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Comparison of beam characteristics after beam matching in two Elekta linacs

FANG Chunfeng', XU Wei'?, SONG Yuanyuan', XIE Kun', JJIANG Zhongkai', WANG Zishen', ZHAO Zhiyu', XU Shouping'*
1. Department of Radiation Oncology, Hebei Yizhou Cancer Hospital, Zhuozhou 072750, China; 2. Department of Radiation Oncology,
the First Medical Center of Chinese PLA General Hospital, Beijing 100853, China

Abstract: Objective To compare and analyze the beam characteristics after beam matching in two Elekta linacs and provide
the basis and reference for realizing the interchangeable implementation of treatment plans on two linacs. Methods The data
related to X-ray and electron beams generated by two accelerators were obtained using IBA Blue Phantom® and the obtained
data were compared and analyzed. Results The %dd(10), deviations for 6 and 10 MV between two accelerators was within
+0.1% and +0.3%, respectively. The differences in flatness and symmetry between the two energy levels under the
corresponding fields were within +1.5%, and the maximum absolute deviation of the penumbras was 0.5 mm. The maximum
difference in %dd(10), between the two energy levels in 60° wedge fields was 0.8%. The differences of the electron beams
generated by two accelerators in the R, Ry, and E,were within £1.2%, and the maximum d,,, deviation was 0.9 mm. Although
there were certain deviations in the output factors of each field for different energy levels, the deviations were trivial.
Conclusion The beam characteristics of two linacs show a good matching of beam data, which will provide a solid
foundation and necessary reference for the interchangeable implementation of clinical plans on two linacs.
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AIGIT H A Versa HD 5 Synergy W5 15 I B
KR EENEES W& I A A S Ak 5 mm,
80 X Z MMl 1) Agility iY77k o Versa HD H. 245 &
[ ik 6 MV 1 400 MU/min 5 10 MV 2 400 MU/min
4 F 4 % (Flattening Filter Free, FFF) &5 f% .
BB g B o] SR X G i 4R YT, BARRE P
3N Versa HD & 4t 0t 7 3 6 MV, 10 MV , 6 FFF,
10 FFF, H, ¥4 4.6.8.10.12.15 MeV'*”', Synergy
% 6 FFF 5 10 FFF 41, H Ay fig )2 x5 Versa HD #fl
[ o S5 T 45 20 9 SR DT B 5 BTty A I R A FH 1% 7
YRS DL —AN G AR R Sk 4 R B rpu T &
Z AU AN [RIA T AILTE] B S5 PR VG FE TA 380 M iAo
KIS B K SR — K, AR ELE
S LA 15 22 B 2R ARG I 1) o #5% B FFF A5 X 4h
Hoarme it M s RE M, S I R b 38 43 R i e
A BRI T A M SR AEAS [R] 0 2 2%
b E AR TS AR K S B
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1.1 Z&SHH

SR FERT A6 — U i I8 = B 2018 40 2B AL 58 Bl 1) =
FBFiA Versa HD 5 Synergy filli# &% . | JH IBA A ¥l
Blue Phantom?® 7K 4 A H: iy = 2 4 16 1 >R 4R i i
AR A . KA R 67.5 cmx64.5 cmx
56.0 cm, PRI XN 47.8 cm=47.8 cm*41.0 cm.
KPS IBA CC13 5 L B %, REUARL0.13 e’
HN2EAE 3 mm' ',
1.2 RiGEERER S

ARG P 5 BRIk B FH B e 4 X 4R
6.10 MV K HL T3 4.6.8.10.12.15 MeV [ B & 4¥F
PEHEAT LR A AT o X 2 o e SR B2 #E (Source to
Skin Distance, SSD) >} 90 cm, L T3 5 100 cm, R}
ik Monaco 718 R4t (JRA 5.11.01) AR E 4 225K an
B X XS 2 PR N i B 5 W 55 60° B2 T BT 45 AR
75 T 43 JE 57 i (Percentage Depth Dose, PDD)
M4 S KR 10 om b 254l th &k 17 LB oo X T
B, o, 76 BR % 75 (Applicator, APP) 10 cmx10 cm 5%
AT & PDD. X4 X P4 5 o, [A] i
et HURF N 6 T K v S B e 0 R BT s 2
% i OmniPro-Accept 7.4 8% 4 #F 17 % % IF 7 DA 4k

