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Study on non-uniformity correction of the Gafchromic film and three-dimensional
measurement of CT
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The correction method of an uncertainty at low-dose range and non-uniformity
error have been developed for three-dimensional X-ray CT dosimetry using a film-type dosimeter. The
density equivalent to the beginning of the linear portion of the density-dose curve was used as the
base density, and the uncertainty line portion of 2 to 10 mGy was corrected. In addition, double

exposure method using ultraviolet rays for correcting non-uniformity error. In this film type
dosimeter, the density increases in the white LED. Based on the principle of white LEDs, it was
divided into yellow and blue, and it was clarified that the influence of blue light with a
wavelength of 410 nm, which is almost the wavelength of ultraviolet light, is strong. In addition,
for the creation of the three-dimensional dose distribution map, the two-dimensional plane dose
distribution was rotated to create an image of the cross section of the virtual three-dimensional
dose distribution.

CT



M X C—19. F—19—1, Z—19 (J=a®

(1) 3

ZEBHAA Y H) DT 5
TR, TANMBEFTHATVF 7 uI v 7 7 4 VAT X BE2WEEo = 2L XE—I1C

BWTbHMEHShD Lo iZhhote. BRICAFZEIGLTWD Computedtomography(CT)@f?%d‘
HHY— bt =BT 7 F 2O T LT 7 0 b 2@ % W2 ZIRe# & IEICE
WCoVA I aI v 74 VA EIGHT A EZED TE 2. £z, X MROWELETH 5 F(T

TARAF—OFHIIZEE T LA bIT-> TE /2. Lol

FTF Iy I T ANV LDRIGBIEDAE) 2L D X
R K D IREEAL &AL — DRSO @ W B A THE L
TWAHTZ, kR CT O ZRITHBNG & D RE5 A0 D1

é WUWW b
RS T 2 AR R L : @Q&W”“:
W\ A f

Q) X 1 3R ERIRN Lo A eIy s 7o vs0 | e
Ta7yAVERT. Ba Db c TR IEZR L, (B
d 2256 fITEAMVRIBEHES V EHERm ELTWA. Zh

“"'wt "‘W\d

& 1. %%ﬁ%%ﬁE®ﬁ
ELZ 2 AR

X040 v 74N ADORECENTIHET L EZRD. ZORY —OMEEfiERL, CT

D

©

(3) AWFFETIL, 385 nm DEEIMFEIE D LED % W TER L
T SENHRRRET 2R B CRERET L7 R 7 4 /L & % CT @ =R ocEH
WICHWD. X 2 1IZRTHEIZ R 7 ¢ /LA (Gafchromic film EBT3)

SEWTTREFHNZIT, DAREERT S 2 L2k, 2
NFE THBREOALIE LTV 2 b O S IRFE ORI
DR TE D L9122, 772 b ANO® H D DENLO#R
BEHRETE L. FixDRRD AX v v HEICLAIETE,
MEFHCIIEHIC & AWl Ic DD T HEHIITE 5

00 756 100 150 200 250 300 350 400

Time (min)
2. Gafchromic EBT3 ® UV
e®

W L CEAMEADRRBIRILSISELTEY, 365nm OEIEEZFILE E LR L, CT X
XX VO T =2 NEESTHIEICI VKIS DD WT =2 NG5 506.
<SSR >

@

@

Rumi Gotanda, Toshizo Katsuda, et al: Computed tomography phantom for radiochromic film
dosimetry: Australas. Phys. Eng. Sci. Med., 30, 3, 194-199 (2007).

e = AR BREFHTER Y Z ofEFHTEICH S 7 7 v b AT X
M 2EE: A5 H: 2010/05/06, 2G5 WO2008-087952 -,

Gotanda T, Katsuda T, et al: Evaluation of effective energy using radiochromic film and a step-shaped
aluminum filter: Australas Phys Eng Sci Med. 34, 2, 213-222 (2011).

T Katsuda, R Gotanda, et al: Reducing Non-uniformity Error of Radiochromic Film in The Diagnostic
Range by Ultraviolet Exposure: Preliminary Study. IFMBE Proceedings, 25, 227-230 (2009).
Toshizo Katsuda, Rumi Gotanda, Tatsuhiro Gotanda, et al. Comparing three UV wavelengths for pre-
exposing Gafchromic EBT2 and EBT3 films. JOURNAL OF APPLIED CLINICAL MEDICAL
PHYSICS, VOL 16, NUM 6, 449-457 (2016).

