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ABSTRACT

The independent jaw feature has many clinical applications, it finds its
greatest use in matching adjacent fields. By blocking off one-half of the field
along the central axis, beam divergence can be eliminated at the junction of the '
fields. An asymmetric jaw setting, however, produces changes in depth dose
and shape of isodose curve because of the differential hafdening of the beam as
the field openning is moved asymmetrically from the central axis. So, it has an
effect in calculation the absorbed dose in the patient. The research aimed to
study the dosimetry of 6 MV x-rays for half-beam block fields in the Varian
Clinac 1800 by comparing symmetric beam parameters with half-beam block
parameters. Total scatter factor (S_ ) and collimator scatter factor (S) of half-
beam block fields are nearly the same as symmetric fields after off-axis ratio

(OAR) has been applied. The differences of S, between symmetric field and



half-beam block field are within £ 1.0%. The differences of S, between
symmetric field and half-beam block field are within £ 1.7%. The differences
of phantom scatter factor (Sp) between symmetric field and half-beam block
field are within £ 1.0% without any corrections. The off-axis ratio was
measured both in air and in medium at depth of maximum dose. The
difference of OAR ,_and OAR . is within + 1.4%; therefore, either OAR

or OAR can be used. In the research, OAR_ ... Was selected for dose

medium
calculation in half-beam block field whenever symmetric data was used.

The percentage depth dose of half-beam block fields is slightly less than
symmetric percentage depth dose which depends on depth and field size or
off-axis distance. In the research, the percentage depth dose of half-beam
block field, which field sizes are less than or equal to 16x16 cm and the depths
are less than or equal to 20 cm, are different from symmetric percentage depth
dose within 2.0%. Corrections for percentage depth dose seem to be
unnecessary unless the treatment field is greater than or equals to 16x16 cm
and more or equal to 20 ém depth.

The isodose curve shape of half-beam block field on the side which is
closer to the flattening filter center is shallower than the isodose curve shape of
symmetric field. The isodose constriction is depended on field size and depth.
The maximum decrease of dose is up to 10% at 20x20 cm field at 1.5-7.0 cm
depth. The beam penumbra width of half-beam block field at the central-axis
edge seems to be wider than at the off-axis edge and also the beam penumbra

width of symmetric field at the same dimension.

iv



The calculated dose of half-beam block field by symmetric data and
asymmetric data were evaluated by measurements. The differences between
calculated dose by symmetric data and measured dose are within 3.8%. The
differences between calculated dose by asymmetric data and measured dose are
within 2.6%. So the dose calculated by asymmetric data is more agreeable
than the dose calculated by symmetric data. However, the differences between
the dose calculated by symmetric data and asymmetric data are within & 1.5%.
It illustrates that the absorbed dose of half-beam block field can be calculated

using symmetric data.
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CHAPTER

INTRODUCTION

The independent movement of radiation field defining collimators in
medical linear accelerators is becoming widely used in radiation oncology
clinics. This feature finds many clinical applications to eliminate the need for
heavy secondary shields to produce non-divergent treatment fields by blocking
off one-half of the field along the central axis such as the supraclavicular field
that is matched to tangential breast fields or bilalteral neck fields. In other
words, the characteristics is useful in the treatment field that is matched to the
other fields which need no divergence of beams. (1,2) In our department an
asymmetric x-ray collimator of Varian Clinac 1800 has an upper jaw that can
be moved independently of the corresponding opposed jaw. Before these
clinical applications can be implemented, some basic dosimetry parameters
must be evaluated. Normally the calculation of dose and isodose distribution
in a patient requires basic data which are measured with symmetric
collimators. The dosimetric parameters of high energy photon beams which
strongly depend on the design of beam collimation system are field size factors
and field penumbra. (3)

Generally, the change of dose rate at a point in a phantom as a function
of field size is related to both change in collimator scatter and phantom scatter
because as the collimators are opened they present more surface area to the

beam with concomitantly more radiation being scattered from these surfaces.



Likewise, as more phantom volume is irradiated more scatter occurs in the
phantom. (4) Therefore, it is expected that asymmetric jaws will affect these
beam characteristics. Also the differential hardening of the beam which results
in change of beam quality at off-axis points will influence the depth dose
characteristics and shape of isodose curves as the field opening is moved
asymmetrically from the central axis. (3) These dosimetric characteristics of a
Varian Clinac 1800 linear accelerator with a 6 MV x-rays in half-beam block

and symmetric field are described.

Collimator Scatter Factor

The beam output (exposure rate, dose rate in free space,.or energy
fluence rate) measured in air depends on the field size. The collimator scatter
factor (S,) is commonly called the output factor and for symmetric fields may

be defined as follow:

S, () = output in air for a field size r x rcm @

output in air for a field size 10x10 cm

where r is the side of an equivalent square field. (5)

Phantom Scatter Factor
The phantom scatter factor (S p) takes into account the change in scatter
radiation originating in the phantom at a reference depth as the field size is

changed. S, for symmetric field may be defined as follow:



S, () = dosc rate in phantom at a reference depth for a field sizerx rcm @

dose rate in phantom at a reference depth for a ficld size 10x10 cm

with the same collimator openning.

In this definition, that S is related to the changes in the volume of the
phantom irradiated for a fixed collimator opening. Thus one could determine
| S, at least in concept, by using a large field incident on phantoms of various

cross-sectional sizes as shown in figure 1.1.

A A
/I \\ / \\
/8 \\ given field / 8\ given field
\
/ / reference
B / field
/
/ \ blocked
SIS B LSS S o
A _}

r’feference
7 %" -depth
.

Fig. 1.1 : Diagrams to illustrate definition of S
A. Dose in phantom at reference depth for a given field.
B. Dose at the same point for a reference field with the same

collimator opening.



A more practical method of measuring S, which can be used for all
beam energies, consists of indirect determination from the following equation:
S, =50 @
S. (D)

where S (¢) is the total scatter factor defined as follow:

S,,(M = _doscrateata reference depth for a field size r x r cm

dose rate at a reference depth for a field size 10x 10 cm

Thus S, () contains both the collimator and phantom scatter and when
devided by S_ (1) yields S, (). (6)

For the symmetric fields, the output factor data are measured at a point
on central axis of the beam. However, for half-beam block fields, the output
factors need to be redefined at a suita‘ble reference point, such as a point on the
central ray line of the half-beam block field. Thus for a point P on the central
ray of a half-beam block field and a lateral distance x away from the beam

central axis (Fig. 1.2), we define

True central axis

independent jaw

~~

central ray of half beam block field

Fig. 1.2 : Geometry of half-beam block field by an independent jaw.



