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WFZe R O S (337) : Dual-energy computed tomography (DECT) has the potential for
measuring electron density distribution in a human body to predict the range of particle
beams for treatment planning in proton or heavy—ion radiotherapy. However, thus far, a
practical dual-energy method that can be used to precisely determine electron density
for treatment planning in particle radiotherapy has not been developed. In this study,
another DECT technique involving a balanced filter method using a conventional x—ray tube
has been proposed. From the viewpoint of beam hardening and the tube—loading efficiency,
the DECT using balanced filters would be significantly more effective in measuring the
electron density than the conventional DECT.

SR TEHA
(BREHAT - 1)
[ERETEN iR &t
2010 £ 1,000, 000 300, 000 1, 300, 000
2011 4 300, 000 90, 000 390, 000
2012 B 200, 000 60, 000 260, 000
FHE
FE
%t 1, 500, 000 450, 000 1, 950, 000

WEFEoT B« BRER
P& O3 FL « A1H - RS - U
F¥—U— R :electron density, dual-energy CT

1. BRGSO 5

TREFE R 8 Tl K O FRAGIERH & F DRl 1
2R DR RS ATRIRIC B W T, 1EfE
TR RO BT, R FRRDOIKN
FRFR A RTERT T 5 E 15 BTG WA LA
RTHD, 5ZDEZ A, (D CT AF¥

FTTEOND CT L EFEEELHEL T
WAHA, Lo L, e X#Rof HIZER T 5
BB LD T= DI E BB b N L <, §F
(K 2 B L 5 B AR T O R
ST OIRFRICKEE 7L TS, ZOfE
W2k LT, IR E R AR O 7 v —




WZED T ZRWTE 2 X CTITXD
EHEERE ] ORE - BREN RS TE T,
2 XA CT L1, 2 O X LF—T
FNEN CT 2x ¥ 2170, BN BIR
FURE AT D = R X —(KIEVEA TR D =
LR TEFEESMEENT 5 HIET
bHbH, ZOHETIEH., £1%OKETCEFE
FEORIENRETZN, LML, /ERDOEHX
IR ORI BEAlENS RIS T\
WELIRIZI W T, i EhEa% O F H 23wl &
bl THER (BE) I33ALH D0
JENL] ThHDHZ ENERIND, 5T, TH
GRABENEHRETHEET S WO AL
Y2 XHRCT OFFHRFH A~ B 1 XA
7R H B,

2. WEOHEM

AAEH T B OEE IS O & T
T 572, WEROEM XBIROMEH % 7 6E
ETD IRTURRT 4 VEERMBE DT
7o 2 tAXAR CT IC K DETHEENE ZHi
WCER LT, NTUART 4 VHEEIX, B
WIZIEWZ R F— O IUR 2 D, M OE
S Z YT SN 2D 7 4 VB A ff
W BT IV E i LT X D254 AL
BIZ X - T, MR icskEN /- r ¥ —
DO XD &5 5 EHALIETH D, A
e B WL, B8RS A TRIEFHE 2 3 C
RYEHAHEEDT-DDOVHENTIT—Z Th
5 BB EOMIHE N ATREZe 2 A XHR CT
BLRNTGUART g NVEEREEALZERX
MEZAWCER T THDH, KHRE
%D 7 HEFFEHARINIC . — %R X AR &
o7z 2 (AXHKR CT EED T v ¥ A T %AE
L, EEYESCETEE Y 7 N ADOET
BESATE A LT, KAFEOFEMEO Y
P& RREE L7,

3. WO HE

) XORIR &2 FH U= 2 68 XOR OT SEE ok
L EFHMIIZ DWW LA T OMFE 2 Fhi L7,
O2 X ## CT ZE & DO &L
CERERA XRRE AW e R E AT D
TEHY

« F—ZRETH Y 7 b7 R
O2 X # CT ZE & DO FFAM

© XA RVRIE - FEAM
AEEMEB L OETEE 7 7 N AOET
EESARRIE - A

4. WFIEALE

WFFRPEES [XT AR T 4 V2 B2
HEDE 2 A XH CT HEE] oFa & A
7 (Fig. 1) #FfFrLLblc, 2oL —

LRT A= OEmNRELERA T, £,

BHEDOT 2T VT RILF—CT LD —LhN
— F=2 7 BRI B4 2 BE D i 4T

x-ray il
line sensor
camera

shaped ,E— ) 5
Sl filters , "o >N

,/

balanced
rotation  filter
\ stage
jack

[ =150 mm 600mm
H FOM (25cm max.) balanced
M filter
i X
E | H
o L
o | [ @
H A x-ray
H tube
H rotation shaped adjustable
- stage filters collimators
x-ray
line sensor
camera

Fig. 1 Prototype of CT scanner equipped with
balanced filter. Upper: photograph, lower:
schematic top view of the scanning geometry and
the components of x-ray CT system.
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2 Contour plots of (a) FOM, (b)
combination of balanced filters, which yields

Fig.

the largest FOM at each kV pair condition among
all possible filter combinations, and (c) tube
output, calculated for various tube voltage
combinations V, for low-energy scan and V, for

high energy scan.

HHEEZ > CETEESMERZ FZRT
6_&ﬂf%éoﬁﬁf\2@xﬁcr/\
v~yay7m7§A%@ﬁ’%%L £k %
iﬁ@%iiﬁk*?h&%ﬁé&ﬂ# (&L, EEi., FoV,
= 4 %) o kwr%%hé Wy
BB OELE THFTHZ LRS-

40 60 80 100 120 140
T A T d T ¥ T ¥ T T T
| (@) high energy (140 KV
i (a) high energy ( )«400
RN
/.'/
~ Mofilter 200
0
é, 80 F (b) low energy (80 kV)
—
E sor ~—Source )
(2] \
§ w0
Z Hf filter
2
=]
& 21 Tbfilter 1
0 1 A 1 i 1
[ (c) difference 1200
[ Hf—Tb
[ X5 100
LE 4
L 1 1 0

E (keV)

Fig. 3 X-ray spectra at the detector input
through the the
50-cm—diameter water phantom, simulated under

passing center of
the optimal condition of tube voltage pair of
80 kV/140 kV using Tb/Hf and Bi/Mo filters.
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Fig. 4 Simulated images of (a) p, and (b) Z of
33-cm—diameter solid water phantom with 16
tissue inserts. Averaged p, or Z data of

8 9 10 11 12 13 14 15
Z% (theoretical)

tissues plotted against the theoretical values
are also shown in the lower portions.
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