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This work significantly observes the suitable of algorithms by comparing the
dose calculation of breast and chest tumors using Clarkson, Convolution, Superposition
and Fast Superposition algorithms in three-dimensional Conformal Radiotherapy (3D-
CRT). Thirteen post-operative breast  cases and fifteen cancer chest patients were taken in
this work. Treatment plans were created using 6 and 15 MV Photon beam quality with the
CMS XiO treatment planning system (Computerized Medical System, St. Louis, MO).
Statistical analysis was done by relating the mean relative difference, conformity index,
and homogeneity index for target structures. The percentage of difference noted between
algorithms were 9.4%, recorded with a low density point in case of breast. Superposition
and fast superposition algorithm were presented very good results in both cases in view
of the mean relative variances using a prescribed dose with four algorithms and the
lowest relative variable using a given dose in different treatment techniques PTV.
Superposition algorithm exposed good calculations in all techniques. Clarkson algorithm
showed monotonically variation in the dose calculation points and histogram parameters.
The other three algorithms are shown approximately similar results. We found from  the
dosimetric results a considerable difference among four algorithms. Conferring to this
study, the algorithms varied. Significant upkeep must be occupied when calculating
treatment plans, as the selection of the dose computation algorithm may affected on
treatment planning as well as clinical effects.

Keywords: Algorithm, chest tumors, cancer breast, homogeneity index, treatment planning system.

The radiotherapy is useful  to provide a
given dose to tumor specifically while minimizing
dose to critical organs. The radiation dose is a
basis of the process, which also includes dose
computation and delivery of radiation beam. The

previous is the main section of a treatment planning
system.   Accuracy and features of any treatment
planning system (TPS) are dependent on the type
of algorithms which used in steps of the planning
procedure. An algorithm is defined as a sequence
of instructions that operates on a set of input data,
converting that information into a set of ultimate
results that are of interest to the user. Many
algorithms are used in the treatment planning
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progression. The most recognized dose calculation
algorithm that generates the dose at any point in
the patient while taking into account beam
characteristics and the patient1. It is a  principal
importance for the present conformal radiotherapy
technique to have accuracy in dose computations
in almost all applicable clinical situations.
Treatment of lung tumors is One of these situations
where irradiation has to be planned under
stimulating conditions for dose calculation2. The
patient dose predictions accuracy has continuously
improved by moving from the simple scatter
inhomogeneity corrections over pencil beam
algorithms to point kernel-based Convolution/
Superposition methods3. In our study Clarkson,
convolution, superposition, and fast superposition
algorithms were applied to all plans. Our aim of this
study to compare the results from four algorithms,
Six dissimilar points, demonstrating different 
heterogeneity conditions and position using  3D-
CRT”Three-Dimensional Conformal Radiotherapy
(3D-CRT)” Technique. This helpful for knowing
the suitability of an algorithm for the particular
diagnostic and treatment technique. Conformity
Index, Homogeneity Index, Mean Dose, and Mean
Relative Difference have been used to evaluate
the external beam plans. Also, Dose Volume
Histograms (DVH) for different structures were
calculated to quantify the dose to the other OARs.

MATERIALS AND METHODS

Patients and techniques
Twenty eight  Cancer patients were

examined for two treatments position in the chest
region: thirteen breast cases tangential 6,15 MV
photons to the chest wall  with 2-4 fields for
treatment, The other fifteen patient inside chest
wall treated with 2-6 fields with 6,15 MV photon
beam. Doses of 200 cGy/Fraction, were set to the
planning target volume of the breast and other
chest legion. Planning Target Volume (PTV) was
getting drawn using the 5mm isotropic extension
of the Clinical Target Volume (CTV), which in turn
was gained from the macroscopic Gross Tumor
Volume (GTV). The PTV was made to eliminate other
OARs by 5mm4. Treatment planning designs for
the target and OARs were created using 6MV, 15
MV and mixed 6 and15 MV Photon beam quality
using Clarkson, convolution, superposition, and

fast superposition algorithms.  For each patient,
six points are selected to compare dose calculation
for different algorithms, which used include
isocenter of  PTV, 3cm from isocenter, 0.5cm under
skin, low and high density, and point under the
block. Commercially available CMS XiO
(Computerized Medical Systems, USA) Planning
system was used for planning purposes.
Dose Calculation Algorithms

