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Factors affecting MV imager projection offset in machine performance check for Varian linear

accelerator
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Abstract: Objective To explore the main factors affecting the MV imager projection offset in the machine performance check
(MPC) for Varian Vital Beam linear accelerator. Methods The MV imager projection offsets in the MPC after repairing the MV
imaging arm encoder of shoulder motor, locking the treatment couch, and isocenter calibration were analyzed. Results MPC results
revealed that the MV imager projection offset after repairing the MV imaging arm encoder of shoulder motor was (0.310+0.001)
mm, significantly less than (0.450+0.010) mm in the blank group. The difference in MV imager projection offset between the
isocenter calibration group and the blank group was trivial. The MV imager projection offset after locking the treatment couch
was (0.240+0.030) mm, significantly less than (0.450+0.010) mm in the blank group. When MPC was carried out after repairing
the imaging arm encoder and performing isocenter calibration, there was no significant statistical difference in MV imager center
offset between the locked and unlocked treatment couch. Conclusion The damage of MV imaging arm encoder of shoulder motor
is the main factor causing abnormal MV imager projection offsets. Locking the treatment couch before the MV imaging center
check can reduce the results, but it cannot eliminate the MV imager projection offset.
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Figure 1 Installation of isocenter calibration phantom
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Figure 2 Isocenter calibration results
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Figure 3 Error analysis and statistics of different factors on MV imager projection offset
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Table 1 Maintenance of shoulder encoder for precision testing of MV flat plate machinery
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MPC i /% 60 100 100

AHFFE LB, N 2§ 4T MPC B, MV 5248 0 i
Bt sh K, X in s 2 A 7 A5 RO TE 2 S5 LR AR
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YRR 5 ARSI T MPC AE6% I 5 A% 47k MV %
Bt S i AR R AR TC IR A MV 5248
Hu S S H AL, X MV SR K 4 5 T4k
1B JE " HALAI g & 2 5 & B MV A5 T s
BRI B B AL, 22 A G X, AR Ar 4521

BIEUSEUN, TEHEERE E VTR IE R MV AR
s ASE (0.280+0.01) mm [#A TR E , B R FE 4
A gt Al (C 4L FEAK. ZE5 R ST PORE
ZER MV RO IR . 4SSt
P REE 2 )5 HEET MPC I, ZEHEFT KV FIMV 5444
U RS A Z BT AUE SR, S BIA T IR IX RS e 2 5
R EARRRAE R IE MV AL U S R T (E, (H2
S E FRARAS B 5, 55 A B RO R G A L 25 5
Giiter o . W WEL MPC i3 B A, AT MV 5214
A AR B, HLAE 0B VAT IR BT S 77 [l 67 B A b Oy
97.95 em , F1148 1 5K AF UL BRI MV 2R Z S TRT IR
LB AFRBENE 97.92 em, MG HLALHER: Z A [H M A
PR B MV RV BRI 16T R T 1k
RS R TEZ G R Ge i i AT A D BRI 1Y)
MV FIkV A%, 58] MV FTKV 25 U0 A8 PR 1Y
AR E— TR MV SR EAAE IR X PR ZEAE
YeAe G 2 AN 25 O A I S BT |, TR B S 2
TR AL TE Z 5 B 16T AR MV S8 s
A K,



- 812 -

e
AR

] 22

415

L8 LT, (B MV S8 P RS R A 32 2
R MV S8 S e A7 el e . A B R 37
PR ATAEZ MR, S BOM AR JCEA B G
BARIPRALE  FENALER AR Fh MV AR AR T 1)
/NEIRRAS IR 22 LA a] DL, BT RLAEXT MV 218
PEMAR BN E REZEA TR A i R R B W] 2 22 5
UEARR T L HLZE g et A IR % . 22
JEZARSE S TERITFE i T B2 insas MPC rhLASE 3)
R GAFAERRE , R G i s e SR bR . AR
PRSNGSR Hh MLC SO 5 ZEAG I 2 3k FE AR Y
G et T Ol o LA, MRIA 25 A ERT S R 4 H FT
FLZZAN A Bk BB S5 b B i PR 2 2 i
e BB . SR A il S D B A AR R G5+
WIIGIEAR W R AHGE . Zwan 5250 52 AL S
g AR A R LA A BE IR MV 5245, 14T
VMAT S A B PR e . (2 0C T2 it i 7
HRRETRIMIFEAR W BARIE . ARSI EATT
S T2 MV SR O RS N 3R, A€ T
MV GRS Al b . 2T FTIEARN T 2 il e 5 |
RRGSTHIEH . APERIPAAER BBV 5iMV
AR RGO RS 5 G AEHRRR A L AE fB
R Z el AT A A kv R AU R B R e AR 5
WAL AR AT AE ST o IZBEE TR TR &
S A LEE MO BA Bs 1 T8 .

