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Multi-leaf collimator positioning accuracy analyzed with two film analysis methods: a preliminary
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Abstract: Objective To assess a picket fence test using two methods of film analysis for verifying the positioning accuracy of
multi-leaf collimator (MLC). Methods Among selected 15 hospitals in 4 provinces, 8 of them applied Varian accelerator using
MLC (Millenium 120), and the other 7 adopted Elekta accelerator using MLC (MLCi or MLCi2). The film was placed at dy.
(1.5 cm underwater) in a solid water phantom of 30 cmx30 cm, with a source axis distance of 100 cm. The film received an
irradiation of 6 MV and 250 MU per MLC strip. Five MLC strips were generated on EBT3 film, and the width of each strip was
6 mm. The centers of 5 MLC strips were located at -6, -3, 0, 3 and 6 cm from the center of the middle MLC strip. The irradiated
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films were scanned with Epson Expression 10000XL scanner, and the dose curve of irradiation field (profile) was analyzed and

calculated by Film QA™ Pro software. Two normalization methods, namely truncating at the smallest local min and max values

and normalizing to 0 and 1 (TLN) and equalizing all local min and max values to 0 and 1 (ELN), were used to analyze the field

location and deviation of the center, field width and deviation for comparing the MLC positioning accuracy and multi-center

measured results. Results The deviation between measured field positions of 5 strips and planned strip positions in 9 hospitals

exceeded +0.5 mm which was recommended by International Atomic Energy Agency (IAEA). The deviation of the center of

each irradiation field was up to standard which is 0.5 mm recommended by IAEA. The deviation between the width of 5 fence

fields and planned width (6 mm) was less than =1 mm, conforming to IAEA standard. Moreover, the deviation and standard

deviation of maximum-minimum widths met TAEA standards (no more than 0.75 mm and 0.30 mm, respectively). Conclusion

The MLC positioning accuracy measured by two normalization methods of film analysis is similar. Both TLN and ELN are reliable

in the verification of MLC positioning accuracy.

Keywords: multi-leaf collimator; positioning accuracy; film analysis; normalization method
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Tab.1 Basic characteristics of 8 Varian accelerators

No. LINAC model Production year

Installation year ~Energy/MV MLC model

1 TrueBeam 2012
2 Unique 2013
3 Clinac iX 2009
4 Trilogy 2010
5 TrueBeam 2012
6 23EX 2012
7 Unique 2012
8 TrueBeam 2011

2013 6 Millenium 120
2013 6 Millenium 120
2009 6 Millenium 120
2010 6 Millenium 120
2013 6 Millenium 120
2013 6 Millenium 120
2013 6 Millenium 120
2011 6 Millenium 120

MLC: Multi-leaf collimator
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Tab.2 Basic characteristics of 7 Elekta accelerators

No. LINAC model Production year

Installation year Energy/ MV~ MLC Model

1 Synergy 2008
2 Synergy 2013
3 Synergy 2010
4 Synergy 2013
5 Precise 2011
6 Precise 2008
7 Precise 2010

2011 6 MLCi2
2015 6 MLCi2
2011 6 MLCi

2013 6 MLCi2
2012 6 MLCi
2010 6 MLCi
2011 6 MLCi

12 Ak
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Fig.1 Marked central location of a film

2 P F A DX SR IMEL I, L% 5 i R AE R
e/ IMEL, B/ IME X 380 FE AR KA R A X,
AR e KA DX 3 AR /ML w3 9 IX sk, SR
HEATIH—, N 2 i . ELN 59, IS Bk X
BRAD R R REAL , QR 3 R . RSP AL E K
P EAm2E SR 58 KA 2% 4 7 T 43HT 8 5 Varian 1
7 15 Elekta A MLC SIOKEHA 4, 1551 5 SR s
BRSO BRI T B 22 (-6.-3.0..3 .6 cm) , K
it TAEA B it 22 BR (AN B 3 £0.5 mm 5 4 S5 7 S5
B B RS R TAEA MUERRME A S£0.5 mm,
PREZE AT 0.3 mm'™ s 2 IRV = T8 T S i

