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ABSTRACT KEYWORDS
The Study was performed on a high-energy linear accelerator (Elekta LINAC;
Precise™). with built-in multileaf collimator (ML C) which produces two Dosimetry;
nominal photon energies (6MV and 15MV). Dos metric measurementswere Radiation oncology;
carried out using linear accelerator (Elekta Precise™), PTW-UNIDOS CAPDD;
Electrometer, adual (0.125 cc) ion Chamber and Farmer (0.6 cc) ion Chamber, Beamprofile.

MEPHY STO Version 7.3, and Therapy Beam Analyzer (MP3-S). Three-
dimensional treatment planning (Precise PLAN) was used for calculating
dose digribution. In this study, the physical properties characterizing
high energy photon beams of (6MV and 15MV) that include the central
axis percentage depth dose (CADD), beam profile specification, tissue
maximum ratio (TMR), surface dose, buildup region and output factor, for
different field sizes at different depths, were determined to show the effect
of field size and beam energy on the central axis percentage depth dose
also to show the effect of field size and depth on beam flatness, beam
symmetry, penumbra, TMR and out put factor. Also in this study, the
physical properties characterizing high energy photon beams of (6MV
and 15MV) were measured and compared with the corresponding
published data and calculated data by Precise PLAN (3DTPS).

© 2014 Trade ScienceInc. - INDIA

INTRODUCTION vented, otherscan be detected early, treated and cured,
and pdliative carecan hep patientswith late stage can-

Cancer isadiseaseinwhich abnormal cellsinthe  cer and help their familiescope?. Oncology isan area

body divide without control. Cancer affects people
around theworld, regardiess of age, sex, and raceor
Socio-economic group. TheWorld Health Organiza-
tion (WHO) reported that cancer istheleading cause
of deathintheworld, accounting for 7.9 million desths
in 2007, morethan HIV/AIDS, maariaand tuberculo-
siscombined™.

According to WHO, many cancers can be pre-

of medicinethat dealswith the study and treatment of
cancer. Treatment for cancer includes surgery, chemo-
therapy, radiation therapy, hormond therapy and other
targeted complementary and holistic approaches.
Photon radiation beamsarenormally usedinradia
tion therapy for cancer disease. Theseradiation beams
aredmost produced from naturd or artificid radiation
sources. Such radiation sources must be under aqual -
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ity control check to assureapreciseand accurate dose
ddivery beforeand during thedinicd gpplications. Pro-
gramfor periodic qudity control checksisessentia for
radiation beam sources or machinesthat depend on the
typeof irradiation machineand a sametimeit must be
including aradiation dosimetric, mechanica and elec-
tric measurementsor checks. Theradiation dosimetric
part of quality control checksrequiresaprecise deter-
mination of the physical characterigticsfor somediffer-
ent physical parametersaretaken asreference guides
for any periodic dosimetric quality control checks.

Modern medical linear accel erator (Linac) isso-
phisticated highly devel oped e ectronic machines gen-
eraesaphotonbeamwith different energiesandinwhich
itisimpossibleto guaranteethat machinewill runfor
ever without change performanceor will never giveany
faults

The precision and the accuracy of thelinear accel-
erator areimportant at any timeof radiation treatment,
becauseit hasdirect effect on the quality of the patient
treatment asit isknown that the principletarget of ra-
diationtherapy isto deliver accurateand uniform dose
distributionto trested tumor volumeat thesametimeto
keep the doseto thenormal tissueaslow aspossible.
Inwhich requireatreatment machineto deliver apre-
scribed dosedistribution to aprescribed target volume
inreliableand safemanner.

Thephyscd parametersthat characterizingthepho-
ton beamsof different energiesisusually measured and
analyzed to determinethedifferent factorsaffectingit,
and a so to comparethe measured datawith calculated
dataand published datain order to maintain accurate
dosimetry and uniform dose through thetreatment vol -
ume, to haveradiation treatment within standard qual-
ity, and at the sametimeisconsidered asabaseline
datawhichisessentia part of Quality Assurance (QA)
program in radiotherapy department.

Such QA program is necessary, in order to ensure
consistency of beam dose characteristics, and optical
integrity aswe | asmaintainingahigh degreeof safety in
theuseof treatment equipment. Asthereiswidevariety
of occurrencesthat can unexpected changesin absorbed
dosedistribution.

EXPERIMENTAL DETAILS

Thisstudy was carried out using the measurement
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equipmentsand irradiationfacilities, namely : (Elekta
Precise™), PTW-UNIDOS Electrometer, a dua
(0.125 cc) ion Chamber and Farmer (0.6 cc) ion Cham-
ber, MEPHY STO Version 7.3, and MP3-S water
phantom connected to Therapy Beam Anayzer (MP3-
S) and Three-dimensional treatment planning (Precise
PLAN), usedfor all measurementsrequired for verifi-
cation, QA and anaysis.

A central axisdepth doseismeasured for both 6
MV and 15 MV photon beams generated by Elekta
Precise™ linac., using squarefield sizesranged from
1x1 cm?to 40x40 cm? at FSD =100 cm. Dual ioniza-
tion chambers(detector and reference) of volume0.125
cc were connected with the dual channel PTW elec-
trometer (TANDEM). The chambersareused witha
three-dimensional MP3-Swater phantom connected
to MP3-S therapy beam anayzer system. The mea-
surementsare carried from zeroto 35 cmdepthin 1
mm incrementsthen the collected dataare stored and
analyzed using the computer program MEPHY STO
version (7.3) and al depth dose dataare normalized to
themaximum depth dose(d__ ) for both6 MV and 15
MV x-ray beams.

