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Application of OSMS in positioning for abdominal tumor radiotherapy

YE Feng, ZHAI Zhenyu, MU Zhongde

Department of Radiotherapy, Jiangsu Cancer Hospital, Nanjing 210009, China

Abstract: Objective To investigate the role of optical surface monitoring system (OSMS) in the positioning for abdominal
tumor radiotherapy by comparing with CBCT-based positioning, and to explore the positioning accuracy of OSMS and its
application value. Methods Four patients with abdominal tumor were enrolled. The "+" mark on the body surface and laser
lamp were used to realize pre-treatment positioning. During CBCT examination, OSMS was verified before operation. The
registration information provided by OSMS and CBCT was recorded separately, and translational errors in X (left-right), Y
(head-foot) and Z (front-back) directions were recorded. Pearson method was used for analyzing positioning errors,
systematic errors and random errors, and Bland-Altman method for evaluating the confidence interval of OSMS. The &
value of 95% dose-shifted target volume after positioning by the conventional method or OSMS was calculated. Resulis
There was a good correlation between the positioning accuracy of CBCT and that of OSMS, and the correlation coefficients
were 0.628, 0.858 and 0.682 in X, Y and Z directions, respectively. The systemic error = random error of OSMS positioning
were (0.01+0.33), (-0.14+0.64) and (0.13+0.41) mm in X, Y and Z directions, respectively, and the k value was
(0.801 9+0.704 4)% . Conclusion OSMS in the actual application has a high consistency with CBCT registration data.

OSMS which has a high accuracy in positioning can be used independently without the guidance of CBCT.
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Fig.2 Experimental process of optical surface monitoring system (OSMS)

ARTIFFE 5 B B B A (OSMS) Z ik, BUH i 22
e/ NEAREALAE BAE R T U N OB B R 2% 3k
#HE(VRT 2% 4% ) . 7EMLE CBCT Sl i ] OSMS
BF, ABE S e = A5 30 F BAE R A ZiE 2R T
PR B R 2 fe /N 0 HU 5 A0 BE T DLFE AR 5256 v R B
BEMLAA RE 3t ff 15 A SE 96 B 422 3 H s 19 SE PR T
YEIRBL . feJ5 ARG CBCT Al OSMS B BC i &, 72 1R
7 1R R B8 b B R T R U A DL AR i
OSMS FiL 5 B 1225 R it , il 0 —J7 2 95% 1Y
Rl & H 2 EJ X, R (), 315 95% 1)
7 28 Ml A WO DX ) K AL, AR k2%, D135 2 L R R 5
H— IR EREIRIT , A AW R —IRA BB IRIT -

k=(1-( V35, "WV ey )/Vigy) x100% (1)
Horp kR AAHSEARFRI E 53 L 5 Vs, 2 95% 150 i £
LR V oy B AR . k{E BRI 0, 1038 SR
T R A 1R 25 8]
1.8 Git=EH

K H SPSS 22.0 A X AR HA TG o0 B A2
M RGIBOLRZE (S) N HIGH , FEHLE AR 2 (r) S H
bRifE22, P<0.05 R 22 A Gt L.

ST OSMS AU 152 25 , Wi FH Pearson 1 43 #7112
1% 2% (0OSMS 5 CBCT) W AH & L R GL iR 22 SRl

% 22, JF /] Bland-Altman J5 35 P-4 OSMS (1) B {5 2=
[&] , {6 F SPSS %44 Bland-Altman &5 50A &, HOW
P B — Bk

R4 CBCT A1 OSMS (1 BC i {7 8 LA &= (1), 78
BITTHRI R G b4 TR0 B 7 48 06 DL K 25
OSMS %l B A5 J5 95% 1) 351 £ ff A% 8 DX A4 B 1 L 1)
KB B 5E k2% N — IR AEAEHIIETT .

OSMS £ X. Y #l Z J7 In] #y S+r 43 51 2R (0.01+
0.33) .(-0.14+0.64) #1(0.13+0.41) mm;CBCT7E X.Y
5 7 77 15 B9 S+ 43 524 (0.00£0.32) | (-0.04+0.59) Fl
(0.03+0.41) mm. # MAE N8 kA K (1.874 0+
2.286 7)%,0SMSHBIHZL I kH 4 (0.801 9+0.704 4)%
(P<0.05)., OSMS 5 CBCT £ X.Y.Z J5 [n] i A ¢ &
05354 0.628 .0.858 ,0.682.

