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An Analysis of Cobalt-60 Isodose Patterns for Eccentric Rotation with the Use of a
Digital Computer

By

Yoshio Onai, Teizo Tomaru, and Toraji Irifune

Department of Physics, Cancer Institute, Tokyo

Dose distributions in cobalt-60 planar rotation of 30-cm diameter circular and 20 x 30 cm oval
phantoms, with the center of rotation at the center of the phantom (centric rotation) and not at the center
of the phantom (eccentric rotation), were calculated with the use of a digital computer. A comparison
was made on the dose distributions found to obtain the displacement of the center of rotation from the
center of the phantom for the purpose of applying the isodose curves with centric rotation to those for
eccentric rotation in practical use.

This displacement is called the “permissible displacement” in this report, which is defined as follows.

(1) In the region of greater than 30 per cent of the dose at the center of rotation, the differences in
the relative doses (the tissue dose at the center of rotation was always taken as 100) obtained with centric
and eccentric rotations are less than 10 per cent, or the shift: of isodose curves is less than 5 mm.

(2) In the region of less than 50 per cent of the dose at the center of rotation, the differences in
the relative doses are less than 20 per cent, when the doses for eccentric rotation are smaller than that for
centric rotation.

The results obtained are as follows.

1. In arc rotation of less than 300 degrees for a 30-cm diameter circular phantom, the isodose pat-
tern for eccentric rotation, whose center is situated on the arc bisecting line between the center of the
phantom and the entrance side of the beam, becomes approximately the same as that for centric rotation
with a 20 x 30 cra oval phantom, whose minor axis is taken as the arc bisector.

When the center of rotation is situated on the opposite side of the beam entrance, the isodose pattern
becomes approximately the same as that for centric rotation with the oval phantom, whose major axis is
taken as the arc bisector.

The permissible displacements for a circular phantom are shown in Table 1. If the displacement of
the center of rotation from the center of the phantom is less than 4 cm, the differences in doses with and
without displacement are less than 10 per cent for any angle of rotation.

2. In the case of rotation for a 20 x 30 cm oval phantom, whose minor axis is taken as the arc

bisector, the isodose pattern for eccentric rotation, whose center is situated on the minor axis between the
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center of the phantom and the entrance side of the beam, becomes approximately the same as that for
centric rotation with more oblong phantom in shape.

When the center of rotation is situated on the opposite side of the beam entrance, the isodose pattern
becomes approximately the same as that obtained for centric rotation with the circular phantom.

The permissible displacements for an oval phantom are shown in Table 2. If the displacements are
less than 3 cm, the differences in doses with and without displacement are less than 10 per cent for any angle
of rotation,

3. When the center of rotation is located on the entrance side of the beam on the major axis of the
oval phantom, taking the major axis as the arc bisector, the isodose pattern for eccentric rotation of less
than 300 degrees becomes approximately the same as that for centric rotation with a circular phantom.
In 360-degree eccentric rotation, the isodose pattern remains the same as that for the oval phantom with-
out displacement. In this case, the permissible displacements are as shown in Table 3. If the displace-
ments are less than 6 cm, the isodose curves for the circular phantom without displacement would be

applicable to those for eccentric rotation of the oval phantom with any angle of rotation in practice.

Fig. 1. Diagram illustrating the directions of di-

w F

P 1\ T phantom ol EEEZF
T5 (hLEEEE X5 “Co [EIEES O ES
MxBFarEEy AvCErE L, PEdLEE &
oval LEEORRIRAS A% HERH L. o
R, KHoBaPEhLEEOS % oval
OB A LT b 2oz E R
R 7e otz Lo LEIEEES phantom orf
DbLEET 2 & (UIREEER © X 5 ifimsn
03 % BERIRAT & K B3 5 fo D fili O RS &
LERETHBEMN, T2 TIERITRCFOEEEE
L&), LoBEENKE oMM H % . Tsien
fi® 13 4 enfBEE DO HIUERIEIR v bR
CTWBD, TOBREFWALL TR, ZoHYH
M3 % fedic, BFATERY AV ChbEE &
ROEE O EAS X OFE o ik » 55
L, FOEEO 1% #A T & 5 [HOEEEs X o
Z D J5 & RTFAOBFRICOWTEER L.

