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In cancer therapy using gamma radiation one of the limiting factors in dose delivery is the
safety of the healthy tissues and organs around the cancerous mass. Better collimation and
dose fractionation are employed to achieve this. In the present paper results of scattered dose
to healthy tissues around the incident beam cross-section or beam boundaries have been esti-
mated using IAEA standard water phantom and Co-60 incident radiation. It has been ob-
served that scattered dose to healthy tissues increases linearly from 4% to 7% of the incident
dose of 185 cGy to 200 cGy at the centre of the beam, at 5 cm depth in water, as we increase
the incident beam field size from 5 cm x 5 cm to 10 cm x 10 cm. Also the maximum unwanted
scattered dose for any field size remains closer to the incident beam boundaries.
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INTRODUCTION

The malignant growth of human tissue beyond
normal limits, commonly known as cancer, has be-
come a very common contemporary disease. Only
during the calendar year 2007 more than 7 million peo-
ple died of cancer in the world [ 1]. This number is 13%
of the total human deaths occurred in the world in
2007. American cancer society estimated 20000
global cancer deaths per day during 2007 [2]. Among
the curative efforts to fight cancer, the use of radiation
is very common. During treatment of cancer patients,
very high radiation doses are delivered to kill the can-
cerous cells as well as a fraction of healthy cells in the
immediate periphery of the tumour mass. However,
unwanted radiation dose is inevitably delivered to the
healthy tissues of the patients’ body during therapeutic
process. Statistically driven radiation scattering going
on in the cancerous mass gives rise to the scattered ra-
diation dose to the surrounding healthy tissue.

Prevention of healthy tissue from receiving un-
due radiation dose is one of the fundamental responsi-
bilities of medical physicist during treatment plan-
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ning. If one has prior estimate of the extent of scattered
dose to the healthy tissues, one will be in better posi-
tion to devise safe and effective treatment planning.

In the present study we have used standard IAEA
water filled poly methyl methacrylate (PMMA) phan-
tom to estimate the scattered dose to water around the
main beam area. Water is one of the best and easily
manageable tissue equivalent material and water filled
phantoms are widely used to calibrate therapy level
dosimetry systems which are employed in cancer ther-
apy [3, 4]. The scattered dose around the incident
beam, from Co-60 therapy level irradiator GWGP-80,
was measured at various depths and field sizes in the
phantom.

MATERIAL AND METHODS

Collimated radiation beam from Co-60
teletherapy source was taken as the incident gamma
radiation. The absorbed radiation dose was measured
in water phantom placed in front of radiation beam at a
distance of 80 cm from the radiation source —source to
surface distance (SSD) as shown in fig. 1. This is the
standard distance used for calibration of dosimetry
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Figure 1. Irradiation geometry for scatter dose
assessment with 80 cm SSD

systems in cancer therapy centres. The incident radia-
tion dose of 185 cGy to 200 cGy was chosen since this
the most probable dose fraction used in majority of the
cases of cancer therapy [5]. The square field sizes of
Secmx5cm,7cmx 7 cm,and 10 cm x 10 cm were cho-
sen at the entrance surface of the phantom. The ab-
sorbed radiation dose was measured using 0.62 cm?
graphite thimble Farmer type ion chamber hooked
up with SuperMax measuring assembly. During nor-
mal calibration of dosimetry systems the measure-
ments are made at a standard depth of 5 cm in water be-
low the incident surface of the phantom. Dose
measurements in this study were made at depths of
5cm, 10 cm, 15 cm, and 20 cm in water below the inci-
dent surface of the phantom.

The measurements taken along the central line of
the incident beam at the above quoted depths represent
dose mainly due to primary beam with some contribu-
tion from scattered radiation. For the sake of simplicity
we assume it as the approximately unscattered dose
(hereinafter termed as central dose) to be delivered to a
cancerous mass at respective depth against which all
other readings are normalized. Measurements along
the either side of the incident beam inside the water
phantom, as shown schematically in fig. 2, are the con-
tribution due to scattering taking place in the main
beam area. The measurement points along either
side of the main beam cross-section are ata distance
of 2.5 cm, 5 cm, 7.5 cm, and 10 cm from the outer field
boundary of the incident beam. The dosimetry system
used in these measurements was properly calibrated
against secondary standard of SSDL PINSTECH, Pa-
kistan [3, 4]. The system was calibrated in terms of ab-
sorbed dose to water by substitution method [6]. The
positioning error in this method is assumed as zero
since the chamber was fitted in the PMMA inserter
sleeve which guided the chamber into its position and
it was aligned using laser beam. The calibration factor
in dose mode came out to be Ny, = 0.97789
mGy/mGy. The measurements were normalized at
reference conditions i. e., temperature of 20 °C and at-
mospheric pressure of 1013.25 mbar, according to the
following equation
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Figure 2. Top view of PMMA water phantom showing
beam edges and points of measurement

where Dy, is the corrected dose, X — the uncorrected
dose, Ny, —the calibration factor, and k;—the temper-
ature pressure correction factor, which is calculated
from the equation