Therefore,

S, (r,x) = (outputin air for asymmetric r x r cm field centered at P) @

(output in air for symmetric 10 x 10 cm field) OAR (x) at P

where OAR () is the off-axis ratio, i.e., output in air at point P relative
to the corresponding point on the central axis of the beam, with the field fully

open in both cases, namely,

OAR (x) = output at off - axis point (point P.)

output at the true central axis

where x is the distance in centimetres from point P. to the true central

axis of the beam. (5)

Analysis of the S_ (r,x) data for the asymmetric fields and the in-air
output profile obtained for the largest field gave the following result:

(output in air at center of asymmetric field of size rxr cm.)

=D, S, (r,0) OAR (x) @

where D_ is the output in air for the symmetric 10x10 cm field, and
S, (r,0) is the output factor in air on the central axis of the symmetric field of
the same size as the asymmetric field.

The significance of Eq. @ lies in the fact that the output in air at the

center of an asymmetric field can be predicted from the output factor data for



the regular symmetrical fields and an in-air output profile for the largest field.
Thus a new set of output factors is not required for the fields collimated by the

independent jaw. (5)

Absorbed Dose to a Point on the Central Ray of an Asymmetric Field

In half-beam block fields, however, the target or the point of interest
does not lie on the beam central axis. The shape of isodose lines is altered by
the asymmetric collimation due to the attenuation by the flattening filter. Thus
an off-axis dose correction may be required in the calculation of target dose.
This correction will depend on the depth and the distance from the central axis
of the point of interest . (6)

The following equations are proposed for the calculation of dose for
asymmetric fields. For SSD type of treatments,

D(d_,x,1) = kMUS,_(r,0) S, (r,0) OAR ,, () .

where MU is the number of monitor units and k is the dose per MU, °
which is 1 cGy/MU at the calibration point at depth d_ on the central axis of a
‘symmetrical 10 x 10 c¢m field. Thus for calculating i)mx dose in an
asymmetric field, the output factors for symmetric fields may be used. The
only additional factor required is the off-axis dose ratio OAR,, (x)

Similarly the dose to a point (x) at depth d on the central ray of an

asymmetrically collimated field may be expressed as

D (dx,) ~ kMU S, (,0) S, (,0) P (d,0,0) OAR, (x)



where P (d,o,r) is the central axis fractional depth dose for the
symmetric field size r x r and OAR , (x) is the off-axis ratio derived from cross
beam profile at depth d. Equation shows that the dose at a depth d at a
point (x) on the central ray of an asymmetric field is given by the product of
the dose at the same depth on the central axis of the symmetric field of the

same dimensions and the off-axis ratio at that depth. (5)

Percentage Depth Dose

One way of characterizing the central axis dose distribution is to
normalize dose at depth with respect to the dose at a reference depth. (7) The
quantity "percentage depth dose" may be defined as the quotient, expressed: as
a percentage, of the absorbed dose at any depth d to the absorbed dose at a
fixed reference depth d, along the central axis of the beam (Fig. 1.3). -
Percentage depth dose (P) is thus

P=D, x100 ’4

D

do



/= Collimator
Central Axis

__——" Surface

7

/ Phantom

Fig. 1.3 : Percentage depth dose is (Dy/D,,) x 100, where d is any depth and d;

is reference depth of maximum dose.

For high energies, the reference depth is taken at the position of the peak
absorbed dose (d,=d_). In clinical practice, the peak absorbed dose on the
central axis is sometimes called the maximum dose, the dose maximum, the /

given dose, or simply the D__ . Thus

D_. = D, x100 | @

P
A number of parameters affect the central axis depth dose distribution.
These include beam quality or energy, depth, field size and shape. source to
surface distance, and beam collimation.
The effect of asymmetric beam collimation on dose distribution has
been discussed in the literature (5,8). The primary dose distribution has been

shown to vary with lateral distance from central axis because of the change in



beam quality. Using beam-flattening filter (thicker in the middle and thinner in
the periphery) results in greater beam hardening close to the central axis
compared with the periphery of the beam. Therefore, the percentage depth
dose distribution along the central ray of an asymmetric field is not the same as
along the central axis of a symmetric field of the same size and shape. In
addition, the incident primary beam fluence at off-axis point varies as a
‘function of distance from the central axis, depending on the flattening filter
design. These effects are not emphasized in the dosimetry of symmetric fields,
because target doses are usually specified at the beam central axis and the off-

axis dose distributions are viewed from the isodose curves. (6)

Isodose Chart & Penumbra

An isodose chart for a given beam consists of a family of isodose curves
usually drawn at equal increments of percent depth dose, representing the
variation in dose as a function of depth and transverse distance from the
central axis for symmetrié fields. (9)

Examination of a family of isodose charts reveals some general
properties of dose distribution. First, the dose at any depth is normally
greastest on the central axis of the beam and gradually decreases toward the
edges of the beam. Second, near the edges of the beam (the penumbra region),
the dose rate decreases rapidly as a function of lateral distance from the beam
axis. The width of geometric penumbra, which exists both inside and outside
the geometrical boundaries of the beam, depends on source size, distance from

the source and source-to-diaphragm distance. Third, near the beam edge, fall



10

of the beam is caused not only by the geometric penumbra but also by the
reduced side scatter. Therefore, the geometric penumbra is not the best
measure of beam sharpness near the edges. Instead the term "physical
penumbra” may be used. The "physical penumbra" width is defined as the:
lateral distance between two specified isodose curves at a specified depth.
Fourth, Outside the geometric limits of the beam and the beam penumbra, the
dose variation is the result of side scatter from the field and both leakage and
scatter from the collimator system. Beyond this collimator zone, the dose
distribution is governed by the lateral scatter’ from the medium and leakage
from the head of the machine. (9)

When a field is collimated asymmetrically, as using beam-flattening
filter (thicker in the middle and thinner in the periphery), results in greater
beam hardening close to the central axis compared with the periphery of the
beam. Therefore, the percent depth dose along the central ray of a half-beam
block field is not the same as along the central axis of a symmetric field of the
same size and shape. In addition, there are the changes in the physical
penumbra and the tilt of the isodose curves toward the biocked edge. (10)
Besides, the incident primary beam fluence at off-axis points varies as a
function of distance from the central axis, depending on the flattening filter

design.



CHAPTER 11
OBJECTIVES

Due to the feature of half beam block fields, some basic dosimetry
parameters must be evaluated before these clinical applications are
implemented. This research was set to study dosimetry of 6 MV asymmetric
fields by half-beam block compared to the dosimetry of symmetric fields. The
suitable method of calculated the absorbed dose given to the patient is
presented. The objectives of this research are

"

1. To evaluate the dosimetric data which are total scatter factor (S, ),
collimator scatter factor (S), phantom scatter factor (Sp) a;d off-axis ratio
(OAR) of asymmetric fields compared to symmetric fields.

2. To study the characteristic of the beam by measuring of the set of
beam profiles and depth dose curves of symmetric and asymmetric beams.

