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Recently the compensator has been shown to be an inexpensive and reliable dose delivery device
for photon beam intensity-modulated radiation theréipRT). The goal of IMRT compensator
design is to produce an optimized primary fluence profile at the patient’s surface obtained from the
optimization procedure. In this paper some of the problems associated with IMRT compensator
design, specifically the beam perturbations caused by the compensator, are discussed. A simple
formula is derived to calculate the optimal compensator thickness profile from an optimized pri-
mary fluence profile. The change of characteristica 6 MV beam caused by the introduction of
cerrobend compensators in the beam is investigated using OMEGA Monte Carlo codes. It is found
that the compensator significantly changes the energy spectrum and the mean energy of the primary
photons at the patient’s surface. However, beam hardening does not have as significant an effect on
the percent depth dose as it does on the energy spectrum. We conclude that in most situations the
beam hardening effect can be ignored during compensator design and dose calculation. The influ-
ence of the compensator on the contaminant electron buildup dose is found to be small and inde-
pendent of the compensator thickness of interest. Therefore, it can be ignored in the compensator
design and included as a correction into the final dose distribution. The scattered photons from the
compensator are found to have no effect on the surface dose. These photons produce a uniform low
fluence distribution at the patient’s surface, which is independent of compensator shape. This is also
true for very large fields and extremely asymmetric and nonuniform compensator thickness profiles.
Compared to the primary photons, the scattered photons have much larger angular spread and
similar energy spectrum at the patient’s surface. These characteristics allow the compensator thick-
ness profile and the dose distribution to be calculated from the optimized fluence profile of primary
photons, without considering the scattered photons.19®8 American Association of Physicists in
Medicine.[S0094-240808)01105-5

Key words: compensator, conformal therapy, Monte Carlo, intensity modulation

[. INTRODUCTION ventional missing tissue or dose compensators in the sense

o that there is a different goal to achieve. For conventional
Historically, the compensator has been used to generate @mnensator design, the goal is to achieve a uniform dose on

uniform dose distribution on a spgcified plane through thea specified plane within the patient, while for IMRT the com-
middle of the tumor by compensating for the effects of non- ensator design is to produce an optimized primary fluence

f!at patient contour, !nternal tissue hete_rogeneltles, and fsomg'rofile at the patient’s surface. The problems associated with
times beam obliquity. The idea behind the conventiona

o . Lo IMRT compensator design have not been thoroughly ad-
missing tissue or dose compensator design is to produce

dose distribution similar to that obtained from a beam inci—d’ﬂre:\“:'ed n p(;('i;:c/IOUS putl;hsthed WCI)\;'ESC': . it
dent perpendicularly onto a flat homogeneous phantom. Re- major difierence between or scanning pattern
cently, the compensator has also been used as one of t gsed IMRT and compensator based IMRT is that the intro-

delivery devices in photon beam intensity-modulated radigduction of the compensator inside a radiation field causes
tion therapy(IMRT).1"1%In IMRT, the compensator is used SOMe changes in beam charactenstps o.ther.than intensity
not in the sense of compensating for missing tissue or tissudhey are referred to aseam perturbationsn this paper.
heterogeneity but as a beam intensity modifier like dynami@asically, the compensator induced beam perturbations in-
jaws or multileaf collimator§MLC). The goal is to achieve clude the hardening of the primary photon spectrum, beam
dose uniformity throughout the whole target volume and,contamination from the compensator scattered photons, and
more importantly, to spare the critical structures according téhe influence of the compensator on contaminant electron
the dose and dose-volume constraints prescribed by the cllose. Throughout this paper, the terpmgnary andscattered
nician for a specific patient. It has been shown that the comphotons are defined with respect to the compensator, i.e., the
pensator is an inexpensive and feasible way to deliver IMRTprimary photons are those transmitted through the compen-
dose distributions when using a f&&-5) fixed portals>®'°  sator without any interactions and the scattered photons are
Design of IMRT compensators differs from that of con- those that have interacted with, or were generated by, the
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compensator. According to these definitions, an open field J Electron beam
contains only primary photons and no scattered photons. T e Ao 4—— Target

