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HH BAA|ZA Q] 584 H7}

2 : 2 o7L colloid gel(Sime)2 A AIALS10], SARMAIZOIA SAlst BIXE HIZHO) Chet SAX|
2 Hg5p| 205101 REAS TyIsHnAL Bict
ChAL 2 @ = 01 9(5(0f AIR0| BEHEt colloid gelS AHIEOR RESILD, WAL R|= &K 7}

S& GIHE St Ul 7EX| Aets SIRICh X2 2| H CT &H|2= Trilogy(Varian)2t CT(SOMATOM, Sie—
mens)E 0|Z5tUCt A HIHZ colloid gel2| M| 2 FAIEE EBT3 Fim(RIT)E 0185101 SH5IRAC
= Him= colloid gel®| Hounsfield Unit(HU)ZYS CRIS phantom} Eclipse RTP(Eclipse 13.1, Varian) !
CT Zs 0|3at0] Mz =8 2 =212 SIRACEL M HMZ colloid gel2| X2 7|7t Lif Y & HAS ZAL
57| /5104 ion chamber(PTW-30013, PTW)E 02504 0§ 33|\ 2Z=7F 2 XGIYCH | Hmf ASS X}
A H=fet o3 R HEZ 0|&510 AN XIZ2 FAFSt 2HE0) bolus, rice, colloid gelZ 0|ESt X|=Z A&l
2 ZFE M2k 2 H|wol, FIHHe 2 dose profile= &HISIACE

b A e Aol M ZHE colloid gel case 1, 2, 32| L= 22 " 1.02 g/cm?, 0.99 g/cm?, 0.96
g/cm0|Hem, 6 MV Z 9 MeVOM SEE HAEE HHGINS [ case 10| &K} 1,55, 1982 CIE
case=0f ol & &St 42 2 SQIZ|RACE S Hm Mol A= H E.I% ase 1,2, 3 @i 15 HUZ &f0lg]
on, X220 SHE M2S H|wstRS M 9, 12 MeV 2E =X IXI0lA 1 % O|Li XI0|E B2,
6 MV= = =X 2X[0llM —1.53 %, —1.56 % XI0|2 TH| 2 % Li2| 2XIE =3 f /HI i AolMeE 23
S0 ZHSINE M colloid gel| MEHZTL 1 % LIRIZ SHE(RACE U] BRI = A|27A1=2/1} EBT3
fime 2 SHE 22 H|TSIRS 1f 6 MVOIME bolus, rice P5 HIABH A2 i}ol% HIO0, 9 MeV
0l M= photonzt 22| colloid gelO| bolus, rice@t H|mwt0{ M2 Xto|7t HA| L= A4S Sf2ISIRICE Dose
profile B0l A= colloid gel0| bolus, rice 2Lt #2st dose EZE HAILC
A B 2 70N YAMXIZRE 2ol MIZHE colloid gel?] == 1.02 g/em’E 22| LE=9f H|XaH, &
ARIX| 2 0Py SOt B 3l 0| 2RIE|X] 44T Colloid gel HI=t AI 2o | °9|§ sHot ;pq':'r bolus,
rice=2Ct QFX} |

Y

ME
RIXIX: 0|28, BRIAME| YA X|ZAE] A} EqtAlet HHT 23 Ei= FA0] Ao
27|z YA YMS T OFE S 809X A%l 1579 (Skin cancer)ol] -9, WA A= A
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HO] FF-E A7) HelM= AAA oY A8 24
57} 49 bolusE Al-4319], DmaxE )% FHo R
Lol BT S7MAZY S, 4 5149 4
S chet 57t 7 gk 918 bolusE o]-83}] 41
Fg 2AeleEkE BAe] AEH} bolus ALolo] HHAYE)
L = AR ook