TR, SHRIEE TE I 6 mmAH AR, R ITAEA HLE



- 1378 - [ R P S 55354
fiZE A £1 mm; ST SR o MA 22 Sbnitizs, 0TI R 2.7% , IR 5 1 76 73 B Varian fif 537 &

e TAEA FILE i 22 A B £0.75 mm, bRifE A AL IR2ZEATAOPRIE 2248 Elekta JINEE 2R 10K 2.7%.
0.30 mm,

R3 TLN53E 947 5 S PRI E
Tab.3 MLC strip position analyzed with TLN method

Leaf Profiles - Beams 1-5 Strip position/mm

E AR e B e U1 2 ¥ e W2 N R e N el Swip2 Swipd Swipd Saips
oot AR T R (S rip tip tip tip tip
0.9 3 i -1 [J ] (. ii :
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0.8 -1 | . g
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pos / mn 8 =598 298 0.0 299 596
[E 2 TLN B profile Elekta 1 -60.4 -30.0 00 300 597
Fig.2 Profile of TLN

2 -59.3 293 0.0 30.6  60.5
TLN: Truncating at the smallest local min and max values

and normalize to 0 and 1 3 -59.2 295 0.1 302 598

4 -59.9 -29.8 0.1 30.2 60.1

Leaf Profiles - Beams 1-5 5 -59.4  -30.5 0.0 29.8 59.7
Lofe | o ~ ;cné i 15 podt L 6 603 -30.6 00 300 60.0
CICE TR ! foo 3 LB | — Leef 13
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* St ‘| || | |H | il [ | — %eag gi Tab.4 MLC strip position analyzed with ELN method
. |r fr Il h' [ -t
li J[' iIJ ||lr | |= 10t 07 Strip position/mm
L i I i rl | %eag 28 Linac No.
ot ‘ i |-I | i Stripl ~ Strip2 Strip3  Strip4  Strip5
Ik b I 1 — beam 1
e 8 s 8 3 8 b Varian 1 -60.1 302 -0.1 301  59.8
50.0 100.0 150.0 i
pos 2 598 298 01 300 599
B3 ELNprofile 3 -590 292 01 303 60.1
Fig.3 Profile of ELN
ELN: Equalizing all local min and max values to 0 and 1 4 -59.0-29.1 0.0 305604
5 -59.1  -29.2 0.2 30.5 60.5
6 -594  -294 0.0 30.6 60.3
2 8 R

7 -59.8  -299 0.0 29.8 59.7
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Elekta 1 -60.4  -30.0 0.0 300 598
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3 -59.2 =295 0.1 30.1 59.8
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-0.6mm -0.8mm
El4 TLN 75350 5 FME B H A E ST LERE
Fig.4 Differences between the planned and the actual strip positions analyzed with TLN method
1.2mm 1.0mm
Varian LINAC
1.0mm 0.8
mm Elekta LINAC
0.8mm 0.6mm
0.6mm B Stripl-(-60mm) G amm I B Stripl-(-60mm)
B Strip2-(-30mm) B Strip2-(-30mm)
0.4mm 0.2mm
B Strip3-Omm B Strip3-0mm
0.2mm 0.0mm
B Strip4-30mm B Strip4—-30mm
5 7
0.0mm B Strip5-60mm -0.2mm B Stripb5-60mm
-0.2mm -0.4mm I
-0.4mm -0.6mm
-0.6mm -0.8mm

[E5 ELN53E55 5 M s B & St S E RE
Fig.5 Differences between the planned and the actual strip positions analyzed with ELN method

=5 MEEHEFNERENGITZED LR (mm)
Tab.5 Statistics of MLC strip position differences (mm)

Item

Varian LINAC Elekta LINAC

TLN strip position differences ~ ELN strip position differences TLN strip position differences ~ ELN strip position differences

Average
SE
Median
SD
Variance
Minimum

Maximum

0.24 0.25 0.08
0.06 0.06 0.06
0.20 0.20 0.00
0.38 0.37 0.37
0.14 0.14 0.13
-0.40 -0.40 -0.60
1.10 1.00 0.80

