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{Abstract)

The radiosurgery treatment is one time, non surgical'approach to the treatment of patients with
intracranial disorders whose conditions would be difficult or dangerous to treat with conventional
sugical procedures, The LINAC based radiosurgery is based on the combination of multiple isoce-
ntric arc irradiation with small fields centered in the stereotactic target. The absorption of the
beam in a tissue equivalent medium, such as water, as well as the uniformity, or profile, of the
beam must be precisely documented.

The beam characteristics and dosimetric measurememts of the 6MV X-ray beam from a ML-6
M linear accelerator are examined. The percent depth dose{(PDD) and beam profile (including fla-
tness, symmetry and penumbra) is calibrated with the radiosurgery cone in water phantom. The
cone is made of lead which size is from 10 X10mmg to 30 X30mmg All of these dosimetric mea-

surements sufficiently characterized the beam to permit safe clinical use,
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* ML-6M LINAC.

* Radiosurgery CONE.(10X10mmg, 15X 15mmg, 20 X20mmg, 25 X25mmg, 30 X 30mmg)
* 3D-Water Phantom,

* Semiconductor type Detector. (Photon§& Field Detector, Reference Detector.)

* Local connector unit,

* RFA-300 unit

* Control P.C,
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{78! 1) Block diagram of Detection

(8! 2) Radiosurgery Cone used for ML-6M LINAC,



I% 2« 29olA A =gk Radiosurgery Cones ML-6M LINAC Gantryol] &2k Z1@lojn}, Cone
Tray= Lock | 93] 2AAIZ]IL Cone centerE HAH A3 Y3 AF(X%), AL (YH)E S
A=Y FEE Fo A 2T + JA AP 27 3 2ol A2 Radiosurgery
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(8! 3> Small field circular Cones and Tray,

2-2, MEMZHHES(PDD) 2 Beam profile SAdi

ARG "'4—5': (PDD)2 Water Phantomuloll4 331908 02 L£alo]= DetectorE o] &8l &3
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File: P1-3-10.DAT Function: =x CALCULATE ==
7| Dose | File
128 - + + + + + + + Select Active
Redraw Active
Delete Active
108 - +
Clear Screen
View
488’ + Parametrize
Curve Area
Ruler Measure
68 ; + Isodose Cale.
[sodose firea
Isodose Quot.
48 + Wedge Angle
Film Dens. Conv.
Data Info
28 + :
¢ DISPLAY %
) 2 |
a 5a 106 158 288 250 366 350 mn Help
PDi6-18 P16-1 P15-7 P26-1 P251 P3p-1 Exit

(12l 4> The PDD curves for various Cone sizes and Open field,

1% 5% Open Field (100 x100mm) & ASAHAE 15mme) 2, 50%A4-& 156mnz 2% HYlch

1% 6, 7, 8, 9, 102 Rediosurgery Cone Size (10x10mmg, 15X 15mmg, 20 X20mmg, 25 X
25mmg, 30x30mmg) WE A% 2WZEH, AF4HDA= 14m, 15mm, 15mm, 15mm, 15mmz
24 Hdq, 509182 123.3mm, 126.5mm, 129.7mm, 131.7mm, 132.8m=z 2% =T},



File: PD18-18.DAT Function: Photon depth - ‘ PD18-16.DAT

% | Dose ] CurveNbr: 1
178 4 + + + + + + + Date: 918527
Time: 89:13:49
ML-6M
! X-Rays
e ¥ 6.0 NeV
108 * 100 mm
88 - + SSD : 10088 mn
RSB =
156.8
68 ¥ R160 = 15.8
Dmn = 1688.8
40 D188 = 67.6
1 * D208 = 39.3

J186/288 = 1.72
D2g86-/16q = 6.58

a L ¥ 1 L) 1 L T
8 50 iee 158 208 258 3Jaa 358 mn
Press CR or ESC

{ag! 5) The PDD curves of 6MV X-ray for 100X 100mm field size,

File: P18-1.DAT Function: Photon' depth ' P16-1.bAT
% | Dose _ CurveNbr: 1
128 - + .4 + + + + Date: 958914
Time: 05:41:00
cone cal
108 - + X-Rays
6.8 Nev
10 = 10 mm
a0 - + SSD : 1888 nn
RoB = 123.3
1.1
681 * R199 = 14.8
Dn = 100.8
48 | p1e8 = 57.9
D288 = 31.2
J108/260 = 1.86
D206/188 = B.54
28 - + :
a T 1 L T 1 Z
a 5e 168 150 260 258 300 nm
Press CR or ESC