(T, +27315)-P,

T (2)

(T, +27315)-P,,

where Py =1013.25 mbar and 7;,= 20 °C are reference

values of pressure and temperature, and Py, and 7,, are

the values of prevailing pressure and temperature mea-
sured during the experiment.

RESULT AND DISCUSSION

In our present study we have assumed that the
cancerous mass is located at a depth of 5 cm below the
surface, therefore, all the measurements of radiation
doses along centre of beam line as well as scattered
doses on either side of beam cross-section have been
normalized with respect to absorbed dose at 5 cm depth.
Measurements were made at depths of 5cm, 10 cm, 15
cm, and 20 cm along central line of the incident gamma
beam inside the phantom as well as scattered doses
away from the beam edges at each depth. The field size
at the entrance surface of the phantom was kept at 5 cm
x 5 cm. The data of scattered doses have been graphi-
cally presented in fig. 3. It can be seen that scattered ra-
diation dose to healthy tissue at a distance of 2.5 cm on
either side from the field edge is 4% of the central dose
at 5 cm depth (tumour dose) and it reduces to 2% of the
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Figure 3. Exponential curve fitted to scattered dose as (per-
centage of tumour dose at 5 cm depth) and as a function of
distance from field edge of incident beam at depths of S cm,
10 cm, 15 cm, and 20 c¢m for field size of 5 cm x 5 cm

tumour dose at 20 cm depth. As we move away from the
field edge the difference in the scattered dose reduces as
we go deeper in the phantom. This is clearly seen when
we compare the scattered dose along a line at a distance
of 10 cm from beam edge. The scattered dose at 5 cm
depth from front wall of phantom along this line is
about 1% of the tumour dose and it slowly reduces to
0.4% of tumour dose at a depth of 20 cm in the phantom.
This indicates that scattered dose to the healthy tissue in
the vicinity of the tumour mass is relatively high for any
treatment planning or irradiation geometry. Reducing
this scattered dose around the tumour mass will be a de-
fining parameter for safety of healthy tissue. When we
compare the first point and last point on the horizontal
axisin fig. 3, itis clear that scattered dose contribution is
higher near the beam edge and at shallower depths as
compared to farther from the beam edge and at deeper
positions. It is also clear that appreciable effect of the
field size to the scattered doses is only in the immediate
vicinity of the tumour (column at 2.5 cm in the histo-
gram in fig. 5).

The same data has been plotted in histogram form
for each of the depths namely, 5 cm, 10 cm, 15 cm, and
20 cmin the phantom at various distances from the edge
of the beam as shown in fig. 4. This shows that as we
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Figure 4. Histogram plot of percent scattered dose for
each depth in the phantom at various distances from the
edge of the beam for field size of 5 cm x 5 cm
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Figure 5. Scattered radiation dose for field sizes 5 ¢m x
x5em,7cmx7cm,and 10 cm x 10 cm at S cm depth from
front wall of the phantom and for various distances from
the beam edge

move away from the centre of the beam line the
scattered dose falls almost exponentially. To see this,
exponential curve has been fitted to the scattered dose
data as shown in fig. 3. Equations of the fitted exponen-
tial curves indicate a characteristic attenuation coeffi-
cient of percent scattered dose in the phantom which
ranges from 0.1813 cm™ t0 0.2105 cm! with average
0f0.192 cm™!. This linear attenuation coefficient in wa-
ter (as well in soft tissue) corresponds to gamma energy
in the range of 60 keV to 80 keV [7], which is thought
due to Compton scattering inside the main beam.

Table 1 gives scattered radiation dose for field
sizes 5ecmx5cm,7cmx 7 cm, 10 cm x 10 cm. The be-
haviour of scattered dose at each field size at 5 cm
depth as we move away from the beam edge has been
plotted in fig. 5. It can be seen that at field size10 cm x
x 10 cm the scattered radiation dose is quite high. This
is because available volume of the scattering medium
and thus the scattering centres have increased which
gives rise to higher scattering doses to the healthy tis-
sue. Therefore, in actual cancer therapy irradiation, the
field size should be decreased as much as possible and
optimum for the treatment.

