DOSIMETRIC COMPARISON FOR RADIATION QUALITY IN HIGH
ENERGY PHOTON BEAMS

EUGENIA BADITA?, CATALIN VANCEA'® ION CALINA'® DANIELA STROE, MIHAELA
DUMITRACHE?®, MIRABELA DUMITRACHE?®

INational Institute for Laser, Plasma and RadiatidmyBics, 409 Atomistilor Str., Magurele, Ilfov,
E-mail: eugenia_badita@yahoo.com
2Clinical Hospital "Coltea", Radiotherapy DepartmeBticharest, Romania

SUniversity of Bucharest, Faculty of Physics, 408mistilor Str., Magurele, Iifov

Abstract. The beam qualityQ of high energy photon beams produced by a clinlicaar
accelerator was assessed using the IAEA TRS-398 MM\HG-51 and DIN 6800-2 international
protocols. The tissue phantom ratio TRRis the beam qualit® of high energy photons produced
by clinical accelerators and is measured at 10 Gamd 20 g cii depth in a water phantom with a
constant source - phantom surface distance (SSD)®tm and a field size of 10 cm x 10 cm at the
plane of the chamber. According to AAPM's TG-51 #pecified beam qualit§odd(10) is the
percentage depth dose at 10 gma water phantom due only to photons.
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1. INTRODUCTION

The determination of absorbed dose delivered to adiemt during
radiotherapy treatment, is based on the measurevhaisorbed dose to water [1].
The quality of a photon radiation beam is a basiangty used to enable the
commissioning of radiotherapy installations thahepate photon beams, and is
used in calculating the patient's received radiatiose. Also, in radiotherapy it is
most usefully expressed in terms of its penetrapogver which is mainly a
function of the mean photon energy and may be fudlgcribed by its depth dose
characteristics in water [2, 3].

The quality of a photon radiation beam based ontigsie-phantom ratio,
TPRy 10iN IAEA TRS-398 Code of Practice and DIN 680042tthe AAPM's TG-

51 the quality of photon radiation is specifiedthg percentage depth dose at 10 g
cm? in a water phantom, %d(10) . Plane-parallel chambers can also be used to
determine beam quality but were not used in thpepfd-8].

The tissue-phantom ratio is obtained from the rafithe absorbed doses on
the central axis at depths of 20 gtand 10 g ¢ in a water phantom or by



measurement of the percentage depth dose (PDpétsiof 20 g cihand 10 g
cm? After measuring, the PDD is useful firstly in ieitherapy treatment and
secondly to evaluate and investigate the physigadifition beams as function of
field size, photon energy and source - surface ohardistance, SSD. Also, the
measurement of absorbed dose is performed usingdaghl ionization chambers
and using water or any other equivalent media mmantwhich is kept
perpendicular on the path of beam [4-8].

The measurements for determination of the photambguality were carried
out at the Mevatron Primus clinical acceleratorobging to the Department of
Radiation Oncology at the "Coltea" Clinical HospitBucharest, Romania, at a
constant source-phantom surface distance of 108ntha field size of 10 cm x 10
cm at the phantom surface [4]. For a better assrgsaf the obtained results and
for demonstrating a good traceability of the meeswnts the z-score was
calculated [1, 9].

2. EQUIPMENT AND METHOD

For determining the radiation quality of the photbeam at a Mevatron
Primus clinical accelerator, a PTW MP3-M water pgban (PTW, Freiburg,
Germany) with a scanning range of 50 cm x 50 cnDX'% cm was used. The
percentage of absorbed dose was determined alengethiral axis at a source -
phantom surface distance (SSD) of 100 cm, using$emiflex chambers (Type
TN 31010, PTW, Freiburg, Germany) with an activluate of 0.125 cc. For better
precision, an ionization chamber was connected e T10005 UNIDOS
electrometer while the other was connected to tbguiaition system of the
Mevatron Primus clinical accelerator.

The Mevatron Primus clinical accelerator that bgkto the Department of
Radiation Oncology of the "Coltea" Clinical Hospjt8ucharest, Romania is
manufactured by Siemens Medical Systems Inc-Ongoltaye Group, Germany.
This accelerator supplies electron beams and pHmams and has an adjustable
field size [8]. The measurements presented inghper were performed in a 6 MV
high energy photon beam, with a field size of 10xch® cm.

The dosimetric equipment that was used for the areasents belongs to
Department of Radiation Oncology of the "Colteain€hl Hospital and to the
Secondary Standard Dosimetry Laboratory at Highrgiee (STARDOOR) [10].

For the purposes of reference beam dosimetry, thamb quality in
accelerator photon beams in IAEA TRS-398 and DINGB8 is specified by the
tissue-phantom ratio, TBRo and in AAPM's TG-51 the beam quality is specified
by the percentage depth dose at 10 § #ma water phantom, %d(10). Both are
specific for high-energy photons produced by chhiaccelerators with a beam
quality Q but%dd(10) does not include the effects of electron beam coimiztion



[4-8]. These are the basic procedures used to cesioni radiotherapy photon
beams, and therefore are used in calculating ttierpa radiation dose [2].

