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ABSTRACT

For external beam radiotherapy treatments, high doses are delivered to the cancerous cell.
Accuracy and precision of dose delivery are primary requirements for effective and efficient
cancer treatment. The dose delivered to the patient might not be uniform and therefore need
to be compensated for. In treatment these inhomogeneities are taken care of by using wedge
filters and incorporating wedge factors in the Treatment Planning System. Computer
controlled wedges were alternatives introduced by different manufacturers of which
Motorized wedges (MW) is one of them. The MW was introduced by ELEKTA and this
helps to overcome some of the shortcomings of physical wedges. The objectives of this
study were to measure MW output factors for 6 MV and 15 MV photon energies for an
ELEKTA Synergy. Secondly, to compare the results of MWOF obtained to that of the
treatment planning system data. The Motorized Wedge Output Factors (MWOF) were
measured for the ELEKTA Synergy for both 6 MV and 15 MV photon energies. With the
help of PMMA solid water slabs phantom, the Elekta synergy, thermometer, barometer, PTW
farmer type ionization chamber 30010 charges were collected at 100 cm source to surface
distance for various square field sizes from 5x5 cm to 30x30 cm and depth of 1.5 cm and 2.5
cm for 6 MV and 15 MV photon energies. Comparing the results with the TPS data, an
excellent agreement was found for 6 MV MWOF, with the percentage differences
ranging from 0.03% to 1.50%, with a mean of 0.03%. The coefficient of variation of
MWOF ranged from 0.023% to 1.07% and 0.001% to 12.89% for the two beams (6 MV
and 15 MV) respectively. The relative differences between the calculated and the measured
MWOFs increases with field size. In conclusion, there was general agreement between the

calculated and measured MWOFs. The consistency of values provide further support that a
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standard dataset of photon and electron dosimetry could be established as a guide for

future commissioning, beam modeling, and quality assurance purposes.
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CHAPTER ONE

1.0 INTRODUCTION

1.1  Background

Radiotherapy is an irreplaceable part of cancer treatment that makes use of the effects of
ionizing radiation on malignant cells. It has the aim of delivering the required high dose
to the target volume whilst minimizing the amount of radiation being delivered to normal
(healthy) tissues [53]. The radiation comes from a treatment machine outside the body
(external-beam radiation therapy) and this is focused on the cancer (target region), or it
may come from a radioactive material placed in the body close to the cancer cells
(internal radiation therapy or brachytherapy). Systemic radiation therapy makes use of
radioactive substances, such as radioactive iodine, that travel in the blood to kill cancer
cells. About half of all cancer patients receive some type of radiation therapy sometime

during the course of their treatment.

External beam radiotherapy is the most widely used type of radiation therapy, which
often uses photon beams. It’s a lot like getting an x-ray, but for longer time. This type of
radiation is mostly given by linear accelerators (linacs). External beam radiation can be
used to treat large areas of the body. It is also used to treat more than one area, such as
the main tumor and nearby lymph nodes. External radiation is given daily over several
weeks. The radiation is aimed at the cancer, but in most cases it affects the normal tissues
surrounding the cancerous cells as it passes through on its way into and out of the body.

Intensity modulated proton therapy works in a more different way.


http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046751&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046345&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045151&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000428290&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045855&version=Patient&language=English

In clinical practice, numerous techniques of irradiation, different tools such as wedge
filters and method are used to shape irradiation field and to modulate the intensity of
radiation. Dose uniformity or homogeneous dose distribution in the target volume is
attained using wedge filters. Wedge filters may be used to even out the isodose surfaces
for photon beams striking relatively flat patient surfaces under an oblique beam
incidence. The wedge has two sides and they are the thick end called the heel; this is the
point where the dose is lowest and the toe. These wedges supplied by teletherapy units or
machines manufacturers are made from dense materials such as lead, steel, brass of
standard wedge angles 15°, 30°, 45° and 60° whose designs are based on some
recommendations [37] and are used as missing tissue compensators or wedge pairs which

alters the shape of isodose curves.

1.2 Statement of the Problem

The delivery of accurate radiation dose to patients is of primary concern in radiotherapy
since this can cause damage to healthy tissues. This calls for good treatment planning.
Wedges form integral part of radiation therapy treatment planning and are a well-
established method for dose inhomogeneity compensation. These wedges have number of
problems associated with them. As a result of this an alternative was proposed whereby
the wedge effect can be implemented by computer-controlled movement of one of the
collimator jaws (the Y jaw) and variation in output rate during treatment. This
implementation was named differently by each of three different manufacturers: virtual,
electronic, and dynamic (Siemens, Elekta, and Varian, respectively). Linear accelerator

(Linac) characterization, in terms of percentage dose, output factors, and wedge output

2



factors, is critical for accurate treatment planning for precise dose delivery during
treatment. Monitor units and complete dose distributions are nowadays usually computed
with treatment planning systems. The dose calculation algorithms and the dose
computation procedures in such systems are often not completely known to the user. The
accuracy in these computations must be tested by the local physics staff by performing
dose and wedge output factor measurements in phantoms for typical irradiation
geometries. The measured MWOFs and that of the TPS data have been found to be in
agreement for both 6 and 15 megavoltage energy beams. The purpose of this thesis is to
compare the MWOF obtained experimentally and those calculated from TPS data for 6

MV and 15 MV beams from Elekta Synergy Platform linear accelerator.

