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1. Introduction: The present accuracy required in radiotherapy, involving very often only a
narrow gap between unacceptable normal tissue complications and tumour recurrence, requires
a strict quality assurance (QA) programme at the different steps in the radiotherapeutic process.
Since quite some years the basic step of beam calibration in reference conditions is subject to
well-codified written procedures. A major contribution to this favourable situation comes from
present dosimetry protocols (NCS 1986, IAEA TRS-277, DPSM 1990, AAPM TG-21).
Concomitantly with these protocols a number of national and international quality audit
programmes with respect to beam calibration have been launched, part of them being based on

on-site visits (Thwaites et al
1992) part on postal TLD
dosimetry (Izewska et al 2000).
However, several errors in
radiotherapy have occurred at
the level of clinical dosimetry
in spite of a correct beam
calibration in reference
conditions, because much less
clear calculation procedures
were used for the transfer of
dosimetry information from the
reference conditions to
clinically more relevant
conditions. In a recent booklet
(Dutreix et al 1997), of the

Figure 1. Schematic of the multipurpose solid phantom (EC-
MPP) used in external dosimetry checks of photon beams in non-
reference condition s

European Society for Therapeutic Radiology and Oncology (ESTRO), is described a reliable
method for dosimetric calculation on the central beam axis in non-reference conditions. In order
to assess uncertainties that are more close to clinical situations, including also off-axis positions,
a multipurpose solid phantom (EC-MPP) has been designed and tested in a few European
radiotherapy centres.

2. Material and methods: The multipurpose solid phantom (EC-MPP) has the possibility to
acquire dosimetric information in different clinical conditions with respect to depth, on-axis and
off axis position, skin obliquity and tissue inhomogeneities (Bridier et al 2000, Gomola et al
1999).
The EC-MPP is made of polystyrene and has a cubic modular structure with a base of 20 x 20
cm. It consists of six detachable pieces, the exact dimensions of which are shown in figure 2.

two homogeneous plates (A and D);
two complementary plates, 20° oblique parts (B and C);
one parallelepiped (E) containing a small air cavity that simulates a natural body air

cavity and a large wood inhomogeneity that simulates a lung tissue (density 0.34 g/cra3).
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Between pieces D and E it is possible to
locate: either the insert with three holes for
the TLD capsules (on the beam axis (M), 2.5
cm off-axis to the left (L) and to the right (R)
measurements), or the two inserts between
which a film can be sandwiched.
2.1. Dosimetry methods: A limited number
of TLDs are irradiated to determine the
absorbed dose on axis and in two off axis
points. The TLD capsules contain LiF powder
(PTL 717 from Desmarquest-CEC, France),
enriched in 7Li. The TLD powder is read-out
with a PCL3 computer controlled TLD reader
(Fimel, France). For insertion into the
phantom the powder is contained in opaque
cylindrical polyethylene capsules identical to
those used by the IAEA.
The films irradiated in the EC-MPP are used
to evaluate relative dose distributions. Kodak

' X-omat V films withdrawn from a single box
were used to obtain all experimentally
measured dose distributions per beam in a
participating centre. This eliminates
deviations due to film sensitivity variation
from different boxes. Films were processed

with an automated Agfa Curix 260 unit, scanned using a Vidar VRX-12 densitometer and
evaluated with a film densitometry software Poseidon (Precitron, Sweden) running on a PC. For
the conversion of the optical density distributions to the dose distributions, sensitometric curves
were used to describe the non linear relationship between optical density and dose (Novotny et
al 1997).
2.3. Dosimetric parameters evaluated with the EC-MPP: Four different mechanical set-ups
shown in figure 3. were chosen to investigate seven relevant irradiation conditions described in
table 1.

A - polystyrene plate 200 x 200 x 20 mm
B - polystyrene block complementary to block C
C- polystyrene block tor oblique phantom
0 - polystyrene plate 200 x 200 x 30 mm
E - polystyrene block 200 x 200 x 100 mm with two holes F and G
F - wooden block 40 x 40 x 200 mm
G - air hole 20 x 20 x 200 mm

Figure 2.. Draw of the cross section of the EC-
MPP. The distances are quoted in mm.

