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Characteristics of dual-foil scattered electron beams shaped with a multileaf collighitGr)

(instead of an applicator systeémere studied. The electron beams, with energies between 10 and
25 MeV, were produced by a racetrack microtron using a dual-foil scattering system. For a range of
field sizes, depth dose curves, profiles, penumbra width, angular spread in air, and effective and
virtual source positions were compared. Measurements were made when the MLC alone provided
collimation and when an applicator provided collimation. Identical penumbra widths were obtained
at a source-to-surface distance of 85 cm for the MLC and 110 cm for the applicator. The MLC-
shaped beams had characteristics similar to other machines which use trimmers or applicators to
collimate scanned or scattered electron beams. Values of the effective source position and the
angular spread parameter for the MLC beams were similar to those of the dual-foil scattered beams
of the Varian Clinac 2100CD and the scanned beams of the Sagittaire linear accelerators. A model,
based on Fermi—Eyges multiple scattering theory, was adapted and applied successfully to predict
penumbra width as a function of collimator—surface distance.1997 American Association of
Physicists in Medicing.S0094-2405(97)02209-8]
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I. INTRODUCTION understand how the dose distributions change with MLC set-
ting. These issues have been investigated for electron beams
To date, most electron fields have been collimated by shapeglith applicators or trimmer bars 8 Klein et al® studied
lead-alloy cutouts placed inside electron applicators. Withthe collimation of dual-foil scattered electron beams with the
some accelerator systems, however, it is also possible to usgarian MLC to evaluate the potential use of this MLC with
the multileaf collimator(MLC) for electron field shaping. electrons.
MLC-shaped electron beams could permit computer- All previous work on the racetrack microtron has ad-
controlled setup of new types of treatment fields. Complexdressed the scanned beam gantry. Karlsstaai ! have pre-
field shapes could be treated quickly and easily without th&ented the electron characteristics of a single gantry 50 MeV
need to enter the treatment room to set up heavy applicatoracetrack microtron, describing the elementary beam, scan-
or to change inserts in applicators. In preparation for clinicahing pattern, and angular spread of the beam at the collima-
implementation of MLC-shaped electron beams, this workior level. Mastersoret al?® have described the reliability
analyzes the use of a computer-controlled double-focusetesting of the 50 MeV racetrack microtron as well as the
MLC alone(in place of applicatoisfor electron beam shap- characteristics of the scanned electron be&ms.
ing with dual-foil scattered electron beams with energies This work describes experiments which directly compare
from 10 to 25 MeV. use of a MLC to the use of conventional applicators for
Most research with MLCs has focused on its use withfoil-scattered electron beams. Comparisons between the two
photon beams;® although some work has been done with collimation methods are based on measurements of relative
multivane collimator systems for electron arc therdpy. depth dose curves and profiles, analysis of penumbra width
Brahmé? first described the use of MLCs with electrons in for square and rectangular fields, angular spread in air, and
place of applicators for scanned electron beams. Karlssoietermination of effective and virtual source positions.
et al!! recently reported the characteristics of high energy
(up to 50 MeV} scanned electron beams. Field matching for||, MATERIALS AND METHOD
electron and photon fields with a multileaf collimator has
been reported on by Karlsson and Zackris&on.
To take full advantage of the potential of multileaf- Most of this work was performed on a racetrack mi-
collimated electron beams for conformal treatments, we mustrotron (MM50 Racetrack Microtron System, Scanditronix

