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In this paper, we introduce our optical computed tomogra-
phy (optical CT) system for evaluating the radiation dose
of polymer gel dosimeter (PGD) and its image formation
principle. The optical CT images with installed water tank
with matching liquid by changing the refractive index (RI)
to 1.33, 1.37, and 1.41 for keeping constant to the optical
path length were obtained and measured these full-width
at half maximum (FWHM) from the images and compared
with magnetic resonance imaging (MRI) and film. The
FWHM measured from optical CT images tended to be
larger than the FWHM measured from MRI and film. The
FWHM tended to be significant when the RI was large.
When the RI is large, the FWHM of optical CT differed
significantly from MRI and film. The RI of the matching
liquid in the optical CT is more suitable to be close to the
PGD as 1.33 or 1.37 than 1.41. Further investigation of
optical CT images for artifacts caused by refraction and
scattering and improvement of the effect on the evaluation
of absorbed dose-response is necessary for precise mea-
surements.
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HREHHIC D WT, AMED X £ 20510 6 it
Mz BsT2 2 Lick D, BENTH 2 S I U
frEz b 3, ENAEOBEIRIC L > T A -
ZZ TP T LIEFEHAEN OB R Z NS 72 & THI
EHZ RS 2 2 ESAIRERIGIEETH 21, &
5 BE O BRIG RIS K 2 1R S 18 3 O BRI a T 2
EIZLOavEa—g—filfficds70, HEEIEH
PHEMEEDSBIEATRTH 5. FENICKREIEP I
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Tw3Y,

PGD % > 72 3 RIutE Rl c v T, 20 4
A2 & BRGS0 (magnetic resonance, MR) 12 X % 1
FEALEIE Ry(= 1/T2) MIEDES (S NTWw 557,
HIE RS R & A OB DR DB ED 7 & Ry Ml
EVEEBIETD PGD FEliik & LTI ST w 3,
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BF K2 Rt 2 AR CTH B, Lo LA
5, BREOMEICIEREZET I EHP AT AE
BREDHEEICRAND 206, il 3 XU
T ERRARA L ZAETICEE> TR,
MR PAHZIE X % computed tomography (CT) 310 %
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A D SV 541, MR T3 MR spectroscopy '? %

magnetization transfer ratio'® 7% E DML S LT E 7243,
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Bl2iE, 7= b Y 7 22 X 2 EGELICERF T 3 AT
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DWTIE, EED a7 Mz ERICE T, K
EAR 2 WA iE L, 2 DI PGD RfR R
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ARETUX, BEEIESC &b 7% 9 PGD DX CT I
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BRICHEIRED —E L 72 % X 5 PGD FAICEE L 727K
MNOBK (vyFr7UF%y F) ORITRICED %
I LI DV TIRR 3,
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21 XFERFEDRE
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L35, oW, WIREBUIIEREED B u(x, y) TH A
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FeE DA 0 T AR T 208 (ray) @G
Wbl NRER DD, 14602 RIURE D YERtI
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f u(x,y)ds = —log
ray
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Io(x,0)

“)

TER L 7R (optical density, OD) THRI 115,
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2w F 70 xy FOREITHE (refractive index, RT) D
E\N20 BEENE T LM% &N AR DR %
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ZokHicL e KEitaE (MiEAEe 2
DR oA ) T LEERL, 7 FYOE
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BIOLBI:, Wk e 8 S T R HENH B
B3, ANl e LTHAERDE ML TS 7 4 L1
1B 5275 (filtered back-projection, FBP) %#/Rd. Z
DITETIE, ERES I B CRIEAE 0 2 L D
p(X,0) 127 4 VY g(X) 2 EERS LI
WTHEST % 2 & T2RILHM f(x,y) ZRDT V2,

f,y) = fo p(X, 0)g(X)do (6)

