ABSTRACT

CHARLES W KINSEY. Dosinetry of CustomlInserts for Electron
Beans Produced by a Varian Cinac 1800: Effect on Dose
Qut put and Mean I nci dent Energy.

Cust om zi ng of electron beamtreatnent dinensions is a
common clinical technique. The degree in which the neasured
energy and dose output for a particular beamvaries depends

on the degree of Dblocking and the nom nal energy of that

beam Publi shed neasurenents for the Varian Clinac 1800 are
sparse and neasurenents for each custominsert nanufactured
are tinme consuni ng.

Rel ative output and nean incident energy measurenents
were performed for 160 nom nal beam energy / cone / insert
conbi nati ons on a Varian 1800 at the Rock Hi Il Radiation
Therapy Center in Rock Hill, South Carolina.

Rel ati ve output neasurenents of the manufacturer sup-
plied cones indicated no consistency in the data for all
nom nal beam energies. For exanple, the variation in rela-
tive output for increasing treatnment field dinensions for
the 6 MeV beamis different than for the 20 MeV beam  For
custom square inserts within each cone, however, the data
presented consi stent behavior for all beams. The "square
root" nodel for approximating relative output worked well
with the customsquare inserts and rectangular inserts with

arelatively lowlength to wdth ratio. For rectangul ar
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inserts with a high length to width ratio, the nodel exhib-
ited a positive bias for all nom nal beam energies and
cones. It is theorized this bias may be due to the need to
extrapol ate the neasured data for very small dinmensions. By
using sone alternative measurenent technique for these
smal | er di mensions, the bias may be reduced to an acceptable
| evel .

The resulting energy measurenents using the manufactur-
er supplied cones and inserts were mmcked by the use of
custominserts defining the same square di nensions for each
cone. These data showed no effect of the inserts / cones on
mean incident energy for the 6 MV, 9 MV, and 12 MeV nom -
nal beamenergies. An effect on mean incident energy for
the 16 MeV and 20 MeV beans was noted only for the cases of
the 4x4 and 6x6 inserts and for cases of rectangular inserts
with a high length to width ratio. The "square root" node
for approxi mating mean incident energy appeared to be a

valid predictive tool for these neasurenents.
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1.0 |1 NTRODUCTI ON

1.1 dinical Use of El ectron Beans

M crowave- powered el ectron |inear accelerators have
becone a popular tool for the treatment of cancer in the
practice of radiation therapy. One class of these accelera-
tors, known as high energy nedical Iinacs, can deliver x-ray
bean(s) of either single or dual energy and el ectron beans
of multiple energies over a relatively broad surface area.

El ectron beams with their high surface dose delivery
and characteristically sharp dose fall-off with depth are
Ideal for the treatnment of relatively superficial tunors
such as skin lesions, cancers of the head and neck area, and
postoperative breasts and chestwalls.(10) It has been
estimated that electron beamtherapy is indicated as either
the primary node or as an adjunct to x-ray treatment for
approxi mately 10% of the patients treated in a radiation

t herapy clinic.(10)

1.2 Varian dinac 1800 El ectron Beam Producti on

One nodel of linear accelerator that generates dual x-

ray energies and five electron energies and is the subject
of this study is a Ginac 1800 manufactured by Varian Asso-
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ciates. Briefly, this accelerator produces a clinically
acceptabl e el ectron beamby the following (see Figure 1):
First, a streamof electrons is introduced by an
"electron gun" into a klystron powered accel erat or
guide which will generate a current of an average
speci fi ed energy.
Second, this current enters a bending magnet which
produces a coarse steering of the electron current
and behaves as a discreet energy w ndow for the
el ectrons.
Third, the steering of the electron current exit-
ing the bending magnet is nore finely adjusted by
el ectromagnetic steering coils so the electrons
will inpinge onto a scattering foil. The interac-
tion of the electron current with the scattering
foil generates a broad el ectron beam
Fourth, this broad beamis first collimted or
shaped by interleaved x-ray collimtors. Second-
ary collimation is then performed by an attachment
made of a fiberglass frame with al um num baffl es

at varying distances fromthe source and a stee

insert located at the exit end of the attachnent.

This insert defines the actual dinensions of the

el ectron beam produced for clinical use.
The manufacturer supplies a group of these attachments,
call ed applicators or cones. Each cone in conbination wth
its insert defines a predetermned square field dinension
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Figure 1. Varian Cinac 1800: A sinplified schematic diagreun indicating
the maj or conponents discussed in the text.


