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Dosimetry and evaluating the effect of treatment parameters
on the leakage of multi leaf collimators in ONCOR linear
accelerators
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Abstract

Background: One of the standard equipment in medical linear accelerators is multi-leaf collimators (MLCs);
which is used as a replacement for lead shielding. MLC’s advantages are a reduction of the treatment time,
the simplicity of treatment, and better dose distribution. The main disadvantage of MLC is the radiation
leakages from the edges and between the leaves. The purpose of this study was to determine the effect of
various treatment parameters in the magnitude of MLC leakage in linear accelerators.

Materials and Methods: This project was performed with ONCOR Siemens linear accelerators. The amount
of radiation leakage was determined by film dosimetry method. The films were Kodak-extended dose
range-2, and the beams were 6 MV and 18 MV photons. In another part of the experiment, the fluctuation
of the leakage was measured at various depths and fields.

Results: The amount of leakage was generally up to 1.5 = 0.2% for both energies. The results showed
that the level of the leakage and the amount of dose fluctuation depends on the field size and depth of
measurement. The amount of the leakage fluctuations in all energies was decreased with increasing of
field size. The variation of the leakage versus field size was similar to the inverse of scattering collimator
factor.

Conclusions: The amount of leakage was more for 18 MV compare to 6 MV The percentage of the leakage
for both energies is less than the 5% value which is recommended by protocols. The fluctuation of the MLC
leakage reduced by increasing the field size and depth.
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INTRODUCTION

The main goal of radiation therapy is reducing the
amount of dose to surrounding healthy tissue and
critical structures. One of the standard equipment for
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this purpose is medical linear accelerators used with
multi-leaf collimators (MLCs).[*! MLC is used as a
substitute for lead shielding and in accordance with
the geometry of the tumor, for the beam formation. %
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The general structure of the MLC system consists of a
two sets of leaves of tungsten alloy which are placed
on each side of the field.*%1416)

An advantage of MLC over the lead shielding is
simple treatment set up, reducing treatment time
and better dose distribution around the tumor. One of
the disadvantages of MLC is radiation leakage from
the edges and between the leaves.'7!8 MLC leakage
consists of two parts, the first part, is a direct leakage
from the edges and sides of the MLC, and the other
one is the output of leakage after interaction with
MLC inside the field as illustrated in Figure 1.06:19-21
MLC must have an acceptable leakage, and it has
to be below a certain amount which is usually 5%
of the total dose. MLC is used in three-dimensional
conformal radiation therapy, and the computer is used
to target tumors with proper margins.[6-2223!

The amount of leakage is different in various
accelerators, and this value must be measured in
each particular machine. Arnfield et al. measured the
leakage rate for the Varian linear accelerator with
40 pairs of ML.C by Kodak XV-2 film. For 10 cm x 10 cm
treatment field, depth 5 cm, source to surface
distance (SSD) =100 cm and for photons of 18 MV and
6 MV, the measured leakage percentage were 1.68%.24
Jordan and Williams measured leakage for Phillips
MLC system for the 6 MV and 20 MV photons by the
Farmer ionization chamber and the film. Leakage
were reported 4.1% and 4.3% for 6 MV and 20 MV,
respectively.[” For the Varian accelerator, Galvin et al.
measured 1.5-2% leakage by radio chromic film for the
energy of 6 MV, and 2% for 15 MV energy.!%'9! Average
leakage of 1.8% between the leaves has been reported
by Cosgrove et al. and Siochi for Siemens ONCOR
linear accelerator and miniature MLC (MMLC).[810.25]

In general, the amount of leakage is varied between
0.5% and 4% for different systems and energies and
its magnitude is less with for lower energies.1719.26:27

In this paper, MLC leakage is measured by 41 pairs
MLC ONCOR accelerator with two 6 MV and 18 MV
photons. To measure the leakage, different methods
have been used such as film dosimetry and Pinpoint

MATERIALS AND METHODS

In this experiment, the extended dose range-2 (EDR-2)
film from Kodak is used for film dosimetry. The use of
radiotherapy, film dosimetry is used to measure the
relative dose. This film should be calibrated before
the experiment. EDR-2 film calibration is done as
recommended by Zhu et al.?® and Childress et al.12%3"
to prevent measurement errors. According to the
protocols, for calibration of an EDR-2 film, the radiation
is given as 2 cm x 10 cm strips, by multiple beam fields.
The amount of radiation varies in each strip, and it
changes between 50 and 1000 c¢Gy. This calibration
is done with 6 MV photons and for the experiment,
a 1.5 cm layer of water phantom is placed on film as
a buildup. The relative brightness values film, along
with the dose is used to create a calibration curve.
Calibration curve is illustrated in Figure 2 and the
dose can be obtained from optical density each point.

