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A Study on Dose Sensitivity according to Position Variance in

Extremities Radiation Therapy with Water Bolus
Jeong Min Seo’

*Dept. of Radiological Science, Daewon University College

Abstract

The purpose of this study was to investigate radiation dose sensitivity due to displacement of human

extremities in the water bolus box on radiation therapy. Water bolus box and human thigh with femur

bone were constructed in computerized radiation therapy planning system to verify the absorbed dose.

Two 6MV X—ray beams were irradiated bilaterally into water bolus box and then radiation dose were

calculated each situation at displacement of middle axis of thigh from the center in water bolus box to
right and left direction. Absorbed dose of thigh and femur bone increased by the distance of

displacement. The maximum dose of thigh even increased 20% over than prescribed dose. This is in

contrast to conventional concept of dose distribution in water bolus box. Based on this result,

displacement of body site in the water bolus box have to be averted during radiation therapy.
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[Figure 1] Conventional concept of radiation dose
distribution in the water bolus box
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[Figure 2] Calculated 3D dose distribution in
water bolus box, (a) bolus box only, (b) with

human thigh in the water bolus box
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[Figure 3] Concept of construction for bolus box
with human thigh and bone in radiation therapy
planning system ; box(blue wire) present the
water bolus box, lager cylinder present human
thigh, small cylinder present femur bone.
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[Figure 4] Mean dose of thigh and femur bone
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<Table 1> Absorbed radiation dose of thigh (density of thigh : 1.0g/cm) [cGy]

Displacement of middle axis of thigh from the center in water bolus box
Dose right mid left

4cm | 3cm | 2cm lcm | Ocm lcm | 2cm | 3cm | 4 cm
mean | 1103 | 109.6 | 108.7 | 108.2 | 107.8 108 108.9 | 109.8 | 1105
max 120.1 | 1195 | 1186 | 1171 | 1140 | 1156 | 1185 | 1194 | 120.2
min 924 99.7 99.9 99.7 99.9 99.9 99.9 99.9 90.2
SD 4.5 37 32 2.8 23 25 32 37 47

<Table 2> Absorbed radiation dose of thigh (density of thigh : 1.2g/cm) [cGy]

Displacement of middle axis of thigh from the center in water bolus box
Dose right mid left

4cm | 3cm | 2cm lem | O cm lem | 2cm | Scm | 4 cm
mean | 1110 | 1100 | 1088 | 1083 | 107.7 | 108.0 | 1089 | 110.1 | 1115
max 1224 | 1209 | 1194 | 1174 | 1139 | 1159 | 1193 | 1209 | 1225
min 97.0 99.8 99.8 99.9 99.8 99.8 99.8 99.9 94.8
SD 5.0 4.2 34 2.8 22 25 35 4.2 51

<Table 3> Absorbed radiation dose of femur bone (density of thigh : 1.0g/cn) [cGy]

Displacement of middle axis of thigh from the center in water bolus box
Dose right mid left

4 cm 3 cm 2 cm 1 cm 0 cm 1 cm 2 cm 3 cm 4 cm
mean | 107.8 | 106.7 | 1055 | 1049 | 1040 | 1041 | 104.8 | 105.7 | 106.4
max 1128 | 1121 | 110.8 | 1085 | 106.8 | 106.8 | 1100 | 1108 | 1111
min 101.2 | 100.9 | 100.3 99.9 99.9 99.9 100.0 | 1004 | 100.5
SD 24 2.2 21 19 23 17 2 2 22

<Table 4> Absorbed radiation dose of femur bone (density of thigh : 1.2g/cn) [cGy]

Displacement of middle axis of thigh from the center in water bolus box
Dose right mid left

4cm | 3cm | 2cm lcm | Ocm lcm | 2cm | 3cm | 4 cm
mean | 108.6 | 107.1 | 1056 | 1048 | 103.8 | 103.8 | 104.6 | 105.8 | 106.8
max 1138 | 1119 | 110.0 | 1082 | 1064 | 1065 | 109.0 | 1100 | 1114
min 101.7 | 101.2 | 100.5 | 100.1 99.8 99.8 100.0 | 100.5 | 100.8
SD 26 2.2 20 18 16 16 18 2.0 23
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