A. Racetrack microtron
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Focal Spot; measurements were taken at other SSDs as well.
Ist scattering foil The applicator is composed of aluminum and has no
0.25-0.5 cm closed walls. The square and rectangular inserts into the ap-

plicators are made of lead, while shaped field inserts are

2nd scattering foil made of cerrobend2 cm thick. Four applicators provide

17.4-17.9 em field sizes of 10 crw10 cm, 15 cmx 15 cm, 20 cmx 20 cm,
o] [ and 25 cmx 30 cm. When an applicator is used clinically, the
3 363cm upper jaws are fully retracted and the MLC is set to a field
l Upper jaws size 5 cm greater than the applicator field sidefined at
isocenter), for all sizes and energies. The upper jaws were
47.6 cm fully retracted for all experiments in this work. The applica-
tor (when usedjs mounted on the collimator housirig cm
3 60.0cm. below the MLC)and its end is located at a distance of 90 cm
[I] "ﬂ] [I] 1 MLC from the sourcdFig. 1). The standard treatment distance for
67.5 cm the applicators is at 100 cm from the source.
| _
I 1 78.9 cm
i Applicator B. Measurements
—_ -t 90.0 cm Dosimetric measurements were made with ion chambers

Fic. 1. Diagram of experimental setup. Distances are measured from a poi and diodes in a water phanto(rWP -700, Wellhofer Dosim-

1IOGO cm upgstream of F|]socenter Dlstet)nces for the upper jaws and MLCpargtrle Germany). Relative depth dose curves and profiles

measured with the collimators closed. were measured with p-type silicon diode detectdElectron
Diodes, Scanditronix AB, Uppsala, Swedemith a chip di-
ameter of 2.5 mm. Accuracy of detector setup in the water

AB, Uppsala, Swedenyith two different treatment gantries. tank was +/—0.5mm in x and y directions and +/

Brahmeet al?? described the design of the Racetrack Mi- —1 mm in the z (depth) direction. Profile measurement

crotron as well as the advantages of using scanning photd#epths were determined from the depth dose CUYVES Depths

and electron beams. Electrons are accelerated in 5 MeV step¥cluded 0.5 ¢cm, Ko Roo Reo, Rso, Roo Ry, and

with treatment energies ranging from 10 to 50 MeV. In ourcm. 2 Field sizes were defined at the standard treatment dis-

system, the beam can be transmitted from the acceleratéance of 85 cm for the MLC and 100 cm for the applicators.

room to either of two treatment gantries using a switchingThe field sizes studied were 5ef cm, 10 cmx10cm,

magnet and beam transport system. The beams studied ¥ cmx15cm, 20cmXx20cm, and 25cmx30cm. The

this work are scattered with a dual-foil system through acomplete set of curves was measured for 85, 90, and 100 cm

head open to air, with energies ranging from 10-25 MeV. SSD when the MLC was used, and at 100 and 110 SSD for

A diagram of the treatment hed#ig. 1) depicts the lo- the applicator.

cation of the beam forming structures. The first scattering ¢4, IS @ measure of the beam’s angular spread and is

foil is made of gold(gold and brass for 10 MeMand ranges related to the penumbra. To determine its value, profiles

in thickness from 0.025 to 0.1 mm depending on the energywere measured with silicon diodes in air for a 2080 cm

The second foil is composed of multiple disks of varyingfield at distances of 80 to 110 cm from the focal spot for the

radii and thickness which flatten the beam to the desiredLC and 95 to 120 cm for the applicator. The initial angular

specifications. The same secondary scattering foil is used fafivergence, o,, was determined by the following

10 and 15 MeV. Different secondary foils are used for bothre|ations?4

20 and 25 MeV electrons. The 25 MeV scattering foil was

designed to preserve the deep penetration of the beam at the oy = 0.39% slopeyy,_10% (1)

expense of flatness for field sizes greater than 20&m.

Collimation of the scattered beam is provided by the pri- or

mary collimator, upper photon jaws, the MLC, and the ap-

plicator (when used). The MLC consists of 32 pairs of 0y =0.595 slop&oy_20u (2

double-focused tungsten leaves, each having a projected

width of 1.25 cm at isocentét. It takes the place of the Where the slope represents the linear fit to the 90%-10% or

lower jaws in the collimator assembly and has a maximunB0%—20% penumbra widths plotted against the SSD or the

field size of 32X 40 cm at 100 cm from the focal spot. The distance below the collimator. The value @f, was deter-

leaves move in an arc, following divergence, and are trapmined for both the MLC and applicator for all electron

