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Fig. 1 MultiMet-WL QA phantom internal structure and analysis result geometry display
(a) AP direction and transverse image of MultiMet-WL QA phantom. (b) Geometry display of analysis re-
sults: The results are displayed in UV coordinates for each irradiation angle.
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F 72 couch D RIHEHERE D 70 2 2 & H 6, AR R R
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% 2T, KM% TId Elekta 11 L o 5 41 1 2
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IR A S0 (electronic portal imaging device: EPID) (&
iViewGT (version 3.4.1), Winston—Lutz test (WL test) H
7 7 ¥ bk A0% MultiMet-WL QA 7 7 &~ k 4 (Sun Nuclear,
Melbourne, FL, USA), f##r > 7 b 1 MultiMet-WL QA
Software (version 2.1.0; Sun Nuclear) = ffi [l L7-. 7 B,
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e SRR A TH H. MultiMet-WL QA 7 7 ~ b
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Tty FENTnw5
MultiMet-WL QA Software T (&, i & #5172 & %
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Table 1 Irradiated plan information and 2D coordinate display

Treatment delivery angle

Two-dimensional

Field Beam number Target coordinate
Gantry Couch Collimator U v
1 1 0 0 0 LR GT
2 2 0 0 90 LR GT
3 3 0 0 270 LR GT
4 4 0 45 45 LR GT
5 5 0 45 225 Isocenter, Targets 1-5 LR GT
6 6 0 90 0 LR GT
7 7 0 270 0 LR GT
8 8 0 315 135 LR GT
9 9 0 315 315 LR GT
10 10 90 0 90 Isocenter, Targets 1, 3, 5 AP GT
11 90 0 90 Targets 2, 4 AP GT
12 1 90 0 270 Isocenter, Targets 1, 3, 5 AP GT
13 90 0 270 Targets 2, 4 AP GT
14 12 180 0 0 LR GT
Isocenter, Target 1-5
15 13 180 0 90 LR GT
16 14 270 0 90 Isocenter, Targets 1, 3, 5 AP GT
17 270 0 90 Targets 2, 4 AP GT
18 5 270 0 270 Isocenter, Targets 1, 3, 5 AP GT
19 270 0 270 Targets 2, 4 AP GT

‘ w

“Targets” indicates the number of targets being irradiated. For irradiation directions with gantry angles of 90° and 270°, adjacent target
fields overlapped and were therefore divided into separate fields (fields 1—19). For analysis, the results of these fields were summed and

treated as a single beam (beams 1-15).

W TS L, BT Z NS OREREZEHL T
— 2@ beam (beam 10, 11) & L CT# > 7z (Table 1). FF
ixf e L COMITHEAMITEIE E—LATHo72. 2K
TCHEAAE AT B S E & IR AR D, gantry A EDT0° &
180°C i left-right (LR) J71H & gantry-target (GT) J5 1A,
gantry f4EEAS 90° & 270°°Cld anterior-posterior (AP) J51f)
& GT /m<Td 5 (Fig. 1b).

1-2 BEEBEZAV /- MultiMet-WL QA 7 7 > LD
Y Ty T

MultiMetWL QA 7 7 ¥ b A & linac ED )V — AL L —
FEHWTTIA4 A MiHlE LD L, Elekta th @
X-ray Volume Imaging (XVI) % F \» T, cone beam CT
(CBCT) ¥ L7z, 77 M2 RBEOME 2T
Lo, BTV 7 by ra— RLZERAEEHO
“CBCT” 7°— % % XVIIZ#EfE L, Hogii ik e o &R
GERATo . FORRE, pitch, roll, yaw 770 O i &
FTREWFNL 01BN TH 72 KIZ, 005mm 2
ETOT7 7 Moty b7y THBEOHL L F
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Fig. 2 Comparison of S values for each target between Elekta (Stockholm, Sweden) and Varian Medical Systems