(air—gap) 2.2 Qls)] L3t %
o]&3}t BHAs}A 2A = AR 1] 9135) bolus tHAl
o] rice bolus & 22 A HAAE A
L3519} ® 18y, rice bolus F-$oll= W% 1,35 g/cm?
2 59 4% 100 g/em’dC)Ert 22571 2HEA &
8/do] oA, Az Aefo] wel dErh dEiict®
rice H]3)] AL riced] Y7} Wl Hak SAgko]
AR} 7 AZH rice®] F9-HU; =4 YERATEHY T
rice bolusol| A= B2 83 g7]50] Aol B+t
A Hrt, 01313 7‘:1% %017] 9lsh, 20114
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id gel(slime)S WHEo] WAL 2|5 A] B335 &
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1. Colloid gel(Slime)2] =M 2 FA= 591
AT SJsto] YT WES colloid gl ¥7] 943
AA A 0 &2 AJAS: sF3iLt. Colloid gel& THE7]
=, BAF B AI2AIRN, A, FAV] Bl
AcHFig. 1). A3t colloid gel:& 37| fJal 244& th=
Al et Case 12 GAL &, 552 o]83519.9H, Case

2, 3 SAF tiAlol A=AlH NS o] 85k AlEkE Sk

o). Case 2, 3t A=A HAe] L thA) 245t A
2 4 042 2ol 9] H %i LA

7]
o, A2 F= o9
colloid gel°ll w+d%=7}F o é‘c‘? Al %*%E}%, AFEEE
o2 o] miEe] AAAR aAEE RIs] At
o 3 pS

AHS ek, A& colloid gel2 A8 ) A7)
NEE AAS] 98) 38 A7He T 2E AdS A3
SFT

2. Colloid gel(Slime) HUZ} B 2l &9l

Colloid gel®] HU%HS BAs17] ¢3ll, CIRS phantom
2 CT(SOMATOM, Siemens)& &3} cHFig, 2). CT
FAolA ¢dl= Bt HU(Hounsfield Unit)%}:ii HA
o

_F

Fig. 1. Preparation material(@ contact lenses cleansing solu—
tion ® borax © syringe @ beaker ©® teaspoon)



Fig. 2. CIRS and CT Image(® CIRS phantom ® Colloid gel CT
Image)

Fig. 3. Case 1 Colloid gel

3. Colloid gel(Slime)2| ti3d 2l tHZE] 540|
AZFE Case 1 colloid gel®] W& @ Wz g ols] Az
SFE 2}016}71 912k Agolet, ARl WAy
tHEk 2% Ao Am— 95}3&

4. Bolus, Rice M2F % MEEZE H|W

A colloid gelo] 7120 AFRE|QE BAIA|Q} v
2 3] gjet Agoz At o}ad 5O AAale] A
o]atolo] A23}E bolus, rice T colloid gelS 4
TE &5t} RTP(Eclipse 13.1, Varian)& ©|-8-5}¢]
ABAZE s AAA 0= of=d #0]= 2 cm A=

BAAE 9L 5 Y I 1 om oI

@)

o]

=)

it

" 4l Set—up

Z ™, film

5.
@
o

A

od
A% 32l EBT3 Film(RIT)E 0]-835}%.0.

15 Zo)7] $1a) A1 A filme] 713 Qi back-

]

Fig. 4. Acryl box(@ Rice ® Bolus © Colloid gel)

SSD 100

S —

Field size 10x10

| lcm E2HE| |

EBT3 Film

Fig. 5. Test 1 set-up position

ground & &1 & A& 519t Case 1, 2,39 1 cm
colloid gel®} 48214 1

T AEE filmo pixel©] 7}74151 U= G FE HAE ]
WAL}, AR Ao A= A} fielde) filme] = ]7]—
Aels] dkr] ¢Fof film9] center 713 8x8 Fieldg &
SI9LE Set—up= 1 cm colloid gel E+= bolus, 1 mm
solid phantom, film, 10 cm solid phantom= A2
=11 A5 cHFig. 5). Beam AL field size 10x10,
SSD 100 c¢cm, dose rate 500, 100 MU 222 & 435}
o o= 6 MV, 9 MeV S4513ith