NEATPAGEINFO:id=D95713A9-1CAB-43BE-A526-569F8D7835CE


1. 3 Custom Shapi ng of the El ectron Beam

One difficulty with attenpting clinical use with only
t hese square dimension inserts is that cancerous tunmors very
rarely are shaped as squares. A nechanismis available for
the user to manufacture custom shaped inserts using a high-Z
metal alloy and attach themto the supplied cones to custom
ize the treatnment field to the individual's case. This
allows the clinician greater flexibility in sparing non-
cancerous regions on / in the patient.

A possi bl e uncertainty in treatnment is introduced by
using these custominserts. The placing of a custom shaped
slab of high-Z material into the electron beams path to
modify the treatnent field dimensions nay neasurably affect,
within the effective treatment field, the characteristics
used as criteria for clinically acceptable use. The possi-
bl e nodification of beam characteristics by the use of

custominserts is the subject of this study.

1.4 Beam Characterictics Definitions

Two of the characteristics used to indicate the accept-
able clinical use of an electron beam are a neasured ab-
sor bed dose delivered or dose output and a measured nean

i nci dent energy.


NEATPAGEINFO:id=74E170EE-F624-420E-B4FB-A40BD4B132E7


- E S

1.4.1 Dose CQutput and Rel ative Qut put

Dose output is defined as the absorbed dose (usually in

units of gray (Gy) or centigray (cGy)) delivered at a depth
of maxi mum dose build-up (D«««) w thin a neasurenment phan-
tom In practice, this nmeasurenment is taken at the centra
axis of the beamw th a National Bureau of Standards (NBS)
traceabl e calibrated ionization chanber and el ectroneter
conbi nation. The collected ionization data is then convert-
ed to absorbed dose by the application of an accepted cali-
bration protocol. For this study, the AAPM TG 21 (American
Associ ation of Physicist in Medicine Task G oup 21) calibra-
tion protocol is used.(11) Wth this protocol the ioniza-
tion readings, corrected for atmospheric conditions, are
converted to absorbed dose in the phantom material or nedi um

by the expression

DM- MKNMX( L/ p) i L AXP, AXPA) (1)
wher e Dm <9 = the absorbed dose at Dnxj. in the phanton1

medi um
M = the i oni zation readlng,
Ng* . the ion chanber's calibration factor,

(L/p)«|c"'"** = the restricted stopping power ratio,
Pi on = the chanber ionization reconbi nati on cor -

rection factor,

and Pj T-px = the chanber replacenent (electron fluence)
correction factor. (11)

|f the phantommaterial is water, as is true in the present
study, Dmei = Dwi=-B. |f the phantomis not water, then the

expressi on
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wher e Dwt «e = the absorbed dose at Dnm>c in water,
Dma = equation 1,

(S/p)mcca’ "' *=+*'" = the unrestricted stopping power
rati o,
and Om<a®*=e'' = the el ectron fluence phantom correc-

ti on factor
i s needed. (11)

Paral l el plate ionization chanbers in the accel erator
are used to continuously nonitor the generated radiation
The units of measurement for these chanbers are designated
nmonitor units (MJ). During accelerator calibration, the
el ectronics for these chanbers are adjusted such that for a
designated defined field size (in this case 10 cmx 10 cm
di mensi ons) a dose output of 1.00 cGy/MJis nmeasured in a
phantom at Dmx«. For other field sizes or cones, the dose
out put nust be neasured and is reported relative to the
designated field size. These dose outputs are called rel a-
tive outputs. TG 21 protocol does not specifically address
how t hese rel ative outputs should be neasured which has
resulted in two basic techniques as to how these neasure-
nments are perforned. One technique is that for each field
size the ionization neasurenents are perforned at the depth
of maxi mum dose (i.e. Dm>c} and the dose outputs are cal cu-
| ated using equations 1 and 2. The other is to take ioniza-
tion neasurenents at the depth of nmaxi mum i onization for
each field size and calculate ratios to the ionization
nmeasur enents obtained at the depth of maxi mumionization for
the 1.00 cGy/ MJ designated field size discussed previously.

