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The aim of this study is to develop a new software tool for 3D dose verification using PRESAG
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E™EY Gel dosimeter.

The tool included following functions: importing 3D doses from treatment planning systems (TPS), importing 3D
optical density (OD), converting ODs to doses, 3D registration between two volumetric data by translational and
rotational transformations, and evaluation with 3D gamma index. To acquire correlation between ODs and doses,
CT images of a PRESAGE™ Gel with cylindrical shape was acquired, and a volumetric modulated arc therapy
(VMAT) plan was designed to give radiation doses from 1 Gy to 6 Gy to six disk-shaped virtual targets along
z—axis. After the VMAT plan was delivered to the targets, 3D OD data were reconstructed from 512 projection
data from Vista™ optical CT scanner (Modus Medical Devices Inc, Canada) per every 2 hours after irradiation.
A curve for converting ODs to doses was derived by comparing TPS dose profile to OD profile along z—axis,
and the 3D OD data were converted to the absorbed doses using the curve. Supra-linearity was observed between
doses and ODs, and the ODs were decayed about 60% per 24 hours depending on their magnitudes. Measured
doses from the PRESAGE™ Gel were well agreed with the TPS doses at central region, but large under—-doses
were observed at peripheral region at the cylindrical geometry. Gamma passing rate for 3D doses was 70.36%
under the gamma criteria of 3% of dose difference and 3 mm of distance to agreement. The low passing rate
was resulted from the mismatching of the refractive index between the PRESAGE gel and oil bath in the optical

CT scanner.

In conclusion, the developed software was useful for 3D dose verification from PRESAGE gel

dosimetry, but further improvement of the Gel dosimetry system were required.
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Fig. 1. Setup of PRESAGE"™ gel dosimeter: Guide lines were
drawn on the dose tail only rather than to gel body.

- 234 -



PROGRESS in MEDICAL PHYSICS Vol. 25, No. 4, December, 2014

land, OH)Z d4& & 53}t Fig. 1= HEHYo] 82 ¥ £%+& 22 ms, Minimum gain 0 dB, 7}d|g} =4l &2
%l PRESAGE™™ 7lo] ~®lto] wAE R4S Vel 375 fps, ZRAA S5 sppgo g AAs o

WA RE 24 A, 33 CT 290U & o] &3l 71+ 7 A% 29 AF 2 48U =(Optical density:0D)%2k
(projection) B|o|E1E & 5ellof gt} o] 7| T4 dlelHle  FrAR 7He] JAIE EA4817] $13bod. Eclipse (Varian, Palo
WAL 24 F o] B0 A7e S ufl AR 24 A9 3 Alto, CA) WA X EAIR Al 2ElS o] gslo] WA A
3 AZE AAsed o] gHel B AFelde Visn™ et BAYE Ak W ZaF (isocenter)S ¥} T HE|
CT 2£7lYY(Modus Medical Devices Inc, Canada)E ©]-&3}o] Ao Atz Xy A=y & vleko g 4 cm of#ol| A2

X
|

7% 5o dlolel Selgleh visu™ #8 CT 2AUE  elglow], A el 1 em FA9) 23 Aadl el 4
el B 2ok WY 34 NS SR dovl,  BAL 1 FASE F 61 ANl o F 6 MV %
54 e ) Belol 0 F, AAs HAAAEA A AHOE YAZHLALAZ A ol Sote] oSl 57
a4 Zenlhe] o} G HSUHEg 2. F9 AFES ol 47 1 Gy ¥ 6 Gy 74 1 Gy 291 Aol A
54 ¥ Cone beam CT 48 A1F4 WA f4e17] 3490 £5 284S Fasigeh. Fg. 3& 243} 98 9 )
BF 99e ATHAAE. A% U5 A B AAZA A Aol Aek LEZ ehiich Aol 94 D ¥, 7

Fig. 2. Vista'™ optical CT scanner.
dove tail on the gel can be
attached to the rotational motor,
and gel body is immersed into oil
tank.

=)[[ViaT - Pianning Approved - Model View - CT_1

tanning Approved - Frontal - CT_1

Fig. 3. Radiation dose distribu-
tions in PRESAGE gel at the tre-
atment planning system. Six virtual
treatment targets were delineated
along the cylinder axis, and ab-
sorbed doses from 1 Gy to 6 Gy
was delivered to each targets.
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Fig. 4. Dose profiles along cylindrical axis from TPS doses and
PRESAGE gel doses. The PRESAGE gel doses were calculated by
applying a single OD to Dose converting factor. Proper shift
along z-axis of the gel dose make two profiles correctly matched.
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Table 1. Optical density, expected dose from treatment
planning system, measured absorbed dose using single OD
to dose converting factor.

Expected Measured gel Deviation
Optical P Dose (Measured
. dose from .
Density without dose/expected
TPS [Gy] .
correction [Gy] dose)
0.0337 1.01 1.15 12.6%
0.0682 2.06 2.34 11.8%
0.0982 3.08 3.37 8.6%
0.1235 4.06 423 4.0%
0.1477 499 5.07 1.5%
0.1783 6.30 6.11 —3.1%
77 --- Dose with correction
6 —=— Dose with no correction »
5 -
=
& 41
o
.
(=]
2 -
1 -
O T T T 1
0 0.05 0.1 0.15 0.2

Optical density

Fig. 5. The correlation between optical density (OD) and
absorbed doses. The curve of “Dose with correction” means
that variable OD to dose converting factor is used to calculated
doses from OD. The curve of “Dose without correction” used
only a single OD to dose converting factor.
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a Reduced signals (converted dose) along z-axis
for various time from

Gel dose after 8.2 hours
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b Reduced signals according to elapsed time from irradiation

—o— Ref6 Gy x-- Ref 3 Gy
-=- Ref5 Gy -%*-- Ref 2 Gy
--a- Ref4 Gy -—o— Ref 1 Gy

Dose (Gy)

30 35 40 45 50

0 5 10 15 20 25
Time after irradiation (hr)

Fig. 6. Decay of the optical densities (or converted doses) along the time after irradiation.

Fig. 7. Graphic User Interface of the developed software tool:
left window shows calculated dose distribution from TPS,
right window shows measured dose distributions from gel
dosimeter. Slide bars at right side can control the current slice
of the 3D volume, minimum and maximum threshold of the
dose normalization.
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