1.3 Objectives
The main objective of the thesis is to measure the wedge output factor of the Elekta linear

accelerator and compare the wedge output factors with reference data (TPS data).

The specific objectives of this research include:

e The determination of absorbed dose to the phantom at Xmax With various
wedges in place.

e The determination of absorbed dose to the phantom at Xmax Without wedges.

1.4  Justification and Relevance of the Study
The treatment of patients using radiotherapy may involve uncertainties (such as, wrong

calibration of radiation equipment, misinterpretation of results, patient movements, and

3



miscalculation of dosimetric quantities) which can lead to severe complications. For this
reason, dose must be delivered with the greatest accuracy. Accurate dose delivery in
radiation therapy is also achieved when good treatment planning is done. Linac
characterization, in terms of percentage depth dose, output factors and wedge output
factors is of great essence for accurate treatment planning. . Moreover, a small error in
the WOF can run through the treatment planning system (TPS) and create systematic
error in all the treatments that may be planned with the treatment planning system. This
study takes into consideration, wedge output factor determination of a motorized wedged
linac synergy. The study is useful as the results obtained were compared to reference data
(TPS data). In other words, it would confirm the data given by the manufacturer, the
Treatment Planning System data and in turn acts as a guide when other linacs are to be

installed by health institutions.

1.5  Scope of Study

The aim of this study was to determine the wedge output factors of a motorized ELEKTA
SYNERGY linac and compare the results with a reference data (TPS data). The study
was carried out at the premises of the Sweden Ghana Medical Centre. In determining the
wedge output factors, the absorbed dose when the wedge was in place and open fields
was measured. This research work was limited to 6 MV and 15 MV since these are the
only highest megavoltage beams available in the country at the time of conducting this
research work. Data was taken at SGMC because it is the only oncology centre that uses

energy beams with motorized wedge for external beam radiotherapy.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Introduction

This chapter discusses relevant literature on the thesis. These include wedge filters,
Physical Wedge, Motorized Wedge, Linac Generations, External Beam Radiation
Therapy, Gamma Ray Beams and Gamma Ray Units, Basic properties of gamma rays,
Physical properties of cobalt-60, Teletherapy source housing, and Dose delivery with
teletherapy machines

The use of more than one radiation beam in external photon beam radiotherapy helps
achieve a uniform dose distribution inside the target volume with healthy tissues
surrounding the target receiving as low as possible a dose. The target dose uniformity as
recommended by the ICRU® report 50 falls within +7% and -5% of dose delivered to a
well-defined prescription point in the target [48]. Modern photon beam radiotherapy is
carried out with a variety of beam energies and field sizes under one of two setup
conventions: constant source-surface distance (SSD) for all beams or isocentric setup

with a constant source-axis distance (SAD).

In an SSD setup, the distance from the source to the surface of the patient is kept constant
for all beams, while for an SAD setup the center of the target volume is placed at the

machine isocenter.

Clinical photon beam energies range from superficial (30 kVp to 80 kVp) through

orthovoltage (100 kVp to 300 kVp) to megavoltage energies (Co-60 to 25 MV).



Field sizes range from small circular fields used in radiosurgery through standard

rectangular and irregular fields to very large fields used for total body irradiations.

High energy beams makes use of wedged fields for isodose distribution modification by
compensating dose inhomogeneity in radiotherapy treatments [30]. Wedge angle refers to
the angle through which the isodose curves are tilted relative to their nominal position
perpendicular to the beam axis at reference depth. The reference depth per the

International Commission on Radiation Units and Measurements (ICRU) is 10 cm [9].

Physical wedges are integral part of radiation therapy treatment planning and are a well-
established method for dose inhomogeneity compensation. Physical wedges themselves
come with well-known problems. Firstly, physical wedges are designed for a limited field
size and wedge angle with only four physical wedge angles of 15°, 30°, 45°, and 60°
been implemented by all manufacturers. Secondly, the wedge factor is dependent on
many variables including beam energy, field size, depth of measurement, and type of
accelerator. This is as a result of beam degradation by the physical wedge. These
problems can cause dosimetric issues in treatment planning, and also any occasional
misalignment of the wedge can produce significant dosimetric error in treatment delivery

[32].

Lastly, physical wedges are heavy and cumbersome to use clinically for the therapists

(usually must be lifted overhead) and also they present a safety concern for the patient.

To resolve these issues with physical wedges, an alternative, was proposed whereby the
wedge effect can be implemented by computer-controlled movement of one of the

collimator jaws (the Y jaw) and variation in output rate during treatment [6]. This



implementation was given a different name by each of three different manufacturers:
virtual, electronic, and dynamic (Siemens, Elekta, and Varian, respectively). Descriptions
of these computer-controlled wedges have been provided in the literature [1]. They have
the potential for any arbitrary wedge angle and fixed dimension, instead of the traditional

four wedge angles with limited field sizes.

