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ABSTRACT

The effectiveness of lead acryllc as an electron fllter has been

demonstrated for a 4 MV photon beam. It has been shown to be less

effective than lead glass for reduclng surface and bulld-up doses and

far superíor to acryLlc. Lead acryllc exhibits physical charac-

terlstics comparable with acryllc nakfng ft sult,able for use as a

shadow tray or shtelding block bridge. Bulld-up curves superlor to

open beam conditions nay be produced with a lead acryllc tray placed

at a tray to skin distance bet¡seen 30 and 40 cn. The magnlÈude of

scaËtered radiation from acryllc and lead acryllc supporting trays

outslde the field boundary was neasured as a functLon of distance

outside the field boundary, dept,h Ín a phanton, fteld sIze, and tray

to skin (phantorn surface) distance. The penumbra forrned by the edge

of lead blocks used for shleldÍng in Large lrregular fields has been

measured for a díverglng and straight edge blocks. Results show the

dominant factor affecting penumbra size 1s the block to skln distance.

The najor effect of block edge shape 1s the locatlon of the 50% dose

level relatfve to the geometrlcal edge. The optfmun block to skin

distance for reducLng penumbra size without a slgnificant fncrease ln

the skin dose was found to be between 30 and 40 cn.
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Chapter 1. Introductlon

1.1 INTRODUCTION 1O RADIOTHERAPY

Radiotherapy treatment for roal-lgnant dfsease Lnvolves the appll-

catLon of radiation beams to areas of known disease and to suspected

avenues of spread so as to delfver a l-ethal dose to alL cancer cells.

At the same time, the radiatlon dose to nonnal tissues must be

ninLmfzed to reduce radlation tnjury. High energy photon beams are

commonly used because of thelr deep penetratlon into tlssue and the

slcin sparlng attributes of these beams.

Figure 1.1 illustrates the variaËion of dose occurrlng along

the central axis of a high energy photon beam. The maxlmum dose

occurs at a depth drnax raÈher than at the surface (skfn-sparlng

effect). An exponential decrease in dose beyond dr"* results fron

the attenuation of the radiation by tissue. The slope is character-

isÈic of the effectlve beam energy used. The region fron the surface

to the depÈh dr"* is called the bulld-up regíon. rt ts described

further 1n chapter 5. The characterizatíon of thls region depends

on the deslgn of Èhe treaÈment head (chapter 2) and on the location

and composltion of other materÍals (e.g. for shielding) placed in the

b earn .

Figure 1.2 illustrates a dose profile across the bearn at

conÊtant depth d, for a radiation fleld size s. Note, however, that

the region st Ín which tumoricidal doses are achieved (90% - 100%) is

smaller. Healthy tlssue ln the regfon irradíated by the penumbra

receives betr+een 9A"A and 2A7! of the maximum dose.
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Flgure 1.3 lllustraËes Èhe use of a large lrregularly shaped

radiaÈlon field, referred Lo as a ManEle field, used to EreaE

Hodgklnrs disease. The entlre lynph node system above the diaphragm

must be irradiated while at the sarne time preservfng lung functlon.

This 1s achieved by placing individually designed lead shieldlng

blocks in the beam to shleld part of Ehe 1-ungs and the larynx.

In order to obtain the large field sizes required for thls type

of treaLmenE, the dlstance from the x-ray source Eo È,he skin (SSD)

must be larger than the normally used distance of B0 cn.

L.2 OBJECT OF THIS I^IORK

It ls the obJect of thls work to Lnvestlgate the conditlons

necessary Èo lmprove t.he characterlstlcs of the x-ray bearn by:

(a) reduclng Ëhe dose ln the build-up reglon

(b) reduclng the width of the penumbra region around shieldlng

blocks.

As r¿fll be discussed in later chapters, an LmprovemenL in one

paramet,er often results ln a degradaElon of the other. Therefore,

an optlnized conditlon nust be deternined.

-4-
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Chapter 2. The 4MV Medical Lfnac

2.L PHYSICAL DESCRIPTION

The photon beam used in this r¿ork was produced by a medical

electron lLnear accelerator (llnac), the Therapl 4, manufactured

cornmerclally by SHM Nuclear CorporaÈlon and operating at 4 MV. An

overall vfew of the Therapi 4 system Ls shown in Flgure 2.1. The

cenÈra1 console is physically locaËed outside the treatment roorno The

boom assembly, tshich houses the electron gun, accelerator structure,

magnetron and beam handling system is attached to t.he ¡nodulator cabÍ-

net. The rnodulator cabfnet is located in the treaËment room and

houses the accelerator high voltage circuits, the freon bottle and

the water supply controls.

2.2 ELECTRON LINAC OPERATION

The electron l-lnear accelerator 1s a devlce which uses rnlcror.Jave

power to accelerate electrons to high energies. The electrons travel

through the devfce 1n a süralght lLne. X-rays (breusstrahlung) are

produced when the hlgh energy electrons are lncident on a hlgh Z

target.

The Therapi 4 lfnac has a standing wave acceleraËor structure

that consists of a linear attay of nícrowave cavltles resonant at

3000 MIIz. Mlcrowave polrer produced by a nagnetron 1s fed into the

structure and sets up electrlc fields within the cavities. The

summation of the electric fields produced by the forr¿ard and Èhe

reflected waves glves rise to an alternating electric field pattern

whfch 1s spatlalLy statlonary along the structure.

-6-
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An electron gun lnJeets el-ecÈrons lnto a buncher cavfty whfch

ls sftuated at the beglnnlng of the acceleratlng structure. In thls

cavlÈy the electrons are accelerated to a veloclty approaching the

speed of ltght and grouped into bunches. Electron bunches wiÈh the

correct velocity will be in phase wfth the alternating electric fteld

and will experlence only the accelerating electric field during lts

passage through the linear array of cavities.

2.3 TTTE X-RAY TREATMENT BEAM

The 4 MV Llnac produces a paralleL bean of 4 MeV electrons,

approxlnatel-y 3 mm {n diameter. Bremsstrahlung x-rays are produced

when the electron beam 1s fncident on the high Z target.. Thls target

Ls attached to the end of the accelerator structure 1n a straight

through design and is water cooled. The thlckness of the target ls

large enough to stop most of the incident electrons. The x-ray

intenslty Ís forward peaked as shown ln Flgure 2.2. The x-ray output

fs approxlnately 0.01 cGY per radfation puLse at a distance of 80 cn

1n al-r fron the target wlth a pulse rate equaL to 240 per second.

This output is monltored by an lon cha¡ober (FLgure 2.3).

Radiation therapy requires a treatnent bean that saElsfies the

following conditions:

(a) I.lell deflned lirnlÈs to the treaÈment beam

(b) A relatively uniform and knovrn distrlbuËion of intenslËy

of radiatlon rvithfn the bearn and

(c) Mlnimun radiation outside the beam"

Components required to satisfy these conditions are shown l-n

Flgure 2.3 and are situated ln the x-ray treatment head.

8-
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2.3.1 X-ray Treatment Head

FLgure 2.3 fLlustrates echernatLcally the conponents of

Èhe x-ray treaEment head for the 4 MV linac. The accelerator struc-

ture ls mounted in the treatmenÈ head colllnear wlth components asso-

cLated with produclng, controlllng and rnonitoring a c1-1nically useful

bea¡o of x-rays.

2.3.2 Prlnary Collfnator

Prinary colllnatlon of the treatment beam occurs lmme-

dlately beyond the x-ray target. A flxed high Z coll-inator fs accura-

tel-y positloned relative to the central axls of Èhe beam to prevent

asynnetry. This colLinator deÈermines the maxlmum size of the useful

treatment beam for a glven SSD.

2.3.3 Field FlaÈtener

To ensure a relatf-ve1y uniform bean lntensity over a

cross sectional area, an x-ray flattening filüer nade of l-ead is

lnserted in front of the primary col-limator. The flatÈening filter

resembles a conÍcaL shape (Figure 2.2) and provides considerabl-e atte-

nuation to the for¡sard peak bean intenslty with ninimum aÈtenuation

to off-axís bearn intensity. It ls designed to produce optLmin field

flaEness aü a depth of 10 cm. The 4 MV linac provídes a unÍform

(¡_l"t¡ field over the cenÈral 807" of. a 32 cn x 32 cn field sfze at

80 cn SSD. Therefore for a treatment area greater than 25 cn x 25 cn

unlforn l-rradlation can only be achieved by increasing SSD.

10-
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2.3.4 X-Ray Ff eld Colllnator

Fleld size deflnltlon ls provfded by two palrs of coll-l-

mator Jaws (Ftgure 2.3). To help provfde sharp edges for treatment

flelds, the movemenÈ of each collinator Jaw ls conflned to an arc so

that the colllnator face follows the beaxû divergence. The field slze

is indícated by a field illurnlnatlon syst,en with cross hairs provlded

to indicate the center of fiel-d.

2.3.5 Accessory PlaÈform

Flgure 2.1 lndicates the accessory

as a holder for bearo rnodifying devices which are

of t.he bean Ln order to produce lsodose surfaces

to screen off certaln parts of the patient or to

nodifylng effecÈ of the patlent contour.

platform. This acts

placed ln the path

of a speclfic shape,

conpensate for the

2.4 ADDITTOT{AL CO}ÍPONENTS FOR LARGE SOURCE SKIN DTSTANCE TECHNTQUES

For treatmenÈs usfng l-arge frregular shaped fields the patlent

surface 1s usually posltloned at l-50 crn or 160 cn SSD. A special

couch 1s provlded wlth a brldge attached. This bridge provides

supporÈ for the individually designed lead shlelding bLocks (Figure

2.1).

2.5 SPECTRAI DISTRIBUTION OF 4 MV X-MYS

No measured 4 IIV spectra are available for the different 4 MV

llnear acceleraÈors ln clinical use. However, cal-culated spectra

using various nethods, such as Monte Carlo or an attenuation analysis

(see Figure 2.4), are presently publlshed for 4 MV photon beams (HUA)"

Flgure 2.4 shows the different spectra for a 4 MV bean calcul-ated by

varlous nûethods.

L2-
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Chapter 3. Interaction of Photons and Electrons wlth Uåtter

3.1 PHOTON INTERACTIONS

Photons are electronagneÈfc radfations thaE are involved fn the

product,ion of energetic secondary partfcles¡ posltrons or electrons,

upon Lnteractl-ng with natter. It is the interactlon of these charged

partlcles wlth matter that imparts energy to the absorblng material,

through the lonizatlon and excltaËlon of atoms and the breaking of

molecuLar bonds in the absorber. Chemical changes and therefore

blological danage v-111- occur when the absorbfng nedium ls ht¡nan

tissue.

In the photon energy domal-n of 0.01 to 30 MeV, photons Lnteract

with an absorber to produce high speed electrons by three dlstlnct

mechanlsms knorsn as the photoelecÈric effect, the Conpton effect and

pair productlon.

3.l.L Photoelectric Effect

In the photoelectric process ill-ustrated ln Figure 3.1,

a photon with energy h) collfdes with an aÈom and ejects one of the

bound electrons from K, L, M or N shel-ls. The ejected electron Ls

called a photoelectron and emerges with energy h) -Es where E" 1s the

bindíng energy of the shel-l from which the electron 1s ejected. For

high energy phoÈons, the photoelectrons tend to be ejected in the

forward directlon. Following photoeLecÈron emission a vacancy is

created which fs filled by transltions frorn other shell-s. The tran-

sitions resuLt fn the isotroplc emfsslon of phoËons called

"characterlstle radíatlon" of energles E6-E¡¡ Eç-E¡1r etc' A1Ëern-

-14-
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atlvely, 1n a process favored for Lov Z materfals, an Auger electron

may be eJected fron the aton wLth energy E¡-E¡-Ey for example'

3.I.2 Variation of Photoelectric Effect wlth Atorofc Number and
Energy

The variat.ion of the mass attenuation coefficient for

photoelectric interactions ,T /p (cn2g-1) as a function of photon

energy 1s shown ln Figure 3.4 for water and lead, representative of

low and high Z materials respecÈiveLy.

