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PREFACE 

Preface 

The Nederlandse Commissie voor Stralingsdosimetrie (NCS, Netherlands 
Commission on Radiation Dosimetry) was officially established on 3 September 
1 982 with the aim of promoting the appropriate use of dosimetry of ionizing 
radiation both for scientific research and practical applications. The NCS is 
chaired by a board of scientists, installed upon the suggestion of the supporting 
societies, including the Nederlandse Vereniging voor Radiotherapie en Oncologie 
(Netherlands Society for Radiotherapy and Oncology), the Nederlandse 
Vereniging voor Klinische ' Fysica (Netherlands Society for Clinical Physics), the 
Nederlandse Vereniging voor Radiobiologie (Netherlands Society for 
Radiobiology), the Nederlandse Vereniging voor Stralingshygiene (Netherlands 
Society for Radiological Protection), the Nederlandse Vereniging van 
Radiologisch Laboranten (Netherlands Society of Radiographers and Radiological 
Technologists), and the Ministry of Health, Welfare and Sports. 
To pursue its aims, the NCS accomplishes the following tasks: participation in 
dosimetry standardisation and promotion of dosimetry intercomparisons, drafting 
of dosimetry protocols, collection and evaluation of physical data related to 
dosimetry. Furthermore, the commission shall maintain or establish links with 
national and international organisations concerned with ionizing radiation and 
promulgate information on new developments in the field of radiation dosimetry. 

Current members of the board of the NCS: 

J.J. Broerse, chairman 
W. de Vries, secretary 
J. Zoetelief, treasurer 

A.J.J. Bos 
W.C.A.M. Buijs 

R.B. Keus 
J.L.M. Venselaar 
F.W. Wittkamper 

D. Zweers 
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0. ABSTRACT 

0. 1 Abstract 

For each radiation treatment machine, the dose per monitor unit must be known 
at a reference point in a water-phantom under reference conditions. It varies 
with field size, due to: ( 1) changes in radiation scattered from the head of the 
treatment machine to the reference point and into the monitor chamber and (2) 
changes in the radiation scattered from the irradiated part of the phantom to the 
reference point. The field size dependence is usually described by the total 
scatter correction factor, Sw If the field size defined by the collimator setting at 
the reference source-surface distance (SSD) does not correspond with the field 
size at the phantom surface, Sep must be separated into two factors, the head or 
collimator scatter correction factor, Sc, and the phantom scatter correction 
factor, SP. This is the case when a source-surface distance different from the 
SSD of the reference condition is used, when tissue is missing in the beam, or 
when shielding blocks are applied. The factor Sc describes the influence of the 
setting of the collimator on the total scatter correction factor; SP describes the 
influence of the field size at the phantom surface, and thus of the irradiated 
volume on this correction factor. 

In this report, recommendations are given for the measurement of SCP' Sc and SP 
in a photon beam at a reference depth of 10 cm. The reference field is defined 
as the open field, with a collimator setting yielding a 10 cm x 10 cm field when 
the SSD is set equal to the source-axis distance (SAD). For the determination of 
Sc, the use of a narrow cylindrical beam-coaxial phantom (the mini-phantom) is 
recommended. In this way, measurements can be performed in small fields and 
the disturbance of contaminating electrons, reaching the point of interest from 
the head of the treatment machine, becomes negligible. Construction details of 
the mini-phantom are described. 

Furthermore, a consistent set of relations is presented for the use of these 
factors in dose calculations for symmetrically collimated square, rectangular and 
arbitrarily shaped fields, at an arbitrary SSD. These include blocked and wedged 
fields. A procedure to use Sc and SP data in the calculation of monitor units is 
presented. Relations are given to calculate the collimator and phantom scatter 
data for the reference situation from already available data, measured at a non
reference depth and at a non-reference SSD. The influence of asymmetric set-up 
of the collimating jaws or multi-leaf collimators on the scatter correction factors 
is, however, not yet considered. 

SCP' Sc and SP data sets are presented in this report for different types of 
treatment machines and for a wide range of photon beams, with beam qualities 
ranging from 6°Co to 25 MV. SP is shown to be a smooth function of the beam 
quality if the same reference depth of 1 0 cm and an SSD of 1 00 cm is chosen 
for all loeam qualities. However, Sc is shown to depend on the design of the head 
of the linear accelerator. 
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0. LIST OF SYMBOLS 

0. 2 List of symbols and abbreviations 

d 

dm 
dref 
D 

Deal 

Dpresc 
Dref 
f 

f ref 
F 
ISO 

N 
POD 
QI 
r 

req 

R 
ROD 
ref 
RTF 
RWF 

Sep 
Sc 
sp 
SAD 
SOD 
SSD 
T 
TF 

TFref 
TPD 
TPR 
Ux, Uv 
veq 

Ve 

vc,ref 

collimator exchange effect 
parameters used in an. expression for determination of Sc of 
rectangular fields 
parameters used in the decision criterion whether or not Sc,blocked 
can be taken equal to Sc,open 
depth in the phantom 

*depth of maximum absorbed dose at the central axis of the beam 
* reference depth 

absorbed dose 
absorbed dose per monitor unit at the depth of calibration of the 
treatment machine 
dose prescribed at the dose prescription point 
absorbed dose per monitor unit in the *reference irrad iation set-up 
source-surface distance (SSD) 
source-surface distance in the reference irradiation set-up 
geometrical factor, correcting field size vP with changing SSD 
(in superscripts) isocentric irradiation set-up 
number of monitor units 

* percentage depth dose 
*quality index 

radius of circular field 
radius of equivalent circular field 
reading of an electrometer connected to an ionization chamber 

* relative depth dose 
* (in subscripts) reference irradiation set-up 
*relative tray transmission factor 
* relative wedge transmission factor 
*total scatter correction factor 
* collimator scatter correction factor 
* phantom scatter correction factor 

source-axis distance 
source-detector distance 
source-surface distance (f) 
distance from focus to additional shielding blocks 

*tray transmission factor 
* reference tray transmission factor 
tray-phantom distance 

*tissue-phantom ratio 
distance from focus to X or Y collimator jaw, respectively 

*equivalent field size 
*collimator d~fined field size, at SAD 
*reference collimator defined field size, at SAD 
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0. 

v(d) 
WF 
WFref 
X 
y 
Q 

(*) 

LIST OF SYMBOLS 

*phantom field size defined at the phantom surface; used in this 
notation when source-surface distance is equal to SAD 

*phantom field size defined at the phantom surface; used in this 
notation when source-surface distance is not equal to SAD 

*reference field size defined at the phantom surface, with source
surface distance equal to SAD 
field size defined at depth d in the phantom 

*wedge transmission factor 
* reference wedge transmission factor 
setting of X-collimator 
setting of Y-collimator 

*solid angle, defined by the point of measurement and that part of 
the surface of the flattening filter that can be seen from that point 

See section 0.3 for a more complete definition. 
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0. GLOSSARY OF TERMS 

0.3 Glossary of terms 

In this section definitions are given of quantities used in thi s report as fa r as they 
are important for understanding or if they deviate in one or m ore respects from 
the definitions given in the 'Glossary of terms' of the British Journal of Radiology 
Supplement 1 7, pp 143-14 7 [8] and Supplement 2 5, pp 1 83-1 88 [ ]. 

collimator scatter correction factor Sc 
The co llimator scatter correction facto r Sc (also ca lled the head scatter co rrection 
factor} is defined as the electromet er reading per monitor unit of an ionization 
chamber m easured in a mini -phantom at the reference depth and the reference 
source-surface distance for a specified collimator defined field size v c' normalized 
to unity for t he ref erence field size V c,ref: Sc(v C} = R(v C} / R(v c,ref }. This factor 
describes the relative energy fluence per monitor unit due to photons originating 
in the head of the treatment machine only. 

collimator defined field size vc 
The fi eld size vc is det ermined by the adjustable collimator jaw s in the head of 
the treatment machine. The setting of the jaws defines a field of size vc at a 
distance from the source equal to SAD . In most clinical cases, vc defines the 
so lid angle Q. In the t ext, often the t erm co llimator setting is used for vc. 

depth of maximum dose dm 
The depth dm of m aximum absorbed dose is the depth along the beam axis at 
which m aximum dose occurs. For a given beam quality thi s depth will vary with 
field size and source-surface di stance. However, percentage depth doses for al l 
field sizes are normalized to 100% at the fixed depth dm of the 10 cm x 10 cm 
reference field size. The actual maximum depth dose for some fi eld sizes may 
therefore slightly exceed 100%. 

equivalent field veq 

The equivalent field is defined as that square field which yields for a given 
physical quantity (e.g., phantom scatter correction factor at dret, or PD D}, the 
same value as the field under consideration. Note that for quantities, which are 
primarily related to phantom scatter (e.g., SP, POD, TPR}, the sizes of the 
equivalent fields may mutually differ from those which are primarily related to 
collimator scatter. 

percentage depth dose PDD 
The percentage depth dose is the absorbed dose per monitor unit at a given 
depth d at the central beam axis, normalized to 100% at a depth which is equal 
to dm of the reference field size. PDD(vP} = 100% x D(vp,d} / D(vp,dm}. 
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0. GLOSSARY OF TERMS 

phantom field size vP 
For a photon beam impinging perpendicularly on a flat phantom surface, the field 
size vP is defined as the size of the field at the surface of the phantom with a 
source-surface distance equal to SAD. vP is one of the variables that determine 
the phantom scatter dose contribution to the point of measurement. 
Furthermore, the presence of shielding blocks in the beam or missing tissue 
influences the actual field size vp, and therefore the phantom scatter 
contribution. Whenever the source-surface distance f is not equal to SAD, the 
notation v p,t is used. 

phantom field size vP,, 
The definition of the field size vp,t is the same as for vP, but now the source
surface distance f differs from SAD. 

phantom scatter correction factor SP 
The phantom scatter correction factor SP is defined as the phantom scatter dose 
contribution for a specified collimator defined field size and a specified field size 
at the phantom surface, normalized to unity for the reference irradiation set -up. 
It is derived from the total scatter correction factor Sw divided by the collimator 
scatter correction factor Sc for the same collimator defined field size. The 
phantom scatter correction factor describes the influence of the scatter 
originating in the phantom only. 

quality index QI 
The quality index QI is defined as the ratio of the electrometer reading per 
monitor unit with the ionization chamber at a depth of 20 cm in a water 
phantom, R20 , to the reading at a depth of 10 cm, R10, for a source-detector 
distance SOD equal to SAD and for a collimator setting v c of 1 0 cm x 1 0 cm. It 
is used as an indicator of the photon beam quality: 
QI = R(vc,ref,d = 20,SDD = SAD) / R(vc,ref,d = 1 O,SDD = SAD). 

reference collimator defined field size v c,ret 

The reference field size v c, ret is that field size defined by the collimator setting 
which yields a field of 1 0 cm x 1 0 cm at SAD. 

reference depth dret 

dret is the reference depth, taken in this report equal to 1 0 cm irrespective of the 
radiation beam quality. In this way, uniformity of algorithms and continui ty of 
beam data acquisition are obtained. For all clinically used megavoltage photon 
beams, dret is beyond the range of contaminating electrons. 

reference field size vp,ret 

The reference phantom field size v p,ret is the phantom fi eld size in the reference 
irradiat ion set-up. vp,ret = 10 cm x 10 cm. 
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0. GLOSSARY OF TERMS 

reference irradiation set-up; ref (in subscripts) 
The reference irradiation set-up is defined as that irradiation geometry for which 
d = dref (=10 cm), VP= vp,ref (=10 cm x 10 cm) and Ve= vc,ref (=10 cm x 10 
cm). As a consequence, f = fret = SAD. 

reference tray transmission factor TFret 
The reference tray transmission factor TFret is the tray transmission factor, 
determined in the reference irradiation set-up . TFret can be m easured in a full 
scatter phantom or in a mini-phantom. 

reference wedge transmission factor WFret 
The reference wedge transmission factor WFret is the wedge transmission factor, 
det ermined in the reference irradiation set -up. WFret should be measured in a full 
scatter phantom. 

relative depth dose RDD 
The relative depth dose is the absorbed dose per monitor unit for a given depth 
at the central beam axis, normalized to unity at the reference depth dret , 
RDD(vp,d,f) = D(vp,d,f) / D(vp, dret ,f). 

relative tray transmission factor RTF 
The relative tray transmission factor is the tray transmission factor, determined 
at the reference depth for a given field size and tray-phantom distance, relative 
to the tray transmission factor for the reference irradiation set -up: RTF(v c' TPD) 
= TF(vc, TPD) / TFret· The relative tray transmission factor describes the variation 
of the tray transmission factor with variations of field size and tray-phantom 
distance. RTF can be measured in a full scatter phantom or in a mini -phantom. 

relative wedge transmission factor RWF 
The relative wedge transmission factor is the wedge transmission factor, 
determined at the reference depth for a given field size and SSD, relative to the 
wedge transmission factor for the reference irradiation set-up: RWF(vc,f) = 
WF(v c' f) / WFret· The relative wedge transmission factor factor describes the 
variation of the wedge transmission factor with variations of field size and 
source-surface distance. RWF can be measured in a full scatter phantom as well 
as in a mini -phantom . 

solid angle Q 

The so lid angle Q is the angle which is geometrically defined by the point of 

measurement in the phantom and the surface of the flattening filter as observed 
from that point. The solid angle determines the amount of photons which is 
scattered in the flattening filter of the treatment machine in the direction of that 
point of measurement. 

6 

https://doi.org/10.25030/ncs-012 The NCS report has been downloaded on 10 Apr 2024



0. GLOSSARY OF TERMS 

tissue-phantom ratio TPR 
The tissue-phantom ratio TPR at a point in a phantom irradiated by a photon 
beam is the total absorbed dose per monitor unit at that point, divided by the 
absorbed dose per monitor unit in the same point, but with the surface of the 
phantom moved in such a way that the point is at a specified reference depth. 

total scatter correction factor S ep 
The total scatter correction factor is defined as the absorbed dose per monitor 
unit measured in a full scatter water phantom at the reference depth and the 
reference source-surface distance for a specified collimator defined field size v c 
and a specified fi eld size at the phantom surface vp, normalized to unity for the 
reference irradiation set-up. 

s cp (vc,vp) = s cp (vc,vp,dref rf ref) = D(vc,Vp,dref,f ref) / D(vc,ref ,vp,ref rd ref rfref). 
The total scatter correction factor describes the influence on the dose of both 
the collimator setting and the phantom field size. 

tray transmission factor TF 
The tray transmission factor is the ratio of the dose per monitor unit at the 
reference depth in a given field with a tray, to the dose per monitor unit in the 
same field without a tray in the beam. For a given tray, this ratio is slightly 
dependent on the field size and on the distance from the tray to the phantom 
surface, TPD: TF(vc, Vp,drefr TPD) = Dtray(v C ' vp,dref r TPD) / Dopen (v C ' vp,dref r TPD). 

wedge transmission factor WF 
The w edge transmission factor is the ratio of the dose per monitor unit at the 
reference depth in a specified field with a wedge present in the beam, to the 
dose per monitor unit in the same field without a wedge. WF(vc,vp,dret ,f) = 
Dwedge (v C ' V P'd refr f) / Dopen (v C ' V P'd ref r f). The wedge transmission factor is dependent 
on field size and SSD. 

7 

https://doi.org/10.25030/ncs-012 The NCS report has been downloaded on 10 Apr 2024



0. 

8 

https://doi.org/10.25030/ncs-012 The NCS report has been downloaded on 10 Apr 2024



1 . INTRODUCTION 

1 . Introduction 

The determination of the dose delivered to a patient receiving radiotherapy 
consists of several steps, each one introducing uncertainties in the reported dose 
value. To obtain an optimal dose with respect to tumour control and damage to 
normal tissues, the overall uncertainty in the dose has to be small. A value of 
about 3. 5 % ( 1 SO) has been proposed by several authors [7, 1 9 ,48]. This can 
not always be achieved in clinical practice [ 16]. However, each source of error in 
the dose delivery has to be minimized. The calculation of the dose at a specified 
point, or the determination of the number of monitor units necessary to deliver a 
given dose, is one of the sources of uncertainty, especially when non-square, 
blocked, wedged or asymmetric fields are involved or a source-surface distance 
different from the reference one is applied. 

One of the essentials in preparing a radiation treatment is the transformation of 
the prescribed dose into the appropriate radiation units of the treatment 
machine. In the case of a linear accelerator, these radiation units are measured 
by a monitor, which has to be calibrated in a predefined standard set-up, 
described as the reference condition. The dose at a particular point in a water 
phantom in a non-reference treatment set-up will be different. Scatter correction 
factors that mathematically describe these differences are used to translate the 
prescribed dose into a number of monitor units. This report describes the 
determination and use of these scatter correction factors for megavoltage 
photon beams. 

In general, the output of a linear accelerator is adjusted in such a way that 100 
monitor units (MU) correspond to a dose delivery of 1 Gy at a calibration point in 
a water-phantom under reference irradiation conditions: usually a symmetrical 
open field of 1 0 cm x 1 0 cm, defined at the phantom surface and at an SSD 
equal to the source-axis distance. The calibration point is usually chosen on the 
central beam axis at the depth of maximum absorbed dose dm in the 1 0 cm x 1 0 
cm field. 