@ Colloid gel®] HUgE HA: CT G4l A3l %+t HU
2k 152 3k EBT3 film o2 A%e 245190
an

film®] background #F& A€ YA g4t plan gh
HWE slglom 2AE field®} filme) =2719F Aets] gt
A ¢rol 4% HEof AANAQ Ftgkol AF =7 A7)

A orol. ZAH film2] center 7180 & 5x5 W AZ-S 3
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5cm Colloid gel
1cm plastic(in air) Top Film

Bottom Film

5cm Colloid gel

Top Film

*Bottom Film

Fig. 6. Test 2 set—up position(@ Photon ® Electron)

SSD 100

- >

Field size 10x10

S5cm Colloid gel

|

TIon chamber

Fig. 7. Test 3 set—up position

78I}, Set—up2 5 cm colloid gel, top film, plastic
1 ¢cm, bottom film, 10 cm solid phantom <42 3}
&It} Photon 2L 6 MV, field size 40x40, SSD 100,
dose rate 500, 300 MUZ 3}$3, Electron beam &7
2.9, 12 MeV, field size 10x10, SSD 105, dose rate 500,
300 MU 273}o] 1Z2AS s3It

(3 Colloid gel®] ¥g W HA 221 Colloid gel ¥
Hs7t e =A15 241sl7] $18] colloid gel& E-2 871°]
o2 A 52720 Aasich 3

gt AdsFol] iskE =+ Jé} 1 93l 2571 14 3fx‘ﬁ. beam

& 2AFE Sho] Hetgte 2 yeplom, A% $42 Ton
chamber® point dose% S5k 99l=

WG Set—up2 5 cm colloid gel, ion chamber, 10

flo ok
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SSD 100

lem 284

EBT3 Film ® ® ©

Dose owlle

Fig. 8. Test 4 set—up position

cm solid phantom <=A|2 3}9t} Beam 2712 6 MV,
field Size 10x10, dose rate 500, SSD 100, 200 MU= A2
it

@ Bolus & Rice A5 E AFRE % vl BHAA|
O] HUZLS whz HAJskA] ¢dal, Bodyoll o] a2ghAIZT,
AEFZA S BBTS filmO. & 3191, 24 FOEE @), B,
©= it} A Z A7} EBT3 film 274 ZEO & vluwst
gom, 4 ZoES] mean FrOE AFS HlwslYrh
B3t AR s 70 R FR1Z st A=A

A19] film 9]2]2} EBT3 film2] X= ®3FO & dose pro—
file S Rl5}o], o}ad} HAAA 7} 36k A HaL

= 8wttt 5418 Beam RAL field size 15x15,
dose rate 500, SSD 100, 300 MUZ FARIHAL, U]
= 6 MV, 9 MeVE Agisto] ZAls9ITt

z

1. Colloid gel(Slime)2| =M 2 FA=
253t colloid gel 27] $J8l 244& =27 gt 3714
case 1, 2, 39] U&= 7247} 1,02, 098, 0962 =2 W=
S} A9] Zfol7} L) kgkeh wal, 7} case MR RAAIZ
o= zFo)7) §llom, Z7o| A= case 10] case 2.3 H
Th= % o WAL} 77HAL, AN H A S AFE51= case
2 301] OF7re] FHAA} o] Hol7]k Fitk photonol|A] w2
+= bolus 1,63, case 1, 2, 3 22} 1,55, 1.83, 1.78 elec—
tron°1]/\1“ bolus 1.88, case 1, 2, 3 2421 198, 2.14, 2.32
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Table 1. Standard deviation each energy for homogeneity
HYA|
Bolus Case1 | Case2 | Case3
Energy
6 MV 1.63 1.55 1.83 1.78
9 MeV 1.88 1.98 2.14 2.32

| .