For water ,T /P varLes !¡'ith about 1/h) 3

For lead , T /p varies wlth about 1/h) 3 between the

sharp discontinultles for energles less than I MeV. At very hfgh

energies the coefficient varles as h).

The sharp discontinuities or absorptfon edges appear at

photon energies equal to blnding energies of the atoroic shells and

subshel-ls.

3.1.3 Energy Transfer ln the Photoelectric Effect

In the phoÈoelectrlc process for Low Z materlal the

photoelectron acquires an energy approxl-mately equal- to the lncident

photon energy, since the binding energy for lov Z materials is srnall-.

The resulting characteristic radiatlon is of low energy and is there-

fore absorbed locally. For hlgh Z material the energy transfer to the

photoeLectron is less and the energy of the characteristic radiation

1s much greater in comparison to Low Z rnaËerials, resul-tl-ng in

distanÈ deposltion of the characEeristic radiaÈion energy.

-16-
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3.1.4 Conp ton Effect

In a Compton colllsf.on as sho¡¡n 1n Flgure 3.2, an

lncldenÈ photon of energy h)) collides wfth an unbound or free

electron (l.e. lncidenL photon energy Ís much greater than the blnd-

ing energy of the atomic electron) to produce a recoll electron at an

angle $ \Àrith kinetlc energy E and a scattered photon with reduced

energy h) t at an angLe /.

Considerat,fons of conservatl-on of momenturn and energy nay be

applfed to deríve a relatfonship between h), ø, g and h) t (EV.)

E d (l-Cosó)h)
t+x(Èðos/)

Coto=(t+ñ.)lanfl

(s.r)

(s,z¡

(s,e)

where d= hl /MoCZ and MoC2 = 0.511 l"ÍeV, the rest mass energy of an

e l-ectron.

The probabilfty of photon scattering at angte / was calculated

by Klein-Nlshina (J0.) using quantum mechanical considerations. A

graph of this equatíon (Figure 3.5) for various photon energles (J0.)

illustraÈes preferred scatterlng in the forward dfrectlons for photon

energles of interest ln this work.
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3.1.5 Total Compton Cross Sections

The total probabfllty that a photon wlll fnteract w'iËh a

free electron ls given by (EV.)

2(/+o() ln (t+Z
ev=7olL I # [ 2rr -l

un deîL{m

l+20(

f 
'¿ 

(t+zq)
2d,

(

/+ 3x
(t +za)z

+ (3.4 )

r¡here f-o ts the classÍcal electron radius and is equal- to 2.8L794 x

I O-1 3cn.

The total energy scatÈering cross section r{, whtch

deals with the scattered photon energy h) t, Ls smaller tnan"dAy

this amount

(3.5)"W: ß'"o-
The total energy transfer coefficfent, ¿l¿., ls sinply

given by

"1, =*l-É (3.6 )

and represents the probabiJ-ity for the recoLl klnetlc energy, E, to

be imparted to an electron Ln the course of a Corapton collision.

Figure 3.6 shows the variation of ñ g and Ñ r^''ith photon

energy Cõ0. ).

The scatter coef flcient 
"(, 

f" equal to the total coef ficient

at photon energies l-ess than 0.01 MeV, slnce at these energies the

photon ls scattered with nearly the same energy as the lncident photon
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and the recoil electron gets Llttle energy. At very high energles

"ld<Í 
sfnce at these energLes the scattered phoÈon gets very L1ttIe

energy.

3.1.6 Dependence of Compton Effect on Z

Since the Compton process involves free electrons and

sLnce most materials have approximately Èhe same number of el-ectrons

per gram, the probabtllty of a CompÈon LnteractLon is lndependent of

atom number Z. Ilence, a1-1 materlals absorb essentially the sarne

amount of radiation per el,ect.ron and per graro fron this process.

3.L.7 Pair Production

In the field of the nucLeus of an atom, as shown in

Flgure 3.3, a photon nay be totally absorbed and a posftron-electron

pair produced. A mlnimum lncldent photon energy 2 
^oC2 or 1.022 MeV

is required for pafr production. The remainLng energy h) - 1.022 MeV

is shared beÈween the posf.tron and the electron.

Paír production is accompanLed by the emisslon of

annlhllatlon radfaüion consLsting of two 0.511 MeV photons ejected ln

essential-ly opposite directions, produced when a low energy conbines

wiÈh a free electron (Ftgure 3.3). Tripl-et production may occur in

the field of an orbltal electron. The minirnun energy needed for thl-s

process is 4 MoC2 = 2.04 MeV. Flgure 3.7 (J01.) illustrates the

variation of palr productJ.on cross-sectlon K with photon energy and

atomlc number Z.
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3.1.8 ReLatlve Importance of the Three Mechanlens

Figure 3.8 summarizes the relative Lmportance of the

prlncipal lnteractfons, photoelectric effect, CompEon effect and palr

producÈion, over a broad range of photon energf.es and absorbers. The

lines are obt.ained by plottfng the values of energy and atomic number

for which the cross-sections of two processes are equal.

For low Z materials such as sofÈ tissues, Compton effect

fs dominant over a w'Íde range of photon energies. For intermediate

and hlgh Z materlals the photoelecÈric is domlnant for lor+ energy and

pafr production Ínteraction is domfnanÈ at high energy.

3.2 INTERACTION OF ELECTRONS I,IITH MATTER

Elect.rons LncidenÈ on an absorber lose energy by essentially

three processes, narnely:

(a) Inelastic scattering by atomic electrons (Collisfon J.osses)

(b) Elastíc scaËtering by atons (Multipl-e scattertng)

(c) Inelastic nuclear scattering wlth ernission of

brensstrahlung (Radiation losses).

In case (a) the energy of Lhe electron is attenuaüed by a

multitude of lnelastlc colllsl-ons wiËh orbital electrons untll thernal

levels are reached. In these inelastlc colllslons excitaLÍon and

ionlzation of the atoms in the mediurn will occur. Sorne of the second-

ary electrons energized along the track of the prlnary electron will

have sufficient energy to produce lonlzaËions (delta tracks).

In case (b) the electrons moving ln the medium are defLected as

a resuLt of their inEeractfon wiËh the electrlc flelds of the nuclef
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and orblÈal electrons. Because of thelr ltght maser electrons are

easily deflected and experLence frequent elastlc scatterlnS. In

passlng through a foll electrons experience many slngle elastlc

scatterlng events (multiple scattering) whfch resulEs in a net angle

of seattering. The mean square angle of æ, is obt,ained in a

statlstical treatment of Ëhe slngle scattering events. An approximate

relarion for F r" (Hrl. )

(3.7 )

I.Ihere:

N is the number of atoms per cubic cenÈimeter = No le

t 1s the foll thlckness ln grams per square centfmeter

Z atomlc number of material

e Ls the electron charge

p is the electron momentum

v veloclty of electron

h ls Plankts constant divided by 2

The mean square angle ls seen to vary approximately as 22 and

E-2. Equation 3.7 has been approxinately represenÈed (HIl.). with the

following slmple numerical formul-as for lead and air.

o'

-t

a-v

Jß

a^É a-
6t-

ù

( Lead )

7E
f-lJ

-26 -
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hrhere d ls the thickness of materlal ln cn and E 1s the

kLnetic energy of the lncident electrons Ln KeV.

In case (c), electromagnetic radlatlon, bremsstrahlung, wlth a

conÈinuous energy spectrum Ls enftted when electrons experience a

sudden decceleratlon fn the fleld of the nucleus. The amount of

energy lost by an electron as radlatlon per unlt length is

approxfmatel-y proportfonal to fts energy and to the square of the

nuclear charge Q\. Characteristic radlation may also be dnitted as

a result of ionizatlon of lnner orbl-tal el-ectror¡s.

3.3 SECONDARY ELECTRON EMISSION FROM VARIOUS ATOMIC NIIMBER MATERTAIS

Whenever phot.ons are absorbed by a layer of material, secondary

electrons are produced. If the layer of material has a thlckness

conparable wfth the range of the secondary electrons or even thicker,

the origlnal energy and intensity dlstributlon of the secondary

electrons wÍ11 be altered considerabJ-y. The secondary eLectrons wlLl

Lose energy by collision and radlation processes and w111 change theLr

directlon of passage through the absorber as a result of slngle and

rnultlple nuclear scattering (see section 2.2).

The variation 1n the nu¡nber of secondary electrons enltted frorn

various rn¡Èerlals in the forward and backward directions ís the

combined result of the dlfferent photon cross sections and the

different magniÈude of electron scattering in the mat,erlal (HI.). The

scattering probabllfty is proporËional to N(22+Z) or 1/4. e2+Ð. N is the

number of aÈoms per cubLc centlmeter and is equal to NgO /A where No is

Avogadro's numberr¡Õ th.e density of the naterial and A is the atomfc
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mass. (See Equation 3.7). I,{ith the approxfmatLon Z/A = con6tant¡ the

scattering of el-ectrons Ls proportlonal to (Z + 1) of the mediun

(Er. ) .

In 195I Htne (HI.) perfonned the flrst systematlc study of the

effect for various atomlc numbers and gamma energies on forward and

back scattered secondary electron emisslon. Hls work agreed wlth the

above theoreticaL analysis and hís results are sho¡¡n in Flgures 3.9

and 3.10. Flgure 3.9 shows the effect of atomic number on backscaÈtered

secondary electron emlssion for f, -rays of varLous nuclldes. The

rapid íncrease ln backscatterlng emissÍons observed wlth lncreasing

log (Z + 1) 1s due to the productlon of photoelectrons in addition to

Èhe Conpton electrons. This effect ls pronounced for lower energy

gamna rays.

The emission of secondary eLectrons ln the forward directlon ls

shor¡n ln Figure 3.1-0. Because of the increased backscatterlng wlÈh

increasing Z, the intenslty of Compton electrons enf-tted in the

forward directfon decreases with 1og (Z + L), reachÍng mlnLmum levels

for Íntermediate Z materlals. For high atomic number materlals the

addítlonal ernission of photoelectrons again becomes apparent.
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ChapÈer 4. Measurernent of Radfatlon Dose

4.1 TINIT OF DOSE

amounf

dose | .

The quanÈlty of ionizlng radiation, expressed in ter:ûs of the

of radlation energy imparted to a medium, Ls the tabsorbed

Absorbed dose D, is deflned by ICRU (IC.) as:

D = dE (4.1)
dn

t,he mean energy inparted by the ionlzation to a rnass, dm, ofdB ts

matter.

The specíal nane for the unlt of absorbed dose is the Gray (Gy)

wherelGY=1.lXg.-l.

In this work relatlve dose rather than absolute dose was

measured. Dose measuremenËs were made using lonlzatlon charnbers and

ÈhennoLuminescent dosi¡neters (TLDS).

