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Treatment Planning and Dosimetry of Small Radiation Fields
for Stereotactic Radiosurgery

Sung Sil Chu, Ph.D., Chang Ok Suh, M.D., John J.K. Loh, M.D.
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The treatment planning and dosimetry of small fields for stereotactic radiosurgery with 10 MV
x-ray isocentrically mounted linear accelerator is presented. Special consideration in this study
was given to the variation of absorbed dose with field size, the central axis percent depth doses
and the combined moving beam dose distributon. The collimator scatter correction factors of
small fields (1X1~3X3 cm?) were measured with ion chamber at a target chamber distance of
300cm where the projected fields were larger than the polystyrene buildup caps and it was
calibrated with the tissue equivalent solid state detectors of small size (TLD, PLD, ESR and
semiconductors).

The central axis percent depth doses for 1X1 and 3X3 cm? fields could be derived with the
same acuracy by interpolating between measured vaiues for larger fields and calculated zero area
data, and it was also calibrated with semiconductor detectors. The agreement between experi-
mental and calculated data was found to be under®+2% within the fields. The three dimensional
dose planning of stereotactic focusing irradiation on small size tumor regions was performed with
dose planning computer system (Therac 2300) and was verified with film dosimetry. The more the
number of strips and the wider the angle of arc rotation, the larger were the dose delivered on
tumor and the less the dose to surrounding the normal tissues.

The circular cone, we designed, improves the alignment, minimizes the penumbra of the beam
and formats ball shape of treatment area without stellate patterns. These dosimetric techniques
can provide adequate physics background for stereotactic radiosurgery with small radiation fields
and 10 MV x-ray beam.

Key Words: Small field, Circular cone, Stereotactic radiosurgery, Scatter correction factors,
Tissue maximum ratio, Percent depth dose

101

M =

el AAR gle HF Pl AHate] WAL A
FEAFOEZA AA Fe2A H4E FAdNE Ad
AT 23 4% 4 doe PR A€ (Radio-
surgery) | AAde] 195017 56 S9lslo} ghepras,
of WAt Feinle] AL FAEH T4 A2
o £4% FAGE Haolnt ko] PAAlE 2Abs)

13
of A1 AR 2N ¥ 4 UG $AHEL F&

A7 g3zl BE 2B BY 5 Uvhs Aol
of, 2 Sl bdle] g A Foke & 24
He g o AFzAl srlele ge leAd A
o] of7|5lgit}, & 2 ElllEc)] 3 YA 2T o
49 A, WA AeA A A=A B e 240
of N3t AdakEA o] A& WhFA7| R E3le] gheh

A 37k dA 5Pl = FFE iy A2
g4 2ol2 £, CTaN 3 whabal Azl
g ALd4E A AA (Stereotactic fixation de-
vice) & Al #sto] =Tl HEYE st A

ot

¢



S AASDE R AL ABGAE Fae
FAY & glol B He FFUAE HAH 2T 1
~2mm £ AHe FRYE AT 47 Ysieh £33
A He 32 W AH2ATE SR 18Mev 4%

HERAE AHES] 1I0MV X-A1& A7) 224
AFY LSS ST EdE F95 ol 44
A A&=A7t 7 s,

22 10MV X-4 9] 2AHE 4X4cmelstel A &
HA % (out put) So| oFn HrEE et AF-F59
EEEEE LR NP RS R P
o}, AzE-E Stereotactic Radiosurgerys] 483
9L A% V2As2A FL 2AH dE =54
ZF A-E, 24 AvAdEE, YuE, Az 22
Y dAzALel g AFRLEEE ZHAAS Pt
AR AL 43F FAA7 A,

o

Mz o Ay
1. 18 MeV MEII&7|

YA AL dAGAE AAEF 18
MeV A ¥ 7147] (NELAC-1018) ol 4] A =& 10MV
X-Adezx vgAee 3d FAE7e] Ag(source
axis center disténce, SCD)7} 100cmeo]m zAlw o)
0x0cm?ol| 4] 35x 35 cm2% 2h& 2AbS o] 438 3
AzA7L 7H5slk(Fig. 1), A=A A=k b4
(stability)o] +1% v]=to]l . 31" F A} (isocenter) 2]