(Palo Alto, CA, USA) linear accelerators

The mean S values across all 15 beams are shown for each target, and the results from Gao et al. are com-

pared with those of our study.
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Tablel® ¥ 7 > u— KL 777 % WEL,
iViewGT T 19 AL D W {§ 2 A5 L 72, HUS L 72§ %
MultiMet-WL QA Software THEMNT L, #& & % baseline &
L7, RICIOAD Y — 2 OHEEZ & 12, collimator,
couch, gantry WIFN 2% +05 & +1.0°FBTLEH L
T, 6380 ORI & & A 72 IKTE T off isocenter WL
test %17 72. Baseline (3% O FF B % 5+l 3 % 726
SIFEM L, FHMEARM L7z BREERDRED
HW5E L, baseline DMEBIIMESFER SN2 L2 E
A, 1 HOMEE L7z

2. & R

Baseline @ 3 [a] #ll 5 @ Sfili & ¥ 35 i 13 isocenter T
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TH o7z, Ltarget 12 BT 5 SIHOIEHEAR =X T
011 mm, ®A025mm Toh Y, 3IMEHIERORKZEZ
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Y% Fig 21270y b L7, SEOFEHHEDENT
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7z.
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Fig. 3 Comparison of baseline and S values for each of the six rotation errors for each target
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O AP TR E ST AR E L, ®AMHE, Pk
i, VU5 EFIZZ L2 4L LR J51 (0.54 mm, 0.13 mm,
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J71A] (1.37 mm, —0.63 mm, 1.07 mm) T& - 7-.
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RLUT2. BROME T UL couch 1.0°0 a BET, xRl
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Felti L7z b Tld 7 <, M SRR AT DN S EEER
BREEDRIT o7z, 2D 7%, EPID OREREHIED L
dE/NREZ Z 5N LD, RIFFED A DS Elekta 22 1E
A OREN &) DEITES S 2 L3 TE 2. #it
DFAUZIL EPID O KD & 7 55, MLC % jaw O
EXFY ) T7L—varhk E—AT7 74 XD
FTREELBRL, 25D QAL > THYLOfLE
TNEWMPEELZ EATE L. Du b id Varian & (12
BT, MV isocenter Dt % 0.2 mm LA O B THT
I 72121, gantry FEE 4 FlAl, &FAI$ S collimator £
FE2 MO EF 8 MO EPLETHL L LT
% % Elekta #1& 1235\ T b, isocenter T & 1) H§ED
BWYFL 7HIEZ21TH 2 & T, o target O IRET
PEAEER L2 D 32 WA H 5. %72, Varian
Medical Systems #1# O i fiinFEEIZ BT, vt
target DA E T N % 1.0 mm R IZHEFET 572012, iso-
center 7> 5 OHHEIL 7em LNIZT 5 RETH D &9
WELH LY. LoL, BEHIEEEE R HIT T
Lo TR LZWERREND ), FHICHEH TN
DFFEEFET RETH 5.

HRER DA T 5 &, [HERFR 2 O R target D
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MEBIZL > CTHAKELZRT S, 20+ 2%ER
XA EFRAETdH 5. Isocenter 2 5 B 1172 target |2
B LClE, MESREORELm 5T LM
N TH Y, target 5T 1 couch & collimator O [A] #z
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TSR ERE D BN TR N Z L A% H 4. Gantry [A]85 7%
IO RIESERAE & R LT, AE 3 U/ S W T
12 > 7. Gantry IHZFR 72 X 2 & 341D couch [A]
HRARAE & AR IR AR AP ERTH B RET 5 &,
target DFEEDFIFR L TV 5. MultiMet-WL QA 7 7 > k
2D target DECIE X, 1T & A & gantry BlgEEN FI2H D),
target 2 & target 4 2SEIREIA 5 3em BENL TV A DA T
Hb. TOIORMFNFRAD B A I L, il
LobweiEllsnsg, Lo L, target4 @ AP HIH Tl
LOmm %8 2 % (BT NABIE SN, gantry [IBRFAAE
DREPEEHE SN TS b Tld e v,