Beam profilesaremeasured to characterizethedose
at pointsoff the central axis. Frequently off-axisdata
are normalized to the dose on the central axisat the
same depth. These data are referred to as Off Axis
Ratios (OARs), which are combined with central axis
datato generateisodose curves.

Beam profilesmeasurementswere experimentally
determined using 0.125 cm? ionization chamber asin
the case of depth dose measurementsexcept inwhich
the scanning ionization chamber movestransversely
along x and y directions of the water phantom. The
ionization chamber was scanned acrosstheradiation
field of square sides 5x5 cm? and 30x30 cm?within-
crement 2mm. The beam profiles were measured at
depthsintherangefromd__ to30cminawater phan-
tom for each field sizewithaconstant FSD of 100 cm.

Beam profile parameters are obtained by
MEPHY STO softwarethat isused with automatic scan-
ning system. These parameters are homogeneity (flat-
ness), symmetry and penumbra. They aremeasured for
both longitudina and transverseaxesof eachfiddsize
at different depths. They arerefer to theflattened re-
gion of the beam profile scan.

Thehomogeneity whichisdefined isby the equa
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~ Dyt D,
lated at field size measured with the 50% of the dose
along thecentral axis, whichisknown asradiol ogical
fiddwidth®.D__ andD_. arethemaximumandmini-
mum dosewithin theflattened region referred to the
dosevaueat the central axisrespectively.

Symmetry isameasure of whether thebeam’s dose
consi stent on each side of the beam profileand isde-
fined asthe being maximum ratio within theflattened
region, multipliedwith 200491,

_{_ D)
Symmetry = { D(=X)

D(x) isthe dose at point x; X and —x are points
within theflattened region, symmetrical tothe central
axis.

Output Factorsfor different field sizesismeasured
rdativetofield sizeof a10x10 cm? at the depth of 1.6
cmand 2.8cmfor 6 MV and 15 MV photon beams
respectively to show the effect of fiedd szeonthevaue
of output factor

TissueMaximum Ratio (TMR) that defined asthe
ratio of thedoseat agiven point in phantomtothedose
at the same point at the reference depth of the maxi-
mum dose, was determined asshownin thefollowing
steps
1- Theconditionfor measurement of TM R was ad-
justed by the quality control for the machine ac-
cording to the energy measured.

The absorbed dosewas measured at theD__ ac-
cording to theenergy about 1.6 cmfor 6 MV and

tion homog.

100% , is calcu-

J -100%

2.8cmfor 15MV X-rays, for selected field size.
Thethicknesswould beincreased over theioniza-
tion chamber and the absorbed dosewould be mea-
sured at thesamefield but at different depths D,
for the point of measurement.

DividingD overtheD__ yiddstheTMR.

The above step was repeated for deferent depths
andfor deferent field sizes.

Finally the compl ete dose distributions data mea-
sured for 6 MV and 15 MV photon beams of Elekta
Precise™ linac were compared with thecal cul ated data
by Preci se Plan and published datadistributions. inci-
dent on water phantom.

RESULTS

Thecentral axisper centagedepth dose measure-
ments

Figure 1 showsthe central axispercent depth dose
for both 6 MV and 15 MV x-ray beamsrespectively
for different field sizesranging from 1x1 cm? to 40x40
cm?. They are characterized by the buildup of dose at
the surface reaching amaximum doseat depth (d__)
then the dose decrease as the photon beam travels
through thephantom beyondd

TABLE 1 and corresponding Figure 2 show The
measured percentage depth dose asafunctionin depth
for photon beam energies 6 MV and 15 MV pro-
duced by ElektaPrecise™ linac for openfield sizes
5x5, 10x10, 15x15, 20x20, and 30x30 cm? at
SSD=100 cm. Thisdataillustrates theinfluence of
beam energy on the percentage depth dose curvesfor
differentfieldsizes
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40
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Figurel: Thecentral axisPDD of photon beamsgener ated by Elekta Precise™ linac. measur ed for open squar efieldssizes
ranged from (1x1)cm?to (40x40) cm? at FSD =100 cmin water phantom, normalizedtod__ for beam energies(A) 6MV and

(B)15MV
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TABLE 1: Themeasured central axisPDD for 6 MV and 15 MV photon beam of Elekta Precise™ linac

Field size(cm) 5x5 cm? 10x10 cm? 15x15 cm? 20x20 cm? 30x30 cm?
Depth(cm) Energy 6MV 15MV  6MV 15MV  6MV 15MV  6MV 15MV  6MV  15MV