2. WFZem Ay
(1) AN 25 BT L 2 SRR IR ST B3~ D iR 5T



R 7 AV ADPRE LR ERINROWIN B 2 5 2 720 )% SR Mg it e DAL~ & BRI
T5. WIS, TVFI7 By T 4N DTHT DR A QRIS OMRE  (FfH) 2R
ETD.

(2) CT O =R AERL T 7 7T b & RSy A O VER

Wl L1277 mI v 7 7 4 VA CTEBIZTAF ¥ V&7, ZOT —20 0 ZIRLT
— 2 DAX v L BELSR OB AL T 5. £/, Thbo0TF—2 2 v, ZRITOH
O EAERT 5.

3. WDk
(1) SESMR IR R 5T X 2 S5 IR I B 3 2 5T

ERIMRIC K DIREEA L DR % SRAM R Light emitted diode
(LED) (IX] 3: 3% K 353,360, 365,370, 375, 380,390, 400 [nm])
& Gafchromic EBT3 (X 4) # AW THiFL7z. LED 77
O EITEE, BEEHZEITEIELT-.  Gafchromic EBT3 %1%
i U7z SR AN & BRI L 72

WIZ2FFDT VA a7 7 4 )V BEEIREET 7
VLT L, 1,2,3,4,5,10,15,20,25, 3X0030 45,
375 nm DOEAMEEZ RS L, R EREOBFREZ S LT

(K5). ZVF 7 a3 v 7 4 )V ATk DRSS D
A IEHET, 20T OT — 2 T 0 OIEDEAREIC 22 5 720
Tl BXOES LET X ORKEICHT S 1102
ARNT T EOHERESTDHZ &L LT,

CT DOREESAIENTIZH D Gafchromic XR-QA2 1%, 4.
B)—x 7 — %I T 2 K 512, 385 nm DS LED &
FAEESMBRIEFRE 12,800 pW/em? T 10 4y [EIFRES L 7=,

WIT, ZIRIH OSBRI 21T o 72, [ H ORI
I X BOMRDY L 72 5 ARWS & 2o 7. Bk L7 #
IXHEGALEL Y 7 FTH D Image] ZAV, T H ORI
PRS2 G D — B OSEAMNRR EiR 2 20T 52 &
(2 X Y, Gafchromic XR-QA2 K% L T, AT7CHEHIK
ToOFMmEITo 7.

3. A LED T

Scan position sheet

Nipi%iE & EBT3

&

(2) CT O =WRILESAVERR T 1 7T & LA OE
04

“WotRESMRER T 7 7T MMERA O T— 2 &
LC, LED SR A /1, Gafchromic XR-QA2 12 5. Gafchromic EBT2 @ PR
xfL—EH O Z 10 2WTo 72, FIRB 21T | 7 o g 51
- 72 Gafchromic XR-QA2 (ZxF LK 6 (Zx9 & 9 7214
77 v b A LRITTEEZR, CT O ZRITRED MK 2RO OT =2 ZNE L. %
BROBST & o7 — & D HARARIY 72 =R oeH B F AN AT S BRER 2 IRIC AT, CT A¥x v
13360 JERHET 2 Z La2H LT 5. FaxOEEER oI EAER T 7 & b ALZ Gafchromic XR-




QA2 Z kA iAZ, CT TR L7z 2T — 4 2T 5.

Gmmmka@u%;w77y%A@ﬁﬁﬁCTwﬁﬁﬁmKE%f%ﬂﬁ,?~5%%o
EOT—2EEK L, AT HIEICLY =T —F 2157 (K 7).

VU INVAR Y U TIE CT DAFR v E L0 A< R E L7-#iPH T Gafchromic XR-QA2 7 ¢ /b
LOFFTREMELIHOT — & & 2% ¥ VEMLE X OELBRERAL o Ml X OV #7116 o0 i {4 & A
VY, BRERSIATIX A BT L7z

AX ¥ NTHWET 7 b AERK 8 ITAR LT, ARIZNER 10 cm O/NEEEERH TH RN E
16cm T, ABHIHH TH 5. :n6®%’%§775>61}i*94/ﬁ<fn% 2 &ERC L, 77/1\-&0)1%
W |2 331 F 2 MR B3 AT G & AR Be Bl 7 —miff & U CHERL L 72, 7 — Z A3 X MatLab %
AWTY 7 b7 2B L TiTo72. CT @ X MIBHEMI AT v VIER 2 cm, &HEE 140
kV, BB 300mA THY, BLOAF ¥ URIX 10em 77> FATLEER L B, 16cm 7 7
YIEATIHEEE2 B TH-T

