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Abstract
Purpose: To compare the results of patient specific absolute dosimetry using slab phantom, acrylic body phantom and goat head
phantom. Methods: Fifteen intensity modulated radiotherapy (IMRT) plans already planned on treatment planning system (TPS)
for head-and-neck cancer patients were exported on all three kinds of phantoms viz. slab phantom, acrylic body phantom and
goat head phantom, and dose was calculated using anisotropic analytic algorithm (AAA). All the gantry angles were set to zero in
case of slab phantom while set to as it is in actual plan in case of other two phantoms. All the plans were delivered by linear
accelerator (LA) and dose for each plan was measured by 0.13 cc ion chamber. The percentage (%) variations between planned
and measured doses were calculated and analyzed. Results: The mean % variations between planned and measured doses of all
IMRT quality assurance (QA) plans were as 0.65 (Standard deviation (SD): 0.38) with confidence limit (CL) 1.39, 1.16 (SD: 0.61)
with CL 2.36 and 2.40 (SD: 0.86) with CL 4.09 for slab phantom, acrylic head phantom and goat head phantom respectively.
Conclusion: Higher dose variations found in case of real tissue phantom compare to results in case of slab and acrylic body
phantoms. The algorithm AAA does not calculate doses in heterogeneous medium as accurate as it calculates in homogeneous
medium. Therefore the patient specific absolute dosimetry should be done using heterogeneous phantom mimicking density wise
as well as design wise to the actual human body.

Keywords: Acrylic Body Phantom; Goat Head Phantom; Patient Specific Absolute Dosimetry

Introduction
In the era of modern radiotherapy techniques day to day new
and advance techniques of radiotherapy are being imple-
mented like intensity modulated radiotherapy (IMRT), image
guided radiotherapy (IGRT), rapid arc therapy and now flat-
tening filter free (FFF). In every technique advance features
and benefits for patients are claimed. One of the most im-
portant parts of treatment planning is algorithm which cal-
culates the dose using information from computed tomogra-
phy (CT) images and structures contoured. Different algo-
rithms have already been compared on the basis of their
accuracy in dose calculation without/with density correction
and the clinical impact of these algorithms.1 Anisotropic
analytical algorithm (AAA) is considered more accurate
compared to pencil beam convolution algorithm as it has
compatibility of doing better heterogeneous correction.2

AAA is based on the superposition-convolution method
which is widely being used in the ECLIPSE (Varian Medical
Systems, Palo Alto, CA) TPS. The AAA employs spatial-
ly-variant MC derived convolution scatter kernels, and it has
separate modeling for primary photons, scattered extra focal
photons and contaminant electrons. With the help of Radio-

logical scaling of the dose deposition function in the beamlet
direction inhomogeneities in the medium are accounted for
anisotropically in the 3 dimensional vicinity and electron
density based scaling of the photon scatter kernels in 16 lat-
eral directions. With the superposition of doses of the photon
and electron convolutions the resultant dose distribution is
achieved.3, 4 However still researchers are doing work on
many codes of Monte Carlo, they advocate that Monte Carlo
consider more accurately the higher level of scattering and
effect of heterogeneity.5 Recently the new algorithm Acuros
XB (AXB) has been introduced with ECLIPSE TPS which is
considered similar to Monte Carlo, few authors have already
presented AXB more accurate algorithm compare to AAA.6, 7

The research in this direction of developing new radiotherapy
modalities with more accurate dose calculating algorithms is
going on.

Before patient treatment with the plan done on TPS, patient
specific relative and absolute dosimetry is done. There are so
many methods of doing relative dosimetry e.g. film dosimetry
by using commercially available film quality assurance (QA)
dosimetry system OmniPro-I’MRT, dosimetry using elec-
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tronic portal imaging device (EPID) dosimetry etc.8-11 For
absolute dosimetry most of people are using small volume ion
chamber and homogeneous phantoms.12, 13 The plan already
done for patient on TPS is exported on phantom CT-images
and dose is re-calculated without changing the monitor units
(MU). Since the medium of phantom is of homogeneous
density so same kind of interaction of radiation inside the
phantom volume happens and so algorithm in use calculate
dose more accurately and when plan is delivered on linear
accelerator (LA) and dose measured with planned dose, the
variation between planned and measured dose lives very low
(in most of cases < 1%). But medium of the actual patient
body is heterogeneous having bones, soft tissue, air cavity,
etc. Hence, calculated dose by algorithm in so complicated
volume must be verified by similar kind of heterogeneous
body phantom. In this study patient specific absolute dosim-
etry has been done by using three kinds of phantoms viz. slab
phantom, acrylic body phantom, and goat head.

