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Motion Analysis of Target in Stereotactic Radiotherapy of Lung Tumors Using
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Multi-detector computed tomography (MDCT) has rapidly evolved and is increasingly used for treatment
simulation of thoracic and abdominal radiotherapy. A 320-detector row CT scanner has recently become
available that allows axial volumetric scanning of a 16-cm-long range in a patient without table movement.
Current radiotherapy techniques require a generous margin around the presumed gross tumor volume (GTV)
to account for uncertainties such as tumor motion and set up error. Motion analysis is useful to evaluate the
internal margin of a moving target due to respiration and to improve therapeutic precision. The purpose of
this study is to propose a method using phase-only correlation to automatically detect the target and to assess
the motion of the target in numerical phantoms and patients. Free-breathing scans using 320-detector row CT
were acquired for 4 patients with lung tumor(s). The proposed method was feasible for motion analysis of all
numerical phantoms and patients. The results reproduced the facts that the motion of tumors in the patients
varied in orbits during the respiratory cycle and exhibited hysteresis. The maximum distance between peak
exhalation and inhalation increased as the tumors approached the diaphragm. The proposed method detected
the three-dimensional position of the targets automatically and analyzed the trajectories. The tumor motion
due to respiration differed by region and was greatest for the lower lobe.

Revision accepted December 14, 2010; Code No. 534

ijords.- motion analysis, stereotactic radiotherapy, lung tumor, 320-detector row, computed tomography

BURERIEERSE © T 113-8655  HLHTHRCHIX A 7-3-1
SOOI m i BT O SR %

WerdE W3y



320 5I| CT %18 % Fiu 7= B T ASHRSA IR (= 35 ) BARMDBMBFERAT (4531 - fib) § 203

WHEMED S H 2 &6, BEAY T L AP P 5L B R0 1k
2 b x2 EE L /- HRetmAss L E N S,

W ERE O FH W I L@ E, X f COT 2 A H v
LMD, IED X # CT EB\EOLYIL, wmHlk, &5
FRREALIZZE L L, BBWrsHIRo 2x72 & 3T it o B
LZBWTLIEr#io X #il CT #HOTR A iEE oo
7z ZHMLL 7 X CT EiE o IZ X 2ol
WA I E~ — 2 > Offi/ R R O RS EEm) L, T 2l as
ANOFAEFROTIZO%RA L EWHFEISILTWAY,
FO—FT, ZHMLEN7 X CT &iE T
M 5 2 LD X D W SR o0 B R B N e 52
ééf‘l‘ WSROl b, £z, HREshb7—

BRI D Z L2 L DU R OB R E A
|~ 7= BIUOREY— ORAMR EORMYIHTE
5. 320 %:'IJ X CTH#@BIZL-oTHONDIE KL
FT—=FIZA LT, Tl 32 2 L ia8lgEn
Tld7%e <, Iziﬁi: c:f?eﬂ’da)fﬁﬁﬁ‘?ﬁ.‘l':éh%:J:?)fllﬂf#
S5, RO E(R v F > Zg)IZIEHl 4 O F ihs
REEINEN, ENThOHETT LT XLARK
HHEEAS 2 5. =TI S SIZRER A4 - 72
PUTCIE {5023 B BERY LB AT 21T D M fr, &0
T =T S B O ER 2 EfT ] FER T
B, TNT) ZALAPNSEH SN L EENS,

RWFFETIE, 3207 X MBMCTHBEIZL-THLN
Z M P TC R % FC, BiliE MR G R BT 5
*“n’JG’JEFJLEffMﬁ%%ym BwWioFREEREL, B

7 v P AL DEER O TR AT 4L TV 2 05F
fﬂﬁ L7z, ERLIMEEITEORB YT~y F >~
T IE eSS, S RIT TR E M AT E 7%
7= fCHHMHB R e R L2, 72, 32051 Xt
CT %1 % Fl Tl S % 47 3 2 46E 51 0 BE ARG O LB
AT 2 1TV, BRI O AL E O E I X AR i |
OWTHEFEITHZEFHME L7z

1. 75 &
1-1 7 — Y TAAB48R%

BER ORI (= v 7 > 770 12 i B R (%
2 AN Fik), MEMMERE, e )ik
PHIRESN TS0, KiFZETIEREREYXE L, =
KITOH e H T ERN A TTREZ: 7 — 1) =74
AHESE: (AHBR SEAH Y 5 @ phase-only correlation) % 4
LI T a S ae g L. 7 —) AR
P 7 — ) R L - TR AT 7 —
V) i 254 e A R L sEFE L, RO ARG 2
AHL CHUPEZFMT2FE3 YThsb. LTI
DD RITCEELf (x, y), g (x. y) OBULEESTAT h (x, ¥)
RO L FMZERT.

Z¥ix, yORKICBHEf (x, y) DRIL7—1) =

2011 423 A

2RI,

F(&n) = F[f(x,0)]= j’: [ rapes=m ay

EREND, ZIT, f(x,y) lZHE{EEETHET, F
E. m XEEO kI 7 =) TEWRTH D, Eknlifs
T LD, IRKICT — 1) TR 2RI,

Sy =F'[F, r])]— f J' F(E,) S dzdn

...... (2)

EREND. —h, f, DRI T7 =) ZEW|F
(&, m) 1, RIERGT |F (&, m)| LA 0F (8. %
HwT,

FEM=|FEM|exp[ig (Em] -ooereeirernvrraenns (3)

EIREND. AT DI T — 1) T 25 i £
(A AT 7 — 1) T g T

fw(‘r‘-‘,) =F {CXP[“P; (g,n)]} ....................... (4)

L%, ZOXTHLINAWHE £, (x, y) A% &
T4, (EAHm SIS L CORIRICET 2 hka A3 5.
g (x, KT LT HAAHMmIRE RS, f(x, ) & g(x,y)
DHEAFHEE fo (x, ¥), go(x. y) K VILLEESTAG h (x, y)
RDOLE,

x,y)= -[I. fo,(,\'" y')gp(,\" —x, V' = p)d’dy’ oo (5)

%, FWREESGA h (x, ) IZBWTHEIKEWVIZE

feaw & g,y PHEPLTWAEFHIITE S, f,(x ).