ezoid shaped to minimize penumbra. The proximal point obeams. In addition, measurements were made for all energies

the leaves from the source is at a distance of 67.5 cm. As padf the Varian Clinac 2100 CDClinac 2100 CD, Varian As-

of this investigation, the closest treatment distance for patiergociates, Inc., Palo Alto, CAwith the 20 cmx20 cm appli-

comfort was chosen to be between 85 and 90 cm. Additionatator for comparison.
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The profiles in air were also used to determine the virtua
source positionVSD, the point from which the beam ap- 100
pears to be diverging by a back projection of the width
between the 50% points of profilés.

The effective source positiofESD) for inverse square 80
law output correction was determined using the method o
Khan et al?® A 0.69 cc ion chambetFarmer model 2571,
Nuclear Enterprises Ltd., Englangias set at 2.5 cm depth in
solid water while the distance from the collimator to the
phantom surface was varied for a number of field sizes. Thi
effective source position was determined relative to 85 crir
for the MLC and to 100 cm for the applicators. The ESD was
determined by a linear fit to the data. 20

MLC-5x5
----- MLC-10x 10
— - -Appl-5x5

==-----Appl-10x 10

60

Dose (%)

40

FYR TN O U TN ST S JYE T U NP UN TN N DO O R E |

C. Analysis methods

It is known that the penumbra width is dependent upor 0 2 4 6 8 10
energy, depth, source-to-collimator distance, source-to
surface distance, and whether or not the beam is scattered
scanned. In addition, it depends on scatter effects due t
foils, collimation, air, and the phantom. Based on Fermi—
Eyges theory, the penumbra width is related to the penci (a)
beam spread in air and in water as folloff}s:

Waoss—2042) = 1.68 [0 (d+2)*+ 0ome(2]Y% (3)

12 14 16 18
Depth (cm)

100 MLC-5x5

......... MLC-10x 10
— - -Appl-5x5
~==e---Appl-10x 10

whered is the gap from the collimator to the phantom sur-
face,z is the depth in waterg, is the angular spread in air
at the level of the collimator, and,, ., is the pencil beam
lateral spread in water. Values fot, ., were calculated us-
ing the approximation by Hogstrofi Because ther cal-
culation only accounts for small angle scattering, a correc
tion factor is applied, the Fermi multiple Coulomb scatter
(FMCSY* correction term, to correctly predict the scattering
in water. Values ofr, and FMCS were determined from a
best fit over the range of measured SSDs to penumbra valu
at a depth of dose maximum. Results were compared to th 20
measured values.

80

60

Dose (%)

40

25 MeV
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lll. RESULTS 5 10 15 20 25

Differences between the depth doses measured with th Depth (cm)
MLC and with the applicator were very small in most situa-
tions, and the depth doses were the same for fields c
10 cmXx10 cm and greater. Depth dose curves for MLC anc (b)
applicator beams are plotted in Fig. 2 for 5xmcm and
10 cmx10 (.:m fields for 10 and 25 MeV. Depth dose CUVeS ¢ 2. Depth dose curves for dual-foil scattered electron be@2$§) for
for the applicator were measured at 100 cm SSD. Depth doS§« 5 cm and 1040 cm field collimated by the MLC or applicator féa)
curves for the MLC were measured at 85 cm SSD and them0 MeV and(b) 25 MeV. The MLC curves were measured at 85 cm SSD
corrected for inverse square law to 100 cm. The surface dogid corrected for inverse square law to 100 cm SSD.
is approximately 82% of the maximum for 10 MeV and 90%
for 25 MeV. Dose maximum occurs at 2.3 cm for 10 MeV
and 3 cm for 15, 20, and 25 MeV. There is a slight difference85 cm (17.5 cm air gap As expected due to the increased
between the MLC and applicator depth dose curves at 28ollimator—surface distance, the penumbra is larger for the
MeV for the 5 cnX5 cm field size which is most likely due MLC field. This results in a profile for the 5 cab cm field
to additional low energy electrons scattered by the insert. which has no flat region. Figure(l® shows the profiles for
Profiles at a depth of 0.5 cm for 10 MeV electrons arethe same field sizes for 25 MeV at a depth of 3.0 cm. For this
shown in Fig. 3(afor 5cmXx5 cm and 10 cmXx10 cm fields energy, agreement between the MLC and applicator fields is
for the applicator at 100 crllO cm air gapand the MLC at  better for all field sizes. A Bremsstrahlung dose level of less