{J2! 6) The PDD curves for Cone size 10X 10mmd,




File: P15-7.DAT Function: Photon depth - : P15-7.DAT
# | Dose _ CurveNbr: 1
128 1 + + + + Date: 958916
' * Time: 62:50:47
R168 cone cal
) X-Rays
160 ' * * * ¥ 6.0 Mev
15 % 15 mn
88 - + SSD : 1088 mm
RS9 = 126.5
i.4
68 * R168 = 15.8
In = 100.8
4 D188 = 68.1
91 * D268 = 32.3
J108/280 = 1.86
D208/198, = B.54
28 - +
) 2
8 58 ies 158 268 258 360 mn
Press CR or ESC

<32l 7) The PDD curves for Cone size 15X15mmd.

File: PDDZ63.DAT Function: Photon depth - PDDZE3 . DAT
% | Dose _ CurveNbr: 1
128 ; + + + + + + Date: 958362
Tine: 16:45:21
1995-7-14
Undef ined
168 Y 6.0 Mey
20 %28 nm
o . SSD : 1098 mn
RSB = 129.7
1.2
68 | *  |res - 15.0
Dn = 108.8
” D168 = 68.4
1 * D208 = 32.6
1168/260 = 1.85
D298/188 = 8.54
. \ 280/189 = 8.5
] 2
8 58 198 150 208 258  308mn
Press CR or ESC

(18! 8) The PDD curves for Cone size 20X20mmd,




File! P251.DAT Function: Photon depth
% | Dose
128 1 + + + + + +
160 { ;
89 - +
68 1 +
48 +
28 +
8 2
B 58 199 158 288 258  380mn

Press CR or ESC

P251.DAT
CurveNbr: 1
Date: 958925
Time: 05:43:13
cone cal
X-Rays

6.8 MeV

25 % 25 nn

SSD : 1080 nn

RSB =1.1
131.7
R169 = 15.9

Dm 168.8
D186 = 68.7
D2epB = 32.8
J188/208 = 1.85

D268/18¢ = B.54

{38! 9> The PDD curves for Cone size 25X25mmd,

File. PDD38-8.DAT Function: Photon depth PDD36-8.DAT
% | Dose CurveNbr: {
128 | + + + + + + Date: 958982
Time: 11:689:16
1995-7-14
] Undef ined
168 * 6.8 Ney
30 * 30 mm
o | . [ssp : 1080 mn
ReB = 132.8
6.8
68 t |p1ge = 15.9
Dn = 160.8
48 Dig8 = 61.3
1 + D288 = 33.1
J188/2088 = 1.85
D206/188 = 8.54
28 A + e
a A
8 ce 1668 158 200 258 308 nn

Press CR or ESC

(a2l 10) The PDD curves for Cone size 30X 30mmd.




1% 11L& Rediosurgery Cone Size 10X 10mmg & E4 Zo] (Depth) 15mm, 100mm, 150mm,200mm
o wel ¥stE Yehd X-ray Beam ProfilexAoln 13 12+ Cone Size 10 X 10mmg &} Depth 50
mmel| A &3 F X-ray Beam Profile 402 HY T (Flatness)= 17.43%0}3, Small Fieldd]A] 28
A& Beam Symmetry (1)< 0.39%2 SFHATH