Bland-Altman J7 % B 45 R R W XY F1 Z J7 0] Y
95% 1Y B AR 25 18] 9 S4ME e J7 22 43 51 R (-0.066 700+
0.278 272) . (0.097 080+0.332 591) A1 (-0.106 250+
0.327 866) mm, Wi 3 fir7R , X EUERH T OSMS Fil
CBCT EAT & B — Bk

T4t 48 KA h , OSMS #2457 T A 3 TR AH 95% (14



- 831 -

c:Z 7315 £ Bland—Altman # &5,

3 X.Y.Z5[ELEO0SMS 5 CBCT B —& 1%

Fig.3 Consistency between OSMS and CBCT in X, Y, Z directions
>k J1 Bland-Altman J5 i #E47 2341 , 5%l 24 CBCT 5 OSMS £ df 11y 1
{HIR2Z (Avg) , 24k CBCT-OSMS $4ft 19 22 {8 (Diff) , B F 4%k Lk
795% I EAF X E 2, PR Y — SR e 22 41

F 2k 5 X AR TR I MR FR R 25 M 0 2%, 3X AT fiE
5955 NI 3z 2l i B K T 19 B HLAS 16 24 3 [R] &
B, AT M BE X AN BB B FE AR — AT

7 U, OSMS 7R AR O T #3057 T A4 B
KM, FISCHR P [ 12 ]335 8 e 20 9 LR AT 23T 0, H
0501 e ° ZHEHIAT . WABTSEE R, OSMS i il LA
ossl PRI 8420
e e AL JEAT 17 YR A s 723X 4 1355 A
: O e o - s A4 AR LB AN — |, Hod — ] R AR AR AN AR )
s . T R T8 K2 BT R BB 0 TS
B . VB AE LA K JB% e 7 46t 32 A 52 ), DA T S U938 02 05 12
OS0L e FFE. MORALE CBCT R 2L T B BRI
. ’ JE S AR A% O, 300 T A M AT G R R Al DA o7
L , , , , FER , PRI A L7 S B 546 1 6 1
00 0 a0 10 AP 4 RIS 5, OSMS Aot 237158 22 1 21 TF J2:
a:X 77 [6]_k Bland-Altman & 5 & FLA B E AR DGR, BBl 5 LAY — U A AN
I T S FAR ST AR AR A BT R T BR AL DA A R &
' . {HE 2% LI .
0.50+ ° o o &
0.254 ’ o ° °
E 0 T ° 2 a g o : ug7
~0.251 T %
T30 L 030, e 030 100 B4 SOIB AR £ S A0 95% FOFI B 4 5 B K B A M E
b:Y 75 [5.E Blan &_ Altman 2525 Fig.4 Coverage of the original target area by 95% dose line with
laser ray alignment errors
1.001 o LIERJE CTVLIX, BELR R 95% 7] ik £k
‘C‘.\% 0 o td go °o o -] ° -
= D o oo ';55'5; o > o WUE
o % 0
2 o
-0.50+ ° o °
-1.00
1 | : ' | El5 OSMSECHESE 95% Kl B4 S RBXBESME
~0:50 0 Avg/mm 0-50 1.00 Fig.5 Coverage of the original target area by 95% dose line after

OSMS registration
LI CTVHBIX , BE I 95% Y7 it 2k

AHFFE AR FH OSMS Jif B IE , W4 OSMS 7

TR b R A SiR CTY B S AL R THZ R LR
JE S HERYE R AR A Ty U e e
P PPN RN 2 5 CBCT &% —2, JF T4l OSMS
St A R H IR AR A WA



- 832 - rhE R AR AR AR

6 37%:

T A K e R R IR A (BER B
T R AR+ LR RO X 55 ) L SR JE i i CBCT 1)
Tk, Gk B A i 5 e A B AR IR L ME A5 8., L CBCT
FIFRAE R S hRifE . F IR 2 Y SEE8 I RE , LEE OSMS
EE A LI R A CBCT, 7F Varian 245, BIR
CBCT #2475 4E 115 2., {0 OSMS $ 4 1 B i f5 8
HIEBEA pitch Al roll Jy [a] AU ML, 1T HLZE IR 7 1R R 48
THRE R R BEREIER: (Ren) Jr ] B 257 ATHERL, Bir LA
ARG BRI TR .

FE S BRI PRIV w25 58 B R 1R S B
OSMS ML HE(H BILIZ A . 8 T ANBINGYT
B ], A 5% SR B BREAL AT A5 21 19 BLHE , B OSMS 7
I 23U A 008 A 3 ) P 52037 152 25 0 2 CBCT #2431
P22 S B F OSMS 51 5 R 042 5 CBCT it
MBS IR 2ZE . ARLI1E 21 OSMS 5 CBCT 4
P& , Pearson =0T & B B — BRI, 2 {H G
FEILE G R R R ] 4257

