Iran. J. Radiat. Res., 2011; 9(2): 109-119
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Background: The heterogeneous composition of
the human body presents numerous tissue types and
cavities with widely differing radiologic properties. The
aim of the present work was to develop a low cost
homogeneous and heterogeneous phantom and the
absorbed dose were measured by ionization chamber
for different radiotherapy treatment techniques and
compared with treatment planning system absorbed
dose values. Materials and Methods: Present work
deals with the fabrication of inexpensive homogene-
ous and heterogeneous tissue equivalent slab
phantom using polymethyl methacrylate, cork, teflon
and perspex as a tissue, lung, spine and tumor
simulating materials respectively. These phantoms
were used for different treatment techniques and full
rotation techniques in SSD and SAD techniques.
Results: The measured dose values for the different
positions of both phantoms were compared with the
TPS values. The values are coinciding with each other
and the percentage of deviation varies from 0.47 to
2.8 and 0.49 to 2.86 for heterogeneous and homoge-
neous phantoms respectively. Conclusion: The
measured values from ion chamber were compared
with 3-D Plato Treatment Planning System (TPS). TPS
values were also revealed the same result for
homogeneous and heterogeneous phantoms. The
dose value of tumor is found to be gradually
decreased with increase in arc angle. The dose value
of spine is also found to be gradually decreased up to
90° and increased in 360°. Heterogeneity correction
would definitely improve the cancer treatment of the
heterogeneity region. This in-house phantom is
inexpensive, easy to handle and very useful one to
verify the TPS calculation. Iran. ]. Radiat. Res., 2011; 9
(2): 109-119
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INTRODUCTION

A primary objective in modern
radiotherapy is to maximize the therapeutic
benefit of radiation treatments which

critically depends on delivering the
prescribed dose to the target volume with
high spatial precision and minimize the
dose to the neighboring healthy tissues.
Achieving this goal requires accurate spatial
localization of all relevant structures and
accurate calculation of the absorbed dose @,
There are still some difficulties, such as the
radiation beam geometric and dosimetric
characterization of radiation fields ©.
Heterogeneity corrections in dose calcula-
tions are necessary for radiation therapy
treatment plans ®. The effect of heteroge-
neities on dose distributions and dose
calculations is an issue that has concerned
the medical physics community for almost
three decades. Most studies have investi-
gated low-density materials, more or less
equivalent to lung “ 17,

The human body consists of numerous
tissue types and cavities like lungs, bones,
teeth, sinuses, nasal and oral cavities with
widely differing radiologic properties.
Optimization of radiotherapeutic impact
requires correct accounting for this
heterogeneity so that absorbed dose may be
accurately determined in all irradiated
tissues 1®, The effects of air cavities on
radiosurgical beams, shows a dose drop
across the cavity. Subsequent buildup and
dose enhancement on the distal side of the
cavity have also been reported 192D, Accu-
rately determining the dose in the regions of
complex tissue heterogeneities, such as in
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the thorax, is a current challenge in clinical
trials for the reporting of consistent tumor
and lung doses @2. The accuracy of dose
calculations using heterogeneity corrections
have been evaluated mostly in studies of
dose delivered along the central axis and in
the penumbral regions based on simple
beam geometries using slab phantoms @3, 24,
Other studies have compared the accuracy
of treatment planning systems to Monte
Carlo calculations from patient CT data sets
2527, Only limited data have been obtained
for advanced systems designing treatment
plans using anthropomorphic phantoms @&
30, Simple homogeneous and heterogeneous
spherical and cylindrical phantoms have
also been used with ion chambers to monitor
the delivered doses for multi-field plans @b
32)

The aim of the present study was to
develop a low cost homogeneous and hetero-
geneous  phantom  using  polymethyl
methacrylate (PMMA), cork, teflon and
perspex for soft tissue, lung, spine and
tumor substitutes respectively. These
materials were selected for availability and
low price and good machining property.
Many holes were made in these phantoms in
different areas to insert the cylindrical 0.6
cc ion chamber and measure the point doses.
Measurements were done for different
conventional lung treatment techniques for
different field sizes, arc technique for
different angles and also for full rotation
techniques. Finally, these measured values
were compared with 3D Plato TPS values.