4.2 IONIZATION DOSIMETRY

4.2.L Basis of lonIzaÈion Measurements

The absorbed dose, D, in an frradiaËed medÍun ln the

Lmmediate vicinity of a sma1l gas filled cavity nay be deter¡nlned

froro the Lonizatlon in the cavÍty by the Bragg-Gray equatlon GCf):

( 4.1)

I^lhere

Jg 1s the ratio of the Lonizatlon charge by the mass of gas.

f- ts the average energy expended by elecÈrons ln the gas per

D = J5 (Wle) sly

ion palr formed,
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e is the elemenËary charge, and

Ehg ts a wefghted mean ratlo of the mass colllslon stoppfng

power of the medfum to Èhat of gas for the incldent x-ray specÈrum

and íts resul-tfng secondary electron apectrum.

The gas lonizatlon chamber 1s essentially a gas cavfty of known

volume surrounded by a solid wal1. I,lhen photons are absorbed elther

fn the charnber wall or ln rhe medium surroundlng the chanber, second-

ary electrons are set Ín motlon which lose their energy by fonlzation

of the medlum and the gas in the cavfty.

The total- number of charge pairs produced in the gas volume is

proportlonal to the total- energy absorbed fn the volur¡e and

consequently to the absorbed dose wlthfn the mediun. Application of

a potentlal difference across the gas in the chanber resulÈs Ln

charge separatfon and collectlon. An electromet.er connected to Ëhe

el-ectrodes ls used to measure the quantity of charge produced. The

gas cavity nay be spherical, cyllndrical, disc-shaped¡ etc., the

chofce governed by the intended use.

4.2.2 Characteristlc of the lonfzatlon Chamber Enployed

In thls work, bulld-up region and skin dose

measurements were ¡nade wiÈh a parallel plate chamber r{fth a thin (2.3

rng c¡-2) graphited p]-astic filn wlndow and 1.5 mm electrode separatlon,

The sensitive volume (alr) Ls approxiroately 0.3 cm3 (Nuclear Enter-

prises Model 2536), Figure 4.1). The chamber body fs nade of acrylÍc.

The ionlzation chamber rùas connected Èo a Kelthly 610 dígital electro-

meter and was operated at 300V DC. At this operaËing voltage the chanber
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has 99.5% collection efficlency (rnanufacturerfs specLflcatlon) for an

alr dose of 0.10 cGy per radlatfon pulse.

4.3 THERMOLTIMINESCENT DOSII'ÍETRY

4.3.1 Theory

Thermoluminescence (TL) ís a property of certaln

materials such as ceramics, glasses and crystalline substances (e.9.

LtF). The mechanisn of TL rnay be summarized as follows. Inpurlty

atoms or other crystal l-atÈice defects provide metastable electron

states severaL eV above the valance band. Some of the electrons

freed from the valance band by ionizing radíatlon may become trapped

in these states (Figure 4.2). I{hen the crystal is heated to a

sufficient temperature, thermal excitation energy releases electrons

from the traps and they return to the valance band, radfatlng llght

in the visible and near visible spectrum. The traps generally fall

lnto several. groups, each group releaslng its electrons at a

different temperaÈure. The temperature of release fs characterl.stlc

of the type of crystal and impurities (ZT). The total ltght enltted

is a functfon of the absorbed dose. The crystal nay be returned to

tÈs original state and re-used by a hlgh temperature anneal-ing and

cooling procedure. The lower energy netastable electron states tend

to be less stable and spontaneous transiÈions nay occur at room temp-

erature before readout. This process is knov¡n as fading.

4.3.2 TLD Reader

Flgure 4.3 shows in block diagran the major components

of a TL reader sysÈem. A TLD sarople ls heated in a plancheÈ at a
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constant temperaÈure rate. Ltght emitted fron the sample ls lncldent

upon the photocathode of a photomultlpl-ier tube. The signal fro¡n the

photornultiplter tube rnay be arnpl-lfied and recorded as a functlon of

heating time or tenperature of Èhe TLD sarnple. The resultlng rglow

curvet encloses an area whfch ls proportloned to the radiation dose

(Flgure 4.4).

For routíne doslmetry, the phoÈomultiplier signal is dÍrected to

a charge lntegrator and the total charge 1s displayed on a digital

readout. A buflt fn carbon activaÈed sodiun iodíde light source is

used to monitor photo nultipller stability.

Optical filters between the sarnple heater and photonultlplfer

reduce the background contrÍbuted by infrared radiatlon frou the

sanple heater.

A constant flow of N2 gas across the sauple heater signlflcantly

reduces chernllumlnescence induced by oxygen and water vapour (ltOR)

and oxidation of the planchet.

4.3.3 TL Doslmeters

Dosimet,ers consLstlng of thernolumlnescent materlalr

speclally formulated to lntenslfy the TL responser are commonl-y

available in a r.side varlety of shapes for dif fering applf cations.

LiF fs widely used in radiotherapy departxûents since lts effective

atomic number (8.31) and its energy response are close to that of

tfssue. Flgure 4.5 shol¡s the measured energy response of LIF ÏLD

(cA. ).

The TLD sensitlvity (nC/cGY) is affected by varlous Parameters
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such as pre and posÈ radfatlon anneallng, tlme and temperature and

coollng rate. It ts therefore nece6sary to follott a reproductble

heating and coollng procedure for all doslnetera.

4.3.4 Materials and Methods

Three types of TL dosimeters are enployed in this work.

Thelr characteristics are summatLzed in Table 4.1. The requlrement

of good spatial resolution nrhen measuring in regions of steep dose

gradlent, necessltate the use of a snal1 detector. The s¡nall physlcal

dínensions (Table 4.1) of LiF-100 extruded rods satisfy the criteria

of srnall detectors and consequently were used for dose measurenents

in the penumbral regfon.

LiF-100 chips were used for eye dose measurements

performed on patients and on an anthropomorphlc phantorn (Alderson

Rando).

LIF-Teflon discs were used to measure surface dose

outside beam edge because of their snall thickness (0.13 nn). The

annealing procedures (and equípment enployed) ln this ¡vork are

summarized in Appendfx A.

When Teflon discs were readout, a speclally designed

metal ring holder was attached to the heatlng pLanchet to keep the

discs ln good contact wfth the planchet. Consequentl-y, unifono

heating across the disc surface area was obtaf.ned. Thfs was verlfied

by measuring the sensitlvity variatlon across a sample of Teflon

discs, irradiated to a known dose from Co-60 source and readout with

and wlthout the ring holder being attached to the heating planchet.
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Type

LtF- 100
(Harshav¡)

LiF-100
(Harshaw)

D-LiF-0. 13
(Teledyne Iso-

toPe)

Physlcal
Form

Extruded Rods

Chips

Teflon Discs

LíF ContenË
lnlei t o/

100

100

307"

Effectlve
Atomic Number

8. 14

8. 14

8.25

CharacËerlstlcs of LiF TLDrs

Dimensions
cm

1 x .1 x .6

3 x .3 x .09

I .27 dia. x
.013 fhick

TABLE 4.1



4.3.5 CaLlbratlon of TLD

The TL dosimeters r¡ere lrradiated to a known dose from a

Co-60 source. The source dose raÈe was verified by a callbrated

thirnble lonfzation chamber. After read out the TLD|s were dfvided

into groups such that the standard deviatlon (SD) of the sensltivfty

in each group did not exceed 2% of. the group mean. Callbratlon

factors between group means r¡ere obtained. One or two of these grouPs

were used for each set of dose measurements. After two annealing-

irradíation readout cycles all TLDrs were re-calibrated against the

Co-60 source.

Variations in SD of the group ldas observed but the

change did not exceed 57" of the group mean. The TLDts were then

re-grouped wfth 2"/. SD for each group and new callbration factors

between group means were obtained.

By using the above calibratlon procedure 2'5"/" reproduc-

tbilfty in resuLts was obtained for the data measured using LIF TLD|s.

4.3.6 LiF TLD Response vs Dose

In this work the response of LtF TLD-100 extruded rods

was measured as a functl-on of dose from a Co-60 source. A llnear

response was observed ín the dose range of 2-200 cGy (Figure 4.6).

Sirnílar results have been obtained by other workers (CA.)
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Chapter 5. Evaluation of the Effectlveness of Lead
Acrylic as an Electron Fllter

5.1 THE BUILD.UP REGION OF A HIGII ENERGY PHOTON BEAI'Í

One of the lxûportant advantages of high energy photon beams for

radiotherapy is the "skln sparlng" that results frorn the inltlal

f.ncrease of absorbed dose w'Íth depth lmmediately beyond the entrance

surface of the body. This allows ühe dellvery of a larger tumour

dose aÈ a depth for a glven surface dose, D" to the skin. The dose

l-ncreases to a broad uaxlmum Dr.* at a depth d¡¿* (Flgure 5.1). Ihe

dose at a polnt at a glven depth 1s proportfonal to the electron

fluence at t.he point. Near Ëhe surface, the electron fluence

lncreases wlth depth as additlonal forward-dfrected secondary

electrons are set in motlon by photon interactlons ln succeedlng

layers of materfal in the body or phantoro. At the posiÈion of D*r*

t,he nurnber of electrons set in motion by phoÈons is balanced by the

number of electrons reachfng the end of their tracks. At depths

greater than dp¿* the absorbed dose decreases, reflecting the

at,tenuatlon of the photon beam.

For a clean photon bearn (i.e. uncontanlnated by lncldent

eLect.rons), Drr* is observed to occur at a depth somewhat less than

the maximum perietratíon of the most energetic electrons originating

in the phantom surface laYer.

Higher energy phot,ons tend to give a dose naximum deeper ln the

phantom, while produclng a lower value of D""
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5 .1 .1. the Effect and Sources of Electron Contamlnatl-on

The presence of slgnlflcant electron contamlnatlon 1n

the lncident beam tends to increase t,he dose at the surface and fn the

butld-up region, thus reducing or even losfng the skin sparlng of high

energy photon beams (see Figure 5.1). In addition, Dr.* has been

reported (LE., PA.r) to shLft closer to the surface as a result of

electron conÈaminaÈion. This shlft is more apparent for large field

sizes.

There has been a w'ide disagreement concerning the origin

of the contamination electrons. Photon interactlon w-lth the

collinator jaws (PA.rGR.,VE.), fteld flatterlqg fllter (Figure 5.2),

(GR. rJA) and lntervening atr (AT. 
'H0. ,NI) between the source and the

entrance phantorn surface has been cited as possible sources. It is

generally agreed Èhat the Presence of scattering material fn the

field of the phant.om bean r¡ill Lncrease the nagnitude of electron

contamination.

In radiotherapy practicer it ls ofËen necessary to

inÈroduce additlonal scattering material into the beam such as beam

modifying devlces and their supporting flxtures (Figure 5.2),

The beam nodifying devices are usually supported by an

accessory platform commonly known as a shadolù tray, whfch is nade of

low atomic number plastic mat.erial. Thls shadow tray fn turn acts as

an electron source (see Figure 5.2). For large SSD treatments the

bridge (also made of Low Z plastlc naterfal) ís ued to support lead

shielding and acts as an additional source of electron contamfnation.
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5.1.2 Methods of Reduction of Electron Contanf nation

(i) Ad te distance (J02.¡IB.) beÈween the scat-

terl_ng materlal and the entrance surface has been suggested for

mlnimlzing electron contaml-natlon. Thls technique fs feasible for

small field sizes but much larger distances frora the entrance surface

are needed for larger flelds. This is Lmpractical- due to the

constraint ftnposed by the treatment head (see Figure 5.2). Moreover,

the penumbra width of shielding blocks supported by a shadow tray far

from Èhe skin surface wlll be large '
( rf) Masnetic ftelds r¡tth sufficlent strength can be

applied to ren0ove electrons from the photon beam as demonstrated by

several_ workers (pA.,BI. ,LI). These lnvest,lgators Proved conclusively

that electrons were the principle beam contaminant, rather than low

eneregy scattered phot,ons as had been alternatively suggested (MA')'

However, the routlne removal of electron contamf-nation by nagnetfc

means is an lmpractical procedure due to space, welght and cost

consideration.