0 461 268 510 341 549 408 590 467 640 545
0.2 496 284 551 356 593 420 639 482  66.8 56.0
0.4 641 342 688 395 740 476 765 544 765 61.6
0.6 799 587 839 617 861 672 886 736 912 79.8
0.8 885 682 904 749 924 790 936 832 956 86.9
1.0 943 772 957 824 968 857 978 838 985 91.5
1.2 977 835 986 877 992 906 994 931 996 95.1
1.4 992 873 995 915 996 938 1000 958 1000  96.8
1.6 1000 91.6 1000 947 1000 960 998 977 997 98.2
1.8 995 942 999 9.1 999 983 998 983 997 99.6
2.0 992 962 993 981 994 989 988 994 990 998
2.8 956 1000 959 1000 960 998 959 993 958 99.4
6.0 809 896 828 900 839 896 842 892 848 89.6
7.0 769 86 791 8.1 805 83 801 856 815 86.4
8.0 724 80 756 88 767 87 715 827 783 83.1
9.0 682 775 712 791 729 793 735 801 748 79.9
10.0 642 740 679 762 696 765 706 766 718 77.1
11.0 61.0 707 644 725 661 735 673 735 686 74.3
12.0 573 67.0 61.0 695  63.0 701 642 708 656 71.8
13.0 539 646 578 663  60.1 676 613 677 629 68.8
14.0 51.1 616 548 637 571 648 585 653 599 66.1
15.0 482 584 518 612 542 622 556 627 573 63.4
16.0 453 558 492 582 515 595 529 599 549 61.2
17.0 429 535 466 561 490 571 505 580 525 59.0
18.0 403 511 442 535 465 549 482 556 502 56.7
19.0 380 488 418 511 443 526 456 531 477 54.4
20.0 3.0 466 397 489 420 505 436 511 457 52.6
21.0 340 440 377 467 399 482 415 494 438 50.3
22.0 321 425 354 449 379 462 394 473 415 485
23.0 305 403 338 430 362 444 374 455 399 466
24.0 286 388 320 414 344 427 358 437 379 448
25.0 272 367 303 395 325 409 339 420 362 432
26.0 257 353 289 376 310 392 325 401 344 415
27.0 243 335 273 363 294 376 309 386 328 400
28.0 230 320 258 344 280 359 293 368 313 38.6
29.0 217 305 246 331 267 347 281 354 300 370
30.0 206 295 233 317 255 333 268 340 285 355
31.0 194 279 220 303 240 317 253 327 273 34.1
32.0 184 270 210 290 230 306 242 316 261 32.8
33.0 174 257 200 280 217 293 231 303 248 317
34.0 165 245 188 2658  20.6 282 219 289 238 30.4
35.0 157 235 180 257 19.6 270 210 279 227 29.2

Beam profile measurementsfor elektaprecise™ variationinflatness, symmetry and penumbra, for dif-
linac ferent field sizesasafunction of the specified depths

Theresulting beam profile scans demonstrate the for both6MV and 15MV energies.



306

Dosimetry measurements of radiation fields

RRBS, 8(8) 2014

Reguler Peper e

F.S.=5X5 F.S.=10x10
A B
120 - 1204
Z 400 | E 100 | jof
[+] (]
w w
S 0K 5 MV 8 & 6 MV
% 60—; —_— g 60 | —— [V
8 i b mmmm e oD - B —15 M 8 IO O S —a—15 MV
= 40 e - 403 ]
s = 1 h
@ H ' ) o 1 1
e 201! b S 20+ b
@ 1 ) > | |
o 0 E ! ) e O T ! 'I T 1
isas ' N ' ' 1628 s 1l
0 10 20 30 40 0 10 20 30 40
Depth (cm) Depth (cm)
F.S.=15X15 F.S.20x20
C D
120 1209
= 100 4 E 100 | 4
@ @ 4
3 3
a & il 12 %] &MV
= —— / = —— .
= 60 = 60+
S a —a15M & ofii — 15 MV
2 404 2 401 ]
= =
o @ 1
S 201 e 20 ;
o o '
0 : - - | 0 . — : .
5 2. 4 hs 1618 14 27
0 10 20 30 40 0 10 20 30 40
Depth (cm) Depth (cm)
F.S.=30X30
E
120
£ 100
@
3
2 ® 6 MV
= —e BN
= 60
§ PO £ ——15M
— 404i .
> N
© 20 v
i v
0+ : — ! : :
0" 0 " 20 30 40
Depth (cm)

Figure2: Thecentral axisPDD curvesfor 6 MV and 15 MV photon beamsof Elekta Precise™ linac. nor malized to 100%
atd__ for field size: (A) 5x5 cm?, (B) 10x10 cm?,(C)15x15 cm?,(D)20x20 cm? and (E) 30x30 e,

Figure 3 showsan open beam profilemeasurements
of 6 MV photon beam generated by Elekta Precise™
Linac, for field sizes5x5 cm?, 10x10 cm?, 15x15 cn?,
20x20 cm? and 30x30 cnv* at depthsrangingfromd
to 30 cm. Dud ionization chambers (detector and ref-
erence) of volume 0.125 cc were connected with the
dual channel PTW electrometer (TANDEM). The
chamberswas used with athree-dimensiona MP3-S
water phantom connected to MP3-S therapy beam
analyzer system. Theradiation beam wasmeasured at

FSD =100 cm.

Figure4 showsan open beam profile measurements
of 15MV ElektaPrecise™ Linac. are carried out un-
der the same conditions.