3. To construct the isodose charts of symmetric and asymmetric beams
from sets of beam profiles and depth dose curves by GE Target treatment
planning system.

4. To compare the isodose distribution of asymmetric beams obtained
from GE Target treatment planning system to isodose distribution of
asymmetric beams obtained from Plato treatment planning system which
applied the dose calculation algorithms.

5. To compare isodose distributions of symmetric and asymmetric

beams.



6. To evaluate the method of calculation of absorbed dose to the

patients which used the data from symmetric beams.

12



CHAPTER 111

MATERIALS AND METHODS

3.1 Materials
3.1.1 Therapy Unit

The linear accelerator, Clinac 1800, produces two photon beams,
6 and 10 MV, and five electron beams. Its independent collimator system
provides the ability to control motion of the upper set of fields defining
collimators either in an independent or in a symmetric (coupled-motion) mode
of operation. Each upper collimator may be moved passing the beam center
while it is in the independent mode. The symmetric field size is maximum at
40x40 cm; therefore, its half beam block side is maximum at 20 cm or off-axis
distance can range from 0 cm to 10 cm maximum. In the research, the 6 MV
x-ray beams with symmetric and half-beam block fields was used at zero

degree of collimator position.



Fig. 3.1 : Linear accelerator Varian Clinac 1800

3.1.2 lonization Dosemeter
The lonex Dosemaster‘ (model NE 2590 A) with 0.6 cc ion
chamber (model NE 2571) of Nuclear Enterprise limited (NE) was used for
machine output measurement. An ion chamber was fitted by a 6 MV build up
cap, 2507/D/MK.3 type of Nuclear Enterprise limited (NE), then output in air
from 6 MV x-rays were measured. The thickness of build up cap was 1.5 cm.

The diameter of build up cap was 3.9 cm.

14
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3.1.3 Beam Data Scanner

A Therados BDS 3- water scanner computer driven system with
silicon detectors was used for performing sets of beam profile and percentage
depth dose in both symmetric and half-beam block fields. The BDS 3 is a
three-dimensional water phantom for dose distribution measurements in
radiotherapy beam with a control unit that permits scanning in the orthogonal
directions. The control unit is connected to the IBM PC computer which
loaded with the software. This software controls the beam data scanner to

perform automatic measurements of dose distribution in radiotherapy beams.
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Fig 3.2 : Beam Data Scanner system diagram



3.1.4 Water Phantom
A water phantom sizes 30 x 30 x 20 cm’ was used with an ion
chamber for measuring the dose in half-beam block fields at depth 1.5, 5 and
10 cm so as to evaluate the calculated doses in each field and depth.
3.1.5 Radiotherapy Treatment Planning Computer
The GE Target treatment planning computer was used for
generating isodose curves. Its data came from sets of profile and depth dose
curves measured by a Therados BDS 3 - water scanner system with silicon
detectors. The Plato Planning System of Nucletron was also used, but the
isodose curve of half-beam block fields were calculated by the algorithm using

symmetric data.

3.2 Methods

Our measurements with a 6 MV x-ray beam were made by both
symmetric field along the central axis and half-beam block field along its
central ray in each field (Fig.1.2). For the measurement of percentage depth
dose, beam profiles and the absorbed dose, the 100 cm source skin distance or
SSD technique was used. The sizes of fields were 4x4, 6x6, 8x8, 10x10,
12x12, 16x16, 20x20, _IEXS, @8 and _26x10 cm. The rectangular fields of
half-beam block fields such as 10x5 is made by moving collimator in
y-direction to open half of 10 cm,, that is 5 cm. Figure 3.3 shows the

symmetric and half-beam block fields, relative to the central axis.

16



Y
ﬂk
P : A. symmetric field
- X Point P. is a center of the field.
Y
T
>p B. half beam block field

7 / / / // * X Point P. is a center which is in the middle

of asymmetric field.

Fig. 3.3 : Center of symmetric field (A) and half-beam block field (B).

32.1 Off-Axis Ratio (OAR)

Off-axis ratio factors were measured by a BDS-3 system with
silicon detectors. Profile measurements at d_, in water phantom were
performed along principle and diagonal axes of a 40x40 cm field. Figure 3.4
shows the diagram of orthogonal axes‘and diagonal axes when the collimator 1s
zero degree. The air profiles were also done in the same way as the profiles at
d_,. The off-axis readings were devided by the central axis reading to get the
off-axis ratio. For each cm from the center along the two orthogonal axes and

the two diagonal axes, eight values of off-axis are averaged. For example at

17
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1.0 cm off axis (Fig 3.4), the off-axis ratio at point X , -X,, Y,-Y,A,-A,B,
-B, are average. The average value for each cm of off-axis ratio in air was

compared to the average value at the same point in medium.

+Y
1;

Fig. 3.4 : Orthogonal axes (X, Y) and diagonal axes (A, B) when the
collimator is zero degree, X, -X,, Y, -Y, A, A, B,, -B, are the

point one cm from the center.

3.2.2 Total Scatter Factor (Sc.p () - —

Total scatter factors were measured by 0.6 cc. ion chamber (NE
2571) in water phantom at 5 cm depth in érder to avoid the possible influence
of contaminant electrons incident on the phantom and achieve full scattered.
Target to chamber distance was 100 cm or 100 c¢m source-axis distance.
Figure 3.5 shows the arrangement for measuring total scatter factor Sc.p(r). The

field sizes vary from 4x4 to 20x20 cm. The outputs were measured in

symmetric and asymmetric fields, the reference is 10x10 cm symmetric field.
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reference
field

—-= Field Size

Fig. 3.5: Measurements in a phantom at a referece depth for

determining S_ versus field size.

The output measured was converted to output at depth of maximum
dose by using tissue maximum ratio at 5 cm depth of that field size. Then
S., (1) of symmetric beam and S_ (r,x) of asymmetric beam can be calculated
by using equation only.

3.2.3 Collimator Scatter Factor (S, (r))

Collimator scatter factors were obtained by positioning the ion
chamber with appropriate build up cap, which was provided maximum dose
build up for the 6 MV x-ray beam, in air at 100 cm SAD. The measurement
setup is shown in figure 3.6. The outputs were measured in symmetric field

and asymmetric field.



\ given field
\/

\ reference
field
build-up

. \\ ccp .
..---._7! T U S

1 ~reference
o/ field

— Field Size

— S,

Fig. 3.6 : Chamber with build-up cap in air to measure output relative to

a reference field, for determining S_ versus field size.

In the measurement of S_, the field must fully cover the build up cap for

20

all field sizes. Then S_(r) of symmetric field and S, (r,x) of asymmetric field |

can be calculated by using equation@ . The S_ (r,x) of asymmetric field
can be calculated by equation @ too which used thé data from symmetric
field and the off-axis ratio. |

3.2.4 Phantom Scatter Factor (S, (1))

From the data of the total scatter factor (S_) and the collimator
scatter factor (S_), the phantom scatter factor (S,) can be calculated using
gquation @ which Sp ()= Sep (r)/S (1).