(=}
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better than 2% for 10 MeV and better than 1% for 25 MeV.
For the same field size at 85 cm SSD, the flatness for the
MLC curves was within 4.0% for 10 MeV and within 3% for
25 MeV.

Penumbra values are shown in Fig. 4i@)10 MeV at 2.3
cm and 4b) for 25 MeV at 3.0 cm. The penumbra widths are
plotted versus the distance from the collimator to the phan-
tom for a number of field sizes. There was a 2—3 mm in-
crease in penumbra for the MLC fields when compared to
the applicator fields at identical distances from the collima-
tors. The SSD at which the MLC penumbra widths was the
same as the applicator penumbra width at 110 cm SSD was
found from Fig. 4 to be 85 cm SSD for both 10 and 25 MeV.

The oy, values obtained from the in-air measurements of
the 80%—-20% penumbra width are shown in Table | for 10
' 1L 1Y and 25 MeV. The spread in air was slightly greater for the
12 -8 4 0 4 8 12 MLC than for the applicator. Comparison to other values for
other machines is shown later. Equati@ was used to cal-
culate the penumbra widths once the parameter values were
determined from a fit to the penumbra widths at a depth of
(@ dose maximum. Figure 5 shows the calculated penumbra val-
ues and those measured for <20 cm field for both the
applicator and the MLC fofa) 10 MeV and(b) 25 MeV.

Virtual (full width at half-maximum and effective(out-
put) source positions are shown in Table Il as the distance
downstream from the focal spot for 10 and 25 MeV. The
virtual source positions are approximately the same for both
the MLC and applicator. The virtual source position for 10
MeV is further downstream due to increased scattering in air.
For the 20 cnx20 cm field, the effective source position was
located up to 5 cm downstream from the virtual source po-
sition, depending on the energy.

The effective source positions were determined for a
number of sizes of both MLC and applicator fields and are
given in Table Ill. Values were similar for the MLC and
applicator fields.

100 10 MeV

80

60

Dose (%)

40

20

llllllllllllllllllll
caad e oo ey 3y e g 1l

Position (cm)

100

80

60

Dose (%)

40

20

IV. DISCUSSION

12 In Fig. 4, the penumbra variation with field size and with
distance from the collimator is seen. For 10 MeV, the pen-
Position (cm) umbra for the 55 cm field size was approximately 1 mm
less than for the 1810 and 20>20 cm field sizegprobably
(b) due to lack of lateral scatter equilibrignThis was seen for
both the applicator and the MLC. For fields greater than 5
Fic. 3. Profiles for 5 cmx5 cm and 10 cmx10 cm fie(dgat a depth of 0.5 x5cm, the pengmbra values \.Nere Slm!lar' For 25 MeV,
cm for 10 MeV electrons antb) at a depth of 3.0 cm for 25 MeV electrons there was apprOX|mater a 2 mdifference in penumbra for
collimated by MLC (solid lines) or applicator(dashed lines). The MLC the 20>x20 cm field compared to the »65cm and 10
curves were measured at 85 cm SSD and the applicator curves were meg-10 cm. This effect is not seen for the applicator field. It is
sured at 100 cm SSD. not clear what caused this difference.
A relationship based on Fermi—Eyges theory was used to
predict penumbra values for both the applicator and MLC.
than 5% originating from the cerrobend insert can be seen foBased on geometry, the penumbra is expected to be greater
the 5 cmXx5 cm field. for the MLC than for the applicator at the same distance
Flatness was determined from profiles at a depth of nomifrom the collimators because of the shorter source-to-
nal dose maximum for which the area 2 cm within the geo-collimator distancédSCD). This dependence on the SCD ex-
metric field edge was examinédiFor a 20 cnmx20 cm field  plained most of the difference in penumbra between the ap-
at 100 cm SSD, the flatness for the applicator profiles wagplicator and MLC. This is shown in Fig. 4, where larger