TABLE 2 showsthe homogeneity (flatness), sym-
metry and penumbra (left and right) at specified depths
for field sizes5x5, 10x 10, 15x15, 20 x 20, and 30x30
cm? respectively for 6 MV photon beam, while TABLE
3 showsthehomogeneity (flatness), symmetry and pen-
umbra(left and right) at specified depthsfor field Szes
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Figure3: 6 MV beam pr ofile of Elekta Precise™ linac. scans
at depthsof (1.6, 5, 10, 15, 20, and 30 cm) for field size: (A)
5x5cm?, (B) 10x10 cm?, (C) 15x15 cm?, (D) 20x20 cm?and (E)
30x30 cm?

Figure4: 15 MV beam profile of Elekta Precise™ linac.
scansat depthsof (1.6, 5, 10, 15, 20, and 30 cm) for field size:
(A) 5x5 cm?, (B) 10x10 cm?, (C) 15x15 cm?, (D) 20x20 cm?
and (E) 30x30 cm?
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TABLE 2: The homogeneity (flathess), symmetry, and TABLE 3 : The homogeneity (flatness), symmetry, and
penumbraleft and right for field sizes5x5 cm? 10x10 cm?,  penumbraleft and right for field sizes 5x5 cm? 10x10 cm?,

15x15 cm?, 20x20 cm? and 30x30 cm? 15x15 cm?, 20x20 cm? and 30x30 cm?asa function of depth
- - 5 (cm) for 15MV photon beam emer ged from Elekta Precise™
Field Size5x 5 (cm?) linac.
Depth (cm) Eﬁtu&bnz? FZZ?:Tn?L?) F'?g/:)ﬁs Syr?g}:?ry Field Size 5x 5 (cm?)
16 5.61 5.38 066 10089  pepth (cm) E?:J?nbr; ;:1 F:le:rzﬂrg% Fl?g/:)% &ng;?try
5.0 5.80 5.97 116  100.58
10.0 6.44 6.18 154  100.63 28 i 6.28 178 10051
15.0 6.73 6.65 160 10058 50 718 723 181~ 10186
20.0 7.00 6.77 158  100.69 100 745 779 245 101.99
30.0 755 7.30 211  101.06 150 790 784 227 10225
Fidld Size 10 10 (o) 20.0 8.22 8.01 289  102.39
T a1 = 50 0se 10007 30.0 851 8.36 300 10183
5.0 6.41 6.36 146 100.43 Field Size 10 x 10 (cm*)
10.0 7.23 697 227 10051 28 /.38 690 207 10240
150 8.10 794 299 10104 50 .73 782 219 10155
0.0 866 860 243 10084 10.0 8.23 7.8 296  101.90
30.0 10.37 1022 364  100.93 150 9.09 85 338 10225
Field Size 15 x 15 (o) 20.0 9.01 9.28 377 10184
6 720 08 090 10069 30.0 10.8 1046 394  102.23
50 7.80 7.97 122 100.66 Field Size 15 x 15 (cm*)
10.0 9.23 9.09 231 100.89 28 7.56 712 139 10199
150 1053 1045 322  100.78 50 792 r48 158 10182
20.0 1178 1165 399  100.37 100 8.70 8ll 225 10200
30.0 1520 1518 497 10049 150 9.97 946 269 10235
Fidld Size 20 x 20 (cm)) 20.0 10.77 1051 329 10229
16 ~ 80 P 091 10050 30.0 12.84 1254 419 10192
50 8.66 855 099  100.42 Field Size 20 x 20 (cm’)
10.0 10.30 1017 222 100.65 28 7.59 7.29 145 10194
15.0 12.07 11.82 336 10043 50 8.12 7.66 150 10166
20.0 13.86 13.90 408  100.58 100 9.26 8.68 201 10145
30.0 19.64 19.75 5.65 100.50 15.0 10.27 10.33 3.01 102.28
Field Size 30 x 30 (sz) 20.0 11.50 11.38 351 102.03
5.0 9.50 9.39 114 100.43 Field Size 30 x 30 (cm?)
10.0 11.76 11.50 213  100.36 2.8 7.70 1.22 184 10181
15.0 14.17 14.08 3.83 100.8 5.0 791 7.64 194  101.68
20.0 18.08 - 531 100.33 10.0 9.65 9.09 2.20 102.00
30.0 ] ) ] ] 15.0 11.31 1088 334 10224
5x5,10x 10, 15x15, 20X 20, and 30x30cme respec- o0 o> 1280 a5k 1021
30.0 17.49 17.18 661  101.88

tively for 15MV photon beam.

Figure 5 showsthe linearity between penumbra  show thelinearity between penumbrawidth and depth
width and depthfor field sizes(5x5, 10x10, 15x15and  for field sizes (5x5, 10x10, 15x15, 20x20 and 30x30
20x20 cm?). of 6 MV photon beam. While Figure6  cm?). of 15MV photon beam.
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Figure 5: Thelinearity between penumbrawidth and depth for 6M V photon beam emer ged from Elekta Precise™ linac. with
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Figure6: Thelinearity between penumbrawidth and depth for 15MV photon beam emer ged from Elekta Precise™ linac.
with field size: (A) 5x5cm?, (B) 10x10 cm?, (C) 15x15 cm?, (D) 20x20 cm?and (E) 30x30 cm?.
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Tissuemaximumretio (TMR) weredetermined for
6MV and 15 MV photon beamimmerged form Elekta
Precise™ linac. at FSD =100 cm for field sizesfrom
5x5 cm?to 30x30 cn?, the reference depth for normal -
izationof TMRis1.6 cmfor 6 MV photon beam and
2.8for 15 MV photon.

