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Figure 1. Schematic diagram of the set-up for the fabrication of polymer

GEL. orreermn et eis et e 25
Figure 2. Gel phantom irradiation scheme and MR images of different echo
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Figure 3. T2 map from MR images of different echo times. - ooviiriineenn. 27
Figure 4. Dose response curve for the polymer gel. -, 28
Figure 5. Repeated gel dosimetry: Coronal VIEW. - e 29
Figure 6. T2 maps of orthogonal planes. - 30

Figure 7. Comparison of isodose distributions of gel dosimetry to planning
Figure 8. Comparison of absorbed doses at points on Y axis of phantom. 32
Figure 9. Comparison of % depth doses at points on Y axis of phantom. 33

Figure 10. Images of the gel and film dosimetry - 34

Figure 11. Dose response curve for the Gaf-chromic film. - 35
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Table 1. Comparison of point doses on Y axis of phantom. e 36
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1. Polymer 29} 34

Polymer 22 A W9 AaFTol uet @AM 73 HdNy e 3
ojghA|Zto] WA HEZ WA JRAALe HEHZ Fe AHAA A& A

2] otoll A AP - HcH(Figure 1). Polymer®S WHE7] f8) AHEE A
A% A2}el(Sigma Chemical Co. St. Louis, MO, USA)22 Heo HEZE&
YetllE Broom @2 3008 AH&3d. 2Egx 2 &&= N, N'-
methylene-bisacrylamide (bis) (Sigma Chemical Co. St. Louis, MO, USA)$}t
acrylic acid (Sigma Chemical Co. St. Louis, MO, USA)$} 43U EE 4 3
A FHF7E ST 2k #AH &S A" A 5%, acrylic acid 3%, bis
3%, FASMIEF(NaOH) 1%, 7% 88%oluct™. e g4 WA ws
2l st Ao dol i Z2AE FHRTE FEE BER HA ¥ 23
TR AL7AAIATFH 1 ppm FITHE Eojd oA 2 wRE7](magnetic
stirrer) $1oll i 7FEEAA of WA FF HA TR EFE ALE
T dHE dHeAM BAE Aor YAANAY FTFFF A

I
2oz W74 ¥ Ashue vre B3 Aekde] T Sof W §718 50 °

flo

2 @ Yol Foh o =3 Fol 2 A
Aol 7o) W1 BPste] BELS BASATH, Fo| R YA Fhe)
ABBAE To7] AaaE 2 L §2 45W £7)
A HEL AT SRR FAS
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278 479 BE 279 PAHT BEIHL Tyl ARMNE Fe UEY
o §e¥(H7 2 cm, o 8 cm)& AHSsHATh oba A Ju 2E B
BgE £ Yol A AU FHh o W §718 F Aaste YEE
det7] Ha 87)e wEA FUZ B AL Agsgm, do| A 2ow
9% F7lstel YEE Awa A Polymer B Wl A2EF AAH)

da) HeHE BEAsANG RE AL AAY FA Aol FartrE ¥

goma NS @ BEW AL A§E GA A Ay F3

bg & 97] WBel, A HAG AP %
2 A% Aeola WANZAZ AgEHE Aol MFAHDL 24 °C o] 3k
eEdN geor fAHE WAMNRA SFuF *Rez A4 HastAch

2. AN @ FolgAzte] FBBA T3]

4

29

o

A BEo HAYALARF S o] & HE 30 mme] A Eo2
1,2 35 79 11, 13, 15, 17, 19 Gy #AAE& 2AE & A739 3 4ES

g Asstel YolPATE Fatn WAL BT FolgA el HBBAE T8
AthFigure 2). WANZAL ¥ 2 BES A7) FHIY FIAE 87 F A

@ 24x7ke] A Fol AVFHIY BYS AWRAT. 2 olFE FTTWE
™
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AGD e A7) 3P4 HAAT 2= FHPHE VE7] Al ALS