2.2  Wedge Filters

Wedge filters may be used to even out the isodose surfaces for photon beams striking
relatively flat patient surfaces under an oblique beam incidence. The wedge has two sides
and they are the thick end called the heel; this is the point where the dose is lowest and
the end the toe. These wedges supplied by teletherapy units or machines manufacturers
are made from dense materials such as lead, steel, brass of standard wedge angles 15°,
30°, 45° and 60° whose designs are based on some recommendations [36]. These can be
used as missing tissue compensators or wedge pairs to alter the shape of isodose curves
so that two beams can be angled with a small hinge angle at a target volume thereby
creating no hotspot. The wedge angle is the angle through which the isodose curves are
tilted, relative to their normal position perpendicular to the beam axis at reference depth.
The reference depth per the International Commission on Radiation Units and
Measurements (ICRU) is 10 cm [9]. Wedge filters decrease the intensity of the beam and
must be considered in treatment dose calculations. This change in the beam is

characterized by relative isodose distribution and a wedge factor [35].

Wedges are categorized into two. Namely, physical and computer controlled wedges.

Computer controlled wedges are also in three categories by virtue of the manufacturers.



They are virtual, dynamic and electronic (motorized) by Siemens, Varian and Elekta

respectively.

2.2.1 Physical Wedge
A physical or external wedge is an angled piece of lead or steel that is placed in the beam
to produce a gradient in radiation intensity. Placing the physical wedges on the treatment

unit’s collimator assembly requires manual intervention.

2.2.2 Motorized Wedge

A motorized or internal wedge is a similar device, a physical wedge integrated into the
head of the unit and controlled remotely. It is also referred to as the universal wedge.
MW is a single physical wedge (60°) which could generate desired angle (0° to 60°) with
the combination of open and wedged beam. In the motorized wedge filter technique, a
desired wedged beam profile (typically up to 60° wedge angle) is generated by
combining the wedged and open beam in the right proportions. The motorized wedge
filter has numerous advantages, some of which are no probability of physical injury to
operators and patient, handling of physical wedges is not necessary, making wedge
selection faster and easier, which results in higher patients throughput and less fatigue for
operators and flexibility to generate arbitrary wedge angle instead of the limited standard

wedge angles.

2.3 Linac Generations
During the past 40 years, medical linacs have gone through five distinct generations,
making the contemporary machines extremely sophisticated in comparison with the

machines of the 1960s. Each generation introduced the following new features:
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Low energy photons (4-8 MV): straight-through beam; fixed flattening filter;
external wedges; symmetric jaws; single transmission ionization chamber;
isocentric mounting.

Medium energy photons (10-15 MV) and electrons: bent beam; movable target
and flattening filter; scattering foils; dual transmission ionization chamber;
electron cones.

High energy photons (18-25 MV) and electrons: dual photon energy and multiple
electron energies; achromatic bending magnet; dual scattering foils or scanned
electron pencil beam; motorized wedge; asymmetric or independent collimator
jaws.

High energy photons and electrons: computer-controlled operation; dynamic
wedge; electronic portal imaging device; multileaf collimator.

High energy photons and electrons: photon beam intensity modulation with
multileaf collimator; full dynamic conformal dose delivery with intensity
modulated beams produced with a multileaf collimator; on-board imaging for use

in adaptive radiotherapy.

Components of Modern Linacs

The linacs are usually mounted isocentrically and the operational systems are distributed

over five major and distinct sections of the machine:

Gantry;
Gantry stand or support;

Modulator cabinet;



e Patient support assembly, i.e., treatment couch;

e Control console.

Also shown are the connections and relationships among the various linac components,
listed above. The diagram provides a general layout of linac components; however, there
are significant variations from one commercial machine to another, depending on the
final electron beam Kkinetic energy as well as on the particular design used by the
manufacturer. The length of the accelerating waveguide depends on the final electron

kinetic energy, and ranges from~30 cm at 4 MeV to~150 cm at 25 MeV.

cutMo_r Angle

Colimater

— Isocenter

Gantry Angle - - — i - ~—-—!~-—--- T - .

RN RO

Table Ar:gh
Fig 2.1 A block diagram of Linear Accelerator
The beam-forming components of medical linacs are usually grouped into six classes:

e Injection system;
e RF power generation system;

e Accelerating waveguide;

10



e Auxiliary system;
e Beam transport system; and

e Beam monitoring system and beam collimation.

The injection system is the source of electrons, essentially a simple electrostatic
accelerator called an electron gun. Two types of electron gun are in use: diode type and
triode type, both containing a heated cathode (at a negative potential of the order of —25
kV) and a perforated grounded anode. In addition, triode type gun also incorporates a grid
placed between the cathode and the anode. Electrons are thermionically emitted from the
heated cathode, focused into a pencil beam and accelerated toward the perforated anode
through which they drift into the accelerating waveguide. The radiofrequency (RF) power
generating system produces the high power microwave radiation used for electron
acceleration in the accelerating waveguide and consists of two components: the RF power
source and the pulsed modulator. The RF power source is either a magnetron or a
klystron in conjunction with a low power RF oscillator. Both devices use electron
acceleration and deceleration in vacuum for production of the high power RF fields. The
pulsed modulator produces the high voltage, high current, short duration pulses required
by the RF power source and the electron injection system. Electrons are accelerated in the
accelerating waveguide by means of an energy transfer from the high power RF field
which is setup in the accelerating waveguide and produced by the RF power generator.
The accelerating waveguide is in principle obtained from a cylindrical uniform
waveguide by adding a series of disks (irises) with circular holes at the center, positioned
at equal intervals along the tube. These disks separate the waveguide into a series of

cylindrical cavities that form the basic structure of the accelerating waveguide in a linac.