Note: for 6°Co therapy machines the output is expressed in units of dose per unit 
of time, e.g. Gy.min- 1 at the date of calibration for specified calibration 
conditions. 

The ratio of Gy to MU or time units depends on several parameters such as field 
size, depth, and SSD. The magnitude of the change with field size can be taken 
into account in dose calculations by applying the total scatter correction factor, 
which is defined as the absorbed dose per monitor unit, measured at the 
reference depth and reference SSD for a specified collimator setting and a 
specified field size at the phantom surface, normalized to unity for the reference 
collimator setting and a reference field size at the phantom surface. If the 
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1 . INTRODUCTION 

reference depth is taken equal to dmr the total scatter correction factor is equa l 
to what is commonly called the field size correction factor or output factor [8]. 

Recently, the influence of the geometry of the field size and the presence of 
blocks on the total scatter correction factor has been discussed by a number of 
authors [14,25,27,33-34,36-3 9,43-46,54,64]. It is generally agreed that the 
total scatter correction factor has to be separated into a collim ator and a 
phantom scatter correction factor in order to improve the accuracy of dose 
calcu lations. These factors are related to the contributions of the collimator and 
phantom scatter to the output (in Gy/MU) of the treatment machine at a certain 
reference depth [1,25,34,45,51,54,64]. Several authors proposed a reference 
depth of 5 or 1 0 cm, depending on whether the quality index QI [ 17,47] of the 
photon beam is smaller or larger than 0.75 [1,64], because then these depths 
are beyond the rang e of contaminating electrons. These electrons, originating in 
the head of the treatment machine, can influence the dose to superficial tissues 
in a rather unpredictable way. At larger depths, the influence of these electrons 
on the scatter correction factors is negligible. These reference depth values 
co rrespond to the phantom depth for the calibration, as proposed in a number of 
dosimetry protoco ls [ 10,28,4 7]. Furthermore, a high accuracy of the absorbed 
dose at the reference depth of 5 or 10 cm is clin ica lly more relevant than at 
depth dm. However, the use of two different reference depths for different beam 
qualities leads to a discontinuity in the description of the behaviour of the scatter 
factors as a function of beam quality. This discontinuity is eliminated by using a 
single reference depth of 10 cm, irrespective of the photon beam quality. 

Several methods to separately measure the phantom and co llimator scatter 
components of the total scatter correction factor have been described [ 42, 64]. 
This report adopts the use of a narrow cylindrical beam-coaxial phantom (mini 
phantom) for the measurement of the co llimator scatter contribution. In 
combination with measurements in a full scatter phantom, the phantom scatter 
contribution can be derived. 

The determination of these scatter correction factors is time consuming, due to 
the large number of possible field sizes in combination with beam modifiers. 
Limitation of the number of measurements can be obtained by expressing the 
scatter correction factors as a function of a limited set of parameters such as 
treatment machine and beam quality. A further reduction can be obtained if 
interpolation algorithms are applied. 

The aim of this report is to describe the separation of the total scatter correction 
factor into its component parts. A coherent system of expressions is presented 
for the use of these scatter factors in the ca lculation of monitor units in clinical 
situations. The report considers the use of shie lding blocks and w edges in a 
symmetrical set-up of the collimating jaws. Field sizes are defined and used for 
beams directed perpendicularly to the surface. Oblique incidence and the use of 
asymmetric collimating jaws and multi-leaf collimator set-ups are not considered. 
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1 . INTRODUCTI ON 

Measured data are presented for photon beam qualities ranging from 6°Co to 25 
MV, for a large number of treatment machines. The reference depth is taken 
equal to 10 cm, irrespective of the quality index of the photon beam. 

The report recommends performing measurements and the handling of beam 
data in such a way that the uncertainty in the calculation of the number of 
monitor units for clinical situations is considerably smaller than 3.5% (1 SD), 
preferably smaller than 1 % ( 1 SO). Whenever possible, reference is made to 
interpolation algorithms with which a user can reduce the number of 
measurements necessary to obtain the required accuracy. 

Section 2 of this report discusses the basic definitions and principles of this 
approach and the applicabil ity of the methods to ca lcu late the dose in 
megavoltage beams for square fields at arbitrary depths and SSDs. The influence 
of field -elongation and the presence of a tray, blocks or wedges is discussed in 
section 3. Experimental methods and the resu lts of a large number of 
measurements are given in sections 4 and 5, respectively. The recommendations 
are summarized in section 6. Additional information is presented in the 
Appendices. 

In this report the definitions of beam parameters and the reference geometry are 
based on a beam set-up involving a fixed SSD technique, and not on an SAD or 
isocentric approach. In a water phantom, percentage depth dose data can be 
more easily measured than, for example, tissue-phantom ratio data, because the 
water level can be kept constant during the measurements. If TPR data are 
requ ired for the calculations, the generally applied procedure is to perform POD 
measurements and convert them into TPR data using conversion rul es. 
Conversion rules have been published for this purpose [8,9]. Because the 
ref erence conditions are different for both approaches, ca re must be taken not to 
confuse the data. The definitions of the quantities and the relations between 
them in the fixed SSD (or POD) approach and the isocentric (or TPR) approach 
are discussed in more detail in [71]. A brief summary is presented in Appendix 
8.3. Whenever the quantities with definitions in the isocentric approach are 
used, the superscript iso is added. 

The formalism presented in this report for the determination and use of scatter 
correction factors is similar to the procedure recommended in a recent ESTRO 
booklet "Monitor unit calcu lation for high energy photon beams" [ 1 8]. In that 
report, all the measurements and calcu lations needed for the determination of 
absorbed dose along the central axis per monitor unit are listed. Output factors 
are also defined at 1 0 cm depth and both the isocentric set-up and the fixed 
SSD approach are allowed. Consequently, the use of tissue-phantom ratios as 
well as relative depth doses are recommended and both formalisms are 
described. The ESTRO booklet gives an extensive description of the number of 
intermediate steps for the calculation of the number of monitor units for open 
beams, blocked beams, wedged beams, and beams at other distances than the 
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1 . INTRODUCTION 

reference distance. Apart from differences in nomenclature, other differences 
with the ESTRO booklet are that in the present report no introduction is needed 
of a new quantity, the volume scatter ratio, and that in this report a wide variety 
of measured data is presented. 
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2. SQUARE FIELDS 

2. Collimator and phantom scatter correction factors for square 
fields 

2. 1 Definitions and principles 

Principles of separation and measurement of scatter correction factors 
In the concept adopted in this report, the dose at a certain point in an irradiated 
phantom is attributed to two different origins. 

First, there is the energy fluence of primary, unscattered photons which originate 
from the target, and of photons scattered somewhere in the head of the 
treatment machine. For practical reasons, no attempt is made to separate 
contributions from the various components of the treatment head, such as the 
flattening filter and collimator parts. It is assumed that the variation of these 
components with field size can be described with the desired accuracy by using 
only one factor, the collimator scatter correction factor. 

Second, there is a contribution to the dose from radiation which is scattered 
within the phantom. The influence of the field size at the phantom surface on 
this contribution is described by the phantom scatter correction factor. 

Scatter correction factors are defined as ratios of dose values, relative to values 
for a specified reference irradiation condition. The reference situation should 
reflect a clinically relevant geometry within the phantom, be easily accessible for 
measurement, and be free of. disturbing influences. The use of only one 
reference situation is recommended, irrespective of photon beam quality or 
machine type. In this way, uniformity and continuity in presenting data as a 
function of beam quality is obtained. 

Total scatter correction factor Sep 
The total scatter correction factor Sep(ve,vp,dret,fret) is defined as the ratio of the 
absorbed dose per monitor unit measured at the reference depth dret, a reference 
source-surface distance fret for a specified collimator defined field size ve and a 
specified field size at the phantom surface vP, normalized to unity for the 
reference collimator setting and reference field size at the phantom surface. ve 
sets the field size at the SAD and vP the field size at the phantom surface. The 
reference values of the parameters ve,ret = 10 cm x 10 cm and vp,ret = 10 cm x 
1 0 cm, can only be realized if the source-surface distance is equal to SAD (for 
most megavoltage units SAD is equal to 100 cm). If, in addition, the depth in 
the phantom is set equal to the reference depth, dret, the dose measurement set
up is referred to as the reference irradiation set-up. The dose, measured under 

reference conditions, is then Dret = D(ve,ret,vp,ret,dret,tt) and the total scatter 
correction factor Sep can be written as: 
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2. SQUARE FIELDS 

(2.1.1) 

With respect to the choice of the reference depth it should be noted that at 
shallow depths the dose is influenced by electrons contaminating the photon 
beam, of whi ch the contribution varies markedly with t he setting of and the 
distance from the collimator. These electrons originate from the target, the 
flattening filter, and from the beam defining parts of the treatment head. When 
hitting the phantom, the electrons are totally absorbed in t he first f ew 
centimeters. Therefore, contaminating electrons do not contribute to the dose at 
depths where most tumours are found in c linical practice. Furthermore, 
prediction of the contribution of contaminating electrons to the dose for a 
particu lar irradiation geometry is a complex matter. For these reasons, the 
reference depth shou ld be chosen in such a way that the effect of the 
contaminating electrons is neg ligible. 

Note, that the total scatter correction facto r is strictly defined for a depth equal 
to the reference phantom depth and for an SSD equal to the SAD. This definition 
is more restrictive than the definitions given in earlier publications of this task 
group [64] and of others [25,34] (see Appendix 8.1 ). Furthermore, due to the 
restrictions of the reference conditions of the scatter correction factor, the 
parameters dret and fret in equation (2.1 .1) are fixed and can therefore be 
removed from the notation of Sep without misunderstanding. 

The total scatter correction factor Sep (ve,vp) is now written as the product of two 
components: the collimator scatter correction factor Se(ve,vp) and the phantom 
scatter correction factor SP(ve,vp) [1,25,34,45,51,54,64]. In a general form: 

(2.1.2) 

Collimator scatter correction factor S c 
Se(v e' v P) reflects the change in the energy fluence in air per monitor unit of the 
scattered photons emitted from the head of the acce lerator due to a varying 
opening of the co llimator jaws, relati ve to the reference irradiation set-up 
[34,64]. V ariation of the collimator setti ng results, on the one hand, in variabl e 
amounts of photons scattered to the point of measurement from the primary 
col limator, the flattening filter and, on the other hand, in variable amounts of 
radiation scattered backwards from the collimator jaws into the monitor 
chamber, situated in the head of the treatment machine [26,33,37-39,45]. The 
variable amount of scattered radiation reaching the point of measurement is for a 
large part related to the solid angle Q, which is the angle geometrically defined 

by the point of measurement in the phantom and the surface of the flattening 
f ilter that can be seen from t hat point. It is the setting of the collimator jaws, 
given by . v c, which determines that surface. Thus, ve is directly related to the 
solid angle Q and partly determines the change in the energy fluence iri .air per 
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2. SQUARE FIELDS 

monitor unit. In case of extreme blocking of the field with blocks on a tray, 
certain parts of the flattening filter may be hidden and the solid angle Q has to 

be used as a variable in the calculation procedures instead of v c (see section 3 
and Appendix 8.5). 

Like the total scatter correction factor SCP' the collimator scatter correction 
factor Sc(vc,vp) is defined at the reference depth. Concerning the choice of the 
reference depth, note that the variation of the energy fluence in air per monitor 
unit is primarily determined by the volume of the primary collimator and the 
flattening filter within the solid angle Q. The influence of the depth in the 
phantom on this volume is almost negligible [64]. Sc can, therefore, be 
considered to be independent of the choice of dret as long as dret is larger than 
the range of the contaminating electrons. For the same reason, the collimator 
scatter correction factor is hardly influenced by the choice of the SSD within the 
clinical useful range [ 64]. 

The primary energy fluence in air cannot be measured directly. However, it can 
be deduced relatively to the energy fluence under reference conditions by using 
a mini-phantom, as proposed by this task group (van Gasteren et al. [64]). In 
such a mini-phantom, the ionization chamber is placed in an upright position, at 
a depth of 10 cm. The collimator scatter correction factor Sc is then the 
ionization reading for the collimator defined field size v c, normalized to unity for 
the reference field V c,ref• 

Sc is a machine related factor, which can be assumed to depend only on the 
collimator set_ting which is defined by the field size at SAD. Because Sc is 
independent of the choice of SSD and depth in the mini-phantom, as long as this 
depth is larger than the range of contaminating electrons, Sc can be written as a 
function of v c only: Sc(v c). 

Phantom scatter correction factor SP 
The phantom scatter correction factor SP accounts for the contribution of the 
radiation scattered in the phantom material to the dose at the point at depth dret 
on the central axis, relative to the phantom scatter contribution in the reference 
irradiation set-up. The amount of scattered radiation reaching the point depends 
on the volume of the irradiated phantom material. Therefore, SP is a phantom 
related factor with a dependence on the irradiated volume, which is accounted 
for by writing SP as a function of the field size at the surface of the phantom. 
The increase of phantom scatter with depth makes SP dependent on the choice 
of the reference depth. It is, however, important to note that SP is defined only 
for one reference depth, dret, equal to the one chosen for Sep and Sc. For this 
reason dret does not need to be given as a parameter of SP. 

Another important factor, influencing the amount of scattered radiation, is the 
quality of the photon beam, indicated by the quality index, QI. SP varies with the 
nominal photon beam energy [64]. For a given beam, some changes in the 
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photon energy spectrum will occur, when for example beam modifiers such as 
wedges and heavy metal compensators are used in the field. This may influence 
to some extent the magnitude of SP, but these effects are small, even for 
wedged photon beams [22]. In addition, it can be assumed that the influence of 
commonly applied blocking trays on the value of SP can be neglected. Therefore, 
for a beam with a given QI, SP will be written as a function of vP only , that is: 
SP(vc,vp) = SP(vP). 

Reference depth, d,et 
The reference depth dret is chosen to be 10 cm for all photon beam qualities 
addressed in this report, i.e. from 6°Co to 25 MV. As indicated previously, the 
use of a single reference depth ensures continuity of SP as a function of beam 
quality. The depth of 1 0 cm is chosen to obtain the highest accuracy in the 
calculation of treatment times and monitor units at depths which are c linica lly 
most relevant. For the same reason, t his reference depth is chosen in most 
dosimetry protocols to measure the output of treatment machines. Note that t he 
influence of contaminating electrons in the beam on the dose at shallow depths 
is not ignored, but taken into account by the percentage depth dose or relative 
depth dose (POD or ROD; see secti on 2.2 for the definition of ROD) va lues at 
these depths. 

Summary 
As a result of these considerations, the total scatter correction factor Scp(v c' v P) is 
given by: 

(2. 1 .3) 

Sep and Sc data can be obtained by using the measurement method shown in 

figure 2.1. SP can be obtained from equation (2.1.3). The measurement 
conditions are discussed in more detail in section 4 of this report. 

In the fo llowing sections, the use of the scatter correction terms will be 
discussed for dose calculations at arbitrary depths and arbitrary SSDs. In most 
clinical cases, the situation will be more complex, because in addition to an 
arb itrary depth and SSD, customized blocks and other beam modi f ying devices 
are also used. However, it is important to keep in m ind that the same 
methodology can still be applied: a separation of the influence of collimator and 
phantom related scatter to the dose at the reference point. Factors influencing 
the energy fluence from the head of the treatment machine to t he phantom 
surface are taken into account by the collimator scatter correction factor Sc, 
which has to be measured using the mini-phantom as described in this report. 
For specific cases, individual measurements of Sc may be needed. Factors 
influencing the phantom volume irradiated by the beam are taken into account 
by the phantom scatter correction factor SP. Because the variation of SP with 
variations of the mean energy of megavoltage photon beams is slow [56], in 
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2. SQUARE FIELDS 

general no further measurements will be needed for the determination of SP if 
beam modifying devices are applied. 

Some guidelines for the use of the scatter correction factors m more complex 
cases will be given in section 3. 

-/)\ - - - - - - - -

I 

f ref= 

SAD 

V c,ref 

a) b) 

f ref= 

SAD 

~---+- Ve 

---- - ---- ___ \V 

c) d) 

Figure 2.1 Measurement of the scatter correction factors Sep (a, c) and Sc (b, d). Sep and Sc data 
are derived directly from measurements relative to the reference irradiation set-up, using a full 
scatter water phantom and a mini-phantom, respectively. Phantom scatter data SP are then 
obtained by dividing Sep data by Sc data. SSD is taken equal to SAD (=fret, usually 100 cm); the 
depth of measurement d is taken equal to dret ( = 1 0 cm). 
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2. 2 Calibration and reference irradiation conditions 

For calibration purposes, the treatment machine is set in such a way that v e = 
V e,ref and V p = V p,ref at source-surface distance f equal to SAD ( = f ref). Usually' the 
monitor chamber of the treatment unit is calibrated to deliver a dose Deal per 
monitor unit (MU) of 1 cGy at the depth dm of maximum absorbed d ose on the 
central axis of the beam. This ca libration setting is used throughout this report, 
although other calibration settings are possible. 
We can then write (see figure 2.2): 

(2.2.1) 

Note: for 6°Co therapy machines the output is expressed in units of dose per 
unit of time, e.g., Gy.min- 1 at the date of calibration. Consequently, the quantity 
D eal should be expressed in corresponding units. For these types of therapy 
machines, this is implicitly assumed in the following sections. 