MATERIALS AND METHODS

Heterogeneous phantom

PMMA, cork, teflon and perspex
materials were used to fabricate the hetero-
geneous phantoms. PMMA is an amorphous
thermoplastic which is optically transpar-
ent, unaffected by moisture and offers a
high strength to weight ratio. PMMA and
cork slabs dimensions were 30X30 cm? and
with various thickness. Cylindrical shape
teflon with 30 cm in length and 2.5 cm in
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diameter was used as stimulating material
for spine. 30 cm length of perspex with 4x4
cm? cross section was used for tumor
stimulating material.

The relative electron density of PMMA,
cork, teflon and perspex was 1.02, 0.2, 2 and
1.18 g/cm3 respectively in comparison with
water. A hole (1.5 cm dia and 15 cm depth)
was drilled exactly on the centre of teflon
cylindrical rod and perspex square rod to
insert the 0.6 cc ionization chamber. PMMA
and cork are used as a stimulating material
for soft tissue and lung respectively.

Homogeneous phantom

Homogeneous phantom was fabricated
using 30 X 30 cm? dimensions of PMMA slab
with various thicknesses (0.1 to 3 cm). A
hole was drilled in one of the thickest (3 cm)
slab to fit the ionization chamber.

Dose measurements

Figurel shows the experimental setup of
PMMA and cork slab phantom and the ion
chamber inserted in the cork slab to
measure the lung dose. The radiation
measurements have been made from a
cobalt-60 machine with a source to surface
distance of 80 cm. The cobalt machine is
Theratron Phoenix with average photon
energy of 1.25 MeV. The dose measure-
ments were performed using a CD-high tech
secondary standard dosimeter SSD-92/090
cylindrical ionization chamber with 0.6 cms3
volume, 5.5 mm diameter and 25.5 cm
length, connected to a CD-high tech elec-
trometer and calibrated at the Bhabha
Atomic Research Center (BARC) secondary
standard calibration laboratory. Due to its
relatively large volume, Serago et al 33 and
Rustgi and Frye ¢4 recommended that this
chamber could be used for field diameters
greater than 20 mm. Therefore this
chamber was used only for the largest field
size measurements. Measurements were
done for different treatment techniques for
the field sizes vary from 5x5 to 35X35 cm?2.
The experimental heterogeneity correction
factor for each point was taken as the ratio
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of readings with and without the presence of
the inhomogeneity with the same geometric
conditions.

Figure 1. Experimental setup of PMMA and cork slab phantom
and the ion chamber inserted in the cork slab to measure the
lung dose

Treatment techniques
Technique 1

In this technique, the heterogeneous
phantom consists of two layers such as cork
(9.8 cm thickness) and PMMA (5 cm thick-
ness) and the homogeneous phantom
consists of PMMA slabs with total thickness
of 14.8 cm. Output measurements have been
done using Co-60 machine for different field
sizes varying from 5X5 to 35%X35 cm?2, with a
source to surface distance (SSD) of 80 cm.

The chamber was kept at 10 cm depth in
both phantoms. The experimental set up for
SSD technique is shown in figure 2. The
same procedure was adopted for source to
axis distance (SAD) technique in which
chamber to source distance is 80 cm and the
total thicknesses of the homogeneous and
heterogeneous phantoms are same.

Technique 2

Figure 3 shows the experimental set up
of homogeneous and  heterogeneous
phantoms. The cork with the thickness of
9.8 cm is placed between two PMMA slabs
(5 cm thickness) to form a heterogeneous
phantom. Homogeneous phantom with 19.8
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cm thickness was used in the SSD and SAD
techniques. The dose values were measured
for various field sizes (5%5 to 35%35 cm?) at
the depth of 15 cm.

Technique 3

The heterogeneous phantom was built
using PMMA and cork slabs in two ways: ()
three layers of PMMA (each 4 cm) and two
layers of cork (each 4 cm) were alternatively
placed one by one; (ii) 4 cm thickness of cork
slab was placed between 12 and 4 c¢cm thick-
ness of PMMA slabs. Chamber was placed
at a depth of 16.2 ¢m for both phantoms in
SSD and SAD techniques (figure 4), various
field sizes (5%5 to 35%35 cm?) at the depth of
15 cm.

Figure 2. Experimental setup of (a) heterogeneous
(cork+PMMA) and (b) homogeneous (PMMA) phantoms in SSD
technique

Figure 3. Experimental setup of (a) heterogeneous
(PMMA+cork+ PMMA) and (b) homogeneous (PMMA)
phantoms in SSD technique
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Figure 4. Experimental set up of different layers of hetero
geneous phantoms.