TABLE 4 and 5 represent TMR related to depth

> Regulor Paper

for field sizesfrom 5x5 cm?to 30x30 cm? compared
with the published datd® for 6 MV 15 MV photon
beam emerged from Elekta Precise™ linac, and the
measured datawere plottedin Figure 7.

TABLEs6 and 7 and Figure 8 show the measured
output factorsfor different field sizesrelativetofield
sizeof a10x10 cm? at thedepth of 1.6 cmand 2.8cm

TABLE4: Themeasured (M) TMR for 6MV photon beam emer ged from Elekta Precise™ linac. compar ed with the published
(P)® TMR for squar efield sizes(5x5) , (10x10) , (15x15), (20x20) and (30x30) cm?.

Field size (cm?) 5x5 10x 10 15x15 20x 20 30x 30
Depth(cm) P M P M P M P M P M
1.0 - 0.966 - 0.968 - 0.969 - 0.971 - 0.975
16 - 1.000 - 1.000 - 1.000 - 1.000 - 1.000
20 099 0994 0998 0994 0997 0994 099 0995 0.997 0.99
3.0 0973 0971 0979 0977 0980 0977 0981 0979 0982 0981
4.0 0943 0939 0954 0951 0958 0956 0960 0959 0964 0.963
5.0 0910 0907 0928 0925 0935 0931 0939 0937 0945 0.942
6.0 0878 0874 0900 0887 0910 0906 0916 0913 0925 0921
7.0 0843 0841 0871 0868 0884 0882 0893 0891 0.904 0.902
8.0 0810 0808 0843 0841 0860 0859 0869 0.868 0.882 0.879
9.0 0777 0773 0814 0811 0833 0831 0844 0842 0860 0.858
10.0 0745 0741 0786 0784 0808 0.805 0820 0.817 0.837 0.835
15.0 0603 0601 0650 0648 0681 0679 0701 0698 0.726 0.723
20.0 0484 0482 0532 0531 0565 0562 0587 058 0.620 0.619
25.0 0389 038 0433 0429 0466 0464 0490 0488 0525 0522
30.0 0313 0311 0352 0351 0382 0381 0406 0403 0441 0439

TABLES: Themeasured (M) TM R for 15M V photon beam emer ged from Elekta Precise™ linac. compared with thepublished
(P)¥ TMR for sguarefield sizes(5x5) , (10x10) , (15x15), (20x20) and (30x30) cm?.

Field size (cm?) 5x5 10x 10 15x15 20x 20 30x 30
Depth (cm) P M P M P M P M P M
1.0 - 0.977 - 0.981 - 0.985 - 0.987 - 0.985
2.0 - 0.986 - 0.983 - 0.988 - 0.986 - 0.989
2.8 - 1.000 - 1.000 - 1.000 - 1.000 - 1.000
3.0 1.000 0999 1000 0998 1000 099 0999 0.995 0999 0.9%4
4.0 0999 0998 0997 0995 0992 0991 0990 0990 0.988 0.987
5.0 0984 0982 0984 0983 0979 0975 0975 0974 0973 0971
6.0 0962 0959 0964 0962 0961 0958 0959 0957 0.957 0.955
7.0 0938 0937 0944 0941 0942 0941 0940 0938 0939 0936
8.0 0912 0909 0922 0919 0922 0921 0921 0918 0922 0921
9.0 0887 088 0899 089% 0900 0898 0901 0899 0904 0.902
10.0 0862 0861 0877 0875 0831 0879 0883 0881 0888 0.886
15.0 0743 0739 0768 0767 0780 0778 0786 0783 0.799 0.797
20.0 0641 0639 0669 0667 0686 0684 0696 0694 0713 0.711
25.0 0553 0551 0581 0579 0600 0599 0613 0612 0.632 0.629
300 0474 0472 0504 0502 0524 0522 0538 0536 0559 0.556
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Figure7: The TMR of photon beam emer ged from Elekta
Precise™ linacfor squarefieldsof sides5, 10, 15, 20 and 30
cmat FSD =100 cm, for beam energies(A) 6MV and (B) 15
MV.

for 6 MV and 15 MV photon beamsrespectively.
Dosimetricverification for photon beam

Thecentral axisdepth dosewasmeasured for both
6 MV and 15 MV photon beam generated by Elekta
Precise™ linacfor squarefield sizesranged from (5x5)
cm? to (30x30) cm?at SSD =100 cm. The measure-
mentsarecarried from zeroto 30 cmin depth of 5mm
increments. The collected datais stored and anayzed
using thecomputer progran MEPHY STOversion7.3.
Thedepth dosedataisnormaized tothemaximum depth
dose(d ) at1.6cmfor6MV and2.8for 15MV on
the central axis. Themeasured percentage depth dose
dataof 6 MV and 15 MV photon beam produced by
the ElektaPrecise™ linac. was compared with cal cu-
lated databy using Precise PLAN and that correspond-
ing published datd®®

TABLE 8 and Figure 9 show themeasured central
axisPDD compared with the cal cul ated data, and the
published data® for 6 MV photon beam for
(5x%5),(10x10), (15x15), (20x20) and (30x30) cm?field
sizes., while TABLE 9 and Figure 10 show the mea-
sured central axis PDD compared with the cal culated

TABLE 6 : The output factorsfor different field sizes at
depth d__ cm for 6 MV photon emerged from Elekta
Precise™ linac.