11



The auxiliary system of a linac comprises of several basic systems that are not directly
involved with electron acceleration, yet they make the acceleration possible and the linac
viable for clinical operation. These systems are: the vacuum-pumping system, the water-
cooling system, the air-pressure system, and the shielding against leakage radiation. The
electron beam transport system brings the pulsed high-energy electron beam from the
accelerating waveguide onto the target in the x-ray therapy mode and onto the scattering

foil in the electron therapy mode.

The beam monitoring and beam collimation system forms an essential system in a
medical linac ensuring that radiation dose may be delivered to the patient as prescribed,

with a high numerical and spatial accuracy.

2.3.2 Linac Treatment Head

The linac head contains several components, which influence the production, shaping,
localizing, and monitoring of the clinical photon and electron beams. Electrons,
originating in the electron gun, are accelerated in the accelerating waveguide to the
desired kinetic energy and then brought, in the form of a pencil beam, through the beam
transport system into the linac treatment head, where the clinical photon and electron
beams are produced. The important components found in a typical head of a modern linac

include:

Several retractable x-ray targets;

e Flattening filters and electron scattering foils (also referred to as scattering
filters);

e Primary and adjustable secondary collimators;
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e Dual transmission ionization chambers;
e Field defining light and range finder;
e Optional retractable wedges or full dynamic wedges;

e Multileaf collimator (MLC).

Clinical photon beams are produced in medical linear accelerators with a target/flattening
filter combination. The electron beam accelerated to a given kinetic energy in the
accelerating waveguide is brought by the beam transport system onto an x-ray target in
which a small fraction (of the order of 10%) of the electron pencil beam kinetic energy is
transformed into bremsstrahlung x rays. The intensity of the x ray beam produced in the
target is mainly forward peaked and a flattening filter is used to flatten the beam and
make it useful for clinical applications. Each clinical photon beam produced by a given
electron kinetic energy has its own specific target/flattening filter combination. Photon
beam collimation in a typical modern medical linac is achieved with three collimation
devices: the primary collimator, the secondary movable beam defining collimator, and
the multileaf collimator (MLC). The primary collimator defines a maximum circular field
which is further truncated with the adjustable rectangular collimator consisting of two
upper and two lower independent jaws and producing rectangular or square fields with a

maximum dimension of 40x40 cm? at the linac isocenter, 100 cm from the x-ray target.

The MLCs are a relatively new addition to modern linac dose delivery technology. In
principle, the idea behind an MLC is simple. It allows production of irregularly shaped
radiation fields with accuracy and efficiency and is based on an array of narrow
collimator leaf pairs, each leaf controlled with its own miniature motor. The building of a

reliable MLC system presents a substantial technological challenge and current models
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incorporate up to 120 leaves (60 pairs) covering radiation fields up to 40x40 cm? and

requiring 120 individually computer-controlled motors and control circuits.

Clinical electron beams are produced in a medical linac by retracting the target and
flattering filter from the electron pencil beam and either scattering the electron pencil
beam with a scattering foil or deflecting and scanning the pencil beam magnetically to
cover the field size required for electron beam treatment. Special cones (applicators) are

used to collimate the clinical electron beams.

Dose monitoring systems in medical linacs are based on transmission ionization
chambers permanently imbedded in the linac clinical photon and electron beams. The
chambers are used to monitor the beam output (patient dose) continuously during the
patient treatment. In addition to dose monitoring the chambers are also used for
monitoring the radial and transverse flatness of the radiation beam as well as its
symmetry and energy. For patient safety, the linac dosimetry system usually consists of
two separately sealed ionization chambers with completely independent biasing power
supplies and readout electrometers. If the primary chamber fails during patient treatment,
the secondary chamber will terminate the irradiation, usually after an additional dose of

only a few percent above the prescribed dose has been delivered.

2.4 External Beam Radiation Therapy

External beam radiotherapy (EBT) also called external radiation therapy or teletherapy is
a type of radiation therapy that makes use of a machine to direct high energy ionizing
radiations to a tumor from outside the body. A beam of radiation is directed through the

skin to the tumor and its immediate surroundings to destroy the tumor during external
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beam radiotherapy. To achieve this, and minimize the radiation effect on the normal
tissue, the treatments are fractionated for a number of weeks. Patients usually receive
external beam radiation therapy in daily treatment sessions over the course of several
weeks. The number of treatment sessions depends on many factors, including the total
radiation dose that will be given. This allows enough radiation to be available in the body
to kill the cancerous cells while giving the healthy cells time, each day, to recover.
External beam radiation is the most widely used type of radiation therapy, and it most
often uses photon beams (either x-rays or gamma rays). A photon is the basic unit of light
and other forms of electromagnetic radiation. It can be thought of as a bundle of energy.
The amount of energy in a photon can vary. The photons in gamma rays have the highest
energy, followed by the photons in x-rays. These radiation beams can be generated by
60Co machine, which produces gamma radiation or linear accelerator (also known as
LINAC), producing high-energy x-rays beam. A LINAC uses electrical energy to form a
stream of fast-moving subatomic particles. This creates high energy radiation that may be
used to treat cancer.

