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Determination of Source Position
for Four Radiography Systems
with Orthogonal Projections in Brachytherapy
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Tomoko Kazumoto" , Yuzuru Nakamura? ,
Takeshi A. linuma® *, Tatsuo Arai® and Toraji Irifune?

Four configurations of two X-ray tube positions are
available for determining the position of a point using two
orthogonal films. For each configuration, there are many
formulas for calculating the coordinate of a point : the least
squares methods with and without physical meaning, such as
six sets of geometrical solutions, an approximation method
with constant magnifications and so on. It is troublesome for
a person in charge of treatment planning to directly derive a
formula or select an appropriate formula from numerous
ones for the four configurations. Thus, a method to easily
apply the published formula for a configuration to the other
three configurations is described in simulations and a clinical
case using rotation matrixes of the right-handed coordinate
system. Each diagonal element of the rotation matrixes is 1
or -1, and the other elements are (.
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two right-handed orthogonal coordinate systems

(X,Y,2Z) and (X", Y", 2) are normal and patient coordinate sys-
tems, respectively. Types [, II, Il and IV are indicated as —,,
e ande, respectively. The numbers 1 and 2 express focal spots.
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Fig.2 Relationship between radicgraph system which has become a normal coordinate system and

patient posture

Radiograph systems are shown as types I, II, Il and IV. Type I is a normal coordinate system. (X,
Yi, Zi) and (X', i, Zi") are image and patient image coordinate systems, respectively. Relationship
between the normal coordinate system (X, Y, Z) and the patient ccordinate systern (X', Y*, Z') is
shown. The coordinates (x, y, z) of point P are determined from image coordinates (x, yi, zi) obtamed
with (xi", yi’, zi") using rotation matrix A. Coordinates (x’, y’, z') related to patient anatomy are obtained

from (x, y, z) by transposed matrix A'.
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Fig.3 Radiographs of a carcinoma of the

uterine cervix

Dummy tandem sources are marked off

i 4 at 1cm intervals.

Table 1 Image and spatial coordinates of dummy sources shown in Fig.3

Point 1 2 3 4 5 6
e xi” 0.00 0.00 0.00 0.00 0.00 0.00
Hondl {jn’ 0.00 1.10 3.85 6.05 —0.45 -1.10
. 7 0.00 ~0.60 -2.20 -3.40 ~0.30 0.00
¢~ Patient
system o' 0.00 0.16 0.80 1.35 -1.85 1.55
- AP {jn’ 0.00 0.90 3.15 4.90 -0.40 -0.85
L";gfdﬁmates filmse | 2, 0.00 0.00 0.00 0.00 0.00 0.00
seeool + AL Xi 0.00 0.60 2.20 3.40 0.30 0.00
image {3n 0.00 1.10 3.85 6.05 ~0.45 -1.10
Norrial 21 0.00 0.00 0.00 0.00 0.00 0.00
system
. X2 0.00 0.00 0.00 0.00 0.00 0.00
Binaae {zu 0.00 0.90 3.15 4.90 -0.40 -0.85
9 22 0.00 0.16 0.80 1.35 ~1.85 155
X 0.00 0.36 1.32 2.04 0.12 ~0.06
) ‘N°;{2:1' { y 0.00 0.68 2.36 3.70 -0.36 -0.72
Sr.:?rl(liairllates 5y + z 0.00 0.12 0.62 1.04 —1.42 1.19
accordingto | et (X 0.00 0.12 0.62 1.04 142 119
system { v’ 0.00 0.68 2.36 3.70 -0.36 ~0.72
: 7’ 0.00 -0.36 -1.32 -2.04 —0.12 0.06

# : Magnification = 1.67, fi1=90.5, Fi=(fi/magnification)=90.5/1.67 = 54.192
#= | Magnification = 1.30, f2=90.5, F:=(fz/magnification)=90.5/1.30=69.615
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