Field size (cm? Output factor
4x4 0.92
5x5 0.94
6X6 0.95
7 0.97
8x8 0.98
9x9 0.99

10x10 1.00
11x11 1.01
12x12 1.02
12.5X12.5 1.02
15X 15 1.03
175175 1.05
20X 20 1.05
25X25 1.05
30X30 1.07
35X35 1.08
40X40 1.08

TABLE 7 : The output factorsfor different field sizes at
depth d__ cm for 15 MV photon emerged from Elekta
Precise™ linac.

Field size (cm? Output factor

Ax4 0.93
5x5 0.95
6x6 0.96
X7 0.97
8x8 0.98
9x9 0.99
10x10 1.00
11x11 1.00
12x12 1.01
15x15 1.02
17.5x17.5 1.03
20x20 1.05
25x25 1.05
30x30 1.07
35x35 1.08
40x40 1.09

data, and the published data® for 15 MV photon beam
for (5x5), (10x10), (15x15), (20x20) and (30x30) cm?
fildgzes.

Beam profileswere measured in water usingion
chamber and PTW system for openfield sizes (5x5,
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Figure8: Theoutput factorsfor different field sizesrelativetofield sizeof a (10x10) cm?at depth d__ cmfor photon beam
emer ged from Elekta Precise™ linacwith energy (A) 6MV and (B) 15MV

TABLE 8: Measured PDD for 6MV photon beam emer ged from Elekta Precise™ linac. compar ed with calculated and

published” PDD.
Field Size 5X5 cm? 10X 10 cm? 15X 15 cm? 20X 20 cm? 30X30 cm?
Dcm) PTW TPS P PTW TPS P PTW TPS P PTW TPS P PTW TPS P

1.0 943 953 985 9574 981 990 968 960 994 978 985 995 985 990 995
16 1000 1000 - 1000 1000 - 1000 1000 - 99.8 1000 - 999 1000 -
20 992 990 986 993 990 988 994 990 987 988 985 986 990 990 987
30 940 940 945 959 956 951 960 960 952 959 958 953 958 955 954
40 898 898 899 911 910 910 913 913 914 917 915 915 917 915 919
5.0 854 853 82 872 870 869 880 879 875 832 830 879 836 885 885
6.0 809 806 806 828 825 828 839 836 837 842 840 842 848 845 850
7.0 769 764 762 791 790 788 805 800 799 808 809 807 815 814 816
8.0 724 723 719 756 754 749 767 766 763 775 772 771 783 783 782
9.0 682 680 678 712 710 711 729 725 727 735 733 737 748 745 75
10.0 642 641 640 679 676 675 696 690 693 706 704 704 718 715 717
11.0 610 599 603 644 640 640 661 655 660 673 67.0 672 686 680 686
120 573 573 569 610 610 607 630 625 628 642 640 641 656 653 657
13.0 539 538 537 578 575 576 601 595 598 613 610 6lL2 629 625 628
14.0 511 510 506 548 546 545 571 570 568 585 580 582 599 595 599
15.0 482 480 477 518 517 517 542 540 540 556 550 555 573 569 57.3
16.0 453 450 449 492 490 489 515 510 513 529 530 528 549 545 547
17.0 429 429 423 466 465 463 490 490 487 505 500 503 525 520 523
18.0 403 400 399 442 441 438 465 460 462 482 479 479 502 500 499
19.0 380 380 376 418 415 415 443 440 439 456 452 456 477 473 476
20.0 360 360 355 397 395 393 420 420 417 436 433 434 457 452 454
22.0 321 321 335 354 354 352 379 375 376 394 390 393 415 413 413
24.0 286 285 282 320 320 316 344 340 339 358 355 355 379 375 376
26.0 257 256 251 289 289 283 310 308 306 325 320 321 344 340 341
28.0 230 228 224 258 258 254 280 280 276 293 290 291 313 310 310
30.0 206 206 200 233 230 228 255 250 248 268 260 263 285 280 282

10x10, 15x15, 20x20 and 30x30 cm?) at 100 cm SSD
forthe6 MV and 15 MV photon beam generated by  planning (Precise PLAN).
ElektaPrecise™ linac. and compared with the cal cu-

lated beam profilesby Three-dimensional treatment

Figure 11 showsthe measured beam profilesfor
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TABLE 9: Measured PDD for 15MV photon beam emer ged from Elekta Precise™ linac. compar ed with calculated and

published® PDD.
Field Size 5X5 cm? 10X10 cm? 15X 15 cm? 20X 20 cm? 30X 30 cm?

