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Dose-volume Histogram Comparison among
Techniques of Linac Stereotactic Radiosurgery

Etsuo Kunieda, Tadashi Wada, Yutaka Ando,
Nobuhiro Tsukamoto, Hisao Ito and Atsushi Kubo

The aim of this study was to analyze the three-dimensional
dose distributions produced by various techniques used in
current radiosurgery treatments by means of dose-volurne
histograms (DVH). Off-center ratio and tissue-peak ratio from
6-MV X-rays through additional cylindrical collimators were
measured in advance for dose calculation. The use of the
diamond detector and beam profile film dosimetry in small
fields were certified. The impact of arc number, arc geom-
etry, and field size on the dose distribution in a spherical
phantom was evaluated through the use of DVH. These were
calculated for a)four arc irradiations with collimator sizes
of 5, 10, 20 and 30 mm in diameter, and b)for single-plane
rotation, four or eleven multiple non-coplanar convergent
arcs, dynamic rotation and precessional converging radio-
therapy (PCR )with a field size of 20 mm. PCR is performed
in the sitting position with the patient seated on a special
treatment chair, which is rotating continuously while the
gantry moves from the top to the center of the chair rota-
tion. Most of the differences between techniques were found
in a range of less than 40% of the maximum dose. Multiple
non-coplanar convergent arcs with four or eleven arcs and
PCR performed similar result in DVH, while single-plane
rotation revealed almost unacceptably shallow dose falloffs.
The DVH of dynamic rotation was between that of single-
plane rotation and the other three methods.
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Key words : Linac, Stereotactic radiosurgery, Dose-
volume histogram, Narrow beam
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Fig.1 Additional collimator assembly used for stereotactic
radiosurgery (right). The assembly holds a replaceable lead cyl-
inder. The outer shell of the assembly is mounted on an adjust-
able plate to permit precise alignment of the collimator and beam
axes. A cylindrical collimator is shown on the right.
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Fig.2 The Cross section of the diamond detector. A natural diamond plate of 0.3mm thick—
ness and 3.0mm? area(arrow)is positioned inside a cylindrical plastic capsule : dimensions
are indicated in millimeter.
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Table 1 The orbits of various technique for stereotactic radiosurgery

Couch rotation Gantry rotati
Technique ouen aniry rotation Comments
(degree) (degree)
PCH 360 chair rotation 0to 115 Sitting position
11 arcs 0,18,36,54,72,90 20 to 160
-18,-36,-54,-72 200 to 340
0 130to -130
4 arcs 45,90 40 to 140
-45 220 1o 320
) 3 Simultaneous gantry and
Dynamic rotation -70to 75 30 to 330
couch movement
Single plane 0 360 rotation Coplanar
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Fig.3 Tissue-peak ratio of different collimator size from 5 to 30
mm in diameter.
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Fig.4 Off-center ratio of 30mm collimator size at depth of 10cm.
Curved line : by films. @: by a diamond detector.
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Fig.5 DVH of different collimator size. Spheres three times wider
than the diameter of collimator size were calculated.
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Fig.6 Comparison of the stereotactic irradiation methods. (A) DVHs for various stereotactic radiosurgery technique are obtained in the
range of sphere size of 60mm in diameter. PCR : precessional converging radiotherapy, Arc 4 and 11 : Multiple non-coplanar converging
arcs, Dynamic : Dynamic rotation, Single : Single coplanar rotation. (B)20 to 40% range is enlarged. (C) DVHs in the irradiation field de-

fined as the volume in the spare of collimator diameter.
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Fig.7 Comparison among 10 arcs with opposite and without

opposite beams. Couch rotation angles are 0, + 36,+72,£108, +
144 and 180" for opposite and 0 to 162" step 180" for no opposite

beams (no opp.).
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