The method used for determining the BRR constitutes in measuring
absorbed dose and percentage depth dose at 10°@rmin20 g cii in water
phantom [4, 5, 8]. The quality of the photon beaaswletermined by utilizing an
irradiation geometry that kept constant the soptt@atom surface distance at 100
cm and a 10 cm x 10 cm field size at the phantariase and at the chamber plane
[4, 5, 10-12].

The ionization chamber TN 31010 was calibrated Wiflo source and hence
the chamber carried a calibration fact§p,. Absorbed dose to water was
determinate in according to the IAEA TRS-398, AABM'G-51 and DIN 6800-2
international protocols [4-7].

Table 1

Formula used for the determination of absorbed tiwseter
IAEA TRS-398 AAPM's TG-51 DIN 6800-2

DV\AQ = ND,W,QO |:MQ |:B(Q,QO DW,Q = NS,OV;GOEM [kQ DW,Q :(M _MO)DN El_l k1
1=1

In particular, TPR 10iSs independent of the distance from the sourceignd
determinate with the formulae [4, 5]:

TPR,y,, =1.2661PDD,,, —0.0595 (1)
and
TPRZO;LO = 12661‘:|D20/ DlO -0.0595 (2)

where PDDy 1d(D2o/D1o) is the ratio of the percentage depth dose/abdatbee at
20 g cnf and 10 g crf depths for a field size of 10 cm x 10 cm at an SBM0O0
cm [4, 5].

The method used for determining thel@glL0) constitutes in determining the
percentage depth at 10 g €mepth in a water phantom and is defined for alfiel
size of 10 cm x 10 cm at the source-phantom surd#tance of 100 cm. For low-
energy beams, i.e., for energies below 10 MV Wiitid10) < 75% is calculated
using the formula:

%dd (L0), = %dd (LO) 3
where the value d¥dd(10)is the measured photon beam percentage depthatiose

10 g cn¥ depth in a 10 cm x 10 cm field on the surface ofater phantom at an
SSD of 100 cm [6, 7].



3. EXPERIMENTAL SET-UP

The gantry was set to upright position and the wiatiek is set for a constant
SSD of 100 cm. The field size was 10 cm x 10 cnthatsurface of the water
phantom. The distance and field sizes were meaaused) a laser system. All
distances and field sizes were measured rigorodilg. ionization chamber was
positioned using a detector positioning system la¢ effective point of
measurement. In the photon beam the PDD data wasured along the central
axis at a constant SSD of 100 cm and al0 cm x 16aerare field size [8, 12] and
the ionization chamber was moved to different dedthl]. The measurements
were performed at 6 MV energy.

In order to measure and compare the results, theeprge depth dose was
firsty measured using the Semiflex ionization cham belonging to the
STARDOOR Laboratory and then it was measured uirgSemiflex ionization
chamber belonging to the "Coltea" Hospital. Thezation chamber belonging to
the STARDOOR laboratory was connected to the UNIDd@aSimeter and the
ionization chamber belonging to the "Coltea" Haspivas connected to the
Mevatron Primus accelerator acquisition system. péeentage depth dose was
calculated by using the ionization chamber beloggio the STARDOOR
laboratory to determine the absorbed dose in wWatezach point of measurement.
The acquisition system of the Mevatron linear amedbr was used to measure the
PDD directly [8].

For determining the radiation quality of the photdream for this
experimental set-up, according to IAEA TRS-398 &N 6800-2, we will
consider the ratio of depth doses on the centrial @x20 g crid and 10 g ci
depths, respectively D[4, 5]. The results of the measurements according t
IAEA TRS-398 and DIN 6800-2 are equivalent. In adoog to AAPM's TG-51
only the percentage depth dose at 10 g amill be considered. To avoid
experimental and stability errors the quality of tadiation beam was measured in
six irradiation stages for the three internatiqpratocols.

The pressure and temperature were monitored andrdext for each
measurement. Correction for leakage and ion-recoatioin effect was applied and
the uncertainty for measuring absorbed dose torwads calculated in conformity
with reference standards.

4. RESULTS AND DISCUSSION

The percentage depth dose measured with the twiattion chambers is
presented in Fig.1. From the figures we can obstrakthe percentage depth dose
measured with both ionization chambers is almaasttidal [12]. After determining
the PDD, the quality of the radiation beam waswated using the relationships 1



and 3. The determination of correction factors wadormed according to each
standard [4-6].
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Fig. 1 - The percentage depth dose: a) determisied the ionization chamber of the STARDOOR
Laboratory; b) determined using the acquisitiorteaysof the "Coltea" Hospital.

The results of quality of radiation photon beam sugad in six irradiation
stages for the three international protocols aesgmted in Table 2 along with the
specific correction factors for the beam radiatoprality that were deduced for
each IAEA TRS-398, AAPM's TG-51 and DIN 6800-2 pcils. The
corresponding value was then interpolated for onization chamber TN 31010
[7]. Uncertainty for the measurements was calcdlate conformity with the
specified standards. These values are in the lahitincertainty given by the
manufacturer.

