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Placement Error Analysis of Volumetric-modulated Arc Therapy for Thoracic Tumor
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Abstract: Objective To analyze the placement error of the thoracic tumor patients by the online measurement of CVCT
scanning technic led by on board imager (OBI) system with the linear accelerator. Methods 50 patients with thoracic tumor were
selected for the research from December 2012 to August 2013. Every patient underwent CBCT scan with the help of the
VARIAN Rapid Arc linear accelerator once a week. Lung tissues were matched automatically with the corresponding function of
OBI system. The errors and the distributions of the target center in different directions were analyzed to find the repeatability and
regular pattern. Results The total times of the CBCT scanning to 50 patients are 283. And the placement errors are (0.042:+0.442)
mm in head-feet direction, (-0.276+0.258) mm in left-right direction, (0.212+0.239) mm in up-down direction and (0.166+0.916)
from the rotation angle . Conclusion CBCT scanning can effectively reduce the placement error and make sure the accuracy of
the therapy target, which gives the reference for the target setting and the extensive ranges of different directionsin the target area.

Key words: volumetric-modulated arc; placement error; cone-beam computed tomography; accuracy of treatment

e

]

[

B RURERE VAR AT AARAS AR S e X
P 70 £ el T R 2 SVRNE AR S AR
JE 0 SRR P AR el TR IR AL A B ] HLaz 2l e
R LAX B b i AR B S Hh T B R 2K 32

[ ks B £ ]2014-07-24
[1EE RN JPNINGS B, TR A 3497 B H T4 , E-mail:xi-

ao0ze129@sohu.com,,

G5 SR HAR L X —BER R T H R F
B, HEMGEE IMEGEAR 5|5 R 50T LATEXT B b
SR HBR BURNAY RS THEIZ SR CT (Cone Beam CT)
FAHE IR TR PRI S PR A5 F i 1
LB BRI 5T CT e e I S b oo &2 1
SRR A BRG] IR TR 25, 5 i o A 5 R S
B RS HAHAT

1 MR E

1.1 —fg&ER
[ 2012 42 12 A ~ 2013 4 8 A #k AT 2 FHieRE

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.1, Jan. 2015



PIVINEG 25 o IR AR BRI RIS iRy T 1R 1 22 S0 A - 35-

SRR FIAST MO A 50 1), 24T CBCT 14 283 1K, £ 1 RAS MOERETIRE R
Bk 33 ﬁﬂ , oM 17 @UD ﬁﬁ,‘%%ﬂjﬁéﬁ}fﬂ*ﬂ?ﬁf?ﬁﬁ Tab.1 The Positioning Error of Different Directions and Rotation

%)D Error Results

12 lﬁ‘%ﬂlﬁ(% Mean  Standard Maximum Minimum Median 90% range
Varian IX i #% OBl 31455 &4t ,Vaian E- deviation value

clipse 1% 248 . CHIHIRBE CT Bk £F [ 5 Az, $408 t”g((m”;) 82‘7‘2 g‘z‘;‘z ;5 '2-2 '1 '(3)2*;‘;

a e LSt at (mm) -0. . - -0.2~5.

ii‘iﬁﬁgi?gﬁgépsaim Vrt (mm) 0212 0.239 5 -1 1 -0.2~45

- : " : Rtn () 0.166 0916 21 =2 -1 -0.73~1.06

N BT L BB (e e T

A1, B IS, A TEE T CT JURMR e L, H]

EARA L mm BEERT A A e O bR AR

PHOCITARIC LR AN S5 4 SRFG T CT 3 HAL "

L 5 mm (125434 IR AR, CT EIR M o 1 .

2%k = Elipsel0.0 1R r iR R Gei e By v iR, RIS = H

By r i CT B R GodE I M2 R Gt 2GY 7= £

H) OBI B4 5 R4 4DTC R4 13

1.4 872470 CBCT ERAYFREX
BFEHVARITHE, IBITIRRG FHRIZ 7

SEDBEOEI TG T IEAT L, S R IR AL .

7 5 IR A CT 3%, 205 s IS ¥ H 100 1= D00 0= A

CBCT i #E 22 1 i e 1 f A — R 51 K85 A 3) Lng arrer range fem)

N AR, RIS SRS TR R DL B 1 Lng F 1 L MIRESHTEHE

li[ﬁo Fig.1 The Error Analysis of Longitudinal Direction Histogram

1.5 BRI EEFIRAIR ZE ST R AR

OBl RS EHSRECHER AT, DEcT7 30502 F-3h It o
BCAT F BIPERCS PRI A (5 A i ) = ZfE DT
P AHE B E AL 1 FL XA = HEAFR SR CT /9 =24 ]
FRHEATICIE , LIGT7 T3] 4 R B 2 o0 D DERE ) 2 i = =
H R AR = e AR BRE K I (Lng) 2 47 (Lat) | T
(V) B RS IR 22 e 12 221, X HLAG 21 A ff 22 fE 3
RPN ESHRIZ W O 27 FoRHTT
li) ) AR SCHRAIE T R SRS 1L, anSR5— Uk CBCT It .