By the help of high technique treatment planning software, the treatment team controls
the size and shape of the beam, as well as how it is directed into the body, so as to treat
the tumour effectively while sparing the surrounding normal tissue. EBT comes with
many types depending on the beam energy, beam size and beam shape. These include:
conventional external beam radiotherapy, stereotactic radiation therapy, three-
dimensional conformal radiation therapy (3D-CRT), proton beam therapy, image guided

radiation therapy (IGRT), particle therapy and neutron beam therapy.
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2.4  Three Dimensional (3D) Conformal Radiation Therapy.

Three-dimensional (3D) conformal radiation therapy is a technique where the beams of
radiation used in treatment are shaped to match the tumor. In some time past, radiation
treatment matched the height and width of the tumor, meaning healthy tissues were
exposed to the beams. Technological advancements in imaging have made it possible to
locate and treat the tumor more precisely.

Conformal radiation therapy uses the targeting information to focus precisely on the
tumor, while avoiding the healthy surrounding tissue. This is ideal for tumors that have

irregular shapes or that lay close to healthy tissues and organs.

This exact targeting makes it possible to use higher levels of radiation in treating cancer
cells, making it more effective in shrinking and killing tumors while limiting radiation

exposure to surrounding healthy tissues.

Three-dimensional conformal therapy is, in diverse ways, similar to intensity-modulated
radiation therapy (IMRT); both are used to target cancer cells while sparing healthy
tissues. Using this radiation technology, we’re first able to view a tumor in three
dimensions with the help of image guidance. Based on these images, we then deliver

radiation beams from several directions to the tumor.
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A sketch of a simple 3-beam conformal radiotherapy geometry.

Fig 2.2 A Sketch of 3D conformal radiotherapy of a patient

2.4.1 Conventional External Beam Radiotherapy (CEBR)
CEBR is the type of external beam radiotherapy delivered through two-dimensional
beams using linear accelerator machines (2DXRT) or cobalt 60 machines. It comprises of
a single beam of radiation delivered to the patient from several directions: usually from
front or back, and both sides of the patient.
Stereotactic radiation therapy is a specialized type of external beam radiation therapy that
makes use of focused radiation beams targeting a well-defined tumor with the help of
highly detailed image scans. Stereotactic radiation therapy comes in two types, namely;

e Stereotactic body radiation therapy (SBRT) and

e Stereotactic radiosurgery (SRS).
Stereotactic body radiation therapy (SBRT) and stereotactic radiosurgery (SRS) have
been shown to be highly effective for the treatment of small and well-circumscribed brain
metastases, with no regard of the primary site or histology. This suggests that small and
well-circumscribed extracranial malignancies may be controlled with similar focal, high
dose radiation therapy. However, it is difficult to administer such highly accurate
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treatment to extracranial sites, because the lesions are movable even after the bony
structures are fixed. These difficulties in targeting and localization of the lesions are
overcome with the development of a novel treatment unit to achieve direct positioning of
a moving target with a computed tomography (CT) scanner and immediate radiation
therapy with a linear accelerator (linac). This type of radiotherapy is mainly used to treat

very small cancers, including

e Cancer in the lung
o Cancer that started in the liver or cancer that has spread to the liver
e Cancers in the lymph nodes

e Spinal cord tumors

2.4.3 Stereotactic Body Radiation Therapy

Stereotactic Body Radiation Therapy (SBRT) is a treatment procedure which is similar to
central nervous system (CNS) stereotactic radiosurgery. It is also referred to as
stereotactic ablative radiotherapy (SABR). It deals with tumors outside of the CNS. A
stereotactic radiation treatment for the body means that a specially designed coordinate-
system is used for the exact localization of the tumors in the body in order to treat it with
limited but highly precise treatment fields. SBRT involves the delivery of a single high
dose radiation treatment or a few fractionated radiation treatments (usually up to 5
treatments). With SBRT, the tumour receives radiations from many different directions to
attain accurate treatment. These radiations are high potent biological dose which
improves the rate of cure for the tumour, in a manner previously not achievable by

standard conventional radiation therapy.
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It is a way of giving radiation to a tumour from many different directions to treat the
target very accurately. Similarly, because this specialized form of radiation involves the
use of multiple radiation beam angles, expert Radiation Oncologists specialized in this
technique are able to safely deliver high doses of radiation, with very sharp dose gradient

outside the tumor and into the surrounding normal tissue [18].

2.4.4 Intensity Modulated Radiation Therapy

Intensity modulated radiation therapy (IMRT) is a type of conformal radiation therapy. In
CRT radiation beams are shaped to fit the area of the cancer. Intensity modulated
radiation therapy (IMRT) uses hundreds of tiny radiation beam-shaping devices, known
as collimators, to deliver a single dose of radiation. The collimators can be stationary or
can move during treatment, thereby altering the intensity of the radiation beams during
treatment sessions. This kind of dose modulation allows different areas of a tumor or
nearby tissues to receive different doses of radiation.

