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Summary

In arc therapy, the position, shape and size of the region contoured by 90%, isodose curve (beam
focus) are usually shifted and deformed from those of thee xpected beam focus area. (Fig. 2) In ord-
er to coincide the beam focus with the expected beam focus area, the moving-filter is devised. The
arc-shaped filter is attached to the front of the radiation mouth. (Fig. 6) The filter rotates counter-
clockwise synchronously with clockwise rotation of the radiation source around the patient, so that the
filter keeps the definite direction in spite of rotation of the radiation source. (Fig.7)

By studying theoretically, it is discussed in detail, why and how the homogenity of the dose distribution
of the beam focus is acquired when this moving-filter is used. (Fig. 5 and 8-12). A suitable thickness
of moving-filter can be calculated by these equations and figures (Table 1), and the results obtained
theoretically nearly coincide with experimental results. (Fig. 14 and 18)

Using moving-filter with suiiable thickness for arc therapy of 180°, it is shown that the position, shape

and size of the 909, dose region and those of the expected beam focus area correspond well. (Fig. 15-17)
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1. RFRHICE T3 FERESE T 390%
REE QR

MBS 21T 50, £EERECI77 v —
AT E of LI EEF LR BSE, BETL
X 5 ERB S FEREEL L 0% E & e —FcT
% (Fig. 1). Fhict L TiRFRHETH &, 7
7 Vb= AH T oFCIET RO H T
WAL X 5 &85 FREMIBIR & 905 HEIK & 1%
A7 - - R Sdc—FK L (Fig. 2).2h
BIRFRHTIBERIAS LIV HE 2 5 % o
LTH5. ThEIT IRTFME © o oA
BIRFAHROLEE—F LY., RS 7
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Fig. 1. Isodose chart of rotation therapy obtained
with following conditions: Size of rectangular
field of 68cm; Rotation center, center of the
phantom ; Angle of rotation, 360°; Diameter
of eylindrical phantom, 17cm. The 90 25 dose
region completely corresponds with the expec-
ted beam focus area stained.
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Fig. 2. Isodose chart of arc therapy with follo-
wing conditions: Size of rectangular field, 68
cm; Rotation center, center of the phantom;
Angle of rotation, 180° (arrow); Diameter of
cylindrical phantom, 17cm. The position, shape
and size of the 90 % dose region does not
correspond with that of the expected beam
focus area stained.
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s 2 oy O X Y O i fIE 5 & Fig,
40 iss. BRI FERER > R+, F
FAH90° DRBRHHUSTIE OB E MR A T D IE
PL T35 . £ TFEREITADHE OIELE
ZATHBLELT, FEREBACTYEE, £
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Fig. 3. Position of the measuring-point within
expected beam focus area (stained). Point A
and point B are located at the 4 mm. inside
of its edge on the Y-axis, and point C on the
X-axis. The range of rotation is denoted by
the arrow.
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Fig. 4. Dose distribution of arc therapy along
X-and Y-axis. Size of field, 6 X8 cm; Rotation
center, center of the phantom; Diameter of
cylindrical phantom, 17em; Angle of rotation,
90° (chain line), 135° (dash line), 180° (solid
line), and 240° (dotted line). {Except the arc
therapy of 90°, point A is usually identical
with at the point of maximum dose and point
B with the point of minimum dose in the exp-
ected beam focus stained.
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Fig. 5. Relationship between the angle of rota-
tion (0) and dose at the point A and B. Solid
line indicates the change of the dose of point
A with the change of angle (Da (#)), and
dotted line indicates D (0). The area stained
by oblique line indicates [ Da (¢) d6# — f De
(8) do. The angle of rotation (p) is smaller
than+-90° in upper figure, ¢==90° in middle
figure, and ¢>=£90° in lower figure.

T 5. Fig.5i1c\~T Da-DB/Da 230 imF3
CEWHZ i, FHTRLEBSPIE L oo
T EVWS 2 ETHS.

4. moving-filter £ [EHT 2 B,

BEoz &b, IRFBE LTI SEES
AT TG L 0GB L 2 AT Z R L 5
EFhE, AROHER B EOBRITESTS &
SICTIERWE &icie s . 2 TR fi
TR CES ORI (Fig. 6) %5 & 5 BEHE
LDk . ZOWIURAE moving-filter LIF
L. Z o filter 1 TEH B AEORAETE &
I, ThEHOFII 2 b RS L
CieRbiern bEITTE (Fig. 7). = 5Th
W5 EEOMED SR D WSRO HM, FO—
#Hx o filter T FShBZLiciks. =D
HBERC XX, ZOFTFohENAKOFRBA
IHhHREVE ETHOT, 2hiFIfL ¢ Da—