Freguency [T]

FICA 2505 B AR 2L (Lng) <5 mm 747 (Lat) " o e e LI o
<3mm - F(Vit)<3 mm, B2 (Rin)<20, A - -
MEE , EHESEEIRYT o AN R 22 (R 1 75 20 T B2 Lat T LR ES T ETTE

RFEIE , TEPIARE b BEARiC B v Aric ., FREE A Fig.2 The Error Analysis of Lateral Direction Histogram
BILUERIC RO BRI, T AKX CBCT Hilk,

1.6 itEAHE ] =

JH Eclipse 10.0 & %; Offline Review X247
BRI T LA R, KA SPSSL7.0 F ki T4 2 "

Bro THETDRER IS ERbR 2ok R . MEFRG = B ]
SR B RGE IR 2 bR 22 R R FEAIL IR 22, g ] i 2
2 H#HR Z .

50 {41l g5 3L T CBCT $94 283 ¥k, 7 =45 1] n
[ BFRL 1R 22 3k 8 (Lng) (0.042+0.442) mm . 247 (Lat) Bl LT
(-0.276+0.258) mm, | (Vrt)(0.212+0.239) mm. i u _

T - . T
TS .I'll‘«.l'l a0 0 L Fu"'l [l R

¥ ¥ (Rtn) (0.166+0.916) , . ... T

3 it B3 Vit A EHIRESITERE

Fig.3 The Error Analysis of Histogram Vertical Direction

FEEFMIEFESRE 20154518 £R2% £1H



- 36 -

PIVINEG 25 o IR AR BRI RIS iRy T 1R 1 22 S0 A

i

Frequeney (T)
]

3

60 2m Am am T 102 1)
Rin error range %
B 4 Rtn T LHIRZE S TE T E
Fig.4 The Error Analysis of the Rotational Direction of the

Histogram

Vrt errar {em)

Lae L !-‘:m}

B 5 AEF A ERIRE S TR EE
Fig. 5 The Error Analysis Model Diagram of Different Directions

BRI TN MR SR T I = R F Bz —  7E
R LR BB T A AL, 4 ARZ 65%
~T5% I B TR REAN [F) A I S i OB Y . B
& NG AW AR 7 =4S I T i Rl L
BT —RhT BB AR ——0 PSR T (IMRT), &
A T SR JEE R (0 g DX A AE = 4R T 1) |
5 PR L DX — B, DA TR i 70 e v S bR A B g
PSR ) Jm P i S b G R AR 2 o RO
F18 e JEE T AR R ) i R XA BT ERS | FE 037 B4
friR2E MR FH BN B a3, il SR R 2
arE AR AL E A B T — R EOR PRz
NG| SRR, EEAR IR r LT &
FARGS A RIERUGR YT I YA RSP B
SRS TSI A Dl — 20, DT i 5 P DX A B A
WL . AR BRI TR (VMAT ) 2 7E F (R
SRS S UHAYT BOR (IGRT) 254l _E, 42 =0k A
AT AR BT A IR R RS,
FEBUSE R V5 A Y7 — M R BE AT A Y 7 4
AR AU T A8 4n CT s AL L Znis 25 A &
PERE RIS BEZERAR 7 ELSHE A5 22 A i B2 AL 42

T S ELR

PARZE N R G R S FIBEILIRZE o, RS
BRZE FEEOR A TR & HOGKT 1R2E BRI
AR ThRIE . BEALIR 22 0 4 s st e A B ML
T BE KGRI BRI O, U AR TR 3%
W BHRIIE ) AR E RS B IRPRICATE R B IRYT
BN BT 1 BRIRZE . BEATR 2 BRI TCEE s Y
{HELL AT RE IR NMRZE  ARURBIFFE A PL L4 B2k
hnidE s OBl $41451 % 248 CBCT #iAK, it A Tl
FH PR SR A A g i o7 B 5 o 5318l
CT H#ehE M v DA B R = 4ER 2%, i BIR
A IERZE, A S R S B IR B A A . 7E
CBCT SR VLHECR iR 2215 (Lng) <5 mm Z247 (L at)
<3mm [ F(Vrt)<3mm, ieFsiR 2 (Rtn)<2°, A
REIE S I R 9 5 AR PR AR IE

