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OuiHtoBaHHA acMMeTpHnYHOro KoniMartopa
anA HOBOro NMoKoniHHA yCTaHOBOK
AnA nikyBaHHA i30ToNaMmn KobanbToBMX

TEeEne€raMmMmartepanebsTNHNX anapaTiB

ITenv pabomui: VIzyueHue pacnpeseleHUs J03bI X HOPMEI CIIPa-
BOYHOM 03Bl CHMMETPUYHBIX ¥ ACHMMETPUUHBIX IIOJIEH.

Mamepuanvt u memoduwt: IIpoBeseHO uccIeloBaHTEe HOBOI MO-
JeJu YCTAaHOBKU AJA JeueHUusA m3oronamu Kobaabra Theratron
Equinox-100 (MDS Nordion, Canada),ocHaIlieHHO OAHUM KJINHOM
c snexTponpuBogom (MW), a Takike BepXHeIl U HUKHEH I[eKO0MH.
CuMMeTpUYHEIE II[eKU BBOAUINCH B pa0OTY B CUCTEME IIJIaHUPOBA-
uus teuenus Pinnacle®(Philips) 3D. IIpoduau u 1o3a Ha riyOuHAX
BIOJB IeHTpaabHOI ocu (CADD) usmepsanuch BOGHBIM (haHTOMOM
Wellhofer Blue g1 pasHbIX pasMepoB, ¢ ucnoabzosanuem 0,13 cm?
HAIepPCTKOBOM MOHMU3AIMOHHOM KaMepkI (Scanditronix Wellhofer,
Uppsala, Sweden). ITosryueHHbIe faHHEIE OBLIY BBeIeHEBI B Pinnacle?.

Pesynemamut: 3tu npodunu u CADD cuMMeTPUYHEIX IITEK CPaB-
HUJIYU C aCHMMETPUUYHBIMYU II[eKaMU JJIsI PA3HBIX PAa3MepPOB IOJIA.
Wsmepuiu TakoKe IPOMUIN IyIKa B CHMMETPUYHBIX ¥ ACHMMeTPIY-
HBIX pasMepax moyd 5% 5, 10x10 u 20x 20 cm?ua rayoune 5 u 10 cm
¢ momoiipo 2D Array (ZByxMepHas MaTpPUIla JeTeKTOPOB ¢ 729
060pyJOBAHHBIMY KJIaTaHAMU HOHU3AI[MOHHBIME KaMepaMu pasMe-
pom 5 x5 mm2) (PTW, 'epMatns) U CPABHUJIN C PACCUUTAHHBIM IIPO-
punem. OgHopoaHbIA hanToM moaydeHr B Pinnacle®. fosa B Hem
paccuurana Ha raiyouHe 10 cM AJid pa3HbIX Pa3MepPOB IIOJISA CUMMET-
PUH U IIeK aCUMMETPUH, C KCIIOJIh30BAHUEM MOAEJIY CBEPTKHU CILIIO-
IIEHHOTO KOHYCAa C Pa3MePOM CETKHU 4 MM, ¥ CpDaBHEHA C NU3MEPEHHOM
10301 B BogHOM (panTOMe Ha ray6une 10 cm u 0,6 cm® HamepcTKO-
BOil mounusanuouuoi kamepoit FC-65-G u snexkrpomerpom DOSE 1
ISt pasMepoB Mo 5 X 5, 10 X 10 u 20 x 20 cm?. Bapuanuu usme-
PEHHBIX U PACCYUTAHHBIX 103 Ha riiyouHe 10 cM HAXOQUJINCH B IIpe-
menax 1 %.

AcuMMeTpUYHBIE IIEKU OBIJIN YCIIEIIHO BBEAEHBI B Pa0OTy B
Pinnacle?®.