For this study, the neasurement at maxi numionization depth

and the calculation of ratios technique is used.
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1.4.2 Mean | ncident Energy

W have been using terms such as Dm x w thout precisely
defining howit is found. Dnmx is found by initially ac-
quiring an ionization intensity versus depth bel ow surface
data set. This involves placing the probe at various depths
along the central axis of the beam and collecting ionization
data at each depth. These ionization data are then convert -
ed to absorbed dose by the use of equations 1 and 2. The
resulting data set is called a percent depth dose (%D
curve. The depth at which the maxi num absorbed dose occurs
I's designated DM There is also a depth at which naxi num
| oni zation is measured. This depth is |abeled Rxoo. It
shoul d be noted by the reader that Ri oo nay or nmay not be
equal to Dnx, .

The depth at which the ionization intensity is reduced
to one-half of the maximum value is | abeled Rso. The TG 21
protocol uses this value, when expressed in centineters, to

cal culate the nean incident energy (Eo) by the expression.

(11)
N_2.33-/~X/25p. (3)

This nean incident energy value is used to acquire from
tables supplied with the protocol the restricted stopping
power ratios used in equation 1 and the unrestricted stop-
ping ratios and the electron fluence correction val ues used

in equation 2.
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The constant 2.33 MeV/cmfor equation 3 was obtained by
assunning plane-parallel, infinitely vide nonoenergetic
el ectrons incident upon a seni-infinite water phantom (11)
Sone comnmercial software packages include table |ook-up
values for this *' constant** that is dependent upon the field

size of the beam Using this table |ook-up method, two

el ectron beans of different field sizes with the exact sane

Rbo val ue could have different Be values. Since both cal cu-~

lation techniques (i.e. 2.33 MeV/cmfor all beans vs. a
seperate constant for each field size) are currently being
used by the nedical physics comunity, it is felt that
reporting Ee values for each beam/ insert conbination in
this study could be a source of confusion that could either
mask or accentuate the effect of the insert. Therefore, the
Roo value in units of centimeters for a specified nom nal
beamenergy with its selected insert will be used as the
energy measurenment criteria for this study.

The term nom nal beamenergy will be used to identify
each beam by the | abel ed beam energy specified by the nmanu-
facturer. An example of this would be that for the beam
with a nomnal beamenergy of 6 MeV (i.e. |abeled by the
manuf acturer) the nean incident energy is 4.9 MeV (i.e.

cal cul ated by equation 3).

1.5 Study Criteria Limts

One way of assuring clinically acceptable treatnent
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wth a customlinsert is to neasure the mean incident energy
and relative output of the specified beamin a phantomwith
the custominsert in place. This is a tine consum ng pro-
cess and is difficult to schedule in a busy clinic before
patient treatment is started. The ability to predict both
when and by how much a custominsert affects a beams rel a-
tive output and mean incident energy prospectively would be
of use clinically in the real mof increased quality of pa-
tient care and increased task scheduling efficiency of

dosi netry personnel .

3,,$,1 PQqtttvQ QutPM

It has been estimated that the uncertainty inherent in
measuring el ectron beam dose output is approximately one
percent.(6) A criterion previously used as to a clinically
acceptabl e predictive nodel for dose output relative to
actual measurenments is that predicted value should be wthin
one percent of actual measured value.(7) This amount of
accepted uncertainty falls well within the reconmended upper
limt of uncertainty for total dose delivery to a target
vol ume, which is usually taken at five percent.(4) For
acceptabl e nodel prediction of relative outputs conpared to

measured data, we will use a criterion of one percent varia-

tion.
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1.5.2 Mean I ncident Energy fR»«)

The uncertainty in energy nmeasurenents by using the Rbo
val ue i s dependent on the type and di mensions of the nea-

surement probe and the precision of measurenment probe place-

ment wthin the phantom This will be discussed in section
3. 0.

For this study, the variation limt for acceptable
model prediction will be set by one of two options. One, the
limt will be set to equal the estimated uncertainty of Rbo
measurenent. Two, the limt wll be set to equal the dif-
ference in depth between the neasured Rbo val ue and either
the measured Rss (i.e. 55% of maximumionization depth) or
the neasured R*b (i.e. 45% of maximumionization depth)
val ues for that specific nomnal beamenergy. The choice of

which variation limt is applicable will be based upon which

criterion is the least restrictive.

