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Abstract

Introduction: The aim of this study is to analyze the gradidmiescentage depth dose for photon and electrombged

LINACs and to simplify the data set.

Materials and Methods: Dosimetry measurements were performed in accoedaiith Technical Reports Series No.

398 IAEA.

Results and discussion: The gradient of percentage depth dose was cadculahd compared with the available

published data.

Conclusion: Instead of percentage depth dose for increasidgdanreasing parts, the findings suggest using iy
numbers for specific gradient of dose, separatelyhis way, they can replace the whole set ofgbecentage depth

dose (PDD).
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Introduction

The medical linear accelerator (LINAC) should pass all

procedures of pre-commissioning in order to be ufad
patient treatment. To validate the treatment plagrgystem
(TPS), dosimetry measurements must be performesteidre,
the minimum data set of percentage depth dose (Pdid)
dose profiles (DP) should be gathered for differeaminal
beam energies, field dimensions, depth, and wed§ges.
electron beams, wedges cannot be used and insfefieldo
dimensions, the different types of applicators $thdwe used.
Studies have shown that the dose distribution nidpen
many variables such as types of radiation, the ileo$ the
medium, beam energy, source to surface distancB)(S#d
field size! The tolerated limit should be applied throughdnet t
whole process, from planning to delivery dose, udalg
measurements of absorbed dose, calculation,
contouring, and patient setup. According to thesrimational
guideline ICRU Report 50, for modality techniquerei
dimensional conformal radiotherapy (3DCRT), thegddr
volume dose variation should be within +7% and -684he

imaging

value prescribed at the reference point in the tusmume
with the determined absorbed dose value.

For superficial and orthovoltage devices with ggeup to
400 kVp, the maximum dose for PDD is closer to sheface
of the body in comparison to higher X-ray energigsen the
maximum dose of the PDD is deeper. This differenoceurs
because the high-speed electrons are ejected fiersurface
and subsequent layers. Those electrons deposit ¢neirgy
deeper in the body from their site of origin.

A photon beam propagating through a phantom ec&dtl by
the inverse square law, the attenuation, and thitesing of the
photon beam inside the phantdnDose distribution on the
central axis of the megavoltage photon beam inglue
phantom or patient has two main interest regionghé first
interest region, the dose increases rapidly umtildose reaches
the maximum value at a specific depth, then at gbeond
interest region, the dose decreases almost expaltgnihe
shape of the PDD curves for photon and electronmbea
appears similar for both mentioned regions, yetichentical.
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Traditionally, PDD is used to quantify the rate in€reasing GD = grad D = i_z Eq. 2
and decreasing dose for both mentioned regions. alimeof . . _ .

this study is to propose using the gradient of @etage depth This function represents the difference in the dmssed on the
dose (GD) instead of the PDD. The advantages and specific depth as a result of the interactionshef beam with

disadvantages of the dose gradient function acugéed in the tissues? The gradient of the dose depends on the differefice

next sections. Also, the GD function is calculatadd the dose divided by the difference of the distafme two

compared with standardized data published on Rep®rof specific points.

BJR? The PDDs for photons and electron beams with 10
for the first LINAC are presented iRigurel. Rhombuses,

Materials and Methods triangles, and circles in the same figure represiemtdata of

10x10 cm from Report 25 of BJRfor photon beams with 6
and 15 MV and electron beam 12 MeV, respectivehe tlata
of the build-up region of PDD are not available for
comparison. So, it is very important to identifye tmaximum

The PDD is the ratio expressed as a percentagdsufrized
dose on the central axis of the field at degtio the absorbed
dose at the reference point @he PDD is given by:

D depth dose, which is a distinguishing point betwées two
PDD(d,dO,S, f ,E) =—4 x100% regions.
Dd0 Eq. 1 As such, to compare those parameters, the caulat the

) first and the second region of the GD is given by:
Several parameters affect the central axis deptlse do

distributions including d, gl field surface S, source-to-surface GD* = % Eq. 3
—d1

distance f, and radiation beam energy E. Thesenpeas are di h . h . q
given elsewheré.In the photons’ beam with high energy, the DeF’e” Ing on 't ? regions, there are two optiorgiprel an
dose in the surface depends on the beam’s energy an region 2, respectively GDand GD. For the GD+ parameters,
dimensions of the field The zone between the surface and the D1 represents the surface dose and D2 the m.a}xmhm\&d
depth of maximum dose, in the range of MV, is kncaga dose. On the other hand, and d are the specific depths for
build-up zone. The surface dose is dependent on the machine, the respectlve. dose.s. in the first region. So, YMD@F\ D,l and
the field size, the source to surface distance,ptiesence of d;>dy, the GD is positive and belongs to the first regidrthe

beam modifiers, and the angle of beam incidérédrevious curve.

studies have shown that the surface dose increstss On the other hand, for the GPparameters, D1 represents the

increasing field siz& maximum achieved dose, while D2 represents the sahes
When an irradiation beam passes from point A tottzer as the surface dose; @nd 4 are specific depths for the

point B with the distancd, the distribution beam dose changes Lespe(_:tlvel_do;gs.m the secon(rj] region. Thz engua;mn N
from D, to D,, given by4D = (D, - D,), due to the interaction est visualize Ifigure 2. So, when b< le.;m G>ch, the GD
of the beam itself with the material of the tisstiance, the is negative and belongs to the second region ofuhee.

unit of gradient dose is percentage per millimetansl its
equation is given by:
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Figure 1. Percentage depth dose for photons and electrons fields 10x10 cm?
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Therefore, to calculate GDthe calculation should be done
separately for Gband GD, the first one belongs to the I-
region and the second one belongs to the lI-redibe.regions
are schematically presentedRigure 2.