T8 3 AR YR B 23 A s AT, BT AT iR 22 H 1Y
BIESM i, R LGSR LA I B B
BEARZE LT iR, AR, E RN, BbLER
ERTFEORE, BEAREY/NT 3mm, i
1~ B 5 &AW _EAIRE M R, B iR 2EEdE
BIESM, Ai)a Lok LR e RiRZE a5k
15mm . 8mm. 8mm. 21° . K 1~ K 5 MR EH T
B, /5 7 )L 90% A F-F2 iR 25 <3 mm, 2455
] | 90%IK) FRSiR2: <3 mm, | F 71 | 90%I7)F
FEIRE <3 mm, e 7 17 90%HY ek iR 2 <2°, ARk
BEE B WA XHE, RIERZEEE T, A
TE ) R X B AT S R 1R 22 | RHRZER R J7 1] 37F
F7IE S 031 AN D7 1ERE I A 5t , s Bied 42 4 1Y
AHE, M4 ICRUG2 ‘5t BRIR 227040 Y il , F647]
N A BES N CTV BIAN L B R 7 4
mm A5 71 g 6 mm, B 5716 10 mm, 435 |
Sk I 5 T R SRR R AR iR YT B R SRS
TR 5 [ 22 AR AR G B AR ME S CT @ (s A 47 B
PAEE—E0, MRRIX— H A, AR BN B2
FRICER , BE R 7 2 LN B A S5 P AL Y
A 0 AR A B 1 2 Al ) 2 L A R
e X358 140 000 3 591 ) ) = 2% AN [ 220 3 g i | A
WEIRYT A H 2 5 [ i AR B — 3, TR e IB R A
R RS FRC SRR RIS R
AV B — 5, THIVE PR B A R e 438 2 3 Al O IR
f7, HIVEG B LA B B R 12 20 20 min 22
LATTECR 24 AR s B B AR O 75 2 E T
TR RE T, B AAR T A — R 2 BE A BR 1) i 328 5
BT 2R [, 45 5 8 CBCT B 15 2%
Ko ATRIAUCER 5 20 VT I FEl-th £ 5 0 DT i) 2%
W AWK N U 4E CT 8% PET-CT B4
CBCT FUZRILHI S TH X A2,

ZE bk e AR R AR T, AR
SHEHATTEAES] T EEAIMEH ., CBCT 4
FeARGE R bR RS B A0 BB SRR X N 48 TR

CHINESE JOURNAL OF MEDICAL PHYSICS, Vol.32, No.1, Jan. 2015



PIVINEG 25 o IR AR BRI RIS iRy T 1R 1 22 S0

-37-

JORGIE /N TR 2E . AR SCRYZE R T 7k iU

BRI B RS R X ] T O B R BRI UG
JrBIRRHEEDR , FEMRIE AR ZE R N AR | A7 il
TR YT BRI IR 5 B T — 2D A~ > Tk

it

[ 5% 3K ]

[1] Nithiananthan S, Schafer S, Uneri A, et a. Demons deformable regis-
tration of CT and cone-beam CT using an iterative intensity matching
approach [J]. Med Phys, 2011, 38(4): 1785-1798.

[2] FhobvdE B 2 My £ W B, OBl 43| S8 7 R % i R B RAGE
(QA)R 247 4255 [J]. ' B E 5 4572 5 4¢ &,2013, 30(6): 4527-4529.
Sun XZ, Meng HP, Mao JQ, et d. OBl image guided radiation therapy
system of qudity assurance (QA) and maintenance[J]. Chinese Journal
of Medica Physics, 2013, 30(6): 4527-4529.

[3] Varian Medicd SystemsOBI 1.5 Physics Coursg{M] . 2013, 1:1-230.

[4] # 9% A48 A&, 2 2, 5 RN R CT B B 407 324537 £ F 4%
Y 5 2 &, 2007, 16(6): 461-464.

XuF, Bai S, Wang Q, et a. With the cone beam CT image radiation
beam position measurement error [J]. Chinese Journa of Radiati on
Oncology, 2007, 16(6): 461-464.

[5] 4T3& R E, K=, o BIRBAH G T R B BAEHA T &4k

BRI ERMEF L& E, 2007, 23(10) ; 1538-1540.