1.6 study bl ecti ves

The purpose of this paper is two-fold. First, neasure-
ments of relative output and nean incident energy (Rbo) for
custominserts that define varying treatment field dimen-
sions wll be presented to add to the relatively sparse
dat abase for this type of information pertaining to high
energy Varlan accel erators. Second, the possible application
and testing of a previously devel oped predictive nodel (8)
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that estimates both the effect on dose output and nean

I nci dent energy for non-standard rectangular fields wll

al so be presented.
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2. 0 MODEL DEVELOPNMENT

2.1 AECL Therac 20 El ectron Beam Producti on

A nodel was presented by MIls, et al. (8) to predict
t he dose output for rectangul ar shaped el ectron beamfiel ds
for a Therac 20 Saturne accel erator manufactured by Atomc
Energy of Canada Limted (AECL). For this accelerator, the
beam of el ectrons exiting the accelerator structure is
spread into a broad beamw th a scanni ng guadrapol e magnet.
The col limation systemis conposed of primary interleaved
photon col limators and secondary collimators, called trinmn
nmers. These trimrers are physically attached to the prinary
collimators, therefore both sets open and close in synchro-
nization. The primary collimtors define a field dimension

5 cmgreater than the trimmers at 100 cmfromthe source. (8)

2.2 Rel ative Qutput Model

For nodel devel opnent, the el ectron beamis assuned to
be made up of a collection of pencil beanms. By using the
theory of nultiple coulonb scattering for electrons, an
expression was devel oped (8) that describes the spreading of
t hese pencil beanms fromthe scattering in air which begins
at the location of primary collimtors. Assum ng no energy

shift in the electron beamand ignoring the scatter off the
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secondary collimtors, the follow ng expression was devel -
oped that predicts the dose output for a rectangul ar shaped

field. This expression which cane to be called the "square-

root nodel" is

where C*'* » the dose output of a rectangular field of
X~y di nensi ons,
O**'** » the dose output of a square field with
si de di nension X,

and 0'''* = the dose output of a square field with
si de di nensi on ¥.(8)

Appendi x A is a reproduction of the original article which
contains this equation's derivation (equation nunber 15).
This expression will be used as the predictive nodel to

estimate relative outputs for non-standard rectangul ar in-

serts.

2.3 Mean Incident: Bnerqy (Rbg) Model

The sane group of researchers presented an expression
to predict the beamenergy in the formof percent depth dose
(9DD) for rectangul ar shaped fields.(3) This expression has

the sane mathematical formas equation 4 and is given by

where DD>*'" » the %D of a rectangular field of
X,y di nensi ons,
DD>*..>* = the %D of a square field with side
di mensi on X,
and DDM" » the %D of a square field with side

di mensi on Y. (3)

Appendix B is a reproduction of the original article which
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contains this equation's derivation (equation number 17).
This expression will be used as the predictive nodel to

estimte Rso for non-standard rectangul ar inserts.

2.3 AECL Therac 20 and Varian Cinac 1800 Conpari son

A possible difficulty with applying the previously
presented expressions to a Varian dinac 1800 el ectron beam
Is that its mechanismfor the production of a broad el ectron

beamis different fromthe AECL Therac-20 Saturne for which

t he nodel was devel oped. Table 1 conpares sonme of differ-

ences between the two accel erators. Even with these differ-

ences noted, the present report focuses on the application

of these nobdels to our data.
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1 FUNCTION
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TABLE 1.
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t he treat nent

field.
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setting.
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3.0 MBASURBMVEMIT MBTHODS

3.1 Study and Measurenent Equi pnent

The accelerator to which these neasurenents apply is a
Vari an Associ ates' Cinac 1800 | ocated at the Rock Hil

Radi ati on Therapy Center located in Rock Hll, South Caroli-
na. This accel erator produces five electron beans with

nom nal beamenergies of 6, 9, 12, 16, and 20 MeV. Table 2
summarizes the field defining applicators or cones supplied
by the manufacturer with the nomnal primary collimator
openi ng di mensions for each cone / energy conbination,

A famly of field shaping nmetal alloy inserts of square
and rectangul ar shape were made for each cone. The di nen-
sions of the square inserts were chosen so that some woul d
mmc the defined field nade by a smaller cone di nension
One rectangular (i.e. length to wdth ratio greater than
one) insert with a small length to wdth ratio has side
di mensi ons that are bounded by the dimensions of the group
of custom square inserts for each specified cone. Another
rectangul ar insert with a large length to width ratio has
side dinensions that are larger and smaller respectively
t han the dimensions of the group of custom square inserts
for each specified cone. Table 3 sumarizes the actual
field defining inserts made for each cone.