ot
2
N
o}l
of.
of
ox
o

1+

1= 15 Tesla Signa (General Electric Medical System
Company, Milwaukee, WI, USA)ZA & TE FAE wALM e 3219 g4
S B7] 98 FSE(Fast Spin Echo)B2lgS AHE5ton, o] of J4W
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¥ TR 3000 msec, TEE® 96 msec, ETL(Echo Train Length)® 12,
FOV(Field of View)= 24 x 24 cm, Matrix® 25 x 256, Slice thickness:
15 mm, NEXE 2& A&ttt 2 thgol ALY WALA o] oj& 3ojgi
te] Mg B e He A S XA SE(Spin Echo) ARG L A}
&3stz, 6718 M2 o8 TE#LZ AV #9 S Al 33 HFigure 2). ©
Hef FAdHTE TRES 3000 msec, TEE 100, 200, 300, 400, 500, 600msec,
FOVE 24 x 24 cm, Matrixe 256 x 256, Slice thickness+ 15mmE A}-£ 3}
Dok Ao FTFWEL WALE o vl s, o] A A polymer FHO =
T4 & HolAANTE A Hu, gy &
e oA S A WA F T v BAE RA s Aoy SE &
HEE ol&3M 6708 M E & TEE AIE8lA ¥ J4E PCE &71
3

dxel AE FEEQ IDL(nteractive Data language, Research system,

2l
2
il
flo
3
(@]
o
3
@
N
o,

Boluder, Co, CA, USA)E& Al&3td FAte] 7+ 3tA(pixe)d o] #A)7He
2hetd ot o] o A4S IDLYl ¥ s o] 9= linear least square fitS AF-& 3}

R, o2 FFE PAUT] B2 Fo|RAS TAUT. BAH T o}
3



Az TA7)(Localizer) & Al&3td RS F A3 AHFH ¢ #
A4 2A2E AJWAIAHXE AYE FFE(Brain Lab Co. Heimstetten,
Germany)2 &HA LA ZAF FA F F Pl wE AFEZ R EAM

e YD RAMTE HBUSBAL HABAL ABFD Wel UEE

ol

SACH WA ZA WEoZ HIMAMNI WES AW olfE, AFEE

2]
3 2pgo] A Wi AFAEE FHAFH Aol UG AFEXZ=7F A A
wal g Byl 71 A BoEN, A MAFFHPoT FI MY BE
To ABMEL vn AFSE 7R HABEIEZ 83 5 Q7] dEelg ©

@ AAPANZAL Pao] WAz BE 248 4 HAHE + Ut

Of

AP ZAL e X584 HolE Zx 90 °% Gantry Z4HE 90 °, 90 °¢} 45
o} 135 °, 45 °¢F 90 °, 135 " 270 o] vl kel M Z7 25 GyE £
o FAHHEA F 125 Gyl A Fo] ZAHES stlth o] o A gAL
8 WAooz 1H7|E o]&std XNaAEY HFEE ANAG
ol wl polymer A& & we] F3ol wet I vAdsT gE & o=
2 oAb dolgAlzte] Ao HEAE A FEvit FEE AN T8

ofof rh med AZE AL ALEE woit 9ERG e fey oA
5 0

A7) FHGA #FGL [[-29 HHH 2L Wy oR Agsigon JAHEFE
TRE 7000 msec (3 Hohd) 1500 msec (£2 He?) 800 msec (A&

+&A & F8H), TES 60, 120, 180, 240, 300, 360, 420, 480 msec, FOV+ 24

_10_



X 24 cm, MatrixE 256 x 256, Slice thickness® 1.5mmE A& ch wHALA
S ZANG 3 11-2 oA 7leddE ZAME WA A/ FH A4S ol &3
o o]zt L FHo|RAZte| M E AR FYXE IDL FEEZ T3
I, ABAEE AFEH A HFEETe vy, o|F 33 uEdd &

B st ot

<!

I

4. Gaf-Chromic &% o| &% AF

At M 299 93Y A 3E% W2 X34 HolBo FYSA YE U
o2 MIFEAHEL Gaf-chromic EE, MD-55 type, Model No:37-041, Lot
N0.:.941206(ISP Technologies Inc., Wayne, NJ, USA)2 XAzl ¥ [1-33 2
2 YA EE o Z AP S AT WA o] ALY HE9 FEEE
(optical density)E Wellhofer WD 700(Wellhofer Dosimetrie, Schwarzenbruck,
Germany)®| video-densitometer system& ©]&3ld Fald 1, FIYEt ZA}
Mol AaaA DIYPZE ol &st] ZAMAFE Fota A HFFAHYer F
g ZH3 vustdet. o] of ZF ] AL Gaf-ChromicE2 &9 FstZ T
ZAAAFote AT 2 EZE Co-60 WAMMAIEZIZ oju] dmde HuA

g WAbdE ARSI 0l M2 F3AAEE Wellhofer WD 70022 7314

g

5. TLDE o] &8 A%

e

TLD+= Harshaw TLD 100(Harshaw Bicron Inc., Solon, Ohio, USA)S. &2
7 1 mm, A°] 6 mm ¢ YFTHYPE A&t on, YFdd 1 cm 3

o R YEol H7Z HA A A FEY YFRE AL F II-3004 ¢}

_11_



tyoz WAHE ZAstgc o W 34 TLDS X

7zt ZA e FAo] AT AP ERAL § TLD #5%57]Q Harshaw

& A YurALA A}

ol

TLD System 4000(Harshaw Bicron Inc., Solon, Ohio, USA)& °] &3l = A}

TE 7T F A MZFSHYEeE 78 AL v
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E2 9