Therefore, the idea is to use the Ginction for both
interested regions instead of the data set for PDiz GD
function expresses the quantity of changing ratedoge
through the central axis.

The irradiation experiment was performed at
Radiotherapy Department of University Clinical Gantof
Kosovo. The Siemens Primus LINACs were used to ywed
photon and electron beams with field dimensions100ent at
surface skin distance (SSD) 100 cm. The nominatlacator
energy of photon beams was 6 and 15 MV and foetbetron
beams 5, 7, 8, 10, 12 and 14 MeV. With that beiaig,sthe
modalities and energy modes were the gathered s#tato
create the PDDs, which afterwards, were calcultdethe GD
function.

the

The absolute dosimetry is done in accordance WXBAI
Technical Report Series no 3%nd is practically described in
detail somewhere elg&!

For measuring PDD of LINAC beams a PTW MP3
motorized water phantom system was used with thibrated
semiflex ionization chamber, type 31010. For bearalyzer
and controlling measuring system, Mephystd,nersion 7.4,
were used.

Results and Discussion

In accordance wittEquation 2, from the measured PDD of
LINAC (Siemens Primus), GDand GD were calculated for
photon beams with 6 MV and 15 MV, with field dimens
10x10 cmi, used for medical purposes at the radiotherapy
department.Table1 presents the input data and calculated
results.

Percentage Depth Duse [%] \

Depth [mm)]

Figure 2. Schematic view of GD+ and GD- for gammarays

Table 1. Gradient resultsfor photon and electron beams

Nr Nominal Energies GD [E/);] [(I,D/:] [n(#n] [n(wjrz‘n] (E;/ﬁ]“
1 6 MV GD* 59.4 100.0 1.0 14.5 2.798
2 GD 100.0 59.4 14.5 122.0 -0.377
3 6 MV - BJR 25 GD 100.0 59.4 15.0 124.6 -0.370
4 15 MV GD* 37.0 100.0 1.0 29.0 2.171
5 GD 100.0 37.0 29.0 269.0 -0.262
6 15 MV - BJR 25 GD 100.0 37.0 29.0 279.0 -0.252
7 5 MeV GD+ 82.1 100.0 1.0 10.0 1.795
8 GD- 100.0 82.1 10.0 15.5 -3.264
9 7 MeV GD+ 84.2 100.0 1.0 15.0 1.053
10 GD- 100.0 84.2 15.0 21.5 -2.431
11 8 MeV GD+ 85.7 100.0 1.0 17.0 0.842
12 GD- 100.0 85.7 17.0 25.0 -1.790
13 GD+ 81.9 100.0 1.0 23.0 0.788
14 10 Mev GD- 100.0 81.9 23.0 33.2 -1.777
15 10 MeV BJR 25 GD- 100.0 81.9 25.0 35.0 -1.810
16 GD+ 83.5 100.0 1.0 26.0 0.633
17 12 Mev GD- 100.0 83.5 26.0 37.0 -1.497
18 GD+ 86.5 100.0 1.0 29.0 0.467
19 14 Mev GD- 100.0 86.5 29.0 41.8 -1.058
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Figure 3. Percentage of Gradient Dose for 6MV and 15MV

Measuring the surface dose is the most challengart of the
PDD curve. So, it will increase the uncertainty ihe
determination of the GDfunction. However, the quality of the
measured dose at the surface is not the aim oty .

To calculate the GD Equation 3 is taken into account. For
first region of photon beam with energy 6 MV, timput data
were: D = 100 %, @ = 59.43 %, d= 14.5 mm and d= 1.0
mm. The same approach was used for the calculatiche
GD' for 15 MV beam.

Equation 3 was used again for the calculation of the GD
which represents the second region of the PDD cwitk
energy 6 MV as shown ifigure 2. For this case, the data
were: D = 59.43%, @ = 100 %, d = 122 mm and d= 14.5
mm.

Figure 3 presents the calculated values of the*@id the
GD for each energy 6 MV and 15 MV. The GB also
calculated in the same way with the data from Repdrof the
British Journal of Radiology. GDcannot be calculated due to
the lack of data available in BJR.

The GD calculated values of this research and thé @lhe
calculated data from BJR are identical up to tlewsd decimal
place.

To find the GD and the GDof electron beams, the same
procedure is applied as described for photon bekiose data
for other nominal energies can be see able 1. Gradients
for electron beams with energy 5, 7, 8, 10, 12, bhd/eV are
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Figure 4. Percentage of Gradient Dose for electron beams

presented irFigure4. Only 10 MeV data of electron energy
beam is available in Report 25 of BJR.

The best fitting for the electron beam energiesxjsonential,
like it is shown inFigure 4. Based on that, the same nature of
phenomena should be respected for the photon beargies.
So, for this reason, the exponential fitting isdises well for
the photons beams.

Conclusions

For a PDD, it is necessary to have a set of dath wi
percentage dose and a specific depth. Therefoeefitdings
suggest that instead of PDD, the GD function shdiddused
which has only two values, the first value représetne
increasing region and the second one representietireasing
region of the PDD. So, the GD functions can be used
simplify data representation. Moreover, the GD fiors can
be applied for easier comparisons of different nvaeh

The GD function could potentially be helpful forrautine
quality assurance program as information of théatamh beam
stability over time and general comparisons to o#imilar
machines. Lastly, it is recommended for future &sido use
interpolation of the GD function to find other unasered
energy beam gradients.
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