To check the amount of leakage from the leaves of
the MLC, for both 6 MV and 18 MV, the film were
irradiated with 1000 monitor unit (MU) by closed
MLCs. For this experiment, all ML.Cs were closed, and
the primary collimators were placed in the fully open
position. One problem in ONCOR lilacs is that if all of
the MLCs are in a closed position, exposure was not
possible. The reason is that the primary collimators
are closed when the filed size is zero. For this problem,
the last MLC placed in the open position with 1 cm gap
as illustrated in Figure 3. This gap will have no effect
on the measurement of leakage because the open area
outside the field size is used.

The film was positioned between solid RW3 slabs; at the
depth of 1.5 ecm to photon 6 MV and a depth of 3 cm for
photon 18 MV and the field size of was 40 cm x 40 cm
irradiated 1000 MU. After the film processing, it was
scanned by the Mircotek scanner. The scanned images
were saved in TIF format. Leakage was measured by
using the film calibration curve and MATLAB (The
MathWorks, Inc., MA) software.

In the second part of the experiment, the water
phantom RWS3 filled with water and were placed under
the accelerator in SSD = 98.5 cm for 6 MV and the
SSD = 97 cm for 18 MV.
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Figure 1: lllustration of (a) end leaf transmission, (b) leaf transmission and (c) interleaf transmission
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Pinpoint and Semiflex dosimeters from PTW were used,
respectively, as the main and reference dosimeter. The
sensitive volume of Pinpoint dosimeter is very small
and it has very high resolution. Leaf number 41 was
opened 1 cm and the reference dosimeter was placed
on the MLC gap.

The main dosimeter, Pinpoint, was adjusted into the
water at the depth of 1.5 cm and distance of 5 cm from
the match line of the ML.C ends.

In order to, move the Pinpoint perpendicular to the
length of the leaves; the accelerator was rotated 270°.
The movement direction of Pinpoint dosimeter to
measure the relative amount for leakage is shown in
Figure 4. Finally, the 800 MU radiations were given
during the movement of the dosimeter. This gives
enough time to scan the entire path of the length.
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Figure 2: Calibration curve for extended dose range-2 Kodak film which
is irradiated with 6 MV photons
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Figure 4: The location of the reference dosimeter and the direction of
the main dosimeter in a water phantom at a depth of 1.5 cm and 3 cm
for energies of 6 MV and 18 MV, respectively
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Reading values by reference and the main dosimeter
is automatically saved by PTW program.

RESULTS

In one part of the film dosimetry, the amount of the
leakage for two sets of the leaves in both side of the
field size is compared. The values are related to the
left and right set of the leaves. For 18 MV, the average
leakage was the same value of 1.5 + 0.1%. For 6 MV
photons, the left side had 1.3 + 0.2%, and the right
side has 1.2 + 0.2% leakages. The in-heterogeneity of
the leakage from MLC is noticeable for 6 MV beam.

In addition, for the leakage each of leaf, the amount
was between 0.98 = 0.2% and 1.48 + 0.2% for 6 MV
and 1.2 + 0.1% to 1.7 + 0.1% for 18 MV. These facts
suggest that for specified field size, all areas of the
field do not have the same leakage. This difference
can be due to a slight difference in the average
density of MLC components even though they have
the same design. In Figure 5, the average amount of
leakage from the gap between the left and right and

Figure 3: lllustration of multi-leaf collimator set up for film dosimetry.
One leaf at the end with 1 cm gap is open to prevent the closure of
the primary collimators

 Average of Left MLCs
= Average End of MLCs
= Average of Right MLCs

i

4 s 6 7 8 9 10 1 12 13 16 15 16 17 18 19 20 21 2 23 24 25 26 27 28 2

Average Leakage [%]

MLCs Numbers

Figure 5: The leakage of 6 MV photons using film dosimetry. The
amount of leakage is related to the left and right multi-leaf collimator
and also the ends of opposed leaves
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end points of each MLC for energy 6 MV is plotted
as percent of dose.

The average amount of radiation leakage, for left
MLCs, is equal to 1.3 + 0.2% and for the right MLC is
1.2 £ 0.2%. MLC leakage from the end of them which
is called MLC end leakage; is equal to 1.4 + 0.2% and
its amount is about 13% higher than the leakage of
the gap between them.

In Figure 6, the average amount of leakage from
the gap between the left and right MLCs and the
endpoints of each of them in 18 MV radiation leakage
is illustrated. Average values of the left and right
MLC leakage dose is 1.5 + 0.1%. The leakage for ends
of opposed leaves is 1.6 = 0.1% which this amount is
about 7% higher than the leakage gap.

In another step, the transmitted leakage of the ML.C
leaves was measured for both of energies. In Figure 7,
the results of beam transmission percentage of 6 MV
leaves for energy are plotted. Average percentage of
photons leaking for 6 MV is about 0.98 = 0.2%. In
Figure 8, the average percentage leakage for photon
18 MV is plotted, and the average value is 1.3 + 0.1%.