File: BP18DT.DAT Function® #x CALCULATE s

128+ + +

168

80

60

48

Dose

+ +

15 -1 -5 8

~r

5 18

Brie-DMi BP16DA59 BP1BD189 BP16D1S9 BP18D289

File

Select Active
Redraw Active
Delete Active

Clear Screen
View
Paranetrize
Curve Area
Ruler Measure
Isodose Calc.
Isodose Area
Isodose Quot.
Wedge fngle
Filn Dens. Conv.
Data Info

s DISPLAY e

Help

Exit

{38! 11) The Beam Profile of Cone 10X10mm¢ for depths,

File: BP10D059.DAT Function: Profile BP18D@59.DAT
%[ Dose _ CurveNbr: 1
Date: 950928
128+ o+ 4 e Tine: 18:29:2
cone cal
X-Rays
168 6.8 NeV
10 * 18 an
88 SSD : 1808 mn
R = -6.3
6.1
68 RSB = 5.2
5.2
R8A = -3.9
48 3.7
Width = 18.48
Penumbra = 2.4
28 2.4
Min = 70.8
Max = 188.7
8 I Max-Hin = 29.9
Flatness = 17.43
Press CR or ESC Synmetry = 8.39

{38! 12) The Beam Profile of Cone 10X 10mmd for 50mm depths,



39 13,14 Cone Size 15x15mg& 2% Zolol wWat 28 X-ray Beam Profile =41 0] o
Depth 50mmoll 4] Flatness< 8.26%°)1, Symmetryx 0.43%2 ZX5 1) =o|c},

File: BPASDT.DAT Function: #x CALCULATE
%4 | Dose _ File
128 + + T + + Select Active
Redraw Active
Delete Active
108
Clear Screen
View
88 Parametrize
Curve Area
Ruler Measure
68 Isodose Calc.
[sodose firea
Isodose Quot.
48 Vedge fAngle
Fila Dens. Conv.
Data Info
28 :
s DISPLAY »x
8 . ' v_ IR
-28 -18 a 18 20 " |Help
BP15D284 BP15D152 BP15D163 BP15DB52 BP15-DMS Exit
(J&l 13) The Beam Profile of Cone 15X15mmd for depths,
File: BP15D852.DAT Function: Profile . BP15D852 . DAT
% | Dose » CurveNbr: 1
129 + + i " + Date: 958916
: Time: 81:34:43
cane cal
108 X-Rays
6.9 NeV
15 * 15 an
a8 SSD : 1008 mn
R28 =-9.1
9.1
68 RS@ = -8.8
7.9
R = -6.7
18 6.7
Width = 15.98
Penumbra = 2.4
28 2.4
Min = 82.1
8 y |Max = 188.2
28 - Max-Min = 18.1
Flatness = 9.93
Press CR or ESC Symmetry = 0.75

{Q8! 14) The Beam Profile of Cone 15X15mmd for 50mm depths,



~-ray Beam Profile<-4 o]

1% 15,16 Cone Size 20X20mmg & B Zold wet 2438 X
Depth 50mmoll 4] Flatness:= 5.11%¢] 3L, Symmetrys 0.43%2 =4 ® I =olc),
File: BP2BDT.DAT Function: st CALCULATE .
Y% Dose ) File
120 + + + + + + Select Active
Redrauw Active
Delete Active
169 + +
Clear Screen
Vieu
88 + + Paranetrize
Curve Area
Ruler Measure
68 + + Isodose Calc.
Isodose firea
Isodose Quot.
18 + + Vedge Angle
Film Dens. Conv.
Data Info
20 + + )
% DISPLAY »%
B r L T T T L
-38 -20 -10 B 10 20 30 mn Help
BP28DZ201 BP26D151 BP28D182 BP28DAS2 HBP2B-DMS Exit
(B! 15)> The Beam Profile of Cone 20X20mm¢ for depths,
File: BP28DB52.DAT Function: Profile . BP28D@52 . DAT
% | Dose Curvelbr: 1
1 Date: 958920
128 + + * * * | Yine: 86:21:04
cone cal
X-Rays
168 + 6.8 MeV
20 » 28 mn
88 + §SD : 1888 nn
R28 = -11.6
1.5
60 + RSA = -18.1
18.3
48+ Re = {,'?ée
Vidth = 29.48
28+ Penumbra = gg
Min = 85.5
Max = 188.9
¢ = Max-Nin = 15.4
38 ad Flatness = 8.26
Press CR or ESC Synmetry = 0.43
(&l 16> The Beam Profile of Cone 20X20mm¢ for 50mm depths,
—25 —




