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= Abstract =

Dose Distribution and Characterization for Radiation Fields
of Multileaf Collimator System

Sung Sil Chu, Ph.D. and Gwi Eon Kim, M.D.

Depariment of Radiation Oncology, College of Medicine, Yonsei University, Seoul. Korea

Purpose : Multileaf collimator(MLC) is very suitable tool for conformal radio-
therapy and commissioning measurements for a multileaf collimator installed
on a dual energy accelerator with 6 and 10MV photons are required. For
modeling the collimator with treament planning software, detailed dosimetric
characterization of the multileaf collimator including the penumbra width,
leaf transmission between leaf leakage and localization of the leaf ends and
sides is an essential requirement.

Materials and Methods : Measurement of characteristic data of the MLC with
26 pair block leaves installed on CLINAC 2100C linear accelerator was per-
formed. Low sensitive radiographic film(X-omatV) was used for the penum-
bra measurement and separate experiments using radiographic film and
thermoluminescent dosimeters were performed to verify the dose distribution,
Measured films were analized with a photodensitometer of WP700i scanner.

Results : For 6 & 10 MV x-ray energies, approximately 2.0% of photons
incident on the multileaf collimator were transmitted and an additional 0.5%
leakage occurs between the leaves. Localizing the physical end of the
leaves showed less than 1mm deviation from the 50% decrement line and
this difference is attributed to the curved shaped end on the leaves. One
side of a single leaf corresponded to the 50% decrement line, but the
opposite face was aligned with a lower value. This difference is due to the
tongue and groove used to decrease between leaf leakage.

Alignment of the leaves to form a straight edge resulted larger penumbra at
far position from isocenter as compare with divergent alloy blocks. When the
MLC edge is stepped by sloping field, the isodose lines follow the leaf
pattern and produce scalloping isodose curves in tissue. The effective
penumbra by 45 degree stepped MLC is about 10mm at 10cm depth for
6MV x-ray. The difference of effective penumbra in deep tissue between
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MLC and divergent alloy blocks is small (5mm).
Conclusion : Using the characteristic data of MLC, the MLC has the clinlical
acceptability and suitability for 3-D conformal radiotherapy except small

field size.

Key Words : Multileaf collimator, Penumbra, Field shaping, Conformal therapy

A E
WAL A9 HA e A 9]
g Fola TPl HFHoz ol
dojot st FUYZT)} B R ARG TANS
ofof gt} AHAE AHEHAI} & GHES 0|83
Fovt Aol AAgy] WEo] vt mge] Ay
£ 98t &8%r Yol 2dREYEIXNE 15
ErdE(Cerrobend) & o] &3t gow 19504
Gscheidlen®2 HHE04 dgZvole g atet
gor} Aol Zxm HELo] o] FEiEg A
g 5 gad® e,

19653 A9 Takahashise WA BAZARA
FERFUE Ao} ZAMEE WS 33 @A
ZAHConformation Therapy)ehsta ©ol& A 3sr] 9
3l Zo] 2-3cmEH T U EdlEE AF} A}L3}
Aot 71eH oeen AFEE] B 2 M
At 2AZ wie] Lol oy Y,

H WA BEZAY A, 3ad WARAAE
AggA ] dER FTdA F9 F8G79 dAH F
A9 AREEe JAZNER YRAZFH XS (Confor-
mal therapy)7t ¥AMAX| 2] Q22 & Dolsle
o ojo] wg TdZeHelee] Apgo] ErtdsteR
q_i. 8~10).

o

J >z A 9,]

RS

of

A}
A3

&

o
sk
oS-

to mo N

ot

gdgEerolEE PAMIARA ol &FozA Y

Aol @ Ex THUEHE gl AHRE & o) e
g B ojtjg AR, ALER} BEolA Hastn B2
&2 g dPAo| flolAH FgEg] DA o
LA ARG FHE F Jdonz EUo|99
AZzA] dg AN FJEL ARAZD 5 A,

B3 ARG FERG diste] HAZS A
AT YA AZA} wape] wel ZAIHE FYE
oo 2EAA MNB3E At YAZHAZ (Con-
formal therapy)dli= g Eevole7l G712 A
Z=n ok,

ojshzgre] WAL BN T IHEGA th 2
HolHE Aoz Be Fdo] YA BFY =
AEe P4 o ZAgd o Awd AUFge

71E Agagiog ARy TdHEng gL v
gol AANE  glon BAY zAIAL AAE uw
A3 B2dix Rata Y Egos ZAMEOR ¢}
dEevoleld B AW MFRIE AZo| dF
Holq olEd tF BEAHL 2 Fode] A= &3
A w5k Alg3ejof Fth

dAgAEE g Sl olg(Multileaf collimator)
7} AFE zeux A¥7EE7)(CLINAC 2100C)8 4
28t olg Yol & 837 3t v el Ho]
Elo] 2% e Z BN, X7ty FEAFH,

A gel 2otw A7)5L =7 H@rlstgoh
CHAM QU 9y

EAH A3 odEYdolE(Multieaf collima-
ton)E VarianAte] A&7147] CLINAC 2100Ce] 3
A AFozA 52709 &£ Gol U} 42 26
Az 7A=Y glon Ztzh AFE Age dA 2A
Hu gt AHdY 2= FAZ 594cm oln
o] 0.53cm, Zol7} 15cme HIasdl FFoFE WAl
AR wE2Hee] 4%0)57F HEE AAAREHFh
AFASAAN A PAHHAFAIEL 40x26cmo] il
ZFAKAL do] WiZE WMoz 13cm7AX AT F
glon g AHEL Icmoli o)lEEEE 2T
1.5cmelt},

gggedoleel ZdllealBe Wl B9
oz ANGN Fow FAALe] 5% Fug
g7ol7] Wgol ZAl JAHIN WeIBe
Wt 2n olg Zol7 Al 4G TE A&y
ol 4 gelo] AUAES 2wl somdl YL

