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INTRODUCTION

Since January 1995, we have been using a Philips SL20 Linac equiped with a multileaf collimator.
This installation allows to practice conformal therapy [1]. This new technique consists of creating
easily irregular fields according to the shape of the tumour and so to increase the dose delivered to
the tumoral volum by increasing the number of fields and to protect in the same time the safe tissues.
An other advantage of a multileaf collimator is to use no more conventional shield blocks [2], [3].
This kind of treatment requires a good accuracy and strictness in the realization of each part of the
treatment.
First, we realize a system of immobilization of the patient ( polyurethan foam for pelvis and thoracic
tumours, masks and dental print for brain tumours); After, the patient has a scanner exam and the
acquisition of several slices allows the physician to draw the planning target volum.. With the beam's
eye view function of the new dosimetry system Philips SL-Plan, it's possible to conform the shape of
the collimator to the planning target volum. Because of the penumbra of the collimator, we need to
take account of a additional margin to choose the field size which is defined by the 50% isodose
relative to the beam axis (internal penumbra).When the edge of the field is next to a critical organ,a
second security margin can be taken in order to limit the dose (external penumbra)
The aim of this work is to evaluate the penumbras according to their origins and the different
margins required when we realize a treatment planning,
A similar work has been done about other collimators [4].

METHODS AND MATERIALS

Multileaf collimator

Measures have been done with a linear accelerator Philips SL20 equiped with a multileaf collimator
which delivered 6MV and 18MV photons.
The collimation system is located in the head of the linac and, from the base to the source, it can be
described this way:
- leaves in tungsten with a size of 1 cm in the isocentric plane, for Y direction
- some classical diaphragm for X direction
- a pair of additional diaphragm in the Y direction to limit the leakage radiation between the leaves.
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Fig. 1: Simplified schematic of the Philips multileaf collimator
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Multileaf collimator is composed of 2 opposing banks of 40 leaves. Each leaf is driven by a individual
motor and is separated from its neighbour with a space required to minimized the rubbing. Their
sections with a form of bayonet are useful to reduce the leakage radiation between themselves.The
X-Rays run always across a same thickness of leaves. The lateral side of the leaves follows the
divergence of the beam and the more they are far away from the center of the beam, the more they
are tilted.
A more detailed description has already been published [5].

We have realized beam profiles for different fields shapes. Measures have been done for two
energies: 6 and 18 MV, respectively at 5 and 10 cm of depth in a Wellhoffer water phantom.
All the profiles have been normalized on the beam axis. We have measured the distance
perpendiculary to the axis of the point 95%, 90%, 80%, 50% and 20% and calculated the distance
between the 80% and 20 %, 95% and 50%, 90% and 50%, 50% and 20% isodoses relative to the
beam axis.

Penumbra measures for square fields

Seven fields sizes have been studied : 4x4, 10x10, 14x14, 20x20, 24x24, 30x30, 35x35. Beam
profils have been realized for the two directions X and Y.
This measures allow to evaluate the influence of the x diaphragm (X dimension ) and of the couple (y
diaphragm + leaves) for the Y dimension.
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Penumbra measures in the direction of leaves moving ( Y direction)

We have set several joining leaves in the irradiation field. In order to be in the center of a leaf and not
between two leaves, we realize a profil beam parallel to the leaves with a shift of 5 mm relative to the
field axis.
Distances between the leaves anterior edge and the collimator axis are : -12, -10, -7, -5, 2, 5, 7, 10,
12, 15 cm.
This measures allow to evaluate the influence of the anterior edge of leaves.
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Penumbra measures perpendiculary in the direction of leaves moving (X direction)

We have used several joining leaves in the irradiation field and realized a profil beam perpendicular
to the leaves with a variable distance between the lateral edge of the leaf and the collimator axis.
This distance is : -12, -10, -7, -5, -2, 0, 2, 5, 7, 10, 12.

lateral edge

Y diaphragm

profil 4

xaxis

X diaphragm

y axis

The different measures have been realized in a Wellhoffer water phantom with a dosimetric system
WP 700 and an Wellhoffer ionization chamber IC10 connecting to a WP5007 electrometer.
A comparison between first measures realized with different kind of chamber and with radiographic
films shows us that our system sensibility is sufficient to determine the variation of the different
penumbras.
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RESULTS

The different results are recapitulated by energy and by kind of penumbra in the table not joined in
this text. All penumbras are given in millimeters.
For each table, there is a graph.
d(H-I2) is the distance between II and 12 isodoses relative to the beam axis.
d is the distance between the edge of the collimator and the collimator axis.
The X colum is for the x collimator, the Y colum the y collimator. " ant edge", "lateral edge>0" and
" lateral edge <0" is for leaves in according to the moving direction of the blocks.

xcoUimator represents the diaphragm x and y coHmiator the cQiiple4y diaphragm +, leaves).