Fig. 9. 6 MV EBT3 film image(® Bolus ® Casel © Case2 @
Case3)

Di n‘
el

Fig. 10. 9 MeV EBT3 film image(® Bolus ® Case1 © Case2
@ Case3d)

UERGtHTable 1). Case 191 H|3}| Case 2, 394 24 A
2 2= R AFNHo]| o3 BAFALO 2 Q5] A Eo)A
%= 2y AjolE By, 8B & case 1, 2, 3 5 71 o

Table 2. Comparison of top Film and EBT 3 film (Unit : cGy)

9MeV | 12MeV | 6MV
Background 32.33 32.65 3198
Exposed Film 194.14 295,53 35298
Background—Exposed Film | 161,81 262.88 321
Eclipse Plan 161.73 260.83 316.1
Error(%) -0.05% | —0.78% | —1.53%

Table 3. Comparison of bottom film and EBT 3 film

(Unit : cGy)
9MeV | 12MeV | 6MV
Background 31.98 29.79 32.82
Exposed Film 162.2 27751 352.36
Background— Exposed Film | 130.22 24772 319.54
Eclipse Plan 130.03 246.76 314.56
Error(%) =0.15% | —0.39% | —1.56 %

change for 2 weeks (@ Day 1 ® Day 7 © Day 14)

Fig. 11.

23t case 102 A9L 51 tHFig, 9, 10).

2. Colloid gel(Slime) HUZ! B 2l 5191

Top film B7}= 9, 12 MeVollA 212} —0.05 %, —0.78
%, 6 MVOlA= 1,53 % Z}o]S K9 om(Table 2), bot—
tom film H7}= 9, 12 MeVollA Z2F —0.15 %, —0.39 %,
6 MVOllAl= 1,56 % Fo]S RYIrhH(Table 3), ) -1.56
% ZA~ —0.05 % A}o] =, 2 % Ujof] L2}E BTk

3. Colloid gel(Slime)2| B3 & 4=l 5tol
Colloid gelo] ol H3}= 3Hl5l7] 93t Hk-87]0)
Ho g g9l Axf Wat= UckFig. 11). =31, HEg

o
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Table 4. Daily output date (Unit : nC) Table 5. Comparison of eclipse plan and EBT 3 film
Fx (Unit : cGy)
1Fx 2Fx 3Fx Average
DAY Bolus_6 MV A B C
1 24.56 24.66 24.65 24.62 Background 782 84.8 89.82
2 24.56 24.53 24,52 24.54 Exposed Film 3956 399 56 407.2
3 24.66 24.64 24.65 24.65 Background—Exposed Film 317.4 314,76 317.38
4 2475 24.74 24.74 24.74 Eclipse Plan 310.5 309.3 310.8
> 24.49 2447 24.48 24.48 Error(%) 222% | 177% | 2.12%
6 24.66 24.65 24.66 24.66 Rice 6 MV A B C
/ 24.71 24.72 24.72 24.72 Background 823 84.6 87.5
8 24.01 24.02 24.03 24.02 Exposed Film 398,21 384 .41 403.12
2458 24 24.60 24
? 2 9 : 9 Background—Exposed Film | 315,91 299 .81 315.62
10 24,65 24.63 24.63 24.64 -
Eclipse Plan 306.74 306.06 306.07
Error(%) 2.99 % -2.04% 3.12%
0.60% Colloid gel_6 MV A B C
0.40% 0.37% Background 7518 | 8128 | 8873
0.20% Exposed Film 378.65 | 38621 | 396.57
0.00% 0.00% Background—Exposed Film | 303.47 304,93 307.84
Eclipse Plan 30029 | 301.59 | 301.74
2FH%) -0.20%
Error(%) 1.06 % 1.11 % 2.02%
R Bolus_9 MeV A B C
_0.60% -0.47%
Background 78.25 80.01 84.74
-0.80% Exposed Film 39579 | 397.51 40211
1 2 3 4 5 6 7 2 9 10
Day Background—Exposed Film | 317.54 317.5 317.37
Fig. 12. Graph of daily output Eclipse Plan 304.3 302.3 302.1
Error(%) 4.35% 5.03 % 5.05%
HAZ QI3 AsFHsE FRlslr] 93t 25+7F ion cham— Rice_9 MeV A B C
bers 243 A3}, A7) Bt 24.63 nC, Hr} 2474 nC, Background 842 | 865 | 902
2|4 2448 nCO. 2 Z4ETHTable 4), 25+ Aol ¥ Exposed Film 39031 | 39873 | 412.39
=1 9 Y92, 7|9t € e E mjsichd M= | Background—Exposed Film | 306,11 31223 | 32219
a7} girks 2k S8 4+ YcHFig. 12) Eclipee Plan 200 | BB | B3
Error(%) 4.44 % 6.47 % 8.00 %
4. Bolus, Rice M2 2 M2tz y|m Colloid gel_9 MeV A B C
. ~ Background 76.2 80.48 83.21
2] AMekoiH) EBT3 filmol) 4% A
Exposed Film 37556 | 380.12 | 384.14
Background—Exposed Film | 299.36 | 299.64 | 300.93
Eclipse Plan 293.09 | 293.25 | 29477
Error(%) 214% | 218% | 2.09%

