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Generally, to evaluate gated radiation therapy, moving phantoms are used to simulate organ motion. Since the
target moves in every direction, we need to take into account motion in each direction. This study proposes
methods to evaluate gated radiation therapy using gamma index analysis and to visualize adequate gating window
sizes according to motion ranges. The moving phantom was fabricated to simulate motion in the craniocaudal
direction. This phantom consisted of a moving platform, the I'm MatriXX, and solid water phantoms. A 6 MV
photon filed with a field size of 4X4 cm? was delivered to the phantom using the gating system, while the phantom

moved in the 1-, 2—, 3—, 4-,

and 5—cm motion ranges. The gating windows were set at 40~60%, 30~ 40%,

and 0~90%, respectively. The I'm MatriXX acquired the dose distributions for each scenario and the dose
distributions were compared with a 4x4 cm? static filed. The tolerance of the gamma index was set at 3%/3
mm. The greater the gating window, the lower the pass rate, and the greater the motion range, the lower the
pass rate in this study. In case treatment without gated radiation therapy for the target with motion of 2 cm,
the pass rate was less than 96%. But it was greater than 99% when gated radiation therapy was used. However
gated radiation therapy was used for the target with motion greater than 4 cm, the pass rate could not be greater
than 97% when gating window was set as 30~ 70%. But when the gating window set as 40~ 60%, the pass

rate was greater than 99%.
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Fig. 1. Moving phantom consists of; (a) Moving platform, (b)
I'm MatriXX, and (c) Solid water phantom. The platform moves
by crank connected to the geared motor. This phantom de-
signed to simulate respiratory-induced organ motion in cra-
niocaudal direction.
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Fig. 2. Example of 4x4 cm’ field dose distribution for 5 cm motion range: the larger gating window, the larger penumbra to the
motion directions. No gating for the moving target caused shift of dose distribution.
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1 cm/40~60% 1¢cm/30~70%

2 cm/40~60% 2 cm/30~70%
-

3 cm/40~60% 3 cm/30~70%

4 cm/40~60% 4 cm/30~70%

L
5 cm/30~70%

5 cm/40~60%

Table 1. Results of pass rate calculated from gamma index
for each gating window comparing to reference (static field).

Gating window

Motion
range  40~60%  30~70%  0~90% 0~90%
(w/margin)

1 cm 100.00% 100.00% 98.18% 97.83%

2 cm 100.00% 99.91% 95.83% 95.18%

3 cm 100.00% 98.78% 94.31% 93.75%

4 cm 99.78% 96.83% 92.75% 91.58%

5 cm 99.70% 96.57% 91.58% 90.06%
curve) -5 7FA 8+ 7] w0l 2 7](end of expiration) 4
Aol AAH L2 71 AA AR FFETIAE AT
30~70%5 AdsitietE A7t ¥ & 5 Yok THFA
B9 A S A9 £ 9ol w2 4427

1 ¢cm/0~90%

2 cm/0~90%

3 cm/0~90%

4 cm/0~90%

Fig. 3. Results of gamma dis-
tribution for each gating window
comparing to the reference (static
field); white: pass/black: fail. In-
crease of motion range causes

5 cm/0~90% d
ecrease pass rate.
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Fig. 4. (a) Gating window at 40% ~60% with 5 cm motion range, (b) Gating window at 30% ~70% with 5 cm motion range: Sum
of beam on time for each gating level were compared with total treatment time, respectively.

tumors. Int J Radiat Oncol Biol Phys 58(4):1251-1257 (2004)

. Lim S, Park S, Ahn S, et al: Guiding curve based on the

normal breathing as monitored by thermocouple for regular
breathing. Med Phys 34(11):4514-4518 (2007)

. Arugr T, Ltami J, Aruga M: Target volume definition for up-

per abdominal irradiation using CT scans obtained during inhale
and exhale phases. Int J Radiat Oncol Biol Phys 48(2):465-469
(2000)

. Gagné IM, Robinson DM: The impact of tumor motion upon

CT image interrity and target delineation. Med Phys 31(12):3378-
3392 (2004)

. Suramo |, Paivansalo M, Myllyla V: Cranio—caudal move—

ments of the liver, pancreas and kidneys in respiration. Acta
Radio Diagn (Stockh) 25(2):129-131 (1984)

. ICRU Report 62: Prescribing, Recording, and Reporting

Photon Beam Therapy (Supplement to ICRU Report 50),
International Commission on Radiation Units and Measure—

10.

11.

12.

- 202 -

ments, Bethesda. (1999)

. Kubo HD, Hil BC: Respiration gated radiotherapy treatment:

a technical study. Phys Med Biol 41(1):83-91 (1996)

. Ramsey CR, Scaperoth D, Arwood D, Oliver AL: Clinical

efficacy of respiratory gated conformal radiation therapy. Med

Dos 24(2):115-119 (1999)

a2 BA WA dAAXEE Y3 $FAFA A
B A AVNE, A7 1 AR = (2008)
MA|Y, 22, HAT, HM8, MS2, 2SS RapidArcE ©|
23 3FAF AAA| 2ARAAXE T o A A
A Hrt o5l 24(2):127-132 (2013)
A otsE HME S: AR npAIE o] 83 IFEA
A ol oleh A FoFEE] 2] 23(4):217-222 (2005)

Seppenwoodle Y, Shirato H, Kitamura K, et al: Precise
and real-time measurement of 3D tumor motion in lung due to
breathing and heartbeat measured during radiotherapy. Int J
Radiat Oncol Biol Phys 53(4):822-834 (2002)



PROGRESS in MEDICAL PHYSICS Vol. 24, No. 3, September, 2013

1
Rrr
Ot
14
o

ol
ol
Rr
Ol

ol

KO0
ol

ol

Jo|T

e ol &

47

L
o

o S A X| 2(gated radiation therapy)2l

& (moving phantom)S AFSSHCt 3 X (target)

oz
o

o]
Br
2
oll

2 gHo|7] mzof =

IskO
oo

H
[=]

o
= 2=

(motion

|o:

(gamma index) £

v
ar

LN

Z
=]

ot 2 HFoME

o
=

o2 7

HISE
oo

c}. So|Z(craniocaudal)

ol

1S & (gating window)2| 37|E ot 1A}

O:
)

)

M

range)ol| 2

Bl ('m MatriXX, IBA Dosimetry,

o

4x4 cmPel Z=AMH (field size)

k=1
=

Germany), 2 & 2 E(solid water phantom)2 2 O|F0{ & CE 6 MV ol X2 ZHX}M

i~

st &4

ZLS

3%/3 mmz

HeE

=2
S

tACE 3

1o

g
m (o))
@ Od
2
S 7
g ™
3 o
£
IR
o]

il
o M
o
JR 1
M <
B 50
o
* o
1 ©
\..QM [aN]
© o
w ol
[y
8 %
W o
N
o

03
W _
55
oo
W0
N <
~N

nju
My
o R
L
e =
= 70
o WHo
£ 3T
(\% fo|T
%
Ho o
3 &
- O
o S
ml K
1o o_|_
<
= ’r
=.__=._ oIl
B e
K <k
o Kl

FAS FHER 99% ol&oIdch

S

40~60%E M

- 203 -