772U, O 2 TIEEHHIER S o EE A3 A i AR R T
HHIEREZEEL, LD (xy) EEIZHLTX =
cosf+ysing £ 5, ZDXHITL TS NWilE
B f(x,y) % WlRE () JanciiA BT 3 Xoak
UGRE (F 72 I3 MRER ) 94 u(x,y,2) 2135,
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Fig. 1(a) 1284 D3EBLL 729624 CT > A 7 L DM
2T, FEFERRS OEIIEIE & LT LED #o6%
v (B 630 nm, HRHIHER : 3.5 x 6 inch?, [N
—1% : £10 %, Metaphase Technologies #1:81) & ff i
TH% CMOS /1 A7 (ZWO L8, ASI120MM) % fic
BL, =YY=t A A —FDORIZT7T LI 7L —24
ZHOTEKBZE L 7 ViER 2 B o BliEE
FOBEEMBETE2 L) ICAERAT—, Frv %
BfiL7., Fxv 712k PGD L CHEETE, K
MCEET 5 2 & K MREE ST RE R BEIE & L 72, O
HEBAERICAT—Yarviie—J2EL, ¥
HHEPEA L C 2% 7u 77 sk il#Ez{T-
7-. PGD FIPICIZ/KMEZRLE L, A¥HKELIERI Z
L ey F 7Y Xy FOARMZT/TZEICK
D, PGD OIFIRIC K 2k EZ/NS KRB X HITL
72. PGD DIZIRDBAER L AL TH 2 5461E, AD
WA TL—HF— RS CEL- JEITLTLEH 2 &
WL D, ARXFHTIE L WEEEI Sk, Z2
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Figure 1. Upper (a): The side view of the opti-

cal CT system is shown. Lower: for example,
polymer gel sample irradiated half region (b)
were scanned by this optical CT, acquired sino-
gram (c) of the sample and reconstructed image
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T PGD HABMICIIMEZHEHL T 2528, MO
M2 X > THHFRDIRITHE U TERSFEGR L v, 2
DFEHIE L W SRR 2K T Z %2\, PGD % Puf
DIKMENICHCE S 2 Z &1k D, AR D G %
WS FE L DR DA E & 7 VR EE %
WL, AAZICHETZETCERKRICES LX)
12 U7z, KIEN ORI IZFEARINIZ X 787K (RT = 1.33)
G TDs, ZKEARPICEIES 7)) v REAL,
RIZ 1.37 B XU 1.41 E 2SS IFRICEIRT 5 2

ECKEFDeyF 7YXy FORIICKZENE
TAEL 7.

CMOS 71 X 712 k> THUS L 7z 360° i@t 7 — %
VHERTERE R 2 H O T EALE T D 2 ROGHEHTER I
IDTHE & 72 %, FIREIIE X X AR CT 127 6 > C FBP
Fa ML 7. FBP OBA I IZMER R 7 4 L
WL ET, HoPLOREL K 3 XLl
W E 7%, A58 TlE Shepp-Rogan 7 1 V% % il
HL7.

Fig. 1(b) | Fig. 1(a) IZ&XIE L 7z PGD ¥~ 7 )L D4t
BERL TS, a) A= —%2HL CEmRsL
72 PGD TH %, —fl& LT Fig. 1(c) B X O Fig. 1(d)
IZ Fig. 1(b) TOEMIBEICE T 294/ V76850
YA 7T LD 6 HIRFHER L 72 Bl 2 2 2 run
T, OFRERKIC X 2 REWTRIE PGD A4 R (2 ORI
SHAEIR & RIS AR & B IRk TR T h 5. DA LD
X9 2 RonEEN T — ¥ H 6 PGD NEB D BEWi {23
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Table 1.

Composition of PAGAT gel dosimeter.

Water
Gelatin

Acrylamide
N,N’-methylene-bis-acrylamide
THPC (tetrakis-hydroxymethyl-phosphonium chloride)