For data acquisition, a beam scanner system nanufac-
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1 APPLI CATCR SI ZE COLLI MATOR SETTI NG

6 AND 9 MeV 12, 16, and 20
MeV
11x11
1 6X6' 20x20 11x11
10x10 20x20 14X14

15x15 20x20 19x19

20x20 2525 25%25
25%25 30x30 30x30

Both inserts used with 6x6 cone.

—— —

TABLE 2. Af)pl icator / cone sizes with Inserts supplied by
Varian. Al values are in units of centineters. (12)

—,__
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1 C(NE CUSTOM | NSERT

1 ox6 x4

5x5
4x5

3x6

|

10x10 x4

6X6
8x8
6x8

3x11

—

15x15 axa

6X6

8x8
10x10

8x11

3x17

TABLE 3. Custominserts manufactured with a | ow nmelting
All values are in units of

point metal alloy for all cones.

centi neters.

CONE

20x20

25x25

4x4
oX6
8x8
10x10
15x15
10x17
3x23

Ax4
oX0
8x8
10x10
15x15
20x20
10x23
3x28

18

CUSTOM | NSERT 1

1
1
1
1
1
1
1
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tured by MultiData Systens International Corp. was used.

This systemconsist of a 48 x 48 x 40 cmwater phantomw th
aut omat ed scanni ng mechani snms, two PTWnodel M2332 0.1 cc
I on chanbers (cavity dianeter = 0.35 c¢cm, and a controller
which is an | BM AT-conpati bl e desktop conputer running
proprietary software with acconpanying interface equi prent.
Data acquisition is performed with this system by
first, through software mani pul ation, devel oping an "acqui -
sition plan file" which will control the positioning within
t he water phantom of one probe designated the "measurenent
probe." The other probe is set in a fixed position in the
path of the beamand is designated the "reference probe."
Al data collected are relative to readings of this refer-
ence probe. This guards agai nst dose output rate (i.e.
cGy/mn.) fluctuations of the accelerator which could com
prom se the data from neasurenent techniques involving the
conti nuous repositioning of the neasurement probe in the
beams path while radiation is being delivered. Collected
data are stored in a separate "study file" for mathemati cal

and / or graphical manipul ation.

3.2 Rel ative Qutput Measurenents

For each cone / insert / nomnal beam energy conbi na-
tion, relative output neasurements were performed by col -
| ecting ionization data at Rxoo. This was acconplished by

the follow ng procedure;
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First, manually set the center of the neasurenent

probe at both the center of the defined field and

at the water surface of the phantom whi ch was

previously set at 100 cmfromthe "target** of the

accel erator.

Second, follow ng the recommendati on of Attix (1),
of fset the probe 0.75 tinmes the radius of the
probe's active volume (i.e. 0.1 cm) away for the
radi ation beam"target" for all of the data nea-
surenment points. Set this position to be the
scanning origin of the water phantom

Third, by conputer keyboard control, nove the
nmeasur ement probe to the previously detern ned
Rxoo depth (see Section 3.3) for a specified cone
/ insert / nom nal beam energy conbination

Fourth, collect the signal fromthe measurenent
probe with a PRM nodel SH 1 electroneter. This
will be the ionization data for that specific
conbi nati on.

Fifth, repeat the third and fouth steps until

ionization data for all cone / insert / nom nal

beam ener gy conbi nations are acquired.

| oni zation readings with the probe |ocated at Rxoo for

each cone / insert / nomnal beam energy combi nation were

normal i zed to the ionization readings with the probe at Rxoo

for the 10x10 cone with the manufacturer supplied insert for

each nom nal beamenergy. This yields relative output
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val ues that were calculated by the foll owi ng expression

, | ONI ZATI OK READI NGS) - "r A

| caazATi m readi ngs) ~gxio "'~
The 10x10 cone with Varian supplied insert conbination
for each beam had been previously calibrated to a val ue of
1.00 cGy/MJ at the depth of maxi mum dose (i.e. D»*m) wth a
NBS traceabl e calibration dosinetry system This system

consi sted of the sane PRM nodel SH-1 el ectroneter and a

Capi ntec nodel PR-06G Parmer-type probe.
3.3 Myan Incident Energy (Rbg) MeasMenentg

For Rbo neasurenents, relative ionization versus depth
curves were acquired. This was perforned for each cone /
insert / nomnal beamenergy by the follow ng procedure:

First, manually set the center of the neasurement

probe at both the center of the defined field and

at the water surface of the phantom which was

previously set at 100 cmfromthe "target" of the

accel erat or.