----i-------- -----
1 

_ Vc,ret =Vp,ref 

Figure 2.2 The monitor chamber of the treatment machine is calibrated to deliver a dose of 1 cGy 
per monitor unit at a depth of maximum absorbed dose, dm, in the reference field: 
Deal = D(vc,ref,vp,ref,dm,fref), with vc,ref = vp,ref = 10 cm x 10 cm and fret = 100 cm. 

Dosimetry protocols recommend determining the absorbed dose in a beam at a 

depth dret [28 ,4 7]. In order to relate the calibration dose at dm to the dose at dret , 
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use is made of the percentage depth dose of the calibration fie ld, 
PDD(vp,reffdret,fret), see figure 2.3, 

(2.2.2) 

which can be rewritten as: 

(2.2.3) 

This expression introduces the relative depth dose, ROD. For a given source
surface distance f and a given field vp, ROD is defined as the absorbed dose at a 
certa in depth d, normalized to unity at the reference depth dret· Its behaviour is 
analogous to that of the POD of the beam at the same SSD, although its 
normalization is at dret instead of dm. The ROD can be derived from POD data 
using: 

(2.2.4) 

From the definition it is clear that at depth d = dret ROD is always equal to unity, 
irrespective of field size, v P' or source-surface distance, f. 

_____ JK ____ _______ _ 

I 

V c,ref = V p,ref 

Figure 2.3 Dosimetry protocols recommend to calibrate a beam at the reference point in the 
reference field, i.e. at depth dret and field size vc,ret = vp,ret = 10 cm x 10 cm; fret = 100 cm. 
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2. 3 Calculation of the dose under non-reference conditions 

Beams with SSD = fret 

The absorbed dose at a point at the reference depth dref in a beam w ith arbi tra ry 
field size (v c' v P) and a reference source-surface distance f ref, is giv en by (see 
figure 2.4): 

D (v C' V P'drefr f ref) (2.3. 1) 

-- -- - ~---- - - -- ~ ---

1 

---------~--------

- - - -- - - - .. - -, -- - - - - .. - - - - J_ - - d,,, 

D(vc,Vp,dref, f retl 

Figure 2.4 Dose in an arbitrary field at depth dret and SSD equal to SAD: D(vc,vp,dret,fretl- The 
quantities Sc(vc) and SP(vP) are defined at depth dret and at source-surface distance \et· 
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From the definition of the relative depth dose, the absorbed dose at other depths 
d can be written as (see figure 2.5): 

(2.3.2) 

·----- r ------- ---
1 

, --------~--------

! . 
- - .- · - - · - - - - - - - - - - - I •· . •.- - - · · - ·_ - · - · . - - • · · ·· · ·. - - dref 

I 

d 

Figure 2.5 Dose in an arbitrary field at depth d and with SSD equal to SAD: D(vc,vp,d,fret). 
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2. SQUARE FIELDS 

Beams with SSD :;r f,et 

In the general case, when the SSD of a beam deviates from the reference SSD, 
the numerical value of the fi eld size vp,t is no longer numerically equal to that of 
the co llimator defined fi eld size v c· This general situation is shown in figure 2. 6. 
(Note that the term vp,t is used here for the fi eld size defined at the phantom 
surface positioned at an arbitrary f; the term vP is reserved for the case when f is 
equal to SAD. The term v(d) is used to indicate the fi eld size at depth d, i.e. at a 
source-to-point distance f + d.) 

According to the definitions in this report, vp,f and vc can both be considered as 
those quantities describing the field size of the beam; see figure 2.6.a. Values of 
the collimator scatter correction factors can be derived direct ly from 
measurements of Sc, which will in general be tabulated as a function of v c· 
However, values of the phantom scatter correction factor are determined at f ret , 
and will in general be available in a format for this f ref · 

The phantom scatter contribution to the dose at depth d depends on the size of 
the field at that depth, v(d), rather than on the fi eld size at the surface. This 
observation was first discussed by Johns et al. [32] and was taken into 
consideration in the relations between depth dose characte ri sti cs at different 
SSDs (see Burns, Appendix B in reference [8]). Phantom scatter correction 
factors can thus be used from measurements made at a reference source
surface distance (see figure 2.6.b) for a field size at f ret that projects to the same 
fi eld size v(d) at depth d as the field vp,t• 

- - ~ - - - -/~- - - - - - - - - - - - - - - - - - -

f ref 

I 

I 

--- ----~--------- ---· ~ 

- - - - - - - - - - - - - - - - - - - - - - - - · dref 

:::::: 

a) 

f,et 

-- -- -- ------r------ ------ ~ 

- - - - - - - - - - - - L - - - - - - - - - - - - - d,ef 
v(d) 

-1~-....._E::----------,---LP_ · ----==:::::,~ d -1, 

b) 

Figure 2.6 Dose in an arbitrary field at depth d and source-surface distance f, D(vc,vp,t,d,f). Here, 
the relations between field size at depth d, v(d), vc, vp.t and vP have to be taken into account (see 
text): vP = vp,t / F. 
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In order to obtain the correct phantom scatter correction factor at depth dret, a 
correction factor F is needed to relate the field size at depth to the field size at 
the surface, taking into account the different beam divergence for the different 
SSDs. The dose at a point can be calculated with the following expression, of 
which a more detailed derivation can be found elsewhere [71]. Here, only the 
resulting relation is shown between the dose at an arbitrary depth and an 
arbitrary SSD and the dose at reference conditions, Dret: 

(2.3.3) 

or rather, with equation (2.2.3) relative to the calibration dose, Dcai: 

(2.3.4) 

In these equations, the factor F corrects the field size to be used in the phantom 
scatter correction factor and in the ROD, according to [8,9]: 

fref + d f 
F = ----- X --- (2.3.5) 

fref f + d 
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2 .4 Calculation of treatment time and monitor units in the fixed 
SSD formalism 

Beams with SSD = fret 

For the situation where the source-surface distance equals SAD, t he number of 
monitor units N, required to deliver a prescribed dose, Dpresc ' t o the dose 
prescription point at any depth in an arbitrary field (i.e. with vc, vp, depth d, and 
f ref ), can now be calculated. 

Substitution of Dref from equation (2.2.3) into equation (2.3.2) yie lds a dose of 

In order to deliver the prescribed dose Dpresc at the specification point, N monitor 
units are required according to: 

(2.4. 1) 

Beams with SSD :;c fret 

For the more general case, where an arbitrary source-surface distance f is used, 
equation (2.4.1) can be rewritten using equation (2.3.5) to yield: 

(2.4.2) 
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2. 5 Calculation of monitor units in the isocentric formalism 

The isocentric set-up is widely used in external beam radiotherapy. In many 
institutions dose measurements are performed from which tissue-phantom ratios 
are derived as the basis for an isocentric calculation system. The reference 
irradiation conditions for these measurements are essentialiy different from those 
used in the fixed SSD formalism. In this paragraph, the basic definitions of the 
isocentric (or TPR) approach are given, together with the expression to calculate 
the number of monitor units for a certain prescribed dose; see also Appendix 8.3 
[71]. 

Analogous to the fixed SSD situation, we consider the isocentric situations of 
figure 2. 7. 

a) b) c) 

Da = D,e/so De =D,./50 s/so(vcl s/so(v/so (d)) 

TPR(v /so (d),d) 

Figure 2. 7 The use of the tissue-phantom ratio in dose calculations. 

The reference dose per monitor unit in the isocentric approach, Dre/s0
, is usually 

specified at the isocentre, at a reference depth, dret, equal to 1 0 cm, in an open 
beam with a field size of 1 0 cm x 1 0 cm defined at the isocentre, which is in 
most cases at a distance from the focus (SAD) equal of 100 cm. 

The collimator scatter correction factor for the isocentric approach, S/0
, is 

measured in the same manner as in the fixed SSD approach, i.e. using the mini
phantom with the detector at 1 0 cm depth, but now the detector is positioned 
at the SAD. As discussed in section 8.3, Sciso is equal to Sc. The phantom 
scatter correction factor for the isocentric approach, SPis0 (v(dret)), is derived from 
the ratio scpiso(v C' v(dref)) / sciso(v C), where scpiso(v C' v(dref)) is measured in a full 
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scatter phantom, again with the detector at the depth dret· v(dret) is the fi eld size 
at depth dret, i.e. at the isocentre. 

Beams with SSD = SAD-d 
For a point at the isocentre at any depth d, the absorbed dose per monitor unit 
for a collimator defined field size v c' field size v(d) at depth d and a source
surface distance equal to SAD-d, is given by: 

D(vc,v(d),d,SAD-d) = Ore/so x S/0 (vJ x Spiso(v(d)) x TPR(v(d),d) 
(2.5.1) 

The fi eld size at the isocentre v(d) also takes into account possible blocking of 
the beam. 

The number of monitor units N required to deliver the prescribed dose Dpresc at 
the specification point is now given by: 

(2.5.2) 

Beams with SSD :;c SAD - d 
For the more general situation where the dose specification point is not at the 
isocentre (i.e. where the source-surface distance f * SAD-d) the inverse square 
law with respect to the SAD has to be introduced and the dose is written as: 

(2.5.3) 

and equation (2.5.2) becomes: 

(2.5.4) 

Note that the quantities used in these equations are derived from the isocentric, 
i.e. the TPR approach, and these should not be confused with those from the 
fixed SSD approach. The relations between Dre/s0 and Dret; Sciso and Sc; Spiso and 
SP are given in Appendix 8.3 [71]. 
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3. Scatter correction factors for non-square fields, fields with 
wedges, compensators and trays 

3. 1 Rectangular and irregularly shaped fields 

The collimator scatter correction factor Sc in rectangular fields 
It has been shown by several authors that for rectangular fields the collimator 
scatter correction factor Sc, and therefore the total scatter correction factor for a 
given collimator setting, will be different if the upper and lower collimator jaws 
are interchanged [24,57-59,62]. This effect is commonly described as the 
collimator exchange effect, CEE. The effect originates from different amounts of 
radiation scattered backwards from the upper and lower collimator jaws into the 
beam monitor chamber [ 14, 18,24,41] and from differences in energy fluence of 
photons originating from the flattening filter reaching the point of interest [3]. 
The magnitude of the collimator exchange effect depends on the construction of 
the head of the treatment machine including such factors as the dimensions and 
material of the flattening filter, the presence of collimator satellites close to the 
monitor chamber, the distance between the upper collimator parts and the 
monitor chamber, and the presence of shielding material in the accelerator head. 

Accurate calculation of the output of rectangular fields requires the 
determination of Sc values for the large range of irradiation geometries used 
routinely in the clinic. A two-dimensional table can be constructed, often 
obtained from measured and partly interpolated or fitted data. The use of a 2-D 
table is in principle simple and accurate. It can easily be incorporated in 
calculation systems using present-day computer technology. The beam data in 
this report have been presented in this way. However, the determination of the 
2-D table of Sc values is time-consuming and, therefore, methods to minimize 
the number of measurements might be considered [24,31,57-59,62]. 

Analytical approximations 
Most methods given in the literature for estimating Sc of a particular rectangular 
field are based on the determination of the equivalent square field yielding the 
same Sc value (4,55,57,62]. In general, equations are proposed for which 
parameters have to be determined from Sc measurements for a limited number of 
square and rectangular fields. Various methods, based on the equivalent square 
field method, have been analyzed by Jager et al. [31] for a large number of 
treatment machines and photon beam qualities with respect to the accuracy in 
estimating the Sc value of rectangular fields. The data-fitting method described 
in their paper is at the moment the most accurate one. Applying that 
methodology, Sc values can be estimated with deviations smaller than 0.8% 
between the estimated and actual Sc values for all collimator settings and for 
various types of treatment machines. However, the authors concluded that a 
model based on the physical characteristics of a treatment head might be helpful 
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for the accurate calculation of Sc va lues for all treatment machines in c linical use 
(Appendix 8. 7). 

Physical models 
Other m ethods, based on a more fundam ental considerati on of the origin of the 
collimator scatter components, have been suggested. By using Monte Carlo 
ca lculations, the head of the treatment unit can be modelled, from which the 
relative importance of the different components of Sc can be deduced [2,3, 11]. 
Using this method, the flattening filter and the primary co llimator w ere clearly 
shown to be the most important contributors to Sc [3, 11]. Ahnesjo et al. [3] 
developed a convolution method to describe the field size dependence of the 
output factors for use in a treatment planning system. Yu and Slaboda [7 4] 
applied an integration technique over the surface of the flattening filter as seen 
from the detector to predict Sc in a two-component x-ray source model. Some 
empirica l methods based on the form of the flattening filter and its relative 
position in the treatment head were discussed by Lam et al. [ 40]. A simple 
equiv alent square formula was proposed by Kim et al. [35], in which a field that 
is defined in the source plane is mapped back into the detector plane by an 
equiv alent field relationship . All these approaches have in common that 
geometrical details of the treatment head, sometimes deduced from 
measurements, are used in the models. Some have been developed as treatment 
planning system algorithms [3], others can be used in hand calculations [35]. 
Another simple and accurate method of calculating Sc of a rectangular field was 
suggested by van Gasteren et al. [67]. In that paper, the amount of scatter is 
taken into account that arrives at the reference point from the beam flattening 
filter in the head of the treatment machine. When the scattering fi lter is vi ew ed 
from this point, it is evident that for a square fie ld (X,X) the lower set of 
collimator blocks defines a larger part of the flattening filter than the upper set. 
A scal ing term can be used to find the effective field size that defines a square 
projection at the level of the flattening filter when viewed from the reference 
point. This approach is described in somewhat more detail in Appendix 8. 7. 2, 
including the iteration steps needed to obtain the scaling factor. See also 
reference [67] for open beams and reference [68] for wedged beams. 

If any of these approaches to obtain Sc values for the full 2-D table of all 
rectangular fi eld sizes used in the clinic is not possible, direct measurement is 
recommended inst ead. 
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Figure 3 .1 Two situations w it h blocks on the tray are shown : a) with an open ' v iew ' of the 
fl attening filter resu lting in a solid angle na; b) w it h t he 'view' of the fl attening f il t er part ly shielded 
by a block, resulting in a smaller so lid angle nb. 

The effect of partial shielding of the flattening filter on S c 
It has been shown that the amount of photons scattered in the treatment head 
and directed to the point of dose measurement is almost completely determined 
by the scattering processes in the flattening filter and the primary collimator. 
Photon scatteri ng at the adjustable secondary collimator jaws can be ignored or 
is of minor importance [2, 11,44,60]. The variation of the collimator scatter 
correction factor with changing collimato r setting can, therefore, be related 
directly to the volume of the flattening filter 'seen' from the point of interest. 
Positioning of customized blocks on a tray below the collimator jaws might 
influence Sc of the open beam due to the partial obscurance of the flattening 
filter as seen from the point of interest (see the solid angles Q a and Q b in figure 

3. 1). A general quantitative description of this effect on Sc is difficult, but a 
geometrical examination of the construction of the head of v arious treatment 
machines shows that only in the case of rather extreme blocking the effect of 
the additional customized blocks is more important than t he shielding effect of 
the movable collimator jaws [4 1,45,60,63]. The point where customized blocks 
will start to influence the Sc v alue of the open field can be estimated (see 
Appendix 8. 5) and depends on the construction detail s of the head of the 
treatment machine. These may differ considerably between the different types , 
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as shown in figure 3.2. A detailed description of the head is needed for a proper 
application of the method suggested in Appendix 8.5. 

The value of the collimator scatter correction factor of the blocked irradiation 
field, Sc,block, can thus be taken equal to Sc of the unshielded beam, as long as t he 
part of the flattening filter that can be seen from the point of measurement for 
the blocked field is determined by the collimator jaws only (figure 3. 1 .a). In other 
situations, Sc,block must be determined by measurement and , consequently , must 
replace Sc in the equations of chapter 2 (figure 3. 1 .b). 

The phantom scatter correction factor SP 
For rectangular fields, changes in the energy spectrum of the primary photon 
beam with varying field size can be neglected. SP data for these fields can be 
obtained by applying Clarkson's method in a simple computer program using SP 
data determined for square fields [ 1 3]. The equivalent square fields method 
[8,9,50] for the determination of the POD and phantom scatter factors for non
square fields is widely used in clinical practice. Its accuracy is, however, 
somewhat inferior to that of the Clarkson method if the SP values have to be 
determined for different beam qual ities. The equivalent field sizes given in the 
BJR Supplements 17 and 25 [8,9] are mean values obtained by considering 
photon beams over a wide range of radiation qualities, and, furthermore, in the 
determination of the equivalent square fields, the head and phantom scatter 
dose contributions were not separated. 

By carrying out this separation and applying Clarkson' s method for each beam 
quality independently, improvements of the order of magnitude of 0.5 to 1 .0% 
are possible in the determination of SP especially for elongated fields. A new 
table of equivalent squares, to be used for SP (as well as for POD and TPR), has 
been proposed for this purpose by Venselaar et al. [70]. It js based on data 
gathered from a large number of beam qualities in the range of 6°Co to 25 MV 
and is included in this report (Appendix 8.6). 