P = )
T4IVL A

16 cm

6. CTIZEIT A MR x Infants Adults
77 v b LOERFEDO ¢ 7. =WRICHE DR B 8. M7 72 b A
4. WFZERCR

(1) SRAMBRIRS AR BT & D SRAMRIR S IZ B3 2 WP 52

YRAMRIZ K D Gafchromic EBT3 IR EEZ L DB A fiat LT- G, X C o5 2 F oS54+
A L CHZORBIIER CE 2HATH 720 (M9). X 10 D b ITEEAE 4 S L
L&D 7T T7TEORED 110E% d IR LTz, £, SRAEETH D 2 06, 45500 LD
PR CRIBEZR N Z AV L7z, —7, Gafchromic XR-SP2 (2%} 2 S840k D 4= FREFIRFRET 1 10 43
Th-7@ (X 10).

200

T T T T T T
= | —e— 1353

150 —a— 360

Aduanbauy

100 F

UV Strength
(/em?)

0 10 20 30 40 50 | —A—A00
Time (min)

Pixel Value (Relative Value)

X 9. SRR &l & X 10. $RAMRIEH R (EBT2)




(2) CT O =RICMENMIER 7 7 77 L LR K D VERL
CT IZTA¥ v > L, AWFFRIZTHEMNT L 72 Gafchromic XR-
QA2 X 11 IT/R L7z, ZRIDNERE 10 em O/NREEFHIT
FHRDER 16 em T, AFHHTHL. ZhbDT7—%
DO =TT — # BB LT, A% v VAR L O
BLARERAL 0> Ko 7 [7] D FR B3 AR 1 X EAS 10 em, 16 cm 1230
THHLEOBEN DR, REITIEEEL 22720
(B 12). F7z, BEWROFEMTIEAR F X LT O
BOMIEAF v VML E B2 0, R E L R, AF
X LEPOEENDIZEMEN —E Lo (K 13). E
ORI TIL, A % B0 b LI £ TR G
TE72. A% ¥ ETIET 7 b AOHLEOREIMERNDS, BOELFRFEE TSI 7 7 > P AD
PR ERE L ol (K 14).

b ORI T — & & AVMEAR = ROt OB O A AR LTs. BUU 7 — iR T
bDHN, ZORBITAMICERBLITE@ (14 15).

Infants Adults

¥ 11. CT A%y 1%

s . 16 cm N 10cm 84 " _leem ,E_wf
* - T o s,
Eo B2
Distance (mm) Distance (mm) Distance (mm) Distance (mm)
B 12. A% v OB R (FLih) X 13. BRELBRIES O E AT (Edih)
A3
g l0em M g 16em A
2 Al s LAl
(] | T f 3 1 2
= /W & NN
P - \:ji‘,“‘:h..__, ;‘v:-::’:/‘ N g 2 \/ ! \
Distance (mm) Distance (mm) (i \ /ffe\
14. Xag.;( y%i@ﬁ&él_ﬁ&%ﬁ@%ﬁ(%%}ﬁ No X-ray area Scatter area Boundaryarea  Exposure area
() 15, ~ YT B (AR = TR
<BE IR >

@D Toshizo Katsuda, Rumi Gotanda, Tatsuhiro Gotanda, Takuya Akagawa, Nobuyoshi Tanki, Tadao

Kuwano, Atsushi Noguchi, Kouichi Yabunaka. Intensities of Incident and Transmitted Ultraviolet-
A Rays through Gafchromic Films. JMP. 42(2) pp. 86-89, 2017.
@ Toshizo Katsuda, Rumi Gotanda, Tatsuhiro Gotanda, Takuya Akagawa, Nobuyoshi Tanki, Tadao

Kuwano, Atsushi Noguchi, Kouichi Yabunaka. Ultraviolet ray irradiation duration for the pre-
exposure of Gafchromic EBT2. PJIMPE. 24(4) pp. 189-193, 2018.
@ Noguchi, A; Katsuda, T; Tanki, N; et al. CT dose distribution of 10 cm (infants) and 16 cm (adult) by

a head CT phantom. Physica Medica. 52 (Supplement 1), p. 131, 2018.
@ Toshizo Katsuda, Rumi Gotanda, Tatsuhiro Gotanda, Takuya Akagawa, Nobuyoshi Tanki, Atsushi
Noguchi; et al. Three-dimensional dose measurement methods for computed tomography. 50th Annual

