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Background: In Radiation Therapy, the sparing of
normal tissues can be performed using either
multi-leaf collimators or Cerrobend blocks. The
current work focuses on the physical characteristics
of Cerrobend blocks including attenuation coefficient,
effective penumbra width and isodose curves undula-
tion in penumbral regions. Materials and Methods: All
measurements were performed using a dual energy
linac and the Cerrobend blocks designed and
fabricated using a commercial Cerrobend material.
Data were collected using a calibrated ionization
chamber as well as EDR2 films. Results: The results
showed that the attenuation coefficient was found to
be 0.4475 and 0.4276 cm™ for photon beams 6MV
and 15 MV, respectively, and a potential air bubble
with a diameter greater than 3 mm affects beam
attenuation significantly. The optimum Cerrobend
block width was found to be around 16 mm. The
isodose curves scalloping achieved for secondary
collimator jaws, were also similar. Conclusion: If
Cerrobend blocks are used as a basic method to
protect normal tissues, its physical characteristics will
be recommended to be taken into account compre-
hensively. Iran.]. Radiat. Res., 2010; 8 (2): 93-101
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INTRODUCTION

In radiation therapy, regarding hazard-
ous effects of radiation for healthy tissues
surrounds tumoral tissues; the protection of
normal tissues is essential . 2, The
protection of normal tissues can be
performed by the collimating of radiation
beam. For irregular radiation fields, either
Cerrobend blocks @7 or MmultiLeaf
collimators (MLCs) 16 can be used.

MLCs as extra-accessories are mounted

in medical linear accelerators (linacs) head.
The MLCs are basically controlled by
computers. The main advantages of MLCs
are: the saving of treatment time, the
possibility of treatment information trans-
fer, and providing a clean environment ®. 10,
17, 18, However, MLCs are not only too
expensive, but they are also more compli-
cated; it is preferred to use conventional
methods to protect organ at risks (OARs),
and normal tissues in developing countries.
They are not too expensive and regardless of
the complicated software and computer
dependency, radiation beam can easily be
shaped using a simple machine. There is
also no serious concern for interleaf and
intraleaf leakages routinely can be
addressed as one of the main disadvantages
of MLCs (4, 17, 1927 In addition the
penumbra regions created using MLCs are
generally reported to be larger than those
generated by Cerrobend blocks (10-16, 28:33),
The thickness of Cerrobend blocks
strongly depends on the main substance
chemical formula, block maker furnace
temperature and environmental conditions
(@, Most of studies and guidelines have
mentioned that a 7 to 8 cm thickness of a
Cerrobend block is enough to protect normal
tissues™> 2, There is no evidence that more
thick Cerrobend blocks, for instance 9 or 10
cm, are evaluated. In addition, dose
distribution in protected area strongly
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depends on the Cerrobend blocks shapes.
Regarding the establishment of MLCs in
most of radiotherapy research centers, this
important factor is also not investigated.

This study focused on the Cerrobend
blocks attenuation and the impact of air
bubbles can potentially be happened during
block molding, as well as physical character-
istics of Cerrobend blocks such as the
optimum thickness of blocks, utilized for
clinical purposes. In addition, as physical
characteristics of Cerrobend blocks, the
optimum width of a typical Cerrobend block,
as well as the dose distribution in penumbra
region for a range of Cerrobend blocks were
Investigated.

MATERIALS AND METHODS

All measurements were performed
using a Primus linac (Siemens, Germany)
established in the Mahdieh Radiotherapy
and Oncology, Hamadan, Iran. The primus
linac provides two low and high energy
photon beams (6 and 15 MV) and a range of
electron beams. All blocks are used in the
current study were designed and fabricated
by a commercial Cerrobend material,
routinely used for clinical purposes.

Evaluation of Cerrobend block attenuation
coefficient

A scenario, shown in figure 1, was
developed to measure Cerrobend block
attenuation coefficient. A calibrated ioniza-
tion chamber was positioned at the build-up
layer and a 1x1x10 cm3 Cerrobend block
mounted on a commercial plexiglass tray
was put in tray position, routinely used for
clinical purposes. Two consecutive expo-
sures were performed and the average was
calculated. The Cerrobend block thickness
were then increased 1 cm up to 10 cm. In
order to control the back scattering; a 10-
centimeter-thick water equivalent martial
was also put behind the ionization chamber.