For irregular fields, neither the presence of shielding blocks nor the tray 
significantly influence the energy spectrum of the photon beam, and their 
phantom scatter correction factor SP(vp,block) can be calculated from SP data for 
square fields, again applying Clarkson' s method. 
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Figure 3.2 Construction drawings of the head of four different treatment machines. Note that the 
distance between the flattening filter and the upper collimator blocks differs considerably between 
the collimator designs. The geometry in which extreme blocking will influence Sc will be different 
for the four machines. 
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3.2 Wedges and compensators 

Wedges and/or compensators are inserted in the beam to modify the dose 
distribution in the patient, e.g., to compensate for variations in body contour, for 
the presence of inhomogeneities or to generate intensity modulated beams that 
can be used to optimize the dose distribution. For these irradiation geometri es Sc 
values deviate from the values of the open beam due to changes in the energy 
fluence at the point of interest as well as in the amount of radiation scattered 
backwards into the monitor chamber in the head of the treatment machine 
[22,26]. Wedges and compensators are generally made of high-Z materia ls. 
Depending on the construction of the treatment machine, wedges can be 
situated below the co ll imator jaws, or mounted in the head of the treatment 
machine between the monitor chamber and the collimator jaws. Compensators 
are, in general, placed below the co llimator jaws. Both devices must be 
considered as an important additional extended source of scattered photons. 
These additional scattered photons in the beam can be taken into account by 
applying an effective source-surface distance in the inverse square law term in 
the dose calculation formalism instead of the geometrical distance as used for 
the open beam situation. Furthermore, the energy spectrum of the primary beam 
will be modified [20,22,26,52,61]. 

In principle, both the wedge and the compensator influence the energy fluence 
per monitor unit at the point of interest in a similar way. Therefore, only the 
effect of the wedge will be discussed here. 

Definition of the reference wedge transmission factor, WFret 
For the open beam situation of an arbitrarily defined fi eld, equation (2.3.3) Is 
written as: 

(3.2.1) 

while for the same beam with a wedge the corresponding equation is: 

(3 .2.2) 

The subscripts of the quantities refer to the open and wedged beam situations, 
respectively . Note that in the w edged case the subscript w is added to the 
source-surface distance, f w, in the inverse square law term to indicate that an 
effective source-surface distance is used. 
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The wedge transmission factor WF is defined as the ratio of the dose per 
monitor unit measured with and without the wedge in the beam. It is 
emphasized that, by convention, this definition is given here only for the 
reference depth, dret· This limitation is in agreement with the definitions of other 
quantities at the same depth (e.g. SP, Sc, Dref), and with the practical use of 
wedge transmission factors. At the same time, it is concluded from this 
definition that the possible depth dependence of the wedge transmission factor 
is taken into account via the different RDDs of the wedged and open beam. 
These should be made available as separate m easurements for the open and 
wedged beams. Thus: 

(3.2.3) 

The wedge transmission factor WF is used as a m easure of the wedge-induced 
change in the energy fluence per monitor unit measured at the point of interest 
(at the reference depth) in the beam [29]. Considering the arguments given 
above, the influence of the wedge vari es with collimator setting vc and with 
source-surface distance. W e now define WFref, the reference wedge transmission 
factor, as the wedge transmission factor for the reference irradiation condition: 

WFref = WF(v cref , V pref, dref1 f ref) 

Dw(V cref, V pref, dref , f ref,w) / Dopen (V cref ' V pref ,dref , f ref) 

Dref,w f Dref,open (3.2.4) 

Then, by combining (3.2 .1) to (3.2.4) it is found that 

X { ( f ref, w + d ref) / ( f w + d ref) } 2 
/ { ( f ref + d ref)/ ( f + d ref) } 2 

(3.2.5) 

In order to simplify this expression, the factors are discussed separately. 

WFref 
Wedge induced changes in the energy spectrum of the scattered beam are larger 
for low energy than for high energy megavoltage photon beams. It was shown 
that for a 4 MV x-ray beam of an ABB linear accelerator this effect results in a 
1 . 5 % lower value of the wedge factor if measured in a full scatter phantom 
compared with values determined in a mini-phantom, independent of fi eld size 
[22]. For this reason the general ru le should be that the reference wedge 
transmission factor is determined in a full scatter phantom. 
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The ratio Sc, w I Sc,open 

Because the wedge behaves as an extended source of scattered photons, a 
stronger variation of the energy fluence per monitor unit at the point of interest 
with collimator setting will occur. For example, Sc w(vc) varies with the collimator 
setting over a wider range than Sc,open (vc) for the open beams. Variations up to 
8% have been reported [22,61,75]. If the wedge is situated at a fi xed position 
in the treatment head the magnitude of this effect will be less pronounced if it is 
measured at larger wedge-to-point distances, i.e. at larger SSDs. This is 
explained by the fact that the contribution to the energy fluence per monitor unit 
at the point of interest of the photons coming from the wedge, relative to the 
contribution of the primary and scattered photons originating from the flattening 
filter, will decrease for larger SSDs because of the different relative positions of 
the wedge and the target with respect to the point of interest [22]. 

The ratio Sp,w I Sp,open 

For most photon beam qualities, no change in SP has been observed if a wedge 
is inserted in a photon beam [22]. As the shift in the quality index of a wedged 
beam is relatively small compared with the open beam situation, this resu lt is in 
agreement with the observed slow variation of SP with beam quality (see also 
section 5.3.1) [56]. Consequently, the ratio of SP values in wedged and open 
beams, as required in equation (3.2.5), is close to unity. For the purpose of 
calculation of monitor units, this means that SP values of the open beam can 
also be applied for the wedged beam. 

The ratio of inverse square law terms 
The main source of photons in an open beam is a small focal spot on the target 
of the linear accelerator. If a wedge is inserted, a diffuse source of scattered 
photons is added to the beam. The angular distribution of the scattered photons 
from a wedge is relatively wide. If the wedge is positioned high up in the beam 
defining system of the machine, the extra photon contribution may still be 
assumed to obey the inverse square law at clinically used distances. The 
effective source-surface distance is then close to that of the open beam. 
Nevertheless, small deviations may occur and these should be taken into 
account in dose ca lculations. The magnitude of the deviations has to be 
determined for each beam separately, by performing measurements of wedge 
transmission factors at different source-surface distances. If a wedge is 
positioned below the collimator jaws (see figure 3.2 for an example), the effect 
is more pronounced because of the shorter distance between wedge and point 
of measurement. 

Influence of a wedge on RDD (PDD) 
The above mentioned wedge induced change in the energy spectrum of the 
primary photon beam can result in a different ROD (POD) curve compared to the 
open beam. This variation is usually attributed to beam hardening, although 
beam softening might also occur, especially for high energy photon beams 
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[22,52]. In addition, wedge-induced changes in the electron contamination can 
drastically change the ROD (POD) curve in the first few centimeters. Therefore, 
for treatment planning purposes, it is strongly recommended to measure and 
implement depth dose curves for wedged photon beams, RDDw. 

Definition of the relative wedge transmission factor, RWF 
We can now define the relative wedge transmission factor, RWF(vc,f), as the 
ratio of the wedge transmission factor at depth dret in a particular irradiation 
condition WF(v C' V P'drefr f)' and the reference wedge transmission factor WFrefr 
RWF(vc,f) = WF(vc,vp,dret,f) / WFret· Using the assumption, as described above, 
that the ratio of phantom scatter correction factors is close to unity, RWF is 
then found from equation (3.2.5) as, 

(3.2.6) 

Combining the equations now yields the dose in a wedged beam, which can be 
calcu lated according to: 

(3.2.7) 

It should be noted here that expression (3.2.6) is only meant to show which 
factors influence the value of RWF. It is not meant to derive RWF values from 
experimentally determined effective source-surface distances. The most 
straightforward approach is to assume f w to be equal to f and to determine RWF 
by experiment as a function of the col limator setting v c for a number of different 
SSDs. From these measurements, interpolation and extrapolation will yi eld a 
good result for most clinica l situations. RWF(vc,f) can be determined in a ful l 
scatter phantom or in a mini-phantom. The measurement geometries are shown 
in figure 3.3. 

In summary, the factor WFret takes into account the reduction of the energy 
fluence per monitor unit at the point of interest with respect to the open beam 
for the reference irradiation condition. The factor RWF takes into account the 
variation in this reduction for non-reference field sizes and non-reference SSDs. 

Influence of field elongation 
The measurement of wedge transmission factors is often limited to square fields 
in the range of field sizes used clinically. Several authors presented 
measurements of wedge factors in rectangular fields [52,61,68]. The best 
approach appears to apply an equivalent square field size method and then to 
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interpolate between measured values of square fields, as long as the elongation 
ratio of the fields is less than 3. For ratios larger than 3, it is recommended to 
determine the wedge transmission factors by measurement . In this way, an 
agreement between prediction and measurement in rectangular w edged fields 
within 1 % can be achieved [52,58,62]. 
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-_ J _ · d,er 

b) D,er WF,er 
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Figure 3.3 WFret is derived from measurements a) and b) in a full scatter phantom. For the 
reference source-surface distance f,et, RWF(v c' fret) is found as a function of v c from the ionization 
chamber readings in the full scatter phantom or in a mini-phantom, resulting from measurements 
b) and c), with and without a wedge in the beam. To investigate the influence of the source
surface distance on the value of RWF(vc,f), measurements c) and d) at different SSDs, but with 
the same collimator setting, should be performed . 
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Compensators 
A compensator can be considered as a more sophisticated type of wedge, 
influencing the dose distribution in any direction perpendicular to the beam axis, 
instead of the one-directional effect typical of a wedge. Compensators are 
generally customized for the individual patient and, therefore, published data are 
scarce. However, it can be expected that the influence of the compensator on 
the phantom scatter shows the same behaviour as that observed with a wedge. 
Only wedge induced effects are discussed here for this reason. In case 
compensators are used, the same recommendations apply, which shou ld be 
verified for a few specific situations. 
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3.3 Fields with a tray 

In clinical practice, irradiation fields are often partially shielded with customized 
blocks from high-Z material positioned on a tray which, in turn, is mounted 
below the collimator jaws of the treatment machine. The source-to-t ray distance 
is approximately 2/3 of the SAD. For a clear understanding of t he resulting 
changes in collimator scatter correction factors it is helpful to separate the origin 
of the changes of Sc into two parts: the influence of photon attenuation and 
scatter in the material of the block support, or tray, on the energy fluence at the 
point of interest, and the energy fluence reduction due to the partia l shielding of 
the flattening filter by the additional customized blocks. This latter effect has 
already been discussed in section 3. 1 . 

The effect of a tray on the dose 
The tray on which the blocks are positioned attenuates the energy fluence of the 
primary photons in the beam. In addition, scattering of photons in the tray 
material takes place, contributing to the dose at the point of interest [30]. The 
relative importance of this effect depends on the beam quality, the thickness and 
material of the tray, the actual size of the irradiated tray surface, and the 
distance between the tray and the phantom or patient surface [21]. The 
presence of the tray in the photon beam will not result in an appreciable amount 
of backscattered photons into the monitor chamber, due to thei r large mutual 
distance. However, the effects on the dose distribution due to the presence of a 
tray in a beam are essentia lly the same as for wedges and compensators. 

The effect of the tray on the dose value at a particular point is usually taken into 
account by applying a tray factor. This tray transmission factor TF is defined as 
the ratio of the dose measured at the reference depth, with and without the tray 
in the beam for the same number of monitor units: 

(3.3.1) 

Two comments with respect to the tray transmission factor can be made. 
Firstly, for a particular quality of the photon beam and tray design, the influence 
of the tray on the energy fluence varies with the actual field size projected on 
the tray, vtrav' taking the blocked area into account. The magnitude of this 
variation depends on the tray-phantom distance TPD and therefore on the 
source-surface distance, since the tray is mounted at a fixed position below the 
head of the treatment machine. In a similar way as for the wedge transmission 
factor, TF can be written as the product of the reference tray transmission factor 
TFret and a relative tray factor RTF(vtrav ' TPD), which takes into account the field 
size and distance dependence. The reference tray transmission factor TFret is the 
transmission factor measured in the reference irradiation set-up: 
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TFref TF(v cref, V pref, dref, f ref) 

Dtray(V cref, V pref, dref ' f ref) / D open (V cref, V pref, dref, f ref) (3.3.2) 

The relative tray transmission factor RTF(vtrav,TPD) can be found from the ratio 
of TF(vtrav ' TPD) and TFref, which is equivalent to the ratio of collimator scatter 
correction factors measured with and without a tray in the beam: 

A s discussed previously for wedges, the presence of the tray has only a minor 
influence on the phantom scatter contribution and, therefore, on the percentage 
depth dose value at depth dref [22]. 

The second comment about the tray factor is that RTF(vtrav ' TPD) is c lose to unity 
when nearly water equivalent materials, e.g. PMMA, with thicknesses up to 10 
mm are applied: RTF varies less than 2 % for field sizes varying from 4 cm x 4 
cm to 40 cm x 40 cm [69]. A more pronounced variation will be observed for 
larger thicknesses of the tray material and /or shorter TPDs. Because of the 
relatively small effects found experimentally for PMMA thi cknesses :::;; 10 mm, 

one may in general replace vtrav by the collimator setting v c, unless extreme 
blocking is applied: RTF(vtrav ' TPD) = RTF(vc, TPD). 

From these observations it can be concluded that the tray transmission factor 
can be m easured with the mini-phantom as well as in a full scatter phantom, 
according to the measurement geometries of figure 3.4. The values of 
RTF(vtrav' TPD) have to be obtained for a number of square field sizes covering 
the full range of c linically used fields and a number of tray-phantom distances 
(see figure 3.4). In a similar way as for wedges, it is recommended to repeat the 
measurements at two other source-surface distances, for example 80 and 1 20 
cm. For rectangular fi elds, an equivalent square field method can be used to 
obtain a reliable interpolation. 

Influence of a tray on RDD 
It has to be noted that for short distances between the tray and phantom 
surface, electron contamination will substantially increase the surface dose. This 
effect will not influence the readings resulting from the choice of dref at a depth 
larger than the range of the contaminating electrons. The variation in the amount 
of contaminating electrons, however, will affect the ROD of the open beam in 
the first few centimeters. If clinically relevant, these deviations could be 
determined by measurements and incorporated in a RDDbiock· 
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Figure 3.4 The reference tray transmission factor TF,et is derived from measurements a) and b); 
then, for a speci fi ed tray-phantom distance TPD, the relative tray factor RTF(vt,av' TPD) can be 
derived from b) and c) as a function of vt,av· For a specified vt,av' RTF(vt,av' TPD) can be derived 
from measurements c) and d) at other SSDs . Measurements can be performed both in the mini
phantom and in the full scatte r phantom. In most cases, vt,av can be replaced by vc (see text). 
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3.4 Recommendations with respect to monitor unit calculations 

Wedges and compensators 
It is recommended to determine by measurement the wedge transmission factor 
WFret in the reference irradiation set-up. The relative wedge factor RWF(vc,f) has 
to be measured as a function of the collimator setting vc, i.e. for the full range of 
square fields. This measurement of RWF has to be repeated for a number of 
source-surface distances f, covering the range of SSDs applied in clinical routine. 
Furthermore, the relative depth dose curves of the wedged photon beam, 
RDDw(vp,d, f), have to be measured. 

In the ca lculation of the number of monitor units N, equations (2.4.1) and 
(2.4.2) must be modified to take the presence of the wedge into account. The 
product of Sc(vc) x RDD(vp,d,f) of the open field is replaced by the product of 
Sc(vc) x WFret x RWF(vc,f) x RDDw(vp,d,f), which leads for beams with a source
surface distance = fret to: 

and for beams with source-surface distance -:f:. fret to: 

(3.4.2) 

Fields with tray and blocks 
It is recommended to determine the tray transmission factor TFret in the 
reference irradiation set-up. A lso, the relative tray factor RTF(vtrav' TPD) has to be 
determined by measurement of the full range of square f ield sizes defined at the 
level of the tray, vtrav ' and for a few representative tray-phantom distances, TPD. 
Tray transmission factors may be measured with the mini-phantom as well as in 
a full scatter phantom. In addition, Sc,block has to be determined by the 
measurement of irradiation geometries where extreme blocking is applied. 

In the calculation of the number of monitor units, equations (2.4.1) and (2.4.2) 
must be modified to take into account the effect of the tray and of the shielding 
blocks. The factor Sc(vc) for the open fields is replaced by the product of TFret x 
RTF(vtray, TPD) X s c,block (vtra)' which leads for beams with source-surface distance 
f ref to: 
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3. NON-SQUARE FIELDS, WEDGES, TRAYS 

N 

and for beams with source-surface distance =f:. fret to: 

(3.4.4) 

Note 1 : for compensators, the recommendation 1s similar to that for wedged 
fields. 

