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Fig. 1. Shows the image of the electron density phantom. The
phantom is 25.0 cm of diameter of acrylic water phantom and
includes 8 samples of solution in 2.0 cm diameter of cylinder.
The sampls are replaced as CaCly, K;2HPO, and Al (Aluminium
=27 g/cc) for bone tissue as detailed in text.
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Fig. 2. Geometric layer (cm) of tissue heterogeneity in experi-
mental setup.
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*]E_—‘: Fig. 13} Zro] &7 250 cm, 77 5.0 cme] Y5
=HY ol 2.0 em A A 9] Alg3-3 AYsled &9 F
771] 03 cmZ QA4S 5P L uwje) CTHIS 2 wislE =zA
shlet.

CTH S ol tfS¥ AALENE XS4 FA A L0
AHst FFaH iAol ulel ARE & YES Y
g AAs3rt.

WAAX EAY et AFAeol vlzsty] ¢l Fg.
29} o] Zejagw nAHH ERR Aol v FAA
EAE Aiste] 199 Zolo] A%E H]ﬂﬁli’iv}
Algdol] o] &5l g3 WA 125 em®] WU EY B4

pleto g Zaliekd 52 cm, 175]1‘41%1] A 50 cm, &
gl 9" 50 om FAR AXsglon, o EAL H
Akz=] 9 BEARE Aol Hol A} FAZ
S Fdsle] AFME 2T

WA B A4S ZaAEEE 200 cm, AE 200
em, 57 1.0 cm)-& %o}l 50 em FHA R o] Fo) & 51, Auk
22 NHYLTE(99.9% CHOH EAF 4607, T=
Aol K,HPO, (EA}F 174.18, o =32g/cc)S AL3s}glo
o, 23 QAES Z+7 7FZxA 2 100X 100 cm’o] T, =

Table 1. Experimental CT phantom materials provided the
effective Z, physical and electron density.

CT Energy ® /pcc) (x1 Ofae/cc) Zeff Cew
Air 0.001 3.34 7.64 0.001
Cork 0.20 - - 0.20
n-Hexane (CsHug) 0.66 341 5.37 0.69
99.9% Alcohol (CHsOH)  0.80 3.39 6.35 0.811
Water 1.00 3.34 7.64 1.00
Polyethylene (C;Ha) 0.96 343 5.44 0.986
Polystyrene (CsHs) 1.04 3.28 5.70 1.02
28% Dextrose (by wt %) 1.12 3.30 7.29 111
44% Dextrose (by wt %) 1.20 3.28 722 1.18
Acrylic (CsHzO») 1.18 3.24 6.47 1.14
30% CaCl, 1.20 3.24 11.84 117
50% CaCl, 1.33 319 1324 127
K:HPO, 7.5% 1.05 3.31 849 104
K,HPO, 42% 1.29 3.22 1123  1.24
KoHPOy 75% 1.52 3.16 1252 143
*K.HPO4 108.5% 1.75 3.11 1338 1.63
K>HPO;4 132.5% 1.90 3.08 1383 176

*The solubility of K:HPO; is 167 g/100 cc in 20°C Water
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(CsHpOg) 5 Ak g2 7471 28% (WX 1.12 gjee, AA}
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Fig. 3. Relative electron density as a function of CT No (H) in
a given scan energies 110 (marked M) and 130 KVp X rays
(marked A).
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Table 2. Dose uncertainty of delivered dose from XiO system in a given field size and depths in cm for correction of
heterogeneities of 6 MV X rays with electron density of 130 KVp X rays.

Substitute Field size Depth Measured Superposition FFT convolution
1 )
materials (5q- cm) (em) % dose % dose % uncertainty % dose % uncertainty

A5XA45 12.0 54.4 54.5 0.2 54.6 04

Water Phant 20.0 332 33.5 0.9 33.7 15

ater Thantom 120 58.4 58.4 00 58.6 03
9.0%9.0

20.0 37.0 371 03 37.3 0.8

. 45X 45 12.0 63.6 62.5 -17 65.5 3.0

Lung equivalent 20.0 39.9 39.9 0.0 404 13

thickness 5 c¢m 9.0%9.0 12.0 66.6 65.1 -23 69.4 42

R 20.0 432 42.9 -0.7 443 25

- 4545 12.0 575 57.6 0.2 58.5 17

Fat equivalent 20.0 35.1 36.0 26 36.2 31

thickness 5 cm 12.0 61.3 61.2 -02 62.6 2.1
9.0x9.0

20.0 387 39.5 21 40.0 34

. 45%45 12.0 49.9 48.8 —22 47.1 =56

Bone equivalent 20.0 301 29.0 =37 288 —43

thickness 5 cm 9.0%9.0 12.0 54.1 53.0 -2.0 51.0 —5.7

R 20.0 338 325 -38 32.3 —4.4
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Fig. 4. Lung correction with Cork (density 0.2 g/cc) for superposition (a) and FFT convolution method (b) in 6 MV Photon beams

(marked+on the 120 em and 20.0 cm depth).