Bvi600dbi: B pacipeieieHUY 03B OTHOCUTEIBHO II0JIe MaJIeHb-
KOTO pasMepa OTMeUeHbl PA3JIUUYUS JJII CHMMETPUUYHOTO ¥ aCIMMET-
PUYHOro moJsa. [[asa 60abIIuX I0Ieil OTKJIOHEHUA MeXK 1y CUMMeT-
pueii M BHaYEHUSAMU JIyuell aCHMMETPUU COCTaBISAIOT 6ostee uem 1 % .

XapaKTepUCTUKHU JO3BI JJIsI ACUMMETPUUYHBIX I0JIeH IT0JO0HBI
TAKUM 2Ke IJIsI CHMMEeTPUUYHBIX [T0JIeH AJIsa Pa3IUUYHBIX CTeleHel
OTKPBITUA KOJJIUMATOpPA.

AGCosIOTHEIE UBMEPEHUA LO3BI B BOOTHOM (haHTOME JJIs Caydas
CHMMEeTPUHU U JIydeil aCUMMeTPUY IOKAa3aJal OTCYTCTBHUE BCAKUX
pasauuuii. [[1sa Bcex UCIOJb3YEeMbIX PA3MePOB IOJIA PO EeHTHOE
OTKJIOHEHUe He npeBbIimano 1 % .

Pinnacle?, TPS MoxXeT UCIIONAb30BAThL OJHU U Te Ke JaHHBIE O
MyYKax JJid HACTPOEK CUMMETPUUHOT0 KOJLJINMATOPa ¥ MOLEJIUDY -
eT pacupezesieHre JO3bI AJIA IO JI060r0 pasMepa, ¢ CMHMMETPUY-
HBIMHU U ACUMMETPUYHBIMY HACTPOHKAMU KOJIINMATOpa, 0es creru-
aJbHBIX IOTIPABOYHBIX KO3 (DUIINEHTOB, U He TPeOYET JOTIOJTHUTEIh-
HBIX U3MEPEeHUH AJIs BHEOCEBBIX IOJIEH.

Knrouesvie cnoséa: n30TONHBIHM KOGAIBT, JIYU CHMMETPUH, JIYU
acMMMeTpUU, IJIAaHUPOBaHYE JIEUeHU .

Objective: Evaluation of the dose distribution and of the reference
dose rate of the symmetry and asymmetric fields.

Material and Methods: A new model of the telecobalt unit,
Theratron Equinox-100, (MDS Nordion, Canada) equipped with a
single 60 degree motorized wedge and upper (X) and lower (Y)
asymmetric jaws have been evaluated. Symmetrical jaws were
commissioned in Pinnacle?® (Philips), the 3D treatment planning
system (TPS). The profiles and central axis depth dose (CADD) were
measured with Wellhofer Blue Water Phantom for various field sizes
using 0.13 cc thimble ionization chamber (Scanditronix Wellhofer,
Uppsala, Sweden) and the data were commissioned in Pinnacle?.

Results: The profiles and CADD for symmetry jaws were com-
pared with asymmetry jaws for various field sizes. Also beam
profiles for 5x5, 10x10 and 20x20 cm? for symmetry and asymmetry
field sizes at 5 and 10 cm depths measured with 2D-Array (two
dimensional detector array with 729 vented ionization chambers with
asize of 5x5 mm?, PTW, Germany), are compared. A homogeneous
phantom generated in Pinnacle® .The dose calculated in this
phantom at 10 cm depth for various field sizes of symmetry and
asymmetry jaws using collapse cone convolution (cc convolution)
model with a grid size of 4 mm , and compared with measured dose
in a water phantom at 10 cm depth with a 0.6 cc thimble ion chamber
FC-65-G and DOSE1 electrometer for field sizes of 5x5, 10x10 and
20%x20 cm? using IAEA dosimetry protocol TRS-398.The variation
of measured and calculated doses at 10 cm depth were within 1% .

The asymmetry jaws were successfully commissioned in Pin-
nacle®.

Conclusion: A dose distribution for small field sizes is a same
for a symmetry and asymmetry field sizes. For large fields deviations
between symmetry and asymmetry beams values were found to be
more than 1%.