As illustrated in Figures 5-8, the amount of leakage
is different for each individual leaf. For all cases,
a similar pattern is observed. According to the
Figures 5-8, left MLCs had lower leakage and in
central MLCs, the leakage is increased.
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Figure 6: The leakage of radiation for 18 MV. The amount of leakage
from the left and right multi-leaf collimators and also their ends of
opposed leaves
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Figure 8: The beam transmission through the leaves for energy 18 MV

The comparison of the leakage in right and left leaves
of the MLC is also illustrated in Figure 9 for 6 MV
and 18 MV beams. As it is illustrated, the difference
of the leakage for 6 MV is considerable but it is the
same for 18 MV.

This result of this study is consistent with results of
Siochi and Jordan and Williams™® Siochi measured
1.5% and 3.8% leakage for interleaf and leaf end,
respectively. Jordan and Williams obtained 4.1% and
1.8% leakage for interleaf and through the ML.C. The
energy range for these works is from 6 to 20 MV.

The results of the Pinpoint dosimetry are illustrated in
Figures 10-16. In Figure 10, the leakage fluctuations
of the 6 MV and 18 MV are illustrated. The amount
of the leakage fluctuation for 6 MV energy is more
than18 MV. This is due to the higher amount of
scattering and attenuation of 6 MV photons in the
beam path.

The fluctuations of leakage for 6 MV photons for all
MLCs are illustrated in Figure 11. On the top of the
figure, the path of profile to determine the leakage by
a red line is shown on EDR-2 film. In Figure 11 the
maximum is related to the gap between the adjacent

leaves and minimum is related to be related to point
the middle of the leaf width.

The leakage of MLC in the intensity modulated
radiating therapy (IMRT) treatments is more
important than the three-dimensional conformal
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Figure 7: The beam transmission through the leaves for energy 6 MV
using film dosimetry
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Figure 9: Average leakage of multi-leaf collimator for 6 MV and 18 MV
from film dosimetry
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Figure 10: Graph leakage fluctuations for 6 MV and 18 MV measured
with Pinpoint
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Figure 12: (a) The image of the film that is irradiated by 6 MV photons.
(b) Planar dose map illustrating fluctuations of leakage by film dosimetry
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Figure 14: Relative dose versus the various depths, for 6 MV and
18 MV photons. The field size for this experiment is 10 cm x 10 cm

radiation therapy since the typical MU in IMRT is
much more and it is in the order of 1000 MU.B3"

The leakage dose profile of film dosimetry is
demonstrated for photon 6 MV in Figure 12. By film
scanning, isodoses of radiation leakage was plotted
by MATLAB program. Horizontal bright region
represents the amount of leakage from the MLC’s.
A relatively higher leakage is observed at the end of
the leaves which are not fully closed.

Another point of interest on the film is the end of
leaves as illustrated in Figure 13. For fully closed
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Figure 11: The fluctuations of leakage for each leaf. The path of the
profile to determine the leakage is shown by a line on the image
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Figure 13: (a) The scan of the partial film that irradiated by photon
6 MV and (b) planar dose map illustrating fluctuations of leakage for
end of the leaves
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Figure 15: Relative leakage fluctuation dose versus the 10 x 10 field
size, for 6 MV and 18 MV photons

leaves, a number of the leaves remain slightly open.
For this reason, there is very high leakage at these
points. This effect is seen when the position of MLC
leaves are not calibrated for a long time. In this part,
the amount of leakage is significant about 20 = 0.2%
to 30 = 0.2%. An example of isodoses lines for this case
is illustrated in Figure 13.

As mentioned before, in IMRT technique, it is possible
to have 1000 MU on each day of treatment, while this
order of MU in three-dimensional conformal radiation
therapy is unlikely. In realistic cases of IMRT, these
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Figure 16: The inverse quantity Scp and dose fluctuation to the
field size

1000 MU and related leakage is distributed over the
entire treated area from various angles. In the worth
case, all the leakages overlap and all the above results
can be used for evaluation of the dose consequences.
As it wasillustrated in Figures 12 and 13, the amount
of the interleaf leakage was up to 1.5 = 0.2% which
equal to approximately 15 ¢Gy in 1000 MU. The worth
case was about 20 + 0.2% of leakage for the leaf end,
and this happens for not fully calibrated MLC. This
percentage of the leakage gives approximately 200 cGy
for 1000 MU, which is quite considerable. The possible
solution is very accurate and frequent checkup and
regular MLC calibration by a physicist.