Methods and Materials
Three kinds of phantoms were chosen for the patient specific
absolute dosimetry of IMRT plans already done for the
treatment. First one was slab phantom “solid phantom SP34”
(IBA Dosimetry BmbH, Schwarzenbruck, Germany) as

shown in Figure 1(A), each slab of which was made of poly-
styrene C8H8 with effective atomic number 5.74. The second
phantom was acrylic head phantom (TOPSLANE Interna-
tional, USA) as shown in Figure 1 (B), the mean Hounsfield
number (HU) measured from TPS was 112 (density 1.112
gm/cc) and third phantom used was the goat head (thrown by
meat shops as waste material) as shown in Figure 1 (C). This
goat head phantom had all the internal structures as it is i.e.
bones, tissues and air cavity. The density of the internal or-
gans of this goat head was equivalent to that of human head.14

This phantom was wrapped in polythene and thermoplastic
sheet (Orfit) was molded in required shape to hold it on base
plate in stationary position. Ion chamber was fixed in cavity
prepared by screw driver at approximately geometrical centre
of phantom volume and was kept at the same position till the
end of experiment. Three fiducial lead markers were put on
two bilateral points and one anterior point on surface of
phantom in same cross-sectional plan to make three reference
points. The goat head phantom was preserved in refrigerator
during the period of creating plan on CT images of phantom.
The patient specific absolute dosimetry using these three
phantoms was done on three different days but all the se-
lected reference plans (15 IMRT plans) were same for all
three phantoms.

FIG. 1: Photographs of (A) Slab phantom, (B) Acrylic body phantom and (C) Goat head phantom.

FIG. 2: Computed tomography slices of (A) Slab phantom, (B) Acrylic body phantom and (C) Goat head phantom showing dose distribution.
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The CT of phantoms was done on Siemens SOMATOM Def-
inition AS scanner (Siemens Medical System, Germany) with
slice thickness of 3 mm for the planning purpose. The CT
images were imported on TPS system ECLIPSE Vs. 8.9 (Var-
ian Medical Systems, Palo Alto, CA) and fifteen IMRT plans
already done for patient treatment were exported on phan-
toms. Since the slab phantom has plan surfaces and sharp
edges and hence as a standard practice, all the gantry angles
were set to zero in case of slab phantom, while set all the
gantry angles as it is in actual plan in case of other two
phantoms. All the selected plans were done with 6 MV pho-
ton beam, and field arrangement was done in such a way that
all fields were coplanar (CP) with couch angle 0 and no
parallel opposed fields were placed, 5 to 9 gantry angles were
chosen from 0 to 360 as per requirement of plans. For larger
target volumes, two fields at each gantry angle were also used
because of the limitation of MLC movement in x-direction
which is 14.5 cm, if field size exceeds than this size, it gets
split into two fields automatically.14 In this way maximum of
18 fields at nine gantry angles were used in some plans. Dose
volume optimizer (DVO) was used for plan optimization and
anisotropic analytical algorithm (AAA) vs. 8.9.08 with grid
size 0.25 cm was used for dose calculation. Figure 2 (A-C)
shows the CT slices with isodose lines of slab phantom,
acrylic body phantom and goat head phantom.

After successful creation of plans and approval on RT-Chart,
all the plans were scheduled on time planner for delivery.
The phantoms were set on IGRT exact couch of LA with the
help of reference lines on artificial phantoms and markers on

goat head phantom and aligned with the help of pa-
tient-positioning system “Astor green” (LAP GmbH, Lune-
burg). To verify the position cone beam computed tomogra-
phy (CBCT) was done using On-Board-Imaging System (OBI
System, Varian Medical Systems, Palo Alto, CA) with
half-bow-tie filter and compared with reference CT images.
The shift in position was corrected. In the case of goat head
phantom, soft tissue to soft tissue and bone to bone were
matched along with ion chamber which proved that tissue
deformation had not happen during the period from CT im-
aging to plan delivery as phantom was preserved at low
temperature.

All the plans were delivered and dose for each plan was
measured using DOSE1 electrometer (IBA Dosimetry, Ger-
many) connected with 0.13 cc ionization chamber (IBA Do-
simetry, Germany), which was fixed in phantoms. The per-
centage (%) variation between measured (on LA) and planned
(on TPS) doses was calculated by following formula;

% variation = (measured dose – planned dose) / planned dose × 100

Results
The mean percentage variations between planned and meas-
ured doses of all IMRT QA plans were as 0.65 (Standard de-
viation (SD): 0.38) with confidence limit (CL) 1.39, 1.16 (SD:
0.61) with CL 2.36 and 2.40 (SD: 0.86) with CL 4.09 for slab
phantom, acrylic head phantom and goat head phantom
respectively. Results in details are given in the Table 1.

TABLE 1: Percentage variation between planned doses on TPS and measured doses on LA using slab phantom, acrylic head phantom and goad
head phantoms.

Plan
No.