The calculation of the compensator thickness profile from
an optimized primary fluence profile is straightforward, typi-
cally using the exponential attenuation mot&lowever, if £1=50 em
the compensator induced beam perturbations are significant, l

Plane_B

-+—— Primary Collimator
-+—— Flattening Filter

the dose distribution delivered using the calculated compen-
sator may differ significantly from the intended dose distri-

rMovable jaws

bution. If that is the case, we have to consider the beam B T Compensator
perturbations in the compensator design process. This may 230 om

dramatically complicate the problem. An iterative procedure

has to be used to adjust the calculated compensator thickness Plane_A l_>

profile to produce the intended dose distribution. Also the SSD=90 cm

optimization and dose calculation procedures will become
much more complex. For example, if the beam hardening has
an important effect on the depth dose distribution, and if we
use a superposition/convolution type of algorithm for doseF 1. A schematic illustration of the accelerator treatment head, compen-
calculation, we have to use different dose kernels at d'fferenéator and water phantom used for Monte Carlo simulation and compensator
positions in the field. Hence, it is important to investigate thedesign.
beam perturbations caused by the compensator, not only for
the compensator design, but also for developing a proper
optimization procedure and dose calculation algorithm. profile to finally produce the intended dose distribution. The
In the second section of this paper, we discuss a methaosignificance of beam perturbations, and then the necessity of
to calculate the optimal compensator thickness profile fromutilizing such an iterative procedure, will be evaluated in the
the optimized primary fluence profile while ignoring the next section. In the present section we discuss a method to
beam perturbations. In the third section, the perturbations afalculate the optimal compensator thickness profile from an
a 6 MV photon beam caused by Lipowitz meteérrobendl  optimized primary fluence profile while ignoring the beam
compensators are investigated using the OMEGA Montgerturbations.
Carlo codes! Lipowitz metal is chosen due to its relative ~ The exponential model is usually used for compensator
high density and large atomic number as compared to otheattenuation calculatiohHowever, this model introduces un-
commonly used compensator materials. We expect largarecessary errors for polyenergetic beams. Actually, the cal-
beam perturbations when this material is used for compensa&ulation of the transmission data for polyenergetic beams is
tor. Some discussion and conclusions are given in the finatraightforward, either using analytical methods or Monte
section. Carlo simulation. In the present paper, a primary transmis-
sion function#,(t) for a parallel photon beam is precalcu-
lated for various thickness of compensator material for a
Il. CALCULATION OF THE OPTIMAL given energy spectrunilf the off axis softening effect of the
COMPENSATOR THICKNESS PROFILE beam is considered;, should also be a function of the dis-
Usually the optimization process is separated from, andance from the central ax)sThe data are stored in a look-up
performed before, design of the dose delivery prodégs-  table and available for interpolation.
ter the optimization process, we obtain an optimized fluence During the optimization process the beam is divided into
profile which could produce the intended dose distribution inn rays. Initially each ray is assigned a unit quené‘@, then
the patient’s body while satisfying the dose-volume con-at the end of the process we obtain a wei¢ht relative
straints. In the optimization procedure a beam is usually difluence, fi(A), for theith ray and hence &elative primary
vided into many rays, which are actually pencil beams. Thdluence profile on plane_Asee Fig. 1, f*. From this pri-
pencil beams are well-defined in the sense that all photonsary fluence profile we can easily calculate the compensator
within a ray are assumed td) move in the same direction thickness profile if we do not consider the beam perturba-
along the ray from a point source aff) have the open field tions. However, there are an infinite number of thickness
energy spectrum. Therefore, the optimized fluence profilgrofiles corresponding to the same primary fluence profile.
achieved by such an optimization procedure consists of onl$o, we have to choose an optimal compensator profile for the
primary photons from an open field. The compensator thick-given primary fluence profile.
ness profile could be derived from this optimized primary Normally we prefer the thinnest one out of the infinite
fluence profile by simply using the linear attenuationnumber of possible compensator profiles, because a thicker
coefficient® However, due to the beam perturbations causedompensator introduces larger perturbations to the beam and
by the compensator, the delivered dose distribution in theequires a longer treatment time. Corresponding to the rays,
patient's body is different from the intended dose distribu-the compensator can be represented with a discretized thick-
tion. If the difference is significant, an iterative procedureness profilet=[t;]", i=1,2,...n. Let's assume that the
may be needed to tune the calculated compensator thicknessmpensator has a minimum feasible thickngsgsome-