'il [ R |

W99 247} 1 mmo]sto|s] A=A FEol 0.01~/
100 ¢ Gy/deg® A ¢] 7}53led FoiAl s Zqte
2 FokAdus AR 2l 4 Yt

A& Zd+ 243 (gantry) & S|AFAllA 24
29004 AT & 9 2 A7t +1mm o]l
Qb A (interlock) g 24 dte] AN E F2lo|mdA 3
q gl ARAZAEE 4 7wl Eoll 2Hg Fokoll i’ o
14 al AF2A} 755t

RO

2. Y| AXEF

ol A3 AL Fofoll oheke] whabd g dAel
AFzzA817] YalAE JARFE 2371 £1mme| 3}
o) H84 g AR} B,

zze AL Fol7l Hstel AN WaAA
wE el Ao A3 Hitchcock stereotactic
frameg CT¢ WAt Az Aol AL 4+ Y=
B2y 78 AFstn $A FHAA9} wkako] UA
=& frameo® 2447 e},

Foke] 279 YHE frames AFg T2 3]
o 324 HAAS EadE AP oz A frameo]
FA" A= (scale)ol wet FF] FAAAE 334
H(x,y, )22 AAE 4 AU

CT zFo] i #4185 T4 A= A 7147
Adjoll AHAF 2 3-D laser beamz} =Apg ol
A (beam light)& o] &3] HFke| FAHAAE A
ZAL FAZ] 2FA7F 34U gl 4 LINAC

T o

ECTRUM | 1 L

0

h

3] Sé ,T,,

krl‘l?‘oi.i -

Fig. 1. 18MeV Linear Accelerator attaciieu wiw siiah Tield size circular

: Ay
T : |uGaws§*F'

cone and humanoid head phantom for dosimetry.



u v WH
3F AHFA72A WA S0l A Er5d
2 FrAlEe ol 2Hel AEs} 1Y FHAF F
(TLD, PLD, ESR%), dk=Al 37| (diode, Si(Li)) ¥
LESHol 93 FEHA BEAAEF F-E8)0F g,

A9 A AAEe] HE3 A L2 E A4
£l D28 22 Akakql A} (scatter correction fac-
tors), AlH-A S U slels (off center ratio) & 73}
o AA Y AFEHZ stedF AFALE A5 83
3= F girt,

1) Z=APH AbgbQIX} (Scatter Correction Factor)

A 777 oA SAE 10MV X-A9] A gke 7147
ka0l A" Monitor dosimeterol] & ko] 7hz] &
T QA ek 2AE 3} Aol whE A2 Z7o) Pas)
W $4 zsbmle] 10x10cm?, EBAE FAEAT
(SCD)~} 100cmel™ =AW i Adzkz A4 (10MV
x-ray, 25cm) <l HollAe] A#-§ 7)F ] (reference
dose)® As3 71FE X9 1cGys} 1 MU (monitor
unity7h Sl =% 4 mA = o gk,

ZAW A e A Aekaiel &) sl
o] Fol x| =] il eke zabw el A7)of F-3slA
dAsht a2 24 # phantom W3 ol o} =
7hetez 7t 2Abdel o AzAE =4 10x10
cmé] Z|EXol at v &2 A Ao,

ZA AbEkel Al st(r)e] AL A A#gleld] &
A7E 2FZAF L FF719 A E AE A (100
cm?) A 243 F 2AE (ol & Azkg Rt (nNE
A8l T3t

Z St (=Rt (r)/Rt (10) o714 Ri10)e = A
10X10cm?el| X ZA3 7| X8 Ao 2
A (3x3cem?ejshol ik A& (Rt (N)EF3
Az AL EAH3}E IF AYFHA7](Stan
dard ion chamber) 241 = Algk4l 9] vlA = build up
HAE o 2 FAH LAV A 83 LAE 240,

£ Aol 3x3com?)sle & =AHE &4
347 $5le] waAAl A& A8 Probe (0.01cc, PR-
05P)9} ¥} =47 (TLD-100, 3x3X1mm, Har-