& 2 GyollA 15 Gy 7oA Ad3A7 B&atd 284

T3+ 2 (Figure 3),
2 ZARMFEL 25 GyE A3, gA e HES ALgste A A

3]
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B o F) H(Figure 5).
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Aete AL RAdFHoY 20% FHEIFHL 1
Holn JAH(Figure 7). YEANM 1 cm 2o 2
TEE AsAYYY ZALF E %HolHFL mmd HgMTAE
-32.9% ol A 268%7t%], %Ho]MFL -324% ANA -09%< olE BYX

% 2 cm oA -2 cm7AH 9] MTH EE Mol ZALY M E EAA

EFolH B&3 ol &

P 2ANY 2 MG

A
ol
o

FolA -18%FH 81%, %Rl AFNME -09% oA 57%2] o] Ho
TooiM A" FHdFE o AR IS R FYH(Figure 8, 9,

Table 1).

4. 98§ AFA e v

Y=o dAste FAHAANM] A dBAG BE MTAY ojnxe= A=z
o F A H(Figure 10). Gaf-chromicZ &3 WA}Meze] A
Figure 11), &olA 7% FEUEE djgoz M3}
o BE MZFA YF 4] HollNe Ay 2 %Zojaes Py,

2oldd R %Hol B ARHAYAF-2HAH L AMHozE 1
2

=3
»r
o
0
2
tio
i

rH
rH
)
!
-4
=0
L
a2

L0, -1 -2 em Y& A9 HoMes A HIA o A&

A tHTable 1).

5. TLD A Z A% vl

U HFLE

Mz
o
oxl
Jok
k1
rr
rN
Y
2
o
it
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’r
oh
R
N

<
ofN
o>
AN
-
X
o
i)
. £
rx
ot

% 9
Hz o %ol dFl A TLD MFAZ o B2 2, 1,0, -1, -2 cm Y
% o) HelMde A HFAZ wEAY o W8ehYcHTable 1).

o
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Figure 1. Schematic diagram of the set-up for the fabrication of polymer
gel. The gel was stirred for a hour in the closed space and used highly

pure N2 gas (O:<lppm).
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Figure 2. Gel phantom irradiation scheme and MR images of different echo
times. The imaging plane was set to SAD=100cm position and irradiated

using 6MV LINAC.
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Figure 3. T2 map from MR images of different echo times. The resultant
T2 map image (right side image) calculated from the images of different
echo times (left side i1mages) by linear least square fit in software
[DL(Interactive Data Language). Each pixel value of T2 map indicates the

T2 time itself.
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Figure 4. Dose response curve for the polymer gel.
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Figure 5. Repeated gel dosimetry: Coronal view. Each gel showed different
gel response but the resultant isodose curves were identical. The isodose
lines are 20%, 40%, 60%, 80%, and 100% and outer line indicates 20%

1sodose.
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a. 4cm axial b. 3cm axial ¢. 2cm axial d. 1cm axial

030

e. center f. -lcm axial g. -2cm axial h. -3cm axial

(]

i. Coronal view: Gel & Plan j. Sagittal view: Gel & Plan

Figure 6. T2 maps of orthogonal planes. (a)-(h). axial MR images displays
3D radiation dose distributions and (i) and (j). Coronal and sagittal MR
images are similar with the dose distributions from the treatment planning

system.
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a. Coronal view : Plan b. Coronal view : Gel

c. Sagittal view : Plan d. Sagittal view : Gel

Figure 7. Comparison of isodose distributions of gel dosimetry to planning
system. The isodose lines are 20%, 40%, 60%, 80%, and 100% and outer

line indicates 20% isodose.
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Figure 8. Comparison of absorbed doses at points on Y axis of phantom.
The Y value of the graph indicates radiation dose(Gy) and the X value of

the graph indicates the position on Y axis of the phantom.
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Figure 9. Comparison of % depth doses at points on Y axis of phantom.
The Y value of the graph indicates percent depth dose(%) and the X value

of the graph indicates the position on Y axis of the phantom.
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Gel | Film 7 Gel Film

A. Coronal View B. Sagittal View

Figure 10. Images of the gel and film dosimetry. The images of coronal and

sagittal planes from the film and gel dosimetry were similar.
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Figure 11. Dose response curve for the Gaf-chromic film.