0.08

0.06

0.00

0.36

0.13

-0.60

0.80

SE: Standard error; SD: Standard deviation

()BT 0 MLC I R, BRI S R TP,

AT IR e UV B AR T R B ) 22 Xt i A
FRUO B (ave ) BIIRZE . PRI 08T 5 SR
PP I UM B 22 (bias ) M brRifEZZ (SD) , 1 6 il

1R TAEA H05 B A B 3:8£0.5 mm , U] .00
i (A MED AR301.0 mm, BRUEE AL 0.3
o, WV 6 AL 7 7. o U0 PRS2 A
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F6 TLNFE0 M 5 S HE ML ENRERITEE
(mm)
Tab.6 MLC strip positioning bias analyzed with
TLN method (mm)

Linac No. Biaswn BiaSnwm Biasm Biasmu-Biasw, SD

Varian 1 -0.3 0.0 0.2 0.5 0.2
2 -0.1 0.1 0.2 0.3 0.1
3 -0.1 0.0 0.2 0.2 0.1
4 -0.1 0.0 0.1 0.2 0.1
5 0.0 0.1 0.3 0.2 0.1
6 -0.2 0.0 0.3 0.6 0.3
7 -0.3 0.0 0.2 0.5 0.2
8 -0.2 -0.1 0.1 0.3 0.2
Elekta 1 -0.3 0.0 0.2 0.5 0.2
2 -0.3 0.0 0.2 0.5 0.2
3 -0.2 0.1 0.4 0.6 0.3
4 -0.2 0.1 0.4 0.6 0.3
5 -0.3 0.0 0.2 0.5 0.2
6 0.1 0.0 -0.1 -0.2 0.1
7 -0.2 0.0 0.1 0.3 0.1

gL RIS ITARA BUE BRI, A T 5824047, 45
W8 iR, FHZEAI UL, Elekta NI #5114 TLN 4347 {E

0.7mm

0.6mm Varian LINAC

0.5mm -

0.4mm -

M bias max -hias min{mm)

0.3mm -
W SD{mm)

0.2mm -

0.1lmm -

0.0mm -

-0.1mm
-0.2mm

-0.3mm

7 ELNFED 5 FMEZ S S E h LI BENRERITEE
(mm)
Tab.7 MLC strip positioning bias analyzed with
ELN method (mm)

Linac No. Biasw, BiaSwwm Biasw Biasm-Bias., SD

Varian 1 -0.3 0.0 0.2 0.5 0.2
2 0.0 0.1 0.2 0.2 0.1
3 -0.1 0.1 0.2 0.2 0.1
4 -0.1 0.0 0.2 0.2 0.1
5 0.0 0.1 0.3 0.2 0.1
6 -0.2 0.0 0.4 0.6 0.3
7 -0.3 0.0 0.2 0.5 0.2
8 -0.2 -0.1 0.1 0.3 0.2
Elekta 1 -0.2 0.0 0.2 0.5 0.2
2 -0.3 0.0 0.2 0.5 0.2
3 -0.2 0.1 0.4 0.6 0.3
4 -0.2 0.1 0.4 0.6 0.3
5 -0.3 0.0 0.2 0.5 0.2
6 0.1 0.0 0.1 0.0 0.1
7 -0.3 0.0 0.2 0.5 0.2

FrfE2E KT ELN S HTEIBRIEZE 40.9% , 25 Bk
FEER

0.7mm

0.6mm

Elekta LINAC

0.5mm
0.4mm

0.3mm
M hias max -bias min(mm)
0.2mm
W SD(mm)
0.1mm

0.0mm

6 TLN /53: 5347 5 £z B MU B RE
Fig.6 MLC strip positioning bias analyzed with TLN method

() PRI 40 BT 5 A M BT S5 B 5 B, 3R 9
MFE 10 PR 5T E 565 6 mm AH LLEL, WAl 8
FE 9 BT 7R, H B AT AT, ¥ AN i TAEA B E i
241 mmo AT 0T, W3R 11 R, &R
L, TR 5 B E 4R HT Varian JEE 250 22 (045 E 2% L
Elekta JII# #5 K 50%.