Meeting of the German Society of Medical Physics (DGMP), September 18 - 21, 2019, Stuttgart.


https://www.sciencedirect.com/science/journal/11201797
https://www.sciencedirect.com/science/journal/11201797

11 10 0 3

Toshizo Katsuda, Rumi Gotanda, Tatsuhiro Gotanda, Takuya Akagawa, Nobuyoshi Tanki, Tadao 24

Kuwano, Atsushi Noguchi, Kouichi Yabunaka

Determining optimum wavelength of ultraviolet rays to pre-exposure of non-uniformity error 2018

correction in Gafchromic EBT2 films.

Polish Journal of Medical Physics and Engineering 11-14
DOl

10.2478/pjmpe-2018-0002

Toshizo Katsuda, Rumi Gotanda, Tatsuhiro Gotanda, Takuya Akagawa, Nobuyoshi Tanki, Tadao 24

Kuwano, Atsushi Noguchi, Kouichi Yabunaka

Ultraviolet ray irradiation duration for the pre-exposure of Gafchromic EBT2. 2018

Polish Journal of Medical Physics and Engineering 189-193
DOl

10.2478/pjmpe-2018-0026

Hidetoshi Yatake, Yuka Sawai, Takahiro Kozuka, Yoshihiro Takeda, Mariko Kajihara, Toshizo 68

Katsuda, Rumi Gotanda, Tatsuhiro Gotanda, Shuji Abe, Makoto Shimada, Nobuyoshi Tanki, Toshio

Nishi, Hideo Inaji

Size and Shape of Spherical Objects on Full-Field Digital Mammography and Digital Breast 2018

Tomosynthesis Images.

IFMBE Proc. 45-48
DOl

Yasuyuki Kawaji, Tatsuhiro Gotanda, Tetsunori Shimono, Nobuyoshi Tanki, Toshizo Katsuda, Rumi 68

Gotanda, Tadao Kuwano, Takuya Akagawa

Influence of Image Resolution Property on Aliasing Error of Digital Wiener Spectrum. 2018

IFMBE Proc. 147-150

DOl




Akihiko Tabuchi, Shinichi Arao, Toshizo Katsuda, Atsushi Ono, Tatsuhiro Gotanda, Rumi Gotanda 68

Optimal Variable Refocus Flip Angle Control Method and Echo Train Length for Suppressing 2018

Exposure to Radio Frequency

IFMBE Proc. 21-25
DOl

Rumi Gotanda, Toshizo Katsuda, Tatsuhiro Gotanda, Nobuyoshi Tanki, Hidetoshi Yatake, Yasuyuki 68

Kawaji, Tadao Kuwano, Takuya Akagawa, Akihiko Tabuchi, Atsushi Ono, Shinichi Arao

Temporal characterization of the flat-bed scanner influencing dosimetry using radiochromic 2018

film.

IFMBE Proc. 537-539
DOl

Tatsuhiro Gotanda, Toshizo Katsuda, Rumi Gotanda, Takuya Akagawa, Tadao Kuwano, Nobuyoshi 68

Tanki, Hidetoshi Yatake, Yasuyuki Kawaji, Takashi Amano, Shinichi Arao, Atsushi Ono, Akihiko

Tabuchi

Evaluation of effective energy distribution of 320-multidetector CT using GAFCHROMIC EBT3. 2018

IFMBE Proc. 525-528
DOl

Toshizo Katsuda, Rumi Gotanda, Tatsuhiro Gotanda, Takuya Akagawa, Nobuyoshi Tanki, Tadao 42

Kuwano, Atsushi Noguchi, Kouichi Yabunaka

Intensities of Incident and Transmitted Ultraviolet-A Rays through Gafchromic Films 2017

Journal of Medical Physics 86-89

DOl
10.4103/jmp.JIMP_136_16




T Katsuda, R Gotanda, T Gotanda, T Akagawa, N Tanki, A Noguchi, T Kuwano, K Yabunaka 65

Ultraviolet Ray Strength for Pre-irradiation in Gafchromic EBT2 2017

IFMBE Proceedings 386-389
DOI

10.1007/978-981-10-5122-7_97

Nobuyoshi Tanki, Toshizo Katsuda, Atsushi Noguchi Shinya Imai, Tatsuhiro Gotanda, Rumi Gotanda, 52

Yasuyuki Kawaji, Hidetoshi Yatake, Hideki Fujita, Tadao Kuwano, Takuya Akagawa, Yoshihiro

Takeda.