—D® isocenter THEELD target & IGHT H K, TG142
DHEFRED ML T v RAEEEMIC TS5 TH L EFWv
PN WA S 5. TGl42 Tld, HEZERZED b L
J v Ak L C gantry - collimator f4 D FRfl & FEEED
FEIHEERR Y 4 712X 55 1.0°, couch DIF/RAE & W
D L & ¢ 7 1% stereotactic radiosurgery (SRS) /stereotactic
body radiation therapy (SBRT) Tl 0.5°, Z#LLI7ME 1.0°
ELTwn Y F7, BEKSY 1 75Tt isocenter, off
isocenter DG & L CTHIFEICXHlIZ SN Twiew, 2
D FH#E 1L AAPM report No. 13 72 1230 &, f&E 3
% +5%, ZEMIMARREL S % £5mm PINICIND 5 2 &
rHWE LT, HEOBHREERHENELZET AT
E SN TH L. L7z > T, IO target 12
Imm O~ =3 Y 2iET 5 L) eEBEREICBWT
3, ZOML T Y A RKRGETT 5 2 EAATRT
& 5. ABFZETIE collimator 3 & UF couch O [Al#RFR 7 |2
X0, @A target 1I2B VT 10mm 2 A ME TN
B L7z HEIZ collimator (& FRGT Z & 12 84T target DT
BRETIRT 3¢ 5729, 4 target 128 LT 1.0 mm
FEEE D margin THAST %47 9 BEI21E, collimator [AIHzER- 7
2 05CLL TSI 2 &9 74, X0 BB 2 iEEE R AR
5%, Couch [z 713 0.5° 12 ¥ € & 1Lif, iso-
center 7 5 7cm PAN O target 12xF L C, Ll itE % &
HHRAICHRECZ2WREIH L. T2, MERARE
%2 & o T, couch [AIEZFRAEZ AR L, (L&A EA]
RECTH 5. Gantry MIERERZEDFLEIIRERTH - 7275,
target DFEEICL A DD EEZ 5NDL. RBMFHRES
ZRET 5 & gantry BRGNS target 2SEEIL TV B4
&, 2LOPFETE 2V RENH L. 72, EBEO
HETIIEAWICHERENFEAET L L Bbh, B
TORERAEIC L ZMETNLL D S REIRE VIR

HWHdH 4. Pudsey H1d, RIEREERDIEEITEE QA
T TE WD S V), off isocenter @ WL test
REHEAEMMIITINEELTWD®. AR THHE
Kelo, B R DR |2 D W T B 2R R0 target [ 1B
IR LT, EHMICQA 21T LEMERIEL T 5.
B, ARWPZE T AR AR R O R 1 HE R % Y TG
L7278, Hi— isocenter D#li¥} target FRETld MLC BhfERR
EELEETH Y, WL QAN R TH 5.

ARBFZEIXBER S 7 7 > b A F @ L 72D 720,
RO AR CTHEZTE %\ & X target BLiE AR
EENTHEY, HEEEIIHNTLHMEDTMIT-T
W, ARid, LYVHBHEORWT 7 ¥ bAZHW
T, SEFRMPET23IL—varl, HElE
R ERT D I LR RREEROREZ B A WIS AS
b 75 i % E B TH D,

4. & B

ARWFFE T i Elekta #H 8 o {4t #iG 2= E % v T,
—D® isocenter THEELD target % {HHET HIEIC, iz
JERE 3 D 3R 75 S U AY target O FRGIAT EREE 125 2 5 5
BA RIS L, TG142 2B 2 Hl#ziA%E (£1.0°)
DL T Y ADORBER G L7z, R R O
Lo T, MBTFNLOKE SSHMREEI RS
ERBMFNFREDEENRENCZ PO L 2o
7=. Collimator, couch ® 522556 <, H¥ 12 collimator 1%
05° D A #RFA 7 TH 1mm DL E O #E T IAE L7
Gantry @ #2813 target O BLE KA L C, JLEAY/H S
ro 7z, H— isocenter CHlIY} target D IRST % 47 ) H A,
TGl42 12 BT 5 100D LT v AL, EEOHEIZ,»
b b TERAKBIEIL I ETF T 5 REEETH Y, target
DOREEIZ L > TEBRMICNTEE SNbE~Y—T V&
HCERWVWIEEELH L. ZD720, target DRLE IZ
JBLT, TG42 D kLT > X X0 b Reks 7 3hite %
TEHLLEEZRIEL TWE. ZNENOEEMXICS
WCEMBZ QA ZATV,  [RIRIEEAER ORFRE & 4R L,
HA) target & B OLHEBICBIT A RB R~ — T VERER
ERFHELERTLIEDPEETHD.