OO JEH T CHIE T A S YRR R o Bl R AT
— 4 Gamma 731, 237K T 1 mm/1% Fife o

2.1 XEE&RFEF RS

BERRIR A X AR T m s g o T2
FURW PR IE . XEFRFRAE RN 6 MV 5 10 MV X i £k
W, %dd (10) 43 5 SR 67.5%+1.0% 5 73%£1%,
3% HLE X %dd(10), > SSD=100 cm S 10 cmx10 cm,
KR 10 cm b PDD, A<H0» Versa HD 6 MV 5 10 MV X
SR %dd (10) 53 518 67.1% 5 72.4%, Synergy
67.3% 5 72.4%, B Tl B ) R L B 2 Y
H TR 2 B 3 BE LA Monaco 1% £ 48 %
B AR SRR R B T SSD=90 em £ 4 T AH & X
ST A TR R, iR 1~FR 3 R . H &k
786 MV £ 5187%dd(10) 22 FE7E+0.1% Z N, 10 MV
T 22 0% KT 6 MV, {Hi K%dd (10) 22 534X 4-0.3%,
NGFEF AN 3 ecmx3 em . 10 cmx10 cm AR R 35— 3,
X T 5 00 8 T A A LAY B B 10 emx 10 em 1Y
PDD #Ef7—4E Gamma 73 #7458 6. 10 MV {1 Gamma {H.
3508 0.33,0.90, HF 1,32 ATH, 7R AR XS W A&
T 0T A 4 R O H SRR 22 R e A+
1.5% M , 40 cmx40 cm 5§ B 1 4 7] (Crossline, B} AB
J7 1)) 2 523K B d5e K48 % 22 4 0.5 mm, 20 7] (Inline,
BRI GT J5 1)) - 5 e R4 X 224 0.4 mm.

O Tl %) 6 BRPE ST R 2 5 AR 4
& Bl i85 % P 5 U F M (Elekta Medical Linear
Accelerator Customer Acceptance Tests) &z IEC 60976
PRt 2[RI 15 in s s P A BE £ 10 emx
10 cm 5 BT 114 25 il il 28 05 1 T —4E Gamma 43 #7756 MV
PR 0.31, K15 24 0.55; 10 MV 9h[11°4 0.39, 4 1] Sy
0.49, R 3 AIHIHIE TR b G B 4 PR BRTE 2 emx
2 e S8 6 MV(0.8%) 5 10 MV(0.5%) A2 4 cmx4 cm
H16 MV (-0.4% ) fii 22 B KA, AR B AE£0.2% Z N .
& 155 s T Hid SSD=90 cm 41 10 cmx10 cm .
JKIE 10 cm AE 2544 6 MV 5 10 MV (1) 25 4l 1 28 70 A5
L
2.2 X BHER 3R 60°H2 T BF R 45 14

BEFHE Agility 1697 SR H1 60°HE M i ELIE A 5
FEEF 4 — 2 LU B2 G T G DR b e 1) 0°~60° 2 1] 45
FAFEBIREF S R IR EERHA Monaco 11 2007
T PR R AR (SSD=90 cm, Wedge=60°) , #H K4
TEEF%dd(10), 5T K i R L3 4. X B
BOIE B R — S B TE 60°BLIE £ .SSD=90 cm
TKIR=10 em S5 2F T 7K A 00 o S50 ) 25 14 T T B
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Tab.1 Comparison of flatness/symmetry of off—axis curves for X-ray beams generated by two accelerators (%, SSD=90 cm, Depth=10 cm)