Evaluation of a Cerrobend block optimum
width

In order to investigate the optimum
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Cerrobend block width, a typical Cerrobend
block was designed. This is shown in figure
2. Two-dimensional dose distributions were
investigated using Kodak Extended Dose
Range (EDR2) radiographic films, sand-
wiched between RW3 slabs at the build-up
layer, as well as in a 10-cm depth. The
EDR2 films were found to be approximately
energy independence in a wide range of
radiation dose 3439 A 200 cGy at the build-
up layer which corresponds to 200 Monitor
Units were then delivered, using low and
high energy photons. In order to digitalize
data acquired and relative dose values, the
exposed films were then processed using an
automatic film processor (Gevamatic 110
Agfa — Gevarel), and were scanned using a
commercial film scanner (Scan maker
9800XL). The dose maps achieved were
finally evaluated using in-house codes
written in MATLAB.
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Figure 1. Experiment scenario performed to evaluate
Cerrobend block attenuation coefficient.

Figure 2. A typical Cerrobend block used to evaluate optimum
width of Cerrobend blocks.
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Evaluation of penumbra region protected
using Cerrobend blocks

In order to investigate dosimetric and
physical characteristics of radiation field
penumbra region protected using Cerrobend
blocks, two typical blocks were designed.
These are shown in figure 3. In order to
investigate undulation of isodose curves in
penumbra region, several edge and corners
were designed in a Cerrobend block as
shown in figure 3 (a). The results of this
block can be compared with similar studies
performed using MLC leaf penumbra
regions. The second blocks were designed to
evaluate characteristics of internal and
external penumbra regions compared to
those achieved using collimator jaws. Data
acquisition procedures were the same as
described for the Cerrobend block optimum
width.

RESULTS AND DISCUSSION

Evaluation of the attenuation coefficient of
Cerrobend blocks

Results of radiation beam attenuation
for photon 6MV and 15MV are shown in
figures 4 (a) and 4(b), respectively. The x
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Figure 3. Typical Cerrobend blocks designed to evaluate (a)
isodose undulation, (b) internal and external width of
radiation field penumbral region.

and y axes represent the average relative
ionization chamber reading and Cerrobend
block thickness, respectively. An exponen-
tial decrease of chamber reading was
observed. The results showed that regard-
less several fluctuations, the measurements
were found to be in agreement with curve
fitting with R2 = 0.9974 and 0.9985 for
Photons 6MV and 156MV, respectively.
Using the corresponding formula,
achieved by curve fitting, the attenuation
coefficient was found to be 0.4475 and
0.4276 cm! for photon beams 6MV and 15
MYV, respectively. The discrepancy between
attenuation coefficients shows that the
attenuation factor was strongly dependant
on the beam energy and beam hardening;
therefore, it should have been taken into
account. The Half Value Thickness (HVT)
and five HVT (5HVT) are important factors
can then be computed, using attenuation
coefficient. This is shown in table 1.
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Figure 4. Attenuation of photon beam intensity with the
variation of Cerrobend block thickness for (a) 6MV and (b)
15 MV photons.
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Table 1. Half Value Thickness and Five Half Value thickness for Cerrobend blocks.

Photon Ener Half Value Thickness (HVT) Five Half Value Thickness
d (cm) (SHVT) (cm)
6 MV 1.549 7.745
15 MV 1.621 8.105

The main reason of the fluctuation of
attenuation curves seems to be: the
fluctuation of ionization chamber reading
which was within 1%, as well as the fluctua-
tion of the Cerrobend block thickness due to
the possible air bubbles. The typical air
bubble, observed in the Cerrobend blocks
have been used in the current study, is
shown in figure 5. This evaluation showed
that an air bubble with a diameter larger
than 3 mm could affect beam attenuation
significantly. The air bubble effect, occurred
in a 3-cm thick Cerrobend block, is also can
be observed in figure 4.

Although a Three Tenth Value Thick-
ness (3TVT), which is able to reduce the
beam intensity into 0.1% of primary
intensity, is recommended to be used for
primary radiation protection, the current
study indicated that a 3TVT the Cerrobend
block thickness in radiation beam path
should be around 15.44 and 16.15 cm for
photon 6MV and 15 MV, respectively.
Regarding space limitation in linac head,
this has been impossible, and underthe
current situation, at least 3% of primary
beam intensity could be passed from conven-
tional Cerrobend thicknesses ©.

Evaluation of Cerrobend block optimum
width

Two-dimensional relative dose distribu-
tions, measured by using EDR2 film for a
6MV photon measured at the build up layer
and in a 10-cm depth, are shown in figure 5.
In addition, the important part of radiation
dose map, is zoomed. The x and y axes are
dose map pixel numbers. The irradiated and
protected areas are shown in red and blue,
respectively. The zoomed dose maps
indicated that in the central pat of radiation
beam, where two narrow Cerrobend blocks
met each other, the dose measured was
much higher than the attenuated beam
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discussed previously. As figures a2 and b2
show, the doses delivered in the central area
exceeded 60% for both photon energies. This
observation showed that a minimum
Cerrobend width is required to spare
protected areas.