3.2.5 Percentage Depth Dose & Beam Profile

The water phantom of BDS 3 water scanner systém was set up
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and aligned with the entrance surface roughly centered on the beam and at right
angles to the central axis. The phantom was filled with tap water to the
required level. The cable to the control unit was connected, the local control
was connected to analog control on the connector box. The field detector,
silicon detector, was mounted in the detector holder and connected to the
connector box. The IBM PC computer was connected to the control unit.
With all coordinates in “origin” mode the detector was positioned with the
local control to the central axis as close as possible to the phantom surface.
This point now defined the origin of the coordinate system. The reference
detector was set up in the field and connected, the beam was turned on. The
sensitivity of the reference channel was adjusted to give a reading at the display
of approx. 70. The detector was now moved with one of the preset position
potentiometers along the central axis of the beam until the dose maximum was
found and the sensitivity of the field channel was adjusted to give 100%
reading at the display. With the computer set to appropriate coordinates, the
detector could now be scanned along the central axis to produce depth dose
curves and at right angle to the central axis to produce cross plots along the
main axes. In symmetric field the detector measured the dose along the central
axis, for half-beam block the detector was set in the middle of the surface of
the half field as shown in figure 3.3 A and 3.3 B respectively. The depth dose
curves were normalized to 100% at the reference depth of 1.5 cm. Beam
profiles measurements were made along principal axes of fields at the depth of

1.5, 7.5, 13.5, 19.5 and 25.5 cm at 100 cm SSD.



3.2.6 lIsodose Chart
Beam profiles and depth dose curves from 3.2.5 were input to
Target treatment planning for generating an isodose chart for each field both
for symmetric and asymmetric fields.
3.2.7 Beam Penumbra
Beam profile scans obtained with the automatic scanning system
were used to evaluate the penumbra for specified field sizes and depths. The
width of the penumbra was defined here as that width of separation between
the 90 and 10 percent relative intensity on a beam profile scan. (11) In this
study, beam profiles were taken at d_, and 7.5 cm depth in each field size at a
constant 100 cm SSD.
3.2.8 Dose Measurement
The water phantom was set up and aligned with the entrance
surface centered on the beam and at right angles to the central ray. The
phantom was filled with tap water to the required level. The ion chamber was
placed at depths of constant 100 cm SSD and was at the central ray of each
half-beam block field. The monitor unit used in each field at any depth was set
up to be 100. Each value of output measurement was an average reading of 3
measurements. The outputs were measured at 1.5, 5 and 10 cm depth in water

phantom for all half-beam block fields. Then the absorbed dose was calculated

0
Mu = M u P'I'P kh Ps @

Dw(Peff) = I\/Iu ND Sw.air 1)u @

by (12).
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where

M, =
M’ =

P. =

TP

Meter reading after corrections
Meter reading before corrections
Factor to allow for effects of non-reference temperature

and pressure : P, = 101.3 (273.2+ T)

P (273.2 +20)
where P and T are the air pressure in kilopascal and
temperature in degree Celsius during measurement.
Correction factor to account for the humidity in the chamber
cavity air, it was 0.997 from parge 45 of reference 12.
Factor to allow for lack 6f saturation of charge collection (due to
ion recombination) in an ionization chamber, it was the measure-
ment of ionization at two bias voltages, V,(-250 volts) and
V,,(-125 volts). The ratio of the two readings was P_.(13, 14)
Absorbed dose to air chamber factor, it is 4.092 cGy/nC
Ratio of averaged stopping power for water to air, table
X111 of reference 12 and beam quality (TPRIOZO‘ =(0.6758)

gaveS_ ., = 1.12.

Factor to allow for non-water equivalence of the ionization
chamber; figure 14 of reference 12, beam quality
(TPRIO20 =0.6758) and type of chamber wall material (graphite)

gave P, =0.994.

D (P_) = Absorbed dose to water at an effective point of measurement in

water phantom

23
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Ve

s/

Extended
detector

v/
zZ. -2
Pets

Fig. 3.7 : Displacement of the effective point of measurement P, (depth Zp_,)

from tﬁe center P (depth Zp) off an ionization chamber

The values of Zp,; - Zp are 0.75 r for ' high' energy photon beam. 'r'is -
the radius of ionization chamber which is 3.15 mm for NE 0.6 cm’ Guarded
Farmer 2571. So, the point of measurement was displaced by 2.36 mm from
the center of the chamber and toward the target as shown in figure 3.7.

The measured dose was compared to the absorbed dose calculated by
symmetric data using equation for depth of maximum dose and equation

for any depth. Furthermore, the measured dose was compared to the
absorbed dose calculated by asymmetric data. The absorbed dose calculated by
symmetric data was also compared to the absorbed dose calculated by

asymmetric data.



CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Results
4.1.1 Qff-Axis Ratio (OAR)

Table 4.1 shows the off-axis ratio in air along the two orthogonal
axes and the two diagonal axes. Table 4.2 shows the off-axis ratio in medium
at d__ along the two orthogonal axes and the two diagonal axes. The data in
table 4.1 ang table 4.2 showed slightiy difference in off-axis ratios depending
on radial direction. So one table for off-axis ratios is used independently of the
radial plane in which the open field center is located in respect to the machine's
central axis. The difference between off-axis ratio in air and off-axis ratio in
medium is within £1.4% as shown in table 4.3. The difference is more when

the off-axis distance is increased.
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Table4.1 : OAR in air,along the orthogonal axes and the diagonal

axes(fig.3.4),based on 40x40 cm symmetric collimation

Oft-axis OAR at OAR at OAR at OAR at The average
distance X-axis Y-axis A-axis B-axis of OAR
(cm) +X -X +Y -Y +A -A +B -B

0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1 1.0076 | 1.0079 | 1.0077 |1.0077 | 1.0069 | 1.0067 | 1.0063 | 1.0060 1.0071
2 1.0IT3 | 1.0113 [ 1.0154 ;1.0154 [ 1.0148 | 1.0142 | 1.0072 | 1.0170 1.0133
3 1.0130 | 1.0174 | 1.0231 |1.0231 | 1.0152 | 1.0144 | 1.0238 | 1.0230 1.0191
4 1.0200 | 1.0261 ; 1.0308 |{1.0300 | 1.0230 | 1.0228 | 1.0296, | 1.0287 1.0261
5 1.0252 | 1.0339 | 1.0377 |1.0362 | 1.0326 | 1.0312 | 1.0349 | 1.0336 1.0332
6 1.0339 | 1.0383 | 1.0438 |1.0431 | 1.0400 | 1.0391 | 1.0409 | 1.0391 1.0398
7 1.0383 | 1.0435 | 1.0477 |1.0485 | 1.0480 | 1.0402 | 1.0498 | 1.0400 1.0445
8 1.0435 | 1.0504 | 1.0538 |1.0538 | 1.0497 | 1.0489 | 1.0522 | 1.0508 1.0504
9 1.0504 | 1.0539 | 1.0600 |1.0592 | 1.0568 | 1.0533 [ 1.0576 | 1.0558 1.0559
10 1.0522 | 1.0626 | 1.0631 |1.0615 { 1.0600 | 1.0594 | 1.0600 | 1.0582 1.0594