s s AB GT
MV
R 25 3 cmx3 cm 10 cmx10 cm 20 cmx20 cm 40 cmx40 cm 3 cmx3 cm 10 cmx10 cm 20 cmx20 cm 40 cmx40 cm
Versa HD 6 101.00/100.10 104.70/100.30 103.40/100.60 105.20/101.00  101.00/100.40 103.90/100.40 103.60/101.00 106.70/102.90
10 101.50/100.20 104.60/100.70 103.00/100.50 105.00/100.90  101.70/100.60 104.50/100.80 103.20/100.80 105.20/100.40
Synergy 6 101.10/100.20 104.70/100.50 103.80/100.40 104.90/100.70  100.90/100.20 104.20/100.70 103.90/100.90 105.90/101.60
10 101.50/100.50 104.40/100.30 102.70/100.30 104.80/100.50  101.50/100.40 104.60/100.90 103.20/100.90 105.30/100.90
M2 6 0.10/0.10 0.00/0.20 0.40/-0.20 -0.30/-0.30 -0.10/-0.20 0.30/0.30 0.30/-0.10 -0.80/-1.30
10 0.00/0.30 -0.20/-0.40 -0.30/-0.20 -0.20/-0.40 -0.20/-0.20 0.10/0.10 0.00/0.10 0.10/0.50

®2 WA NMERR X G R M2 L8 (mm, SSD=90 cm, 7KiR=10 cm)

Tab.2 Comparison of penumbra of off-axis curves for X— ray beams generated by two accelerators (mm, SSD=90 cm, Depth=10 cm)

ik s K A/B G/T
MV

IR 22 5% 3emx3cem 10 cmx10ecm 20 cmx20 cm 40 cm*x40 cm 3emx3cem 10 cmx10ecm 20 cmx20 cm 40 cm*40 cm
Versa HD 6 7.1/7.1 8.5/8.6 9.6/9.7 11.2/11.5 6.0/6.0 7.4/7.4 8.4/8.6 9.3/9.1

10 7.3/7.3 8.7/8.8 9.4/9.4 10.6/10.7 6.5/6.4 7.7/7.6 8.4/8.6 8.8/8.9
Synergy 6 6.9/6.8 8.3/8.2 9.5/9.4 11.7/11.5 6.0/6.1 7.2/7.4 8.4/8.5 9.7/9.4

10 7.2/7.1 8.6/8.6 9.4/9.4 11.0/10.9 6.4/6.5 7.6/7.6 8.4/8.5 9.2/9.2
A 25 5 6 -0.2/-0.3 -0.2/-0.4 -0.1/-0.3 0.5/0.0 0.0/0.1 -0.2/0.0 0.0/-0.1 0.4/0.3

10 -0.1/-0.2 -0.1/-0.2 0.0/0.0 0.4/0.2 -0.1/0.1 -0.1/0.0 0.0/-0.1 0.4/0.3

A BFRIRZE A5G T RNHT U5 7]

T3 WA MIES X G4 RE T 7k ch 5 B 46 H E F EL 85 (SSD=90 cm , 7K J&=10 cm)

Tab.3 Comparison of output factors in water for X-ray beams generated by two accelerators (SSD=90 cm, Depth=10 cm)

i g I . 2 cmx 3 cmx 4 cmx 5 cmx 7 cmx 10 cmx 15 emx 20 cmx 30 cmx 40 cmx
R 25 55 2 cm 3cm 4 cm 5cm 7 cm 10 cm 15 cm 20 cm 30 cm 40 cm
Versa HD 6 0.793 0.845 0.879 0.903 0.949 1.000 1.059 1.099 1.146 1.168
10 0.803 0.860 0.891 0.916 0.956 1.000 1.049 1.078 1.112 1.125
Synergy 6 0.801 0.844 0.875 0.905 0.947 1.000 1.057 1.097 1.146 1.167
10 0.808 0.861 0.893 0.918 0.957 1.000 1.049 1.077 1.110 1.125
AN 2 5/% 6 0.80 -0.10 -0.40 0.20 -0.20 0.00 -0.20 -0.20 0.00 -0.10
10 0.50 0.10 0.20 0.20 0.10 0.00 0.00 -0.10 -0.20 0.00

