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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS

C Megavoltage electron beams represent an important
treatment modality in modern radiotherapy, often
providing a unique option in the treatment of superficial
tumours.

(C Electrons have been used in radiotherapy since the early
1950s.

C Modern high-energy linacs typically provide, in addition to
two photon energies, several electron beam energies in
the range from 4 MeV to 25 MeV.
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS
8.1.1 General shape of the depth dose curve

(¢ The general shape of the central axis depth dose curve
for electron beams differs from that of photon beams.
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS
8.1.1 General shape of the depth dose curve

¢ Electron beam central axis percentage depth dose curve
exhibits the following characteristics:

A Surface dose is relatively high
(of the order of 80 % i 100 %).
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A Maximum dose occurs at a
certain depth referred to as the
depth of dose maximum z,.

A Beyond z,.., the dose drops off
rapidly and levels off at a small

tai low level dose called the

R bremsstrahlung tail (of the order

Depth in water

Y I1AEA

of a few per cent).
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS

8.1.1 General shape of the depth dose curve

G
G

Electron beams are almost monoenergetic as they leave
the linac accelerating waveguide.

In moving toward the patient through:

A Waveguide exit window

A Scattering foils

A Transmission ionization chamber

A Air

and interacting with photon collimators, electron cones
(applicators) and the patient, bremsstrahlung radiation is
produced. This radiation constitutes the bremsstrahlung tail
of the electron beam PDD curve.
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS
8.1.2 Electron interactions with absorbing medium

¢ As the electrons propagate through an absorbing medium,
they interact with atoms of the absorbing medium by a
variety of elastic or inelastic Coulomb force interactions.

¢ These Coulomb interactions are classified as follows:

A Inelastic collisions with orbital electrons of the absorber atoms.
A Inelastic collisions with nuclei of the absorber atoms.

A Elastic collisions with orbital electrons of the absorber atoms.
A Elastic collisions with nuclei of the absorber atoms.
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS
8.1.2 Electron interactions with absorbing medium

C Inelastic collisions between the incident electron and
orbital electrons of absorber atoms result in loss of incident
el ectronds kinetic energy ¢t
of absorber atoms (collision or ionization loss).

(C The absorber atoms can be ionized through two types of

lonization collision:

A Hard collision in which the ejected orbital electron gains enough
energy to be able to ionize atoms on its own (these electrons are

called delta rays).

A Soft collision in which the ejected orbital electron gains an
iInsufficient amount of energy to be able to ionize matter on its own.
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS
8.1.2 Electron interactions with absorbing medium

¢ Elastic collisions between the incident electron and nuclei
of the absorber atoms result in:

A Change in direction of motion of the incident electron (elastic
scattering).

A A very small energy loss by the incident electron in individual
|l nteraction, jJjust sufficient to

(C The incident electron loses kinetic energy through a
cumulative action of multiple scattering events, each event
characterized by a small energy loss.
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS

8.1.2 Electron interactions with absorbing medium

G

G

Electrons traversing an absorber lose their kinetic energy
through ionization collisions and radiation collisions.

The rate of energy loss per gram and per cm? is called the
mass stopping power and it iIs a sum of two components:

A Mass collision stopping power
A Mass radiation stopping power

The rate of energy loss for a therapy electron beam in
waterandwater-l | ke tiI ssues, averag
range, is about 2 MeV/cm.
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS

8.1.3 Inverse square law (virtual source position)

G

In contrast to a photon beam,
which has a distinct focus located
at the accelerator x ray target, an
electron beam appears to originate
from a point in space that does not
coincide with the scattering foil or
the accelerator exit window.

T h e twvatoahsouice positiono
was introduced to indicate the
virtual location of the electron

source.

X-ray target

(removed) ™ 'S Gttering foil

e = Virtual source

Nominal
SSD
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS

8.1.3 Inverse square law (virtual source position)

¢ Effective source-surface distance SSD is defined as the
distance from the virtual source position to the edge of the
electron cone applicator.

¢ The inverse square law may be used for small SSD
differences from the nominal SSD to make corrections to
absorbed dose rate at z., In the patient for variations in
air gaps g between the actual patient surface and the
nominal SSD.
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS

8.1.3 Inverse square law (virtual source position)

C A common method for determining SSD_ consists of
measuring the dose rate at z,,,, In phantom for various air
gaps g starting with D__ (g =0) at the electron cone.

max
A The following inverse square law relationship holds:

I:.)max(g = O) — \éSSDeﬁ -|Zmax g- %
Ijmax (g) :, SSDeff + Zmax ;

1

A The measured slope of the linear plot is: K =
SSD_ +z

1
A The effective SSD is then calculated from: SSD_. = ” +7z

max
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS
8.1.3 Inverse square law (virtual source position)

¢ Typical example of data measured in determination of
virtual source position SSD normallzed to the edge of the
electron applicator (cone).
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS

8.1.3 Inverse square law (virtual source position)

G

For practical reasons the nominal SSD is usually a fixed
distance (e.g., 5 cm) from the distal edge of the electron
cone (applicator) and coincides with the linac isocentre.

Although the effective SSD (i.e., the virtual electron source
position) is determined from measurements at z__, In a
phantom, its value does not change with change in the
depth of measurement.

The effective SSD depends on electron beam energy and
must be measured for all energies available in the clinic.
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS
8.1.4 Range concept

¢ By virtue of being surrounded by a Coulomb force field,
charged particles, as they penetrate into an absorber
encounter numerous Coulomb interactions with orbital
electrons and nuclei of the absorber atoms.

( Eventually, a charged particle will lose all of its kinetic
energy and come to rest at a certain depth in the
absorbing medium called the particle range.

¢ Since the stopping of particles in an absorber is a
statistical process several definitions of the range are
possible.
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS
8.1.4 Range concept

(C Definitions of particle range: (1) CSDA range

A In most encounters between the charged particle and absorber
atoms the energy loss by the charged particle is minute so that it
IS convenient to think of the charged particle as losing its kinetic
energy gradually and continuously in a process referred to as the
continuous slowing down approximation (CSDA - Berger and
Seltzer).

A The CSDA range or the mean path length of an electron of initial

kinetic energy E, can be found by integrating the reciprocal of the
total mass stopping power over the energy from E, to O:
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS
8.1.4 Range concept

CSDA ranges for electrons in air and water

Electron CSDA CSDA
energy range range
(MeV) In air In water

(g/cm?) (g/cm?)
6 3.255 3.052
7 3.756 3.545
8 4.246 4.030
9 4.724 4.506
10 5.192 4.975
20 0.447 9.320
30 13.150 13.170

A The CSDA range is a calculated
guantity that represents the
mean path length along the

el ectronods

traje

A The CSDA range is not the the
depth of penetration along a

defined direction.
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8.1 CENTRAL AXIS DEPTH DOSE DISTRIBUTIONS
8.1.4 Range concept

(¢ Several other range definitions are in use for electron beams:

Maximum range R,
Practical range R,

Therapeutic range R
Therapeutic range R{
Depth R,
Depth R,
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