Dcm) PTW TPS P PTW TPS P PTW TPS P PTW TPS P PTW TPS P
1.0 772 770 - 844 80 - 857 855 - 888 888 - 915 914 -
2.0 %2 90 - 9812 980 - 989 988 - 99.4 994 - 99.8 998 -
2.8 1000 1000 - 1000 1000 - 998 999 - 993 998 - 9.4 996 -
30 99.4 990 998 999 998 998 994 993 998 986 985 997 989 988 997
4.0 972 970 978 969 9.7 976 9.1 9.0 971 963 960 99 959 958 967
5.0 935 933 946 938 934 945 934 933 940 925 924 937 929 929 935
6.0 896 895 908 900 900 909 896 895 906 892 890 904 896 896 903
7.0 856 854 869 861 860 874 863 863 872 856 853 87 864 863 870
8.0 820 820 830 828 826 838 827 825 838 827 825 837 831 830 838
9.0 775 773 793 791 790 803 793 790 804 801 800 805 799 798 808
10.0 740 740 758 762 760 77 765 762 773 766 765 775 771 770 779
11.0 707 705 724 725 723 738 735 732 742 735 732 745 743 740 750
12.0 670 669 691 695 694 707 701 700 712 708 707 716 718 717 722
13.0 646 642 659 663 660 677 676 674 684 677 676 688 688 687 696
14.0 616 614 630 637 635 649 648 645 657 653 653 662 661 660 67.0
15.0 584 582 600 612 610 621 622 620 629 627 626 635 634 632 644
16.0 558 556 574 582 580 595 595 594 604 599 600 610 612 610 619
17.0 535 533 548 561 560 57 571 570 580 580 580 586 590 590 596
18.0 511 510 524 535 532 546 549 547 556 556 555 563 567 564 574
19.0 488 484 501 511 510 523 526 523 534 531 530 541 544 542 552
20.0 466 465 478 489 487 50 505 504 512 511 510 520 526 523 531
22.0 425 423 436 449 448 458 462 460 471 473 470 480 485 482 491
24.0 388 383 400 414 410 421 427 425 434 437 435 443 448 446 454
26.0 353 350 365 376 374 386 392 390 399 401 400 408 415 413 419
28.0 320 320 334 344 343 355 359 356 368 366 366 377 386 383 388
30.0 295 293 305 317 310 326 333 331 339 340 340 348 355 353 359

the6MV a d_ compared with datacal culated by us-
ing the planning systems Precise Plan.

Figure 12 shows the measured beam profilesfor
the15MV at d _ compared with data calculated by
using the planning systems Precise Plan.

DISCUSSION

Thecentral axispercentagedepth dose measure-
ments

Results show that percentage depth dose curves
for all field sizes(from 1x1 to 40x40 cm?) are charac-
terized by thebuildup of doseat the surfacereachinga
maximum doseat depth (d__ ) equal to 1.6+ 0.1 for 6
MV x-ray and 2.8 £ 0.1 for 15 MV then the dose
decrease asthe photon beam travel sthrough the phan-

tombeyondd__ ,whichindicatesthatd _ valuedepends
ontheenergy of theirradiating beam. In addition, itis
obviousthat beyondd_, thePDD increasesasthefield
sizeincreaseswhichisdueto theincreasing in scat-
teredradiation at larger field sizes.

Also collected datashow that for 6 MV the PDD
reachesthemaximumvalueat depthd _ equal to 1.6
cmwhilefor 15 MV the PDD reachesthe maximum
valueat depth 2.8, and for 6MV, the PDD decreases
to 50% at depths 14.5cm, 15.5cm, 16.5cm, 17.5cm
and 18.5 cmfor field sizes5x5, 10x10, 15x15, 20x20,
and 30x30 cn? respectively whilefor 15MV the PDD
decreasesto 50% at depths 18.5cm, 19.5¢cm, 20.5¢cm,
20.7cm and 21.5cm for the samefiled sizes.

So we can concludethat the PDD decreaseswith
increasing of beam energy from6 MV to 15 MV at
depthsfrom 0to 2 cmand after that depthit increases
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Figure9: Measured PDD for 6 MV photon beam emer ged
from ElektaPrecise™ linac. at FSD =100cminwater phantom,
compar ed with calculated and published” PDD. of open square
field size: (A) 5x5 cm?, (B) 10x10 cm?, (C) 15x15 cm?, (D)
20x20 cm? and (E) 30x30 cm?,

Figure10: Measured PDD for 15 MV photon beam emer ged
from Elekta Preciss™ linac. at FSD =100cminwater phantom,
compar ed with calculated and published!® PDD. of open square
field size: (A) 5x5 cm?, (B) 10x10 cm?, (C) 15x15 cm?, (D)
20x20 cm?and (E) 30x30 cm?.
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Figure11: Measured cross-beam profilesfor 6 MV photon
beam emer ged from Elekta Precise™ linac. at depthd__
compar ed with calculated onefor field size: (A) 5x5cm?, (B)
10x10 cm?, (C) 15x15 cm?, (D) 20x20 cm? and (E) 30x30 cm?.

Figure12: Measured cross-beam profilesfor 15MV photon
beam emer ged from Elekta Precise™ linac. at depthd__
compar ed with calculated onefor field size: (A) 5x5cm?, (B)
10x10 cm?, (C) 15x15 cm?, (D) 20x20 cm?and (E) 30x30 cm?.
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withincreasing of beam energy.