Tabled.2 : OAR in medium,along the orthogonal axes and the diagonal

axes(fig.3.4),based on 40x40 cm symmetric collimation

27

Off-axis OAR at OAR at OAR at OAR at The average
distance X-axis Y-axis A-axis B-axis of OAR
(cm) +X -X +Y Y +A -A +B -B

0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1 1.0079 | 1.0080 | 1.0078 |1.0073 | 1.0071 | 1.0069 | 1.0022 | 1.0016 1.0061
2 1.0014 | 1.0198 | 1.0195 |[1.0110 | 1.0450 | 1.0143 | 1.0077 | 1.0070 1.0132
3 1.0204 | 1.0239 | 1.0234 {1.0200 | 1.0228 | 1.0220 | 1.0117 | 1.0109 1.0194
4 1.0250 | 1.0300 { 1.0297 |1.0220 | 1.0276 | 1.0273 | 1.0187 | 1.0156 1.0245
5 1.0329 | 1.0317 | 1.0312 |1.0320 | 1.0331 | 1.0327 1.0220‘ 1.0211 1.0296
6 1.0364 | 1.0354 | 1.0352 |1.0357 | 1.0378 | 1.0370 | 1.0247 | 1.0234 1.0332
7 1.0432 | 1.0427 | 1.0422 |1.0431 | 1.0386 | 1.0379 | 1.0267 | 1.0266 1.0376
8 1.0443 | 1.0458 | 1.0453 |1.0440 | 1.0409 | 1.0400 | 1.0306 | 1.0297 1.0401
9 1.0454 | 1.0465 | 1.0461 |1.0449 | 1.0457 | 1.0450 | 1.0320 | 1.0312 1.0421
10 1.0500 | 1.0488 | 1.0484 |{1.0480 | 1.0465 | 1.0459 | 1.0365 | 1.0344 1.0448




Table 4.3: OAR in air and in medium based on 40x40 symmetric collimation.

Off-axis distance (cm) OAR_, OAR ...  OAR_/OAR_ ..

0 1.0 1.0 1.0

1 1.0071 1.0061 1.0010

2 1.0133 1.0132 1.0001

3 1.0191 1.0194 0.9997

4 1.0261 1.0245 1.0016

5 1.0332 11.0296 1.0035

6 1.0398 1.0332 1.0064

7 1.0445 1.0376 1.0066

8 1.0504 1.0401 1.0099

9 1.0559 1.0421 1.0132 .
10 1.0594 1.0448 1.0139

4.1.2 Total Scatter Factor (S, )

Table 4.4 shows S, data of symmetric field compared to half-
beam asymmetric field. After the off-axis ratio has been applied to S, of
asymmetric fields, S, data of symmetric field are very closed to S_ data of
asymmetric fields. The maximum difference is within £ 1.0%. Figure 4.1
shows the data plotted from table 4.4. The results demonstrate that S_ data for
symmetric field can be used for asymmetric field as long as off-axis ratio 1s

applied.



Table 4.4 : Comparison of total scatter factors in symmetric fields (S, (r),,,,)

and in half-beam block fields (Sc‘p(r) )

asym

FIELD SIZE (cm)  Si,(Dym  Se@un/OAR e Sy (S puyn/OAR S o
4x4 0.93247 0.92199 0.91879 1.0035
6x6 0.97244 0.95295 0.95371 0.9992
8x8 1.00629 0.98175 0.97985 1.0020
10x 10 1.03124 0.9983 1.00000 0.9983
12x 12 1.04662 1.00990 1.01104 0.9989
16 x 16 1.07992 1.03410 1.03464 0.9994
20 x 20 1.10256 1.05007 1.04782 1.0021
10x5 0.98145 0.97011 0.97069 0.9994
16x 8 1.02828 1.00321 1.01092 0.9923

20x 10 1.05153 1.01799 1.02759 0.9907
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4.1.3 Collimator Scatter Factor (S))

31

Table 4.5 shows S_ data for in air measurement of symmetric and

half-beam asymmetric fields. Due to the difference of symetric beam profile

and asymmetric beam profile, the influence of the beam profile was eliminated

by dividing S_ data of asymmetric field by off-axis ratio. The agreement of S,

data for symmetric and asymmetric field is within T+ 1.7%. The discrepancy is

predominate in rectangular field. This result shows the complexity of scatter

dose due to the collimator opening. Figure 4.2 shows the data plotted from

table 4.5.

Table 4.5 : Comparison of collimator scatter factors in symmetric fields

(Sc(r)sym) and in half-beam block fields (Sc(r)asym)

FIELD SIZE (cm’) S0,  SdDu/OAR, Sy (S0)uu/OAR S (1), .,
4x4 0.95967 0.94889 0.94889 1.0000
6x6 0.99019 0.97035 0.97155 0.9988
8 x8 1.01321 0.98850 0.98847 1.0000
10x 10 1.03242 0.99949 1.00000 0.9995
12x 12 1.03918 1.00273 1.01259 0.9903
16 x 16 1.06630 1.02106 1.02319 0.9979
20 x 20 1.08309 1.03152 1.02302 1.0083
10x5 0.98816 0.97268 0.98326 0.9892
16x8 1.02522 1.00022 1.01140 0.9889
20x 10 103918 1.00603 1.02319 0.9832
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4.1.4 Phantom Scatter Factor (S)) ‘l::w;‘m@

Table 4.6 shows phantom scatter factors in symmetric and half-
beam block fields. The data illustrates that S of symmetric and asymmetric
fields are nearly the same value for the same dimension. The ratios of S of
symmetric fields to S/ of asymmetric fields are closed to unity; accordingly,
phantom scatter factor is independent on collimator position. If we did not

have Sp(r)as'vm data we can use Sp(r)s_‘,m data to calculate dose in half-beam block

field. The result of this study and Loshek's (8) are agreeable.