89 wt%
5 wt%
3 wt%
3 wt%
5mM

TR ATRECTdH 2. Fig. 1(d) T3 AMERIRE 12 R
SR 3 & OV HRSRRT AL 3 DXl AT AE 7 A 1 1R 7 A
TETWBILENbN 3,

2.3 PGD E#, X #REEE, X= CT&Mm, ~vFv
7Y £y RD&ET

PGD O#MELE LTk, 77VYNLT I FRXI7F v
572 % PAGAT %[ L 72. PAGAT D#HK % Table 1
/R, PGD {E##%, PET 44 (72 mmg x 88 mm) IZ
BHAL, Y4 NN=—F4 7T XMBEREZITo7 10D
PGD ¥ ¥ 7NV L T4 89— D 6 MV Hi—E —
LEWEE L7, Z20BICa Y X —% —% 12.5 mmé,
10 mm¢, 7.5 mme¢, 5 mme & ZH L TRBEL S 4D
DWESFEIRDSTE 2 X H ICFHH L 7. Fig. 2(a) &,
BEEDLEDED 450K ) A —F —ERICEIT S
HIEE Dz E % PGD EFBICR L TW AR TH 5.
TSR IZ & 100 MU EBEE L 72, 7 X MRS OB
ICPGD 7 7Y b LADHIEICA 7703y 77 4L A
(R-TEC.INC #:#., EBT3) %WCiE L, WHHSZ R
L7 (Fig. 2(b)).

W%, C#2CTYAFLTPGD ZA¥ ¥ v L,
RO E O W R 2 TR L 72, Z DBRICHEA CT I
WELTHIKEDO>y F 7)) Xy Fa (1) 248K
(RI=1.33), (2) 7Vt vK&EK RI=137), 3) 7
Ve ) VRIS (RI=1.41) & Az CTREWIER % 1
=7,

I I CT LK D72 ®, 1.5 Tesla MRI 2% i
(Philips #1:%4, Ingenia) TA ¥ + > L, MR 575 R,
W2 B L 72, Ry RIS D 72 0 O Bff St o 1|
BAEIEIE S E R E R I N/ \0222D Fe, 77
I Iy I 7 4NLIEARAF Y F =Tz, e
CT, MRI (Ry), 7 4 VA D& |- CHRSHIEICA&D
T7u7 7 A NEG &, WHHED full-width at half
maximum (FWHM) ZiHI L, Y64 CT S I i
IZEIT % RI D% 2 KB (1)-3) 8 X X MRI (R,)
BXU7 4 V2D FWHM D&% ST L 72, 7
B, PGD LHIICHEL A 7703 v 77 4 )LAIC
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(€) MRI (&)

(b) Gafchromic film

- —

(a) Photograph

(d)NO matching: water (C)Rcfractivc index = 1.37 (f) Refractive index = 1.41

Figure 2.

(a) PGD’s photograph, (b) irradiated
gafchromic film, (c) MRI (R,) scanned with ir-
radiate the PGD (the scanned plan was the mid-
dle height of the PGD). The lower reconstructed
images scanned with irradiated the PGD using
optical CT with water ((1) RI = 1.33, (d)), with
matching liquids ((2) RI = 1.37, (e)), and with
matching liquids ((3) RI = 1.41, (f)). The po-
sition of the reconstructed cross - section was
selected middle height of the PGD.

DWTIE, A N—F A 7H LS B £ T
WY CT, MRI (Ry) LW %79, J2: CT, MRI
(R,) & [A—JHEEE L CHIIEL FWHM 28 H L 72,

3 MR

YA N—F A 71T X KIS PGD 13 BGHTHz1C
—3 LT, 12.5mm¢, 10 mm¢, 7.5 mm¢, 5 mme DM
EAHESZ R L 72, BREHREAIC L 79 PGD
HAICH T 202 CT & A7 L OFFREKIEG: (Fig. 2(d—
f), #7203y 277402 (Fig. 2(b)), MRI (R,)
DGR (Fig. 2(c)) 27, Z OWIBIEIME & —3 L
72. EHITMRI (Ry) A 7703774 NL0%E
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Table 2. The results of FWHMs (mm) measured the PGD using optical CT, MRI (R,), and the
gafchromic film were shown for comparison. The results of optical CT and MRI were measured in

the same depth (the middle position of the PGD between entrance and bottom). Because the distance
between X-ray focus and the film is different from the optical CT and MRI, the results of FWHM of the

film were corrected.