(fii) An alternative to methods 1 and 2, which was

Lnvestigated in thls work, fs the use of solld elecÈron fllters'

placed between Èhe source of electrons and the entrance surface '

Various electron fllters have been described. They all suffer from

various drawbacks that are discussed in the next sectíon.

5 .1 .3 Optlmum Filter Ìf,ateriaL

In 1951 Hlne (HI.) had shown that the emisslon ln the

forward direction of secondary electrons for hlgh energy x-rays

decreases with atonlc number of the maËerLal, reaches a mlnimum for
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medium Z materials, then lncreases for high Z materfals due to the

additlonal emlsslon of photoelectrons. ConsequentLy, for an electron

filter, medium atomlc number materials have been suggested to rnfnlnlze

the surface dose.

Mediurn Z uetall-ic material (LE.,RA.) and leaded glass

(LE.rAM.) have been reported to be efflcient electron filters.

t'teta1l1c filters are opaque and Èherefore have the disadvantage of

Lnterferlng with the light localization of the treatment field.

Transparent lead glass is fragile' not readily obtainable in custom

shapes and sizes and not machlnable. Both are considered as a major

inconvenience. Because of above dÍsadvantagesr netallic filters or

lead glass filters are not widely used resulting Ln unnecessarlly

high sktn doses.

This study evaluates the ffltering effectiveness of

lead acrylic, a relatlvely new material that overcomes the rnajor

disadvantages hindering routine use of the above discussed electron

f tlters. l"foreover, thfs filter can serve the dual- purpose of acting

as the supporting structure for lead shielding blocks, comPensators or

other beam modifylng devices as well as Èhe elecËron fflter.

46-



5.2 I'ÍATERIALS AI{D METHODS

The radiat,ion dose tn the butldup reglon of a 4 MV x-ray was

measured for various fleld slzes and ftlfer skin distances '

Comparisons ríere nade wlth the open beam values (t.e' no additlonal

scatter fn the bean), with an acrylic filter, a J-ead acryllc filter

and a lead glass filter. The acryLic fllter represents the usual

case rlhere acryllc shadow tray supPorÈs the shielding blockst

conpensators or other beam rnodífylng devices '

Bufld-up reglon and surface dose measurements were nade wlth

the thin w'indow paral1-el plate ionization chamber. The chamber was

embedded in tissue equivalent rubber phantom , Temexr lùhose physíca1

characteristics are sumnaxlzed ln Table 5.1 (lH')'

The phantom dlmensl.ons were 20x40 x 40 cn. Thls provfdes

effectively ful-1 scatterÍng conditlons on the central axis of even

the larges¡ fiel-d. The chanber thtn rrindovt IJas perpendieular to and

faclng the dlrectlon of the cenÈral ray of the bean and in the same

plane as the front surface of the phanton. Acryllc sheets of

different thicknesses were placed on top of the chamber to provlde

surface build-uP (FÍgure 5.3).

A surface fonizatlon Beasurement was Èaken wf-t.h no absorber on

Èhe Èop of Ëhe chamber. By placing acryllc sheels upon Èhe chamber,

a serles of lonization measurements was made untll maxlmum ionization

was found. The relatlve dose (RD) was defined as the ratio of ioniza-

tlon for a glven thlckness of build-up material to the maximum loniza-

tlon and quoted as a percentage. In the measurement of surface dose,

the depth of measurement is determined by the Èhtckness of the loniza-
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Densit,y

-3gcm

Characteristic s of Temex Rubber

ç/fen/Ø" T"*"*

(1""/8) Tissue

b(s/e ) Temex

(S/g ) Tissue

Energy (Mev)

I

0.99r.01

a) ./Jen/Q mass absorption coef f icíent
b) S/e mass stopPing Power

Data from l^Ihite (I^rH)

TABLE 5.1

Physícal Characterístícs of
Various Trays

Density (g cm
-3

) Thickness (crn)

Acrylic

Lead Acrylic (302 Pb)

Lead Glass

1.19

1.6

5.0

TABLE 5.2

2

7

2

.63

Energy (MeV)

0.1I0 1

I .000 .991.01
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tlon chanber wfndow ernployed (0.0023 Bcn-2¡. The cllnfcally stgnfft-

cant depth for skfn dose measurement ls 0.0055+0.0024 Bcm-2 (I{HI')'

RelaÈfve surface dose (RSD) ls defined as the ratio of loniza-

tlon wlÈh no build-up naterlal (1.e. 0.0023 Bcrn-2 depth) to rhe maximum

ionizatlon.

Data was accumulated for Èhe open bean (i¡ê¡ no tray in Èhe

beam) and for the case when acryllc, lead acryllc and lead glass trays

were inÈroduced into the beam. The physical characteristics of the

above trays are shown in Table 5.2.

In order to lnvestlgate the effects of field slze and tray to

surface dlsÈance (TSD), RD measurements were made for the foll-owing

condítions:

Field sizes 10 x 10, 20 x 20,30 x 37.5 cm

Tray to surface distances - 10, 20, 30 and 40 cn

5.3 RESULTS

5.3.1 Build-up Curves

Flgures 5.4, 5.5 and 5.6 show the build1¡p curves for

field sizes 10 x 10, 20 x 2O and 30 x37.5 cm respectlvely at 100 cn

source to chanber dístance. The RD is plotted as a function of Bcrn-2

of build-up material.

5.3.2 Characteristics of the Open Bearn Bulld-up Curves

The RSD for the open bean lncreases with fleld size,

from 227" to 397. for the 10 x 10 and 30 x 37.5 cn field sizes respect-

ively, illustratlng the lncrease fn electron conta.mination l¡ith

increasing fteld size. As build-up thickness lncreases the RD
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Lncreases reaching 100% at approxl.nately 1.0 gcm-2 depth. A broad

naxfmum of

5 .3.3

about 3 nn ¡¡ldth Ls observed.

Characterlstlcs of Beam Bufld-up Curves with Trays
in the Field

The RSD increases úrith field slze, to over 34i', and 7O"/.

for field slzes 10 x 10 and 30 x 37.5 cra respectively when acryllc,

lead glass and lead acryllc trays are lntroduced into the beam at

a distance of 10 cm away from phantom surface (Figures 5.4 and 5.6).

A shift 1n the position of maximum dose to shallower depths and a loss

of skln sparing is evident when the trays are placed in the beam.

These effects are most apparent for large fíeld size and for acrylfc

scattering rn¡terial. Due to the difficulty of specifylng the depth

at which maximum dose is attained, the depth of the 90% dose was

selected as a parameter to investlgate the shift 1n dr"*.

5.3.4 The Effect of Tray to Surface Dlstance

(f) 0n build-üp curvêso Figures 5.7 to 5.12 illustrate

the change fn build-up curve shape for various tray to surface

distances (TSD). The build-up curves are seen to return to Èhe open

bean build-up curve when the trays are at large distances away from the

phanton surface. The acrylic tray fs seen to reproduce the open beam

butld-up curve when 1t is at 40 cn away from the surface for small

f leld sizes 10 x L0 cn (Figure 5.7). Hor¡ever, for large field sf.zes

(30 x 37.5) a greater distance is requl,red (Figure 5.10). For a

10 x l0 crn field sfze, lead acryllc and lead glass shor¿ build-up

curves superior to open beam conditions when the trays are at a
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dLstance ) 30 cn fron the eurface (Ffgures 5.8 and 5.9).

(ii) On Surface Dose. The variatfon of RSD as a functfon

of TSD for large and srnaLl fields 10 x 10 and 30 x 37.5 cn is shown ln

Flgure 5.13). Ihe surface dose decreases as TSD Lncreases. Lead

glass and lead acryllc trays effectively reduce the surface dose to

lower levels than open beam conditions. Thls situation occurs for a

10 x 10 cn field ¡¡hen Lead glass and lead acrylic trays are aÈ TSDrs

greaËer than 23 and 30 cm respectively. For a 30 x 37.5 cm fleld sLze,

the RSD is equal to the open beam value when lead glass is at 40 cn

from the surface. Table 5.3 shows the TSD required Ëo l,lnlt the

surface dose eLevatlon to LOï. of the open beam values.

(iii) On DepÈh of 9O7. dose. Flgure 5.14 shows the

change 1n the depth of the 90% dose as a functlon of TSD for a 2O x 2O

crn field size. The aerylic tray shifted the 902 posftlon fron 0.4

gcn-z (open bean) to 0.05 gcn-2 at 10 cn TSD. AS TSD lncreases, the

depth of the 90% lncreases. The 902 depth retalns lÈs open beam posf-

tf.on at 30 and 35 cm TSD for lead glass and lead acrylic respectLvely.

A further TSD increase shifts the 90% dose to a greater depth than

the open bean position. Table 5.4 shows the TSD required to retain

the open bean 90% dose positlon.

5.3.5 Effect of Fíeld Slze

(1) 0n surface dose. The RSD as a function of size of

equfvalent square fteld is plotËed in Flgure 5.15 for open fleld and

when the tray6 are at 20 cn away from the phantom surface. The
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curves show that the surface dose fncreases wlth field sLze. Ihe rate

of fncrease Ís greatest for acryll-c and smallest for the open bearn

case. Lead acryllc and lead glass are ln intermediate positlons.

(11) On Depth of. 9O7. Dose. F lgure 5.16 illustrates

the change in positlon of 902 dose with size of equfvalent square

field when Èhe Èrays are at 10 cm TSD. For open beau condÍtions the

depth of. 90|l shffts from 0.43 gcn-2 at 10 x LO cm fteld size to 0.36

gcn-2 at 30 x 37.5 cn fleld slze. rntroduction of the trays into the

bearn shifts the 90% towards shallonrer depth, wlth the shift belng

greatest for large fleld size and the acrylic tray. Tables 5.3 and

5.4 lllustrate the lncreases Ln TSD requlred Èo compensate for

increasLng field slze in order to obtaln good treatment fleld

characteristics in the build-up region.

5.3.6 Effect of Tray thickness

Using a field size of 9.5 c¡a x 9.5 cn the surface dose

was measured for tray thfcknesses varying fron 1.2 cm to 3.5 cm at

7 cn TSD. Surface dose was found to be independent of tray thfckness.

5.3.7 Effect of Atomíc Number

Figure 5.17 shows the RSD for rnat.erÍals of various Z.

Measurements were made using LIF-Èeflon discs of 0.13 nm thlckness).

The surface dose lnitially decreases wfth Z reaching a rnininun at Z

equal 50. For hfgher Z material there ls a sllght lncrease due to

lncreased photoelectric production. This agrees wíth the work of Hine

(HI.) and Khan et al (KH") on Co-60 and 10 MV photon beans. The

oz-
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FIELD SIZE
(cm)

TRAY-SKTN DISTANCE NECESSARY TO

LIMIT SURFACE DOSE ELEVATION
TO i0% OF }{AXIMUM DOSE (cin)

LEAD GLASS LEAD ACRYLIC ACRYLTC

10x10

20x20

30 x 37.5

T2

I9

25

13

2T

29

I9

31

44 (approx)

TABLE 5.3

TABLE 5.4
-67 -
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TRAY_SKIN DISTANCE (CM)
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LEAD GLASS LEAD ACRYLIC ACRYLIC
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20x20

30 x 37.5

20

30
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23
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effective atomLc number of lead acryllc and lead glass can be estl-

maËed from Flgure 5.17 to be 28 and 69 respectlvely.

