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Abstract The respiration is one of important factor in the radiation therapy. The existing commercial method of
cone-beam computed tomography on LINAC does not consider respiratory motion of patient hence the images are
both distorted and inaccurate. In this study, the cone-beam computed tomography images have been reconstructed
from back projection radiography of specific phase on breathing cycle which concerned about respiratory movement
in radiation therapy. This study investigated how different between cone-beam CT images with and without gating
respiratory movement, and this paper provides that guide and implementation of gated cone-beam CT on radiation
therapeutic equipment.
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Fig. 1. RPM respiratory gating system

(a)

Fig. 2. (a) situation of undergoing CT scan with RPM

system (b) the marker block which is the
surrogate for respiration of patient

(b)
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Fig. 3. The modified 3D motion phantomsystem
(a) photo of 3D motion phantom
(b) direction and range of movement of 3D
motion phantom

(superior-inferior, SI), Z1$*-&Kanterior-posterior, AP)

F-993F (right-left, RL)W3FO. 7 FAof -2 o] =2 &}
om, o] flste] Ak S ol & WS 485

Atk olE 72l SI WEe

6934

RLAE 3mms SAlo] F2o|e5 stglon, & He
A9 F71E A 419 SEFFVI9 A 4%
2 ARGk o] 75 W el A& JALA7F B2}
¥ 028 555 29%¥, image 953 E45 9
atod, Wi SAlell 2mm A5 &< balle] A9E 1 S
© A5HA] A (ball bearing W, BBIE) & &7
e R
2.3 AXME TASICHESEY Ji 25
A e e R ARRH gL AHE CT

8¢l GE medical system | GE light speed RT
16(GE, US)& ©]&3te] ¥53191om, GE Advantage
Workstation(AW 3.4)E ©]-8-3}¢] image reconstruction
< Atk viF S4lel 2mm AFe
5ol 9= BB WHS cine modeZ ©5E% 3191

=4 balle] 4

>

slice thicknessE CTEH|o|A & -g-o] 7153 HAF
21 0.625mm= A48T o]FA A5 CT FdE2

cone-beam CTS} TZdl= 7|&0 2 AREH AT

2.4 Cone—Beam CT @&=l5 U xj71d

B AT AMEE ME7HEY] e iX(Varian,
US)[Fig. 4]2 WA X 8ol AME-%= Mega-Voltage
Ao XAE AHE-ste] EPIDE 53| radiography S 2
@ & Ark g A5E PAPAE HAAT]E gantry

G202 A|8te] beamo| WAFSHE T4 91X
2‘ OBI= 0]%8}04 kilo-voltage BEL XHdo
#9 9 CBCT 94<

Fig. 4. The linear accelerator iX series(Varian, US)
(a) gantry head
(b) X-ray source arm of OBI
(c) Detector arm of OBI
(d) Detector arm of EPID



AR 28 AP714712 083 Gated Cone—Beam CTQ| #-84 A+

= O i
FElelA s 53Tk &
dA xeth wEba 2 AFeAE RPME )&
gating 7|4 #8351 OBIS} EPIDE o] &3] 217}
back projection 4S5 S}IUHFig. 5]. 2AMA
10x10cm, gantry:= 0 ~ 180°7}4] 1°7+A 02 3|43}
Al back projection FAS 53Tt olEA 5
back projection 37353 Matlab(MathWorks, US)< ©]
4314 filtered back projection Yig|Foz Z}7he]
CBCTY o2 TS A4k

(@ (b)
Fig. 5. Samples of back projection images for
reconstruction axial images of CBCT
(a) sample image using OBI with kV-CBCT
(b) sample image using EPID with MV-CBCT

AREEE XA 9] ol Aol whe} 4ol Ho] A v
Al Y=, OBIE ©]-83}9] kilo-voltage YA &
ARt Agole BRENE AumHeR s,
EPID mega-voltage®] olUAE AREet oA =
compton scattering®] o] A ujAojm =z HPALA 2}
EZ}0] A5 Ag-o] Aol7t 4ol Aol A A1
ATH12,13,14]. = kilo-voltage] FAtoll A Ad=2} o
Z%7} §-9°38 back projection 3742 4& F UL
Back projection 9§72] “FEN7t A4S CBCTY 4%
o %= &S w|AH kilo-voltage AU A& A}-&-3F OBI
25 A gder A74EF kV-CBCT7L
MV-CBCTel H|gte] Adems} tzer} §-738 nof

31 THFig. 6].

@ (b)
Fig. 6. Analysis CBCT images with evaluating pixel
values (a) kV-CBCT (b) MV-CBCT

6935

Agsx] @S kV-CBCT, gatingS 283
kV-CBCT$} mega-voltage CBCT(MV-CBCT)S <
e o]FA BF oAl FRF-9 ojuA] AE2E 5

slo] E-215}9tTable 1, Fig. 7].

(b)

(e)
Fig. 7. Sample of each image series

(a) Reference series from diagnostic CT

(b) Gated 4D CT from diagnostic CT

(c) Not-gated kV-CBCT from OBI (originally
from commercial product of CBCT system)

(d) Gated kV-CBCT reconstructed from OBI
images

(e) Gated MV-CBCT reconstructed from EPID
images
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Fig. 8. Not-gated kV-CBCT series, circle : distortion of

inner ball in the BB phantom
(a) transverse plane image

(b) sagittal plane image

(c) coronal plane image
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Table 1. Image series on this study and results of evaluation

Images Xera Image Gating
g Equipment Y Beam shape Gating Category distortion accuracy
series energy level
(%) (%)
A GE RTI16 kilo-voltage fan beam Non-gating existing, reference reference
references
B GE RTI16 kilo-voltage fan beam 4D gated existing 4.7 n/a
C LINAC OBI kilo-voltage cone beam Non-gating ex1st1ngj 400 n/a
commercial
D LINAC OBI kilo-voltage cone beam 4D gated on this study 2.1 80.33
E LINAC EPID mega-voltage cone beam 4D gated on this study 2.21 79.6
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