Table 1. Comparison of Point Doses on Y axis of phantom.

~ Treatment Polymer Gel Gaf-Chromic Fiim  TLD
Position - pjanning Dosimetry Dosimetry Dosimetry
on
Phantom calculated % depth measured % depth measured % depth measured % depth

doselcGy) dose(%) dose(cGy) dose(%) dose(cGy) dose(%) dose(cGy) dose(%)

3 68x12 3710 31438 2632 3RBEI1S5 6106 412140 233
2 1323£8 106206 1347£27 16=05 939£39 73*13 9WOE16E8 76=125
1 130127  104=05 130825 102+01 1332+41 104+15 1334 103£31
0 1250 0 127824 100 1286£38 100 120416 100

-1 07726 H¥£05  116=13 91=£23 1206£38 W14 1180%26 91=30
-2 1093=6 &=05 10B=15 88=19 926=z16 72£05 %710 TO=88
-3 3M3=11 2B=z=08 Hlx42 20*x35 204=16 1614 3917 H*E16
Mean = SD
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Abstract

Three-dimensional dosimetry for conformal radiation therapy

using magnetic resonance imaging of polymer gel

Young Taek Oh

Department of Medicine
The Graduate School, Yonsei University

(Directed by Associate Professor Chang-Ok Suh)

The basic idea of conformal radiotherapy is that homogeneous
radiation is delivered on target volume with minimal radiation on
surrounding normal tissue. This technique was possible by the
development of 3-dimensional imaging process, 3-dimensional radiation
therapy planning system and effective radiation delivering equipments.
The planning of conformal radiation therapy is complex so that the
quality assurance process including radiation dosimetry is essential.
However, currently used dosimetric systems such as ion chamber, film
dosimetry and thermoluminescent dosimetry are not 3-dimensional.
Recently 3-dimensional radiation dosimetry using magnetic resonance
imaging of polymer gel was introduced. This dosimetry system is based
on radiation induced chain polymerization of acrylic monomers in a
muscle equivalent gel and provide more accurate dose distribution than

other gel system such as Fricke gel dosimetry. We planned this study to
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evaluate the clinical value of this 3-dimensional dosimetry for conformal
radiation therapy.

The polymer gel formula contains 3% N, N’-methylene- bisacylamide,
3% acrylic acid, 1% sodium hydroxide, 5% gelatin, and 88% water. The
gel was poured into a cylindrical glass flask and a spherical glass flask
and cylindrical test tubes. Zero to 15Gy of radiation was delivered on a
cylindrical flask and test tubes for dose response evaluation. The
spherical flask, which is comparable to the human head, was irradiated
with complex beam arrangement, which is similar to conformal radiation
beams. Images of gels were acquired using a 1.5 Tesla Signa and a fast
spin-echo pulse sequence. The images were transferred to a personal
computer and the software program, IDL, calculated T2 maps on the
basis of different echo time images, using a linear least square fit. The
dose to T2 calibration function was obtained from gels irradiated with
known doses. This function was applied to other T2 maps, so that a
dose map was calculated and displayed. The images of dose
distributions have been taken in orthogonal planes for the comparison
with the isodose curves from computer plans. The same spherical flask
of gel and the same irradiation technique was used for the film and
TLD dosimetry.

The gel responded linearly with radiation doses in the range of 2 to
15 Gy (" = 0.997). The repeated dosimetry of spherical gel showed the
same isodose curves. These isodose curves were identical to dose
distributions from treatment planning system especially in high dose

range. In addition, the gel dosimetry system displayed comparable
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results with both film and TLD dosimetry.

The 3-dimensional dosimetry for conformal radiation therapy using
magnetic resonance imaging of polymer gel showed stable and accurate
dosimetric results. Although further studies are needed to define the
clinical usefulness, the 3-D polymer gel dosimetry appears to be a

valuable tool for conformal radiation therapy.

Key Words: conformal radiotherapy, MRI, dosimetry, radiation dose,
polymer gel
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