18 17,18= Cone Size 25X25mmg& &% Zold wel 234 I} -ray Beam ProfileZio]t
Depth 50mmoll A Flatness= 6.47%]3, Symmetrys 0.58%2 A3 TI8) o]},

File: BX25DT.DAT Function: »» CALCULATE s+ '
% | Dose . File
128 + + + T + + + Select Active
Redrau Active
Delete Active
108 + +
Clear Screen
Vieu
88 + + Parametrize
Curve Area
Ruler Measure
68 + + Isodose Calc.
Isodose Area
Isodose Quot.
0+ + Uedge Angle
Filn Dens. Conv.
Data Info
28 + + .
3¢ DISPLAY »
9. X_ (TR
-36 -28 -16 8 i6 20 38 (e Ip
BX25D281 BX25D151 BX25D161 BX25D85% BX25-DM1 Exit
(38! 17) The Beam Profile of Cone 25X25mm¢ for depths,
File: BXZ5D@51.DAT Function: Profile . : BX25D851 . DAT
% | Dose CurveNbr: 1
' Date: 958925
128 + + * T + + * |Tine: 85:54:07
cone cal
X-Rays
168 + + /i’_',PWWPGT + + 6.8 MeU
25 25 mn
ga + N SSD : 1088 un
R28 = -14.2
14.5
60 + * |mse - -12.9
13.1
R8@ = -11.5
40 + + 11.6
Vidth = 26.00
28 + Penumbra = g;
Min = 88.9
8 ¥ |Max = 181.2
_- _ . y Max-Hin = 12.3
3 28 18 8 38 Flatness = 6.47
Press CR or ESC Symmetry = 9.58

{32! 18) The Beam Profile of Cone 25X25mm¢ for 50mm depths,

— 26—



2% 19,20 Cone Size 30xX30mmg-& £% Zojol wWet £33 X-ray Beam Profile=4lo]n]
Depth 50mmol| 4] Flatnesst= 5.11%0] 1, Symmetry: 0.37%2 235 I =Zojd),

File: BX38DT.DAT Function: #% CALCULATE
%4 | Dose _ File
128 + + + T + + + Select Active
Redrau Active
Delete fActive
169 + +
Clear Screen
View
88 + + Paranetrize
Curve firea
Ruler Measure
68 + + Isodose Calc.
Isodose frea
Isodose Quot.
48 + + Uedge Angle
Film Dens. Conv.
Data Info
28 + + :
e DISPLAY
A, ‘ ' X
-36 -20 -18 a 18 28 38 mn Help
PX36D282 PX36D151 PX38D183 PX38DB51 PX38-DM3 Exit
{8l 19> The Beam Profile of Cone 30X30mmd for depths,
Tile: BY30DS1.DAT Function: Profile ‘ - BY36D51.DAT
%1 Dose CurveNbr: 1
' Date: 958925
120 + + + 1 + * * |Tine: 86:35:09
cane cal
X-Rays
168 + + + +
;:: t 6.8 NeV
38 * 38 mn
80 + SSD : 1888 mm
R28 = -17.4
174
68 + RS8 = -16.8
5.7
R88 = -14.1
40 + 14.2
Vidth = 31.78
Penumbra = 3.3
28 + 2.9
Min = 98.9
8 Max = 188.7
r T T Hax~Min = 9.8
%% -z -8 8 Flatness = 5.11
Press CR or ESC Synmetry = 8.37

{J&! 20> The Beam Profile of Cone 30X30mm¢ for 50mm depths,



I 212 Rediosurgery Cone Size Depth 50mmoll Al A X-ray Beam Profile S48 233l
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Yolny, 18 22%= Rediosurgery Coned 23R

3O
e

Open Field (100 X 100mm) &) S<%2Z o] 50m

oA A H FHo2, Flatnesss 2.29%0]0 Symmetry= 0,38%2 =&t

File: Y1-3D@5.DAT Function: s* CALCULATE -

168 + +

40 +

20 +

% { Dose

File

Select Active
Redrauw fictive
Delete Active

Clear Screen
View

Parametrize
Curve Area
Ruler Measure
Isodose Calc.
Isodose Area
Isodose Quot.
Wedge fingle
Film Dens. Conv.
Data Info