-12
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TaBLE |. Values ofrrgx (80%—20%) in radians)and FMCS for applicator

4.0
- - and MLC collimated electrons beams based on a 282thcm field. Re-
f —8—MLC-5x5 ] sults were derived from in air measurements and from measurements at a
15[ © ;8 X ég k depth of dose maximum to predict penumbra widths. Values for the Fermi
R +ﬁ_ -A Xl 5% ] multiple Coulomb scatter term are also shown. Efgfrown as*) is for 1
=) - bp b standard deviation and is in radians.
8 L - -X--10x10 ]
[ - -©--20x20 T
8 30 7 Energy
2 i 5 (MeV)  Collimator o, derived in air o, from fit FMCS from fit
= B ]
2 25k - 10 MLC 0.0484+0.0005 0.050 1.63
i C ] 10  Applicator  0.04350.001 0.043 1.63
5 N b 25 MLC 0.0216-0.0005 0.025 1.43
g 20 ~ 25  Applicator  0.01640.0009 0.018 1.43
g n ]
~ B i ]
15 F e J
- ¥ 10 MeV | ] 40
- E | —H8— MLC Measured Data A
[ ] ] ] ] ] 1 1 ] L - =) - - MLC Fit - sigthet=0.050 ]
1.0 - —©— Appl Measured Data ]
5 10 15 20 25 30 35 40 45 33 -~~~ Appl Fit - sigthet=0.043 ]
E = o
Distance from collimator (cm) L i ]
K 30 -
= [ ]
(a) = C ]
2 25 -
2 L J
= [ ]
[ R .
0 [ o
22 T T T T T 1 § 20 [ -
[ —B—MLC-5x5 1 & - ]
20F —e—10x10 - C ]
= - —A—20x 20 - L5 |- -]
g 18 —'l—-Appl-SXS . : -
2 — Y= -10x 10 S 4
] [ — ©- -20x20 T o1 I 1 1 1 i L]
§ 16 |- - S 10 15 20 25 30 35 40 45
£ i T Distance from collimator (cm)
2 14} —
B -
2 ] (@)
£ = —
£ 1.2
3 L J
5
~ 10} — 22
- b N —— MLC Measured Data 1
08 |- — [ ==X - -MLC Fit - sigthet=0.025 -
r 25 MeV 20 —O— Appl Measured Data b
B E . [ ---—--- Appl Fit - sigthet=0.018 ]
0.6 | | 1 ] | | | g 1.8 = -
5 10 15 20 25 30 35 40 45 hig L .
Q6 F -
Distance from collimator (cm) I 9
< B ]
.E 14 - -
(b) s C ]
-g 12 -
Fic. 4. Penumbra measurements for 5¢Bcm, 10 cmXx10 cm, and E - b
20 cmx20 cm for collimation by MLC and applicator f@a) 10 MeV at 2.3 S0 F -
cm and(b) 25 MeV at 3.0 cm in water. Error bars are shown for the o h
20 cmx20 cm fields and represent one standard deviation in the measure- B ]
080 - -]
ments. - .
0.60 1 | 1 1 | | 1 ]
5 10 15 20 25 30 35 40 45
penumbra values are predicted for the MLC when compared Distance from collimator (cm)
to the applicator at identical distances from the collimators.
The penumbra widths were calculated using E8), )

whereagx and FMCS were derived from a fit to the penum-

bra widths at a depth of dose maximum. The results Wer%@. 5. A comparison of the pencil beam model and th&20 cm penum-