Depth-dose characteristics for asymmetric fields are similar to
those of symmetric fields for the different collimator openings.

Absolute dose measurements in the water phantom for the
symmetry and asymmetry beams show that there is no significant
difference for all the field sizes used, the percentage deviation was
never larger than 1%.

The Pinnacle® TPS uses the same beam data for symmetric
collimator setting and models the dose distribution for any shaped
field, with symmetric or asymmetric collimator setting, without
special correction factors and does not require additional measu-
rements for off-axis fields.

Key words: telecobalt, symmetry beam, asymmetry beam,
treatment planning and commissioning.

Mema po6omu: BuBueHHS pO3IIOAiNY 103Y il HOPMHU AOBiJKOBOI 03M CHMETPUUHUX i ACHMETPUYHUX IIOJIiB.
Mamepianu i memodu: [JlocaixeHO HOBY MOJ€eJb YCTAHOBKY AJA JiKyBaHHA i3oTonamu kKo6anbTy Theratron Equinox-100 (MDS

Nordion, Canada), ocuaIesoi ofHUM KJaIuHOM 3 eneKkTponpuBogom (MW), a Tak0oK BEPXHBOIO i HUMKHBOIO IOKO0I0. CuMeTpUYHI IIOKHK
BBOJAUJIN B poOOTY B cucTeMi I1anyBanus JikyBanas Pinnacle? (Philips) 3D. IIpodii it ;o3u Ha raubuHax B3I0BXK meHTpaiabHoi oci (CADD)
puMipoBaau Bogaum paaTomom Wellhofer Blue aa pisaux posmipis, 3 Bukopucranuam 0,13 cm 2HanepcTKoBoi ioHizaniiHol KamMmepu
(Scanditronix Wellhofer, Uppsala, Sweden). Orpumasni gani 6yio BBegeno no Pinnacle®.

Pesyavmamu: I1i npoini i CADD cuMeTpuUHUX IIiK IOPiBHIOBAIN 3 ACHMETPUYHUMY IIIOKAMU JIJIA Pi8HUX po3MipiB mosnsa. Takox Bu-
MipioBaysu npodiji IyYka B CHMETPUUYHHUX i aCUMETPUYHUX Po3Mipax moaa 5x 5, 10x 10, 20 x 20 cm? ma raubuHi 51 10 cM 3a 1omomMoromo
2D-Array (IBOBMMipHA MATPUILA JeTEKTOPIB 3 729 o0afHaHUMU KJIallaHAMU i0HisamitHuMy KaMmepaMmu podMipom 5 X 5 mm 2) (PTW, Himeu-
YKHA) Ta IOPiBHIOBAJIY 3 po3dpaxoBaHuM npodinem. Oquopiguuii panTom orpumano B Pinnacle®. [lo3a B HbOMy po3paxoBaHa Ha MIUOUHI
10 c™ g1 pisHUX po3MipiB moss cumeTpii Ta ik acumeTpii, 3 BUKOPUCTAHHAM MOJ€EJi 3TOPTKY CILJIIONIEHOTO KOHYCY 3 po3MipoM ciTKu 4
MM, i HIOpiBHAHA 3 BUMipAHOIO 103010 y BogHOMY (aHTOoMI Ha raubuni 10 cm 3 0,6 cm® HanepeTKOBOIO ioHizamiliHo0 KamMmepoio FC-65-G i
esexTpomerpom DOSE 1 auist posmipis mossa 5 x5, 10x 10, 20 x 20 cm? . Bapianii BumipaHux i pospaxoBanux n03 Ha riaubuHi 10 cM mepe-
O0yBasu B Mmexxkax 1 % .