Unlike other types of radiation therapy, IMRT is planned in reverse (called inverse
treatment planning). For inverse treatment planning, the radiation oncologist chooses the
radiation doses to different areas of the tumor and surrounding tissue, and then a high-
powered computer program calculates the required number of beams and angles of the
radiation treatment. In contrast, during traditional (forward) treatment planning, the
radiation oncologist chooses the number and angles of the radiation beams in advance
and computers calculate how much dose will be delivered from each of the planned
beams.

The goal of IMRT is to increase the radiation dose to the areas that need it and reduce

radiation exposure to normal tissues surrounding the tumor cells. The IMRT creates a U
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shape (concave) around the edge of the tumour. Compared with 3D-CRT, IMRT can
reduce the risk of some side effects, such as damage to the salivary glands (which can
cause dry mouth, or xerostomia), when the head and neck are treated with radiation
therapy. However, with IMRT, a larger volume of normal tissue overall is exposed to
radiation. Comparison of IMRT with 3D-CRT as to whether it provides improved control

of tumor growth and better survival is not yet known.

2.4.4 Image Guided Radiotherapy

In IGRT, the machines used are equipped with imaging technology that allows the physician
to image the tumor before and during treatment for accurate radiation dose delivery. A
number of these machines are linear accelerator (for x-ray or photon) or
cyclotron/synchrotron (for proton) Image guided radiotherapy makes use of X-rays and
scans similar to CT before and during radiotherapy treatment. The X-rays and scans show
the size, shape and position of the cancer as well as the surrounding tissues and bones.
Radiotherapy is made easier when the radiotherapy field covers the whole tumor with
margins around it. During and between treatment, some areas of the body moves slightly.
An example is the prostate gland which changes position according to the state of the
bladder, whether full or not. This comes along with risk of the tumour being found
outside the radiotherapy field. With some types of IGRT, the radiographers can take
scans using the radiotherapy machine. This can be done before and/or during each
treatment. Then they can make sure the cancer is within the radiotherapy field each
time. Using specialized computer software, these images are then compared to the
reference images taken during simulation. Any necessary adjustments are then made to

the patient's position and/or radiation beams in order to more precisely target radiation at
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the tumor and avoid healthy surrounding tissue. IGRT is used to treat tumors in areas of
the body that are noted for movement, such as the lungs (affected by breathing), liver,
and prostate gland, as well as tumors located close to critical organs and tissues. It is
often used in conjunction with intensity-modulated radiation therapy (IMRT), proton
beam therapy, stereotactic radiosurgery, or stereotactic body radiotherapy (SBRT), which
are advanced modes of high-precision radiotherapy that utilize computer-controlled x-ray
accelerators to deliver precise radiation doses to a malignant tumor or specific areas
within the tumor. IGRT as importantly used for curative and palliative treatments,

constitutes more than 50 % of all lung cancer treatment modalities.

2.5 Gamma Ray Beams and Gamma Ray Units
2.5.1 Basic properties of gamma rays
For use in external beam radiotherapy, y-rays are obtained from specially designed and
built sources that contain a suitable, artificially produced radioactive material.
The parent source material undergoes f>- decay, resulting in excited daughter nuclei that
attain ground state through emission of y - rays.
The important characteristics of radioisotopes in external beam radiotherapy are:
e High y ray energy;
e High specific activity;
¢ Relatively long half-life;

e Large specific air kerma rate constant T AKR.
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%Co is the most widely used source, since it offers the most practical approach to
external beam radiotherapy, considering the energy of emitted photons, half-life, specific

activity and means of production.

2.5  Teletherapy machines

Treatment machines incorporating y-ray sources for use in external beam radiotherapy
are called teletherapy machines. They are most often mounted isocentrically, allowing the
beam to rotate about the patient at a fixed SAD. Modern teletherapy machines have
SADs of 80 cm or 100 cm. The main components of a teletherapy machine are: a
radioactive source; source housing, including beam collimator and source movement
mechanism; a gantry and stand in isocentric machines or a housing support assembly in

stand-alone machines; a patient support assembly; and a machine console.

2.5.1 Teletherapy sources and encapsulation

The most widely used teletherapy source uses ®°Co radionuclide contained inside a
cylindrical stainless steel capsule and sealed by welding. A double welded seal is used to
prevent any leakage of the radioactive material.

e To facilitate interchange of sources from one teletherapy machine to another and
from one isotope production facility to another, standard source capsules have
been developed.

e The typical diameter of the cylindrical teletherapy source is between | and 2 cm;
the height of the cylinder is about 2.5 cm. The smaller the source diameter, the

smaller its physical penumbra and the more expensive the source is.
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2.5.2

2.5.3

Typical source activities are of the order of 5000 - 10.000 Ci (185 - 370 TBq) and
provide a dose rate at 80 cm from the teletherapy source of the order of 100 - 200
cGy/min. Often the output of a teletherapy machine is stated in Rmm (roentgens

per minute at 1 m) as a guide for the source strength.

Duration of source used and replacement

Teletherapy sources are usually replaced within one half-life after they are
installed; however, financial considerations often result in longer source usage.
The Co-60 radionuclide in a teletherapy source decays with a half-life of 5.26
years into ®°Ni with the emission of electrons (P-particles) having a maximum
energy of 320 keV and two y-rays with energies of 1.17 MeV and 1.33 MeV. The
emitted y-rays constitute the therapy beam; the electrons are absorbed in the
cobalt source or the source capsule, where they produce relatively low energy and

essentially negligible bremsstrahlung x-rays and characteristic x-rays.