SRR S
AT BIELE 21 T2,

FIERHER
FHEZ B L ORFHEBDPRHRT NSRRI
#3%)

HAMU M 27 2R



1 9

SEXM

1) Faccenda V, Panizza D, Pisoni V, et al. Single-isocenter linac-
based radiosurgery for brain metastases with coplanar arcs:
a dosimetric and clinical analysis. Cancers (Basel) 2023; 15:
4496.

2) Uto M, Torizuka D, Mizowaki T. Single isocenter stereotactic
irradiation for multiple brain metastases: current situation and
prospects. Jpn J Radiol 2022; 40: 987—-994.

3) Roper J, Chanyavanich V, Betzel G, et al. Single-isocenter
multiple-target stereotactic radiosurgery: risk of compromised
coverage. Int J Radiat Oncol Biol Phys 2015; 93: 540—546.

4) Thomas EM, Popple RA, Wu X, et al. Comparison of plan qual-
ity and delivery time between volumetric arc therapy (rapidarc)
and gamma knife radiosurgery for multiple cranial metastases.
Neurosurgery 2014; 75: 409-418.

5) Minniti G, Capone L, Alongi F, et al. Initial experience with
single-isocenter radiosurgery to target multiple brain metastases
using an automated treatment planning software: clinical out-
comes and optimal target volume margins strategy. Adv Radiat
Oncol 2020; 5: 856—864.

6) Iwai Y, Ozawa S, Ageishi T, et al. Feasibility of single-isocen-
ter, multi-arc non-coplanar volumetric modulated arc therapy
for multiple brain tumors using a linear accelerator with a 160-
leaf multileaf collimator: a phantom study. J Radiat Res 2014;
55:1015-1020.

7) Kohutek ZA, Yamada Y, Chan TA, et al. Long-term risk of ra-
dionecrosis and imaging changes after stereotactic radiosurgery
for brain metastases. J Neurooncol 2015; 125: 149—-156.

8) Guckenberger M, Roesch J, Baier K, et al. Dosimetric con-
sequences of translational and rotational errors in frame-less
image-guided radiosurgery. Radiat Oncol 2012; 7: 63.

9) Meeks SL, Mercado CE, Popple RA, et al. Practical consid-
erations for single isocenter LINAC radiosurgery of multiple
brain metastases. Pract Radiat Oncol 2022; 12: 195—199.

10) Faught AM, Trager M, Yin FF, et al. Re-examining TG-142
recommendations in light of modern techniques for linear accel-
erator based radiosurgery. Med Phys 2016; 43: 5437—5441.

11) Gao J, Liu X. Winston-Lutz-Gao test on the true beam STx lin-
ear accelerator. Int J Med Phys Clin Eng Radiat Oncol 2019; 8:
9-20.

12) Peng JL, Liu C, Chen Y, et al. Dosimetric consequences of rota-
tional setup errors with direct simulation in a treatment planning
system for fractionated stereotactic radiotherapy. J Appl Clin
Med Phys 2011; 12: 61-70.

13) Prentou G, Pappas EP, Logothetis A, et al. Dosimetric impact

Vol. 82 No. 2 Feb 2026

of rotational errors on the quality of VMAT-SRS for multiple
brain metastases: comparison between single- and two-isocenter
treatment planning techniques. J Appl Clin Med Phys 2020; 21:
32-44.

14) Gao J, Anand D. Off-iso Winston-Lutz test on seven linear ac-
celerators. J Appl Clin Med Phys 2024; 25: ¢14470.

15) Ono T, Kido T, Nakamura M, et al. Automatic measurement
of beam-positioning accuracy at off-isocenter positions. J Appl
Clin Med Phys 2023; 24: ¢13844.

16) Klein EE, Hanley J, Bayouth J, et al. Task Group 142 report:
Quality assurance of medical acceler. Med Phys 2009; 36:
4197-4212.

17) Hanley I, Dresser S, Simon W, et al. AAPM Task Group 198
report: An implementation guide for TG 142 quality assurance
of medical accelerators. Med Phys 2021; 48: e830—e885.

18) Kutcher GJ, Coia L, Gillin M, et al. Comprehensive QA
for radiation oncology: report of AAPM Radiation Therapy
Committee Task Group 40. Med Phys 1994; 21: 581-618.