(4) PIAN VL5 5 SR BT Bkt i T 1y
ST v R 5 225 i TR B A B S T T
e A, BAS B P Sk Y 5 A /)M (wiidth min) |, B
HF I 5 T 5 FE e KA (width max ) , HiHRE 7 5 5 5
JE (F KA — B/ME) (width max-width min) , #HF2
BB T - 44118 (average ) M bR UE 22 (SD) A 12 il
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Tab.9 Widths of 5 MLC strips analyzed with TLN method (mm)

5512 4 A, 45 PIRREE oA 75k LU M B RS 2 - 22 v I R S5 SR IR AE AT A - 1381 -
0.7mm 0.7mm
oomm Elekta LINAC ~ 06mm Varian LINAC
0.5mm 0.5mm
0.4mm 0.4mm -
M bias max -bias min{mm) M bias max -bias min(mm)
0.3mm = 50({mm) Gidmm: 4 ®5D(mm)
0.2mm 0.2mm A
0.1mm 0.1mm -
0.0mm 0.0mm -
1 2 3 4 5 6 7 1 2 3 4 5 6 7 8
7 ELN /A5 Mz g L L B RE
Fig.7 MLC strip positioning bias analyzed with ELN method
8 ZE PO I ERENGITF LR (mm)
Tab.8 Statistics of MLC strip positioning bias (mm)
Average 0.35 0.35 0.40 0.46
Median 0.28 0.26 0.48 0.50
Variance 0.03 0.03 0.09 0.05
$ Maximum 0.58 0.61 0.65 0.64

&9 TLN AL 5 FMHZEF S5 5L (mm) F10 ELN 77355347 5 Mz 27 527 52 (mm)

Varian 1 5.6 6.2 6.2 5.8 5.6 Varian 1 5.6 6.1 6.4 5.8 5.7
2 6.0 5.8 6.1 6.1 5.9 2 5.9 5.8 6.3 6.0 5.8

3 5.6 5.8 5.6 5.7 5.5 3 5.5 5.7 5.7 5.7 5.5

4 6.0 6.0 5.9 6.0 6.0 4 6.4 6.4 6.1 6.3 6.2

5 55 5.8 5.9 6.2 5.9 5 5.5 5.7 6.0 6.1 5.9

6 6.2 6.4 6.3 6.5 6.2 6 6.2 6.5 6.6 6.5 6.2

7 52 5.5 5.7 53 53 7 5.5 5.6 5.8 5.4 5.6

8 6.1 6.3 6.4 6.3 6.0

Tab.10 Widths of 5 MLC strips analyzed with ELN method (mm)
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0.6emm 0.6mm
0.4mm | Varian LINAC 0.5mm i Elekta LINAC
0.4mm
0.2mm 0.3mm
B Stripl width-6mm B Stripl width-6mm
0.0mm - 0.2mm
B Strip? width-6mm B Strip2 width—6mm
0.1mm
-0.2mm B Strip3 width-6mm B Strip3 width-6mm
0.0mm
-0.4mm B Strip4 width-6mm 0T B Strip4 width-6mm
B Stripb width—6mm B Strips width-6mm
-0.2mm
-0.6mm
-0.3mm
Qemm -0.4mm
-1.0mm -0.5mm
8 TLN F53& 5 #T 5 M= S EF i E IR E
Fig.8 Deviation between MLC strip opening width and 6 mm analyzed with TLN method
0.8mm 0.8mm
. Elekta LINAC
g.6mm Varian LINAC  0.6mm
0.4mm
I Q:Amm ® Stripl width-6mm
1 Stripl width-6
0:2mm : trfp wfdth - 53mm B Sirip? width-6mn
0.0mm . e mithrim B Strip3 width-6mm
- 1 4 6 8 ¥ Strip3 width-6mn  0.0mm B Stripd width-6mm
-0.Z2mm i i Q.
B Stripd width-6mm oo B Strips width-6mm
-0.4mm I | i B Strip5 width-6mm i
-0.6mm i 0:Amm
-0.8mm -0.6mm
E9 ELN/53E0 47 5 M N R ERE
Fig.9 Deviation between MLC strip opening width and 6 mm analyzed with ELN method
F= 11 A ARSI R E SRR EREES T F S (mm)
Tab.11 Comparison of MLC strip opening width and planned width using two different methods (mm)
Varian LINAC Elekta LINAC
Item
TLN strip opening width ELN strip opening width TLN strip opening width ELN strip opening width
Average -0.1 0.0 0.1 0.1
SE 0.0 0.1 0.0 0.0
Median -0.1 0.0 0.1 0.1
SD 0.3 0.3 0.2 0.2
Variance 0.1 0.1 0.1 0.1
Minimum -0.8 -0.6 -0.4 -0.4
Maximum 0.5 0.6 0.5 0.6
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Tab.12 MLC strip opening width analyzed with TLN method (mm)
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Tab.13 MLC strip opening width analyzed with ELN method (mm)