When the gamma radiation beam emits from the
Co-60 irradiator it undergoes scattering with the mate-
rial of the beam collimator. This gives rise to well
known penumbra region around the main radiation
beam. To investigate whether this effect has any con-
tribution to the scattered radiation doses in the phan-
tom and reported in this study, a separate experiment
was carried out for measurement of beam penumbra at
80 cm distance from the source in air for a field size of
10 cm x 10 ecm. This result has been plotted in fig. 6. It
can be seen that the beam falls very fast to almost zero
within 1 cm on either side of the beam edge. This
shows that beam penumbra effect has got no contribu-
tion to the scattered radiation doses presented in this
study.

As shown in tab. 1, the scattered radiation doses
for a field size of 5 cm x 5 cmand ata distance of 10 cm
on either side of beam edge is 1.08% of tumour dose at
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Figure 6. Beam profile for field size 10 cm x 10 cm at 80 cm
in air to see the extent of beam penumbra

Table 1. Scattered dose as percentage of dose at the centre
of beam at 5 cm depth from wall of phantom for three field
sizes and at various distances from the beam edges

Field size at the entrance surface of phantom
Chamber P

position | 5cm x 5 cm
from
beam
edge

7ecmx7cm | 10cm x 10 cm

Mean | Percent | Mean | Percent | Mean | Percent
dose |of centrall dose |of central| dose |of central
[cGy]| dose |[cGy]| dose |[cGy]| dose

centre J1g6.36 100 |185.71] 100 0113 100
of beam

2.5cm | 7.46 4 9.06 | 4.88 |1435] 7.13
50cm | 4.84 2.6 6.58 | 3.54 | 943 | 4.69
75cm | 2.65| 142 | 458 | 246 | 649 | 322
10.0cm | 2.01 1.08 | 2.52 136 | 432 215

the centre of beam. In a real situation these scattered
radiation dose to left arm (almost 12 to 13 cm away
from the beam edge in a breast cancer therapy case)
has been 1.8% of the fractionated dose received [8].
This is slightly greater than scattered dose estimated in
our case and the difference could be due to increased
scattering from human skeleton which contains rela-
tively higher Z material in the form of calcium. How-
ever, our value is not very much far away from the real
case and gives a good approximation of the actual
case. Scattered dose at a distance of 2.5 cm from the
beam edge at a depth of 5 cm below the surface for
field size of 10 cm x 10 cm is 7.13% of the central
beam dose. In a similar study, by Uddin ef al., a scat-
tered radiation dose has been determined for field size
10 cm x 10 cm and at a distance of 3 cm from the beam
boundary to be equal to about 6.7% of the central
beam, which is close to our value [9].
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MNPOIEHA OONNPUHOCA NO3E PACEJAHOI 3PAYEIbA 3[PABOM TKUBY
Y PAAIMJAIIMOHOJ TEPAIININ KOPUIKREILEM BOJEHOI ®AHTOMA

Jeman on orpanmyaBajyhux akTopa mpu NponucHBamy A03€ Y Jeuewy paka je CUTYpPHOCT
3[[paBUX TKMBA M OpraHa OKO KaHIEpOreHe Mace, Te ce pajy Tora BpIIU 0oJba KOJUMAIja CHONA H
(¢pakumonanuzanuja mo3e. Y oBOM paay, Kopuirthewem crangapgaor MAAE BopeHor ¢anToma u
3pauera 3 Co-60, mpolemeHa je mo3a pacejaHor 3paderma IpefaTa 3[paBOM TKHBY OKO T'paHHUIA
WHIUAEHTHOT CHOTA. Y KOJIMKO ce MOBPUIMHA HHIMACHTHOT cHoma yBeha of 5 cm x 5 cm Ha 10 cm x 10 cm,
YOUEHO je Jla ce 103a pacejaHor 3padyewma Ha 5 cm y Boju yBehaBa nuHeapHo oft 4% 110 7% BpegHOCTH
WHIUJICHTHE 103€, Koja y neHTpy cHona uzHocu off 185 cGy mo 200 cGy. Takobe, MakcuMyMm HemoKeJbHE
JI03€ pacejaHor 3paveHa 3a Ma KOjy MOBPIINHY CHOIIA OCTaje Y OIM3MHA rpaHMIa HHIIMICHTHOT CHOTIA.

Kmwyune peun: 003a pacejano? 3pauersa, ilepatiuja kanyepa, 30paso WiKUuso, iiepaija 3paierbem,
800¢HU aHITIOM