Figure.3. Four set-ups of the phantom used for investigation of seven irradiation modes
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Table 1. Irradiation modes investigated with the EC-MPP

EC-MPP

Set-up
a/b
b
a/b
a/b
a/b

c
d

IDN

1
2
3
4
6

5
7

Irradiation mode

Reference conditions
Square field
Rectangular field
Wedge
Asymmetric field

Oblique surface
Inhomogeneities

Field size
(en"
10;
15;
9x
9x
7x

15:
15;

i x cm)
xlO
x 15

15
15

10

i 15
c 15

Depth
(cm)
5/10
10
5/10
5/10
5/10

8.3
10

Off axis points
(cm)
±2.5, ±4
±2.5, ±4, ±6.5
±2.5, ±3.5
±2.5, ±3.5
-1.0.+2.5,+4.0

±2.5, ±4, ±6.5
±2.5, ±3, ±3.5

Modification of
primary beam

-
-
wedge
Asymmetric
jaws/blocks
-
-

3.ResuIts: The feasibility study with the EC-MPP was performed at 17 European centres in
Belgium, France, Greece, Hungary, Poland, Spain and Sweden. This resulted in a total of 8 fi0Co
y-ray beams and 21 X-ray beams with quality index ranging from 0.61 to 0.79. Table 2.
summarizes the combination of treatment planning systems and high energy photon beams used
at the radiotherapy departments participating in this study.

Table 2. Summary oftretment planning systems and photon beams checked with the EC-MPP

Photon beam energy

TPS/manufactu r er
Nominal accelerating potential (MV)60,'Co

10 15 18 20 23 25

Total

Target /GE (USA)
Cadplan / Varian (USA)
Dosigray / Dosigray (France)
TMS / Helax (Sweden)
Pinnacle /ADAC (USA)
Plato / Nucletron (Netherlands)
ISIS / Biomed Eng. (France)
Mevaplan / Siemens (Germany)
Cunningham 2D / "home made"

1
2
2

1
1
1

1

1

1
1
1
1

2

1 2
4
5
3
2
1
4
6
2

Total 7 1 I 1 29

At these centres, irradiations of 285 TLDs and 195 films in 7 different set-ups of the MSP were
performed. The relative dose distribution measured by film was compared to the dose
calculation for 9 different TPSs in 33 off axis points per beam resulting in a total of 883 off axis
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T &# h
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Measured dost/ Staled dose

S s

Figure 4. Frequency distribution of the measured to stated dose values obtained at off axis ratios with
films for all beams, irradiation modes and treatment planning systems investigated, (left picture 4a).
Frequency distribution of the results obtained with TLDs parameters is shown on the right picture(4b),
N is the number of the checks, m is the mean of the distribution, SD is the standard deviation Min and
Max are the minimum and maximum values of the ratios between measured and stated dose.
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points (fig4a). The measured and calculated dose values were compared in 7 different
irradiation conditions, for each of the 29 beams. For 285 TLD measurements a mean ratio of
measured to stated dose equal to 1.001 was observed with a standard deviation of 2.6% (1SD)
for all combinations of energies, planning systems, geometries and measuring points

investigated (fig4b).
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Figure 5. The results of the standard deviations observed from the mean
of the ratios between measured and stated values of relative doses in
different irradiation modes.

reference
than in
conditions,
for off axis
for wedged beams, as
shown in figure 4. The
standard deviation for
each irradiation
condition separately is
smaller than 3%, except
for the wedged beams
which show deviations
of 3.5% (1SD). The
Kodak XV film was
used to measure the
relative dose

distribution in the MSP. From 195 film measurements a total of 883 off-axis values were
compared with the dose distribution obtained from locally applied TPS. The mean value of the
off axis ratios (Film/TPS) is 1.002 with a standard deviation of 2.6% (1SD) and a maximum
deviation of 18 % in all off axis points (N=33) investigated. The results show differences
between the film and TPS derived profiles as a function of TPS and of irradiation geometries of
the MSP
Conclusions: The present study indicates that the mailed multipurpose solid phantom is a useful
tool to check the dose calculation of treatment planning systems, because a large number of
dosimetric parameters per beam can be checked. Part of this work was supported by the EC
Network project Europe against Cancer, DG V.
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