Note 2: if combinations of wedges and blocked fields are used, both correction 
steps have to be introduced in the calculation procedures. 
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4. EXPERIMENTAL DETERMINATION OF SCATTER FACTORS 

4. Experimental determination of scatter correction factors 

4. 1 Square and rectangular fields 

Sc(v c) has to be measured for each available photon beam quality. The ionization 
chamber is placed in the mini-phantom on the central axis of the beam, with the 
surface of the phantom positioned at an SSD equal to the SAD (figure 2. 1 ) . The 
chamber axis may be parallel to the axis of the beam to allow measurements of 
small fi elds (see also Appendix 8.8). The ionization chamber readings hav e to be 
corrected for stem and/or cable effects, if present. The construction of the mini
phantom is such that the centre of the air cavity of the chamber, assumed to be 
the effective point of measurement, is positioned at a depth of 10 cm. Note that 
the actual position of the effectiv e point of measurement is not critica l. It is, 
howev er, essential that the measurements are restri cted to field sizes larger than 
the size of the mini -phantom itself, to avoid any penumbra effect and/or field 
size dependent phantom scatter dose contribution in the measurement of Sc. 

Sc(v c) has to be determined for square and rectangular co llimator settings 
corresponding to those generally used in the clinic, from a minimum fi eld size of 
4 cm x 4 cm or smaller if possible, up to the maximum fi eld size, e.g. 40 cm x 
40 cm. In order to obtain Sc values for the rectangular fields, two approaches 
can be followed. In the first approach, Sc is simply m easured for the full range of 
rectangular collimator settings, with the X- and Y-jaws set independently at, for 
example, 3, 4, 5, 6, 8, 10, 12, 15, 20, 25, 30, 35 and 40 cm. In the second 
approach, a limited set of square and rectangular fi elds could be m easured, after 
whi ch a dat a fitting method must be applied to complet e the 2-D table of Sc 
v alues. For this purpose, a method based on a physical model of the beam is 
suggested by van Gasteren et al. [67], while analytica l methods w ere discussed 
by Jager et al . [31]. The proposed approach of Jager et al. is based on a set of 
measurements of eight square and twelve rectangular fields. For both 
approaches and for references to other methods, more details are given in 
Appendix 8.7.2. 

Scp (vc,vp) has to be measured for each av ai lable beam quality using the geometry 
shown in figure 2. 1. An ionization chamber, with its effective point of 
measurement at depth dret = 1 0 cm on the beam axis, is placed in a full scatter 
water phantom. The phantom surface is set at an SSD equal to the SAD, usually 
1 00 cm for linear accelerators and 80 cm for 6°Co units. The reading of the 
ionization chamber should be corrected for stem and/or cable effects if present. 

It is recommended to measure Sep data in the same square field size settings as 
used in the Sc measurements . For the purpose of checking the results, it is 
recommended to obtain Sep values by direct m easurement for a number of 
rect angular fi elds . 
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4. EXPERIMENTAL DETERMINATION OF SCATTER FACTORS 

Phantom scatter correction factors SP(vP) for square fields can be derived from 
the ratio of Scp(vc,vp) and Sc(vc) by using expression (2.1.3). These results should 
be compared with data published in this report; see section 5.3 and Appendix 
8. 7 .1. Deviations in SP values larger than 1 % should be investigated . 

The procedures used in the clinic to derive Sc and SP values fo r rectangul ar 
fields, e.g. based on an equivalent squares method or on look-up t ables, should 
be checked for consistency with the measurements. It is recommended to try 
and maintain the difference between the product of the Sc and SP data, obtained 
in this way, and the Sep values from direct measurement within 1 % . 

4.2 Wedges and compensators 

For wedged fields the reference wedge transmission factor WFret should be 
determined in a full scatter phantom, while the relative wedge transmission 
factor for other field sizes and source-surface distances, RWF(v c' f), may be 
determined in the full scatter phantom or in the mini-phantom (see figure 3 .3). 
The use of higher density build-up caps, e.g. brass, instead of a mini-phantom 
for the measurement of RWF is not recommended [23, 73]. WFret is the ratio of 
the dose per monitor unit in the reference irradiation set-up with a w edge in the 
beam to the dose per monitor unit in the same field without the wedge: WFret = 
Dw(v c.ret, vp,ret, fret) / Dopen(v c,ret, v p,ret, f ret). RWF is found from the ratio of the wedge 
transmission factors determined for a specified field size and SSD, normalized to 
unity for the reference geometry: RWF(v c' f) = WF / WFret· 

The number of relative wedge transmission factor measurements can be limited 
to square fields in the range of field sizes used clinically. It has been shown that 
for rectangular wedged fields, the relative wedge transmission factor can be 
determined in a first approximation by applying the equivalent square field size 
method and interpolating between measured Sc values of square fields 
[52,58,61 ]. This should be checked by direct measurements of a few elongated 
fields. As for the open beams, relative depth dose curves for wedged beams 
RDDw(vp,d,fret) have to be determined for square field sizes. 

Systematic determination of the influence of a compensator on Sc, SP and ROD 
is not easy to perform due to the variability in the 3-D geometrical 
characteristics of the compensator. Therefore, it is recommended to directly 
measure the effect of a number of compensators typically used in the clinic on 
the dose at the specification point. 
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4. EXPERIMENTAL DETERMINATION -OF SCATTER FACTORS 

4.3 Blocked fields 

For the . determination · of the ref erence tray transmission factor TFref 
measurements must be performed in the reference irradiation set -up (with and 
without the tray in the beam) for the same number of monitor units. The field 
size dependence, accounted for in the relative tray transmission factor RTF, 
should be determined for a number of square field sizes covering the range of 4 
cm x 4 cm · to 40 cm x 40 cm. The dependence of TF on the tray-phantom 
distance TPD is found by repeating this measurement at other source-surface 
distances, for example, at SSD equal to· 80 cm and 1 20 cm. RTF. is found from 
the ratio of the tray transmission factors determined for a specified field size and 
tray-phantom distance, normalized to unity for the reference field: HTF(vc) = TF/ 
TFret· TF and RTF can be . determined using either a mini-phantom or a full scatter 
water phantom. The measurement set-up is similar to that used for the 
determination of Sc and Sep and is illustrated in figure 3.4. 

If extreme blocking of fields is used, Sc block has to be determined by 
measurements using a mini-phantom. The measurements are only needed for 
situations where the flattening filter, as seen from the point of interest, is 
partially or totally shielded by the additional blocks. The most practical way to 
perform this measurement is to leave the tray in the beam in both situations and 
to remove the field size dependence of the tray by dividing the readings for the 
blocked fields by the relative tray factor RTF. The result of the division is Sc,block' 
which replaces Sc of open fields in the mathe_matical expressions. For blocked 
fields it is not necessary to determine SP from direct measurements of Sw It is 
sufficient to use the phantom scatter correction factor of a field v P equivalent to 
that of the blocked field size. 

As a final check, it is recommended to check by direct measurement the 
calculated product TFref X RTF(vtray, TPD) X sc,block(vtray) X Sp(vp) for sev eral blocked 
fi elds. Correspondence should be within 1 % . 
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4. EXPERIMENTAL DETERMINATION OF SCATTER FACTORS 

4.4 Summary 

Table 4.1 Summary of measurements to obtain the data needed for dose calculation procedures. 

quantity field description square fields 11 rectan ular fields SSD phantom21 

RDD open + +3) 100 fsp 
wedged + +3) 100 fsp 

Sep open + +3) 100 fsp 
wedged + +3) 100 fsp 

Sc open + +4) 100 mp 
wedged + +3) 100 mp 
tray + 100 mp 

WFref wedged/open 10 cm x 10 cm 100 fsp 

TFref tray/open 10 cm x 10 cm 100 mp or fsp 

RWF wedged + +3) 80, 100, 120 mp or fsp 
RTF tray + 80, 100, 120 mp or fsp 

1. For these measurements the side of the square fields can, for example, be set to 3, 4, 5, 6, 8, 10, 12, 
15, 20, 25, 30, 35 and 40 cm. 

2. fsp = full scatter phantom; mp = mini-phantom 
3. For these sets of measurements a limited number of elongated fields has to be chosen for the purpose 

of checking the data against published data (e.g. SP) and/or confirmation of the outcome of calculations; 
for example, the application of the equivalent square field method. 

4. Full sets of rectangular fields are needed, with independent setting of the X- and Y-collimator jaw at, for 
example, 3, 4, 5, 6, 8, 10, 12, 15, 20, 25, 30, 35 and 40 cm. Fitting procedures may be applied to 
limit the number of measurements of rectangular fields. 
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5. BEAM DATA 

5. Experimental data 

Sw Sc and SP data have been collected for a wide range of photon beam 
qualities (from 6°Co to 25 MV photon beams) and a variety of treatment 
machines, using the methods described in the previous sections. In table 5. 1, 
some characteristics of these beams and machine types are listed. Nominal 
beam energies and quality indices have been tabulated. The last columns show 
whether data of square and rectangular fields or only square fields were 
available. The most typical observations will be briefly discussed in the following 
sections. 

5.1 Total scatter correction factors, Sep 

5. 1 . 1 Sep for square fields 

Sep values determined in a number of photon beams are shown in figures 5.1 .c 
to 5.8.c as a function of the side of a square field. The data given in these 
figures indicate that beams with the same nominal energy, but generated by 
different machines, give different Sep values. Note that the Sep curves from the 
GE-CGR accelerator beams are much steeper than those from other machines 
with the same nominal beam energy. This effect was observed earlier by several 
other groups [33 ,45, 5 7] and is explained by the construction details of the 
treatment head (see figure 3.2). The flattening filter of GE-CGR machines is 
much wider, and is positioned at a more downstream position compared with 
other machines. 

5.2 Collimator scatter correction factors, Sc 

5.2.1 Sc for square fields 

Sc values of the same beams are shown in figures 5.1 .a to 5.8.a as a function of 
the side of a square field. For reasons of comparison, Sc was measured with a 
mini-phantom, also with a water-equivalent build-up cap in two 6°Co beams and 
in a 4 MV x-ray beam. Within the experimental uncertainty of approximately 
0.5%, both methods yielded the same results. For higher nominal beam 
energi_es, larger differences were observed [73]. 

It can be noted that similar to the Sep curves the Sc curves from the GE-CGR 
accelerator beams are much steeper than those of other machines. An overall 
variation of the Sc values of the order of 15% is observed for the GE-CGR 
accelerators compared with 8% for the other accelerators when varying the field 
sizes from 4 cm x 4 cm up to 40 cm x 40 cm. 
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Table 5. 1 Some characteristics of the beams of which data are available. Indicated are: nominal accelerator 
potential (E), quality index (QI) and whether Sc and SP data for square and rectangular fields (r), or only for 
square fields (s) are available. 

square (s) or rectangular (r) 
# Manufacturer7 Type E (MV) QI fields measured 

s s 

1 AECL Theratron 780 6oco 0.572 s s2 

2 Philips 6oco 0.572 s s2 

3 Philips 6oco 0.572 s s2 

4 Varian Clinac-4 4 0.616 s s 
5 ABB Dynaray-4 4 0.614 s s 
6 Philips SL75-10 6 0.650 s s 
7 Siemens MV 6 0.675 s s 
8 Philips SL25 6 0.678 s s 
9 Varian Clinac-6 6 0.650 s s 
10 GE-CGR Saturne-41 6 0.670 
11 Philips SL15 6 0.680 
12 Philips SL20 6 0.679 
13 ABB Dynary-20 6 0.687 
14 Philips SL75-20 8 0.714 s s 
15 Philips SL75-14 8 0.714 s s 
16 GE-CGR Saturne-41 10 0 .729 
17 Siemens Mevatron74 10 0.734 s s 
18 Philips SL15 10 0.737 
19 Philips SL75-20 16 0.763 s s 
20 ABB Dynaray-20 16 0.772 
21 Philips SL20 18 0.774 
22 GE-CGR Saturne 18 0.758 s s 
23 GE-CGR Saturne 23 0.783 s s 
24 Philips SL25 25 0.783 
25 GE-CGR Sagittaire 25 0.783 s s 

AECL/Theratronics, Kanata, Canada; GE-CGR, Bue, France; ABB, Baden, Switzerland ; Varian, Palo 
Alto, USA; Philips, Crawley, UK; Siemens, Erlangen, Germany. 

2 SP data for the 6°Co beams were taken from reference [8] and recalculated to dret· 
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figure 5.1 Sc, SP and Sep data as a function of the side of a square field of 6°Co beams (beams 1-
3). Data are normalized at depth dret· 
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Figure 5.2 Sc, SP and Sep data as a function of the side of a square field of 4 MV beams (beams 4-
5). Dat a are normalized at depth d;et· . . , r · 
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Figure 5.3 Sc, SP and Sep data as a function of the side of a square field of the first four 6 MV 
beams of table 5.1 (beams 6-9). Data are normalized at depth dret· 
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Figure 5.4 Sc, SP and Sep data as a function of the side of a square field of 6 MV beams (continued 
with beams 1 0-1 3). Data are normalized at depth dret· 
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Figure 5.6 Sc, SP and Sep data as a function of the side of a square field of 10 MV beams (beams 
16-18). Data are normalized at depth dret· 
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Figure 5. 7 Sc, SP and Sep data as a function of the side of a square field of 16-18 MV beams 
(beams 19-22). Data are normalized at depth dret· 
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Figure 5.8 Sc, SP and Sep data as a function of the side of a square f ield of 23-25 MV beams 
(beams 23-25). Data are normalized at depth dret· 
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5. BEAM DATA 

5.2.2 Sc for rectangular fields 

For several beams, Sc data have been determined for rectangular fields as a 
function of the independent setting of the X and Y collimators (see table 5. 1). 
These experimental data showed that Sc is an asymmetrical function of the X 
and Y collimator settings, as observed by various other groups [24,33,57,58]. 
The order of magnitude of this effect (the collimator exchange effect, CEE) is 
about .2% for the linear accelerators investigated in this report. Figures 5.9.a and 
5.9.b illustrate this effect for two different machines. 
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Figure 5.9 The collimator exchange effect measured in a Philips SL 15 10 MV x-ray beam (a) and in 
a GE-CGR Saturne-41 10 MV x-ray beam (b) . Sc is shown as a function of the long field side, set
up with either the X or Y collimator fixed to 4 cm. 

57 

https://doi.org/10.25030/ncs-012 The NCS report has been downloaded on 10 Apr 2024



5. BEAM DATA 

5.2.3 Influence of SSD and dref on Sc 

The influence of the choice of SSD and dret on the value of Sc was measured in a 
high and a low quality photon beam. Data were obtained from a 25 MV x-ray 
beam for SSD = 90 cm and dret = 20 cm, for SSD = 100 cm and dret = 10 cm, 
and for SSD = 1 50 cm and dret = 10 cm. These data are presented as a 
function of the the side of a square field at SAD in figure 5.1 0 .a. A similar 
experiment was performed in a 4 MV beam, where the following combinations 
of SSD and dret were used (in cm}: 80 / 1 0; 105 / 1 0; 65 / 10 and 80 / 15. The 
results are shown in figure 5.1 0.b. 
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Figure 5.10 The influence of the source-surface distance on Sc measured in two different beams, 
25 MV (a) and 4 MV (b); see text for further details. 
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From these results it can be concluded that: 
• Sc is independent of the choice of SSD within the range of clinically applied 

distances; 
• Sc does not depend on the choice of the depth dret , provided dret is beyond the 

range of the contaminating electrons. 

5 .2.4 Influence of a wedge on Sc 

The influence of the presence of a wedge on the value of Sc has been the 
subject of sev eral studies [22,61, 75]. A s an example, Sc data of the 6, 10 and 
25 MV photon beams of a Saturne-43 linear accelerator (GE-CGR, Bue, France) 
are shown here. These data are presented in figure 5.11 as a function of the 
side of the square field, obtained with a mini -phantom at SSD = 1 00 cm and a 
measuirement depth of 10 cm. The 10 cm x 10 cm field is used as the reference 
field. Open symbols are used in this graph for the open beams, c losed symbols 
for the wedged beams. For a specified field size, the relative wedge transmission 
factor, RWF, can be deduced from the ratio of Sc,w and Sc,open · For this machine, 
typical values of the RWF are found of approximately 2.5% for the largest 
square field size. For other machines, however, the values of RWF are more or 
less pronounced, depending on the construction and material of the wedge and 
its position in the head of the treatment machine. Values for RWF up to 8% 
have been reported [22,61, 75]. 

Sc 
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1.100 ------------,--------

----❖-- 6 M V open 

- -♦- - 6 MV wedge 

-h.- 1 0 MV open 

- - A- - 1 0 MV wedge 
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- -•- - 25 MV wedge 

0. 9 00 -~----+-----+-----+-------II 

0 5 10 15 20 

side of square field (cm) 

!Figure 5.11 Sc data with and without a 60° wedge in the beam as a function of the side of a 

square fi eld for three different nominal photon beam energies of a Saturne-43 linear accelerator. 
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5.3 Phantom scatter correction factors, SP 

5. 3. 1 SP for square fields 

SP data have been derived from the Sep and Sc data for each photon beam quality 
under investigation and for each field size according to expression (2.1.3). The 
results are presented as a function of the side of a square field in fi gures 5.1.b 
to 5.8.b. Within the experimental uncertainty, which is less than approximately 
1 % , the SP curves of different machines with the same QI coincide. The overall 
variation in SP with field size depends strongly on the beam quality. For SP 
defined at the reference depth of 10 cm, this variation is 0.87 to 1 . 1 5 for a 6°Co 
beam, and 0.93 to 1 .06 for a 25 MV x-ray beam for the range of field sizes of 4 
cm x 4 cm up to 40 cm x 40 cm. 