10.0mm¢ 7.5mm¢ 5.0 mme¢

12.5 mm¢
(1) Optical CT (Water) 12.33
(2) Optical CT, RI=1.37 13.36
(3) Optical CT, RI=1.41 13.20
MRI (R5) 11.49
EBT3 12.12

10.69 7.05 5.12
10.61 7.63 6.82
12.96 7.11 6.07
9.20 7.39 5.26
10.18 7.62 5.04

RWEDLBXZ-H LT3,

FWHM D% Table 2 Ik & &7, Table2 725,
2y Fr7UFy F(1)-3) DENTIZRIDBKE WY
A2 FWHM SR E L R aHmB R o, 74, b
HCTEMRIBIOT 7703y 77 4L ARO IR
T, MRIBXUOAH 7703y 77400 EHRTH
22 CT O FWHM 3 KE W& e o7, RIDKE WY
AH121E FWHM OEfE K E & 22365 D, MRI
BLXOA 77803y 7 7 4)VLDFWHM & D#EITR
X o,

4 ER

SEEYE CT I T L 2603 E 1X 630 nm T
H, XEHMRNTREETH % 7= 0WEERE IR
WH DD, PGD DEAKIGIC X 5 HEE Lz T
Wz B, ERICOWTIE, BFED630mm L b
HHREMICEE T 2 2 L TlEICT 2 I8E 2t X
LMD a7 A FDIRIFIC R 5 AJREMEE H % B3,
PRI SR T OIS 2 LD faf 3 % nlEe
PG INTE D, HEEICEHE L 2561 —ic
HEMEDR T v uningend,

D3 PGD DFEERNAMR T 58 L VAR D S PGD
NEBATT DBICIEEGEEL, JEYT, T T 5. RI Y%
Z2YPEDERTIZAZVOFEANC X Y BT 2 37
HThHD, ZHINFACTRETHD, WK LEIZEAR
PT7—=F7 77 FEFHLEZIE S, Figure 2 TEOmi{R
iwiIndy vy 7 7—F77 27 bBHELTED,
R E RPN IC 7 —F 7 7 7 FEREDS B
%A, MAT, 4 >OMBRENEZ M THS LI %
=RV RD7—=F7 77 bHBEL TS, i
VEER IR R 12 A HIPH OB 7 DD NEARIC L -
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THIERIL2bDEEZSND, ZDfth, PGD A
Bl ¥ A, KIENICKIE, PGD NIZ2 I 0MFEET %

CHENELLETNL, 7T—F 7727 FOENERD
ERNEZREICT 20 THEEPLHETH 3,

PGD Z U ® T 27X VEEHITIY S F v kT
H3BHOD, IROEFHZ PGD A TIEATRET, 7
7 VLR PET 72 EDH AN T E WAL ICRES
TBERNENRH B, 77U, PET DRI IZZNZF N,
1.49, 1.63 £ PGD (PAGAT T 1.35524) Hik &R
DY REV, ZITAIETEyF 7Yy F
ZIHHE L, RI % PET IZEDF 7% 3)RI = 1.41 iR %
ERLL 72, (3)I2H 1} 5 FWHM 13 MRI (R,) & HRT
KEL, BORIDEA () XD B KREL o, S
DOBFITIX, ENDBRETH 30D IEH 7223,
2 v F 7Y Fy K% PGDQR) &K (1) £ LK
DY, HERODORIB) & LGAE LD RIFLRARIES
N7 tEZ2 5, PGD DN CT HIEICE W TUE, il
WOBRIZHA T %5 PGD WH & DR PR Lo
W7 -2 TRELMEIN TS, KT
DHFFEICATIORED LT 2 2 & TRV
FETOMEDI TR R D EEZ D,

5 F&&b

ARG TlE, PGD WIS S & L Ok
ECT VAT LEMPN LT, £, HEEZ —EICT
% 72 @2 PGD FPHICEE L 7 KEND <y F > 7))
¥v FORI % 1.33, 1.37, 1.41 L LS HEE &
" FWHM DR %2R L 72,

FWHM D fE¥ A5 1%, PGD ¥t RIICFHHE T 3,
F 3R Z OB EICMRL (Ry) 7404 E
{40 FWHM & 7% % 2 LR E i,
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