Eclipse2 A=
FH]| o) A1= photon 6 MV bolus ® 2.22 % ® 1.77 %
© 2.12 %, rice ® 2.99 % ® -2.04 % © 3.12 %, col-
loid gel @ 1.06 % ® 111 % © 2.02 % 2}o]& BAS
1, electron 9 MeVollAl:= bolus @ 4.35 % ® 5.03 % ©
5.05 %, rice @ 4.44 % ® 6.47 % © 8.00 %, colloid gel
®2.14 % ® 2.18 % © 2.09 % A5 HEJr}. Photono]

196



0]&3] 9] 6¢1: Colloid gel(Slime) 2] WA X2 A] FH RAF

Al ARA oz H)S3t 9212 HYal, electronof| A=
bolus®} ricedA & 2.2} HLE WYrH(Table 5). Pho—
tonT} electron®] x}o]E Hol HAFH| Alolof F7]=0]

Photonoll= 9JdFo] AR|1t electronofAls Be JekS
31 k= A3 colloid gel& B8 37158 9 & 4
AL = = AT
53} XZ 15 cm] dose profile 7|20 &2 X241 vt
film H]ws)] Bk} Photono A= A2A A= 55
\:]

A Holx] AUt A filmojA= Alo|Ato]of Et

ok A8 AE

2148 HojZq Qth(Fig, 13). Electron
x 2%k Al

127 BRI ZAE filmoAs 25t

11 QJt}(Fig. 14). ¥HA, colloid gelo| A=

150 —— Rice

DOSE(cGy)

100 ——slime

® Distance(cm)

Bolus

2s0 Rice
Slime

o 5 10 15
Distance(cm)

Fig. 13. 6 MV Dose profile(® Eclipse dose profile ® EBT3 fim
dose profile)

Distance(cm)
200 —Bolus

N/ \

0 5 Distanceccm) 10 1»

——Ri

——¢lime

Fig. 14. 9 MeV Dose profile(® Eclipse dose profile ® EBT3
film dose profile)

ECEEXSE B

photon, electron E5F Qg T35 LERHIL §) 0,
bolus®} rice Hth= Ef25t o= F53] 3712 A
A& 5 s Ao A

gy

FEAFE] Eat 2t A|sEof] tiek HAAA =4 A4 case
1 colloid gel(Slime)9] WE= 1,02 g/cm32 Eof 717}t
L HEE Bty AAE HolAE ¥EHAF 6 MV 1,55,
9 MéeV 1.98% case 2, 3K} 743}, bolusé} H|S=3h
A7 YT 2= A2 EBT3 filmo] S784kolA]
T F 2 % AolE Heitk HE 2 HE Ele 919k 2
Aol HSk= YehbA] stk
Bolus, rice HAIA|Q} AgF Hlwo A% 6 MV, 9 MeV A=F
4 dose profile?lA] colloid gel-> Hr} ] w+d3t =i
£ @45k 2UAE Dose profileo|A] T2 KA o] H]
o} TFUATIA Kol olf= AtolAte] IS Hrht HF
5] Q9] 3715 ari-gap)= =L 5= Ho] FR3I 4%,
colloid gelol| 7% th2 A HEL} 345 Y= = QL
ATt Tk water bolus®} H|a-E Frhd, dose profile