Four calculation algorithms used to
calculate the radiation dose for all plans which were
formed through this study. The XiO’s fast-Fourier
transform (FFT) convolution algorithm, and the
superposition (Wiesmeyer and Miften)5.
Algorithms are comparable that, they both calculate
the dose by considering  the total energy released
in the patient with Monte Carlo-generated energy
deposition kernels, computed by Mackie et al.6.
The kernel is the dose matrix created per unit
TERMA at the collaborating sites. Total energy
released per unit mass (TERMA) produce from the
mass attenuation coefficient and the essential
energy flounce7. The selection of dose calculation
algorithms is a serious respect when using “high-
ended” planning procedures and comparing one
method with another8–10.
Clarkson Sector Integration Algorithm

One of the most fundamental modified
algorithm uses patient data, treatment machine
data, and setup information to simulate dose
distributions inside the patient. The patient data
contain relative electron density information which
characterizes a sector of the patient. These have
been earlier created by assignment density values
in areas incorporated by marking contours or by
granting the CT to comparative electron density
conversion of  patient image data. For a 3-D plan,
only transverse patient data are used in the dose
computation; Data of The treatment machine
required for the Clarkson algorithm must include a
set on the diagonal off-center ratios (OCDs), a band
of tissue maximum ratios (TXRs) which comes from
TAR or modified TPR values, information about
the various beam modifiers and different machines
(energy) specific constants. If the beam has
a multileaf collimator or customized port; the
transmissions and outlines of the blocked areas
need to be implanted The algorithm takes into
account initial dose correction for inhomogeneity
in the patient and the transmission by the wedge
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and bolus, compensators and blocks. Furthermore,
the Clarkson algorithm does not take into account
scatter modifications due to  differences in field
intensity (wedges), patient density, or surface
curvature. It contracts into account scatter
modifications due  to field shape. The Clarkson
scatter calculation does not accurately the model
dose for forked structures because it does not
consider the scatter reduction of the air space
between the separated contours. Each ray is
calculated individually and then the beams are
summed together. The full dose of all beams
represent the dose that received by the patient1.
Convolution Algorithm

The energy deposited  kernels of  Mackie
et al [5]. Must be interpolated from spherical to
Cartesian coordinates on a common grid with the
TERMA to complete the FFT convolution.
Sampling and interpolation of  kernels from
spherical to Cartesian coordinates are complicated
by steep kernel gradients. Adaptive quadrature
techniques certify that the correct energy in and
near the interaction point is characterized in the
Cartesian coordinates.

Evaluation of calculation  outcomes
specifies that incorrect doses are found if the effect
of spread from the neighbors is omitted over a
large enough area. It is essential that data of the
patient be denoted over a 3D volume since the
scatter considered as a point is based on the 3D
volume of the scattering intermediate. The essential
volume over which scatter of kernel contributions
must be necessitated and the maximum volume
used in XiO planning system is close to 30cm in
the forward direction, 5cm in the backward
direction, and replicate the field size dimension
laterally (basically the contributions from all
interaction points must be collected). Sharpe and
Battista11 have reported the same ranges, as well
as  Mackie et al.12,13 have described the same
obligatory lateral range.

As well as dose contributions above such
a large area needs a significant time for
computation. This computation time can be
reduced by accomplishment separate calculations;
one with the main core for which the computation
is done at a high resolution, but over a small region,
the other with a scatter kernel where a computation
is achieved at a lower resolution but over a large
area, as suggested by Mackie et al.5, 8. This method

is possible for the primary kernels have particularly
large gradients close to the point of interaction,
but they make no contribution outside a few
centimeters from the interaction point, whereas,
the scatter kernels have smaller gradients but
contribute the dose over a much larger range. The
XiO planning system completes a separate high
and low resolution FFT calculated for the primary
and scatter kernels,  saving a time of about 65%
over accomplishment a single calculation at high
resolution.
Superposition Algorithm