A el B s o T3 & Al IS TS IS )1 B 1 T I
o RY BE 5 60° B2 B BF BR A /NEF S emxS em &
T 6 MV(0.7%) 15 10 MV (0.8% ) 11%dd (10) 22 T4k
Hb, HA B TER0.3% Z N ; PR BE 45 S 5T 60°H2 I HF
g 0 A 25 P AE0.5% 2N
2.3 BFERREFY

AL B S A iR 4.6.8.10.12.15 MeV
— I o R TR 5 6 cmx6 cm. 10 cmx10 cm .
14 cmx14 cm .20 cmx20 ¢cm .25 cmx25 cm 3 5 £ H, 7

RRROERT, R SHIH T W& IR 73 PDD H
() — S BRHESH . ROVHL T AGTRR , Ry, h 50%
FI) o 2 X I (1) L TR TR, B N MRS T A - 2
L, T E=Ry 0 2.33,d,, WL TR IR R IR
PG IR A R AR L TR TE R Ry, JE T I, 25 57 %
EE1.2% Z W 0 d T H AR TR TEN LTS
H2 MR, e KA F-3.78% , AN b BIVE U it 4%
FPHRE L d,, B KA R 22 A 0.9 mm, R 225/ .
X 4.6.8.10.12.15 MeV (1) PDD #£47—4k Gamma 43
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Fig.1 Off-axis curves of 6/10 MV X-ray beams generated by two accelerators (field=10 cmx10 cm, Depth=10 cm)

#4 FENMIEE X GTL R 60°H2 A2 B A9 %dd (10), /4 H FE F EL 5 (SSD=90 cm)
Tab.4 Comparison of %dd(10),/output factors for 60° wedge fields and X —ray beams generated by two accelerators (SSD=90 cm)

AR AN 225 MV 5 cmx5 cm 10 cmx10 cm

15 cmx15 cm 20 cm*20 cm 40 cm*30 cm

Versa HD 6 64.4%/0.885 67.2%/1.000
10 68.8%/0.890 71.1%/1.000

Synergy 6 65.1%/0.889 67.4%/1.000
10 69.6%/0.894 71.4%/1.000

AHI 2 5:/% 6 0.7/0.40 0.2/0.00
10 0.8/0.40 0.3/0.00

68.8%/1.082 69.6%/1.142 71.1%/1.218

72.2%/1.071 72.4%/1.128 73.1%/1.192

69.1%/1.081 69.9%/1.138 71.4%/1.216

72.2%/1.076 72.6%/1.125 73.3%/1.191

0.3/-0.10 0.3/-0.40 0.3/-0.20

0.0/0.50 0.2/-0.30 0.2/-0.10

Mr, 45 %) H: 22 5 43 51 8 0.22.,0.31.,0.45,0.57.0.71 .
0.60, J&TF 4% B 5 HL 4R 3 F A 5K b 5 Ay o A
T R Ry #5 g fe fL AR FRYE R 10 emx10 em
AT B KGN IR IE 0 S 1075 P27 i 1 H 1
[ 4 MeV .6 cmx6 cm 258 T 2253 (-1.10% ) B4, H
R RR A PR OGEH Hh HT22 S B 7E£0.5% Z N .