Table 4.6 : Comparison of phantom scatter factor in symmetric fields (S,(r),,,)

and in half-beam block fields (S (1) )

33

FIELD SIZE (cm") S (1) S (1) S,(1y /S (Ve
4x4 0.96828 0.97166 0.9965
6x6 0.98163 0.98207 0.9995
8 x 8 0.99128 0.99317 0.9981
10x 10 1.00000 0.99886 ~ 10011
12x12 0.99847 1.00716 0.9914
16x 16 1.01119 1.01277 0.9984
20 x 20 1.01531 1.01798 0.9974
10x5 0.98722 0.99321 0.9940
16 x 8 0.99953 1.00298 0.9966

20x 10 1.00430 1.01188 0.9925

37916
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4.1.5 Percentage Depth Dose

Percentage depth dose at 100 cm SSD for field size 4x4 to 20x20
cm at 5, 10, 15 and 20 cm depth are shown in table 4.7 both for symmetric and
asymmetric fields. The change in percentage depth dose of asymmetric field
for the depth less than 20 cm and field size smaller than 16x16 cm is below
2.0%. The differences are greater at larger field size with deeper depth. The
maximum difference is 2.7% at 20x20 cm field and 20 cm depth. Correction
for percentage depth dose seems to be unnecessary unless the treatment field is

larger than or equal to 16x16 cm and more or équal to 20 cm depth.
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4.1.6 Isodose Chart

Figure 4.3 shows the isodose curve comparisons between
symmetric fields and half-beam block fields of 6x6 cm and 20x20 cm
respectively.  For all field sizes of half-beam block fields which were
constructed, the isodose curves of all half beams tilt toward the blocked edge
constric. The maximum decrease of dose is up to 10% at 20x20 cm field at
1.5-7.0 cm depth. This occures at shallower depth (1.5-7.0 cm) than deeper
depth (>7.0 cm) in larger field size. There are about 1-2% decreased of dose
occuring in small field size (6x6 cm) and the reduction of dose tends to be the
same at any depth. The shape of isodose curve at the far edge is the same as
that of a large symmetric field, the edge of which is defined along the same
divergent line. For example, the shape of isodose curve in the penumbra
region further away from central axis for 16x8 cm half-beam block field
matches the shape of isodose curves for 16x16 cm symmetric field. In both
cases the field edge is 8 cm away from the central axis of the beam. Figure 4.4
shows the result which is agreeable with Palta et al (3).

Fiigure 4.5 (a) shows the half-beam block isodose curves which were
calculated from symmetric data by an asymmetric algorithm of Plato planning
system, and figure 4.5 (b) shows the half-beam block isodose curves which
were calculated from the measured data in half-beam block field by the Target
treatment planning system. Isodose curves from both treatment planning
systems show slightly difference only in the penumbra region. This result
suggests that Plato treatment planning system can be used to perform treatment

planning for asymmetric fields.
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B. 16x16 cm.
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4.1.7 Penumbra

Figure 4.6 shows symmetric and half-beam block profiles which

were used to determine the beam penumbra width. Table 4.8 shows symmetric

and half-beam block penumbra at depth of maximum dose and 7.5 cm depth.

The beam penumbra width at the central-axis edge seems to be wider than the

beam penumbra width at the off-axis edge especially in the field which is

greater than or equai to 16x16 cm with greater depth. The maximum

difference is 5 mm for field size 20x20 cm at 7.5 cm depth. The penumbra

width at the off-axis edge is equal to the penumbra width of symmetric field at

the same dimension except the field which is greater than or equal to 16x16 cm

especially at greater depth.

Table 4.8 : Penumbra width at 1.5 and 7.5 cm depth of various field sizes
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Fieldsize| Penumbra width (90-10%) at d, . (mm) | Penumbra width (90-10%) at d, ; , (mm)
(cm) Penumbra of | Penumbra of asymmetric field |Penumbra of | Penumbra of asymmetric field
symmétric Central axis Off-axis symmetric | Central axis Off axis
field edge edge field - edge edge
4x4 6.0 6.0 55 9.0 8.7 8.0
6x6 6.0 7.0 6.0 9.0 11.0 9.0
10x5 6.0 70 6.0 10.0 115 10.0
8x8 6.0 9.5 7.0 11.0 15.0 12.0
10x10 6.5 10.0 7.0 13.0 16.0 14.0
16x8 7.0 8.5 7.0 13.5 17.0 14.0
12x12 8.0 10.5 8.0 16.5 20.0 19.0
20x10 8.0 9.0 8.0 18.0 215 200
16x16 9.0 13.0 10.0 19.0 26.0 22.0
20x20 10.0 14.0 13.0 22.5 35.0 30.0




4.1.8 Dose evaluation
4.1.8.1 Dose measurement
Table 4.9 shows results of the dose measurement in half-

beam block fields at 1.5, 5 and 10 cm depth.

Table 4.9 : Measured dose of half-beam block fields

F.S. (cm’) Depth (cm) _ reading (nC) Dose__, (cGy)

4x4 1.5 20.514 95.05
| 5.0 g 17.330 80.29

10.0 12.731 58.99

6x6 1.5 21.392 99.12
50 18.286 84.72

10.0 13.661 63.30
8x8 1.5 22073 102.27
5.0 18.987 87.97

10.0 | 14.374 66.60

10x10 1.5 22.611 104.76
5.0 19.50 90.35

10.0 14.90 - 69.04

12x12 1.5 23.064 106.86
5.0 19.94 92.41

10.0 15.358 71.16

16x16 1.5 23.727 109.93
5.0 20.572 95.32

10.0 _ 16.021 74.23

20x20 1.5 24313 112.65
5.0 21.077 97.66

10.0 : 16.521 76.55




Table 4.9 (continued)
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F.S. (cmz) Depth (cm) reading (nC) Dose__ (cGy)
10x5 15 21396 99.13
5.0 18.319 84.88
10.0 13.72 63.57
16x8 1.5 22.436 103.95
50 19.406 89.91
10.0 14.880 68.94
20x10 1.5 22.962 106.39
5.0 19.886 92.14
10.0 15.405 7138

4.1.8.2 Half-Beam Block Doses Calculated by Asymmetric and

Symmetric Data Compare to Dose Measurement

Table 4.10 shows the comparison of doses calculated by

symmetric data and the measurement. The discrepancy between calculation

and measurement are greatest at 10 cm depth but it is least at 1.5 cm. The

discrepancies are predominant when the field is more rectangular. At 10 cm

depth and field size of 20x10 cm, the discrepancy is 3.8% while 1.5 cm depth

and field size of 20x10 cm, the discrepancy is 1.1%. The calculations

predicted slightly higher values than measured dose.
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Table 4.10 : Calculated dose by symmetric data compared to measured dose in