QA plan done on Slab phantom QA plan done on acrylic body
phantom

QA plan done on goat head phantom

Planned
dose(cGy)

Measured
dose(cGy)

% varia-
tion

Planned
dose(cGy)

Measured
dose(cGy)

% varia-
tion

Planned
dose(cGy)

Measured
dose(cGy)

% varia-
tion

1 234.40 233.88 0.22 (-) 249.80 252.28 0.99 (+) 259.30 264.30 1.93 (+)
2 149.00 148.73 0.18 (-) 158.10 156.47 1.03 (-) 168.93 163.20 3.39 (-)
3 184.60 185.13 0.29 (+) 204.60 201.07 1.73 (-) 206.50 202.16 2.1 (-)
4 182.70 180.62 1.14 (-) 202.80 198.05 2.34 (-) 211.50 202.31 4.35 (-)
5 189.60 187.94 0.88 (-) 209.90 206.98 1.39 (-) 227.50 221.38 2.69 (-)
6 201.57 200.43 0.57 (-) 221.65 224.81 1.43 (+) 225.50 220.27 2.32 (-)
7 153.90 154.87 0.63 (+) 187.10 188.47 0.73 (+) 167.60 171.47 2.31 (+)
8 196.60 195.48 0.57 (-) 216.50 214.79 0.79 (-) 229.60 225.31 1.87 (-)
9 178.94 179.15 0.12 (+) 191.30 192.24 0.49 (+) 203.01 204.93 0.95 (+)
10 126.84 125.14 1.34 (-) 135.72 133.12 1.92 (-) 139.47 135.24 3.03 (-)
11 179.84 177.85 1.11 (-) 192.43 188.93 1.82 (-) 196.60 192.10 2.29 (-)
12 187.93 186.27 0.88 (-) 195.99 194.05 0.99 (-) 208.50 204.26 2.03 (-)
13 183.74 184.92 0.64 (+) 193.06 193.68 0.32 (+) 201.10 204.91 1.89 (+)
14 176.86 177.48 0.35 (+) 186.70 187.19 0.26 (+) 190.90 184.32 3.45 (-)
15 171.54 173.03 0.87 (+) 180.12 182.17 1.14 (+) 184.60 187.20 1.41 (+)
Mean % variation 0.65 1.16 2.40
Standard deviation (SD) 0.38 0.61 0.86
Confidence limit
(│mean│+1.96σ)

1.39 2.36 4.09
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FIG. 3: Comparative graph of percentage variation between planned doses on TPS and measured doses on LA using slab phantom, acrylic head
phantom and goad head phantom.

Discussion
The percentage variation between planned and measured
doses in the case of slab phantom is less than 1% in most of
the cases while less than two in some cases. This variation in
the case of acrylic head phantom is slightly higher than in the
case of slab phantom, although it is very well within the
tolerance limit (± 3%) prescribed in International Commis-
sion on Radiation Units and Measurements (ICRU) 83.15 The
variation in the case of goat heat phantom is up to 4% in some
cases which is higher than the tolerance limit. The results of
slab phantom and head phantom indicates that the gantry
angles in QA plan also play an important role, it is as in the
case of slab phantom all the gantry angles were put at 0⁰
which means there is no any obstacle in the path of beam and
phantom while in the case of head phantom, the gantry an-
gles were put as these were in actual patient plans. So, in the
many gantry angles base plat and other immobilizing acces-
sories come in path of the beam. If we compare the results of
these two phantoms (with homogeneous density) with the
results of heterogeneous phantom goat head phantom, then
we see that the large difference in the results is due to the
effect of heterogeneous medium. Figure 3 represents the
comparative graph of percentage variation between planned
and measured doses using three kinds of phantoms.

Presently practicing most of the Physicists follows the well
stabilized practices based on different guidelines like ICRU
83, TRS 398 and AAPM Task Group Report 120.15-17 The
phantoms suggested in these guidelines are water equivalent
because the adult human body contains ~ 65 % of water, this
varies by age, sex and amount of fat in body composition.18

The newborn infant contains 73% and some obese people are
as little as 45% water by weight.19, 20 So, a phantom with
having its full volume of water equivalent density cannot

represent human body. Also, the dose calculation in a me-
dium having single density is a easy task for any kind of dose
calculation algorithm, so when the QA plan is created on such
phantoms, the algorithm calculates dose more accurately and
when the plan is delivered and dose is measured in such
phantoms then very less variation between measured and
planned doses are obtained as seen in this study.

The human body is comprises of different density mediums
e.g. fat, bones, air cavities and tissue.21 Due the variation in
electron density of two mediums, the dose deposition at the
interface of two mediums varies by significant value. Since
the density of bone is high compare to soft tissue so the pro-
duction of secondary electron in bones is also higher and so
the dose at bone - soft tissue interface is higher and similar
kind of phenomena happens at the interface of all two me-
diums with different densities.22, 23 One of the biggest task for
dose calculation algorithms is heterogeneity. Currently
available TPS have advanced and more accurate algorithms
which apply the heterogeneity correction factor while doing
dose calculation like AAA. To verify the accuracy of dose
calculated by these algorithms in case of each patient, the
patient specific absolute dosimetry should be done by using
heterogeneous phantom mimicking density of human body.

Conclusion
The variation in planned and measured doses is extremely
higher in goat head phantom compare to the variation in the
case of slab and acrylic head phantom. The variation is little
higher in acrylic head phantom compare to the slab phantom.
This study concludes that the dose calculating algorithms
AAA does not calculate doses in heterogeneous medium as
accurate as it calculates in homogeneous medium. Therefore
the patient specific absolute dosimetry should be done using
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heterogeneous phantom mimicking density wise as well as
design wise to the actual human body.
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