HE B L 0T 5 A A 0T $E A X T R e & G TR
B B4R R S 2R R YT
AT CBCT WUy 12 IRABAL 2367 1T R 40
PR S B0, A fEA KT 3%, N TR i Sk 487k
AT LA G HEAS T B X 5 28 OSMIS At vfE S5 1 22 LT
HRES) . IWE 6 FTLUE W T H R H
MR B B, AT LUE IER AR 22 i8]
DA /D 113 L DX 7 A1 L AR AR I i 2 S T
Wi, ASZEFEAIE T OSMS Fil CBCT ) — 2 , X
5 DA s W AR — S T Pallotta % RS T
OSMS 7E 1 3 Hh i HIZR T UG 3k 4 KA 45% 1Y L i
(AAEARF T H A W E B FP LS, NI 4 ] LI
A R 2 1) FR R AR RSB, 4 R v R — 1%
AUz, (AN CBCT ME KR, M NEAI M E R
PEFIRZZ AR /N, 33X B P2 3 s Ibk 78 28 13 DA AR
IR AL B 2 53 OSMS Tt {5 B AR R Ay i A

5 H# CBCT s AR 51 7 ) XAH ., OSMS
X T S5 57 8 B UE 2 — AT S T RE B e R LA B
(75 ¥ o B F 76 SE B 0 v OR BB B A9 1K
fIE, PEAZ DT JE 14 H AR R BL , 7 18 51 KA A% i 22 1
HOR BATT— e LR ANAE AT, H BT FAT R 2/
T 1 em BYRAT , 152 25 1 K3 23 34 i CBCT 23k /Y
iAok A IEE AR 2E . WASHIE S B b, 3R AT R B
T 4 TR R R H AR e A BRI
P8, X AE—/NER A i AN B BB, i 1 Bk
o HA v 2 B A A AT BEAR G- i e 7 2 AR b1 4
PLEOR . AR SCHREE I FER YT R D B iR 2R
23 m e — A7) iR 2E 2y AR (AAEAR 5T

6-

| R RTeE = s
Wosmsisghizha:

RAEF 80 %

1 2 3 4
N
El6 [EFEIBALIFI OSMS B RIREL RXTLEEL
Fig.6 Comparison of error results between normal positioning and

OSMS positioning

() — B Fp AT EAR A IR 22 WM T 1) i2 3, H 12 1k
N BEE A TEAR . DR S HhnT DL E UL S 2 BR,
12 BARAL P, IR A CBCT 5 OSMS Hf By, Itk
NTE L 12 YR RS a7 3 2 48 20 A 0 IX s 7% &
1B 11 35 3% , 3 A8 40 A e 3 s S ) 7 Dt R
Z—

HRGA IS4 SRR . B 5 I I RE A
/N, ARG DR 25 AT, S ECEE B KA
MR HERG , AR TIaE Rl s, kb + ks m
JIH RGEAR Y B B AR S, G PR 2% R )t 3%
TIANBEXT B PR AT R AR 4 CBCT, HR MR
ZEWE1 T CBCT i} [ i £ 4T OSMS, Bi 4k OSMS 7E &K
WS rp A5 21 7 R, (H R A CBCT A ifE B B2k, B
MIREARI A S YA BRI . SR, 20t 4
ZHECAE T E , AR B N BB AR SR BEAL T Y 1Y
{35 CBCT e i fa B st kb, AT AE & B OSMS 5
CBCT $dli#air — 50, X 5 2. R MiE L s
T8 T OSMS By Al SR L e ik A ST
SUAA TR SRR A B, AR R D,
R 1R 25 ) 5 LB B A5 R AU I 9SS 75 43 o

4 4 g

OSMS 1 CBCT R GE iR HRAR F 421 , Bk E
XX P AR G A T 4 52 1R 2 Y R PN AT LR AU Al
1, {0 OSMS $E A AR HE FAL GBI HOL " + " AR AT
MR 4R, 725 ME ARV DL R, R ] OSMS
1T OSMS FEFEAL A, IR L K 5% I e 28 158 22 520 1
JIR AT [ B Al A 7 B R TR 28 R P AR
A B BRI, FT LA ]G b 227 AR B HL IR 22



7 I,

- OSMS FE MM ey 7 #3257 v B4 i

- 833 -

M SZE B HT R, OSMS 7E 52 i i FH i i % 1 25
PRI TR0 CBCT M MR 45 e 0 — Sk, R ) 20
SEE RS S S M TSR+ R R
ARG N — 2B AT I 5T B AL
i, IF FURERE A 2

BZ , OSMS J& —F A 2 AR Bl AR 5 51 5 T
H o #oE s Jea i B T, A8 B R T ]
PR B B R, FRARIE B 48 B AR AT, i =
R H JE A s Y . AT OSMS B 1
AT B0, AT H S TR OSMS TAEIR L T

SE AR

(5% 3CK]

[1] BRENEMAN J C, STEINMETZ R, SMITH A, et al. Frameless image-
guided intracranial stereotactic radiosurgery: clinical outcomes for
brain metastases [J]. Int J Radiat Oncol Biol Phys, 2009, 74(3):
702-706.