Linac  No. Width,, Widthye Widthy, Width,.-Width,, SD Linac  No. Widthn, Widthne Widthe Widthn,-Width., SD
Varian 1 5.6 5.9 6.4 0.7 0.3 Varian 1 5.6 5.9 6.2 0.6 0.3
2 5.8 5.9 6.3 0.5 0.2 2 5.8 6.0 6.1 0.3 0.1
3 5.5 5.6 5.7 0.3 0.1 3 5.5 5.6 5.8 0.3 0.1
4 6.1 6.3 6.4 0.2 0.1 4 5.9 6.0 6.0 0.2 0.1
5 5.5 5.9 6.1 0.6 0.2 5 5.5 5.8 6.2 0.6 0.2
6 6.2 6.4 6.6 0.3 0.2 6 6.2 6.3 6.5 0.3 0.1
7 5.4 5.6 5.8 0.4 0.1 7 52 54 5.7 0.5 0.2
8 6.0 6.2 6.4 0.3 0.1 8 59 6.1 6.3 0.4 0.2
Elekta 1 5.9 6.3 6.6 0.7 0.1 Elekta 1 5.8 6.2 6.7 0.9 0.1
2 5.9 5.9 6.4 0.5 0.1 2 5.6 6.0 6.4 0.8 0.1
3 5.9 6.1 6.5 0.6 0.1 3 5.7 6.2 6.9 1.2 0.2
4 6.0 6.3 6.5 0.5 0.1 4 5.9 6.2 6.5 0.6 0.1
5 5.5 5.8 6.3 0.8 0.2 5 5.4 5.7 6.1 0.7 0.1
6 6.1 6.4 6.7 0.6 0.1 6 6.1 6.3 6.6 0.5 0.1
7 5.7 5.9 6.2 0.5 0.1 7 5.5 59 6.2 0.7 0.1
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Fig.10 Differences and standard deviations of MLC strip opening width analyzed with TLN method
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Fig.11 Differences and standard deviations of MLC strip opening width analyzed with ELN method

1

2

3

4

11 ELN 7330t BFrt B 518 s S = E R AR EE



- 1384 - H ] B2 B

ARG $354

R 14 PN EMZEF ST B E EM ST E S8 (mm)
Tab.14 Statistics of MLC strip opening width bias analyzed with two different methods (mm)

Varian LINAC Elekta LINAC
Item
TLN strip opening width bias ~ ELN strip opening width bias TLN strip opening width bias  ELN strip opening width bias

Average 0.4 0.4 0.8 0.6
SE 0.1 0.1 0.1 0.0
Median 0.3 0.4 0.7 0.6
SD 0.2 0.2 0.2 0.1
Variance 0.0 0.0 0.1 0.0
Minimum 0.2 0.2 0.5 0.5
Maximum 0.6 0.7 1.2 0.8
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