8o (X, V) DK IT 7 — 1) WA FIENF, (&, n).
G,&.m) e+ BL, K5,

ey =F ' [FAEM - GUEM | ooverrieemesrininns 6)

CEXETIEMNTESL, ZIT, G, EMIZGE 1)
OFEFHEERT. K6) ZiERE 77T A&
AT BWZETIE, (FLDIZTRICH{RE TSR E L
T7OT7 7 L%EL, ZWICIIBRLZ:. Tuy o4
DEFEIZIE C il (Microsoft Visual C++ 2008 Express,
Microsoft £), Hi{%#¢7%(2 ImageViewer % v 7z

1-2 HE77> bLICKEBUERE
1-2-1 ZREHLVU=RTHET7 7> b A

M OB EZ 45 % UIcEi 7 7~ b A FEH O
Rl & x i, fdilz y e L, B1E% 24 pixel.
FIE% 16 pixel, BUFEEFEIY L2 60° [l = & 72) % 1F
L7z, 7z, MO LALE % x=—15, y=10 &£ L
b DOERREIE, x=0, y=0 & L7-bD %S m%
& LT ORI 2 T o 72

TORIEEAE T 7 > b A & AN B R AT E



BB AR T F = HEES

Table 1 Information on patients

No. Age (year) Sex Size Location Tumor
1 56 M 18 mm * 14 mm Right lower lobe, S6 Single lung metastasis
2 82 M 10 mm * 7 mm Right upper lobe, S1 Primary NSCLC
3 67 M 19 mm * 17 mm Right lower lob, 59 Primary NSCLC
4 86 M 18 mm * 11 mm Left upper, S4 Primary NSCLC
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NSCLC: non-small-cell lung carcinoma
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Fig. 1 Detection of two-dimensional numerical phantom.

(a) Objective image, [ (x, v)
(b) Phase image, f, (x, v)
(c) Reference image, ¢ (x, v)
(d) Phase image, g,(x. v)

(e) Resemblance degree distribution, ii(x, v)

(f) Bird eye's view of /i (x, v)
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Table 2 Detected position of four-dimensional phantom

phase X y z

0 0.0 0 0.0 0 20.0 20
1 3.1 3 0.0 0 19.0 19
2 5.9 6 0.0 0 16.2 16
3 8.1 8 0.0 0 11.8 12
4 9.5 10 0.0 0 6.2 6

5 10.0 10 0.0 0 0.0 0

6 9.5 10 0.0 0 -6.2 -6
7 8.1 8 0.0 0 -11.8 —12
8 5.9 6 0.0 0 -16.2 -16
9 3:1 3 0.0 0 -19.0 -19
10 0.0 0 0.0 0 -20.0 -20
11 -3.1 —3 0.0 0 -19.0 =19
12 -5.9 -6 0.0 0 -16.2 —16
13 -8.1 -8 0.0 0 -11.8 -12
14 -9.5 —10 0.0 0 —-6.2 -6
15 -10.0 -10 0.0 0 0.0 0

16 -9.5 -10 0.0 0 6.2 6

17 -8.1 -8 0.0 0 11.8 12
18 -5.9 -6 0.0 0 16.2 16
19 -3.1 -3 0.0 0 19.0 19
20 0.0 0 0.0 0 20.0 20

center of ellipse | i [pixel]

detected position 1
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Fig. 3 Analytical procedure.

(a) DICOM image (512x512x320) | e
(b) Cutimage (128x128x128)
(c) Smoothed image d| e f

(d) Threshold processing
(e) Extraction of the target
(f) Detection of the target
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Fig. 4 Results of patient no. 1. —Right lower lobe—
(a) Axial image. 4 b C
(b) Sagittal image.
(c) Coronal image. d | e
(d) Dynamics of target.
(e) Three-dimensional description of detected position.
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Fig. 5 Results of patient no. 2. Right upper lobe
(a) Axial image. a ‘ b ‘ ¢
(b) Sagittal image.
(c) Coronal image. dTe

(d) Dynamics of target.
(e) Three-dimensional description of detected position.

Position [mm]

L

[
o

Time [sec]

Fig. 6 Results of patient no. 3. —Right lower lobe: near the diaphragm—
(a) Axial image. £ b £
(b) Sagittal image. [
(c) Coronal image. d ‘ e
(d) Dynamics of target.
(e) Three-dimensional description of detected position.
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Time [sec]

Fig. 7 Results of patient no. 4, an example of failure. —Left upper lobe—
(a) Axial image. a|bj|c
(b) Sagittal image.
(c) Coronal image. d €
(d) Dynamics of target.
(e) Three-dimensional description of detected position.

Position [mm)]

Time [sec]

Fig. 8 Modification by manual operation: patient no. 4.
(a) Axial image.
(b) Sagittal image.
(c) Coronal image.
(d) Dynamics of target.
(e) Three-dimensional description of detected position.
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