half-beam blocked field
ES. Depth SepOm  %DDy  OAR, () Dosey Dose_, Dose/Dose,
(em’) (cm) (Gy) (<Gy)
4x4 1.5 0.91879 100 1.01136 94.18 95.05 0.9908
5.0 8538 80.41 80.29 1.0015
10.0 63.46 59.76 58.99 1.0131
6x6 1.5 0.95371 100 1.02045 98.64 99.12 0.9951
5.0 86.15 84.97 84.72 1.0030
10.0 65.38 64.49 63.30 1.0188
8x8 1.5 - 0.97985 100 1.02499 101.79 102.27 0.9953
5.0 86.72 88.27 87.97 1.0034
10.0 66.80 68.00 66.60 10209
10x10 1.5 1.0 100 - 1.03295 104.68 104.76 0.9993
5.0 87.30 91.39 90.35 1.0116
10.0 67.38 70.54 69.04 1.0217
12x12 15 1.01104 100 1.03635 106.19 106.86 0.9938
5.0 87.38 92.79 92.41 1.0041
10.0 68.85 73.11 71.16 1.0275
16x16 1.5 \ 1.03464 100 1.04431 109.51 109.93 0.9962
5.0 8831 96.71 95.32 1.0145
10.0 69.77 76.40 74.23 1.0292
20x20 1.5 ~ 104782 100 1.04999 1 l 1.51 112.65 0.9898
5.0 88.81 99.03 97.66 1.0140
10.0 70.77 78.91 76.55 1.0309
T()XS 1.5 0.97069 100 1.01591 99.94 99.13 1.0082
5.0 86.15 86.10 84.88 1.0144
10.0 65.38 65.34 63.57 1.0279
16x8 1.5 1.01092 100 1.02499 105.02 103.95 1.0103
5.0 87.34 91.72 89.91 1.0202
10.0 67.97 71.38 68.94 1.0354
E)xlﬂ 1.5 1.02759 100 1.03295 107.57 106.39 1.0112
5.0 87.40 94.02 92.14 1.0204

10.0 68.90 74.12 71.38 1.0384
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Table 4.11 shows the comparison between dose calculated by half-beam
block data and the dose measurement. The maximum difference is only 2.6%
with calculation predicting slightly higher values. The difference of more than
2% occured at the larger square field (>16x16 cm) with greater depth
(= 10 cm) and at the larger rectangular field (16x8, 20x10) with greater depth
(=10 cm).

When the dose calculated by symmetric data was compared to the dose
calculated by asymmetric data as shown in table 4.12, the maximum
difference is only.1.5%. This result support::d the using of symmetric data to

calculate the dose of asymmetric field.

Table 4.11 : Calculated dose by asymmetric data compared to measured dose

in half-beam block field
FS. Depth S Dpm  ¥DD e Dose . Dose,,,  Dose/Dose,,,

(em) (em) Gy) (Gy)

4x4 15 0.93247 100 94,51 95,05 0.9943
5.0 85.00 30.33 8039 1.0005
10.0 63.08 59.61 58.99 1.0106

6x6 15 0.97244 100 98.56 99.12 0.9943
50 86.00 84.75 84.72 1.0005
10.0 64.85 63.91 6330 1.0097

8x8 15 1.00629 100 101.99 102.27 0.9972
5.0 86.33 88.05 87.97 1.0009
10.0 66.41 61.73 " 66.60 1.0170

10x10 15 1.03124 100 104.52 104.76 09977
50 86.92 90.85 9035 1.0055
10.0 6131 7035 69.04 1.0190

12x12 15 1.04662 100 106.07 106.86 0.9927
5.0 8721 92.51 92.41 1.0011

10.0 68.22 7236 71.16 1.0169




Table 4.11 (continued)

FS.  Deph g  @pym %DD,p  Dosegy Dose,,,  Dose,/Dose,,.,
@m) ™ (Gy) (Gy)
16x16 1.5 1.07992 100 10945 10993 0.9956
5.0 87.67 95.95 9532 1.0067
10.0 69.07 75.60 74.23 1.0184
20x20 1.5 1.10256 100 111.74 112.65 0.9920
5.0 88.46 98.85 97.66 1.0122
10.0 70.00 78.22 76.55 1.0218
10x5 1.5 0.97621 100 98.94 99.13 0.9981
5.0 86.04 85.13 84.88 1.0029
10.0 65.35 64.66 63.57 1.0171
16x8 1.5 1102824 100 104.21 103.95 1.0025
5.0 87.15 90.82 89.91 1.0101
10.0 67.85 70.71 68.94 1.0256
Eaxlo 1.5 1.04888 100 106.30 10639 0.9992
5.0 87.33 92.84 92.14 1.0075
10.0 68.70 73.03 71.38 1.0231

Table 4.12 : Ratio of (DOSE, (, soymmetic datey DOSCmeas? COMPpared to Ratio of

(DOSE by syrmmetic dan. 0AR Y POSCrea) AN Ratio Of

(Dosecal (by symmetric data. OAR )/Dosecal (by. asymmetric dala))

FS.em) DPBEM  poge | o Doty DO /Py DO /DO e
axd 15 0.9943 0.9908 0.9965
50 1.0005 A 1.0015 1.0010
100 1.0106 L0131 1.0025
6x6 15 0.9943 0.9951 1.0008
50 1.0005 1.0030 1.0029
100 1.0097 1.0188 1.0091
8x8 15 09972 09953 0.9980
5.0 1.0009 1.0034 1.0025
100 10170 1.0209 1.0040
10x10 15 09977 09993 1.0015
5.0 1.0055 10116 1.0059

10.0 1.0190 1.0217 1.0027




Table 4.12 (continued)
F.S. (cmz) Depth (cm) Dose ;. .. y/Dosem asy Dose ;. "IDosem asy Dose m“/DosltmIe asym
12x12 15 0.9927 0.9938 1.0011
5.0 1.0011 1.0041 1.0030
10.0 1.0169 1.0275 1.0104
16x16 1.5 0.9956 0.9962 1.0005
5.0 1.0067 1.0145 1.0079
10.0 1.0184 1.0293 1.0106
20x20 1.5 0.9920 0.9898 0.9979
5.0 1.0122 1.0140 1.0018
10.0 1.0218 1.0309 1.0088
10x5 1.5 0.9981 1.0082 1.0101
5.0 1.0029 1.0144 1.0114
100 1.0171 1.0279 1.0105
16x8 1.5 1.0025 1.0103 1.0078
5.0 1.0101 1.0202 1.0099
10.0 1.0256 1.0354 1.0095
20x10 15 0.9992 1.0112 1.0119
5.0 1.0075 1.0204 1.0127
10.0 1.0231 1.0384 1.0149

4.2 Discussion

The dosimetric characteristics of 6 MV photon beam with half-
beam block collimation have been presented. Experimental measurements
show that some characteristics of asymmetrically placed fields are qualitatively
different from symmetrically placed fields. The asymmetric use of the
flattening filter that results from the independent movement of field defining
collimators causes certain dosimetry effects. Off-axis factor in air or in
medium at depth of maximum dose can be used to correct the dose in phantom
at depth of maximum dose, their differences are less than T 1.4%. The

agreement of in phantom off-axis measurement at d___and in air off-axis factor
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verifies that peak scatter factors are not affected by asymmetric collimation. (2)
Collimator scatter factor (S)) and total scatter factor (Sc'p) for the half-beam
block are approximately the same as for the symmetric fields when the off-axis
ratio is applied. However, for phantom scatter factor (Sp), the scatter in the
phantom is the same whether the beam is asymmetric or symmetric.