19) Svensson GK, Baily NA, Loevinger R, et al. Physical aspects of
quality assurance in radiation therapy (AAPM report No. 13).
American Institute of Physics, 1984.

20) Tsui SSW, Wu VWC, Cheung JSC. Comparison of dosimetric
impact of intra-fractional setup discrepancy between multiple-
and single-isocenter approaches in linac-based stereotactic ra-
diotherapy of multiple brain metastases. J Appl Clin Med Phys
2022; 23: e13484.

21) JROKRME, kR, WHER, M. &6 s
BIFAWAT A vy o g8 WERTLEOMBE H
MR 2012; 68: 1333-1339.

22) Wack LJ, Exner F, Wegener S, et al. The impact of isocentric
shifts on delivery accuracy during the irradiation of small ce-
rebral targets—quantification and possible corrections. J Appl
Clin Med Phys 2020; 21: 56—64.

23) Du W, Johnson JL, Jiang W, et al. On the selection of gantry
and collimator angles for isocenter localization using Winston-
Lutz tests. J Appl Clin Med Phys 2016; 17: 167-178.

24) Nakano H, Tanabe S, Utsunomiya S, et al. Effect of setup error

=z

in the single-isocenter technique on stereotactic radiosurgery
for multiple brain metastases. J Appl Clin Med Phys 2020; 21:
155-165.

Pudsey LMM, Biasi G, Ralston A, et al. Detection of rotational
errors in single-isocenter multiple-target radiosurgery: is a rou-

N

25

tine off-axis Winston—Lutz test necessary? J Appl Clin Med
Phys 2022; 23: e13665.


https://doi.org/10.3390/cancers15184496
https://doi.org/10.3390/cancers15184496
https://doi.org/10.3390/cancers15184496
https://doi.org/10.3390/cancers15184496
https://doi.org/10.1007/s11604-022-01333-7
https://doi.org/10.1007/s11604-022-01333-7
https://doi.org/10.1007/s11604-022-01333-7
https://doi.org/10.1016/j.ijrobp.2015.07.2262
https://doi.org/10.1016/j.ijrobp.2015.07.2262
https://doi.org/10.1016/j.ijrobp.2015.07.2262
https://doi.org/10.1227/NEU.0000000000000448
https://doi.org/10.1227/NEU.0000000000000448
https://doi.org/10.1227/NEU.0000000000000448
https://doi.org/10.1227/NEU.0000000000000448
https://doi.org/10.1016/j.adro.2020.06.008
https://doi.org/10.1016/j.adro.2020.06.008
https://doi.org/10.1016/j.adro.2020.06.008
https://doi.org/10.1016/j.adro.2020.06.008
https://doi.org/10.1016/j.adro.2020.06.008
https://doi.org/10.1093/jrr/rru042
https://doi.org/10.1093/jrr/rru042
https://doi.org/10.1093/jrr/rru042
https://doi.org/10.1093/jrr/rru042
https://doi.org/10.1093/jrr/rru042
https://doi.org/10.1007/s11060-015-1881-3
https://doi.org/10.1007/s11060-015-1881-3
https://doi.org/10.1007/s11060-015-1881-3
https://doi.org/10.1186/1748-717X-7-63
https://doi.org/10.1186/1748-717X-7-63
https://doi.org/10.1186/1748-717X-7-63
https://doi.org/10.1016/j.prro.2021.09.007
https://doi.org/10.1016/j.prro.2021.09.007
https://doi.org/10.1016/j.prro.2021.09.007
https://doi.org/10.1118/1.4962471
https://doi.org/10.1118/1.4962471
https://doi.org/10.1118/1.4962471
https://doi.org/10.4236/ijmpcero.2019.81002
https://doi.org/10.4236/ijmpcero.2019.81002
https://doi.org/10.4236/ijmpcero.2019.81002
https://doi.org/10.1120/jacmp.v12i3.3422
https://doi.org/10.1120/jacmp.v12i3.3422
https://doi.org/10.1120/jacmp.v12i3.3422
https://doi.org/10.1120/jacmp.v12i3.3422
https://doi.org/10.1002/acm2.12815
https://doi.org/10.1002/acm2.12815
https://doi.org/10.1002/acm2.12815
https://doi.org/10.1002/acm2.12815
https://doi.org/10.1002/acm2.12815
https://doi.org/10.1002/acm2.14470
https://doi.org/10.1002/acm2.14470
https://doi.org/10.1002/acm2.13844
https://doi.org/10.1002/acm2.13844
https://doi.org/10.1002/acm2.13844
https://doi.org/10.1118/1.3190392
https://doi.org/10.1118/1.3190392
https://doi.org/10.1118/1.3190392
https://doi.org/10.1002/mp.14992
https://doi.org/10.1002/mp.14992
https://doi.org/10.1002/mp.14992
https://doi.org/10.1118/1.597316
https://doi.org/10.1118/1.597316
https://doi.org/10.1118/1.597316
https://doi.org/10.1002/acm2.13484
https://doi.org/10.1002/acm2.13484
https://doi.org/10.1002/acm2.13484
https://doi.org/10.1002/acm2.13484
https://doi.org/10.1002/acm2.13484
https://doi.org/10.6009/jjrt.2012_JSRT_68.10.1333
https://doi.org/10.6009/jjrt.2012_JSRT_68.10.1333
https://doi.org/10.6009/jjrt.2012_JSRT_68.10.1333
https://doi.org/10.1002/acm2.12854
https://doi.org/10.1002/acm2.12854
https://doi.org/10.1002/acm2.12854
https://doi.org/10.1002/acm2.12854
https://doi.org/10.1120/jacmp.v17i1.5792
https://doi.org/10.1120/jacmp.v17i1.5792
https://doi.org/10.1120/jacmp.v17i1.5792
https://doi.org/10.1002/acm2.13081
https://doi.org/10.1002/acm2.13081
https://doi.org/10.1002/acm2.13081
https://doi.org/10.1002/acm2.13081
https://doi.org/10.1002/acm2.13665
https://doi.org/10.1002/acm2.13665
https://doi.org/10.1002/acm2.13665
https://doi.org/10.1002/acm2.13665