A&

Bi#H? Wi~~~z Toshiba RI- 107 %°Co [E|EE[F
SHEE (SAD75cn, SDD39cn, $RIF 1.5cujE
8) Wi BEERE A, 5 ERRO SRS
LU TRS L. Phantom ofEifE =0 {FHLE
HEx, soenEE0 R phontom 1z v\ T
10em, Haynes » Froese! jz X %20 x 30cm Oval
phantom 1z 2\~T 4l k4 8 em, FHifili £ 10cm

splacement of the center of rotation (R.C.)
from the center of the phantom (C.P.)

(b)yon minor axis
of oval phantom

(a) circular
phantom

(c)on major axis
of oval phantom
ETTHD. HEBEROAS, — v HHMA A~
NFEEErELT. EEoH i 1IR3 X5
W, IRTFAD 2%551% 0 Eihd L 0 EE— 180
WHmTHB. FELLBHTFRERBTE DR
tr4, 6, 8§, 103 L04em, T FI1360, 90,
120, 180, 240, 300k XU 360ETHS. H
DEER S {FOEER S BligEEo #4884 100 & L,
Fig. 1 wnd & 5 iR E & L To,
45, 90, 1353 L U° 180fEHh % & oT £ kT
HuEE ORI AT B LR O SR LA sk
iz.
# =

I f&hLToREZ{E
(1) P4 phantom
Fig.2, 3% X 04z M phantom jz-o\»

— B4 —



FEf444 1 A 258

Fig. 2. Dosejprofilesifor 120, 180, 240, 300, and 360 degrees of rotation on the 0°- and 180°-
axes of a 30-cm diameterjcircular phantom, with a field size of 8 % 8 cm and with the
center of rotation displaced 0, 4-4, and + 8cm from the center of phantom on the 0°—
180° axis of the phantom
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Fig. 3. Dose profiles for 120, 180, 240, 300, and 360 degrees of rotation on the 45° - and
135 -axes of a 30 cm diameter circular phantom, with a field size of 8 % 8 cm and with
the center of rotation displaced 0, 44, and -+ 8 c¢m from the center of phantom on the
0°—180° axis of the phantom
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Fig. 4. Dose profiles for 120, 180, 240, 300 and 360 degrees of rotation on the 90° -axis of
a 30 cm. diameter circular phantom, with a field size of 8 X 8 cm and with the center of
rotation displaced 0, +4, and + 8 cm from the center of phantom on the 0° — 180° axis
of the phantom
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Fig. 5. Dose profiles for 120, 240, and 360 degrees of rotation the 0°-, 180°-, 45°-, and 135%axes of a
20%30cm oval phantom, with a field size of 8 X 8 cm and with the center of rotation displaced 0,
+ 4, and &= 8cm from the center of phantom on the minor axis of the phantom, taking the minor
axis as the arc bisector. Dose profiles for a 30 cm diameter circular phantom with centric rotation are
also shown.
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Fig. 6. Dose profiles for 120, 240, and 360 degrees of rotation on the 90° -axis of a 20
%30 cm oval phantom, with a field size of 8 x 8cm and with the center of rotation
displaced 0, =4, and 48 cm from the center of phantom on the minor axis of the
phantom, taking the minor axis as the arc bisectar. Dose profiles for a 30 cm dia-
meter circular phantom with centric rotation are also shown.
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Fig. 7. Dose profiles for 120, 240, and 360 degrees of rotation on the 0°-, 180°-, 45°- and 133° -axes of
a 20%30 cm oval phantom, with a field size of 8 X 8 cm and with the center of rotation displaced
0,4, and 8cm from the center of phantom on the major axis of the phantom, taking the major axis
as the arc bisector. Dose profiles for a 30 cm diameter circular phantom with centric rotation are also