5.3.8 Enplrlcal Expression for the Surface Dose

An emplrlcal fornula has been deternlned whlch descrlbes

the surface dose wiËhln the range of data measured for Lead acrylic.

Relatlve Surf ace Dose =2 2.4 (S ) O. 666 (TSD)'e*p (I0 ' 454) 
Z

when S = Side of Equivalent Square

TSD - Tray to Surface Distance

Table 5.5 shows the measured and calculated relative

surface dose for varLous S and TSD. The Z difference shown ln Table

5.5 did noÈ exceed + 57".

5.3.9 Further Investig atLons on Lead Acry1ic

(f) Transmlssion Character lstics of Lead Acrylfc. The

half value layer (HVt) of lead acrylic was determlned for the 4 MV

bean under condítlons approachfng "good geometry" (JO.). Lead

acryllc sheets of varlous thlckness $rere placed ntdway at 100 cn

betr¡een the radiatlon source and a thinble ionlzation chamber. A

10 x 10 crn fleld at chamber positlon (200 cm from aource) was used.

Figure 5.1.8 shov¡s the relatlve transmlssl-on as a

funcÈion of lead acryllc thlckness. The HVL was determÍned to be

approxixnately .63 cm equivalent to a lfnear attenuatlon coefficient

o f 0. 107 c¡n-l .

(rl) EffecÈs of high Dose. Sanples of lead acryllc

were lrradlated to about 1 nillion CGy using a Co-60 source. A

sltght yellow tint r¡as observed without any reduction in transparency.
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arlson Bet\À7een Measured and Calculated RSD

S/cm TSD/cm Calculated
RSD

Measured
RSD Difference

235 10

15 10

25 10

30 10

20

15 20

25 20

30 20

40

15 40

25 40

30 40

52

67

76

T7

35

49

55

123

26

36

TÀBLE 5.5

22

53

70

75

i6.5

34

50

57

13

26

36

40

+ 4.5

2

5

4

+l

+3

+3

2

3.5

5 5

0

0

040
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5.4 DTSCUSSTON

(f) The Lonlzatlon at the surface of a phantom when no Lnter-

vening materlal fs present Ln the bean is due to secondary electrons

orlglnating fron the flattenlng fllter, the colllnating systen and

the air through whlch the bean passes.

tr{hen a fllter (tray) of thickness greater Ëhan the maximurn

range of Èhe secondary electrons is fntroduced into the beam, al-l the

lncfdenÈ electrons on the filter surface faclng the bean source are

completely absorbed. Horrever, the photon beam transrnltted through the

filter becomes contamLnated wlth electrons produced by photon lnter-

action withín the filter and Ín the air volume beyond the filter.

Before reaching the skfn surface (phanton surface), these electrons

suffer further Lnteractions 1n alr with the result that some of t,hem

are absorbed or scattered. The renaining electrons deposit thelr

energy on the skin surface and the underlying tissue layers.

The maln Lnteractions in air, copper and lead for phoÈons

of energies wlthin the spectral distrfbutfon of 4 MV x-rays are

shown fn Table 5.6 (HU.). Compton interaction is the rnaln mechanLsm

for low and nedium Z materials. For high Z materf.als the pho-

Ëoelectric effect is inporÈant (see Table 5.7). The maximun energy

transferred to Conpton el-ectrons Ls glven fn Tab1e 5.6.

TheoreÈ1cally the range of 3 MeV electrons 1n acrylic

material is approxinatel-y 1.3 cm (Table 5.7). Hor¡ever, it has been

experl.nentally observed (GR.) that there is no change ln RSD for a 4 MV
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Photon
And

Interactions In
Lead

Air,Copper

Material Energy
l"feV

% InteractÍon by
*

Compton photo páir
Maximum Energy Transferred

To Compt,on Electron
MeV

Air

Copper

Lead

0

0

0

0

5

0

5

0

0

I

I
J

99.6

99.7

99 .8

97.1

0

0

0.2

2.9

0.4

0.8

0.85

2.8

0.5

1.0

1.5

3.0

94.4

98.4

98. 3

BB.O

3.2 0

0.7 0

0 .4 0.8

0.2 rr.6

0.5

1.0

1.5

3.0

42.5

7t.2
79.2

65.7

o.4

0.8

0.85

2.8

0.4

0.8

0. Bs

2.8

51.1 0

250
16.0 3.r
6.3 27 .4

*CoherenË ScatÈering ís neglected from calculation

From Hubble (HU. )

Table 5.6
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Electron Energy

(Mev)

Range OF Electrons fn Air And Acrylic
For Variuos Electron Energies

Material Electron Range*
-2gcm cm

0.2

1

J

Aír
Air
Aír

Acrylic
Acrylic
Acrylic

-)5.07 x 10 -
_t

4.91 x 10 '
1 .65

_,)
4.52 x I0 '

_l
4.47 x 10 '
I .56

42.1

40.74 x lOl

13.72 x 1Ol

0.2

Frorn f ages et al ( PAG. )

Table 5.7

1

3

0 .038

.36

1.31

-7 4^



photon beam r¡hen the thickness of acrylLc Ls lncreased beyond 4 cn.

Thus the 0.63 cn of lead glass, the 2.2 cm of lead acryllc and the

7.07 cn of acryllc used in thls rott t"t" sufffcient to absorb alL

incldent electrons.

In thls study no change tn RSD was observed for lead acry-

lic tray thickness ) 1.2 cm. This fndtcates Ehat electron con-

taminatlon from the filter material has reached lts naximun level and

greater thickness will only serve to attenuate the x-rays.

(ii) Figure 5.14 clearly illustrates the rapid increase of

relatlve surface dose wfth inereasing fteld sfze. The Lncrease ln RSD

for the open beam case 1s partlally the result of Conpton recoil-

electrons generated in the air. For snaller fields, these electrons

tend to be scattered out of the fteLd. For large field sLzes, thls

out-scattering Ls compensated by other electrons scattering "ln" toward

the axis fron the peripheral regions. More electrons are thus

retained ln larger beams.

A sinilar argument applies to the Lntroduction of filters

lnto the bean. That is an Lncrease in ffeld size lncreases the frra-

diated area of the fllter resultlng ln greaÈer numbers of electrons

scattered towards the center of the þsam o

(1ii) Flgure 5.7 - 5.L2 show that a reductíon fn surface and

butldup dose can be achleved if the ftlters are placed aÈ greater

dlstances from Èhe skin surface. This reduction ls due to a decrease

in the solid angle subtended by the frradiated filter and an lncreased

absorption and scatter of low energy el-ectrons by the air between the

filter and the surface.
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( fv) The mean square scatterfng angle of the recoll

electrons produced in the fLlters increases w'lth effectLve atonic

number. Consequentl-y there ls a reductlon ln the numbers of electrons

scattered toward the center of the field for Lead aerylic and lead

gLass.

Under the above conditlons ((fi)r(lii),(iv)) butld-up

curves for lead acryllc and lead gLass filters rnay be superior to open

bea¡n condÍtfons for snall and moderate fleld slzes. ReflecË1ng a

reduction ln the colllnator system and air scattered elecÈrons

reaching the surface due to absorption and scatter fn the filters.

(v) As an electron fllter, lead glass shows the strongest

ffltering acÈLon for all TSD and ffeld slzes, at depth as ¡¡elL as on

the surface. Lead acryltc fs less effective than lead glass for

reducing surface and build-up doses, but is far superior to acrylic.

(vi) As a shadoÌr tray lead glass materÍal is inpractical-

because ft is brittle. Due to their strength, acrylic and lead acry'

lic are emfnently suftable for this prupose. However, the use of

acrylic as a shadow tray results ín excessive electron contamination

especlally for large field sizes, thus reducing the skín sparing

effect of hlgh energy photon beams. To try to overcone this problen,

acrylic shadow trays are placed at large distances from the skfn.

Unfortunately, the advantage of thls procedure 1s offset by penunbra

consideratfons for which it is desirable to have the TSD as small as

possible. It is also linlted due to machine constralnts. Replacement

of acrylic shadow trays by lead acrylic is advanÈageous slnce shorter
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TSD for equl,valent changes fn the butld-up region can be achfeved

together with lower electron contamf-natlon.

(vii) A second method to overcome the reduction in skln

sparing by fhe use of acryllc as a shadoÌr tray fs to place an electron

fllter such as coPper or lead glass underneath lt, Hor¿ever, thls

method is disadvantageous since neEalllc filters are opaque and

interfere with the J-fght localizatlon of the beam. In addltlon, lead

glass fs operationally Lnconvenient and is an additlonal source for

attentuatlon of the bearn resulting ln increased treatment tlme.
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Chapter 6. Scattered Radiatlon Outside the Field
Boundary froro Supportlng Trays

6 .1 INTRODUCTION

Secondary photons and electrons scattered by the colllnating

system, the shadolt tray, and the alr volune wfll- not be l1¡oited to

the boundarfes of the collÍmated fleld slze. The exlstence of high

surface doses outside the ffeld has been noted by several workers for

cobalt 60 beans (BH.), (SM.) for an 8 MV accelerator (PU.), (SC.) and

for a 42 MV betatron (BH.). As pointed out by these authors' hlgh

doses ln this region are often overlooked and may contribuËe unne-

cessary radiation to sensftíve organs such as the eyes and the testes.

This dose is increased when shador¡ trays are placed ln the beam.

Scrimger, L979, (SC.) studied the magnlËude and distrlbutlon of

radiation scattered outside the bean by naterials pl-aced ín Ëhe beam

for cobalt-60 and I MV x-rays. He noted the reduction of dose levels

rrith htgher Z materials and increased TSD.

Using the Fernl-Eyges theory of nultlpl-e scattering, Nelsson

and Brahrne, 1979 (NI.) cal-culated the contribution to the surface

dose outside the fteld from secondary electrons produced in the

irradíated air volume for cobalt 60, 6 MV x-rays and 21 MV x-rays'

concluding Èhat about half of the dose outside the field originates

fron air-scattered elecËrons. They also cal-culated the effects of

shadow trays placed in the beam and concluded that this is the najor

source of electrons scaÈtered outsfde the fiel-d.
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In thls work, the radlatfon dose outslde the field Ls compared

for different shadow trays and electron filters.

6.2 MATERIAL AND METHODS

The nagnltude of scattered radiation from acryllc and lead

acryJ"l,c supportfng trays outslde the fieLd boundary rras measured for

varlous parameters. These incl-ude distance outside field boundary,

depth, fiel-d slze, and tray-phantom surface dlstance. In addÍtlon the

dose from scaÈtered radiation to the eye lens has been estimated by

sfrnulatlon r*fth both a Temex phanton and an anthropomorphic phantom.*

The effectiveness of shielding with thln lead sheets was also lnvestl-

gated.

The experimental arrangement is shown 1n Flgure 6.1. A Tenex

phanton was positioned at l-00 cm distance from the target (SSD). The

dinensLons of the phanton extended well beyond the linfts of the field

sizes being studfed,

A 1.18 gcn-2 acryllc street was placed on top of the phantom.

ThÍs thickness was suffl-cLent to produce maximum bulldup for the

reference point at the fiel-d center fPt. Measurements ltere made at

points fMt outside field boundary and represented as a percentage of

the maxlmum dose tDrax at the pof,nt fPr.