Sl
B
k1l

Ao
=
o
L

103

shaw 3000), Alanine/ESR &4 7% ukx4]
A45ted BAE )ik sy

ol n¥YEAH/E a7 H %‘F/‘d%“% AR &
A & gAut AP FUAAY L7} 1~5%0°]]
a2 ME ESREA7|E 247} 2%0]31 24 ulEhe]
stk B4 A AR E ol Yt A
7t A gt BF o] 2FAH I E o]8-3le 3x3cm?
ol5le] Ze FAHE FAH3e EPEE o2
o}, o] W& ebAl B9} 7] 8 AEE 3 (300 cm)
2 dAAslzzA 1xX1cm?e FFAPH0] 3X3cm?
2 Zgsv] o) 23 S o] sgslgod o] Ao
o AR ] = 1%l SAH Aep7,

2) dgMeEEn o =M E

WAAAAAEE A3 3xX3om? of5he] 2 zAM
o Az FFol FA/ZA FH] £
D2 TLD, ESR, WEA 2475 ngEA7|e oA
& towdA g& zAhE I o (zero) &AM Aol &
AH (interpolation) 2.2 AA gt & 10MV X-Aof
A 1X1com?2~3X3cm?*al #-& .J}‘ﬂi«] AR A
¥ 7rekAl4 (linear attenuation coefficient)gto 2 A
H Azt (zero area) o] AlF-g3 oj&AHs 2
24" 4x4cmPolare] Z zAMH gk A& Aol
£ 718t E o2 WARlE R oS 4 Qlepene,

10MV X-Aol A eldl A8 zHeAl 4+ 0.0385
cmleju g FzARY AFNE-L ohEat o] F
oAt

P(d,f)=100%X e~ -0 [(f4+1)/({+ d}]?

714 P (df)= 2ol dcm)et EAE Z=AE ¢
(100cm)el o] Al E-gol] pue AF A T(0,
0385cm™Y), 2 t& A AFAH(25cm) S £
A&t

o) =4 A=k (Tissue maximum ratio) & A5
BEE o] &3tod ohE o] 77 4 Uk
P(d,r,1) (H—d) (St(rt) )

100 f+t’ = st{rd)

37\ A rdE 7o) demel A o] 2AH elH rt A
AF7le] oA el =AML T3,

3) SMdzzMn Hels

zabgo] o zAlwe AFEE
o2 i A AAA Y Tl &
gA g o] & A ggle] 5] o] & FH3

A

=771

i

Héo

TMR (d, rd) =

e r—im .
z ol g
P'L
2
r)~



104

Fig. 2. Small field circular cone. The aperture of the cone can be adjusted
from 1 to 4cm ¢ by changing the cerrobend inserts and the center:
of ‘cone can be adjusted at the isocenter with X-Y. micrometer.

Fig. 3. Scatter correction factors of 10MV x-ray, FS 1x1 - 10x10cm?

SSD 100cm.
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Fig. 5. Beam profile for 3x3cm?® field size at depth of 10cm,

10MV x-ray, SSD 100cm.
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Table 1. TMR of 10MV X-ray for Radiosurgery

FS {(cmxem) 1.0 1.5 2 25 3 3.5 4
FS Factor
\ 750 813 854 880 898 913 926
Depth {cm
0 500 507 515 520 526 530 535
1 905 906 908 912 914 916 917
25 1000 1000 1000 1000 1000 1000 1000
3 991 - 992 993 994 995 996 097
35 978 979 980 981 982 983 984
4 963 965 967 969 970 971 972
45 944 946 948 950 952 953 . 954
5 930 932 934 936 937 939 940
5.5 913 916 919 921 922 924 924
6 892 897 900 903 905 908 910
6.5 880 882 885 887 889 892 894
7 863 865 869 872 874 878 881
7.5 845 848 853 855 858 862 865
8 830 833 837 840 843 847 850
8.5 815 818 823 828 832 837 841
9 800 804 808 812 816 820 824
9.5 786 789 795 801 804 808 812
10 769 775 780 785 789 794 798
11 737 744 750 755 760 766 771
12 708 714 720 726 732 738 743
13 680 687 693 699 705 711 717
14 653 660" 666 673 680 686 692
15 628 636 643 649 655 662 668
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Fig. 6. Dose profites for three radiation fields, 1x1. 2x2
and 3x3cm?. The solid curves represent in a
head phantom in the direction of the incoming
beam for the 5 strips x 160 arc angles. The
dashed curves are calculated profiles in the plane
of single full rotation.
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Fig. 10. isodose distribution for stereotactic radiosur-
gery with a 10MV x-ray superimposed onto a
CT image of patients head, FS 2x2cm? 150° x
5 strips.
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