The XiO superposition dose accumulated
method is a modification of the “collapsed cone”
dose calculation process9. As with FFT
Convolution, all calculations of superposition are
done with coordinates of the beam. The dose in
the beam coordinates is interpolated to the user
quantified calculation volume. It is conceivable for
superposition algorithms to directly imitate the
kernel calculation method; that is, to compute
deposited energy by dispersion the energy
released (TERMA) at the collaboration points to
points in the interest volume, according to the
distribution obscure by the kernel. This method is
recognized as the “interaction point of view”.
Dissimilar  to the FFT convolution algorithms, the
superposition algorithm energy deposition kernels
can be adjusted to account for fluctuations in
electron density. The density scaling method,
based on O’Connor’s theorem14 is applied to distort
the kernels by finding the average density along
the straight-line path between the interaction site
and dose deposition site15. A good approximation
for scattered photons is Density scaling, because
the photons move in straight lines and the mass
attenuation coefficient scales linearly with the
material density (assuming that the atomic number
remains unchanged).
Fast Superposition Algorithm

Spherical kernels, or “dose spread
arrays”, are cylindrically symmetric and well-
defined in terms of rays drawn along zenith and
azimuth angles. The spherical kernel computation
has been enlarged with the ability to combine
(select and sum) adjacent zenith rays in the center.
Therefore, it is possible to determine the quantity
and direction of zenith rays for the function of
adjusting speed/accuracy.

Tradeoffs: The less the rays, the quicker
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and less accurate the calculation, The more the
rays, the denser and more accurate the calculation.
Although the azimuth angles must be evenly
spaced, Control of both the number and direction
of zenith rays and azimuth rays is possible,. The
fast mode provides a fast superposition dose
calculation with a speedup factor of 2.5cm at the
monetary value of a small loss in accuracy,
compared to the “standard” superposition
calculation.
Dose Reporting and Evaluation

All patients plan calculated to receive 200
cGy through two or more treatment field. Weight
values ranging from 1 to 100. The weight applied
to decrease or increase the dose over the whole
volume of the structure. For each patient, dose
volume histograms (DVHs) were produced utilizing
the CMS XiO planning system for 3DCRT plan.
Single dose-volume point were also registered.
Minemum dose, maximum dose, and mean dose
were estimated for the PTV and OARs. And
Uniformity Index Conformity Index were calculated
for PTV in all instances. Relative dose volume
differences (percentage) between the outcomes of
the different dose calculation algorithms were
computed. Maximum percent variation between
algorithms were recorded for PTV, for all cases. All
the sets of treatment plans were assessed utilizing
a lot of evaluation parameters, which complied with
the evaluation criteria recommended by the
international committee on radiation units and
measurements (ICRU) Report 6215,16. The
evaluation parameters included the homogeneity
index (HI) and the conformity index (CI). The CI
was defined as the quotient of the treated volume
and the intensity of the PTV16. The conventionally
used homogeneity index (H-index) is defined as
the ratio of the maximum dose in the PTV to the
prescribed  dose with a value closer to 1 indicating
better homogeneity17.  The H-index commonly
varies from 1 to 1.5 in the practical patient treatment
plans. The index’s simplicity has led to its being
extensively used for quantifying dose
homogeneity in tumor volumes. For the evaluation
of doses to the OARs, the mean dose was used.

RESULTS AND DISCUSSION

Fig. (1) Showed insignificant variation in
the dosmetric study of the central point of  PTV in
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Fig. 1. Dose in cGy at the center of PTV
versus algorithms for breast and chest cases
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Fig. 2. Dose in cGy at a point far 3cm from center of
PTV versus algorithms for breast and chest cases
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Fig. 3. Dose in cGy at  depth 0.5cm from the skin
surface  versus algorithms for breast and chest cases

both breast and chest cases between four
algorithms was used. The maximum percentage of
variation was 0. 24% with breast cases, this ratio
decreases to 0.03% in cases of chest. As shown in
Fig (2) we detect a small  variation in dose appeared
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at a point far 3cm from the central point which
have a percentage 0.6% of breast cases. This
variation percentage increase to 2% in the cases
of chest. Fig. (3) Declared a large change in the
doses which calculated at the point have 0.5 cm
depth of skin service with breast cases, where the
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Fig. 4. Dose in cGy at  point in high density
regions versus algorithms  for breast and chest cases
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Fig. 6. Dose in cGy at  a point  under  block
versus algorithms for breast and chest cases

Fig. 5. Dose in cGy at point in low density
regions versus algorithms  for breast and chest cases
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Fig. 7. Maximum dose in cGy calculated from histogram
versus algorithms for breast and chest case.