DISCUSSION

The classical penumbra is defined by the distance between the 80% and the 20% isodoses relative to
the beam axis.
Graphs for two energies show a distinguished action of x and y collimator with regard to the leaves.
It's clear that leaves penumbras are more important than collimators penumbras: For 18 MV
photons, 8.2 to 8.6 mm for x and y collimator versus 10.4 and 11.6 mm for leaves.
It seems interesting to compare penumbras in a same direction but with a different origin : x
collimator versus lateral edge leaves and y collimator versus anterior edge leaves.
For the two energies, resuhs show that the different penumbras are a little dependant on the distance
between the edge and the collimator axis. We can consider a mean penumbra for each kind of
penumbra and each energy, (table 1)

Table 1 : Mean, max and min values of penumbras for 6 and 18 MV photons

Photons X6 x collimator lateral edge y coHimator anterior edge
80%-20%
50%-20%
95%-50%
90%-50%

6.4 (+0.4)(-0.7)
3.4 (+0.2)(-0.5)
6.5 (+0.6) (-0.9)
4.6 (+0,2) (-0.3)

8.1 (+0.4) (-0.3)
4.5 (+0.2) (-0.1)
8 (+1.2) (-0.8)

5.4 (+0.7) (-0.4)

7.2 (+0.6) (-1)
3.9 (+0.4) (-0.7)
7.6 (+1.1) (-1.4)
5.2 (+0.3) (-0.6)

9.5 (+0.6) (-0.7)
5.9 (+0.6) (-0.6)
7.6 (+1.3) (-1.2)
5.4 (+0.5) (-0.5)

Photons X18
80%-20%
50%-20%
95%-50%
90%-50%

X

8.2
4.5
10.3
6.6

collimator
(+0.6) (-1.2)
(+0.5) (-0.9)
(+1.1) (-2.1)

(+0.5) (-0.9)

lateral edge
10.4(+0.6)(-0.5)
6.4 (+0.5)(-0.4)
10.7(+1.4)(-1.2)
6.9 (+0.7)(-0.4)

y collimator
8.6 (+0.7) (-1.3)
4.7 (+0.6) (-0.9)
10.5 (+1.4) (-2.3)

6.7 (+0.6) (-1)

anterior edge
11.6 (+0.6) (-1)
7.5 (+0.7) (-0.7)
10.1 (+1.4) (-1.2)
6.7 (+0.5) (-0.4)

The penumbra of the lateral edge is more important than the x collimator penumbra, in the same way
that penumbra of the anterior edge is bigger than the y collimator penumbra.
Penumbras of only leaves is superior than x and y collimator penumbras.
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6 MV photons : 80%-20% x collimator : 6.4mm
anterior leaf edge : 9.5mm

18 MV photons : 80%-20% x collimator : 8.2 mm
anterior leaf edge : 11.6 mm

The mean values for x and y collimator are very closed, like those of the two edges of a leaf: So, we
can consider a overall mean penumbra for collimators (x,y) and for the leaves.
For the treatment dosimetric study, we have chosen like useful penumbra value, the maximum
value, (table 2)

Table 2 : Useful penumbras for (x,y) collimators and leaves

X6 photon
80%-20%
50%-20%
95%-50%
90%-50%

x,y collimator
7.8
4.3
8.7
5.5

leaves
10.1
6.5
8.9
5.9

X18 photon
80%-20%
50%-20%
95%-50%
90%-50%

x,y collimator
9.3
5.3
11.9
7.3

leaves
12.2
8.2
11.5
7.2

If we consider the internal (95%-50%) or (90%-50%) penumbra, the useful penumbra value
is the same for the collimators and the leaves. But the external penumbra defined by the
distance (50%-20%) is more important for the leaves than for the collimators.

During the dosimetry by computer, the choice of the physicist is to have the target volum
surrounding with the 95 % (or sometimes the 90% isodose).
The knowledge of the distance between the 95% (or 90%) and 50% isodose relative to the beam axis
is useful to determine the supplementary margins required to fit the target volum.
The first aim of a collimator is to reduce the irradiation field to protect the surrounding healthy
tissues. The study of the distance between 50% and 20% isodoses relative to the beam axis is
interesting.
Results conflrm that it's better to protect critical organs with one collimator than with leaves.
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CONCLUSION

The goal of this work is to measure the penumbra given by the different parts of the Philips multileaf
collimator and to evaluate margins required to fit the target and critical volums during the realization
of dosimetric treatment plan with a computer.
Results show that using leaves introduce more important external penumbra.
Finally, we can associate for each energy a penumbra value to the part of the collimator independent
of the distance between axis and edge of the collimator.

This work want to be a supplementary decisive tool for physician and physicist in the choice (size
and shape) of the irradiation fields diuring a dosimetric treatment planning.
The integration of results into a software of leaves positioning (Philips MLP system for example)
[6] can be considered.
It's sure that it's interesting and important to know what become penumbras when several leaves are
closed to each other ( for example when they are put in stairs). This is the continuation of this study.
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