Technique 4

Thoracic phantom consists of 7 and 4 cm
thickness of PMMA slabs, 8 cm thickness of
cork slab, 3 cm diameter of Teflon cylinder
rod and 4 X 4 cm? square perspex block. The
cork slab was placed between the PMMA
slabs and teflon rod placed within the 4 cm
thickness of PMMA slab. At the centre of
the cork slab, perspex with dimensions 30 x
4 X 4 cm? was inserted. Perspex mimics as
lung tumor. A hole was drilled at the centre
of perspex for the dose measurements of
tumor. Five holes were provided on the cork
slab to measure the point dose on central
axis and off-axis. Two holes (5 and 10 cm)
were made on left and right sides of the cen-
tre hole at central axis respectively. The
teflon cylindrical rod was placed in the
PMMA slab for the dose measurement of
spine.

The ionization chamber was placed in
the PMMA block to measure the tumor dose.
During the exposure of radiation to the
particular area, the other holes are com-
pletely closed by inserting the respective
materials to avoid the air inhomogeneity.
Thereafter chamber was removed and
inserted into the teflon rod to measure the
spine dose. The field size was kept as 15x15
cm? and the chamber was irradiated for 200
c¢Gy. Same procedure was followed for the
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other five holes in the cork to measure the
lung dose for the same treatment
techniques. Similarly, the same measure-
ment was carried out for the homogeneous
phantom. The dimension of the homogene-
ous phantom reflects the heterogeneous
phantom except cork slab. Figure 5 shows
the experimental set up of the heterogene-
ous and homogeneous phantoms.

[ XN N X ]
—p >
10cm: Sem

x PWMA

| Perspex (30%4%4 em?) | | Teflonrod (3 cm diameter) ‘

Figure 5. a) Heterogeneous phantom indicating the location of
perspex (tumor), cork (lung), Teflon(spine) materials, b) similar
homogeneous phantom except cork.

Technique 5

In this technique, thoracic phantom was
kept in the top of the couch and the chamber
was placed in the perspex chamber’s block of
tumor. The source to axis distance was set
as 80 cm. The field size was kept 15 X 15
cm? and the exposure was made about 200
cGy. The dose values were measured
for anterior to posterior (AP), right
posterior oblique (RPO) and left posterior
oblique (LPO) fields (figure 6). The chamber
was irradiated for 200 cGy to measure the
dose values for “Arc therapy” and “Rotation
therapy” with gantry rotations from 345 to
15° (30°), 340 to 25 (45°), 330 to 30° (60°),
325 to 40° (75°), 315 to 45° (90°) and full
rotation about 360°. Then, the ionization

chamber was placed in perspex, teflon
and cork respectively for the both
phantoms.
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Figure 6. Heterogeneous phantom experimental set up in three
field technique for 0°, 135°, 225" esophagus tumor.

Technique 6 (Treatment planning system)
The heterogeneous and homogeneous
phantom dose values were compared with 3-
D Plato Treatment planning system (TPS).
The percentages of deviation were measured
for  heterogeneous and homogeneous
phantoms and compared with TPS. Arc
technique for 30, 45, 60, 75, 90 and 360° for
homogeneous and heterogeneous phantom
dose values also compared with TPS. The
percentage of deviation was measured.