| «——— Water phantom
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times the compensator has to have a base for mounting pusimulate the complicated geometry of radiation therapy units
pose and define the primary transmission ratio for ittle  such as linear acceleratdfsDOSXYZ can use the phase
ray as space information generated with BEAM to calculate the
= 1WA B)5B)) (1) dose distributions in a phantom or patient's bdehy® We _

: cor use the Monte Carlo method to study the compensator in-
wherel(cB’ is the fluence at the central axis on plane_B, andduced beam perturbations because these problems are diffi-
f®=[fBT =12, .. n, is the relative fluence profile on cult or even impossible to address with traditional experi-
plane_B normalized td)gB). Heref® can be calculated with mental approaches. In addition, previous studies have shown
the Monte Carlo method by simulating the treatment headthat the OMEGA codes are able to accurately model the
Notice thatz; is a monotonically decreasing function of the transport of photons and electrons in the accelerator treat-
compensator thickness. Assume that the minimum fea- ment head and generate accurate dosimetric data in a phan-
sible thicknessy, corresponds to a primary transmission ratiotom or patient’s body***~*"In our opinion, Monte Carlo
7y for a parallel beam, which gives the maximum possiblesimulation based on well established code systems can be
primary transmission ratio for a divergent beam used as a reliable and independent data source.

n<mplis, 1=1,2,...0, 2) Figure 1 illustrates the simulation setup in the present
) - ) study. Compensators with material of cerrobdhgpowitz
where fig;=11/(l1+12) is used to take into account beam o5 composed of 13.3% tin, 50% bismuth, 26.7% lead and
divergence. Then we have 10% cadmium by weight, with density of 9.76 gRmare
|<CB)fi<B):|gA>fi<A>/,7i>|gA>fi<A>/(nbfisl), i=1,2,...n, used to investigate the perturbations to the 6 MV photon
(3) beam from a Varian Clinac 1800 accelerator in our institu-
tion. All pertinent parts of the accelerator treatment head are
modeled with the BEAM code. These parts include the tar-
IB= 1WA (ot f®), i=1,2,...n. (4)  get, primary collimator, flattening filter, monitor chamber,
mirror and movable jaws. The compensator is put in the
wedge tray at 50 cm from the target with its flat surface

hence

The above equation indicates that the minimuf we

could use is
toward the source. Two planes are used to score the phase
®) 1M A space information generated with the BEAM code. Plane_B
o' =—F—maXfi™V/f;™}, i=12,...n, ) h £ f h
ofis is on the compensator upper surface at 50 cm from the

source while plane_A is downstream from the compensator
rét 80 cm distance from the source. A water phantom is
placed at 90 cm SSD because for 100 cm SAD conformal
|VFA) fA/£(8) . treatments the SSD is generally 85—90 cm. For this reason, it
T e max( f A/ (B} mfisi, i=1,2,...n. (6)  is more meaningful to specify the depth dose characteristics
c i i for 85 or 90 cm SSD rather than for 100 cm SSD. Informa-
From the precalculated primary transmission functigyt) tion about the locations, physical dimensions and material
it is easy to calculate the primary transmission ratios forcompositions of the accelerator parts are provided by the
given compensator profite=[t;]",i=1,2,...n, manufacturers. The only unknown parameter in the simula-
. o tions was thectual (rather thamomina) energy of the elec-
m=mp(ti /o) it 1=1,2,... 1, ™ iron pencil beam incident on the target which generates the 6
whered); is the angle between théh ray and the central axis. MV photon beam. This energy is determined for our Clinac
Finally the optimal compensator profile corresponding to the1800 machine by matching the Monte Carlo calculated cen-

which corresponds to the thinnest compensator profile witl
the set of maximum possible primary transmission ratios