AcumerpuuHi ok u 6yJI0 yCIiIHO BBeIeHO B po6oTy B Pinnacle?.
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Bucnoerxu: Y po3nozisi 103 BiAHOCHO ITOJIiB MaJIeHBKOTO PO3Mipy iCHYIOTh BiAMiHHOCTI 41 CHMETPUYHOTO i ACHMETPUYHOTO IIOJIiB.
151 BeTUKUX IOJIiB BIAXMJIEHHS MijK cUMeTpi€lo i BHaueHHAMU IPOMeHiB acumMeTpii mepeBuyors 1 % .

XapaKTepPUCTUKU JO3U JJIA ACHUMETPUYHUX II0JIiB IOAi0HI [0 TAKMUX AJIA CHMETPUYHUX IT0JIiB IIPYU Pi3HUX CTYIEHAX BiIKPUTTA KoJriMaTopa.

AGconoTHI BUMipOBaHHA 403U y BOAHOMY (haHTOMI A5 BUIagKiB cuMeTpii i mpoMeHiB acumeTpii mokasanu BiiCyTHICTE Oy Ab-AKUX
BigminHOCTEH. [/ BCiX BUKOPUCTOBYBAaHUX PO3MipiB mosis BifxuieHHs He nepeBuiysato 1 % .

Pinnacle?®, TPS Moke BUKOPHUCTOBYBATH OJHi i Ti caMi JaHi Ipo IyYKH AJIs HACTPOIOBAHb CUMETPUYHOTO KOJIiMaTopa, i MOJeII0€ po3-
TOZ1JI JO3Y AJISA I0JIs Oy Ib-sIKOT0 PO3Mipy 8 CUMETPUUYHNMU i aCHMETPUUYHN MU HACTPOIOBAaHHAMU KoJliMaTopa, 6e3 cueriaJbHUX IOMIPaBKO-
BUX KoedimieuTis, i He moTpedye JOJAaTKOBUX BUMipIOBaHb 103a0CHOBUX ITOJiB.

Knrouwoei cnosa: isoronHuii K06aIbT, IPOMiHb CUMETPil, IPOMiHb acuMeTpii, IIaHYBaHHA JiKYBaHHSA.

Knowledge of the dose distribution and of the
reference dose rate of the asymmetric fields is
necessary for their use in clinical practice [6]. The
objective of this study is to evaluate the difference
between symmetry and asymmetry beam col-
limation settings and to determine the accuracy to
which the Treatment Planning System (TPS)
calculates the absorbed dose for open asymmetric
photon beams using the same beam data and the
same approach for dose calculation for symmetric
collimator setting.

The special objectives of the study were: to
perform relative dose measure ments in water
phantom and 2D-ARRAY for different symmetric
and asymmetric field sizes over ranges of depths;
to perform absolute dose measure ments in a water
phantom following IAEA TRS-398 protocol for
both, symmetric and asymmetric fields; to predict the
difference between the symmetric and asymmetric
fields values; to compare dose calculation for
symmetry and asymmetry beams by the Treat-

ment Planning System (TPS).

Material and Methods

1. Water phantom measurements:

The Blue Water Phantom [11] was placed on the electrical
lift table. The lift table was moved to position the phantom
to the desired location below the treatment head and to
adjust the lines marked on the bottom of the phantom
roughly to the cross lines of the light field and the vertical
indicators on the phantom was aligned with the positioning
lasers.

The empty phantom was roughly leveled with a spirit
level, using the leveling handles on the lift table and then
it was filled with water to its top edge.

The field detector (CC13 chamber) [12] was mounted in
the phantom using the specified holder and then it was
connected to CU5S500E control unit with the chamber
connection cable.

Fine leveling of the water phantom was made using a CC13
chamber and the alignment cap shown in Fig. 1.

The lifting table was moved up and down as required to
position the water surface to the desired SSD of 90 cm using
a piece of paper on the water surface and switching on the
treatment machine’s light distance indicator.

In order to send the phantom’s external limits to the
CUS500E control Unit, the ‘Blue Phantom’ as the active
measuring device was selected in the OmniPro-Accept

Fig.1. Alignment cap mounted on the CC13 ion chamber used to
fine leveling of the Blue Water Phantom

software [15] for analysis and handling of the dose
distribution measurements.