Table 2

Photon beam radiation quality obtained at 6 MVhatMevatron Primus clinical linear accelerator
using the three international protocols (IAEA TRSB38APM's TG-51 and DIN 6800-2)

Photon IAEA TRS-398 AAPM's TG-51 DIN 6800-2

energy | TPRy10 koogo | %dd(10) ko TPRyo,10 ko

6 MV 0.673 0.991 67.20 0.990 0.673 0.989
6 MV 0.673 0.991 67.41 0.990 0.673 0.989
6 MV 0.670 0.991 67.29 0.990 0.670 0.989
6 MV 0.673 0.991 66.37 0.992 0.673 0.989
6 MV 0.673 0.991 66.82 0.991 0.673 0.989
6 MV 0.672 0.991 67.49 0.990 0.672 0.989

Assessing the photon beam radiation quality wasemaging the z-score,
determined according to the International Stand&fd 13528 [9]. The values of



the z score are presented in Fig. 2 and in Talsled3are within the range [-2, +2]
which proves that the quality system implementethian STARDOOR laboratory
(written procedures, trained personnel, etc.) ensurhigh quality level of its
services.
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Fig. 2 - z-score for measurement results at 6 Mdtqh beam for the quality of radiation photon

beam.
Table 3
z-score for measurement results at 6 MV photon Heamuality photon beam

Photon IAEA TRS-398 AAPM's TG-51 DIN 6800-2
energy | TPRy.10 Z-score 29dd(10), Z-score TPR.10 z-score
6 MV 0.673 0.71 67.20 0.39 0.673 0.71
6 MV 0.673 0.71 67.41 1.39 0.673 0.71
6 MV 0.670 -1.43 67.29 0.48 0.670 -1.48
6 MV 0.673 0.71 66.37 -0.99 0.673 0.71
6 MV 0.673 0.71 66.82 -0.76 0.673 0.71
6 MV 0.672 0.00 67.49 -0.49 0.672 0.0(

To compare the result of absorbed dose to wateiredst in conformity with
the three protocols, the absorbed dose to watermessured at reference depth,
Zet=5¢ cn?. IAEA TRS-398 has been taken as reference. Tlhe oftabsorbed
dose to water was obtained by dividing the dosah@fprotocols by the doses of
dosimetry protocol IAEA TRS-398. The results preésdnn Fig. 3 show that the
absorbed dose to water at 5 g craference depth obtained following the three



protocols are close to each other. Also, Fig. 3wshthat the AAPM's TG-51
yielded approximately the same value as IAEA TR8-8fhereas DIN 6800-2
gave a minor deviation from the IAEA’s protocol. el'kdiscrepancies are within
acceptable range. The maximum dose ratio discrgpahen referencing AAPM's
TG-51 and DIN 6800-2 protocols to the IAEA TRS 388between -0.001% to
+0.18% [7].
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Fig. 3 - Comparison of the discrepancy between rlesbdose ratios.

5. CONCLUSION

In this article, the measurements for determinihg guality of a 6 MV
photon radiation beam energy beam have been peaxtbanthe Mevatron Primus
clinical accelerator of the "Coltea" Clinical Hopj Department of Radiation
Oncology, Bucharest, Romania. The radiation qualias determined following
the international protocols: IAEA TRS-398, AAPM'SG551 and DIN 6800-2.
According to IAEA TRS-398 and DIN 6800-2, the photoeam radiation quality
refers to the tissue-phantom ratio, TRPRand in AAPM's TG-51 it is given in
terms of percentage depth dose at 10 g knwater phanton®sdd(10) [4-6].

The photon radiation beam for 6 MV energy obtaingith the IAEA TRS-
398 and DIN 6800-2 international protocols are kmiwhereas the other
measured with the AAPM's 6800-2 protocol is slightlifferent because the
method is different [7]. To show if the values dbé&al for the radiation quality are
in accordance with the manufacturer's date theomeswas calculated. The results



obtained are within the range [-2; +2] which shdket the values obtained for the
radiation quality with the three standards are iwithe range of the manufacturer's
measuring range.

Absorbed dose to water values, measured at a nefemepth of 5 g ch
following the three protocols are similar. To comgthe result of absorbed dose to
water the IAEA TRS-398 protocol has been takeneference. The AAPM's TG-
51 protocol yielded approximately the same valuBA&A TRS-398 whereas DIN
6800-2 gave a minor deviation from the IAEA’s pmab Despite the
discrepancies the values are within acceptableetame maximum dose ratio
difference between the AAPM TG-51 and DIN 6800-8tpcol with reference to
the IAEA TRS-398 is from -0.001% to +0.18%. Thigr&s to demonstrate that the
quality system implemented in the STARDOOR labawatfwritten procedures,
trained personnel, etc.) assures a high levelrefcgequality.
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