Physical properties of cobalt-60

Cobalt is a dense (mass density 8900 kg/m) silver white metal with a high melting point

(1500 K); it is a non - radioactive ore rarely found in naturally occurring rock formation.

The chemical symbol ®Co, (atomic number 27, atomic weight 58.933 amu) is named for

a globin. When cobalt-59 is bombarded with neutrons in a nuclear reactor, the resulting

product is radioactive cobalt-60, with a half-life of 5.261 years and exposure rate constant

of 1.31 Rm?h'VvCi?t
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2.5.4 Teletherapy source housing

The housing for the teletherapy source is called the source head, and consists of a steel
shell with lead for shielding purposes and a mechanism for bringing the source in front of
the collimator opening to produce the clinical y-ray beam. Currently two methods are in
use for moving the teletherapy source from the beam off into the beam on position and
back:

e A source on a sliding drawer and.

e A source on a rotating cylinder.

Both methods incorporate a safety feature in which the beam is terminated automatically
in the event of a power failure or emergency.

e When the source is in the beam off position, a light source appears in the beam on
position above the collimator opening, allowing an optical visualization of the
radiation field, as defined by the machine collimators and any special shielding
blocks.

e Some radiation will escape from the machine even when the source is in the off
position. The head leakage is less than 1 mR/h (0.01 mSv/h) at 1 m from the
source. International regulations also require that the average leakage of a
teletherapy machine head be less than 2 mR/h (0.02 mSv/h) at 1 m from the

source.

2.5.6 Dose delivery with teletherapy machines
The prescribed target dose is delivered with the help of two treatment timers: primary and

secondary. The primary timer actually controls the treatment time; the secondary timer
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serves as a backup timer in case of the primary timer's failure. The set treatment time
must incorporate the shutter error, which accounts for the travel time of the source from
the beam off position towards the beam on position at the start of irradiation and for the

reverse travel at the end of irradiation.

2.6 Absolute and Relative Dosimetry

A radiation dosimeter is defined as any device that is capable of providing a reading M
that is a measure of the dose D deposited in the dosimeter's sensitive volume V by
ionizing radiation.

e A dosimeter that produces a signal from which the dose in its sensitive volume
can be determined without requiring calibration in a known field of radiation is
referred to as an absolute dosimeter;

e Dosimeters requiring calibration in a known radiation field are called relative

dosimeters [53].

2.7  Central axis depth doses in water source to surface distance set -up
2.7.1 Percentage depth dose
Central axis dose distributions inside the patient or phantom are usually normalized to
Dmax = 100% at the depth of dose maximum zmax and then referred to as the PDD
distributions. The PDD is thus defined as follows:

D

PDD (z, A, f, hv) =100 > = — 2.1

D'r
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Where Dq, Dq are the dose and dose rate, respectively, at point Q at depth z on the
central axis of the phantom and De, Dp are the dose and dose rate at point P at zmax on the
central axis of the phantom. Point Q is an arbitrary point at depth z on the beam central
axis; point P represents the specific dose reference point at z = zmax On the beam central
axis. The PDD depends on four parameters: depth in a phantom z, field size A, SSD
(often designated with f) and photon beam energy h». The PDD ranges in value from 0 at
z = 00 to 100 at z = zmax. The dose at point Q contains two components: primary and
scatter.

e The primary component may be expressed as [29]:

DPRI

— f+Zmax 2 _
PDDpy; = 100557 = 100 [H—Z] e~Helf (2 — 7,02) 2.2

Where u®// is the effective linear attenuation coefficient for the primary beam in the
phantom material (/7 for a %°Co beam in water is 0.0657 cm).

e The scatter component reflects the relative contribution of the scattered radiation
to the dose at point Q. The depth of dose maximum and the surface dose depend
on the beam energy; the larger the beam energy, the larger the depth of dose
maximum and the lower the surface dose. For constant z and h» the PDD
increases with increasing A because of increased scatter contribution to points on
the central axis.

e For constant z, A and hv the PDD increases with increasing/because of a
decreasing effect of z on the inverse square factor, which governs the primary

component of the photon beam.
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e For constant z, A and hv the PDD beyond zmax increases with beam energy
because of a decrease in beam attenuation (i.e. because of an increase in beam

penetrating power).

The PDDs for radiotherapy beams are usually tabulated for square fields however, the
majority of fields used in radiotherapy are rectangular or irregularly shaped. The concept
of equivalent squares is used to determine the square field that will be equivalent to the

given rectangular or irregular field.

2.8 Determination of absorbed dose under reference conditions

The absorbed dose to water at the reference depth z ref in water, in a photon beam of
quality Q and in the absence of the chamber, is given by

Dwo = My * Npwo * koo 2.3
Where Mq is the reading of the dosimeter with the reference point of the chamber
positioned at zrf and corrected for the influence quantities temperature and pressure,
electrometer calibration, polarity effect and ion recombination, Npwqo is the calibration
factor in terms of absorbed dose to water for the dosimeter at the reference quality Qo,
and ko, qo is a chamber-specific factor which corrects for the difference between the
reference beam quality Qo and the actual quality being used, Q [51].

