)
-Practical Implications of the Revised
Dose Limit to the Lens of the Eye at
Swedish Nuclear Power Plants
Virva Nilsson

The Swedish Radiation Safety
Authority (SSM) X, 2013 HEIZA Y = —F
DA s Zxt L, IROKEEIRDOG & T
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Oral Session T2

-Experimental Evaluation of Scattered
X-ray Spectra due to X-ray Therapeutic
and Diagnosis Equipment for Eye Lens
Dosimetry of Medical Staff

Keisuke Nagamoto,
Koich Nakagami, Yoshihiko
Takashi Moritake and Naoki Kunugita (&
t2))

Munehiko Kowatari,

Tanimura,

— 140 —



-Assessment of radiation dose to eye
lens during Rapid Arc treatment of Head
and Neck cancer patients

Gourav Kumar Jain, Arun Chougule, Rajni
(F#8)

-A workplace trial of eye lens dosimetry
at the Atomic Weapons Establishment, UK
Matt Stuart-White, Amit Desai (F48)

Verma

Poster Session T2

‘A comprehensive analysis of eye lens
radiation doses during external beam
radiotherapy of Head and Neck cancer
patients

Arun Chougule, Gourav Kumar Jain,

Rajni Verma (F48)

-Direct monitoring of HP(3) neutron
exposure of workers’ eye lenses in NPPs
Marko Fiilép, Dusan Solivajs, Pavol Ragan,
Denisa Nikodémova,
Faculty of Public

Slovak Medical

Andrea Sagatova,
Pubica Foltinova
Health,
Slovakia
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BT FER OUEREE OB T 72D D
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-Dose reassessment in TL dosimetry by

University,

using the phototransferred
thermoluminescence (PTTL) phenomenon to
the high Mg, Cu, P

detectors used in environmental and eye

sensitive LiF:

dosemeters
Anna Sas-Bieniarz*, Izabela Milcewicz—
Mika,

Pyszka

Maciej  Budzanowski, Ewelina
(F-48)
-Calculation of equivalent dose to the
lens of the eye for patients during head
IVR procedures by using detailed eye
model
Masaharu Yamagashira,
Yoshihiro Ida, Satoshi
Inoue, Shinji Arakawa and Hiromune Ito
BHHR IVR (Z361F 2 3 DR DO KARIKE DS
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fili U7z S, PN Eh RS 2842 0t 2 A8 E L |
8x8 A »F (PA J5If)) & 10x10 - >F (LR
Jira) OMREEF. MIRD 7 7 >k AORIER
b 65em DRRPR, EFEEIT 93kV(PA) &
92kV (LR) , X BT —r B — LB TH 5, LR
T3 R O FAMAR =R TPA MO L F 17
T A HOFMBEITLER DB ELZ1/4T
B o7, PA TR TCIE, X BRITIR 25T 5
T2 OIRIT %, LR 5T X R IRI
A D FTREMED E
Status of

Ryuta Hayashi,

Sumi Yokoyama,

Current Regulatory
Requirements and Technical Standards on
Radiation Dose Limits for the Lens of
the Eye
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