The more reduction the percentage depth dose at the center of
asymmetric fields, the more off-axis distance and depth increase. The greatest
reduction is 2.7% at 20x20 cm ﬁcld and 20 cm depth. The correction for
percentage depth dose seems to be unnecessary unless the treatment field is
greater than or equal to 16x16 cm and more or equal to 20 cm depth; the
reduction is within 2.0%. Beam quality is low when passing the thinner
flattening filter comparing to beam passing the center of flattening filter (5).
This causes the reduction of depth dose of asymmetric field compared to
symmetric field.

The isodose curves constructed from profile and depth dose curves at
specified depth and various field sizes by Target treatment planning are
excellent correlate with the isodose curves constructed by Plato treatment
planning which calculated by algorithms using symmetric data. Thus, it is
necessery that computer calculation of dose distribution of asymmetric field
cannot rely on symmetric field beam data unless an algorithm is specifically
developed for those situations.  The constriction of isodose shape of
asymmetric field is attributed to the decrease of primary and side scattered
radiation caused by geometrical non-divergence of the beam at that edge. The

other reason is that the attenuation of flattening filter by its shape, namely, it is



thicker in the middle and thinner in the periphery. For the far edge from
central axis of half-beam block fields, the shape of isodose curves is the same
as that of a large symmetric field, the edge of which is defined along the same
divergent line. These are not seen for symmetric field because the flattening
filter is designed to provide uniform dose distribution under that situation.

The beam penumbra width of half-beam block field at the central-axis
edge seems to be wider than the beam penumbra width at the off-axis edge
especially for ﬁe{d which is greater than or equal to 16x16 cm with greater
depth. It is possibly due to the more scatter dose from the beam passing
through the thicker part of flattening filter and the scatter dose from phantom.
The beam at the off-axis edge has less scatter when passing through the thinner
 part and the scatter dose from phantom is nearly the same as symmetric field.
The difference between penumbra width at the off-axis edge of asymmetric
field and penumbra width of symmetric field at the same dimension is not
observed except for the field which is greater than or equal to 16x16 cm
especially at greater depth. The more divergent beam at the off-axis edge of
asymmetric field due to the origin of the beam is far away. However,
asymmetrically placed field exhibits degradation in sharpness of the beam edge
with depth the same way as the symmetric field. This causes by increasing of
phantom scatter.

Calculation, using symmetric -data, compared to the measurement of
dose at depth for various field sizes showed good correlation. The maximum
difference between the calculated values and the measured ones is 3.8% with

higher calculated value. When the field size is small which means the off-axis
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distance is not far from the central axis and the depth is not deep, the difference
is less. The rectangular fields make more discrepancy because of the
complexity of the scattered radiation from the collimator.

Calculation using asymmetric data itself compared to dose measurement
showed better agreement than using éymmetric data. The higher discrepancy
between the measured dose and calculated dose have occurred at greater depth
and larger off-axis distance. The higher value of calculated dose than
measured values may be due to the depth of measurement is greater than the
calculated depth as shown in figure 4.7. However, the dose calculated by
symmetric data compared to the dose calculated by asymmetric data showed
excellent agreement. The maximum different is only 1.5%, so the symmetric

data can be used in calculation the dose of asymmetric beams.

_ depth of measurement

:T chamber

calculated depth line of percentage depth dose scanner

Fig. 4.7 : Diagram shows calculated depth and measured depth
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Whether or not a treatment planning program is used to compute half-
beam block dose distributions, it is important to review the effects of percent
depth dose and isodose curve shape with the radiation oncologist so that they

appreciate the conditions where dose uncertainties are likely to occur.



CHAPTER V

CONCLUSION

5.1 Dosimetry

This dosimetric analysis of asymmetric collimation of our linear
accelerator for 6 MV x-ray beam provides the necessary information for
accurate clinical implementation. By examining the different dosimetric
parameters for asymmetric collimation and comparing those results with the
dosimetry data for symmetric collimator applications, a systematic evaluation
has been accomplished. After the off-axis ratio has been applied to total scatter
factor (S_,) and collimator scatter factor (S,) for the half-beam block field, S,
is approximately the same value as in the_symmetric field within £ 1.0%, S, is
approximatly the same value as in tﬁe symmetric field within + 1.7%. The
phahtom scatter factor (Sp) of half-beam block field is the same as the phantom
scatter factor of symmetric field. Off-axis factor measured in air or in phantom
at depth of maximum dose for a 40x40 cm field providing the necessary
corrections to the dose in phantom of half-beam block field within 10 cm
depth. (15) For the greater depth, OAR-factor at that depth should be used in
calculation of absorbed dose.

The percentage depth dose at the center of asymmetric fields is more
decreased when an off-axis distance and depth is increased. The correction for
percentage depth dose seems to be unnecessary unless the treatment field is
greater than or equal to 16x16 cm and more or equal to 20 cm depth; the

reduction is within 2.0%
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The most significant effect from asymmetric collimation is the alteration
of isodose curve shape. Shallower depth dose has been noted on the side of the
field that is closer to the flattening filter center. The beam penumbra width of
half-beam block field at the central-axis edge seems to be wider than the beam
penumbra at the off-axis edge. The beam penumbra width at the off-axis edge
of asymmetric field is the same as the beam penumbra width of symmetric
field at the same dimension éxcept in the field which is greater than or equal to
16x16 cm with greater depth. However, asymmetric field exhibits similar
degradation in sharpness of the beam edge with depth as the symmetric field.

Calculation of dose at a point on the central ray of an asymmetric field
involves the 'same calculation parameters as for the symmetric fields, except
for the use of off-axis ratios as a function of depth. The maximum difference
between the calculated values and the measured values was 3.8% with
calculations predicting higher value. When the field size is small, the off-axis
distance is not far from the centfal axis and the depth is not deep, the difference
is less. If the dose is calculated by asymmetric data, the maximum difference
between the calculated dose and the measured dose was 2.6% which is less
than the dose calculated by symmetric data. However, the dose calculated by
asymmetric data agree to the dose calculated by symmetric data within
+ 1.5%. Thus the symmetric data can be used in calculation the dose of

asymmetric beams.
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5.2 Experimental Difficulties

A therados BDS 3-water scanner system did not work sometime and
it took a long time for setting the measurements. It’s difficulty to place an ion
chamber in the middle of a half-beam block field because it did not have a

center except its Y-axis. Some errors might be happened.

5.3 Future Trends
Half-beam block fields with wedges are interesting. There are many
angles of wedge namely 15°, 30°, 45" and 60° and the wedge beam data should

be studied.
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