RESULTS AND DISCUSSION

Ionization chamber was kept at 10 cm
depth in the cork and perspex phantoms to
determine the inhomogeneity. Field sizes
were increased from 5%X5 cm? to 35%X35 cm?
and meter readings were measured. The
measured readings were presented in table
1. Figure 7 shows the meter reading for
different field size of cork and PMMA
phantoms in SSD and SAD techniques. It is
observed from the figure that the meter
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reading is increased with the field sizes for
both phantoms. At fixed field size, the meter
reading for the cork phantom is higher than
the PMMA phantom. This is due to less
attenuation of cork phantom than the
PMMA phantom. From the figure, it is also
observed that the radiations are attenuated
more in PMMA and less in cork. The
percentage of deviation for the both
phantoms is higher at lower field size and
lower at higher field size. The percentage of
deviation decreases with the increase in
field size up to 22x22 cm?2. There after it
remains constant. This implies that the
attenuation is same in both the materials at
higher field size. The observed reading in
SSD technique shows a trend similar to
SAD technique. The dose value of SSD
technique is higher for the particular field
size than the SAD technique where the
source to chamber distance is 90 cm. SSD
and SAD techniques were used for this
measurement and the chamber was kept at
15 cm depth. The measured values for
different field sizes were presented in table
2. From the table, it is noted that the meter
reading increases linearly with field size for
both PMMA and PMMA + cork phantoms.
Since the cork is attenuating the radiation
less than the PMMA phantom, PMMA +
cork phantom values are higher than the
PMMA phantom. The percentage of
deviation is comparatively less than the 10
cm depth measurement of the phantoms
(table 1). Plot of meter reading versus field
size of PMMA and PMMA + cork phantoms
is shown in figure 8. For the particular field
sizes, the deviation observed from this
technique is higher than that of SAD
technique. Two slabs of cork (each 4 cm)
were placed alternatively between the three
PMMA slabs (each 4 cm). A cork slab with 4
cm thickness was placed between 12 and 4
cm thickness of PMMA. The ionization
chamber was placed at 16.2 cm depth from
the top surface of the both phantom
respectively.
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Table 1. Percentage deviation between cork and PMMA phantoms for SSD and SAD techniques.

Field SSD Technique SAD Technique

(2:12) col\:lketer rea::c"gVIA % Deviation Col\:lketer rea;l:\r;"gWA % Deviation

5x5 33 29 13.79 41 36 13.89

6x6 34 30 13.33 43 37 16.22

8x8 36 33 9.09 46 41 12.20
10x 10 38 35 8.57 49 44 11.36
15 x 15 42 39 7.69 53 49 8.16
20x 20 44 41 7.32 57 52 9.62
22 %22 45 42 7.14 58 53 9.43
25 x 25 46 43 6.98 59 54 9.26
30 x 30 46 43 6.98 60 56 7.14
35x 35 46 43 6.98 60 56 7.14

Electrometer reading (MU)

e =esae

—+—Cork (S5D)

—m—PMMA 5SD)

—a—Cork (SAD)

—e—PMMA [SAD)

Electrometer Reading (MU)

5x5 6x6

8x8 10x10 15x15  20x20  22x22  25x25 30x30  35x35

Field Size (cm?)

Figure 7. Meter reading Vs field size of cork and PMMA

phantoms in SSD and SAD techniques.

—+—PMMA (S50)

—&—PMMA + Cork
(55D)
—a— PMMA (SAD)

—a—PMMA + Cork
(SAD)

5x5 6x6

8x8 10x10  15x15 20x20 22x22  25x25 30x30  35x35
FieldSize {cm?)

Figure 8. Meter reading Vs field size of PMMA and PMMA +

cork phantoms in SSD and SAD techniques.

Table 2. Percentage deviation between PMMA and (PMMA + cork) phantoms for SSD and SAD techniques.

. . SSD technique SAD technique
Flc(etl::ins;;ze Meter reading % Deviation Meter reading % Deviation
PMMA PMMA + cork PMMA PMMA + cork
5x5 18 20 10.00 25 28 10.71
6x6 19 21 9.52 26 29 10.34
8x8 21 23 8.70 29 32 9.38
10x 10 23 25 8.00 32 35 8.57
15 x 15 26 28 7.14 36 39 7.69
20x 20 28 30 6.67 40 43 6.98
22 x22 29 31 6.45 41 44 6.82
25 x 25 30 32 6.25 42 45 6.67
30x 30 31 33 6.06 44 45 2.22
35 x 35 31 33 6.06 44 45 2.22

The phantoms have been exposed for
200 c¢Gy in SSD and SAD techniques and
the measured readings are presented in
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table 3 and plotted in figure 9. From the
figure, the attenuated radiation is found to
be low for the higher thickness and high for
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the lower thickness of the cork in both
techniques of SSD and SAD. The percentage
of deviation for the SSD technique is found
to be relatively lower than the SAD tech-
nique which might be due to the distance
between the sources to chamber. The
observed percentage of deviation in this
technique is less than the previous tech-
nique (table 4) which reveals that the higher
inhomogeneity reduces the percentage of
deviation. Figure 10 shows the dose values
at different position in heterogeneous and
homogeneous phantoms. The figure depicts
that the dose values for both the heteroge-
neous and homogeneous phantoms are
similar to each other and for the particular
field the dose value of heterogeneous
phantom is higher than the homogeneous