optimized primary fluence profilé®, is given as tral axis depth dose distribution to the measured depth dose
(A)£(B) distribution in water for a 18 10 cn? open field at 100 cm

ti= 7, Y(ni /i) cos, =7, " LI IS POV SSD
e ! = max{ f{A)/£{B)} o v First we simulate the accelerator treatment head to get a
i_192 n ®) phase space file on pIan_e_B. This simulation is indgpend_ent
iy of the compensator and is performed once for each field size.
where 77‘;1(77) denotes the inverse function gf,(t). Another simulation is performed by using the phase space
file on plane_B as input and modeling the compensator using
IIl. BEAM PERTURBATIONS CAUSED BY THE the BEAM code. The result is another phase space on pla-
COMPENSATOR ne_A at 80 cm from the source. Information we need, such

as the fluence distributions, energy spectra, and angular dis-
tributions, are extracted from the obtained phase space files.
OMEGA Monte Carlo code$BEAM and DOSXY2 are  The dose distribution in phantom is calculated with the
used to investigate the beam perturbations caused by tHeOSXYZ code by using the phase space file on plane_A as
presence of a compensator in the fitld*BEAM is based input. All the simulations in this study are performed on a
on the EGS4 Monte Carlo code system and is designed t8GI Indigo 2 platform. Large numbers of photon histories

A. Methods and materials
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are used to keep the statistical uncertainty in the results 08 T T T
small, e.g.,0<1%.

First, the influence of cerrobend compensators with slab
geometry @ a 6 MV 10x10 cn? field is studied. The cer-
robend slab thicknesses used are 0.3, 1.2, and 5.0 cm, which
roughly correspond to 20%, 50%, and 90% attenuation of a 6

0.5

O open field, Ea=1.78 MeV

04 —@— 0:3cmslab, Ea=1.94 MeV

—— 1.2 cm slab, Ea=2.20 MeV

0.3 —f— 5.0 cm slab, Ea=2.66 MeV

Relative fluence

L B B
|

MV photon beam. Usually, conventional missing tissue or 02

dose compensators with attenuation as much as 90% or even o B
50% are not used. However, in IMRT, sometimes the opti- H | >

mization process prefers part of beam to be strongly attenu- 00, P e ;
ated. For example, Ste#t al. found that the optimization of Energy (MeV)

beam orientations for prostate treatment suggests one

o . . . Fic. 2. Energy spectra of primary photonsa6 MV beam on plane_A for
posterior-anterior beam. Then, the part of this beam WhICqOX 10 cn? open and compensated fields. The compensators are cerrobend

passes through the_ r_eCtum should ha_lve |0W inted8i80, in labs of thicknesses of 0.3, 1.2, and 5.0 cm. Each energy spectrum is nor-
the present study, it is necessary to investigate compensatatlized to have a unit area under the cul@grepresents the mean energy.

with large attenuation.

The energy spectra and mean energies on plane_A for :
primary photons in the fields with and without cerrobendph()t(_)ns on plane_A for the conical geometry. . .
slabs are calculated by simulating the treatment head an?1 It is expected that for very large fields, the uniformity of

cerrobend slabs with the BEAM code. The percent deptﬁre scattered photon fluence distribution might be reduced.

dose(PDD) distributions in the water phantom are calcuIatedggxt(;i:’t t?; l?r?j ;‘ml% I|mh|t of (_)url ass(ljjrrr:plt;c:)n, we ts);muklate a
with the DOSXYZ code. The simulation voxel dimension is cnt field for both conical and half-beam block ge-

5 mm in the depth direction. The maximum relative standarqometries’ even though this Iargg field size is usually not used
deviation associated with the results is 0.7%. in conformal therapy. The conical geometry has a 17.5 cm