Second, follow ng the recommendation of Attix (1),

of fset the probe 0.75 times the radius of the

probe's active volume (i.e. 0.1 cm away for the

"target" for all of the data measurement points.

Set this position as the scanning orgin of the

wat er phant om

Third, place the reference probe in the path of
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t he beam but not at a location that would inter-

fere with the scanning nechani sm

Fourth, develop an acquisition plan that guides

the probe into the water phantom along the central

axis of the field at depth increnents of 0.1 cm

and to an absol ute depth past the effective range

of the electron beanis energy.

Fifth, with the systems electroneter tine con-

stant set at 0.2 seconds, have the probe pause 0.4

seconds at each depth increment or sanpling point.

Sixth, enter the command to begin the acqusition

of the ionization intensity vs depth data.

The scanning systemsoftware will automatically display the
lonization intensity vs. depth scan normalized to the maxi-
num ionization value. A printout is then acquired which
contains depths of maxi mumionization (Ri00), 50% of maxinmum
I oni zation (Rso), 55% of maxi mumionization (Rss), and 45%
of maxi mum i oni zation (R419) val ues.

The conbination of uncertainties in the previouly
described steps involved in probe positioning results in an
estimated uncertainty of 0.1 cmfor the measured Rso val ue.
Therefore, one pass / fail criterion for Rso nodel predic-

tion will be set at 0.1 cm
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4.0 RESULTS

4.1 Data Conbi nati ons

Rel ative output and ionization intensity versus depth
curves were measured for 180 nom nal beamenergy / cone /
I nsert conbinations. Thirty combinations vere with Varlan
supplied I'nserts, 100 conbinations vere with custom square
inserts and 50 conbinations vere vlth customrectangul ar

| nserts.

4.2 Rel ative Qutput Measurenents

Table 4 presents the relative output measurenents for
each nom nal beamenergy vith all cone / manufacturer sup-
plied Inserts. Figure 2 presents these data graphically. A
reviev of this graph indicates no consistent shape of the
curves for all beans. This could be due to the different
primary col limators settings for different cone / beam
combi nations and different construction dimensions for each
i ndividual cone as indicated in table 2. Table 5 presents
the relative output nmeasurements for all cone / square
insert / nomnal beamenergy conbinations. Figures 3

through 7 graphical ly present these data for each beam As
can be observed for these curves, there appears to be a

consi stent shape or trend for each nomnal beamenergy vith
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| cONB I NSERT 6 MeVv 9 MeV 12 MeV 16 vev )0 MeV 1
1 6X6 4x4* 0. 990 0. 981 0. 959 1.027 1 094 1
16)(6 6x6 1.015 1.016 0.982 1. 064 1 121 1
110)(10 10x10 1. 000 1. 000 1. 000 1. 000 1 000 1
115)(15 15x15 0. 993 0. 920 1. 002 0.971 0 943 1
120)(20 20x20 1. 068 0. 949 1. 015 0. 944 0 899 1
125x25  25x25 1. 052 0. 950 1. 020 0. 937 0.892 1

* Varian supplied insert for 6x6 cone.

TABLE 4. Relative output in units of cGy/MJ for Varian

supplied cones / Inserts with all values normalized to the
10x10 cone.
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GURE 2. Varian Cones. Relatjve output normalized to
e 10x10 cone for all nom nal beam energi es.
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JCONE | NSERT
| exe ax 4V
ax4a
5x5

6X6V

N

10x10 »

I Oxl OV

N

115x15 x4
6Xx6
8x8
10x10
15x1 5V
120520 2
6X6
8x8
10x10
15x15

20x20V

IN

125425 1+
6x6
8x8

1 10x10
15x15
20x20

25x25Vv

O r

=

=

© p B O 0°

P O O o O O

6 MeV

990
982
. 012
015
962
. 001
996
000
. 965
. 993
996
. 995
. 993
. 030
. 076
. 078
. 075
. 068
. 068
. 017
. 067
.072
. 071
. 064
. 059

. 052

TABLE 5. Rel ati ve out put
square inserts and Varian

10x10 cone.