Impact of Gantry, Collimator, and Couch Rotational Errors in Radiation Therapy
Devices on the Irradiation Accuracy of Off-isocenter Targets and Evaluation
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Abstract

Purpose: The aim of this study was to quantitatively evaluate the impact of gantry, collimator, and couch
rotational errors in a linear accelerator on the irradiation accuracy of off-isocenter targets, and to assess the valid-
ity of the rotational error tolerance (* 1.0°) specified in American Association of Physicists in Medicine TG142.
Methods: Using an Elekta linear accelerator (Elekta, Stockholm, Sweden) and the MultiMet-WL QA phantom
(Sun Nuclear, Melbourne, FL, USA), an off-isocenter Winston—Lutz test was performed on six targets. In addition
to baseline measurements, six conditions were evaluated by intentionally introducing rotational errors of +0.5°
and + 1.0° in the collimator, gantry, and couch. The vector distance (S value) between the field center and the tar-
get center, as well as positional deviations in each direction (gantry-target: GT, left-right: LR, anterior-posterior:
AP), were analyzed. Results: Targets located farther from the isocenter exhibited more significant positional de-
viations. The collimator rotation had the greatest impact; at 7 cm from the isocenter, even a 0.5° error resulted in
a maximum S value of 1.24 mm. Couch rotation had the next largest effect, while gantry rotation had relatively
smaller effects, likely because most targets were located near the gantry’s rotational axis. The rotational errors
mainly caused geometric deviations with direction-dependent positional shifts. Conclusion: The effects of the col-
limator and couch were substantial, with positional deviations exceeding 1 mm even for a 0.5° rotation error. The
influence of the gantry was relatively small and dependent on the target configuration. For irradiation of off-axis
targets, the TG142 tolerance of £ 1.0° should be regarded as a minimum standard that must be strictly observed
regardless of the type of linear accelerator. However, depending on the target arrangement, clinically adequate
margins may not be ensured. These findings suggest the necessity of applying stricter criteria according to target
configuration and emphasize the importance of regular quality assurance.

Key words: off-isocenter Winston—Lutz test, rotation error, off-axis targets, Elekta, TG142
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