As pointed out by Ling and Bigg¥, the surface dose is a bhase diarr;]et_erhah_?hS crlnh_eig::t. The 2?‘”‘%66‘_”" blo;:k _has
good indicator of buildup characteristics. To investigate the € same height. The relative fluence distributions of primary

influence of the hardening effect, contaminant electrons, anand scattered photons on plane_A are obtained from the cor-

scattered photons on the surface dose in the presence of Cé?_spondmg phase space files.
robend slabs, we calculate the doseat 1 mmwater layer
under the phantom surface and normalize it to the dose § Resuilts
dmax- FOr each slab compensator field, we calculate(jiee- The energy spectra and mean energies on plane_A for
cen) surface dose for three bean$) only primary photons, primary photons after the cerrobend slabs of three different
(2) all the photons(primary + scatteregl and (3) all the thickness and those in the open field are given in Fig. 2. All
particles(primary photonst scattered photons electrony.  the spectra are normalized to have unit areas under the
The difference between the surface dose of all photons ancurves. It is found that low energy photons are filtered by the
primary photons is the contribution from the compensatorslabs and the energy spectrum hardening is obvious. For the
scattered photons. The contribution from the contaminanbpen field, the photon mean energy is 1.78 MeV. For com-
electrons is obtained by subtracting the surface dose of aflensated fields the mean energies of the primary photons are
photons from that of all particles. The relative standard de4.94, 2.20, and 2.66 MeV for slab thicknesses of 0.3, 1.2,
viations of the calculated surface doses are in the range @hd 5.0 cm, respectively. Compared to the open field, the
0.4% to 0.6%. mean energy increases by 9%, 24%, and 49% due to the
It is known that the compensator scattered photons haveardening effect of these slabs.
low spatial frequency. We assume that the compensator scat- Figure 3 shows the percent depth dd&PD) distribu-
tered photons form a uniform low fluence background at theions in the water phantom for primary photons from the
patient’s surface. To check this assumption we simulate thepen and slab fields. Due to beam hardening the PDD after
cerrobend compensators with two geometries in &x1®  d,,.is larger for compensated fields than for the open field.
cn? field. One is a conical geometry with its base at 50 cmAfter d,.,the PDD augmentation caused by beam hardening
from and towards the source. The height of the conical comincreases with slab thickness. Also, for the same slab thick-
pensator is 5 cm and the base diameter is also 5 cm whichess, this augmentation increases with depth. At 10 cm in
projects a circle of 10 cm diameter at isocenter level. Thevater, the compensator causes the increases in the primary
other B a 5 cmthick half-beam block with it upper surface at photon PDDs by approximately 1%, 2%, and 3% for 0.3, 1.2,
plane_B. A half-beam block can be thought of as a compenand 5.0 cm thick slabs, respectively. These increases are
sator with extremely asymmetric and nonuniform thicknesamuch smaller than the increases in beam mean energy on
profile. Then, it is a very stringent test to our assumption ofplane_A. It indicates that the PDD curve is not sensitive to
uniform low scattering background. The relative fluence disthe change in the beam energy spectrum at the patient’s sur-
tributions of primary and scattered photons on plane_A forface.
both geometries are calculated. We also calculate the angular Figure 4 shows the calculated surface dose as a function
distributions and energy spectra of primary and scatteredf cerrobend slab thickness for various beam compositions.
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o ) Fic. 4. Surface dose of a 2010 cn? 6 MV photon beam in watelSSD=90
Fic. 3. Percent depth dose distributions of primary photdrs®MV beam ¢ as a function of cerrobend slab thickness for various beam composi-
in water (SSD=90 cm) for 10X10 cntf open and compensated fields. The tjons.
compensators are cerrobend slabs of thicknesses of 0.3, 1.2, and 5.0 cm.

a conical cerrobend compensator is given in Fig. 5. It is

The surface dose decreases with slab thickness due to tfund that the fluence of the compensator scattered photons
beam hardening effect. The amount of decrease is about 298, low and uniformly distributed over the whole field, even
5%, and 10% for cerrobend slabs with thicknesses of 0.3hough from the central axis to the beam edge the primary
1.2, and 5.0 cm, respectively. This indicates that beam hardhoton fluence varies by a factor of 10. Figure 6 shows the
ening has a larger effect on the surface dose than on the dokglative fluence distribution of primary and scattered photons
at 10 cm depth. The contribution of the compensator scat@t plane_A for a 1&10 cnt field and a cerrobend half-beam
tered photons to the surface dose is negligible. Even for Rlock. We can see that the fluence distribution of compensa-
very large cerrobend slab thickne&scm), their contribution  tor scattered photons is still very uniform. This indicates that
to the surface dose is only 0.3%. The contribution of con-€ven for compensators with extremely asymmetric and non-
taminant electrons to the surface dose is about 3% for theniform thickness profiles, our assumption about uniform
open field(slab thickness= 0 cm) and 4% for all the com- low scattering background is still correct.