9 MeV 12 MeV
0. 981 0. 959
0. 980 0, 948
1.013 0. 960
1.016 0. 982

A 0.924 0. 956
0. 990 0. 992
0. 998 0. 995
1. 000 1. 000
0.874 0. 956
0. 920 0. 998
0. 932 1.013
0. 930 1.012
0. 920 1.002
0. 895 0. 965
0. 955 1. 020
0. 962 1.031
0. 961 1.035
0. 956 1.029
0. 949 1. 020
0.904 0.979
0. 966 1.037
0.974 1. 047
0.974 1.049 "
0.964 J 1.040
0. 954 1.028
0. 950 1. 020

In units of
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16 vev o 20 MV 1

1.

1.

o O O p

=

O oo o o O O 0 0O o 00 O o 0 o0 o 09

027

016

. 036

. 064

. 968

. 992

. 995

. 000

. 937

. 961

972

980

. 971

923

. 951
. 957
. 962
. 958

. 944

934

. 966
. 973
. 969
. 966
. 951 !

. 937

1.094 1
1.064 1
1.082 1
t M1 1
0. 966 1
0.990 1
0.991 1
1.000 1
0.931 1
0.9411

o
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: cOy/ MJ for custom
square inserts normalized to the
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FIGURE 3. 6x6 Cone. Relative output normalized to the
10x10 cone for all nom nal bean energies.
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FIGURE 4.  10x10 Cone. Relative output normalized to
the 10x10 cone £or all nom nal beam enerqgies.
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15x15 Cone.

Relative output normalized to

e 10x10 cone for all nomnal beam enezgies.
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FIGURE 6. 20x20 Cone. Relative output normalized to
the 10x10 cone for all nomnal beam energies.
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RE 7. 25x25 Cone. Relative out RUt normalized to
x10 cone £or all nomnal beam energies.
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each i ndi vi dual cone.

For the 15x15 cone and greater (figures 5 through 7),
this trend can be described as foll ows:

A maxi mum out put i s observed between the 8x8 and

10x10 inserts. Wth increasing square field di-

mension, the relative output changes in a |inear

fashion with a slight negative slope of approxi-

mately -0.002 cGy/HU per cmof square side dinen-

sion. Wth decreasing square dimensions, a nuch

sharper (3%to 6% non-linear drop in output is

obser ved.
The non-linear trend for snaller square dinensions is mnm
icked to a | esser degree in the 10x10 and 6x6 cone. (ne
abnormal ity for the 6x6 cone was an apparent difference
(especially for the higher energies) in output between the
Varian supplied 4x4 insert and a 4x4 custom made insert.
The data for the 4x4 and 5x5 custominserts were used for
relative output nodel prediction with non-standard custom
rectangul ar inserts.

Table 6 presents the relative output measurenents for
the two rectangul ar custominserts used in the present study
for each cone / nom nal beam energy conbination.

4.3 Mean I ncident Energy (Rbol

Table 7 presents nean incident energy (Rbo) neasure-
ments for all of the cone / manufacturer supplied insert
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| COVE
| sxe

110x10
115x15
120x20
125x25

TABLE 6.

rectangul ar inserts nornalize

INSERT 1 6 MV

4x5

3x6

6x8

3x11

8x11

3x17

10x17

3x23

10x23

3x28

1.

=

0.

000

. 980

. 993

. 953

. 004

. 951

. 061

. 011

. 063

977

Rel ative output in

© 0o o o oo 0o o o ©

9 MeV
997 0.
. 966 0.
. 983 0.
912 (0]
. 930 1
. 863 (0]
. 955 1
884 0.
. 946 1
. 873 o
units of
d to the

963

946

978

. 937

. 013

. 954

. 025

964

. 021

. 950

C

12 MV 16 MeV

=

. 023

=

. 013

. 978

o o

946

. 978

933

. 960

918

. 948

©o o o o o o

. 908

10x10 cone.
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20 Mev|

1.048 1
1.049 1
0.979 1
0.946 1
0.950 1
0.920 1
0.916 1
0.890 1

0.893 1
0.876 1

Gy/MJ for custon
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1 CO\B !nseRT 6 Mev 9 Mev 12 vev 16 MV )) |\/bv|
1 6X6 4x4* 2.2 3.4 4.3 5.7 6.6 1
| 6)(6 6x6 2.2 3.4 4.5 6.1 7.41
1 ].OX].O | 10x10 2.1 3.3 4.5 6.4 7 8 1
| 15)(15 15x15 2.2 3.4 1 45 6.3 7 8 1
| 20x20 20x20 2.2 3.4 4.5 6.4 7 9 1
1 25%25 | 25x25 2.1 3.4 4.5 6.4 .91

* Varian supplied insert for 6x6 cone.