2 ARHo gl

Zt Aol gUe Sl HYHRE A
dom 43t Fatele] WA FE& WrISE] AT
A oz JHHAEF uMAFH A

dgEgvelse A¥ME7Y BE Az
(Jaw)E o2 F3 HiZ ofFe 4FF SHZA
24 RaEe glon AAFHLASIH ALY A

E 44cm@ch. BE Az dAUaw)s TS
ol % FFYF AP JHF AR A



—J. Korean Soc Ther Radiol Oncol: Vol. 14, No. 1, March, 1996 — 79

= g ew AAFer dgFEevels |4
AT AR FEE HUE TetEth
B Ao AMgE WAE A¥UEEY] (Clinac
2100C : Varian Co.)olA 2AEE 6MVE}l 10MV <]
UAQ Aaxg ARgsiglon WA R AW A
SE¥= A=A 7|(Capintec 192, PR0B, PS03)
9} d8ga=A7](Victoreen 2800M, TLD100) ¥ HE
AZFZRRL ol &3t HESALS Yol
= Zedgd dEE
(Kodak X-omatV)Z& gol HAANNT AL
g} Mo 37 &
Agoz ol 5& ZAS}HTH
E3] ggZevioleie) W AL 74y AWy
o3
AR

el
20
om d&5S

N
-

U i)
e 8 oo o

™
il
r
oft
o
ot
2
s
o
fd
e
Ach
2,

ol A A| Y5t Z#o 2 (Polystylene)
Heddd] B0 o2 UALA Mol e 9x|3t
AA #9938 F =Asgch

482 7 24478 A(SAD)E 100cmel

A

=3 ZAPE 10X 10cm?ellA x-4 dA] 6,10MVE
Zyzy HulA A4l 1.5emet 2.5cmE zo] 10cmell
A T Ao

whaldol zAld €EL A5 vt EA(Vieo
densitometer, Wellhofer WP700)2 =%d d¥g°
JEULE A olF AFon NI

PEo wpabdzEA AR #adwe A= 10
cGydlX 100cGy7HA = wimd LA wHEA
2 gAzrgon A2 oA 1-10Mvelid EE
I quAZ FEFE g dolgoh zEu
zAMEe] =), HMEe] Zo] ¥ FAF AR oA
wE =zl WiE 1%oluE FAE & ridE
o R &AL BE FHU oJEsFrh

Agured(Effective penumbra)e Powlis'”e &
oo wat 20%TEZHY FL dAse A4

of
o
©
>
]
bt
L

24 !

o evioleol eld AehAEs FEaFel o
£95 tiglgevolE s} Pae] FEHE B

AT g, FEAdzAe HAR FAAA e

1.2

-
PN

-
[

C1JAW
BMLC

Output ratio
o
©w
|
|
|

=
|
|
Il
J

L=3
]

0.6 —I[
Q § 10 156 20 25 30 35 40
MLC field size{cm2)

Fig. 1. Output dose ratio at maximum depth for field
size of MLC (Jaw field opened 2cm more

than MLC).
1.01
1 -

0.99 .
£ -—10x26cm
@ 0.98 4 -o-20x26cm
‘g‘_ —30x26cm

0.97 = 40x26cm
3 1l

0.96

0.95

0.94

LARLANE S B N B (s B SO M B St B M S St e |

0 4 8 12 16 20 24 28 32 36 40
MLC Fleld Size(26x )

Fig. 2. Output dose ratio for MLC field size with
combined jaw.

Ags< mEsteior gk

Fig. 12 BMV x-Adl gt EFEAte x|t o
Zedolele] z=AlE Av)d wE HABFAR &
2] gold ojy tdZdolE9] ZAMHS P
oem WYL @Az 2AMEE fASER
st} o] agolA EAAe] B thdEHolE 9
28 gZzaslel wael Hsdw ZAIH 6X6
em? olElelAlE ok 2%Z7F S 10X10cm” ol
AAE oF 1%urezA & Zolrt G%Th Fig. 2%
2100CHA LAEE 10MV x-Ad hhE EFdFE
o ®AF RAezA FAY AF zME 26cml
BAANF T o}E =2 Z 10, 20, 30, 40cmE ®
A 7|EA HodFAdd E 23N FE FH3
o, 2 A3 ags Zo] tdEedelEl st écmeold
gyzen XL off FAIHOEI EEXE
glel ZRMFETH 2%v|Roes UXFATh of%



80 — Sung Sit Chy, et al.: Dose Distribution of MLC —

Table 1. Radiation Transmission Ratio(%) for

Collimators
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Position center 10cm off center 10cm off
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Table 2. MLC Penumbra for Scalloping Degree and Alloy Block Pendmbra

unit ‘mm

Energy 6MV x-ray 10MV x-ray
Depth Dmax D10cm Dmax DlOcm
Penumbra EP GP EP GP EP GP EP GP
Alloy block 45 92 65 19.8 52 9.3 6.5 153

0° 48 95 6.7 20.3 53 9.4 6.6 15.6
MLC 15° 6.2 10.8 79 20.9 70 10.7 . 78 16.4

30° 76 12.3 94 21.6 8.8 12.1 92 17.2

45° 9.2 14.1 11.2 223 10.3 13.6 10.8 18.4
EP : Effective penumbra (20-80% width) GP : General penumbra (10-80% width)
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