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Creation and Evaluation of a Concave Dose
Distribution by Combining Multiple Arc Fields

Tokuzoh Yokokawa

To create a concave dose distribution, a partial shielding
radiation technique or intensity-modulated radiation therapy
(IMRT) is usually required. However, in the present study
we focused on how to create a concave dose distribution using
conventional irradiation techniques.

A treatment plan was experimentally created using planning
CT scans of the neck. Two target volumes were predefined:
planning target volume (PTV) 1, which included macroscopic
tumor volume, tonsil, and bilateral retropharyngeal node, and
PTV2, which included macroscopic and microscopic tumor
volume. The prescribed doses for PTV1 and PTV2 were 66
Gy and 50 Gy, respectively. Nine isocenters, 7 in PTV2 and
2 on the sides of PTV2 were arranged equally spaced. Seven
of the 9 arcs were divided in two arcs in order to avoid irra-
diating the spinal cord and salivary glands. Thus, 9 arcs were
used in combination with a field size of 4-5 cm x 9-13 fields.
| Sixteen Gy was given to each isocenter with 10 MV pho-
tons. The plan was compared with a conventional plan (lateral
opposing fields with electron boost) by analyzing the dose-
volume histogram and dose distributions.

The horseshoe-like distribution exceeding 66 Gy becomes
conformal to PTV 1, and the V95 of PTV1 (volume receiv-
ing 95% of the prescribed dose) was compatible with the
conventional plan. On the other hand, maximum spinal cord
dose decreased from 51 Gy with the conventional plan to
40 Gy with the 9-arc plan, and parotid gland volume (%)
irradiated with >32 Gy was reduced from 99% with the
conventional plan to 72% with the 9-arc therapy.

Lower normal tissue doses to the spinal cord and salivary
gland, while maintaining the target dose, are achieved us-
ing the multiple arc plan, and the technique presented may
be convenient and useful for facilities that do not yet have
full access to IMRT.
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Fig. 1 Beam arrangements in the axial (A), sagittal (B), and coronal (C)plane.

All fields are used with a rotational therapy technique.
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Table 1 Beam configurations of the multiple arc plan

Field No. Gantry angle (degrees) Field size (cm?)

I 5~155 210~320 4x10

I 0~270 4x12

] 0~105 130~310 4x13

v 0~120 155~275 4x13

v 20~160 200~340 5x9

VI 85~205 240~360 4x13

Vil 50~230 255~360 4x13

Vil 90~360 4x12

IX 40~150 205~355 4x10

Fig. 2 Schemae of the beam splitting to spare the spinal cord
and parotid gland.
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Fig. 3 Isodose display on axial (A, D), sagittal(B, E)and coronal (C,

567

F)sections. A, B, C: multiple arc plan, D, |

E, F: standard plan. The isodose lines of 70, 66, 60, 50, 40, 30 and 20Gy are displayed. Concaved dose dis- A B c

tributions that conform to PTV1 can be created in a horseshoe shape. The dose to the spinal cord is reduced

to 40 Gy or less.
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Fig. 4 Dose-volume histograms: (A)multiple arc plan; (B)standard plan. @: PTV1, @: spinal cord, @: parotid gland,

@: submandibular gland

Table 2 Dose-volume histogram showing statistical comparison between the

% = multiple arc plan and the standard plan
1) R 7 BB A BT B 7230 D B O s Structure Statistic Multiple arc plan  Standard plan
AT VERE 208 O B EHE Tl B R T PTVA Max. dose (Gy) 71.0 67.9
Bote. IEAEBIR S AR ARG Mine. dose (Gy) 605 61.1
DTG A S, & )M Mean dose (Gy) 67.3 65.7
AOIEBATRE & 7% > 727, REA DA kg ne ol
RELE, PR R R ORI b %3 9.9
N, E5IHEROMEEE K& RE BT Spinal cord Max. dose (Gy) 40.4 51.4
DA A7 ) BRI LE L & Mine. dose (Gy) 288 26.0
Na. —F5, MRS OTERE S L Mean dose (Gy) 34.3 46.5
T, BECHTHIRE IS 2 Mk 5% &gfmﬁi gg ;?%2
R TR D DR 15 517, S e ‘ o
e B LIRS 1 5. 4 Parotid gland Max.dose (Gy) 55.5 67.6
=, = - 7 » .
RIS BMART 52 LT, L) B e o -
e o 7= N DR S A IR C 5 72 vazay (%) 720 %9.4
32— ki =4

PTVINOREE) PSS O % 2 Submandiblar  Max.dose (Gy) 61.1 68.5
BT, coverageld B < HEAFHIE 2 I gland  Mine.dose (Gy) 32.9 56.9
BWEER L. FIPTVINOMREE ZD Mean dose (Gy) 48.0 64.2
FIID) AV ERAOREEAERTE 572 V32Gy (%) 100.0 100.0
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R EARIIE SN o7 BTG CIEARR RGO 4
ERAE, T VIVEZFOTH D Z L h OHRERGTE R IFL
703, BUREE &M - TR OBR L L T15GylEo
AT CI IR D66 % T BIE L T2 HE " 25H 1, B/
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