The SP data for several square field sizes are shown as a function of the quality 
index in figure 5.12. From this plot it can be concluded that SP is a smooth 
function of the beam quality. 
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Figure 5.12 SP data for a number of square field sizes, presented as a function of the quality index. 
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5. BEAM DATA 

Based on the same experimental data, a complete set of phantom scatter factors 
was constructed by Storchi and van Gasteren [56] as a function of the field size 
and the quality index (table 5. 2). The authors state that the error, made by 
applying the phantom scatter factor values from the table rather than measuring 
them separately, is less than 1 % . 

Table 5.2 The phantom scatter factor SP, defined at the reference depth of 10 cm. This table has been 
computed from SP values measured at 27 different beam qualities for square fields of various sizes. (From 
[56]). 

Quality index 

.600 .620 .640 .660 .680 .700 .720 .740 .760 . 780 .800 

0.858 0.875 0.889 0 .901 0.911 0.919 0.925 0.930 0.932 0.934 0.934 
0 .890 0 .902 0.912 0.921 0.929 0.936 0.942 0.947 0.951 0 .954 0.957 

0.917 0.926 0.934 0.941 0.948 0 .953 0.958 0.962 0.965 0.968 0.970 
0.942 0.948 0.953 0.958 0.962 0.966 0.970 0 .973 0.976 0.979 0.981 

0 .965 0.968 0.971 0.973 0.976 0.978 0 .980 0.983 0.985 0.987 0.989 
0.984 0.985 0.986 0.987 0.989 0.990 0.991 0.992 0.993 0 .994 0.994 

1 .000 1.000 1.000 1.000 1 .000 1 .000 1.000 1.000 1.000 1.000 1.000 
1.030 1.027 1.024 1.021 1. 0 19 1.016 1.014 1 .013 1 .0 11 1 .010 1.009 

1 .052 1. 047 1 .042 1.038 1 .034 1.030 1.026 1.023 1 .020 1 .018 1 .016 
1.067 1 .061 1 .056 1 .051 1 .047 1.042 1.037 1.033 1.029 1 .025 1 .021 

1 .079 1.074 1.069 1.063 1.058 1.053 1 .047 1 .042 1 .036 1 .030 1 .024 
1 .099 1 .091 1 .083 1 .076 1.068 1 .06 1 1 .054 1 .048 1.041 1 .035 1 .028 

1 .108 1 .100 1 .093 1.085 1.077 1.070 1 .062 1.055 1.047 1 .039 1.032 
1 . 11 5 1.108 1 .101 1.093 1 .085 1 .077 1.069 1 .061 1 .052 1.044 1.035 

1 . 1 21 1 . 11 5 1 .107 1 .100 1.092 1.084 1 .075 1.066 1.057 1.047 1.037 
1 .128 1 .121 1 .114 1.106 1 .098 1 .089 1 .080 1.070 1.060 1.050 1.040 

1 .134 1 .127 1 .120 1 . 11 2 1 .103 1.094 1.084 1.074 1.064 1.053 1 .042 
1 .141 1 .134 1 .125 1 . 11 7 1.108 1.098 1 .088 1 .078 1.067 1.056 1.044 

1.148 1.140 1 . 1 31 1 .122 1 . 112 1 .102 1 .091 1 .08 1 1 .070 1.058 1.047 
1 .156 1.146 1 .137 1.126 1 .116 1 .105 1.094 1 .083 1.072 1 .061 1.049 

1.164 1.153 1.142 1 .131 1 .120 1.108 1 .097 1.086 1.074 1.063 1 .051 
1 .172 1.160 1.147 1.135 1.123 1.111 1.099 1 .088 1 .076 1 .065 1 .054 

These data have been used to calculate phantom scatter correction factors for 
use in the isocentric formalism, SPiso. Results are presented in table 5. 3. The 
relations between the quantities in the fixed SSD and in the isocentric formalism 
are given in Appendix 8.3 of this report. For the conversion of SP data in SPiso 
data, expression (8.3. 7) was used. Differences between the tables amount up 
to 0.9%, especially for the low energy beams and the larger field sizes [71 ]. 
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5. BEAM DATA 

Table 5.3 The phantom scatter factor SPiso, defined at the reference depth of 10 cm for the isocentric 
treatment set-up. This table has been derived from the data of table 5.2. 

Quality index 

.600 .620 .640 .660 .680 .700 . 720 . 740 .760 .780 .800 

0.859 0.877 0.892 0.904 0 .914 0.921 0 .926 0.931 0 .931 0.932 0.931 
0.888 0.902 0.913 0.923 0 .930 0 .937 0.942 0.946 0 .948 0.950 0.952 

0.916 0.926 0.934 0.941 0.947 0.952 0.957 0.961 0.963 0 .966 0.968 
0 .940 0.947 0.953 0.959 0.963 0.967 0.970 0.973 0.975 0.977 0.979 

0.962 0.967 0.970 0.974 0 .976 0.978 0 .981 0.983 0.985 0.987 0.989 
0.983 0.985 0.986 0.987 0.988 0.989 0 .990 0.992 0.993 0.994 0.995 

1 .000 1.000 1.000 1 .000 1.000 1.000 1.000 1.000 1 .000 1.000 1 .000 
1.029 1 .026 1.024 1.022 1 .019 1 .017 1 .015 1.013 1 .011 1 .010 1.010 

1.053 1 .049 1 .044 1.039 1.035 1.030 1.027 1.024 1.021 1.018 1 .017 
1.072 1.065 1.059 1.054 1 .048 1.043 1.037 1.033 1.029 1 .026 1 .023 

1 .085 1.078 1.072 1.066 1.060 1 .054 1.047 1.042 1.037 1.032 1.027 
1.097 1.090 1.084 1.077 1.070 1.063 1.056 1.050 1 .043 1.036 1.030 

1 . 11 5 1 .106 1.097 1.089 1.079 1 .071 1.063 1.056 1 .048 1.041 1 .034 
1.124 1 .114 1.106 1.097 1.087 1.079 1.070 1.062 1.053 1 .044 1.037 

1 .130 1 .122 1 .114 1.105 1.094 1.086 1.077 1.068 1.058 1.049 1.040 
1 .136 1 .128 1.120 1 . 111 1 .101 1.092 1.082 1 .072 1.062 1.052 1 .042 

1.142 1 .134 1 .126 1 .117 1.107 1.097 1.087 1.076 1.066 1.055 1.045 
1.148 1.140 1 .132 1 .123 1 .112 1.102 1.091 1.080 1.069 1 .057 1.047 

1 .154 1.146 1.137 1 .128 1 .11 6 1.106 1.095 1.084 1.072 1.060 1.049 
1 .160 1 .152 1 .142 1 .132 1 .121 1.110 1.098 1.087 1.075 1.063 1.051 

1 .167 1 .157 1.147 1 .137 1.124 1. 11 3 1 .101 1.089 1.077 1.065 1 .053 
1 .175 1 .163 1 .153 1 .140 1 .128 1. 11 6 1 .104 1 .091 1.079 1.067 1.055 

5 .3 .2 SP for rectangular fields 

Because SP represents the dose due to radiation scattered from the ph antom 
vo lume t o the m easuring point at the central axi s, SP should be a symmetri ca l 
functi on of t he fi eld dimensions (section 3). Consequently, SP(X = a, Y = b) should 
be equal t o SP(X = b, Y =a). For the beams of table 5.1, where Sep and Sc w ere 
m easured at independent settings of the X and Y collimator, this has been 
confirmed within the experimental uncertainty . 
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5.3.3 

BEAM DATA 

Comparison of measured and calculated SP values for 
rectangular fields 

The method to calculate SP values for rectangular and arbitrarily shaped fields, as 
described in Appendix 8.4, using SP data measured in square fields, has been 
applied for a number of beam qualities: SP data were calculated for 6°Co and 6, 
10 and 25 MV photon beams for rectangular field sizes with dimensions of X 
and Y between 4 and 40 cm. The overall agreement between calculation and 
measurement was better than 0.5% (56, 70]. 

The use of tables of equivalent square fields for the derivation of the phantom 
scatter correction factor and phantom scatter related quantities, such as POD 
and TPR, of rectangular fields is further discussed in Appendix 8.6 of this report. 
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6. Recommendations 

It is recommended to separate the total scatter correction factor Sep in two 
parts: the collimator scatter correction factor Sc and the phantom scatter 
correction factor SP. The use of Sc and SP is recommended for calculations of 
treatment time and monitor units in clinical situations, as described in sections 2 
and 3. 

Sep and Sc are ratios of measured values, defined for each field size and 
normalized to unity for the reference field of 1 0 cm x 1 0 cm, the reference 
depth of 10 cm and the reference SSD (equal to SAD). This reference irradiation 
set-up should be the same, irrespective of the photon beam energy. 

Sc data have to be determined with a narrow cylindrical beam-coaxial phantom 
(mini-phantom) according to the method described in section 4. A description of 
the mini-phantom is given in Appendix 8.8. Sc factors have to be obtained for 
square and rectangular field sizes, with field sizes in the range used in clinical 
practice, i.e. from a minimum field size of 4 cm x 4 cm or smaller, up to 40 cm 
x 40 cm. Data for rectangular fields can be obtained by direct measurement 
and /or by interpolation or data fitting methods. In this way, a full two
dimensional table of Sc values has to be obtained. 

Sep data have to be determined by using a full scatter water phantom, according 
to the method described in section 4. Sep values have to be measured for square 
fields. For consistency checks, the same measurements should be performed for 
a number of rectangular fields. 

SP factors are derived with expression (2.1 .3) from measured Sep and Sc data for 
square field sizes. Results shou ld be compared with published data; see section 
5.3.1. Results of rectangular or arbitrarily shaped fields should be compared with 
interpolated values from the table, or with SP data taken for the equivalent 
square field ([8,9], see Appendices 8.4 and 8.6). 

M ethods to reduce the number of measurements of Sep and Sc in rectangular 
fields can be applied. Several references to methods for accurate data fitting are 
given in this report, see section 3.1 .1 and Appendix 8. 7. It is recommended, in 
these cases, to check and verify the product of Sc x SP data for a number of 
elongated fields against direct measurement of Sw Differences between 
measured and calculated data should be within 1 % . 

Reference wedge and tray transmission factors have to be determined for the 
reference irradiation set-up. Field size and SSD dependence of the wedge and 
tray factors have to be measured and accounted for in the relative wedge 
transmission factor and the relative tray transmission factor. The procedures are 
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described in section 3. Equations for calculation of monitor units given in section 
2 should be replaced by those given in section 3 if beam modifiers are applied. 

A summary of the measurements needed to obtain the data for the calculations 
is given in table 4. 1 . 

It is strongly recommended to compare the data found in the clinic w ith the data 
presented in this report. Note that especially Sc data depend on the beam 
defining system and may vary considerably from one treatment machine to the 
other. Sc data provided in the figures have to be considered as a first estimate. 
SP data are machine independent, but are uniquely related to the quality index of 
the beam. If the measured SP data differ from those presented in this report, 
further investigation of the dosimetry procedures is recommended. 
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8. APPENDICES 

8. Appendices 

8.1 Definition of scatter correction factors 

In this report, the total scatter correction factor Sep is defined as the absorbed 
dose per monitor unit, measured at the reference depth and the reference SSD 
for a specified collimator setting and a specified field size at the phantom 
surface, normalized to unity for the reference irradiation set-up: 

(8.1.1) 

Here, vc and vP express the field size at the SAD, defined by the collimator jaws, 
and the field size at the phantom surface, respectively. The reference irradiation 
set-up is defined as: a collimator setting yielding a 10 cm x 10 cm field at the 
isocentre v c,ref; a phantom depth equal to dret ( = 1 0 cm); and an SSD equal to the 
SAD; the field size vp,ret at the phantom surface is then numerically equal to vc,ret· 
From this definition it follows that dret and fret are fixed values and, therefore, Sep 
depends only on the variables vc and vP: Scp(vc,vp). 

A less strict definition is given by several other authors, and was also applied 
previously in reference [64], where Sep was deduced without defining fret, 

(8.1.2) 

Sep is then written in those papers as: 

(8. 1 .3) 

In the definitions of Sep given by equations (8.1 .2) and (8.1 .3) dret is a variable 
and fret is not specified. Both dret and fret can be chosen freely by the user, e.g., 
at dmax, 5 or 10 cm for dret [34,64]. Consistency in definition requires that Sc 
data, measured for different but well -described phantom depths or SSD, should 
convert unambiguously into each other. This conversion is not a problem, as 
long as the phantom depth has been chosen beyond the range of the electron 
contamination [64]. However, difficulties arise when Sc values are determined 
within the range of the electron contamination, i.e. when Sc values are measured 
at shallow depths, see Appendix 8.2. 

A second problem arises in the conversion, if Sep has been defined for SSD 
values not equal to the SAD. In that situation the requirements with respect to 
v c,ret and v p,ret can not be fulfilled simultaneously. A choice between both 
reference field sizes has to be made and redefinition is then needed. 

In conclusion, the mutual relation between Sc data, determined for different but 
well-described phantom depths and SSDs, is essentially a part of the Sep 
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definition according to equation (8.1.2), to maintain the consistency of that 
definition. The Sep definition according to equation (8. 1 .1) is inherently 
consistent due to the requirement that D(ve,vp,dret,fret) and Dret have to be 
determined under the same conditions, i.e. Sep is defined for only a single 
phantom depth and SSD. Conversion problems of Sep values, defined according 
to equation (8.1 .2), to dose values at other phantom depths or SSDs remain, 
therefore, part of the dose calculation algorithms. The more restrictive Sep 
definition in equation (8.1 .1) is preferred over the one in equation (8.1 .2). 

70 

https://doi.org/10.25030/ncs-012 The NCS report has been downloaded on 10 Apr 2024



8. APPENDICES 

8.2 Scatter correction factors at other reference depths 

Within the context of this report Sc, SP, and Sep values have been strictly defined 
for a reference irradiation set-up (Appendix 8.1). However, the reference values 
are a particular choice and these conventions may differ in principle from one 
radiotherapy department to another. Different definitions of the scatter 
correction factors found in the literature or required for a treatment planning 
system, can be reasons to deviate from what is adopted here. A comparison of 
scatter correction factors measured in different radiotherapy departments might 
be helpful in quality control programs. A conversion is then required. The 
reference fie ld size is generally taken equa l to 1 0 cm x 1 0 cm and the reference 
SSD equal to SAD. Conversion methods for other reference field sizes are 
therefore considered to be irrelevant; for other SSDs an example is given in 
Appendix 8.3. Differences in the choice of the reference depth are most likely to 
occur. 

Two practical situations can now be distinguished: the reference depth, which 
should be taken equal for field sizes v and v ret (see figure 8.1), is defined: 
a) beyond the range of electron contamination, but different from the 

reference depth of 10 cm given in thi s report; 
b) within the range of electron contamination. 

a) 

--- -------------------i---- -- ----------------

1 /I\ I 

I I 

Vcref 
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- ------ -

- · - - - - -I - - - - - - - - - - - -
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b) 

Figure 8.1 Two dose points, one at the reference depth, dret, and one at the new depth, d. a) in 
the reference f ield, vret; b) in an arbitrary field, v; both with a source-surface distance equal to 

f,et· 
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Situation a: beyond the range of the electron contamination 
For this situation, the Sc definition is basically identical to the one recommended 
in this report, as long as the SSD is equal to SAD. The conversion can be 
obtained using equation (2.3.1 ): 

(8.2.1) 

in which the phantom depth, d, is now introduced as a variable. The value of d 
can be defined by the user, e.g. 10 cm, as is done in this report. As discussed in 
section 2 and shown by van Gasteren et al. [64], in this case the magnitude of 
Sc does not depend on the phantom depth, i.e.: 

(8.2.2) 

Both dose values in equation (8.2.1) can be rewritten to dose values at other 
phantom depths by: 

(8.2.3) 

By combining equations (8.2.1) to (8.2.3), SP can be written as [65]: 

(8.2.4) 

Equations (8.2.2) and (8.2.4) can be applied without any limitation, as long as 
the phantom depths have been chosen beyond the range of electron 
contamination. 

Situation b: within the range of the electron contamination 
If measurements of Sc are performed in a radiotherapy department at shallow 
depths d, the resulting values, Sc(v c,d), will include the dose contribution of the 
electron contamination. In that case, equation (8.2.2) is no longer valid. As 
discussed in Appendix 8.1, a conversion from Sc(vc,d) to Sc(vc,dret) or vice versa, 
would require an exact knowledge of the dose contribution of the electron 
contamination as a function of field size and depth. Algorithms calculating that 
conversion are not readily available (e.g., [5,6, 71 ]) and conversion has, 
therefore, to be done based on measurements. It is easy to show that the ratio 
of measured Sc(v c,d) and Sc(v c,dret) values just yields that conversion factor, 
sc,el(v c,d), for that field size and depth [7 2]. sc,el(v c,d) can thus be considered as a 
factor which describes the contribution of the electron contamination to the 
collimator scatter correction factor if measured at shallow depths. 