Co-ordinate system used in OmniPro-Accept was: in-plane,
cross-plane, diagonal and depth. The in-plane axis is defi-
ned as parallel to the gantry arm, directed towards the
gantry; the cross-plane axis goes from left to right when
facing the gantry in an upright position and the depth axis
goes from the collimator head and outwards.

In OmniPro-Accept software, all the scan groups (profiles
and depth dose measurements) were defined and continu-
ous mode was selected to perform measurements while
moving the detector. The CC13 ion chamber was used for
the scanning and the measured data were stored in files.
These measured data were copied and converted to Excel
spreadsheets for analysis and comparisons.

For symmetric collimator opening [16], where the beam
axisisidentical to collimator axisand X, =X, =Y, =Y,, as
shown in Fig. 2, central axis depth doses (CADD) were mea-
sured for depths down to 25 cm for square field sizes of
5x5,10%x10and 20 x 20 cm? at SSD of 90 cm. Off-axis beam
profiles in the in-plane, cross-plane and diagonal direction
were also measured for the same squared fields at 0.75, 5,
10 and 20 cm depths.

Asymmetric fields [16] were obtained by shifting one or
two of the collimator jaws across the collimator axis. Two
geometries of asymmetric fields [8] were obtained as shown
in Fig. 8 (a) and (b), one by moving X, and Y, jaws to the
collimator axis to obtain quadratic asymmetric field and
other geometry by moving Y, and Y, jaws to the collimator
axis to obtain half asymmetric fields.

Central axes depth dose (CADD) were measured for these
asymmetric fields after positioning the ion chamber at the
beam axis at off-axis distance corresponding to each field
as shown in Table 1 for field sizes of 5 x 5, 10 x 10 and
20 x 20 ecm?. Ion chamber movement to the beam axis was
controlled by the CU500E control unit and OmniPro-Ac-
cept software.

Off-axis beam profiles in the in-plane, cross-plane and
diagonal direction were also measured for the same asym-
metric field at 0.75, 5, 10 and 20 cm depths.
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Fig. 2. Collimator jaws setting for symmetric fields where
beam axis is identical to collimator axis (X, = X, and Y, =Y,)
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Measured CADD and beam profiles for symmetric fields
were then compared to the corresponding asymmetric fields
with the same collimator opening.

Beam profile measurements for different beam collima-
tion settings (symmetric and asymmetric field geometry)
are presented in Fig. 4

BE & a8 & E

Fig. 4. Central axis depth dose curves for field sizes 5 x 5,
10x 10 and 20 x 20 cm? with symmetric fields and asymmetric fields
measured in the Blue Water Phantom

Table 1

Collimator jaws setting to obtain two geometries of
asymmetric fields. For measurements, ion chamber was
positioned at off-axis distance in the in-plane (parallel to
the gantry arm, directed towards the gantry ) or cross-
plane (from left toright)

Jaws setting
X |y
5x5 0 +5
5x5 25 |+25
10 x 10 0 | +10
10 x 10 -5 +5
20 x 20 0 |+20

(cm x om) [ x v Off-axis (cm)

+5 2.5 in the in-plane

1 2

+5 | 2.5in the cross-plane
+10
+10
+20

5.0in the in-plane

5.0in the cross-plane

10in the in-plane

Clantry

X1 b ¥

—

[ HF-anie o Beam axis

distancy ",

Yl

A

T Callimatar angle

O

Fig. 3. Collimator jaws setting for asymmetry fields:

(a) At off-axis distance in the cross-plane direction. X and Y,
were moved to the collimator axis to obtain quadratic asymmetric
field (X, =Y,=0and X,=Y,);

(b) At off-axis distance in the in-plane direction where Y, moved
to the collimator axis to obtain half asymmetric beam (Y,= 0 and
X, =X,

ojJojo|o|o]|o

20x20 | -10 | +10 +20

10in the cross-plane

2. 2D-ARRAY measurements

2D-ARRAY [10] was placed in the treatment table over a
buildup material to account for the scatter photons. Laser
and light beams were used to correct position of the
2D-ARRAY under the gantry head. Source to surface
distance (SSD) of 90 cm was set at the 2D-ARRAY surface.