The following sets of measurements were made:

(i) Surface dose measurements (uslng LiF Teflon discs), as a

function of dlstance from ffel-d boundary. These Deasurements were

made for field sizes 5 x 5, 20 x 20, 37 x 37 cn, boÈh wlthout the

* Alderson Rando Phanton (naLe).
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supportlng trays and wlth the trays at 20 cm and 30 cn fron phanton

surface (see Flgure 6.1).

(tf) Depth dose measurements usfng LIF Teflon dLscs placed

underneath various thicknesses of acryl-ic sheets at 112 and 6 cn frorn

fteLd boundary (see Figure 6.1). The depth fn phantom was taken to be

reLative to the front surface of the Teflon discs. The measurements

were made f.or 20 x 20 and 37 x 37 cn fiel-ds wlth the trays at 20 cn

from phantom surface.

(111) Depth dose measurements uslng the thln wl-ndow parallel

plate lonfzation cha¡nber enbedded fn a Temex phanton at the posltlon

indicated fn Figure 6.2. The chanber center hras at a distance of 4 cm

frorn the boundary of 30 x 38 cn fieLd at (160 cn SSD) at a hefght of

4 cm above the field cenÈer (see Figure 6.2). In this arrangement,

Ëhe posltion of the chanber center slnulates the positlon of the eyes

of a patient durfng the treatment of a rnantle field.

Successlve layers of acryllc rùere added on top of the

charnber, with depth in the phantom taken to be relative to the front

plate of the chamber. Measurements were made both without the

supportlng trays and wfth the trays at 2L, 30, 40.8 and 50 cn fron

phantom surface.

(1v) Eye dose measurements on a Rando phantom uslng LiF-

100 chips for a fleld size of 30 x 38 cm and 160 crn SSD. The eyes

of the phanton were at a distance of 4 cm from fíeLd edge. These

measurements were repeaÈed wlth Èhe supporÈlng trays placed fn Èhe

field at a distance of 30 cn from the phanÈon surface, boÈh r¡ith and
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r¡lthout acryllc bulld-up caps (used to lncrease the effectfve depth

of the TLD|s surface to approxfnately 0.50 gcrn-2).

(v) Dose measurements usfng LtF-100 Chips and LfF Teflon dfscs

pJ-aced on the eyes of two patlents undergolng treatment wlth a nantle

f leld .

(vÍ) Transmisslon measurements through various thicknesses of

lead using LiF teflon discs placed at 2 and 6 cm from the boundary of

37 x 37 cn fleld at 120 cn SSD. These measurements were nade wlth

and wlthout the supportfng trays at 20 cm from the phantom surface.

Each absorbed dose measurement plotted on the curves

represenË the mean value of three LIF teflon dfscs or the mean value

of two LIF-100 chlps. Repeat measurements indfcated a reproduclbility

of these resul-ts to w1thln 52.

6.3 RESULTS and DISCUSSION

6.3.1 Surface Dose outslde the Fteld Boundary

Figures 6.3, 6.4 and 6.5 illustrate the surface dose as

a function of distance from the field boundary for 5 x 5, 20 x 2O and

37 x 37 crn fleld sizes respectlvely. The Lntensity of scaLtered

radfation can be seen to decrease as the dístance frorn the fleld

boundary fncreases. High energy photons transmltted Ëhrough the

colllmat.or do not contribuÈe to surface dose.

lJhen acryllc and lead acrylic trays were f.ntroduced

lnto the field an lncrease in the amount of scatter outsfde the ffeld

was observed, with acryllc produclng hlgher scatEer lnt.ensities than

the lead acrylie. The main contribuÈion to dose at the surface fs

due to secondary electrons produced by the trays.
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A reductlon 1n tray-surface dlstance (TSD) results Ln

slgnfftcantly htgher surface dose at points close to the fteLd boun-

dary, but has llttle effect at large distances frorn the boundary

(Figure 6.4). Figure 6.6 shows the dependence of surface dose on

TSD at 4 cm fron 30 x 38 cn ffeld boundary.

6.3.2 Depth Dose Outside the Field Boundary

Flgures 6.7 - 6.10 illustrate the dose as a functlon

of depth for distances of Lr2r4 or 6 cm outside the boundarfes

20 x 20, 37 x 37, and 30 x 38 crn field. The dose lnltlally fall-s off

rapldly wfth depth and levels of.f. at depths shall-ower than dr"*, The

presence of the Èrays ín the ffeld slgnificantly increased the dose

near the surface, rü1th only smal-l effects at depths greater than

0.5 gcn-2. The shaLlow penetration of Ëhe elevated dose levels LndÍca-

Èes that the ¡oaln contributLons to dose Ls secondary electrons pro-

duced by the trays. The resldual dose at depths greater than the

maximum range of the secondary electrons 1s due to high energy conpÈon

scaÈtered photons fron the trays and transnlssion through the col-li-

mators.

For a tray thickness of 1.2 gcm-2 the scattered photon

contríbutlons for acryllc and l-ead acrylfc are almost ldentlcal.

Increasing the thickness of the lead acryllc tray to 3.52 gcn-2.".r"u"

an increased scattered photon contrÍbution to the depth dose (Figures

6 .7 , 6.8, 6.10 ) .

The effect of TSD on depth dose f-s lllustrated in Table

6.1 for 4 cn dístance outside a 30 x 38 cn field boundary. Increase of

the lSD from 20 to 30 cm produces a small increase fn depth dose of
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( 37" f.or both acryllc and lead acryl-lc trays. Decreases of TSD from

50 to 30 crn however, results Ln greaLer change fn depth dose.

6.3.3 Transmisslon through Lead

Tabl-e 6.2 shows the pereentage transmisslon of 6catter

radiatlon through varyfng thicknesses of lead at 6 cn and 2 cn

distance from 37 x 37 cn fteld boundary. The lntensity of scatter

radiatlon is seen to drop sharply when a few ufllimeters of lead were

added on top of the teflon discs. Thus the soft component of the

scattered dose from a tîay comprising approxinately 2/3 of. t,he total

scatter may be removed by placing I nm of lead on the surface of Èhe

phantom. The addition of 3 nm of lead reduces Ëhe surface dose to

4.5 percent of D¡¿* for both acrylic and lead acrylic trays (Table

6.3) .

6.3.4 Eye Dose

Table 6.4 sho¡¡s the results of eye dose measurements

performed on the Alderson Rando phantom. The thickness of LiF TLD

chlps was approxfunatel-y 0.23 gcn-2 (0.09 cn) and consequently, the

effective depth of measurement r¡ith and without the bulld-up cap

(0.5 gcn-2) was taken to be 0.12 and 0.62 gcm-2 respectively. For

0.12 gcrn-2 ef fective depËh the acrylfc tray (L.12 gcrn-2) sho¡¿ed an

eye dose lncrease of about 9% ovex that of the lead acrylic tray (3.52

gcm-2¡. However, at 0.62 gcm-2 effective depth the lead acrylic tray

produced a dose increase of about 2O"/" over that of acryLic.

Table 6.5 shows the results of eye dose measurements
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Z TRAI{SMISSION ITIROUGH VARYING
THICKNESSES OF LEAD

Lead Thickness
@

Acryllc _"
(1.12 g cn -)

Lead Acryllç
(1.12 g cm -)

DÍstance froni ffel-d boundary (cn) ll

Open Beam

6

100
33+2

100
28+t

100
31 + l.

2

100
53 + 2.5

100
41 + 1.5

1000
I

2

3

4

+2

29+L 26 + L. 34 +

27+2 25+.5 32 + I.5 27 + t. 45 + r.5 35+t

26 + 0.8 1+.9 26+t. 43+2 34+2

TAsLE 6.2

TRAI{SMISSION IËROUGH 3m LEAD

AT TIIE SUPSACE (Z of D"o")

2+3648+128+tI

24+t

Distance From

Field Boundary il

Acrylic
(1.12 g cm

Lead Acrylic
-,(t.L2 s cn -)

Open Beam
-2

)

7.6 + .1

4.5 + .2

/l Fteld elze 37 x 37 crn at 120 c¡n SSD

Tralzs at 20 cn TSD

2

6

7 2+

+

6

4.5
7.4 + .2

TABLE 6.3

2 4.3 + .1



Effective Depth o
MeasuremenÈ g cm

EYE DOSE TO RANDO PHANTOM

PercenÈ of D

-2
17.5 + .3

5

max

0.62

Open Beam

Acrylic tray
(thickness=l.12 g cm

Lead Acrylic trây
(thickness=3.52 g cm

TABLE 6.4

4.8it8.9 +

t

I

2

2

-2
16

)

)

6.8

8.5JI I

-94-



PatÍent Eye Dose frorn Anterior Mantle Field

PaÈLents
Open Flel-d Stze
at 150 SSD (crn)

Tray-Skin
DLs tance

Distance of Eye
fron Fleld

%ofD^*
at depth .O14"glen'z

Z of Dr"*
at depth .lig¡. -Z

cm Bounda

Lead Ac

L.L2 gl cø'2

8.4 +

c

I

\é
I

1

2

+6.4 1

2

TABLE 6.5

Aerylic

0.9 g/ç¡-2

7.2 + .25

9.5 + .25

Lead acryllc

I.L2 g/ sn'2

+ 3

L0.7 + .2

o,

Acry11c

0.9 g/¿¡--2

+ 3

+"2

10.6

L2.6

9

6

33

34.2

Tray

Tray Thickness

28x34cm

31x36cn



DEPTH DOSE FOR VARIOUS TRAY-STTRFACE DTSTANCES*

(7"of o )max'

Depth
-2gcm

TSD

cm

Lead Àcryll-c Tray
(3.52 g cm 2 thickness)

Acryllc Tray

(1.12 g cm2 thickness)

Open Beam

8.2

6.7

4.8

8.2

6.7

4.8

0. 1B

0. 36

1. 00

50

50

50

13

10

7

t4

10

5 2

| 0.18

3 0.36
| 1.00

0. 18

0.36

1 .00

30

30

30

15 .5

12.7

8.2

15

11

6

20

20

20

15.7

12.2

8.4

15.2

TT.2

6.r

2

7

I

B

6

4

:t FÍe1d síze 30 x 38 cm at 160 cm SSD. IonízatLon chamber üras at a distanc e of 4 cm from
fteld boundary.

TASLE 6.1



Perforlled on two patlents undergolng treatment rfith an anterior nantle

ffeld, the thlcknesses of lead acryllc and acryltc trays used ¡¡ere 1.12

and 0.9 gcm-2 respectfvely. LIF Teflon discs and chlps were placed on

both eyes of the patlent and the average dose at both eyes ¡ras calcu-

lated. The acryllc tray produced an lncreased dose of about 152

at the surface and L27. at a depth equal to 0.L2 gcm-Z over that of

lead acryllc.

The cllnical significance of the scattered dose to the

eye rnay be evaluated as follows:-

The contrlbutfon of scattered radlatfon arriving at Èhe eyes of

a patient eye treated by an anterior mantle field is approxiuaÈely

12.6 and 1O.77" of Drr* for acryllc and lead acryllc respectlvely wlth

the eye posLtLoned at 6 cm from the fteld boundary (Tabre 6.2). The

eye dose from the posterlor field was measured to be 2.37( of. Drr* for

both trays. The given dose for both the anÈerior and posterior ffelds

fs commonly 2540 c0y. Hence the patlentrs eye r.¡ould receÍve a total

dose of 378 and 330 cGy for acryl-fc and lead acryrlc respectively.