59

Fig. 6. Moving-filter (arrow) atiached to the
¢Co rotating therapy unit. Counterweight (W)
makes the position of the moving-filter to keep
definite position in spite of rotation of the
radiation source around the patient.
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Fig. 7. Schema of the arc therapy technique
by using moving-filter.
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—0aB<0<0aB gt 35 . {FH Lz mo-
ving-filter |2 X 2R p &35 & (Fig. 8).
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Fig. 8. Relationship between angle of rotation
and dose of point A and B (point A, solid
line; point B, dotted line). When both point
A and point B are shielded from -fas to fap
by the moving-filter, both solid and dotted line
are dropped from -faB to @as by the effect
of this moving-filter. Owing to 0<p<l1, the
area stained by oblique line (f Da(#) df-f DB
(6) do) decreases compared with middle figu-
re of Fig. 5.
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5—1 . SEEICI A S E B & & T moving-filter
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% (Fig.9).
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Fig. 9. Point A is more shielded than point B
by moving filter. Then, the solid line (Da)
becomes lower than dotted line (Ds) at the
angle between A and 0m, with the increase ot
thickness of moving-filter. Therefore, the area
stained by oblique line decreases more than
Fig. 8.
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Fig. 10. Calculation of the angle that point A
or B is covered by the moving-filter. The dis-
tance of OS, a; the distance of OR, B; the
distance of OA, c; the distance of RF, d; /
YOS, f#a. The angle which the center of rota-
tion is shielded by the moving-filter, is 2a.

——CLLTRDBZENTES.

5—1 FROERER (GBRE & BlliEH0 & 2l S50
EAAbirsp iy moving-filter 1zl A4 5 (Fig.11) .
moving-filter |3FRCIEOTH B DT, HBA
FET A S L B A TR A G A moving-filter
ERATHERERIFACTHS. ZofAORE R

|
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|
t
|
|
I
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-7 -8 B ot
(=90°) &

==90")

Fig. 11. Except central axis of the beam, the
beam of radiation pass through the moving-
filter obliquely. Then, the actual thickness of
the filter which the beam pass through, is lar-
ger than the true thickness of filter. Therefore,
the area stained by oblique line ([fDa (9)
do-f Ds (0) d@) decreases more than Fig. 9.
p x Da or px DB of Fig. 9 is shown with
dotted line in this figure.
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DiEgET ST 5 — I —leswd) 5 L9
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Wwigh . (Fig 110880 P 2SR UchE, S5
i PO THS)
5-—M—fff PoffiopiE (Fig.12)
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Fig. 12. Calculation of the actual thickness of
movingfliter (e), when the beam is irradiated
to point A at an angle of 4.
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Fig. 13. Relationship between transmission dose
in percentage of entrance dose and thickness
of lead filter in **Co irradiation, when field
size is 6x8cm.
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Fig. 14. Relationship between the dose of point
A, B and C of Fig. 3 and the thickness of
moving-filter, when dose of point A without
using moving-filter is assumed 100 2.

TH%. Fig. 1 Jor Fig. 2 L Fig.15& offl¢ v #ih
LofEAE LB Lt o Fig17th 5.
b 4. 1o JE & ofpki 2 moving-filter L ¢ H
WBIRFITIL, 90% MR & ERRH O+
EAE—HT 5. ekt filter o B X %
5.7mic 5 &, AMOEL DREMEFLTE
5. Ib{ERT28MiR0BEXLBlNEEORS

v

Fig. 15. Tsodose chart of arc therapy made with
moving-filter, The irradiating conditions are
the same as that of Fig, 2. The thickness and
diameter of moving-filter is 4.1mm and 12cm.,
respectively. The angle which the center of
rotation is shielded by the movingfilter, is 120°
(22 in Fig. 10).
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‘--___E—// ] 5 cm.
e —— =

Fig. 16. Isodose chart of arc therapy with mo-
ving-filter. The irradiating conditions are the
£ same as that of the Fig. 2. The thickness and
diameter of moving-filter is 5.7mm. and 12
c¢m., respectively. The angle which the center
of rotation is shielded by the moving-filter is
S.7mm. and 12 cm., respectively. The angle
which the center of rotation is shielded by the
moving-filter, is 120° (2« in Fig. 10).
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Fig. 17. Dose distributions along the line YY"’ of
Fig. 1 (broken line), Fig. 2 (dotted line), and
Fig. 15 (solid line).
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Fig. 18. Experimental data (Fig. 14) and the
value obtained by theoretical consideration. In
experimental results, the dose of point A is
indicated by solid line, and that of point B by
dotted line. In calculating value, the dose of
point A is indicated by solid circle, and that
of point B by cross. Experimental results and
calculating value correspond well.
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Fig. 19. Assuming the flat-plate is used as the
movingfilter, the beam of irradiation pass thro-
ugh more obliquely than the case used the arc-
shaped filter. The calculations of p’ (), ho-
wever, becomes complicated.
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Fig. 20. Assuming the arc-shaped filter with small
diameter (dotted line), the beam of irradiation
pass through more obliquely than the case used
the arc-shaped filter w1th large diameter (solid
line).
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