Phantoms for lung radiation treatment

percentage of deviation is found to be high
for the position (1 and 5) lying in the beam
edge. The positions (2, 3 and 4) lying in the
lung show the low percentage of deviations
and having values nearly the same indicat-
ing the flatness of the radiation beam. The
percentage of deviation of tumor and spine
is found to 2.1 and 1.81 respectively which
reveals the presence of inhomogeneity.
Meter readings of homogeneous and hetero-
geneous phantoms in tumor and spine were
measured for different arc angles such as
30, 45, 60, 75, 90 and 360° (table 5). The
variation of meter reading with arc angle is
shown in figure 11. The dose value of tumor
is found to decrease gradually with the
increase in arc angle. The dose value of
spine is also found to be gradually decreased

phantom. It

1s also observed that the

up to 90° and increased in 360°. For the

Table 3. Percentage deviation between different (PMMA + cork) phantoms for SSD and SAD techniques

Field SSD technique SAD technique

size PMMA + 2 PMMA +1 % Deviation PMMA PMMA +1 % Deviation

(cmz) cork cork +2 cork cork

5x5 18 17 5.55 26 24 8.00

6x6 18 17 5.55 27 25 7.70

8x8 20 19 5.00 29 27 7.14
10x 10 22 21 4.54 31 29 6.66
15x 15 25 24 4.00 36 34 5.71
20x 20 27 26 3.70 39 37 5.26
22 x 22 28 27 3.57 40 38 5.12
25 x 25 29 28 3.44 42 40 4.87
30 x 30 29 28 3.44 43 41 4.76
35x 35 29 28 3.44 43 41 4.76

——PMMA+ 2 Cork (55D)
20
i —8—PMMA+1 Cork (55D)

—i—PMMA+ 2 Cork
(SAD)

—8—PMMA+ 1 Cork
(SAD)

Electrometer Reading (MU)

55 Bx6 88 10¢10 15015 20:20 32 5x25 30030 35035
Field Size (cm?)

Figure 9. Meter reading Vs field size of different (PMMA + cork)
phantoms for SSD and SAD techniques.

—+— Heterogeneous phantom
—=— Homogeneous phantam

ELECTROMETER READINGS (MU)

Position1  Position2 Position3  Positiond  Positong  Tumor Spine

DOSE POINTS

Figure 10. Variation of dose values with different position in
the heterogeneous and homogeneous phantoms
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particular arc angle, the dose wvalue 1is
higher for heterogeneous tumor and spine
than the homogeneous tumor and spine
respectively.

The measured dose values for the
different positions of homogeneous and
heterogeneous phantoms were compared
with the TPS values. The values are coincid-
ing with each other and the percentage of

deviation varies from 0.47 to 2.8 and 0.49 to
2.86 for heterogeneous and homogeneous
phantoms respectively. The data are
presented in table 6. The dose values for
homogeneous and heterogeneous phantoms
of tumor and spine at different arc angles
were compared with TPS wvalues and
presented in table 7. Ion chamber measured
values in the homogeneous and heterogene-

Table 4. Comparison of the monitor units at different positions in the heterogeneous and homogeneous phantoms.

S. No. Chamber location in Heterogeneous Homogeneous % Deviati
phantoms phantom (MU) phantom (MU) ¢ Deviation
1 Position 1 26 22 18.18
2 Position 2 150 146 2.74
3 Position 3 150 146 2.74
4 Position 4 150 146 2.74
5 Position 5 25 21 19.05
6 Tumor 146 143 2.10
7 Spine 169 166 1.81

Table 5. Comparison of meter reading for the heterogeneous and homogeneous phantoms by arc techniques.