331 ig

I AP B80T T S i T O, R 22 ) A
BAPL S SZ RO, nl [ A bR 8 D A2 T
I LB AR T A B E A o A T R —F
J& V2 KRBT D BLE A 2 6 R A A .
] GRS PR RE AR A R, (EAS [R] TR g o i i o
T BT AL B I AR Bk s S e Rl AR
SEUME S AR 2E S o BME R R —T Ry L [A]
— TS ) T 45 A% 5 o S R A BE AR IR 8 2 —
Blo PHIAT R 2% O B g AT TR A K
YRR S0 HT, T R4S T 2 ) RO R, DAl PR TS

SRR 2545 7R IR YT B SR AL BRI K 2
Fn,

AR B Versa HD 5 Synergy i #2 H Hl1
PR £ 0 2 25 T 8 e L 7 B 0L R SR s o 31 Rl
N E A R RESEAT 1R R 0 IR, DA 2l i Synergy
Fil Versa HD Z [A] Y VEIEE , Horp D) Versa HD 45 1 7]
i = SRR N R Synergy INEE 25 A9 FEME(E . FE
X X 5 H o A I A T R 5 R X
e B UEAT AR N R PDD i £k R n BEDTHL . KT
TS AR U 37 5% T 5 e S0 D Ao AR O A
SRS 5B 45 e i S R Sk el 26 5 PDD it
MR AN 8T 2 b il B 2 05 PR A S o
VT B 58 5, I PR A A 2 2 6 I DG e BE i AT 5
PES S ARG A5 A W G s F P S gl St
X & 4t Monaco X} HEA B R A BOR , RAR 4 S 2ol
D E I AH DG X 4 RO X 26 TR 60° LT B I
TFERAF R 2= S8, X AT e #r, TR A
O RN X B 65 (7] — T R T 7 o 4 1 2k g
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B MRS T2 PDD 7 8% EL 5 (SSD=100 cm , APP=10 ¢cmx10 cm)

Tab.5 Comparison of percentage depth dose characteristics of electron beams generated by two accelerators (SSD=100 cm, APP=10 cmx10 cm)

IR Bk N 2 5 ZHL 4 MeV 6 MeV 8 MeV 10 MeV 12 MeV 15 MeV
Versa HD R,/mm 22.70 32.10 41.30 49.90 57.50 73.50
Ry/mm 17.40 25.10 32.90 40.50 47.10 59.70
E/MeV 4.04 5.84 7.67 9.45 10.97 13.91
d, . /mm 8.50 13.70 17.70 23.80 25.80 29.60
Synergy R /mm 22.50 31.80 40.90 49.60 57.50 72.80
R,,/mm 17.20 24.90 32.60 40.30 47.60 59.90
E/MeV 4.02 5.80 7.60 9.39 11.10 13.95
d, . /mm 8.80 13.80 17.80 22.90 26.70 29.80
AN 22 57:/% ) -0.88 -0.93 -0.97 -0.60 0.00 -0.95
Ry, -1.15 -0.80 -0.91 -0.49 1.06 0.34
E, -0.50 -0.68 -0.91 -0.63 1.19 0.29
3.53 0.73 0.56 -3.78 3.49 0.68

H—TTHEMmRA BN, A0 Versa HD 5
Synergy % B & Agility i697 3k , GT J5 [ 4511711,
AB J5 1] 2y — G BACET 1] B T GT 45T Tk |
77, LABETE I PR b JUr 55 14 45 Tl B B TR . o0 AT 2=
HH PR 55 0 257 X 4 TR B 08 M L 4% i i B 4 o
B ORI R EOR B2 i IR R R
ST K S B A L R S 45 280 SRR R )
[] o 3 A st B SR D7 Il ko a3 XS R 60° 42
T Y o i B8 & P Synergy 528 Fi %% Versa HD g A
P 5, %dd (10) ( 7E 5 cmx5 cm 1 2% 553K B | K Ny
0.7%~0.8% , Hi AW FE 0.3% Z N . HIELT K P # e
7 55 DR T 22 BB AE£0.5% 2 N, {H Bifi 2 5 BF 16 K
Synergy HUE [H 1 Versa HD #4222 , WEW & T
X 7 AF L5 4 30 12 08 I X . B BT Y ) AR
o, AT A R T I B, L a2 R P
25 5 22 B\ GO DL T T B RS BE S . oy
B AT HE 2 P 38 60° L M A8 1 O 5 42— 3R Bk
PR B AT — 2 i 25 , 1 1717 38 1R B A XS I B X of
AN A e A AH R B8 . W27 T 45 4 H:
PDD 14k LA ZHMEM R Ry By do 4 TS 40
1E SSD=100 cm . APP 10 cmx10 cm 544 F , 4 &5 i
A SR A S AR — E 1Y 25 Sk JEHXT 10
MeV d, 1 7 ik 5] -3.78%, {H 46 X6} i 22 fe K ALKy
0.9 mm, Zi 28GR VC LS PR & BE R A I 25 4
2 SRR B DR B, O AR R R AT )
255 HERBUE BT S AR T A S 80T A 30 ]
W e X 5P G 0 A% B AR R R AR S HOoR