compared to the measured values for thex20 cm field as

bra data as a function of distance from the collimator(fgrl0 MeV at 2.3

shown in Fig. 5, for the MLC and applicator. For both the cm and(b) 25 MeV at 3.0 cm in water.
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TaBLe Il. Source positions downstream from the focal spot for afrom the sourceand G25(with MLC at 67.5 cm from the
20 cmx20 cm field for both the MLC and the applicatém cm). Error  gqrce and with applicator end at 90 cm from the source
(shown ast) is for 1 standard deviation and is in cm. . . .
The angular spread term is approximately 5 mradians greater
10 MeV 10 MeV 25 MeV 25 MeV for the MLC than with the applicatdidue to the effect of the
Collimator Effective  Virtual source  Effective  Virtual source source-to-colhma_tor distance). Measurements for the Clinac
source posiion  position  source position position 2100 CD were slightly lower than those_ of _G25. When com- _
MLC 10.4+0.1 9.1+0.4 72401 24415 pared to the scanned beams of the Sagittaire and the dual-foil
Applicator ~ 10.7#0.4 8.9+0.6 7.6+0.3 2.5+1.6 scattered beams of the 2100CD, the values obtained for the
dual-foil scattered beams with the MLC are only slightly
greater(especially for 25 MeY. Note that energies reported
here are nominal energies.
MLC and applicator, values af, larger than those derived ~ Comparisons to other treatment machines can also be
from in-air measurements are necessary to accurately calcmade for the effective source distand@SD, based on the
late the penumbra over the range of distances from the colnverse square lawFigure {a) depicts the effective source
limator (10—43 cm studied here. The in-air measured value position downstream from the targ@gbwards the exit of the
of oy seems to be inappropriate for predicting the penum<collimator) as a function of the field area for 9 and 10 MeV
bra. Results were evaluated over the SSDs of interest. TabRiectron beams of the G25/Appl, G25/MLC, Varian Clinac
| contains a summary of the values derived in air and deter2100 CD, Siemens Mevatron 8 AECL Therac 25;° and
mined from penumbra data at a depth of dose maximum foPhilips SL25%° Figure 7(b)depicts the effective source po-
10 and 25 MeV. Values of FMCS, derived from the fit, are Sition downstream from the target for 22 and 25 MeV elec-
also presented. tron beams of the G25/Appl, G25/MLC, Therac #Scan-
The value ofo,,_is related inversely to the SCD through ditronix MM227% and SL25° Nominal energies are

the penumbra. As expected, the values determined frorffePorted. All machines except the G25/MLC, used trimmers

measurements were smaller for the applicator which has & applicators. The effective source positions of the dual-foil
larger SCD than for the MLC. A comparison of, (90%— scattered beams of the Mevatron 80 are within 5 cm of the

focal spot. For the other dual-foil scattered beams, the effec-
tive source position is further from the focal spot, especially
?or smaller fields where lateral scatter equilibrium does not
exist. For the MM50 dual-foil scattered beams collimated by
either the applicator or MLC, the effective source positions
are similar and between the first scattering f@t 0.5 cm
from the focal spogtand the second scattering fddt 17.9
cm). These values are slightly greater than those for the 9
MeV Clinac 2100CD beam for small field sizes. Values ob-
tained for the 2100CD are similar to those reported by Ro-

10%) values obtained for similar energies with other treat-
ment machines is plotted in Fig. 6. Values are shown for th
scanned beams of the CGR-Sagitt&irénith trimmers at
88.5 cm from the sourgeand the dual-foil scattered beams
of the Scanditronix MM22® (with applicator end at 95 cm
from the sourcg in addition to the values obtained in this
work for the Varian 2100 CDOwith applicator end at 95 cm