S. No. Chamber locations in phantom Meter reading in arc techniques
302 452 602 752 902 3602
1 Heterogeneous tumor 97 96 94 93 90 76
2 Heterogeneous spine 50 49 48 47 46 59
3 Homogeneous tumor 95 93 92 91 87 72
4 Homogeneous spine 45 44 43 42 40 57
120
g 100 — o
= = . e " N
£ 80 -\\
=
2
€ 80
3 —— o - .
E 20 ¢ - — s * /
E 20
d
0
30 45 60 75 90 360

Gantry Angles {Degree)

—+—Heterogeneous tumaor

—i— Homogeneous tumor

—8— Heterogeneous spine

—8— Homogeneous spine

Figure 11. Variation of electrometer reading with different arc angles in the heterogeneous and homogeneous phantoms.
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ous phantoms were compared with the TPS
values at different angle treatment
techniques for tumor and spine. The values
coincide with each other and the percentage
of deviation is calculated. The percentage of
deviation between measured and TPS
values of homogeneous and heterogeneous
phantoms of tumor vary from 0.32 to 1 and
1.06 to 1.96 respectively. Similarly the
percentage of deviation of homogeneous and
heterogeneous phantoms of spine varies

from 0.99 to 2.3 and 125 to 2.79
respectively.
CONCLUSION

Homogeneous and heterogeneous

phantoms were successfully fabricated using
different tissue equivalent material such us

Phantoms for lung radiation treatment

PMMA, cork, teflon and perspex for soft
tissue, lung, spine and tumor substitutes
respectively. Dosimetric measurements
were performed using cobalt-60 gamma rays
in tissue equivalent slab homogeneous and
heterogeneous phantoms. This phantom was

irradiated for different conventional
treatment techniques, arc and rotation
techniques. The ion chamber measured

values and TPS calculated values presented
in this study are the characteristic of those
obtained for a range of field size, inho-
mogenity thickness and positions chosen to
represent typical geometric encountered in
practice. The percentage of deviation for

conventional treatment technique was
observed for a maximum of 16.22% and
minimum of 6.98%. The presence of

heterogeneity gives more radiation than

Table 6. Comparison of measured values with TPS values for homogeneous and heterogeneous phantoms.

Chamber Heterogeneity Homogeneity

location in Measured TPS % Deviation Measured TPS % Deviation

phantoms values values values values
Position 1 26.0 26.60 2.31 22 22.5 2.27
Position 2 150 150.9 0.60 146 146.8 0.55
Position 3 150 150.7 0.47 146 146.7 0.48
Position 4 150 151.0 0.67 146 147.1 0.75
Position 5 25.0 25.70 2.80 21 21.6 2.86
Tumor 146 147.1 0.75 143 144.6 1.12
Spine 169 170.0 0.59 166 167.4 0.84

Table 7. Comparison of measured values with TPS values for homogeneous and heterogeneous phantoms for different angles.

Tumor in Heteroge- Tumor in Homoge- | Spine in Heterogene- | Spine in Homogene-
neous phantom neous phantom ous phantom ous phantom
T

Ar? E @ » _§ 2w o .5 g @ 0 .E g ] H] -5
Mele | 25|05 B | 23|85 B 25|85 8| 22|25 xE
S T I I A T I O e

= o = o| 2 ) = ()

302 97 97.5 | 0.52 50 51 1.60 95 96 1.26 45 46.1 | 2.44
459 96 96.7 | 0.73 49 50 1.84 93 94 1.18 44 45.2 | 2.73
602 94 94.6 | 0.64 48 49 1.46 92 93 1.41 43 442 | 2.79
75¢° 93 93.3 0.32 47 48 1.06 91 92 0.99 42 43 2.38
902 90 90.9 1.00 46 47 1.96 87 89 2.30 40 40.5 | 1.25
3609 76 76.3 | 0.39 59 60 1.53 72 73 1.81 57 58.4 | 2.46
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homogeneous phantom. The measured
values from ion chamber were compared
with 3-D Plato Treatment Planning System
(TPS). TPS values were also revealed the
same result for homogeneous and heteroge-
neous phantoms. The dose value of tumor is
found to be gradually decreased with
increase in arc angle. The dose value of
spine is also found to be gradually decreased
up to 90° and increased in 360°. Significant
changes are occurring in and near tissue
heterogeneity. These changes are not easily
modeled using only physical density. They
are dependent upon multiple interconnected
factors including density and field size. Dose
algorithms that attempt to scale dose only
by physical density do not accurately predict
dose within or near heterogeneities. During
the External Beam Radiation Therapy the
presence of heterogeneity will affect the
dose distribution. Heterogeneity correction
would definitely improve the cancer
treatment of the heterogeneity region. This
in-house phantom is inexpensive and easy
to handle. This is a very reliable tool to
measure the dose under heterogeneity
condition and it is very useful one to verify
the TPS calculation.
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