In the another step of experiment, the Pinpoint
dosimeter are moved during the path of -5 cm to 5 cm
distance with 0.3 steps, with field size 10 cm x 10 cm
and in depth of 30 mm. About 10 leaves exist in this
field size, and 1500 MU irradiation was delivered. The
entire process was repeated for depths up to of 45 mm,
60 mm, 80 mm, 100 mm, and 140 mm. Average leakage
for each depth by MATLAB program was calculated,
and the graph is illustrated in Figure 14. It is clearly
illustrated that with increasing of depth, the amount
of leakage is reduced.

All the above steps are repeated for 18 MV with 2000
MU delivery. The only difference was that at a depth
of 1.5 ¢cm calculations was removed because of build
up the photons 18 MV located at 3 cm depth. The
impact of changes of the leakage versus field size is
illustrated in Figure 15. To change the field size, the
primary collimator is changed while the MLC was in
fully closed position. The field sizes were 5 cm x 5 cm,
10 cm x 10 ¢m, 20 cm x 20 cm, 30 cm x 30 cm, and
38 cm x 38 cm. In Figure 15, the horizontal axis
and vertical axis indicates field size and the amount
of leakage, respectively. As it is illustrated, with
increasing the field size, the amount of leakage is
reduced. According to Figure 15, the amount of leakage

is greater for 6 MV. This phenomenon is because of the
greater distance between maximum and minimum of
the leakage in 6 MV respect to 18 MV.

If the inverse quantity of Sc versus the field size is
plotted, similar behavior can be seen as it is illustrated
in this Figure 16. Both quantities Sc and fluctuation
are decreased with increasing the field size.

DISCUSSIONS

The total average of MLC leakages, for both 6 MV
and 18 MV photons was 1.3 = 0.2% and 1.5 + 0.1%
respectively. Our results were in the range of the other
studies. Kliiter et al.”” measured the leakage of a dual
energy linear accelerator Siemens ARTIST on 6 MV
and 18 MV photon energies. They investigated and
obtained approximately, the same dose for intra-leaf
leakage amounted for 6 and for 18 MV. A much higher
interleaf leakage for 6 MV was measured.’*” Jordan
and Williams used a Farmer-type ionization chamber
and film to investigate the transmission properties of
a Philips MLC system at 6 and 20 MV. Their results
showed a maximum transmission of 4.1% at 6 MV
and 4.3% at 20 MV between the leaves and 1.8% at 6
MV and 2% at 20 MV averaged over the leaves.” It
should be noted that besides all the fluctuations, the
amount of leakage is acceptable for standard clinical
treatments. The numerical value of leakage that is
measured for the energy 18 MV is more with respect
to 6 MV that is due to the less scattering and more
penetrating power of the 18 MV.

The amount of leakage through MLC is less than the
amount of leakage from the gap between the ML.Cs and
the endpoints of MLCs; this phenomenon is because
the amount of beam when passing through the MLCs
is weakened. This attenuation of the MLCs depends
on the alloy materials that used in the construction
of MLCs and the design of leaves. Siochi used the
ModuLeaf (MMLC) for the Siemens ONCOR linear
accelerator and the average interleaf and crack

leakage between closed leaf ends were respectively,
1.50% and 3.76% at 6 MV.!®

In the evaluation of variation of the leakage, it was
illustrated that with increasing of the depth, the
amount of leakage was reduced. The depth of the
measurement in this part was varied between 4 and
16 cm. As it was illustrated in Figure 16, for changes
of the leakage versus field size it was observed that
the changes of the leakage have a behavior similar
to 1/Scp. The reason is that the increased scattering
in the entire volume increases the total dose and
decreases the relative fluctuation between minimum
and maximum.
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With increasing the field size, the number of leafs
inside the field is increased and this leads to higher
scattering into leakage region, and leakage fluctuation
is reduced. This was observed on both 6 MV and
18 MV photons.

CONCLUSIONS

The aim of this work was to study the variation
of radiation leakage from MLC for Siemens linear
accelerator. The alloy density can be different
among individual leaves. Thus, it is important to
measure the transmission of any particular MLC.
The direct transmission is related to the average
thickness of the individual leaves. The amount of
the leakage in all cases was acceptable for standard
clinical treatments (less than the 5% specified in
the protocols), and it could be important for IMRT
treatment. The important results of this test were
evaluating the leakage and nonuniformity of leakage
fluctuations versus depth and field size. The amount of
fluctuations for leakage at all energies was decreased
with increasing field size and depth.

In this study for film dosimetry, high number of MU is
irradiated. This situation is similar to IMRT technique
in which a high amount of MU is used. In terms of
energy, the amount of leakage was higher for 18 MV
compare to 6 MV.

There are three types of leakage in MLC. Transmission
directly through the MLC thickness, leakage between
the opposite leaf end, and leakage between the adjacent
leaves also called interleaf transmission. Comparing
these three cases, the leakage between the ends and
transmission was more than interleaftransmission. The
amount of the transmitted radiation through the MLC
leaf was less compared to other leakages as expected.
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