70 _ﬁ ] back et al3! At larger field sizes, the values for the G25/
1 —3%¢— G25/MLC (90-10) MLC are comparable to those obtained for other dual-folil
60 \ +  G25/Appl (90-10) 1 scattered beams with applicators or trimmers such as the
- TR o001 SL25, MM22, and Clinac 2100CD.
= - O Sagittaire (90-10) 7 There are a number of constraints on the use of these data
8 50 | i to estimate how other electron-MLC systems might work.
g C ] On other types of machines, the penumbra for an applicator
yp p pp
j.; [ i may not be linear as a function of distance from the collima-
3 40F \‘0 - tor and it may vary more with field size, depending on the
o - \ . applicator design. For example, in many older machines, ap-
g L ]
20030 |- -
w 5 -
C - TasLE Ill. Position of the effective source downstream from the focal spot
L ‘@ N for both the MLC and applicators for 10 and 25 MeV electron be&ms
20 N A ~~H. "] cm). The 5 cnx5 cm field is an insert in the 10 criL0 cm applicator. Error
L T aa (shown as+) is for 1 standard deviation and is in cm.
10 ETETERETS ISV B AR A AT AT ST BT AT A Field size (crA) 10 MeV 25 MeV
5 10 15 20 25 30 G25MLC  G25/Appl  G25/MLC  G25/Appl
Energy (MeV) 5X5 36.7+1.1 31.6+1.6 11.5+0.4  13.0+0.4
10%10 15.840.4  14.2+0.4 7.0+0.1 9.8+0.6
Fic. 6. Values of the angular spread parametey, (90%—10%)for the 15X15 11.3%0.2 10.4*0.5 7.3+x0.1 8.4+0.4
microtron (measured), Clinac 2100CDmeasured), and other machines 2020 10.420.1 10.7+0.4 7.2+0.1 7.6+0.3
(from Huizenga and Storchi, 1987). The lines for the G25/MLC and Clinac 25%30 11.520.3 8.5+0.3 7.3x0.1 6.1+0.2

2100CD beams are only to show the trend of these data points.
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0 trimmers’ main function is to decrease the penumbra width.
- ® Target The penumbra values are expected to be dependent on
56 MLC design. The position of the MLC in the head, relative
_ - to its distance from the source and distance to the patient,
5 10 F affect the penumbra and angular spread. The shape of the
g F edges(straight or curvefimay affect the pathlength of elec-
3‘% 15 trons through individual leaves. Finally, the penumbra may
=3 o also be affected by whether or not the MLC is double-
g 20 focused.
3 C
g BES R G oMy V. CONCLUSIONS
E‘é 30 C ! : %eevrztc“;‘; ?01(')1{/?61:,46\’ Based ona comparison of dep_th _dose curves aqd profilgs,
) A  SL25-10MeV beams defined by the MLC are similar to those using appli-
35 (M, u Ié/llli\ﬁgféfog’lce]‘)’_ 0 MeV cators for the square fields studied here. There is an increase
F + of up to 3 mm in penumbra for the MLC when compared to
gob e Ty b bl the applicator for identical distances from the collimators for
0 100 200 300 400 500 10 and 25 MeV electron beams. This is mainly due to the
Field area (cm’) smaller source-to-collimator distance for the MLC compared

to that of the applicator. From this work, it can be concluded

that a double-focused MLC provides clinically adequate col-
(@) limation for the dual-foil scattered beams of the racetrack

microtron, when used at appropriate source-surface dis-

tances. An SSD of 85 cm provides collimation similar to that

0 obtained with an applicator at 110 cm S&&®mmonly used
as an extended treatment distané®r this machine, we find
that SSDs less than 85 cm are not considered clinically ac-
ceptable because of both the excessive height of the patient
above the floor and the closeness of the patient to the colli-
mator.

The measured values of thna,X parameter of the MDAH
pencil beam modét do not adequately predict the penumbra
for the range of SSDs of interest with the MLC or applicator.
This approximation ignores the contribution of scatter from
sources such as the upper jaws, MLC, and/or applicator. In
this work, it was shown that values ef, derived from
penumbra data at a depth of dose maximum were more ap-
propriate for modeling. If this adaptation of the model is not
sufficient for 3-D dose calculations, a more inclusive model
such as the one developed by Brahme using the extended
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