(5% K]

(1] FRER, AR, 2IH, 4. 207 & B A A& nik BAT 24
Ik [1] P B E SR R E, 2023, 40(7): 793-800.

Zhang XL, Zhou FG, Liu B, et al. Photon energy synthesis method on
medical linac for radiotherapy| J]. Chinese Journal of Medical Physics,
2023, 40(7): 793-800.

(2] &4, R &, AA NEREBAT P 0 A L&Ak K0G8 RE AT
Foat R [I]. P EEFHEF S E, 2022,39(7): 881-885.

Jin YZ, Zhao L, Zheng C. Exploring the failure causes and intervention
countermeasures of electron linear accelerators in clinical operation
[J]. Chinese Journal of Medical Physics, 2022, 39(7): 881-885.

(3] LR . ETAATE TR RSG5 Rt [ClI P B 2 B4

IRFAEFNASAHTRFRFE FPREFARF IS
DeH—REFREHFEEITARLE L PAEF SR
FIAZF 4, 1998: 19-23.
Hu YM. Conformal radiation Therapy-Physical progress in tumor
radiation therapy [ C ]//Proceedings of the 10th Academic Annual
Meeting of the Medical Physics Branch of the Chinese Biomedical
Engineering Society and the 1st Medical Equipment Science
Management Seminar of the Medical Engineering Branch of the
Chinese Medical Association. Beijing: Medical Engineering Branch
of the Chinese Medical Association, 1998: 19-23.

[4] Dyer BA, Nair CK, Deardorff CE, et al. Linear accelerator-based
radiotherapy simulation using on-board kilovoltage cone-beam
computed tomography for 3-dimensional volumetric planning and
rapid treatment in the palliative setting[ J |. Technol Cancer Res Treat,
2019, 18: 1533033819865623.

[5] Franzese C, Fogliata A, Loi M, et al. Dosimetric impact of volumetric
modulated arc therapy for nasopharyngeal cancer treatment[ J]. Rep
Pract Oncol Radiother, 2021, 26(1): 101-110.

[6] Murchison SC, DeVries KJ, Atrchian S. Patient outcomes with dose
escalation using modern radiotherapy techniques: a retrospective
review of anal cancer treated at a large academic institution between
2010 and 2016[J]. Cureus, 2020, 12(10): ¢10989.

[7] #A4& K, %izid, Lrak, & . mik BENEFIE A ABEREZZHF

W BB IRAE B AT ], P A 78 4 42 &, 2019, 28(12):
919-923.
Hu JY, Pei YT, Ma YG, et al. A quantitative evaluation on the image-
quality parameters and quality assurance thresholds setting of
accelerator on-board imaging system[J]. Chinese Journal of Radiation
Oncology, 2019, 28(12): 919-923.

[8] Barnes MP, Pomare D, Menk FW, et al. Evaluation of the truebeam
machine performance check (MPC): OBI X-ray tube alignment
procedure[J]. J Appl Clin Med Phys, 2018, 19(6): 68-78.

[9] Abuhaimed A, Martin CJ. Assessment of organ and size-specific
effective doses from cone beam CT (CBCT) in image-guided
radiotherapy (IGRT) based on body mass index (BMI)[J]. Radiat Phys
Chem, 2023, 208: 110889.

[10] Tegtmeier RC, Ferris WS, Chen RM, et al. Evaluating on-board kVCT-
and MVCT-based dose calculation accuracy using a thorax phantom
for helical tomotherapy treatments[J]. Biomed Phys Eng Express,
2023, 9(2): 10.