Fig. 8. Minimum dose in cGy calculated from
histogram versus algorithms for breast and chest cases

Breast (Min) Chest (Min)
0

20

40

60

80

100

120

D
os

e 
in

 c
G

y

cl
ar

ks
on

co
nv

lu
at

io
n

su
pe

rp
os

iti
on

fa
st

 s
up

er
po

si
tio

n

Cite (Hystogram)

cl
ar

ks
on

co
nv

lu
at

io
n

su
pe

rp
os

iti
on

fa
st

 s
up

er
po

si
tio

n

mean percentage of variation in the dose calculation
between four algorithms  up to 7.9%. At the same
point, a significant change was detected in the
cases of chest with a dose variation percentage
3.2%, it’s clear the variety between four algorithms
in same point dose, thus due to the error, in the

Fig. 9. Mean dose in cGy calculated from histogram
versus algorithms for breast and chest cases
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dose calculation in the area near skin service with
tangential  field. We can observe the relative highest
in dose which calculate by Clarkson algorithm,
where its take in a consider scattering dose from
one slid not from hall volume, while this variation
decreases to 3.62% in the cases of chest because
the opposite field solve partly the error in dose
skin calculation. Fig. (4) And fig. (5) represent dose
in high and low density regions respectively, A
significant variations found with inhomogeneity
regions represented by points in high density
(bone),  low density (lung) where the percentage
was 3.01% and 6.2%, respectively, in the cases of
chest. On the other hand, in the case of  breast
these percentage increase to 9.4% at low density
region this is due to most of low density area (lung)
in the breast field located in penumbra region. While
this percentage decreases to 2.62%  high density
region (bone). As clear in fig (6)   At a point in a
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Fig. 10. Percentage of volume, which received
dose 200 cGy calculated from histogram

versus algorithms for breast and chest cases
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Fig. 11. Percentage of volume, which received
dose 200 cGy calculated from histogram

versus algorithms for breast and chest cases

protected area in the case of chest, we found a
consider percentage of variation about 6.2, the main
reason of this variation bake to the dose which
calculated by Clarkson algorithm, where it didn’t
take in consider the internal scatter, we note the
main variation with doses calculated by Clarkson
algorithm and the other three algorithms have a
close value. Figs. (7), (8) and (9) showed Maximum,
minimum and the mean dose of PTV for both  breast
and chest cases which obtained from histogram
calculated by each algorithm, the percentage of
variation in maximum dose going to 3.26 % and
2.4%,  this percentage became 5.2% and 1.2% with
a minimum dose of cases of breast and chest
respectively. Same variation detected in the mean
dose where it founded about 4.4% in the case of
breast and 1.63% in the case of chest. The
increasing of these parameters  with breast cases,
related to the PTV of the breast has  more
inhomogeneity than chest cases. Also histogram
gives us a percentage of volume, which received
190cGy (95% of the dose), The difference of these
percentages founded as 5.51%, 3.44% of the breast
and chest cases  respectively as shown in fig. (10).
Fig. (11) explained Same behavior founded  with
200cGy (100% of  the dose) where it appears as
7.4% and 6.8% in the breast and chest cases
respectively.

CONCLUSION

Dose calculated four 28 breast and chest
cases, by four different algorithms understudies
gives the same values approximately at center
point. Except in very small variation with the case
of breast, because no difference in field intensity
or tissue inhomogeneity at the center in both cases.
When we are far from the center a considerable
percentage of variation appears, as we see in
points, which located at three centimeters from the
center. This variation was clear with the doses
which calculated by Clarkson algorithm due to the
Clarkson algorithm does not take into account
scatter modifications due to the field intensity
(wedges) so  this variation increase in the case of
chest. This variation decreases in the case of
breast. At the point of depth of 0.5 cm of  the skin
surface, large variation appear in dose which
calculated by  convolution algorithm and
superposition algorithm recorded in the case of
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breast this Similarity due to both algorithms
compute the dose by convolving the total energy
released in the patient so they need a large volume
of scatter that’s Explains why  The variation
decrease in the case of chest.  The largest value of
the dose variation recorded in the case of breast at
the point of low density, where the dose calculated
by Clarkson and convolution algorithms were
convergent, and more than which one  calculated
by superposition and fast superposition
algorithms, which also close.
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