The epithelial cell-s 1n the equatorlal reglon of the eyets lens

are responsible for cataract fon0atlon. rn normal adults (20 - 65

years) the minimum depth of the epithelial cells is 0.23 + 0.04 Ecm-2

(cH.). The scatter conÈrfbution at a rninlnu¡a cell depth (0.19 gcn-2)

varies from about 60 to 477. of. the surface dose for 2 and 6 cm distant

frora field boundary respectively. Thus the anterlor field contribu-

tion to Èhe lens dose would be reduced to 150 cGy (47% of. 320) and 128

cGy ( 47"/" of 272) resurttng fn a roral dose of 208 and 186 cGy for

acryllc and l-ead acrylic respectively. A 3 rnn l-ead sheet thlckness
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placed on the eyes would reduce the anterior fteld contributlon to

114 cGy (4.57" of Dmaxr Table 6.3), whlch coupled wtth the posterLor

contrfbution of 58 cGy would be a Ëotal of. L72 cGy for both trays.

I.Iithout attenuaÈion of the fncidenÈ radlatlon, the 378 cGy for an

acryllc Èray exceeds the nearly 350 cGy seË by }farrlam and Focht (¡ß. )

as the lower lirnit for caËaract formatlon. For a typfcal mantle fleld,

with the fiel-d boundary at least 6 cm fron the eye, the dose Èo the

lens is probably less than 210 cGy, and Merriamrs data suggesÈ thaÈ

this level 1s above the threshold for cat,aract formation. Although no

cases of radíatlon-induced cataracts ln patients treated with mantle

fields are known, scattered radlatlons to the eye uay approach the

low lfnit reported by Merrian. Fortunately, this risk can be reduced

by sinply applying external eye shields (1ead) durfng treatment of

the anterlor mantle fiei-d.
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Chapter 7. Blocklng ConsLderatlons ln Large lrregular Flelds

7.I INTRODUCTION

Radíatlon therapy of large parttally blocked irregular fleLds fs

currently enployed for special radiotherapeutlc sltuatlons. For

example, the entire supradiaphragrnatlc lynph node reglon may be

treated in the rnalignant Hodgkinrs disease in a field comuonly

referred to as the rmantlet fYeld. In treatment of this disease,

indivldually designed lead blocks are placed fn a large radiatlon

fteld to shtel-d radiation sensltfve structures (such as lungs), from

the incident photon beam (see Figure 1.3). Sornetimes lymph nodes lie

very cLose Ëo the lungs. Since underdosing nay lead to recurrence

of tumor (MAR. ) shielding blocks must be accurately positioned to

protect lung Èissue and yet provlde the prescribed radíatlon dose

to be dellvered to Ëhese lynph nodes.

In order to achleve dose uniformlty 1n the treated area with

mfnlmized dose to surroundLng nornal tissue, the penumbra formed by

the edge of the shielding blocks must be reduced to the ¡nLnLmal wldth.

Thís could be achieved by a snall block skin distance BSD. However'

plactng the shfelding blocks closer to the patient surface w-ill resul-t

in an increased number of secondary electrons, produced in the bloek

supporting tray, reaching the patienË surface and result ln a reduced

skfn sparing effect..
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present radlotherapy treatment strategles deslgned to overcome

this problem lnvoLve either:

(f) the use of lead blocks havfng edges sloped to natch the

beam divergence, placed on shadow trays at large BSD. This is thought

to be advantageous with linacs due to thelr sual-l source size (usua1Ly

0.3 cm),

or (fl) the use of straighÈ edged lead blocks placed on a brldge

aÈ short,er BSD.

In order to determine ¡¿hlch of the above two strategles is bestt

penumbra width was measured as a function of BSD using both diverging

and straight edge cut lead blocks. In additlon, the measured beam

profiles across the penunbra regions were fltted to semi-enpirlcal

expresslons used in the calcul-atlon of dose distributions for lrregu-

lar shaped fleLds at the ìl,anitoba Cancer Treatment and Research

Foundatlon (TH. ).

7.2 EFFECTS ON THE BEAI.,I PROFILE

The bean proffle at the edge of the field is determlned by the

geomet,rical- penumbra, transmissfon penumbra and decreased contributl-on

of scaÈtered radiation at the edge and beyond the edge of the field.

The geometrlcal penumbra width P, formed by the edge of the

bLock, |s affected by BSD, SSD and the source size S (Figure 7.1)'

(rc2.)

P=S BSD (7.0)
( ssD-BsD)

Transmission penumbra ls affected by the angle of the lead block

1 rìrì _* rtru '-



6

Figure 7

ssD

BSD

BSD

P PI

1 Geometrical penumbra formed by the edge of the
block.Penumbra width P given by equation 7 is
dependent on source size S'distance of the block
from the skin BSDrand SSD.Decreasing BSD results
in smaller penumbra width Pr.

Straight
Edge Block Dl-vergfng

Edge Block

T T'

Figure 7.2 Shows the effect of block shape on TransmissÍon
penumbra.A diverging block with its face paraller
to the rays from the source of radiation causes
less transmission T' than the straight edge block.

\
\
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edge facing the beam. rf this edge follows the divergence of the

beam the transmissLon penumbra ts reduced. Detailed illustratfon of
thls effect is glven in Figure 7.2.

The beam profile nay be characterized by the penumbra ¡rtdth

whÍch may be defíned as the distance betlreen the 90 and 30% rel_ative

dose and the separatÍon dÍstance between the geometrical edge of the

beam and the 502 relati.ve dose.

7.3 MATERTALS AND METHODS

7.3L Beam profiles across the insfde ed of Ëhe block

Flgure 7.3 shor¡s the experinental set up used to measure

the beam profiles across the inslde edge of a lead shielding block. A

30 x 37.5 cm ffeld was collimated by placlng 5 cn thick lead blocks on

an acrylic tray. The light fteld projected on the surface of a Temex

phantom was 30 x 20 crn at 150 cm ssD. A specfally designed alumfnun

wedge praced underneath the outside edge of the block was used to

ensure that the bl0ck edge facfng the centraL axls was correctly
alfgned ¡slth the bean divergence. Beam profiles fn the direction of

xxt lrere measured at depths of 4 and 10 cu. The edge of the llluni_
nating light field (0) was set at distance d, 5 and 15 cm frorn the

central axfs at the revel of the phantorn surface (Figure 7.30). This

was used to deffne the geometrlcal edge of the beam. The above

measurements lùere repeated under the same geometrícal conditions w1 th

the block edge straight and parallel to the central axfs.
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Source

Aluminum Wedge

InsÍde block
Edge

Insfde Block Edge
(Straight Edge)

(Diverging Edge)
BSD

30

o

Geometri-ca1
Field Edgecm

20cm

Tor: View

Figure 7.3 Experi¡nental set-up to measure beamprofile across the inside block edge.
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So

Outslde Block Edge
(Straight Edee)

Outside Block Edge
(Diverging Edge)

Lead Block

BSD

J

3
Cm

Geometrical
Edge

,'/

¡_

d
5

C(n

Figure 7.4 Experj-mental set-up to rneasure beam profile
across the outside block edge.
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7.32 Beam profiles across the outslde edse of the block

Ffgure 7.4 shows Èhe experlnental set up used to measure

bearn profiles across the outside edge of a 5 cm thlck Lead block.

The edges of the block Ìrere cut to natch bean divergence. A ffeld
sLze of 30 x 39.5 cm at 150 cu ssD was collfmated as shown in Figure

7.4. Beam profiles were measured along the dírectron xxr I at 4

and 10 cn depth wlrh rhe edge of rhe illuminaring ltghr field (0,)

at a distance dr, 10 and L5 cn from central axis at Èhe phantom

surface. The above meauremenenÈs were repeated wtth the block

edge parallel to the central axfs. Bearn profiles of penumbra

for inslde and outside edges of the bLock Ìrere measured with LIF

extruded rods of 1 rnn diameter with the blocks placed at 100.1, 40 and

20 cn dÍsËance fron the phantom surface. All dose data neasured was

nornalized to the central dose ln the same plane.

7.4 RESULTS

7.4L Bean Proflles

Figures 7.5 - 7.8 show Èypicar beam profiles across the

fteld edge formed by diverging and straight bl-ock edges at 100.1

cn BSD. A rapid dose gradfent across the fleld edge was observed

for both inside and outside edges of the block. Wfthln experlmenÈal

error' no difference in penumbra r.sldth sras observed betr¡een 90 and 302

relative dose for the diverging and stralght block edges (Tables 7.1

and 7.2). The naln difference noted rüas a shift fn the position of

the measured profiles. The geometricaL edge of the beau rüas seen to

be colncl-dent wlth the 50% relative dose of the beam proffle for the

10s -



BEAM PROFILE AT 10 CM DEPTH
FOF'IHE INS]DT BLOCK EDGT

BLOiKS ÊI ] OO. I CM FROM 5U,çFÊCE
D]VE86ING ELOCK EDGE STRF]GHI BLOCK EDTI

X tr
d=5 cm

Geometrical Edge

7

0
F

C

E
N
ï
B
H

L

D
0
5
E

100

90

80

1n

60

50

u0

10

30

2

0

012 3q67
I]15TÊNCE FBOI'I CENTFÊL R}í]S CH

I r0

Figure 7.5
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BEAM PROF'ILE AT 10 CN{ DEPTH
FOR THE JN:,]DE BLOCK EOGE

BLOCKS FT 1OO. ] CH FROM SUFIFÊCE
0lVEBtlNG EL0tl( EDGE x S'IRRIGHT BL0tK Eilct tr

I00

90

80

70

60

50

q0

d=15 cm

----Geometrical Edge

7.

0
F

C

E

N.I

rì
Ê
L

D

0
s
E

30

?

1

I I 10

Figure 7.6
1l 1? 13 1rl 15 lE 11

O 1: ] TìI'ICE FHOM CENTRÊt RX 1S CIl

18 19 20
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BEAT{ PROFILE AT 4 CM DEPTH
FOR ÏHE OU'i5]DE BLNTK EtìGT

BLOCKS 8I iO[l. i CH FROM SUFiFÊtE
D]VE8G]NG ELOCK Et]GI STBR]GHI BLOCK EDGE

Xtr
d'=10 cm

Geometrical Edge-------

7.

0
F

C

E
N

T
F
R

L

D

0
5
E

100

90

80

?0

60

0

5

u0

30

2D

6 1 9 10 il 12

D]SÏÊNCE FBOH CEN]BÊL ÊXi5 CH

Figure 7.7

oU
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N
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B

B
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D

0
S
E
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100
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50

u0

20

10

BEAil'Î PROF'ILE AT 4 CM DEPTH
FOB THE ÛUïS]DT BLOTK ITìGE

BLÚCK5 ÊI 1OO.I CH F8OI"1 5URFRCE
D]VEFG]NG BLÚCK EOI,F STBF]GI-iI ELOCK EOGT

Xtr

dr=15 cm

Geornetrical Edge----

12 13 lq 15 t6

D l STÊNCE FBOI'1 CENT RBt ÊX ] S CH

3

0

1i 1l

Figure 7.8
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DTMENSION OF PENIJ¡,ÍBRA FORI'ÎED BY INSIDE BLOCK EDGE

DISTANCE OF FIELD EDGE

FROM CENTRAL AXIS AT THE

PHANTOM SURFACE

CM

BLOCK TO PHANTOM

SIIRFACE DISTANCE
CM

LTIDTH OF

90 TO 302
DOSE

CM+.2CM

BLOCK SIIRFACE

STRAIGNT DIVERGING
DEPTH

CM

5

5

5

5

5

5

15

15

15

15

15

i5

4

10

4

10

4

10

4

10

4

10

4

10

100. 1

100. 1

40

40

20

20

100.1

i00.1

40

40

20

20

r.2
1.5

0.7

0.9

0.6s

0.8

1.3

1.6

0.8

1.0

0.7

0.9

r.2
r.4
0.7

0.9

0.6s

0.8

1.1

1.3

0.7

0.6

0.6

0.8

TABLE 7.7
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DIMENSION OF PENIN,IBRA FORMED BY OUTSIDE BLOCK EDGE

DISTANCE OF FIELD EDGE

FROM CENTRAL AXIS AT THE

PHANTOM SURT'ACE

CM

BLOCK TO PHANTOM

SURFACE DISTANCE
clf

I.¡IDTH OF

90 TO 30%
DOSE

cM + .2 C["f

BLOCK SURFACE

STRATGNT DIVERGTNG
DEPTI{

CM

5

5

5

15

15

15

10

IO

10

10

10

10

r.6
0.9

0.8

1.6

1.0

0.8

r.4
0.8

0.8

1.3

0.9

0.7

100.1

40

20

100. I
40

20

TABLE 7.2
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diverglng block edge (tnslde and outslde). However ln the case of

the stralght block edge a shlft occurs between the geometrlcal edge

of the bean and the 50% relative dose. Thfs is further dlscussed in

section 7.42.