FHIFIALSK BC B 2 DIAH G . 2B H A X Fh 22 SR
RFREE b 55 6 s #8 0 E— 1 5 50000 R AE A A 4R
PEAT — 5 K

SR DC I 3 BN PG B 5 2 S ek 25 LA ) 4%
4R Frill & PDD 5 Profile 28 25 Ay JL R (1 7 B 24
PER AT REJRHE N B — B 3L AR ORI 2 1 il 7
HRC B0 ] 4 AR e HL A DG LA %) o st A T 5
FRVC P 3, PR R AT S 2 v /0 o v g 3 A
N7 TPS YRR R s i 75 25000 R 4 0 T 1 T A
L0 DU VR YT RIS AT ER A S T B G
7l S 2\ o7 N1 )1 B e W I (7 K -t =1 SR D N |
T 2% 22 6] BB E IR YT SR R KTkt Ao
PRI — 5 T30 48 1550 5 1717 52 i) R85 L YR YT AT RE S .
HAE TPS ARy T, Jo s 5 A I A 5 I e 2 = 24K
P, R AT — 258 RSG5, PRIIE 2 & i 5
22 I T 1) B AR — 7 A 25 Y0 B DR R — B
Al o LAS % s 48 45 Tk e o R eV e Lae
[7] B L 2 25 Il 25 D SRS AU AR Sy o 7 DG IC o 3
TPS ARIERE , BT Sty R e AN ) i s b B i
11 o AR [ PN AR 3 T AR B s B K IR 7 oo T
T X —BARRE SR AR 2T R R UL R
5, AT RO R A SO S R IR YT R AR
B o X FASRIAYT Ao, o m] g i 3 s 5 4
P AR 0 2 2 i e AR AL A7 DL, 28 DTS R ]
L AR R p B AL %) D' RO 7R ke i 47 L s TPS
B AR TATE 5 DT AT RUC A0 0 2% DA 22 26 3 A
Il PR 3z FH 3 2 v Pl 5 5080 R S Bf [, ik 2 T4, 4
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5 TAERE RS 5] 40 Tomotherapy 16 J7 3R 45—
YA 3R AEST AR FEGE A T2 WL L TPS Mg
TS £ 805 L TR A A N B 2k AR SRR R ] It
IR 8] 15 P A0 5 38 5 9 2 AR T DR DE RE TPS SRR
RERIEN AT, 0] sk A DA TPS SAR i il it K i Bl . AHAS
XA H AT B £ AR 1 & R fa .

AU B BB IA IR A% o R A Y
VT EE , A WA 15 M 4 1 B o % E R B o 45 1 T AR
PEE T IR ALY LR, @iiﬁ?ifﬂ*ﬁlﬁlﬁﬂﬁxlﬁl
I g B AT R RS — D R ELIR IR ol
XF 9 I g E A7 7 AR 2 455 Monaco TPS 36 i
TAES S 5 N 2% S TPS = 38 B A 70 (] DL I
I d5e 2 ) 3000 2t 360 TAE 152 5 4 7 v 381) o 11 S8 38 6
DIBA PR AR I IR b SR B4 A T 0 T H A

(5% 30iik)
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