The influence of phantom diameter on X-ray CT dose evaluation using radiochromic film 2018

Physica Medica 104-104
DOI

Noguchi A, Katsuda T, Tanki N, Imai S 52

CT dose distribution of 10 cm (infants) and 16 cm (adult) by a head CT phantom 2018

Physica Medica. 131-131

DOl

14 0 14

Katsuda, T; Gotanda, R; Gotanda, T; et al.

Comparison of UV-A sensitivity exposed from front side and back side in Gafchromic XR-RV3: preliminary study.

World Congress on Medical Physics and biomedical Engineering,

2018




Tanki, N; Katsuda, T; Gotanda, R; et al.

Efficiently X-ray CT dosimetry procedure using radiochromic film and film-folding type phantom.Efficiently X-ray CT
dosimetry procedure using radiochromic film and film-folding type phantom.

World Congress on Medical Physics and biomedical Engineering

2018

Gotanda, R; Katsuda, T; Gotanda, T; et al.

Temporal characterization of the flat-bed scanner influencing dosimetry using radiochromic film.

World Congress on Medical Physics and biomedical Engineering

2018

Gotanda, T; Katsuda, T; Gotanda, R; et al.

Evaluation of effective energy distribution of 320-multidetector CT using GAFCHROMIC EBT3

World Congress on Medical Physics and biomedical Engineering

2018

Noguchi, A; Katsuda, T; Tanki, N; et al.

CT dose distribution of 10 cm (infants) and 16 cm (adult) by a head CT phantom.

2nd European Congress of Medical Physics,

2018




Tanki, N; Katsuda, T; Noguchi, A; et al.

The influence of phantom diameter on X-ray CT dose evaluation using radiochromic film.

2nd European Congress of Medical Physics,

2018

Osako, K; Tanki, N; Noguchi, A; Katsuda, T.

The investigation of evaluation method for 3D model quality

European Congress of Radiology 2019

2019

Tanki, N; Yatake, H; Gotanda, T; Kobayashi, F; Gotanda, R; Kawaji, Y; Noguchi, A; Katsuda, T; Takeda, Y

The verification of X-ray mammography dosimetry using radiochromic film.

European Congress of Radiology 2019

2019

T Katsuda, R Gotanda, T Gotanda, A Sasaki, T Akagawa, N Tanki, A Noguchi, T Kuwano, K Yabunaka

Development of ultraviolet ray irradiation device for Gafchromic XR-SP2 films

BMTMedPhys2017

2017




T Katsuda, R Gotanda, T Gotanda, T Akagawa, N Tanki, A Noguchi, T Kuwano, K Yabunaka

Ultraviolet Ray Strength for Pre-irradiation in Gafchromic EBT2

EMBEC+NBC2017

2017

Nobuyoshi Tanki, Toshizo Katsuda, Tadao Kuwano, Rumi Gotanda, Tatsuhiro Gotanda, Tomoya Oue, Yuuna Sugihara, Shinya Imai,
Takuya Akagawa, Yasuyuki Kawaji,

Evaluation of novel film-folding type phantom for X-ray CT dosimetry

8th JKMP2017

2017

Toshizo Katsuda, Atsushi Noguchi, Nobuyoshi Tanki, Hiroki Higashiyama, Tomohiro Konishi, Kousuke Oheda, Kazuya Kurahashi,
Aayumi Hirashima, Shinya Imai

Pre-irradiation duration of Gafchromic XR-QA2 for correction of non-uniform error

ECR2018

2018

Nobuyoshi Tanki, Toshizo Katsuda, Atsushi Noguchi, Shinya Imai, Yuuna Sugihara, Tadao Kuwano, Rumi Gotanda, Tatsuhiro
Gotanda, Yoshihiro Takeda

X-ray CT dosimetry using radiochormic film and film-folding phantom: preliminary outcome

ECR2018

2018




Toshizo Katsuda, Rumi Gotanda, Tatsuhiro Gotanda, Takuya Akagawa, Nobuyoshi Tanki, Atsushi Noguchi

Three-dimensional dose measurement methods for computed tomography

German Society of Medical Physics

2019

2018

335

(Noguchi Atsushi)

(10716202) (34450)

(Tanki Nobuyoshi)

(60441573) (34450)