To measure dose profiles at 5 and 10 cm depths, build up
materials of the desired thickness were used and placed over
the 2D-ARRAY.

Measurements were collected under the “spotshoot” mode
in the Matrixscan software. All the measured data were
saved in the computer as a text format for further transfer
to Excel spreadsheets for analysis.

Data were collected for symmetric and asymmetric beam
collimation with field sizesof 5x 5,10 x 10 and 20 x 20 cm?
at 5 and 10 cm depths.

From these data, beam profiles for symmetric beams in
the in-plane, cross-plane and diagonal direction were obtai-
ned and compared with that for the corresponding asym-
metric beams.

3. Absolute dose measurement

For open symmetric and asymmetric fields [4], absorbed
dose to water was measured in the Blue Water Phantom
using FC-65-G ion chamber [14] and DOSE1 electrometer
[13] for field sizes of 5x5,10x 10 and 20 x 20 cm? at 10 cm
depth. For dosimetry, TRS-398 protocol from IAEA was
used [5].

80
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For asymmetry field measurements, FC-65-G ion chamber
movement to the beam axis (at off-axis distance) was
controlled by the CU500E control unit and OmniPro-Ac-
cept software.

Absorbed dose to water for symmetric beams were com-
pared to that for asymmetric beams and the percentage
deviation was obtained.

4. Treatment time calculation

In the Pinnacle® treatment planning system [9], radiation
beam was placed at SSD of 90 cm in the homogeneous water
phantom. A dose of 2 Gy was prescribed at 10 cm depth. Dose
calculation was carried out using collapsed cone convolution
(cc convolution) with grid size of 4 x4 mm[1-3].

The treatment time calculated by the model was predicted
for open symmetric and asymmetric beams with different
field sizes of 5x 5, 10 x 10 and 20 x 20 cm?.

Treatment time for symmetric and asymmetric beams was
then compared for all field sizes to find the percentage
deviation.

Results

1. Water phantom measurements

Measured CADD for symmetric and asym-
metric beam collimation are shown in Fig. 4 for the
different field sizes.

Measure ments showed that the depthdose
curves for symmetry and asymmetry beams of
equivalent field sizes were identical and there is no
difference in depth dose measured in the central
beam axis for symmetry field or that measured at
off-axis distance in beam axis of asymmetry field
of the equivalent field sizes at depths ranging from
0 up to 25 cm.

Measured beam profiles for symmetric and
asymmetric fields are compared and shown in Fig. 5
for in-plane profiles, Fig. 6 for cross-plane profiles
and Fig. 7 for diagonal profiles for field sizes (a)
5%5 cm?, (b) 1010 cm? and (c¢) 20X 20 ecm?.

Measure ments showed that the shape of the
symmetry beam profiles is in all cases almost
identical to the corresponding asymmetry beam
profiles as can be seen in the figures mentioned
above.

Beam profiles in the in-plane, cross-plane and
diagonal direction for asymmetry beams with field
sizes 5 X5 and 10 X 10 cm? show good agree ment
with symmetry beam profiles with the equivalent field
sizes for all depths.

The difference between symmetry and asym-
metry beams was only predicted for the largest field
used here (20 X 20 cm?). This difference in the
dose distribution for asymmetric fields, compared
to the dose distribution for symmetric fields, is the
“tilt” of the dose profiles towards the beam axis

as shown in Fig. 5 (c), 6 (c) and 7 (c).
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Fig. 5. In-plane beam profiles at 0.75, 5, 10 and 20 cm depths

for symmetric and asymmetric fields for (a) 5x 5, (b) 10 x 10 and
(¢) 20 x 20 cm? field size measured in the Blue Water Phantom

In this large field size, across the center of the
field, there is no difference in the profile values.
At the field edge, the difference is more than 1 %
due to off-axis softening. This is caused by the
oblique incidence of the asymmetric beam at off-
axis locations, causing less beam hardening
compared to that along the central axis.