In summary, the conversion of collimator scatter correction factors measured at 
phantom depths beyond the range of contamination, to a value at shallow depth 
is not easy to perform. Therefore, it is strongly recommended to determine and 
use the collimator scatter correction factor Sc only with its definition at the 
reference depth of 10 cm. 
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8.3 Relations between the quantities in the fixed SSD and the 
isocentric formalism 

Sep is defined in this report as a function of the field size at the phantom surface 
for a specifically described geometry: the fixed SSD system. Another possibility 
would have been to define and measure Sep in such a way that the distance 
between source and measuring point, f + d, equals SAD: the isocentric approach. 
There are no physical arguments supporting the choice for either one of these 
methods. The choice of the task group for the fixed SSD approach as a starting 
point in this report, is lead by the fact that measurements are generally 
performed within such a geometry with the surface of the full scatter water 
phantom and the mini-phantom placed at a distance equal to SAD. In this 
approach there is no need to change water levels. Measurements are performed 
very straightforward, and results can be used directly in the fixed SSD 
calculation system. In many radiotherapy departments measurements are 
performed in such a way and, if necessary, TPR data for use in isocentric 
calculations are derived by using conversion rules. For example, the conversion 
rules given by Burns [8] transform POD and peak scatter factor data into TPR 
data, and vice versa. It is sometimes usefull to measure directly in an isocentric 
set-up [ 1 8], but then also conversion rules are necessary to enable fixed SSD 
calculations. 

This appendix discusses the geometries and definitions of both the fixed SSD 
approach and the isocentric approach and shows what the relation is between 
the corresponding quantities in these two approaches [71]. 

The fixed SSD formalism 
In this situation, the quantities percentage depth dose POD and phantom scatter 
correction factor SP are defined as a function of field size at the phantom 
surface, while Sc is defined by the collimator setting at SAD. In the reference 
situation, in which the basic data are measured, the source-surface distance is 
set at f ret · PDDs, Sc and Sp are measured as a function of field size at f ret· The 
ionization chamber is placed at f ret + dret ( = 100 + 10 cm). 

The isocentric formalism 
In this situation, the quantities ti ssue-phantom ratio TPR, collimator scatter 
correction factor Sciso and phantom scatter correction factor SPiso are given as a 
function of field size at SAD. Note that the notation Sciso, Spiso , Scpiso and Dre/ s0 is 
used consistently for the quantities in the isocentric formalism. In the reference 
situation, in which the basic data are measured, the source-to-point distance is 
now fixed, while the so~rce-surface distance is variable and depends on the 
depth of the measuring point in the phantom. S/ 0 and S/ 0 are measured as a 
function of field size at SAD, while the depth is equal to dret · 
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Consequently, definitions and measurement geometries are essentially different 
for the fixed SSD and the isocentric formalism. Data obtained in one irradiation 
set-up should therefore not be confused with those obtained in the other. A 
summary of the definitions is given in table 8.1. 

Table 8.1 Summary of the definitions of the reference irradiation set-up as used in the f ixed SSD and the 
isocentric formalism. It is important to note that in both formalisms the same dref is used. 

Quantity Fixed SSD formalism 

reference depth: dref = 10 cm 

source-surface f = f ref = 1 00 cm 
distance (for linacs}: 

field size related to v c• defined at f ref 
collimator scatter: 

field size related to 
phantom scatter: 

v P' defined at surface at f 

field size at 
reference depth: 

field size at 
phantom surface: 

dose per MU at the 
reference point: 

(110/100) X VP 

- - ~ ---- - -- -- -

f,et 

... 1 
D,et 

fixed SSD set-up 

a} 

- - - - : d,et 

lsocentric formalism 

dref = 10 cm 

f = f ref-dref = 90 cm 

v c• defined at f ref 

vref(dref},defined at depth dref 

v(d} 

(90/100} x v(d} 

----~- --- - ---

f,et 

isocentric set-up 

b} 

Figure 8.2 Reference conditions for both the fixed SSD (a) and the isocentric (b} formalism. 
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The relation between Dret and Dre/5° 
Using the numerical data of table 8.1 for treatment units with f ret= 100 cm, the 
situation in the isocentric set-up of figure 8. 2. b can be described with the 
parameters from the fixed SSD formalism. The reference dose Dre/50 is then given 
by: 

(8.3.1) 

or, more specifical ly, by using the reference values: 

where SP(9.1) is the phantom scatter correction factor, in the fixed SSD 
formalism, of a square 9.1 cm x 9.1 cm field. 

In the same way, the situation in the fixed SSD set-up of figure 8.2.a can be 
described using the parameters from the isocentric formalism, where the 
reference dose Dret is given by: 

and, with the reference values: 

(8.3.4) 

Calculation of S/5° from Sc data, and vice versa 
Comparison of the isocentric situations described above with those of the fixed 
SSD formalism, shows that the collimator scatter correction factor is identical, 
provided the same normalization is applied, i.e.: 

with vc,ret = 10 cm x 10 cm at f ret = SAD. 

Calculation of S/5° from SP data 

(8.3.5) 

It is assumed that in the isocentric approach field sizes are taken at SAD = 1 00 
cm, at a phantom depth of 1 0 cm, v(dret). According to Johns et al. [32], the 
relative phantom scatter contribution in a 1 0 cm x 1 0 cm (TPR) field is identical 
to that found in the (POD) field with the size 9.1 cm x 9.1 cm at the phantom 
surface at SSD = 100 cm. It has to be taken into account that values of S/0 

are normalized to unity for the field 10 cm x 10 cm at SAD. In this case one 
finds Spiso values from Sp values with (see tables 5.2 and 5.3): 

(8.3.6) 
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or, by using the reference values: 

(8.3.7) 

Calculation of Sp from S/0 data 
In the same way we need to consider the fixed SSD situation from the point of 
view of the isocentric situation, with a reference (POD-) field of 10 cm x 10 cm 
at the phantom surface corresponding to a 11 cm x 11 cm (TPR-) field. Again, 
the normalization at dref = 10 cm has to be taken into account. So, using the 
present definitions, SP data are calculated from SPiso data with: 

(8.3.8) 

Or, by using the reference values: 

S ( V ) = S iso ( 1 1 V ) / S iso ( 1 1 ) p p p • p p (8.3.9) 

Relation between TPR, SP and RDD 
It can be derived that the following expression relates TPR, written as a function 
of v(d), i.e. the field size defined at the depth d, to SP and ROD [71]: 

TPR(v(d) ,d) X { ( f ref + d) / ( f ref + d ref) } 2 

S p { ( f re/ ( f ref + d ref) ) V ( d) } 

X RD D { ( f re/ ( f ref + d) ) V ( d) , d , f ref} (8.3.10) 

In this way TPRs can be calculated using existing ROD (or POD) and SP data. 

The relation between RDD, S/0 and TPR 
We can now use equations (8.3.8) and (8.3.10) to find the relation of the 
relative depth dose ROD with the phantom scatter correction factor SPiso and 
TPR. When the appropriate field size relationships are taken into account, it can 
be found that: 

X { ( f ref + d ref)/ ( f ref + d) } 2 

(8.3.11) 

In this way, RDDs (and PDDs) can be calculated using existing TPR and SPiso 
data. 
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8.4 SP and PDD (and RDD) for arbitrarily shaped fields 

According to equation (2.3.2), the dose D in a phantom at depth d at the beam 
axis with collimator field size vc, phantom surface field size vP, and a source
surface distance equal to SAD, is written as: 

(8.4.1) 1 

In the situation that rectangular or blocked fields are used, Sc and SP have to be 
determined for that specific geometry. Sc can to be determined by measurement; 
see section 2.1 and Appendix 8.5. However, SP can also be derived from SP 
values tabulated for square field sizes. SP values of square fields should then be 
transformed into SP values of equivalent circular fields, e.g. by using the method 
described by Day and Aird [8,9], see also Appendix 8. 7. Then, when we 
subdivide the arbitrarily shaped field vP into small sectors with angle ~, which 
each contribute to the scatter dose, we may integrate over these sectors [ 1 3]: 

(1 / 2rc ) /nf D(vc,vp(~),d) · d~ 

(1 /2rc ) x Dref x Sc(vc) x /nf Sp(vp(~)) RDD(vp(~),d) · d~ 

(8.4.2) 

This means that the total scatter contribution SP(vP) is the result of a summation 
of the scatter contribution of the small sectors. So: 

(8.4.3) 

i.e. not RDD(vP,d) itself, but the product SP(vP) x RDD(vP,d) is the quantity of 
interest . In the calculation of ROD of an arbitrarily shaped field at an arbitrary 
depth, SP must be used as a weighting function. 

Both equation (8.4.2) and equation (8.4.3) can be simplified if d has beer:-i taken 
equal to dret· In that case, ROD is equal to unity and (8.4.3) is reduced to: 

(8.4.4) 

This relationship may be used to calculate SP data of arbitrarily shaped fields, i.e. 
for rectangular and blocked fields, using a suitable set of SP data for equivalent 
circular fields. 

1 
Because f ret is not relevant in the express ions of this paragraph, it has been omitted. 
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8.5 Sc for partially blocked fields 

In clinical routine the Sc value of a partially blocked irradiation field, Sc,black' can 
be taken equal to the Sc value of the field size set by the collimator jaws Sc(v c) 
as long as the amount of photons scattered from the primary collimator and the 
flattening filter, as observed from the point of interest, is limited by the 
collimator jaws and not by the additional blocks on the tray [41,45,60,63]. For 
these situations, Sc,block values can be found from Sc data which are already 
available for rectangular fields. In other situations, Sc,black has to be determined 
experimentally. The decision whether or not the Sc,black value has to be 
determined by measurement, depends on the construction of the head of the 
treatment machine and the distance between the focus and the point of interest 
(see figures 3.1 and 8.3.a). Based on the specific geometry, a decision criterion 
can be developed. 

In figure 8.3.b, the rectangular field size, set-up by the collimator jaws at SAD, 
has been divided into four quadrants by the two cross-wires. For each quadrant 
it has to be determined whether the additional block or the collimator hides the 
flattening filter from the point of view at depth d. In the situat ion that the 
additional block is the limiting factor in one of these quadrants, Sc has to be 
determined by measurement. Using figure 8.3.b, the next criterion whether the 
block or the collimator jaw hides the filter has been derived for the X-collimator 
Jaws: 

bx I cos (8)) I ex / (X/2) < 1: sc,block has to be determined, in 
principle, by measurement; 

bx I cos (8)) I ex / (X/2) ~ 1 : sc,block can be taken equal to Sc(v C). 

In this criterion (see figure 8.3.a): 

• bx is equal to the minimum distance between the block edge and the central 
photon beam axis, determined at the isocentre, i.e. at SAD; 

• 8 is equal to the angle between bx and the X-axis; 

(8.5.1) 
(f + d - T) Ux 

where d is the depth in the phantom, T is the distance from the focus to the 
additional shielding blocks and U)s the distance from the focus to the X
collimator jaw. 
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• X /2 is equal t o the pos1t1on of the X-co llimat or jaw at the isocentre; i .e. half 
the side of a symmetri ca l fi eld w ith setting X. 

r r T '------' 
T 

a) 

primary 
collimator 

flattening 

filter 

movable (lower) 

collimator blocks 

additional shielding 

blocks 

d, depth in 

phantom 

y-a xis 

t 
I 

y 

I b -:1-

- - - - - - - - - - :~ - - - - - - - - - > x-axis 
I 

1 
X 

b) 

Figure 8.3 Definiti on of quantities used in the decision rul e whether or not Sc.block can be t aken equal t o 
Sc. a) Side v iew of the beam ; b) t op v iew of bl ocked fi eld at SA D. 

In clinical situations several methods can be used to deduce bx either with a 
simple computer program or estimated by eye. 

For the Y-collimator jaws a similar expression can be used, replacing the indices 
x by y, I cos(0) I by I sin(0) I, and the variable X by Y. The Ux , UY and T values 
can be found from the details of the treatment machine from the manufacturer. 

As an example, these values have been presented for one type of treatment 
machine in table 8.2, with f equal to SAD and the phantom depth d equal to dret · 

Finally, two numerical examples are given. 
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Table 8.2 C values, required for the decision criterion whether or not to measure Sc values. 

Manufacturer Type 

Philips SL25 44 

Examples 

T (cm) 

34 67 

SAD 
(cm) 

100 2.34 

APPENDICES 

3.48 

For the Philips SL25 treatment unit, the following data are derived, using the 
values of table 8.2: 

A field size of 20 cm x 20 cm is defined at the isocentre; reduced by blocks on 
the tray to a field of 10 cm x 10 cm. Then: bx ex / (X/2) = 1 .17 (resp. 1. 7 4 for 
the Y collimator setting). Conclusion: sc,block = Sc(20). 

A field size of 20 cm x 20 cm is defined at the isocentre; reduced by blocks on 
the tray to a field of 5 cm x 5 cm. Then: bx ex / (X/2) = 0.585 (resp. 0.87 for 
the Y collimator setting). Conclusion: Sc,block * Sc(20), and needs to be measured. 

80 

https://doi.org/10.25030/ncs-012 The NCS report has been downloaded on 10 Apr 2024



8. APPENDI CES 

8.6 The concept of equivalent fields 

The use of BJR Supp. 1 7 tables [8] of equivalent square fields for dose 
calculations is widespread. The revised version, BJR Supp. 25 [9], contains a 
more thorough discussion on this topic, but without changes in the contents of 
the tables. The equivalent square field is defined in BJR Supp. 25 as "that 
st andard square field which has the same central axis depth dose characteristics 
as the non-standard field". This method was developed at a time when beam data 
were measured and applied in calcu lations, based on POD, BSF, PSF and dm. The 
current philosophy in calculation methods, however, is based on data defined and 
measured at a reference depth dret = 10 cm, on a separation of phantom and 
coll imator scatter and on the use of the relative depth dose, ROD. In this concept, 
problems related to the influence of contaminating electrons in the beam at 
shallow depths are eliminated. If the reference conditions are changed, it is not a 
priori evident that the tools for calculating the dose, such as a table of equivalent 
square fields, remain unchanged. In principle, separate equivalent square fields 
may be necessary for the derivation of the phantom scatter factor and for the 
phantom scatter related quantities such as PD D, TAR and TPR of a rectangular or 
irregular fi eld on the one hand, and for the collimator scatter factor on the other 
hand. 

Phantom scatter 
The equ ivalent square field, to be used for the determination of the phantom 
scatter factor and phantom scatter related quantities, is defined here as the square 
fi eld which has the same phantom scatter contribution at the reference point in 
the beam: at 10 cm depth on the central axis, as the arbitrarily shaped field under 
consideration. 

The use of the BJR Supp. 25 tables of equivalent square fields in relation to 
phantom scatter was recently discussed by Venselaar et al. [70]. In their analy sis, 
energy-specific tables of equivalent squares for phantom scatter w ere derived for 
4 beam qualities, based on SP data included in this report and covering the range 
of 01 of 0.573 to 0.783 (6°Co to 25 MV). It was shown that the use of the 
energy-specific tables could eventually lead to a difference of 0.5 - 1 .0% in the 
value of Sp, compared to the use of the BJR-table, in which the use of the BJR
table syst ematically leads to a lower value of SP. The relatively small differences 
between the 4 energy-specific tables mutually allowed the construction of a new 
average table of equivalent square fields. When this average table is applied 
instead of the BJR-table, improvements were obtained, especially in the median 
beam qualities, for ex-ample the 6 and 10 MV beams. For the highest energy, 25 
MV, the benefit is less, while for 6°Co no improvements were found. 
Because of the relatively small deviations in the SP values and because of the 
widespread use of the BJR-table, its continued use is considered justified for 
clinical routine. However, it was concluded that a higher accuracy in dose 
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calculation can indeed be obtained by the application of energy-speci fi c tables of 
equivalent square fields for phantom scatter, or by using the average table 
discussed above. In cases where optimal accuracy is needed, it is necessary to 
pay attention to all aspects of the dose calcu lation procedures. Then, the use of 
the most accurate table of equivalent square fields is recommended. The new 
average table 8.3 can fulfil this recommendation and is therefore presented in t his 
report. 