shown.
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Fig. 8. Dose profiles for 120, 240, and 360 degrees
of rotation on the 90°-axis of a 20 %30 cm oval
phantom, with a field size of 8 X8 c¢m and with
the center of rotation displaced 0, 4, and 8cm
from the center of phantom on the major axis
of the phontom, taking the major axis as the
arc bisector. Dose profiles for a 30 cm diameter
circular phantom with centric rotation are

also shown.
displaced on major axis of @ 20x30cm oval phantom
8x8cm field
N0 === 100 pF——
I 120° Rot. | 240° Rot.
70t el o
L —_——A I A% .
- N
50 L EETT PP ircu- 50 -
ar 0
N . 1 1 1 1 J
]000 2 4 6 8 1012
N
30r \3 o
L 360° Rat.
T0r E
20 L \
50 k.
— 90%Axis
‘]0 L L 1 :'\ I i 30 1 I I L 3 Il
02 4 6 8 1120 2 4 6 81012

Distance from Rotation Center cm

sl RO L R, oval o FrDEEE & fF0EES
Do BRI FIEE phacntom Iz D\ T OBHR &
AfFEmchs (Fig. 7HL0°8).

R EROTRIRTA 60EWE 5 ¥ C
i, ROLICHEDFAREERLECOEI LA
SHAOBIRHIRE phantom DA, Liz
AT 360FEElERD 180FEHL LS L gl b RO
X b AERDEROfRE & O VN E -, L
B KIS 0 S 3\ T FEFLEER X ) /&g
EEien. 360EEIHEDOEEEID Z I FIRHLLE
IR VBEIKREIB A, ToMRII0%UT
THB.

. ZFigiEHiEoRE0E{t

(1) ML phantom

Fig. 91l 6 x 6 cmd £ 060, 90, 120,
180, 2403 X U° 300E{RTiIc o\ THEHEEFL D
30%, 50%% X 1'90% (GOBEHRTF=O\WTid 130
%3HFR) OFREME AR L. EifaiFLE
R, PR - 4 emfFldy, — SN 2% £10cn{FiD

1385

T, B, BB —-ROOHMTHS . Fig.
12 (A) T 360FEEEE DA AR LT,

HREO. HRELTE 120U T oRFATCIRIE
DR IO THEREMBROBEITIZ E A ETx\.

180FEL) | 300/ ¥ IR FTiL, 45 &

180FEHh BT RO X o THEREMBR S E v
BELic\. 90EED B 135Kl e hhid T & B
g EEE O (Rl E X.8) e BBIL, 0B
i ECREM OMIlE X8 eB8HT5. ZoH
IRTAD 2 ¥R EMH &35 oval o
DEEEO ST (Fig. 10503).

360EE[EER T I1X90RE i ECix BB 1 4 7 <,
135F A & 180FEHlT 2 C I~ 45 A
B 0 BERlC 21 TOMUAB BT 2 .

— Rl —fFLTik 120 L FOIEFA It
BB+ 2 23 02T @R TH S .

180FELL | 300 3 C OIRTFA ¢ 13 45K5H &
180EE il R B A 7 <, 90BEHhA S 135EE T
DFTH, 0 ElcHU~BET5. ol
IRFAD 2 5 MR L35 oval orf
OEEEOS AT (Fig. 11218)

360N T ik Rl & M A~BEIT 5 .

(2) oval phantom

(i) @i B
Fig. 10IC B4 6 x 6 ez D\ CTHRIEFA DL
MER LI, A oval oduhEER, Bt
4 cnffily, —mEE R+ 8 enffily, HEEUTAIRrR
DEIEOH AT HOT, EMc+HED, Hlic—
RO HARERT S,
oval phantom CiRh L& 0 SRRSO
BB, FIiE phentom CROLLEBESOB
BmERCERTHS.