[2] JENSEN N B, ASSENHOLT M S, FOKDAL L U, et al. Cone beam
computed tomography-based monitoring and management of target
and organ motion during external beam radiotherapy in cervical cancer
[J]. Phys Imaging Radiat Oncol, 2019, 9: 14-20.

[3] O'DONNELL B, SHIAO J C, PEZZI T A, et al. Stereotactic body
radiation therapy, intensity-modulated radiation therapy, and
brachytherapy boost modalities in invasive cervical cancer: a study of
the National Cancer Data Base[ J]. Int J Gynecol Cancer, 2018, 28(3):
563-574.

(4] W&, 3REX, TR, F . T2 FRIad Fow 4 CT B AL MR

g TR SAHSE ST PR R R T]. TR E S BB 4 &, 2016,
36(9): 667-671.
YANG L, ZHANG Y J, LI G J, et al. Application of active breathing
control (ABC) and four dimensional CT technology in stereotactic
radiotherapy of lung tumor [J]. Chinese Journal of Radiological
Medicine and Protection, 2016, 36(9): 667-671.

[5] GUCKENBERGER M, MEYER J, VORDERMARK D, et al.
Magnitude and clinical relevance of translational and rotational patient
setup errors: a cone-beam CT study[J]. Int J Radiat Oncol Biol Phys,
2006, 65(3): 934-942.

[6] BALTER J M, KESSLER M L. Imaging and alignment for image-
guided radiation therapy[J]. J Clin Oncol, 2007: 931-937.

[7] MHATRE V, PATWE P, DANDEKAR P J. SU-G-JeP4-04:

commissioning and acceptance testing of optical surface monitoring
system on TrueBEAM STx as Per Task Group 147[ C]. Fifty-eighth
Annual Meeting of the American Association of Physicists in
Medicine, 2016.

[8] PAXTON A B, MANGER R P, PAWLICKI T, et al. Evaluation of a
surface imaging system's isocenter calibration methods[J]. J Appl Clin
Med Phys, 2017, 18(2): 85-91.

[9] WEN N, SNYDER K C, SCHEIB S G, et al. Technical note:
evaluation of the systematic accuracy of a frameless, multiple
image modality guided, linear accelerator based stereotactic
radiosurgery system|J]. Med Phys, 2016, 43(5): 2527.

[10] RAMAKRISHNA N, ROSCA F, FRIESEN S, et al. A clinical
comparison of patient setup and intra-fraction motion using frame-
based radiosurgery versus a frameless image-guided radiosurgery
system for intracranial lesions [J]. Radiother Oncol, 2010, 95(1):
109-115.

[11] MANCOSU P, FOGLIATA A, STRAVATO A, et al. Accuracy
evaluation of the optical surface monitoring system on EDGE linear
accelerator in a phantom study|J |. Med Dosim, 2016, 41(2): 173-179.

[12] PALLOTTA S, VANZI E, SIMONTACCHI G, et al. Surface imaging,
portal imaging, and skin marker set-up vs. CBCT for radiotherapy of
the thorax and pelvis[ J]. Strahlenther Onkol, 2015, 191(9): 726-733.

[13] HAMMING V C, VISSER C, BATIN E, et al. Evaluation of a 3D
surface imaging system for deep inspiration breath-hold patient
positioning and intra-fraction monitoring[ J ]. Radiat Oncol, 2019, 14
(1): 125.

[14] MURDOCH M R, WIERZBICKI M. Minimum planning target
volume coverage necessary for the delivery of the prescribed dose
in lung radiotherapy[J]. ] Med Imag Radiat Sci, 2015, 46(1): S28.

[15] OLIVER J A, KELLY P, MEEKS S L, et al. Orthogonal image pairs
coupled with OSMS for noncoplanar beam angle, intracranial, single-
isocenter, SRS treatments with multiple targets on the Varian Edge
radiosurgery system[ J]. Adv Radiat Oncol, 2017, 2(3): 494-502.

[16] WEN N, LI H, SONG K, et al. Characteristics of a novel treatment
system for linear accelerator-based stereotactic radiosurgery[J]. J Appl
Clin Med Phys, 2015, 16(4): 125-148.

[17] MA Z, ZHANG W, SU Y, et al. Optical surface management system
for patient positioning in interfractional breast cancer radiotherapy[J].
Biomed Res Int, 2018, 2018(3): 1-8.

[18] OEHLER C, LANG S, DIMMERLING P, et al. PTV margin definition
in hypofractionated IGRT of localized prostate cancer using cone beam
CT and orthogonal image pairs with fiducial markers [J]. Radiat
Oncol, 2014, 9(1): 1-7.

(%5 L0 A)