pensated fields. So, the compensator only increases the con-
taminant electron surface dose by about 1% of the maximum 1.0
dose. The compensat@r other beam filtejshas three ma-

jor effects on contaminant electrons, which #t¢ the ab-
sorption of the contaminant electrons generated by the treat-
ment head above the compensatay,the generation of new
contaminant electrons by the interactions of photons with the
compensator, an¢B) the self-absorption of the compensator B . scattered photons ]
generated electrons. So, the curve of the contaminant elec- - .
tron surface dose versus slab thickness can be divided into
three regions. For a very thin compensator slab, with the
increase of slab thickness the amount of contaminant elec-
trons decreases, because more treatment head generated elec-
trons are absorbed by a thicker compensator while the com-
pensator does not produce enough new electrons to 0.4
compensate. With the continuous increase of slab thickness

the process of the compensator generating new electrons
dominates, so the amount of contaminant electrons begins to
increase. When the compensator thickness exceeds a certain

value (approximately the electron range in the compensator 02— ]
materia), the surface dose of the contaminant electrons does r 7
not vary with compensator thickness. This is because the - T
compensator stops all the treatment head electrons while the - .
compensator generation and self-absorption of electrons 0.0 Lostonten S S NI RSO
reach an equilibrium. Figure 4 indicates that the influence of 0.00 1.00 2.00 3.00 4.00
the compensator on the contaminant electron surface dose is Distance from central axis (cm)

small and does not vary with compensator thickness investi- _ o .
Fic. 5. Relative fluence distribution on plane_A for primary and scattered
gated. .
. L . . photons of a 1810 cnf 6 MV beam after a cerrobend conical compensator
The relative fluence distribution of primary and scattered,, its base at 50 cm from and towards the source. The height and base

photons at plane_A for a beam opening of<iM cnf with  diameter of the conical compensator are both 5 cm.

0.8

primary photons —

0.6

Relative fluence
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FiG. 6. Relative fluence distribution on plane_A for primary and scatteredFic. 7. Relative fluence distribution on plane_A for primary and scattered
photons of a 1610 cn? 6 MV beam after a cerrobend half-beam block with Photons of a 3535 cn 6 MV beam after a cerrobend conical compensator

its upper surface at 50 cm from the source. The thickness of the half-beaWith its base at 50 cm from and towards the source. The height of the
block is 5 cm. conical compensator is 5 cm and the base diameter is 17.5 cm.

Figures 7 and 8 give the relative fluence distributions orensator. The very narrow angular distribution of p_rimary
plane_A for a 3535 cni? field and for a conical compensa- P0toNS suggests the) the point source model used in the
tor with 17.5 cm base diameter and 5 cm height and a halfPPtimization and compensator design procedures is a good
beam block of 5 cm thickness, respectively. As we can Seéa}pproxmatlon as long as the dose points at the beam edge do

the uniformity of the scattered photon fluence distribution is"°t Play an important role in these procedures &dthe
reduced for this very large field compared to the<10 cn? photons scattered from other accelerator components such as

field; under the thicker parts of the compensator we get mord'0vable jaws do not have an appreciable effect on the pri-
scattered photons. However, this reduction is not significanfay Photon angular distribution within a compensator field.
For the conical geometry the relative scattered photon fluOn the other hand, we find that the photons scattered fromo
ence decreases from 4.2% at the central axis to 2.2% at bea%e (?ompensator ha_ve a very proad angular spregd,_up _to 9
edge while the relative primary photon fluence increasefelative to the ray direction. This broad angqlar distribution
from 8% to 100%. For the half-beam block, the ratio of of the scattered photons at least partly explains the observed
fluence in the open to blocked half of the field is about 20 foruniform spatial distribution_of the scattered photon fluence.
primary photons and about 0.4 for scattered photons. So evel]'e €Nergy spectra of primary and scattered photons are
for very large field sizes there is no strong correlation bed\VeNn in Fig. 10. Both spectra are normalized to have unit
tween the scattered photon fluence distribution and the conf’€@s under the curves. It is found that the scattered photon

pensator shape, and our assumption of uniform low scatte£N€r9y spectrum is not much different from that of primary
ing fluence background still holds. photons except that some photons with energies about 4—-6