TABLE 7. 50%of the ttaximuA ionization depth in centiaeters
for Varian supplied cones and inserts.
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FI GURE 6. Varian Cones. 50% of naxinun ionization
depth for all noainal beaa energies.
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conbinations. Figure 8 presents thes data graphically. As

can be seen, for the 6 MV, 9 MV, and 12 MeV nom nal beam
energi es, the Roo value remains constant for all conbina-

tions. For the 16 MeV and 20 MeV nom nal beam energi es,
these data indicate a Rao val ue decrease for the 6x6 cone
vith the 6x6 and 4x4 inserts.

Table 8 presents the nean incident energy (Rso) nea-
surenents for each cone vith their respective famlies of
custominserts. Figures 9 through 13 graphically present
these data for each beam A review of these graphs indicate
a Rso val ue decrease for the 16 MeV and 20 MeV nom nal beam
energies with the 10x10 and greater dinension cones' 4x4 and
6x6 inserts. This Rso decrease for the smaller inserts is
qualitatively simlar to that noted earlier with the cone /
manuf act urer supplied inset conbinations. The 6 MV, 9 MYV,
and 12 MeV nom nal beamenergies' data are constant for all
inserts which is again conparable to data for the individua

Table 9 presents nean incident energy (Rbo) measure-
nments for the two rectangular custominserts used in the

present study for each cone / nom nal beam energy conbina-

tion.

4.4 NMbdel Application

For application of the square root nodel for both
relative dose output and mean incident energy (Rwo) predic-
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1 CONE ! NSERT 6 Mev 9 mev 12 Mev 16 Mev Q) Nevl
]_ 6X6 4x4V 2.2 3.4 4.3 5.7 66 1
axa 2.2 3.3 1 4.4 5.8 1 6.8 l
5X5 2.1 3.3 4.4 6.2 7’3 1
1 66V 22 e “° 161 .41
1 10X10 ax4 \ 2.1 3.3 4.3 5.9 6.8 1
1 6x6 | Al A 3.3 4.5 6.3 7.6 1
8x8 2.1 3.3 4.5 6.4 | A A i
1 110kl OV 2.1 3.3 4.5 6.4 1 7.8 l
1 15X15 axa 2.2 3.4 4.4 6.0 7.0 1
1 6x6 2.2 3.5 4.6 6.3 7.6 1
8x8 2.2 3.5 4.6 6.3 7.7 1
10x10 2.2 3.5 4.6 6.3 7.8 1
1 15x15V 2.2 3.4 4.5 6.3 7.8 1
1 20X20 4x4 2.1 3.3 4.3 5.9 6.9 1
6X6 2.1 3.4 4.5 1 6.3 1 7.6 1
8x8 2.1 3.4 i 4.5 6.4 i 781
10x10 2.1 3.4 4.5 6.5 7.8 1
15x15 2.2 3.5 4.5 6.4 7.8 1
20x20V 2.2 3.4 4.5 6.4 7.9 1

4x4 J 2.1 3.3 4.3 58 J .
1 I 6X6 1 2211 3.4 451 6.3 9.2 %
8x8 2.2 3.4 4.5 6.4 8.01
10x10 2.2 3.4 4.5 6.4 8.0 1
15x15 2.2 3.5 4.6 6.5 8.1 1
' " 20x20 2.1 3.4 4.5 6.3 7.91
25x25V 2.1 3.4 4.5 6.4 .91

TABLE 8. 50% of aaxi num i Onization depth in centineters for
al | square custominserts and Varian supplied inserts.
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PIGURB 9. 6x6 Cone. 50% of naxinum ionization depth

for all noiiinal beam energies.
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FIGURE 10. 10x10 Cone. 50% of maxinua ionization depth
for all nom nal beam energies.
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FIGURE 11. 15x15 Cone. 50% of naxi»un ionization depth
for all noMnal bean energies.
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