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ABSTRACT 
The radiation therapy is applied on around 50% of the cancer patients. As we know, before implementing a 
radiation treatment planning system in the clinic, the dose-calculation measurement must be validated using ri-
gorous, clinically relevant criteria [1]. Percent Depth Doses (PDD), Dose Profile (DP), Open Collimator Factor 
(OCF) etc., are measured for all numbers of square fields for Treatment Planning System XiO, version 4.7, for 6 
and 15 MV photons energies and for 15˚, 30˚, 45˚, 60˚ wedge, which were employed to obtain the profiles in any 
depth. The measurements were conducted also for different energies of electron beam and TPS calculation algo-
rithms. 
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1. Introduction 
There are many objectives to using external radiotherapy 
in cancer treatment using high radiation doses from pho-
ton or electron beams. Healthy tissues and organs at risk 
surrounding the tumor should be preserved during treat-
ment by the optimization of the irradiation parameters 
using a convenient Treatment Planning System (TPS). 
However, a quality control program should be imple-
mented to compare the results provided by the TPS with 
experimental data. The experimental data are obtained by 
measurement of dosimetric parameters such as dose pro-
file, relative output factor and percentage depth dose 
(PDD) [2]. 

Determination of dosimetric characteristics of all ra-
diation beams is vital so that the most appropriate set of 
treatment planning parameters is chosen. Data on the 
percentage depth-dose of diagnostic X-rays are important 
in evaluating patient dose from medical exposure [3]. In 
radiotherapy, quality of a radiation beam is most usefully 

expressed in terms of its penetrating power, which is a 
function mainly of the mean photon energy, and may be 
fully described by its depth dose characteristics in water [4] 
but an increase in surface dose with field size is also noted 
due to electron scattering from intervening materials [5]. 
Data on dose distribution are almost entirely derived from 
measurements in phantoms, and then are used in a dose 
calculation system devised to predict dose distribution in 
an actual patient [6]. Dosimetry is a very significant ele-
ment of radiotherapy treatment as all the treatment plan-
ning is based on the data obtained during dosimetry. Op-
timization of treatment plan, and calculation of dose for 
certain plan is performed when radiation physicists have 
measured dosimetry data. This data is actually represent-
ing different physics characteristics of the machine, beam 
and its energies in the form of dosimetric quantities. 
Physicists are always interested in obtaining these pa-
rameters, first to use in radiotherapy treatment and second 
to evaluate and investigate physics of radiation beams 
field size, photon energy and Source to Surface Distance 
(SSD). Measurement of absorbed dose is performed using *Corresponding author. 
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water or any other equivalent media phantom, which is 
kept perpendicular on the path of beam. This measure-
ment is expressed as percent of dose which gives a unique 
value for a certain set of parameters like beam energy, 
depth, SSD and field size. Variation in this value can be 
noted by change in any of these parameters [7]. These 
measurements are conducted at University Clinical Center 
of Kosova during January, February and March 2012, 
Department of Radiotherapy (first Cancer Centre in our 
Country). To follow in continuous the ionization on the 
central beam axis and the variation of dose profile, 
measure will be realized in a water phantom with two 
ionization chambers. The first ionization chamber moving 
is used for measure and the second (reference ionization 
chamber) fixed, placed in beam size, serves to correct the 
first ionization chamber measures by fluency variation of 
primary beam (pulsed photon beam). To study the energy 
and geometrical parameters on the dose distribution in the 
medium, we will create different field sizes, the Source 
Skin Distance (SSD) and the photon beam energy. The 
influence of these parameters will be evaluated by the 
measure of Percent Dose Depth (PDD) and Dose Profile 
(DP). According to the dosimetry protocol in International 
Atomic Energy Agency (IAEA), Technical Reports Series 
(TRS) 277 [8], the absorbed dose is defined by [9] 

0, , , ,
C
Qeau Q Dair Q eau air QD L N S Pu Pcel Pdis= ⋅ ⋅ ⋅ ⋅ ⋅    (1) 

C
QL  = non corrected measure 

0,Dair QN  = absorbed dose to air calibration factor 
, ,eau air QS  = stopping-power ratio water to air 

Pu  = factor to allow for non-water equivalence of the 
ionization chamber. 

Pcel  = factor to take account of non-air equivalence of 
the material in the central electrode of an ionization 
chamber. 

Pdis  = factor that accounts for the effect of replacing 
a volume of water with the detector cavity when the ref-
erence point of the chamber is taken to be at the chamber 
center. 

The absorbed dose to water varies with the energy be-
cause S and pu vary with the energy. For a photon beam 
which traverses a medium, the fluency decreases with 
increasing the depth but its energy stay practically con-
stant. So, for a photon beam, the PDD curve in ionization 
merges with the PDD curve in dose. 