Table 8.3 Table of equivalent square fields for the derivation of phantom scatter factors and phantom 
scatter related quantities for rectangula r fields with fi eld sides s1 xs2. The new table was constructed by 
averaging 4 energy-specific tables for 6°Co, 6, 10 and 25 MV photon beams . Dimensions are in cm. See 
[70] for more details. 

s1 \ s2 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0 36.0 38.0 40.0 
2.0 2.0 
4.0 2.8 4.0 
6.0 3.3 4.9 6.0 
8.0 3.6 5.4 6.9 8.0 
10.0 3.7 5.7 7.4 8.8 10.0 

12.0 3.8 5.9 7.7 9.4 10.9 12.0 
14.0 3.9 6.0 7.9 9.9 11.6 12.9 14.0 
16.0 4.0 6.1 8.1 10.3 12.2 13.8 15.0 16.0 
18.0 4.0 6.2 8.3 10.6 12.7 14.5 15.9 17.1 18.0 
20.0 4.0 6.2 8.5 10.9 13.2 15.1 16.6 18.0 19.1 20.0 

22.0 4.0 6.3 8.6 11.2 13.7 15.7 17.3 18.7 20.0 21.1 22.0 
24.0 4.1 6.4 8.7 11.5 14.1 16.1 17.9 19.4 20.7 22.0 23.1 24.0 
26.0 4.1 6.4 8.8 11.7 14.4 16.6 18.4 19.9 21.4 22.7 24.0 25.1 26.0 
28.0 4.1 6.4 8.9 11.9 14.7 16.9 18.8 20.4 22.0 23.4 24.7 26.0 27.1 28.0 
30.0 4.1 6.5 9.0 12.0 14.9 17.2 19.1 20.9 22.5 24.0 25.4 26.7 28.0 29.1 30.0 

32.0 4.1 6.5 9.1 12.2 15.1 17.5 19.4 21 .2 22.8 24.4 25.9 27.3 28.7 29.9 31.0 32.0 
34.0 4.1 6.5 9.1 12.3 15.3 17.7 19.7 21.5 23.2 24.8 26.4 27.9 29.3 30.6 31.9 33.0 34.0 
36.0 4.1 6.5 9.1 12.4 15.4 17.8 19.9 21.7 23.4 25.1 26.7 28.3 29.8 31 .2 32.6 33.8 35.0 36.0 
38.0 4.1 6.5 9.2 12.5 15.5 17.9 20.0 21.9 23.7 25.3 27.0 28.7 30.2 31.7 33.2 34.6 35.8 36.9 38.0 
40.0 4.1 6.5 9.2 12.5 15.6 18.1 20.1 22.0 23.8 25.6 27.3 28.9 30.5 32.1 33.6 35.1 36.5 37.8 39.0 40.0 

Collimator scatter 
In exactly the same way, the equivalent square field to be used for the 
determination of the collimator scatter factor, is defined here as the square field 
that has the same collimator scatter contribution to the reference point in the 
beam at 10 cm depth at the central axis, as the arbitrarily shaped field under 
consideration. 

The same approach as describe above for phantom scatter, can be applied to 
determine a full table of equivalent square fields from the measured collimator 
scatter data of a specific photon beam. This should be done with caution, because 
the resulting table will be typically machine dependent and should incorporate the 
collimator exchange effect (CEE). Some papers report differences in collimator 
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scatter with X-Y vs. Y-X setting of up to 6% [44,571, although others report 
smaller differences ( 2 % , see for example section 5. 2. 2 of this report). It is 
therefore, in all cases, recommended to measure the collimator scatter factors for 
each individual treatment machine and photon beam quality. 

The use of a 2-D table of Sc v alues is considered to be relatively simple in practice 
with present-day computer techno logy. Parametrization methods, which take the 
CEE into account, might be considered [12,31,57,62,67] for use in monitor unit 
calcu lation programs, as well as for a reduction of the number of measurements 
needed to determine Sc under all circumstances. In these parametrization methods, 
the equivalent squares are used as an auxill iary step in the calcu lation of Sc of 
rectangular fields, see Appendix 8. 7.2. 
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8.7 Parametrization of scatter correction factors 

8.7.1 Parametrization of phantom scatter correction factors 

SP data can be parametrized using the assumption that the phantom scatter at a 
specified depth for circular fields can be described as the sum of pencil beam 
contributions [66]. Each pencil is assumed to consist of three gaussian 
components, ai.exp(-bi.r2

) with i = 1, 2 and 3. It was shown by van Gasteren et 
al. [66] that the following expression describes SP with suffic ient accuracy as a 
function of the field radius rd (in cm, taken at the depth of consideration, for 
example at dret): 

SP(rd) = b1 + a1 { (a2/b2) (1-exp(-b2 .r/)) + (a3/b3) (1-exp(-b3.r/))} 
(8.7.1) 

Parameters a1 to a3 and b1 to b3 (see table 8 .4) were found with a least square 
method. For quality indices in between, values of a1 to b3 can be interpolated in 
first approximation, whi le the SP data of table 5.2 can be used for comparison. 

Table 8.4 Quality index, QI, and parameters used in expression (8. 7 .1) for the calculation of SP(rd) of 
circular fields with radius rd of four nominal photon beam energies [66]. 

parameter 6oco 6MV 10MV 25MV 
QI 0.572 0.670 0.729 0.783 

a, 0.5380 0.5519 0.5694 0.6991 
b, 0.8092 0.8614 0.8792 0.8819 
a2 0.0180 0.0150 0.0140 0.0180 
b2 0.0600 0.0650 0.0700 0.1200 
a3 0.0026 0.0013 0.0009 0.0006 
b 0.0070 0.0050 0.0045 0.0060 

The next step is to transform the phantom scatter data for circular fields to 
those for square fields. This can be done with a Clarkson integration, or by using 
the conversion method, which was previously described by Day and Aird [8] and 
discussed, in more detail, by Bjarngard and Siddon [4]: 

and (8.7.2) 
2req /s = 1. 123 - 0.00067 s 

where req is the radius of the (equivalent) circular, and s the side of the 
(equivalent) square field, both in cm and defined at the surface, i.e. at SSD. For 
a proper application of equation (8. 7 .1), req has to be transformed to the radius 
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at depth dret, r d' according to the divergence of the beam using a multiplication 
with (SSD + dret) /SSD. The correspondence between the calculated and measured 
values of SP is better than 0 .5% [66,70]. 

8 .7.2 Parametrization of collimator scatter correction factors 

The collimator exchange effect (CEE) necessitates that Sc should be determined 
for a large number of fields [1 5,33,58]. For example, if the X- and Y- blocks are 
set to 3, 4, 5, 6, 8, 10, 12, 15, 20, 25, 30, 35 and 40 cm, as is recommended 
in section 4, Sc has to be measured for 169 fields. Then, for each type of beam 
modifier, this number of measurements should be repeated, see section 3.1. A 
parametrization m ethod for Sc could considerably decrease the number of 
measurements. Two approaches have been used in the literature. One is based 
on analyti ca l models, using suitable functions through the data [4, 55,57,62]. 
The second approach makes use of more sophisticated, physical models 
[2,3, 15,35,40,58,67,74]. The latter approach requires knowledge of properties 
of the accelerator, like the energy spectrum of the beam and/or the exact 
construction of the head of the treatment machine, that may not be availabl e. 
However, analytical models are most valuable if these would be universally 
applicable. For any method the required accuracy is: 1 % as the maximum 
difference between a measured and a calculated value of Sc; 0.5% as the root of 
the mean of the squares of differences (RMS) between calculated and measured 
Sc values in a table. In a study 9f Jager et al. [31] sev eral published methods 
were compared, using measured Sc data from the treatment machines listed in 
table 5 . 1 of this report. 

An analytical model for Sc of square fields 
Jager et al. [31] compared several published methods to fit Sc data of square 
fields for a number of different linear accelerators. They found that Sc could be 
described accurately by: 

(8.7.3) 

In this expression a, , a2 , a3 and a4 are constants, of which the numerical values 
can be obtained with a least squares method on the difference between 
measured and fitted data. It was shown that by applying this polynomial, the 
RMS of the differences between measured and fitted Sc v alues for square fields 
was less than 0.25% and the maximum deviation less than 0.5% for all 
treatment machines in the study. 

To determine the parameters of equation (8. 7 .3) with the optimal accuracy, a 
minimum set of measured Sc data of square fields must inc lude the field sides 4, 

5, 6, 10, 12, 25, 30 and 40 cm [31]. 
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The equivalent square field size of rectangular fields and parametrisation of Sc 
In a further step, the equivalent field size for collimator scatter v/q was used, 
defined as that equivalent square field that has the same Sc value as the given 
rectangular field. A well-known concept to find veq of a rectangular field is the 
area-perimeter relation of Sterling et al. [55]: veq =2XY/(X+Y). Since this 
relation is symmetrical in X and Y, it cannot include the CEE. A modification of 
this formulation has been presented by Vadash and Bjarngard [62]. Jager et al. 
[31] introduced the relation: 

(8.7.4) 

Sterling's relation [55] is found for the parameter values a1 = b 1 = 0.5 and 
a2 = b2 = 0. Applying equation (8. 7 .4), the resulting equivalent square field size 
can now be used in the polynomial of (8. 7 .3) to obtain Sc(vc,eq). Parameter va lues 
of a1 , ••. b2 can be found from the least squares method. 

For rectangu lar fields, the RMS of the differences between measured and fitted 
data for equation (8. 7 .4) was shown to be below 0.35% for a number of 
measured Sc tab les. The maximum deviations were less than 0.80% for all 
accelerators tested [31]. It was recommended to measure Sc of the before 
mentioned set of square fields, and of twelve non-square fields: 4 x 8, 4 x 30, 4 
x 40, 5 x 40, 8 x 4, 8 x 40, 30 x 4, 30 x 40, 40 x 4, 4 x 5, 40 x 8 and 40 x 
30 (all dimensions in cm), and to apply equation (8. 7 .4) to fit the data. 

The parameters that were found for the fitting methods described here are 
typically dependent on the construction of the head of the treatment machine. A 
correlation between the parameters and the quality index was not found [31]. 

A physical model for the parametrization of Sc of rectangular fields 
The influence of the CEE can be taken into account by using a correction factor 
on the X- or Y-collimator field size (Ctx of Ctv, respectively). This correction factor 
Ct converts the two-dimensional, asymmetrical data set of Sc values vs. the 
independent X- and Y- settings into a symmetrical data set (i.e. with Ctx x X and 
Ctv x Y). Values of Ct can be found by using construction data of the treatment 
machine: from the ratio of distances from focus to upper, or lower collimator 
pairs, respectively. Another method is to use the measured 2-D data set of Sc 
values and to apply Ct iteratively as a multiplicative factor to the X- or Y- field 
side dimension, until a symmetrical table is obtained. Whether Ctx = 1 and Ctv * 
1 or vice versa, depends on the construction details of the machine, i.e. whether 
the X or Y setting is determined by the upper or lower pair of jaws. 

The curves of Sc data versus field size show, in its form, the same behaviour as 
the previously discussed SP curves. It is, then, not surprising to find that 
collimator scatter data can be described as a sum of pencil beam contributions in 
practically the same way as this was done for the phantom scatter data in the 
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previous paragraph. This idea was developed by van Gasteren et al. [66]. The 
collimator scatter factor as a function of the radius, r, of a circular field can be 
found from: 

where parameters a, to a3 and b, to b3 again can be found with a least square 
method by comparing measured and fitted data. 

Having obtained a symmetrical set of data, a conventional table of equivalent 
field sizes can then be used to convert the rectangular field size Ctx x X, Ctv x Y, 
into an equivalent square, or rather an equivalent circular field [8,9]. The 
equivalent radius req can be used in the expression (8. 7 .5) to derive Sc. Thus, the 
set of measured square field sizes (X,X) are converted to effective field sizes 
(CtxX, CtvY), which are equivalent to the effective circular fields with radii req• 
The set of Sc(req) can be applied to calculate Sc(X, Y) with the Clarkson 
integration method using the set Sc(req) for the req of each Clarkson sector. 

The method was tested using beam data of several treatment machines, 
including Philips SL 1 5 and SL20, ABB Dynaray20 and GE Saturne-43 linear 
accelerators, for photon beam qualities of 6 to 25 MV. Average deviations 
between measured and calculated data were in general below 0.5%. The 
method was also tested for a number of beam data from asymmetrical collimator 
machines [67] and (a)symmetrical wedged fields [68]. 

In summary, if this method is applied, the following steps have to be taken: 
1 . Measure the Sc(X,X) values from 4 cm x 4 cm to 40 cm x 40 cm; measure 

also the Sc(X, Y) of a number of extremely elongated fields: for example 
(4,40), (5,40), .. , and (40,4), (40,5). 

2. Replace the measured square field sizes (X,X)meas and the rectangular field 
sizes (X, Y)meas by (X,CtvX) and (X,Ctv Y), respectively. 

3. Determine for all fields (X,CtvX) the equivalent radius by geometric Clarkson 
integration, i.e. take for every degree the length of the radius to the contour 
(X,CtvX) and determine the average value of req of these radii. This results in a 
set of Sc(req) values. Thus, Sc(req) = Sc(X,CtvX) = Sc(X, X )meas· 

4. Calculate for al l measured rectangular fields (X, Y)meas the corresponding 
Sc(X,CtvY) by Clarkson integration of the field (X,CtvY), using Sc(req). The 
Clarkson integration now determines for every degree the length of the radius 
r to the field contour and interpolates the corresponding Sc(r), using the set of 
Sc(req) values. 

5. If the fit between measured and calculated Sc values for the rectangular fields 
is not optimal, adjust the Y-collimator factor Ctv and repeat the procedure, 
starting at step 2. 

6. Note: depending on the machine type, it may be necessary to cha~ge (X,CtyY) 
into · (CtxX, Y), etc. in these procedures. 
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8.8 The narrow cylindrical beam-coaxial phantom (mini-phantom) 

In this report, the use of the mini-phantom is recommended for the measurement 
of the collimator scatter correction factor of the megavoltage photon beam. The 
results of the measurements should reflect as accurately as possible the change 
in the energy fluence due to primary photons coming from the treatment head at 
the reference depth with variation of the collimator setting. The collimator 
scatter correction factor is defined as the ratio of two measurements: one in an 
arbitrary field and one in the reference field. In each measurement, the resulting 
ionization is caused by the direct radiation from the head of the treatment 
machine and a small contribution of radiation scattered within the mini-phantom. 
Due to the material above the ionization chamber, a certain fraction of the direct 
radiation is absorbed. Because the amount of absorption in the material and the 
scattered radiation created within the phantom are directly proportional to the 
amount of direct radiation from the treatment head, both effects on the 
ionization in the detector cancel when we take the ratio of the two readings. The 
resulting collimator scatter correction factor is therefore almost independent of 
the construction details of the mini-phantom. 

Two conditions must be met. First, the measurements have to be performed 
using the same mini-phantom, in which the depth of measurement is chosen 
large enough to eliminate the contaminating electrons in the beam. Second, the 
minimum field size in which measurements are performed, must be large enough 
to cover the phantom surface completely. 

The depth of measurement is set to 1 0 cm, according to the definitions and 
recommendations of this report. Experiments performed by the Task Group 
members and others have shown only minor deviations in the resul t ing Sc values 
when the construction details were changed. The mini-phantom may be 
constructed with diverging side walls and square or circular cross sections. As 
construction materials solid PMMA or other water-equivalent materials may be 
used. A hollow PMMA phantom, to be filled with water, has also been used. The 
bottom side of the phantom may be provided with more backscattering material 
(i.e. the "length" of the mini-phantom). 

The diameter of the mini-phantom also appears to be of minor importance. 
Several experiments have been performed with mini-phantoms of different sizes: 
4 cm diameter down to 2 cm. No significant differences have been observed, 
which is in agreement with the results of Li et al. [ 42]. However, care has to be 
taken in case of high energy beams in combination with a relatively small mini
phantom. For these qualities, it is possible that the thin side walls can be 
penetrated by higher energy contaminating electrons from the treatment head, 
which influences the determination of Sc [ 42]. For photon beams with a nominal 
beam quality exceeding 1 6 MV, it is recommended to have a minimum diameter 
of 3 cm. Beams are supposed to have a relatively flat beam profile in air at the 
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pos1t1on of the surface of the mini-phantom. For large fields this is always the 
case. However, in some situations, for example in small 6°Co fields, this may not 
be true, which may lead to small deviations. Therefore, a 3 cm diameter seems 
to be a good compromise between the different requirements. 

The need for measurement of the collimator scatter correction factor for very 
small fields is another topic, e.g. encountered in the field of stereotactic 
radiosurgery techniques. For these situations, high Z build-up caps of different 
materials and different sizes are sometimes recommended. This is, however, not 
the subject of this report. More details can be found in the rel~vant literature 
(e.g., [53,73]). 

Two drawings of the mini -phantom are shown in figures 8.4 and 8.5. The 
upright position of the ionization chamber in figure 8.4 is preferred because the 
chamber is now symmetrically placed with respect to the beam axis. The 
influence of the stem effect on the readings has to be checked, but is in this 
situation of less importance than in the situation of figure 8.5, where the 
chamber is placed horizontally in the beam. The effective point of measurement 
is determined by the dimensions and the construction of the ionization chamber 
and is dependent on the way in which it is irradiated, but it will be independent 
of the field size. Therefore, the depth is not a critical parameter in the 
determination of the collimator scatter correction factors and knowledge of the 
exact position of the effective point of measurement is not essential. 

In case Sep measurements are performed in a large water-phantom, usually the 
same depth is chosen as applied for the calibration of the beam. Then, for 
absolute dose measurements, knowledge of the position of the effective point of 
measurement is necessary and a horizontal position of the ionization chamber is 
preferred. 

When these considerations are taken into account, all ionization chambers 
available in the clinic may be used. No preference for a certain type of 
instrument exists. 
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Figure 8.4 Construction drawing of the narrow cylindrical beam-coaxial (mini) phantom, in upright 
position. All dimensions in mm. 
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Figure 8.5 Construction drawing of the narrow cylindrical beam-coaxial (mini) phantom, in horizontal 
position. 
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