Compares between beam specifications for
symmetry and asymmetry fields and the percentage
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Fig. 6. Cross-plane beam profiles at 0.75, 5, 10 and 20 cm depths
for symmetric and asymmetric fields for (a) 5 x5, (b) 10x 10 and
(¢) 20 x 20 cm? field size measured in the Blue Water Phantom

differences between these values are shown in
Table 2 for the different field sizes.

Symmetry ratios obtained for symmetry and
asymmetry fields in in-plane, cross-plane and
diagonal direction for field sizes 5 X 5 and
10 X 10 cm? fall within the tolerance level (less
than 103 %) as indicated in the AAPM quality

control report [7]. However, for the large

(a)

-1d -5 a 5 10

®

-20 -10 ] 1] 20

c)

Fig. 7. Diagonal beam profiles at 0.75, 5, 10 and 20 cm depths
for symmetric and asymmetric fields for (a) 5x 5 ,(b) 10 x 10 and
(¢) 20 x 20 cm? field size measured in the Blue Water Phantom

asymmetry field 20 X 20 cm? this level was
exceeded due to the tilt of the beam profile
mentioned above.

Dose variations across the beam for symmetry
fields were found to be within the tolerance level
(less than 106 %) and this is not the case for
asymmetry beams as shown in Table 2 (b) where
the flatness values ranged from 107.8 to 108.9 %.
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Table 2

Beam specifications (a) Symmetry %, (b) Flatness %
and (c) Penumbra (¢cm) values in all directions:
comparison between symmetry and asymmetry fields

P

-15 5 10 15

5x5cm? 10 x 10cm? 20 x 20cm?
Sym- | Asym- | Sym- | Asym- | Sym- | Asym-
metry | metry | metry | metry | metry | metry
In-plane 102.4| 100.5 | 100.7 | 101.0 | 100.8 | 105.5
Cross-plane| 101.3 | 100.5 | 100.7 | 100.8 | 100.4 | 106.9
Diagonal 101.3 | 100.3 | 100.6 | 101.7 | 100.6 | 107.0
(a)
5% 5 cm? 10 X 10cm? 20 x20cm?
Sym- Asym- Sym- Asym- Sym- Asym-
metry metry metry metry metry metry
In-plane 103.3 107.5 108.7 108.8 104.0 107.8
Cross-plane| 101.7 104.5 105.5 105.6 103.4 108.8
Diagonal 101.7 100.7 102.0 103.1 104.9 108.9
5x5 cm? 10 x 10cm? 20 x20cm?
Sym- Asym- Sym- Asym- Sym- | Asym-
metry metry metry metry metry metry
In-plane 1.05, 1.27, 1.32, 1.31, 1.39, 1.45,
1.02 1.23 1.30 1.30 1.38 1.37
Cross-plane] 0.91, 1.10, 1.14, 1.15, 1.22, 1.17,
0.91 1.12 1.15 1.17 1.25 1.31
Diagonal 0.91, 1.29, 1.32, 1.35, 1.44, 1.34,
0.91 1.29 1.34 1.36 1.46 2.17
(c)
Table 3

Percentage difference in (a) Symmetry % and (b)
Flatness % values between symmetry and asymmetry

fields
5x 5 cm? 10 x 10cm? 20 x20cm?
In-plane 1.86 0.30 4.66
Cross-plane 0.79 0.10 6.47
Diagonal 0.99 1.09 6.36
(a)
5x 5 cm? 10 X 10cm? 20 x20cm?
In-plane 4.07 0.09 3.65
Cross-plane 2.75 0.09 5.22
Diagonal 0.98 1.08 3.81

:l'l'll'l':.-..i‘
L, L
K

g
— |
' =

(b)

2. 2D-ARRAY measurements

Beam profiles at 5 and 10 cm depths for sym-
metry and the corresponding asymmetry beams in
the in-plane, cross-plane and diagonal direction are
compared and shown in Fig. 8 for in-plane profiles,
Fig. 9 for cross-plane profiles and Fig. 10 for
diagonal profiles for (a) 5 x5 cm?, (b)10 x 10
cm? and (c¢) 20 X 20 cm? field sizes.