FIEROEBRO S & et 5 &, HRLTIk
oval OHWLENE DA & D RN S bie k& <,
— R CIX45EEd X O 135 LIAML oval o
DIEER & Y IREAROEBEOSMRICIE 755, 360
BRIz Fig.12 (B) o0&l RT X5,
EHhTIX oval HulEERIT L, 135EEHH S
180EE i 2317 T FIAE A LElE X b PIfilc i
RSB B 5 . 45EC AR LEEO S
At

— 59 —



1386 BAREZRERSHRERES #2838 #1045

Fig. 9. 9093, 509, and 309 isodose curves for a field size of 6 X €em with 300, 240, 180, 120, 90, and 60
degrees of rotation and with the center of rotation displaced 0, &4, and +10 cm from the center of
phantom on the arc bisecting line of a 30-cm diameter circular phantom.
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Fig. 10. 9095, 5095, and 309 isodose curves for a field size of 6 ¥ 6 cm with 300, 240, 180, 120, 90, and
60 degrees of rotation and with the center of rotation displaced 0, 44, and 48 cm from the center of
phantom on the minor axis of a 20%30 cm oval phantom taking the minor axis as the arc bisector.
Isodose curves for a 30 cm diameter circular phantom with centric rotation are also shown.
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Fig. 11. 9094, 509, and 30%isodose curves for a field size of 6 X 6 cm with 300, 240, 180, 120, 90, and 60
degrees of rotation and with the center of rotation displaced 0, -+ 4, and +10 cm from the center of
phantom on the major axis of a 20%30cm oval phantom taking the major axis as the arc bisector.
Isodose curves for a 30 em diameter circular phantom with centric rotation are also shown.
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Fig. 12. 909,509 and 309 isodose curves for 360-degree eccentric rotation with a field size of 6 % 6 cm
(A) Displaced 0, 4-4, and+10 cm on the diameter of a 30-cm diameter circular phantom. (B) Left :
Displaced 0, 44, and + 8 cm on the minor axis of a 20%30 em oval phantom. Right: Displaced
0, 44, and 410 cm on the major axis of a 20%30 cm oval phantom. Solid lines are isodose curves
for a 30 cm diameter circular phantom with centric rotation.
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Fig. 14. Differences between doses obtained with center of rotation at center (Pc(cir.)) and not at
center Pe(cir.)) of a 30 cm diameter circular phantom. The dose at center of rotation is always

taken as 100.
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are differences between Pc(cir.)and dose for a 20x30 cm oval phantom with

centric rotation, taking the minor axis and the major axis as the arc bisector, respectively.
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Fig. 15. Differences between doses obtained for centric rotation with a 30 cm diameter circular
phantom (Pe(cir.)) and those for eccentric rotation with a 20x30 cm oval phantom (Pe
(oval)). The center of rotation is displaced on the minor axis (arc bisecting line) of the

phantom
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Fig. 16. Differences between doses obtained for centric rotation with a 30 cm diameter circular
phantom (Pc(cir.)) and those for eccentric rotation with a 20x30 cm oval phantom (Pe
(oval)). The center of rotation is displaced on the major axis (arc bisecting line) of the

phantom.
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of rotation from the center of phantom in
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angle 353??)?;1?0];“0 pi;ﬁ?g;fr e of the oval phantom), to which isodose cur-
Fig. 1(a) F 1(h Fig. 1 ves obtained with centric rotation for a ci-
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Table 3. Permissible displacement of the center
of rotation from the center of phantom in
eccentric rotation for a oval phantom(Fig.
1. (c), displaced on the major axis of the
oval phantom), to which isodose curves
obtained with centric rotation for a circu-
lar or oval phantom are applicable

(displaced on the major axis of oval phantom)
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