FF AHANME F 3

water bolus7} B #dsHA U= & ] ot} B, A
A 2 87147 S mko v bA X7 7)of|A]
7P 2 elE d=psliof sk dolH, colloid gel <=

o Yt e S8 23 4 AT Colloid gel A
2 A, Aok 24 W18 0 24 ARME AA 948 0E

J o
(e} =
2 AR EE gljof 5t B2 UH87|2 5l= Ao] £

g, o]Z AAT] HOH 3% AT FH3 7% AAZ 9
3 Ajgto] Basht, 5] nfet colloid gelolH ol 4
A7bs o) ol Ash 201 B M Xl
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Evaluation of a colloid gel(Slime) as
a body compensator for radiotherapy

Dept. of Proton Therapy Center, National Cancer Center

Lee Hun Hee, Kim Chan Kyu, Song Kwan Soo, Bang Mun Kyun,
Kang Dong Yun, Sin Dong Ho, Lee Du Heon

Purpose : In this study, we evaluated the usefulness of colloid gellslime] as a compensator for irregular patient
surfaces in radiation therapy.

Materials and Methods : For this study, colloid gel suitable for treatment was made and four experiments
were conducted to evaluate the applicability of radiation therapy. Trilogy[Varian) and CT(SOMATOM, Siemens)
were used as treatment equipment and CT equipment. First, the homogeneity according to the composition of
colloid gel was measured using EBT3 Film(RIT). Second, the Hounsfield Unit(HU) value of colloid gel was mea-
sured and confirmed by CRIS phantom, Eclipse RTP(Eclipse 13.1, Varian) and CT. Third, to measure the deforma-
tion and degeneration of colloid gel during the treatment period, it was measured 3 times daily for 2 weeks using
an ion chamber(PTW-30013, PTW). The fourth experiment was compared the treatment plan and measured
dose distributions using bolus, rice, colloid gel and additional, dose profiles in an environment similar to actual
treatment using our own acrylic phantom.

Result : First experiment, density of the colloid gel cases 1, 2 and 3 was 1.02 g/cm?®, 0.99 g/cm?® and 0.96 g/cm?®.
When the homogeneity was measured at 6 MV and 9 MeV, case 1 was more homogeneous than the other cases,
as 1.55 and 1.98. In the second experiment, the HU values of case 1, 2, 3 were 15 and when the treatment plan
was compared with the measured doses, the difference was within 1 % at all 9, 12 MeV and a difference of -1.53
% and -1.56 % within the whole 2 % at 6 MV. In the third experiment, the dose change of colloid gel was mea-
sured to be about 1 % for 2 weeks. In the fourth experiment, the dose difference between the treatment plan and
EBTS3 film was similar for both colloid gel and bolus, rice at 6 MV. But colloid gel showed less dose difference
than bolus and rice at 9 MeV. Also, dose profile of colloid gel showed a more uniform dose distribution than the
bolus and rice.

Conclusion : In this study, the density of colloid gel prepared for radiation therapy was 1.02 g/cm?® similar to the
density of water, and alteration or deformation was not observed during the radiotherapy process. Although we
pay attention to the density when manufacturing colloid gel, it is sufficient in that it can deliver the dose uniformly
through the compensation of the patient's body surface more than the bolus and rice, and can be manufactured at
low cost. Further studies and studies for clinical applications are expected to be applicable to radiation therapy.

» Key words : Colloid gel(Slime), EBT3 Film, Compensator
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