Table 3. % dose uncertainty of delivered dose from XiO system in a given field size and depths in cm for correction of
heterogeneities of 15 MV X rays with electron density of 130 KVp X rays.

Substitute Field Depth Measured Superposition Convolution

materials (89. cm) Lt (cm) % dose % dose % uncertainty % dose % uncertainty

= 12,0 67.7 67.7 00 678 01

Water Phantom 54x54 20.0 46.2 46.3 0.2 46.4 04

€ 0,090 120 69.1 68.9 -03 69.0 ~01

' ’ 20.0 48.0 480 0.0 48.1 0.2

‘ 5454 12.0 71.5 72.6 15 76.7 7.2

Lung equivalent 20.0 51.0 52.3 25 52.8 34

thickness 5 cm 9.0%9.0 12.0 72.8 75.0 3.0 782 74

' ' 20.0 51.7 53.6 3.7 54.8 6.0

_ 54554 12.0 67.7 70.0 34 70.6 43

Fat equivalent 20.0 46.4 433 41 48.5 45

thickness 5 cm 9.0%90 12.0 68.9 71.0 3.0 718 4.2

' ) 20.0 481 499 37 50.2 44

_ 5Ax54 12.0 61.1 63.0 3.1 61.3 0.3

Bone equivalent 20.0 415 422 17 41.7 0.5

thickness 5 ¢cm 9.0%9.0 12.0 62.8 64.3 24 62.5 -05

’ ' 20.0 432 439 1.6 434 0.5

2 B 28%2 A 42%9 24E Bgon, A=z
ol B 2.6% F2ANA HF —50%% HH —57%F
Ve SICHFig. 4). Fig. 4a, by Eelagdl A g A
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Fig. 5. The relative percent depth dose of 6 MV X rays for he-
terogeneity tissue correction. The measurement was performed
in SSD 90.0 cm at a 12.0 cm depth with field size 9.0x9.0
square cm as explained in text. The represented symbol M is
for measurement percentage, “sp” for superposition, “conv” for
FFT convolution, 110 KVp and 130 KVp for scan beam energy,
respectively.
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Verification of Radiation Therapy Planning Dose Based on Electron
Density Correction of CT Number: XiO Experiments

Tae-Jin Choi*, Jin-Hee Kim', Ok-Bae Kim'

Departments of *Medical Bio—Physics and Engineering,
TRadiation Oncology, Medical College, Keimyung University

This study performed to confirm the corrected dose in different electron density materials using the super-
position/FFT convolution method in radiotherapy planning system. The experiments of the K:HPO, diluted
solution for bone substitute, Cork for lung and n-Glucose for soft tissue are very close to effective atomic
number of tissue materials. The image data acquisited from the 110 KVp and 130 KVp CT scanner (Siemes,
Singo emotion6). The electron density was derived from the CT number (H) and adapted to planning system
(Xio, CMS) for heterogeneity correction. The heterogeneity tissue phantom used for measurement dose com-
parison to that of delivered computer planning system. In the results, this investigations showed the CT
number is highly affected in photoelectric effect in high Z materials. The electron density in a given energy
spectrum showed the relation of first order as a function of H in soft tissue and bone materials, respectively.
In our experiments, the ratio of electron density as a function of H was obtained the 0.001026H+1.00 in soft
tissue- and 0.000304H+1.07 for bone at 130 KVp spectrum and showed 0.000274H-+ 1.10 for bone tissue in
low 110 KVp. This experiments of electron density calibrations from CT number used to decide depth and
length of photon transportation. The Computed superposition and FFT convolution dose showed very close
to measurements within 1.0% discrepancy in homogeneous phantom for 6 and 15 MV X rays, but it showed
—5.0% large discrepancy in FFT convolution for bone tissue correction of 6 MV X rays. In this experiments,
the evaluated doses showed acceptable discrepancy within —1.2% of average for lung and —2.9% for bone
equivalent materials with superposition method in 6 MV X rays. However the FFT convolution method
showed more a large discrepancy than superposition in the low electron density medium in 6 and 15 MV X
rays. As the CT number depends on energy spectrum of X rays, it should be confirm gradient of function of
CT number-electron density regularly.

Key Words: Electron density ratio, CT number, Heterogeneity tissue layer
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