Beam profile measurementsfor elekta precise™
linac

Resultsshow that for 6 MV photon beam, itisclear
that for field sizes 5x5,10x10, 15x15, 20x20 and
30x30cm? the homogeneity increased from 0.66% at
depth 1.6 cmto 1.58% at depth 20 cm, and increased
from 0.88% at depth 1.6 cm to 3.43% at depth 20cm,
andincreased from 0.90% at depth 1.6cmto 3.99% at
depth 20cm and increased from 0.91% at depth 1.6cm
t04.08% at depth 20cm and 1.01% at depth 1.6 cmto
5.31% at depth 20cm respectively. Whilefor 15 MV
photon beam for the samefield sizesthe homogeneity
increased from 1.78% at depth 2.8 cm to 2.89% at
depth 20 cm, and increased from 2.07% at depth 2.8
cmto 3.77% at depth 20cm,and increased from 1.39%
at depth 2.8 cmto 3.29% at depth 20cm,and increased
from 1.45% at depth 2.8 cm to 3.51% at depth 20cm,
and increased from 1.84% at depth 2.8 cmt0 4.51%
at depth 20cm respectively. So we can conclude that
the beam homogeneity increaseswith thefidd sizeand
depth.

For thepenumbraanalysis, results show that for 6
MV photon beam the penumbrawidthvariesfrom 5.61
mm at 1.6 cm depth to 7.0 mm for 5x5 cm?field size,
for fidd sze, 10x10cm?, thepenumbravaried from5.81
mm to 8.66 mm, for 15x15 cm? field size, the penum-
bravaried from7.20 mmto 11.78 mm, for 20x20 cm?
field sze, the penumbravaried from 7.80 mmto 13.9
mm, and for 30x30 cm? field Size, the penumbravaried
from 8.32 mmto 18.08 mm. whilefor 15MV photon
beam it show that the penumbrawidth variesfrom 7.11
mm at 2.8 cm depthto 8.22 mmfor 5x5 cm?field size,
for fidld 9ze 10x10cm?, the penumbravaried from 7.38
mmto09.91 mm, for 15x15 cm? field size, the penum-
bravaried from 7.56 mmto 10.77 mm, for 20x20 cm?
field size, thepenumbravaried from 7.59 mmto 11.5
mm, and for 30x30 cm? field Size, the penumbravaried
from 7.7 mmto 12.86 mm. so from these results we
can seethat for deferent field S zes, the penumbrawidth
increaseslinearly withincreasing of the depth.

For TMR studyingitisfoundthat, TMR at agiven
depthincreaseswith theincreasing of field size, and
thereissteep drop of TMR vauewiththedepth at a
givenfield size. TMR isbased ontheassumptionthat,
the scatter contribution to the depth doseat point inde-
pendent of the divergence of the beam and depends

—=> RegUlOr Paper

only onthefield sizeat the point and the depth of the
overlying tissueg®. Also themean difference and stan-
dard deviation between published and measured TMR
for6 MV and 15MV energiesfor openfiddsizesfrom
5x5 cnto 30x30 an, themaximumand minimum stan-
dard deviationswere+0.09 and +0.11 for 6MV, £0.08
and+0.12 for 15MYV, which are in compliance with the
published tolerances (+2).

Finally resultsshow that the output factor increases
withincreasingof fildsize.

Dosimetricverification for photon beam

The central axisPDD results show that for 6 MV
photon beam there are amean difference and a stan-
dard deviation in percentage equal to (0.16+0.32),
(0.12+ 0.52), (0.34+0.24), (0.28+0.29) and
(0.32+0.24) for field sizes (5x5), (10x10), (15x15),
(20x20) and (30x30) cm? respectively between the
measured and the cal culated data, and thereareamean
differenceand astandard deviationin percentageequd
to (0.18+0.98), (0.24+ 0.74), (0.26+0.62),
(0.16+0.42) and (0.12+0.30) for field sizes (5x5),
(10x10), (15x15), (20x20) and (30x30) cm? respec-
tively between the measured and the published datd 3.
Whilefor 15MV photon beam thereareamean differ-
ence and astandard deviation in percentage equal to
(0.22+0.13), (0.24£0.15), (0.21+0.09), (0.14+0.15)
and (0.17+0.13) for field sizes (5x5), (10x10), (15x15),
(20x20) and (30x30) cm? respectively between the
measured and the cal culated data, and thereareamean
differenceand astandard deviation in percentageequd
t0(1.26+0.37), (0.94+0.31), (0.78+0.18), (.84+0.24)
and (0.62+0.20) for field sizes (5x5), (10x10), (15x15),
(20x20) and (30x30) cm? respectively between the
measured and the published datd”#. So we can con-
clude that the measured datafor both 6 MV and 15
MYV photon beam are in agood agreement with the
calculated and the published data™®.

Finaly the cross-beam profileresults show that for
6 MV photon beam the maximum and minimum stan-
dard deviationsbetween the cal culated datafrom (TPS)
and measured datawere+1.7 and +£0.7, while for 15
MYV photon beam the maximum and minimum standard
deviationsbetweenthe cd culated datafrom (TPS) and
measured dataweret 0.36 and £0.23, so we can see
that the differencesbetween the cal cul ated cross-beam
profiles dataand measured cross-beam profilesdata
areinthe accepted range of +2%.
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