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Construction of voxel head phantom and application to BNCT
dose calculation
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Abstract - Voxel head phantom for overcoming the limitation of mathematical phantom in
depicting anatomical details was constructed and example dose calculation for BNCT was
performed. The repeated structure algorithm of the general purpose Monte Carlo code, MCNP4B
was applied for voxel Monte Carlo calculation. Simple binary voxel phantom and combinatorial
geometry phantom composed of two materials were constructed for validating the voxel Monte
Carlo calculation system. The tomographic images of VHP man provided by NLM(National
Library of Medicine) were segmented and indexed to construct voxel head phantom. Comparison
of doses for broad parallel gamma and neutron beams in AP and PA directions showed decrease
of brain dose due to the attenuation of neutron in eye balls in case of voxel head phantom. The
spherical tumor volume with diameter, 5cm was defined in the center of brain for BNCT dose
calculation in which accurate 3 dimensional dose calculation is essential. As a result of BNCT
dose calculation for downward neutron beam of 10keV and 40keV, the tumor dose is about
doubled when boron concentration ratio between the tumor to the normal tissue is 30z g/g to 3
©g/g. This study established the voxel Monte Carlo calculation system and suggested the
feasibility of precise dose calculation in therapeutic radiology.

Key words : voxel Monte Carlo, voxel head phantom, MCNP, BNCT, dose calculation

2ok - ARTHor ded FHAHAHNLY FAE FEHI] A voxeHHBHE AFetn

BNCT(Boron Neutron Capture Therapy) A3 Al AZEIZE AAsg} ‘34_‘?}%31 By zg 3=
ol MCNP4B9} whE1z dugfEE o] &38le] voxelZe|l 22 AMAAE ddx F kA A
2 FAE AAA voxeldgH TStz guE AL vwnE F3 ﬁ]*hﬂﬁle AFaAet. o5
NLM(National Library of Medicine)olX A €3+ VHP man Xﬂ ZALAC dig £ 2 A
Ae Z8 voxelHAEE Azate] AP 2 PA LM dabets W3 9y FA4 F S
o theh Mekzhs MIRD=E o) AArgha H]EZE} Ast FAAY AP EZAL A MIRDJ‘F.%QWL =
T e otz I A 7143’\“’ golsk 4 glonh 3a19 A AAte] B3 BNCT Ale
A ARREANS del | Fdel A7 sem 7 HFF AAE Aosa Mo} Foko) T4 F
e 243 10keV 2 40keV A% ’4 FAAN g3 AN FrAFs ANG dF T 30
pg/g, BAME 3ug/gd] 548 FYUF A4S T2 ‘001 Ae ol vjs] 28] g F MFS B
Ak £ ATE T voxelZHZZI|HE o] 43 NFH/AAE FHAAL BT ARFANS
HAZ e ATHARIET AEAN AA dA e VoxelJ“HJ $87H5A S AAEAT
S0 voxel ZHZEZ, voxelM 2| HE | MCONP4B, BNCT, & 2HH 4t

¢

AN E D F(ICRP)7F A3stes wAbd  FHAFRDE o] 8T 2HAR Ao

93

A7hE AHAL A
2EE Yobobs oI% Ao £

A



94 B GTRR L R &t

g[2]& EH* W% 11 d %
5 2 A9 7188 U g destatd 18
Ziili d# 20-304, AMF Tokg 2y Al
170cm® ICRP23 EF[3]e] <A3ste] A 2e]
om @e AFAE] ofF ol&do UYF
AP S AFALE Fds g A A g
Al AFE ANEESY dAR AT AMAT @F
-r]ﬁﬂ r‘;_}_{,_:g}gl /\61-?(-1 o]a:].ﬂ]E—lO o1 9 nook
aAYE EASFA Fdve BAAQ $AF
otz td. 2¥1& MIRDUEHE #chd
3 AA #g e MRY ol

tlo mlo mlo

Fig. 1. Comparison between simplified MIRD head(upper)
and MRl of real human head(lower).
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Fig. 2. An imaginary 3x3X3 binary phantom composed
of two material(brain and skuil) for the validation of
voxel Monte Carlo calculation.
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Fig. 3. Comparison of calculation result between voxel
and MIRD-type phantom.,
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Fig. 4. Steps of constructing voxel phantom (&)
Transverse photo of VHP man’s human head (b) Cray
scale image of human head after segmenting and
indexing (c) 52%66 voxel slice composed of 4mm X 4mm

square.

Table 1. Specification of the voxel head phantom. and
comparison with MIRD phantom.

Voxel phantom MID
: phantom

#of Voure Demsity Mass  Voure Mass

voxd () @m) @ (@) @
Bye lens 3 05 10 05 NA NA
Eye 3 162 100 162 NA NA
Soft
e Iml4 a0l 14 3185 NA NA
fissue
Skull 12497 TH8 164 13117 & 10
Vad 108% 6160 0010 8 NA NA
Bran 2813 1580 10 17310 140 140

? Visual nerve included
® Void in and out of phantom

Table 2. Elemental composition of 5 materials (weight
fraction)

Skul Brain Scalp Air  Water
H 006 0107 01 000012 0111
C 0212 0145 024
N 0 002 002 0%
0 04% 0712 065 0232 088
Na 0001 0002 0002
Mg 0.002
P 0081 00 0001
S 0003 0002 0002
a 0.003 - 0.003
K 0003 0001
Ca 0176 00128




Fig. 5. Comparison of slices at (a) z=0 plane and (b)
x=0 plane of voxel and MIRD phantom.

(@ slices at z=0 plane of voxel head(lower) and
MIRD(upper) phantom. Tumor volume is included in voxel
head phantom.

(b) Slices at x=0 plane of voxel head(lower) and
MIRD(upper) phantom. Tumor volume is included in voxel
head phantom,
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Table 3. Comparison of absorbed doses between MIRD

and voxel phantom for broad and parallel beams.

Absorbed Dose (107°Gy)

AP PA
Voxel MIRD Voxel MIRD
Neutron
0.04MeV) 1584 1910 2251 2039
Brain
Photon
oMey) 876 9213 937 9189
Neutron
Oonveyy 14l 138 122 1341
Skull
Photon
(OMeV) 8836 8480 847 8458
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Fig. 6. Comparison of brain dose of voxel and MIRD
phantoms for neutron from AP and PA directions.
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Table 4. Tissue doses for 10 and 40keV plane neutron
beam(® =15cm).

Boron-free Boron-injected ®

Organs
10keV ~ 40keV  10keV  40keV
Brain” 2460 2662 2737 2910
Skull  1.152 1455 1.147 1.441
Eyes (874 1.040 0974 1132
Lenses 0860 0.93% 0.898 1.035
Tumor 1903 1982 4149 4361

? 30 g/g of boron is injected to tumor and 3¢ g/g to
normal cells except for skull.

® Tumor volume is excluded.

40 I Boron-free (10keV)
| ] Boron-free (40keV)
I Boron-iniected (10keV)
] Boron-iniected (40ke\)

"yl

Tissue absorbed dose [10

Brain II Eves Lenses
Fig. 7. Organ doses for 10 and 40keV plane neutron
beam(®=15cm) with boron concentration.
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