[ 11] Mao WH, Speiser M, Medin P, et al. Initial application of a geometric
QA tool for integrated MV and kV imaging systems on Trilogy,
Synergy, and Vero [ C]/World Congress on Medical Physics and
Biomedical Engineering. Berlin, Heidelberg: Springer Berlin
Heidelberg, 2009: 358-361.

[12] de Crevoisier R, Lafond C, Mervoyer A, et al. Image-guided
radiotherapy[ J]. Cancer Radiother, 2022, 26(1/2): 34-49.

[13] Barnes MP, Greer PB. Evaluation of the truebeam machine
performance check (MPC) geometric checks for daily IGRT geometric
accuracy quality assurance[ J]. J Appl Clin Med Phys, 2017, 18(3):
200-206.

[14] Binny D, Aland T, Archibald-Heeren BR, et al. A multi-institutional
evaluation of machine performance check system on treatment beam
output and symmetry using statistical process control[J]. J Appl Clin
Med Phys, 2019, 20(3): 71-80.

[15] Li YT, Netherton T, Nitsch PL, et al. Independent validation of machine
performance check for the Halcyon and TrueBeam linacs for daily
quality assurance[J]. J Appl Clin Med Phys, 2018, 19(5): 375-382.

[16] #i 4B . A& F MPC #) VitalBeam £ £ hnik 5 KA — B0 50k 4 4
gorkgeem [J]. o B E 57 BHA5 8, 2020, 26(18): 177-180.

Lai YQ. Performance check of beam consistency and collimation
system of the VitalBeam accelerator based on MPC| J . China Medical
Device Information, 2020, 26(18): 177-180.

[17] Carver A, Rowbottom C. TU-FG-201-05: varian MPC as a statistical
process control tool[ J]. Med Phys, 2016, 43(6 Part 35): 3753.

(18] oAk, skar, T30k, F . K Z TS AR 69 3 e 4t 4]
SA[T]. P EEF K4, 2021, 18(9): 192-195.

Peng XD, Zhang Y, He YB, et al. Case analysis: failure maintenance
of Varian MPC[ J |. China Medical Equipment, 2021, 18(9): 192-195.

[19] #is %, 2RI, 50, REZE A ALk AR YL A 4 (0BI)
YeAS BARIR[T]. P A 3CH A 5 42 &, 2017, 26(6): 696-697.

Lin ZX, Wang ZW, Wang K. (OBI)for Varian medical linear accelerator
[J]. Chinese Journal of Radiation Oncology, 2017, 26(6): 696-697.

[20] Hyun M, Ma R, Diener T. Commissioning and accuracy of on-board
imaging and optical surface tracking for three Varian linear accelerators
[J]. Med Phys, 2018,45(6): E592.

[21] Klein EE, Hanley J, Bayouth J, et al. Task group 142 report: quality
assurance of medical accelerators[ J]. Med Phys, 2009, 36(9): 4197-
4212.

[22] B RBom b os/B R R Ps ER W A&k B0 F 456
e (1], P A g F 2 &, 2020, 29(4): 241-258.

National Cancer Center/National Cancer Quality Control Center.
Quality control guidelines for medical electronic linear accelerators
[J]. Chinese Journal of Radiation Oncology, 2020, 29(4): 241-258.

[23] #hit s, 2L, 248, REX ALt R 5 oHE LR ESFRE
2 [J]. F LB 5 2 &, 2019, 28(3): 238-240.

Lin ZX, Wang ZW, Wang K. Experience in repair and maintenance of
the Varian Linear accelerator multi-leaf collimator[J]. Chinese Journal
of Radiation Oncology, 2019, 28(3): 238-240.

[24] #RiB 5, 1% ) . KL LR hnid 35 WA BB 52 (1], o 45t
MG 5 2 &, 2017, 26(5): 577.

Lin ZX, Tan L. Maintenance Experience of Interlocking Faults in
Varian Accelerator Accessories [J]. Chinese Journal of Radiation
Oncology, 2017, 26 (5): 577.

[25] Zwan BJ, Barnes M, Hindmarsh J, et al. MO-FG-202-04: gantry-
resolved Linac QA for VMAT: a comprehensive and efficient system
using an electronic portal imaging device[J]. Med Phys, 2016, 43(6
Part 31): 3712.

(¥t BEFD)