% DISPLAY =

a L — I
-36 -28

-18

8

18

Help

BY38D51 BY25D@51 BP28paSZ2 BP15DBS2 BP18DASY

Exit

{J8! 21) The Beam Profile of Cone sizes for 50mm depths,

File: BY108D85.DAT Function: Profile

BY188D85 . DAT

T Dose _ CurvelNbr: 1
Date:. 958984
120 + + o+ 4 A A Time: 86:24:11
Undef ined
188 8.8 teV
8 *8 nn
88 SSD : B mm
R28 = -49.8
49.7
60 RSB = -47.5
47.6
R8O = -45.2
48 45.6
Width = 95.10
Penunbra = 3.8
28 4.1
Min = 95.9
. y {Max = 188.4
o w0 48 @ 8 A 4@ 6 g0 wm |Mxfin=45

Flatness = 2.29

Press CR or ESC

Symmetry = 8.38

{Q@l 22> The Beam Profile of 6MV X-ray for 50mm depths,

m
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wabd, EQoMx 7]& ML-6M LINACo] Radiosurgery Cone A&-3led RadiosurgeryS A3 s}
7] 918} Radiosurgery ConeS #A2t3 ¥, 943¥ Coned ZHT 3I%iTh
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Cone Size OPEN FIELD | CONE SIZE | CONE SIZE | CONE SIZE | CONE SIZE | CONE SIZE
(100 X 100mm) | (10X 10mm) | (15X 15mm) | (20 X 20mm) | (25X 25mm) | (30 X 30mm)
A&
20 2 15mm 14mm 15mm lﬁmm 15mm 15mm
50% A7 156mm 123, 3mm 126.3mm 129. 7mm 131.7mm 132, 8mm

(& 1) Calibration of Cone size and Open Field,

E 12 B4 Axd ML-6M LINACH| Radiosurgery Cone-S Size @2 a5 4 E}]Q} Cone£ 2
2312 952 Open Field (100 X 100mm) AJeioll X S Datagolth. Fol vehd AN A4 Hol
Ae 14-15m2H A9 wisi7t glo] 4 HAon, 508149 Agle Cone Slze(10><10mm¢, 15 %
15mmg , 20 X 20mmg , 25 X25mmg , 30 X 30mng) H2 123.3mm, 126.5mm, 129.7mm, 131 .7mm, 132.8
mnZ Cone Sizer} AR o] wiel A3 Z7) Hoj7hg B4 ok,

FLATNESS (ML-OM LINAC X-RAY)

Cone Size OPEN FIELD | CONE SIZE | CONE SIZE | CONE SIZE | CONE SIZE | CONE SIZE
(100 x 100mm) | (10X 10mm) | (15X 15mm) | (20 X 20mm) | (25X 25mm) | (30 X 30mm)
15mm 1.66% 17.03% 9.52% 8.63% 6.11% 4.60%
50mm 2.29% 17.43% 9.93% 8.26% 6.47% 5.11%
100mm 2.20% 16.33% 9.59% 7.57% 6.01% 5.09%
150mm 2.44% 17.61% 9.48% 7.36% 6.14% 5.41%
200mm 2.66% 16.69% 8.93% 7.92% 5.89% 5.97%




SYMMETRY (ML-6M LINAC X-RAY)

Cone Size OPEN FIELD | CONE SIZE | CONE SIZE | CONE SIZE | CONE SIZE | CONE SIZE
(100 X 100mm) | (10X 10mm) | (15X 15mm) | (20 X 20mm) | (25X 25mm) | (30 X 30mm)
15mm 0.02% 0.28% 0.29% 0.05% 0.51% 0.37%
50mm 0.38% 0.39% - 0.75% 0.43% 0.58% 0.37%
100mm 0.39% 0.57% 0.9%% 0.90% 0.46% 0.54%
150mm 0.34% 0.95% 0.78% 0.15% 0.48% 0.97%
200mm 0.24% 0.91% 0.90% 0.20% 0.78% 0.55%

(B 2) Dose Characteristics of Flatness and Symmetry,
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