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Evaluating the Usefulness of Rice Bolus Phantom in Tomotherapy: Phantom Study

Dae-Gun Kim'?-Jae-Hong Jung”

Y Department of Radiation Oncology, Soonchunhyang University Bucheon Hospital

? Department of Radiologist Science, Gachon University Graduate School

Abstract The purpose of this study was to evaluate the usefulness of the rice bolus for upper-lower extremity radiation
therapy by Tomotherapy. The computed tomography images were obtained for air, water, and rice bolus. The average
and standard deviation of the Hounsfield unit (HU) were measured for image evaluation. The conformity index (CI) and
homogeneity index (HI) were calculated for dose distribution of the planning target volume (PTV) which was treated by
direct mode with gantry angle (90 and 270 angle). The point dose of a total of ten axial planes was measured to con-
firm the different regions, The mean of HU was -999.72 & 0.72 at the air. The water and rice bolus were -0.13 £ 1.65
and -170 £ 27.2, respectively, The CI (HI) of PTV was 0,96 (1.36) at the air, 0,95 (1.04) at the water bolus, and 0.95
(1.04) at the rice bolus, The maximum dose for air was 136 ¢Gy which is about 32% higher than 103 Gy for water
and 104 ¢Gy for rice bolus. There was a statistical difference for point dose between air and water including rice bolus
(p=0.04), however, no statistical difference between water and rice bolus (p=0.579).The rice bolus phantom for extremities
radiation therapy could be not only the optimized dose distribution but also the convenience and equipment safety at
Tomotherapy, However, additional research will be necessary to more accurately verify the clinical usefulness of rice bo-
lus phantom due to not enough examination,
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1, Phantom and CT images
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Fig. 1. Pig's front leg at the water tank phantom, (a) Side view
for setting water tank phantom and reference point. (b) Pig's
front leg wrapped by wrap, (c) Front view for setting water tank
phantom and reference point,

Fig. 2, Measured various materials, (a) Sagittal plane images
of Pig’'s front leg with ten region of interests at water bolus,
(b) measured a Hounsfield unit with region of interests and (c)
the dose distribution three cases with air, (d) water, and (g)
rice bolus by direct mode beams at Tomotherapy

(region of interests; ROIs)< 2}o|oj(wire) = IFEA|UTH
A ohels EEYA S AE 2R AR 124
ek,

RATEE 1 0] 2] 2 7](SOMATOM Confidence, SIEMENS,
Erlangen, Germany)E ©]-835}o] 274120 kVp, 24 mAs,
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2. Hounsfield Unit (HU)

ArelaEe @S FFE71eE Al 44|14 (planning
target volume; PTV)S AAsH7] €3 MIM Software
(ver.6.6.14, MIM Software Inc, Cleveland, OH, USA)Z
753t Fig. 2(a)+= F 10719 T FHE Z3gH e 2
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3. Treatment planning
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4, Statistical analysis
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1. Hounsfield Unit
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2. Treatment planning
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Table 1, HU value measured for air, water, and rice materials.

Air Water Rice

(HY) HY) HY)

Min -1001,42 -2.89 -226.93

Max -998.02 3.51 -131.14
Average * SD -999.72 + 0,72 -0.13 £ 1,65 -170.12 = 27.2

Min: minium value, Max: maximum value, SD: standard deviation,

Table 2, Target coverage with Cl and HI index, and PTV dose by the treatment planning at Tomotherapy,

. Min Average Max Coverage
Meterial (cGy) (cGy) (cGy) c H %)
Air 84 115 136 0.96 1.36 95
Water 98 101 103 0.95 1.04 95
Rice 98 101 104 0.95 1.04 95

Min: minium value, Max: maximum value, CI: Conformity index, HI: Homogeneity index.

Table 3, Point dose in ten ROIs for three materials (air, water and rice),

Point dose (cGy)

Material — -
Minium Average = SD Maximum
Air 116.0 117.4 = 097 119.0
Water 100.0 100.6 £ 0,52 101.0
Rice 99.0 100.7 + 0.67 101.0
SD: standard deviation,
Table 4, Statistical analysis according to bolus application,
Material D
p-value*
pre post (pre - pos)
Water 16.8 = 1.32 0.004
Air
Rice 16.7 £ 1.16 0.004
Rice Water 0.1 £ 0.57 0.579

D: difference

*Wilcoxon signed rank test was performed when comparing before and after application of bolus (air-water, air-rice).
Wilcoxon rank sum test was performed when comparing bolus materials (rice vs, water).

3. Statistical analysis

Table 4t B249] 483} o] tE B A Aol
AR Aot EFATF ¢l AHi(ain 9] ARk &
wog e Aele M Aol ola Aol U
(p=0.04), 2 FF2 AZoA = o3t 2po] & E itk
(p=0.04). =3 & 720 tigt Ard B A AT
OJgt Aol 5 HolA] UTHp=0.579).
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