(c)
Fig. 8. In-plane beam profiles at 5 and 10 cm depths for symmetric

and asymmetric fields for (a) 5x5, (b) 10x10 and (c) 20x20 cm?
field size measured with 2D-ARRAY and build up material

2D-ARRAY measure ments show the same
results as obtained by the water phantom mea-
sure ments.

3. Absolute dose measurement

Absolute dose measure ments in the Blue
Water Phantom for the symmetry and
asymmetry beams at 10 cm depth show that there
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Fig. 9. Cross-plane beam profiles at 5 and 10 cm depths for

symmetric and asymmetric fields for (a) 5 x 5, (b) 10 x 10 and (c)
20 x 20 cm? field size measured with 2D-ARRAY and build up

material

is no significant difference for all the field sizes used
and as shown in Table 4, the percentage deviation
was never larger than 1 % which is within the
tolerance level for absorbed dose determination in

the AAPM quality control report. [7]

4. Treatment time calculation

To determine the accuracy to which the Pinnacle?
model gives the dose distribution for any shaped
fields, treatment time calculations for symmetric and
asymmetric beams were compared in Table 5 and
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Fig. 10. Diagonal beam profiles at 5 and 10 cm depths for
symmetric and asymmetric fields for (a) 5x 5, (b) 10 x 10 and (c)
20 x 20 cm? field size measured with 2D-ARRAY and build up
material

the percentage deviation was found to be less than
2 %, which is within the tolerance level for absorbed
dose determination in the AAPM quality control
report. [ 7]

Conclusion

A comparison was drawn between symmetry
and asymmetry dose distributions using water

phantom and 2D-ARRAY with build up
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Table 4

Absorbed doses to water for symmetric and asymmetric
beams measured at 10 cm depth in the Blue Water
Phantom using FC-65-G ion chamber and DOSE1

electrometer following TRS-398 protocol from IAEA

Table 5

Treatment time calculated in the Pinnacle® TPS using cc
convolution for symmetric and asymmetric beams with
different field sizes at 10 cm depth

Field size Absorbed dose towater (Gy)
% Deviation
(cm xcm) symmetry asymmetry
5x5 2.000 2.017 0.84
10 x 10 2.000 1.998 0.10
20 x 20 2.000 1.996 0.20

Field size Treatment time (min)
% Deviation
(em > cm) symmetry asymmetry
5x5 1.92 1.93 0.52
10 x 10 1.72 1.75 1.74
20 x 20 2.1 2.13 0.95

materials. No difference was found for small field
sizes. For large fields, and due to the off-axis
softening, the effect of asymmetric collimation is
the tilt of the isodose curves where the deviations
between symmetry and asymmetry beams values
were found to be more than 1 %.

Depth-dose characteristics for asymmetric fields
are similar to those of symmetric fields for the
different collimator openings.

Absolute dose measure ments in the Blue Water
Phantom for the symmetry and asymmetry beams
at 10 cm depth show that there is no significant
difference for all the field sizes used, the percentage
deviation was never larger than 1 % which is within
the tolerance level for absorbed dose determination
in the AAPM quality control report [7].

The Pinnacle? TPS uses the same beam data

for symmetric collimator setting and models the
dose distribution for any shaped field, with symmetric
or asymmetric collimator setting, without special
correction factors and does not require additional
measure ments for off-axis fields.

The Pinnacle? has these advantages and can be
used to calculate dose distribution in asymmetric
fields to the same degree of accuracy as for sym-
metric fields.
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