[6] F b, 3 AR M, & 4T R CT #5578 8 AR INTY 3 5% 4L

g eiEEE £ [J. PLXFFR (EFZHAFR), 2012, 33(5):
678-682.
YinWJ, Sun'Y, Chi F, et a. Application of cone beam CT study na
sopharyngeal carcinoma volume the positioning error of arc intensi-
ty-modulated radiation therapy [J]. Journa of Sun Y at-sen University
(Medical Science Edition), 2012, 33(5): 678-682.

[7] Hurkmans CW, Remeijer P, Lebesque JV, et al. Set-up verification us-

ing porta imaging; review of current clinical practice[J]. Radiothera

py and oncology, 2001, 58(2): 105-12.

X ¥, R, ERRAL A BRG] 5B R A R AT 45 B AR £ F B

B £ oM. F RS F 4 &, 2011, 20(2): 160-163.

LiuJ, Chen H, Wang YG, et al. Image-guided nasopharyngeal carcino

ma intensity-modulated radiotherapy dose difference resulted position

error andysis [J]. Chinesejournal of radiation oncology, 2011, 20(2) :

160-160.

[9] ICRU. Reports62 ICIU Publication [C].

[10] Lei X, Brian T, Eduard S. Overview of imageguided radiation ther-
apy[J]. Med Dosimetry, 2006, 31: 91-112.

8

=

(4255 33 50)

225 Ml BB (MU) [FIRR T Ge T 24 22 5 IR Y7 I
[ (T) A it 5 AMEM AR 7 T R A T B[R] A
FEARRMSEH4 2 20 s, 35X 20 s Al 25 53 222 i T
EMiTR 2 T —Bok T 15°09 BEAM OFF 3, HL4E 28
ey R aE] , SEBR R, — Y RapidArc $f TR
[EJ347E 2 min LAPY, BIVE 2 ASBIE S8 A BMY 3R A
I AR 2 min, XS] (9 25 S 78 I PR v
FHAR AT A2 1Y

g LAk, R e R RapidAre SR AR Rk
DEBETHATT TR R I RZER, nl e A

(5% k]

[1] ICRU. Prescribing, Recording, and Reporting Photon-Beam Intensi-
ty-Modulated Radiation Therapy (IMRT)[J]. Journal of the ICRU,
2010, 10(1): 23-29.

[2] TkAESF, P i, TAEMR, 5. SURBAR S RS 7 FR 32 25057 8L X 49 7
BRI FAMAS ESF L B2 &, 2011, 31(4): 456-459.
Zhang GF, Lu J, Wang CD, et al. Dosimetric comparison of two in-
tensity modulated radiothergpy moddes for breast cancer after radical
mastectomy[J]. Chinese Journa of Radiologica Medicine and Protec-
tion, 2011, 31(4): 456-459.

[3] Akira S, Kenshiro S, Tsuyoshi O, et d. Single-Arc volumetric modu-
lated . arc theragpy planning for left breast cancer and regiona nodes[J].

FEEFMIEFESRE 20154518 £R2% £1H

Radiation Res, 2012, 53(1): 151-153.

[4] ok, Rz, FDRAN, . THREARE BREESRAZBALETS

R EFRRRATT RGN FFHR [J. FEBHIEF R E, 2012,
21(6): 538-539.
Yang B, Pang TT Sun XS, et d. Dosmetric study of volumetric
intensity-modulated arc therapy and fixed field intensity-modul ated ra-
diotherapy for cervix cancer[J]. Chinese Journal of Radiation Oncolo-
gy, 2012, 21(6): 538-539.

[5] FRBA4s, SR K, FBhAL, 4. AF AT AL TS B AR A T AU S
FAFFRELE R0 2 A K2, 2007, 26(11): 1272- 1275.
Chen MW, Deng XW, Huang SM, et d. Application of amor-
phous silicon dectronic portal imaging device (a-Si EPID) to dosme-
try quaity assurance of radiation therapy [J]. Chinese Journal of
Cancer, 2007, 26(11): 1272-1275.

[6] Peter W, Kit CC, Cheng KW, et al. Volumetric intensity-modul ated arc
therapy vs conventiona intensity-modulated radiation therapy in na-
sopharyngeal carcinoma a dosimetric study [J]. Radiation Res,
2012, 54(3): 532-535.

[7] % 2 $hat4, 7 36, 5. B Sp st 0 B IR ik % 450 R 55 B 2 %

FH ARRAIT W H F F R[] FAEAHEF S B E % E, 2010,
19(5): 410-413.
Wu H, Han SK, Sun Y, et d. Dosimetrlc comparison of RapidArc with
fixed gantry dynamic IMRT for LoCo-reg londly advanced na
sopharyngeal carcinoma[J]. Chinese Journal of Radiological Medicine
and Protection, 2010, 19(5): 410-413.