7.42 Effect of BSD

Ffgures 7.9 - 7.12 show the changes 1n the beam proflles

when the shielding bl-ocks were moved closer to the phanton surface.

At shorter BSD the dose gradient across the field edge is steeper for

all measured condítlons, results ln small-er penumbra ¡¡idÈh. The

change 1n penumbra width between 40 and 20 cm BSD was very small for

both dlverglng and straight edges. In addltfon, the separaÈion

distance between the sËralght and divergfng block edge profiles was

s¡naller at shorter BSD, becoming negligible under certain condÍt.ions

(Flgure 7 .9).

Flgures 7.13 and 7.16 show the effect of BSD on the

distance of the 90, 50 and 302 relative dose frm the geometrical

bearn edge. The 50% relative dose of the dlverging bl-ock edge (fnside

and outslde) coLncides wlth the geometrical bearn edge for all- BSDts

used. However, l-n case of the stralght block edge the separatLon

disËance between the 502 relative dose and the geometrical edge is

seen to decrease with srnaLler BSD.

7.43 Calculated Beam Proflles

Figure 7.17 shows the measured and calculated bean

profiles for 4 cm and 10 crn depth at 100.1 cm BSD and 150 cm SSD.
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BEAM PROFILE AT 1O CM DEPTH
FOR THT lNS]OE BLOIK TDGE
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BEAM PROFILE AT 1O CT{ DEPTH
FOB THE ]N5]DE BLOCK EDGT
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BEAM PROF]LE AT 4 CM DEPTH
FtlB THE OUÏ5] DE BLOCK EOGE
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DIVEBG]NG BLOCK EDGT X STRÊ]GH] ELOCK EDGE tr

dr=t0cm

Geometrical Edge

I

1

i0

90

60

50

q0

20

1

7.

0
F

C

E
N

T

R
R

L

D
0
S
E

30

6 1 9 10 11 1?

DISTÊNCE FFOI'1 CENTFHL ÊX]5 CH

-115-

0

Figure 7.I1

I 13 1tl



BEAM PROF'ILE AT 4 CM DEPTH
FOB THT OUTS]DE BLTIK EDt,E
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BEAM PROFILE FOR 4MV LINAC

Measured Calculated

10

Alpha=3. 0
BSD' =101.1 cm

d- 15 crn

lC cm Depth

----4 cm depth

15
Distance From Central Axis

(cn)

BO

70

60

9o

o
F
c
E
ltr

T
R
A
L

D
o
s
E

100

90

40

30

20

10

50

5

Figure 7.17
-1 ?.1-



diverglng block edge (lnslde and outslde). However in the case of

the straight block edge a shift occurs between the geometrLcel edge

of the beam and the 50% relative dose. Thls 1s further discussed ín

section 7.42.

7.42 Effect of BSD

Figures 7.9 - 7.12 show the changes in the beam profiles

nhen the shlel-ding blocks were moved closer to the phantom surface.

At shorter BSD the dose gradient across the fteld edge is steeper for

all measured condltions, results ln snaller penumbra wldth. The

change fn penumbra ¡sidth between 40 and 20 cn BSD was very small for

both diverging and strafght edges. rn addition, the separatlon

dfstance between the stralght and diverging block edge profiles rvas

smaller at shorter BSD, becomlng negltgtble under certaln condítlons

(Flgure 7.9).

Figures 7.13 and 7.16 show the effect of BSD on the

dlstance of the 90, 50 and 30% relative dose from the geonetrlcal

beam edge. The 502 relatfve dose of the diverging block edge (inside

and outslde) coincides wlth the geonetrical bean edge for all_ BSDrs

used. However, 1n case of the straight bLock edge the separation

distance between the 50% relatlve dose and Èhe geonetrlcar edge is

seen Èo decrease r¡ith s¡naller BSD.

7.43 Calcul-ated Beau Profiles

Figure 7.1_7 shor¿s the rneasured and calculated beam

profiles for 4 cm and 10 cn depth at 100.1 cm BSD and 150 cn ssD.
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varfatLons fn BSD and consequentLy an error Ln the values of the

geometrlcal penumbra fPr (see equ. 7.0) is fntroduced. This in turn

results in dose calculatlon errors across the field edge. To over-

come thLs problem, the alpha values were changed to account for the

varfous BSD. Table 7.3 presents the value of alpha necessary to

predfct the measured profíles for the lead blocks at the BSD used.

7.5 DISCUSSION

(1) The domlnant factor affecting penumbra slze is the block

skin dÍstance (BSD). The shape of the brock edge has no significant
effect.

(fi) The najor effect of the block edge shape fs Ln determfn-

lng the positfon of the 50% dose level- relatfve to the geometrlcal

edge of the fieldr as a resul-t of the increased transmission Èhat

occurs for the straight edge.

(iir) The widely accepËed concept that divergrng edge lead

blocks aÈ large BSD produce smaller penumbra Èhan a stralght edge

lead blocks at shorÈer BSD fs shown to be unfounded. Therefore a

stralght edged block may be used for shfel-ding, sfnplifying the

production of these blocks.

(iv) Mlnimum penumbra width, formed by J.ead shrelding blocks

1n Large lrregular fierds, can be achieved by placlng the blocks on a

brtdge at short BSD. However, this wlll result in an increased skin

dose and decreased skin sparing effect.

rn order to optinize the shrerdfng parameters, the bridge must
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be placed at the greatest dLstance fron the skln posstble whtle still
¡nafntaining a small penurnbra ¡sidth. rt can be concluded fron the

measured data that the appropriate brldge-to-skln dlstance lles
betrseen 30 and 40 crn. Between these distances the penumbra wldth is
snall and varies only slfghtJ.y with BSD. At this BSD, even for ]_arge

field size, the surface dose does not increase by more than l_0% over

that of the open beam when a lead acryllc brÍdge or a read grass

fllter is used. hlhere for acrylic the surface dose Ls lncreased up

to ZL'A over the open beam values (figures 5.13).
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Chapter 8. Conclusfons

(f) The effectf.veness of read acrylic as an electron firter
has been demonstrated for a 4MV photon beam. rt has been shor¡n to
be less effective than read grass for reducing doses at the surface
and in the butld-up regfon but far superlor to acrylfc. Lead glass
is a brittle materlal, ¡¿hereas read acrylic is transparent, machinabre

and exhrbfts a structural- strength comparable wfth acrylic. These

propertLes of lead acrylic nake it possfble to cornbÍne the duar

functlons of electron filter and shadow tray (or brfdge).

For snall and rnoderate field srzes a r-ead acrylfc tray
placed at the appropríate tray to skin dfstance, wrll produce

superlor buird-up curves than open beam condÍtlons. For rarge fterd
sizes sfnllar build-up curves to open bean conditlons can be achieved
at shorter tray to skin distance than acrylic.

(fi) The nagnltude of scatter radiatfon fron acrylic and lead
acryllc supporting trays outside the field boundary has been found

to be dependent on field srze, tray to surface distance, tray thick-
nessr depth in phantom and distance froro field boundary. For some

tray thicknesses, an acryr-ic tray has been observed to elevate the
dose, on the surface and at shallou depËh, outsfde fierd boundary to
greater levels than lead acryllc. The contribution of the scattered
radiatlon from the tray to the patfentrs eyes outside a Èyplcar

mantle fleld nay be clinically significant. This rlsk can be reduced

by slnply applyÍng an externar lead shfeld a fer¡ rnilrineters thÍck,
duríng the patient treatment.
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(rti) The penumbra formed by the edge of read blocks used for
shtelding Ln large frregular fields has been lnvestfgated for various
parameters. These lnclude, bl0ck edge shape, bl0ck-skln dfstance and

disÈance of block edge fron central axis. The dornlnant factor
affecting penumbra size has been shown to be the block-skin dfstance.
The noajor effect of the brock edge shape fs in deternlning Èhe posi-
tion of the 50% dose r-ever- relatlve to the geonetrrcal edge. These

findings contradÍct the widery accepted concept that divergfng edge

lead blocks produce smaller penumbra at large BSD than a straighË edge

lead block placed aÈ shorÈer BSD. consequently a straight edge block
may be used for shfel-df-ng slmpltfying the productr.on of these blocks.

The requirenent of snall penumbra r¡idth during treatment with
a large frreguLar field can be satlsffed by plaeing the bridge sup_

portlng the lead bLocks closer to Èhe patient surface. The opÈfmun

bridge to patÍent surface dfstance has been determlned to lle between

30 and 40 cm' Between these dÍstances the penumbra width ls sroall and

varfes only sl-rghtly with BSD. I^Ilth the lead acryI_ic bridge so posf-
tloned and for any field size, the surface dose does not exceed the

open beam values by rnore than l0Z.
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anneallng procedure rJas used:

(f) pre-irradlatlon anneal

Appendfx

I AnneaLi Procedure for LIF-100

The TLDs were placed rn an alumr-num tray and the folrowing

at 400o for t hour fol_lowed by

100oC for two hours and then cool at roon temperature. post-irradfat-

Lon anneal at 100oC for 10 ninutes and cool at room temperature prior
to readout.

The hlgh tenperature anneal resËores the orlginal TLD

characteristlcs by erasing accumulated radiation effects.

The 10¡¡er t.emperaËure pre and post rrradiation annear

reduce the low temperature peaks to a negligible level (cA.) conpared

to the more table dosfmetric peaks. By thls neans, fadfng of the

TLDts response with tine Ls nininal.

The 400oc and 100oc anneals were performed fn Huppertrs

Deluxe (nodel 4396) and Preclsion Scientific furnaces respectdívely.

All the TL dosi¡neters were read on a Harshar¿ 2000 (A & B) reader

system.

2. Anneallng Procedure for LiF-Teflon Dlscs

The annealíng procedure previously described cannot be

used for the LtF-Teflon doslmeters due to the l_ow nelting pofnt of

Teflon. To overcone this problern an al-ternatlve annealing ¡¡as used.

This procedure is described as follor¿s: (!IE.):

a) Pre-lrradiatlon anneal at 300oC for 15 minutes fol1ow-

ed by two hours at B0oC.

b) Post-irradlation anneal at l00o for 5 mlnutes. Thls

130 -



anneallng procedure is successful ln resÈoring the original back-

ground readlng and sensLtlvlty of Tefl0n dlsc doslneters after
lrradiatlon ln rhe range .03 cGy to 30 cGy (I{8.).
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