Figure 9 shows the angular distributions of primary angMeV are scattered to about 1-2 MeV by the compensator.

scattered photons on plane_A for a conical geometry and a

10x10 cnt field. The angle here is defined as the angle'v' DISCUSSION AND CONCLUSIONS

between the direction of photon motion and the ray direction Problems associated with the calculation of the optimal
from a point source. Both distributions are normalized to(thinnesj compensator thickness profile from an optimized
their own maximum values. It is interesting to find that the primary fluence profile have been discussed. Various factors
primary photon angular distribution is very narrow. As men-such as the open beam intensity nonuniformity and compen-
tioned earlier, in this work the primary photons are definedsator minimum thickness have been considered. A simple
with respect to the compensator, so they include the scatterddrmula has been derived based on a precalculated primary
photons from all accelerator components except for the comtransmission function. However, as the introduction of a
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Fic. 8. Relative fluence distribution on plane_A for primary and scatteredFic. 9. Angular distributions on plane_A for primary and scattered photons

photons of a 3% 35 cn? 6 MV beam after a cerrobend half-beam block with of a 1010 cn? 6 MV beam after a cerrobend conical compensator with its

its upper surface at 50 cm from the source. The thickness of the half-bearbase at 50 cm from and towards the source. The height and base diameter of

block is 5 cm. the conical compensator are both 5 cm. The angle is defined as the angle
between the direction of photon motion and the ray direction from a point
source. Both distributions are normalized to their own maximum values.

compensator into the field alters the beam characteristics in
addition to the intensity, the dose distribution delivered by10 cm below the skin, the dose distribution calculated using
the calculated compensator differs from the intended dosghe optimized primary fluence profile with the open field
distribution. Hence, the significance of the beam perturbaenergy spectrum will have errors less than 2% inside the
tions caused by the compensator has also been investigatg@mor and 5% near patient’s skin. Another fact is that the
using the OMEGA Monte Carlo code systenr f@ 6 MV |arger error produced by the thicker part of the compensator
beam and cerrobend compensators. will be diluted in the final dose distribution because the cor-
It is found that the presence of the compensator hardengsponding beam rays have lower intensity and multiple
the energy spectrum and increases the mean energy of pfields are used in IMRT. On the other hand, a compensator
mary photons at the patient’s surface significantly. A 5.0 cm
cerrobend slab increases the beam mean energy by almost
50%. The beam hardening effect of the compensator also 0.400 —
increases the percent depth dd¢®®D) after d,,,, and de-
creases the surface dose in the patient’'s body. However, as
PDD is not very sensitive to the change of beam energy
spectrum, the change in PDD caused by beam hardening is
not as significant as that of beam mean energy.&F6 MV
10x10 cn? beam with cerrobend slabs of 0.3, 1.2, and 5.0
cm thick, the decrease of surface dose is about 2%, 5%, and
10% of the maximum dose, and the increase of PDD at 10
cm is about 1%, 2%, and 3% of the maximum dose. Assum- 0000
ing that compensators with large attenuation are not com-
monly used, in most situations it might be acceptable to de-
sign a compensator and calculate the dose distributiofic- 10. Energy spectra on plane_A for primary and scattered photons of a

; ; ; ; 0x10 cn? 6 MV beam after a cerrobend conical compensator with its base
without taklng into account the beam hardenlng effect. For;t 50 cm from and towards the source. The height and base diameter of the

examplg, assuming that the majority of a cgmpensator hagnical compensator are both 5 cm. Each energy spectrum is normalized to
attenuation of less than 50% and the tumor is located aboutiave a unit area under the curve.
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