2. Material  
Linear Accelerator, Siemens, Primus 5472, with 82 MLC 
Computerized 3-D water phantom of multi-data system 
was used. The measurements were made through PTW 
Three ionization chambers: 

-PTW Pin Point Chamber TM 31010-1046 
-PTW Pin Point Chamber TM 30010-0358 (Reference 

Chamber) 
-PTW Markus Chamber TM 23343-3809 (for elec-

trons) 
-PTW Water Tank Phantom. 
We used MEPHYSTO (PTW) version 7.4 software to 

analyze beam profiles parameters. The parameters ana-
lyzed are Homogeneity, Symmetry, Penumbra sizes, Field 
Size, CAX Dev, Pen left, Pen Right, Dmax, Dmin, Quality, 
etc as we can read in each figure. We have conducted 
measurements for all profiles for PDD, Dose Depth Curve, 
Open Collimator Factor (OCF) for photons 100 cm and 
105cm, SSD, and field size with dimension: (3 × 3) cm2, 
(4 × 4) cm2, (5 × 5) cm2, (7 × 7) cm2, (10 × 10) cm2, (15 × 
15) cm2, (20 × 20) cm2, (25 × 25) cm2, (30 × 30) cm2, (35 
× 35) cm2 and (40 × 40) cm2, with the following wedge 
angels: 15˚, 30˚, 45˚ and 60˚. Also we make a measure-
ment for all energies for electron. In this paper we only 
show results for: 

1) Percent Depth Dose 
6 MV photon beam, (10 × 10) cm2 field size and 100 

cm SSD (Source Skin Distance) 
15MV photon beam, (10 × 10) cm2 field size and 100 

cm SSD 
6 & 15MV photon beam, for different field size, 100 

cm SSD 
2) Dose Profile 
6 MV photon beam, (10 × 10) cm2 field size, 10 cm 

depth and 100 cm SSD 
15 MV photon beam, (10 × 10) cm2 field size, 10 cm 

depth and 100 cm SSD 
6 & 15 MV photon beam, X, Y dose profile for dif-

ferent field size. 

3. Results 
Dose distributions along the beam central axis give only 
part of the information required for an accurate dose de-
scription inside the patient. Dose distributions in 2-D and 
3-D are determined with central axis data in conjunction 
with off-axis dose profiles. In the simplest form, the off- 
axis data are given with beam profiles measured perpen-
dicularly to the beam central axis at a given depth in a 
phantom. The depths of measurement are typically at 
zmax and 10 cm for verification of compliance with ma-
chine specifications, in addition to other depths required 
by the particular treatment planning system (TPS) used in 
the department [10]. PDD values were measured for dif-
ferent field sizes in the phantom and for different SSD - 
The PDD curves for 15 MV, 6 MV with field size 10 × 10 
and 6 & 15 MV for different filed size together with 
analyse profile are shown in Figures 1-3. Dose profile for 
15 MV, 6 MV, field size 10 × 10 and 6 & 15 MV for 
different filed size together with analyse profile, are 
shown in Figures 4-6. 
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Figure 1. Percent Dose Depth (PDD) for 15 MV, field size (10 
× 10) cm2, SSD 100 cm. 
 

 
Figure 2. Percent Dose Depth (PDD) for 6 MV, field size (10 
× 10) cm2, SSD 100 cm. 
 

 
Figure 3. Percent Dose Depth (PDD) for 6 & 15 MV, field 
size (10 × 10) cm2, SSD 100 cm. 

 
Figure 4. Dose Profile curve 15 MV, SSD 100 cm, field size 
(10 × 10) cm2. 
 

 
Figure 5. Dose Profile curve 6 MV, SSD 100 cm, field size (10 
× 10) cm2. 
 

 
Figure 6. Dose Profiles for 6 & 15 MV photon beam, X, Y 
profile for different field size. 

4. Conclusion 
Today, the use of radiotherapy Treatment Planning Sys-
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tems (TPS) is inevitable. Beam profile and PDD are the 
parameters used to verify the dose calculation algorithms 
of TPS [11]. The study of photon and electron beam 
characteristic is necessary before calibration machine. 
Knowledge of energy and geometrical influence on dif-
ferent dosimetric parameters is indispensable for ab-
sorbed dose calculations. We have also conducted the 
TLD measurements which were audited and accepted by 
IAEA. After that all of these measurements and profiles 
for photons and electrons we have installed in our 
Treatment Planning System XiO, version 4.7.0 by which 
we make a treatment planning for radiation. The follow-
ing aspects of the 6 and 15 MV plans for each patient 
were compared isodose distributions for the PTV and 
GTV: dose-volume histograms and dose parameters [12]. 
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