More details for low energy and high
photons (6 MV and 15 MV) are shown in
figure 6. In this figure, several arrows are
plotted and the corresponding length for
each arrow is measured using each
corresponding pixel size in the scanned files.
Using the lengths of these arrows, one will
be able to indicate the relationship between
Cerrobend block width and the relative dose
distribution in the protected area which is
typically shown in figure 7.

Figure 7 shows that the optimum width
for a typical Cerrobend block strongly
depends on the photon beam energy, as well
as on the depth of interest. Although for
making of Cerrobend blocks these kinds of
details are not necessary, medical physicists
and radiation oncologist are recommended
to have a reasonable background about dose
distribution in different depths for
irradiated and protected areas. This is an
important issue where an OAR is located in
the protected area, and it is supposed to be
shielded by using a Cerrobend block
perfectly. As figure 7 shows, in order to
achieve a reasonable dose for protected
area, for instance less than 20%, the Cerro-
bend block width should be around 16 mm.

Evaluation of penumbra region protected
using Cerrobend blocks

Typical relative dose distribution maps
for a stepped shaped Cerrobend block,
whose structure is shown in figure 3(a), for
6MV and 15 MV photons are shown in
figure 8. Like other dose maps which are
illustrated previously, the irradiated and
protected areas are shown in red and blue,
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respectively. The dosimetric characteristics
of penumbra regions in zoom are also shown
in figure 9.

Evaluation of isodose curves at penum-
bra region showed that with an increase of
depth of interest, penumbra width was
developed. This could be shown for 80% and
10% 1sodose curves, achieved for photon
6MV (see figure 9 a, b). A decrease of the
isodose undulation can also be observed
with the increase of the depth of interest.
For isodose curves acquired using photon 15
MV, the penumbra width was found to be
narrower than those measured for photon
6MV at the same depths. More scalloping
was observed for 70% to 20% isodose curves.
Compared with similar studies performed
by using MLCs, the width of the penumbra
region achieved in the current study was
found to be around 2-3 mm narrower than
those achieved using a MLC block (1016, 28, 31,
32, 40)

The comparison of penumbra region
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characteristics achieved by using Cerrobend
blocks with those generated using conven-
tional collimators mounted in linac head is
shown in figure 10. This investigation
showed that the shape of penumbral region
of conventional collimators mounted in linac
head were in a routine shape and order.

Although a significant difference in
penumbra region was observed for those
fields created using Cerrobend blocks and
linac secondary collimation tools, it was
reported that the MLC penumbra width was
slightly wider (1-3 mm) than the penumbra
of a radiation field generated using the
conventional collimator jaws (10, 13,23, 24, 41),

As penumbra width was a function of
radiation field size, with an increase of
radiation field, an increase of penumbra
width was expected. As figure 10 shows, a
gentle growth of penumbra region for
conventional jaws could be addressed. The
main cause of the discrepancy was the beam
divergency.
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Figure 5. Relative two-dimensional dose distribution for a 6 MV photon, acquired at (al) build-up layer and (b1) at a 10-cm
depth and (a2 & b2) the corresponding magnified critical areas shielded using a typical Cerrobend block.
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Figure 6. Typical zoomed two-dimensional dose distributions for radiation fields shielded using a typical Cerrobend block
measured at 10 cm depth of a homogenous phantom for (al and a2) low energy, and (b1 and b2) high energy photons.
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Figure 7. The relationship between dose values delivered at the build up layer and at 10 cm depth and the Cerrobend block width.
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Figure 8. Two-dimensional dose distribution map for a stepped phantom Cerrobend block acquired using (a) 6 MV and (b) 15
MV photons.
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Figure 9. Magnified dose distribution contours for penumbra region for a stepped Cerrobend block acquired using EDR2 films
for photon 6MV (a) at build-up layer (b) at 10-cm depth and for photon 15 MV (c) at build-up layer and (d) at 10-cm depth.
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Figure 10. Relative isodose curves for a squared Cerrobend blocks for (a1) 6 MV and (b1) 15 MV photons and (a2 & b2) the
corresponding magnified dose maps.
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CONCLUSION

Cerrobend blocks are widely used in
several radiation oncology centers to protect
normal tissues. This study showed that
regardless the Cerrobend disadvantages
reported % 8 42 the advantages were recom-
mended to be taken into consideration.
However, further study is required to assess
the dose distribution behind the protected
area, as well as Cerrobend material modifi-
cation during molding procedure.
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