2.8.1 Absorbed dose at Zmax

However, clinical dosimetry calculations are often referenced to the depth of dose
maximum Zmax (Or at some other depth). To determine the absorbed dose at the

appropriate depth the user should, for a given beam, use the central axis percentage
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depth-dose (PDD) data for SSD set-ups and tissue-phantom ratios (TPR) or tissue

maximum ratios (TMR) for SAD set-ups [51].

2.8.2 Values for ko, Qo

When the reference quality Qo is ®°Co, k g. Qo is denoted by k o and N pwaqo is denoted by
Npw. These values have been adapted from the calculations of Andreo [52] and can be
used at the reference depths. A sleeve of PMMA 0.5 mm thick has been used in the
calculations for all the chambers which are not waterproof; for sleeve thicknesses up to 1
mm the change in kq is not greater than about 0.1%. Values of kq for non-tabulated
qualities may be obtained by interpolation. It is emphasized that calculated kq values
cannot distinguish chamber-to chamber variations within a given chamber type and their
use necessarily involves larger uncertainties than directly measured values.

It should be noted that there is no value of Q that corresponds to °°Co where all the kq
values are equal to 1.000. While in principle there is a value of TPR2g10 that would
correspond to a pure %°Co spectrum, the response of a particular chamber in an
accelerator beam of the same TPR20,10 depends on its energy response over the whole
spectrum, and will not necessarily be the same as for ®°Co. In addition there is
considerable disagreement in the literature as to what the TPRzo10 of a ®°Co beam is
(0.568 for the beam at the NPL; 0.572 in BJR 17, BJR 25 and at ARPANSA; 0.578 at

NRC; 0.579, so that a single reference value cannot be used.
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2.9  Radiation dose calculation

There are three main methods of dose calculation in use today. One class of algorithms is
known as convolution, another as superposition, and the last as Monte Carlo analysis.
Monte Carlo methods are the most accurate and also the most computationally intensive
methods available. They are not used in clinical practice due to the enormous
computational load they generate. Convolution and superposition methods are slightly
less accurate, but can typically be computed in much less time than Monte Carlo

methods.

2.10 Review of Works on the Motorized Wedge Output Factors and Other Wedge

Factors.

Computing the dose at some reference point along the central beam axis and using off-
axis factors and tissue maximum ratios or percentage depth doses to determine the
radiation intensity at other points in the field is a method used to determine the radiation
doses in wedged fields [2]. The dose at the central ray reference point of a wedged field
was found by calculating the dose at the same point in an open field and multiplying it by
the wedge factor (WF) in some time past when planning for treatment of patients. Wedge
factors were measured at a field size and depth that was typical for treatment with the
given wedge, and potential errors when treating with larger or smaller fields, or at
different depths, were neglected. However, several investigators have demonstrated that
the dependence of the WF on field size and depth is clinically important and that
neglecting such dependence can lead to dosimetric errors greater than 5% [32]. As a

result of this, later models of treatment-planning systems (TPSs) allowed input of wedge
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factors for a series of square fields, and accepted separate depth dose or tissue maximum

ratio data which took into consideration beam hardening by the wedge.

Turian et al, [2] made a report on the use of the EGS4/BEAM Monte Carlo technique in
predicting the output factors for clinically relevant, irregularly shaped inserts as they
intercept a linear accelerator’s electron beams. The output factor for a particular
combination—energy, cone, insert, and source-to-surface distance (SSD) — in
accordance with AAPM TG-25 is defined as the product of cone correction factor and
insert correction factor, evaluated at the depth of maximum dose. The goodness-of-fit
between predicted and Monte Carlo—calculated ICF values was tested using the
Kolmogorov—Smirnoff statistical test. The results showed that Monte Carlo—calculated
ICFs matched the measured values within 2.0% for most of the shapes considered, except
for few highly elongated fields, where deviations up to 4.0% were recorded. Predicted
values based on analytical modeling agree with measured ICF values within 2% to 3%
for all configurations. The predicted ICF values based on modeling of Monte Carlo—

calculated values could be introduced in clinical use.

Popple et al, [3] reported that some modern treatment-planning systems (TPSs) provide
for input of wedge factor (WF) tables covering the entire range of square and elongated
fields available on the LINAC. Wedge factors computed from five to seven
measurements comprised of square fields and a single, large rectangular field agreed with
direct measurements throughout the entire range of achievable field dimensions within
0.6% at 6 MV and within 1% at 15 MV. Making the same set of measurements and using

the equivalent square method to find WFs at other field sizes leads to errors up to 2%.
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Measuring the WF for a 10 x 10 cm? field and applying the same value to all field sizes

can lead to errors of up to 10% at both 6 MV and 15 MV.

A report on the dosimetric aspects of commissioning an Elekta Versa HD linear
accelerator (linac) with high-dose-rate flattening filter-free (FFF) photon modes and
electron modes was performed by Narayanasamy et al, [4]. In their research, acceptance
and commissioning was performed on the Elekta Versa HD linac with five photon
energies (6 MV, 10 MV, 18 MV, 6 MV FFF, and 10 MV FFF), four electron energies (6
MeV, 9 MeV, 12 MeV, and 15 MeV) and 160-leaf (5 mm wide) multileaf collimators
(MLCs). Pinnacle Treatment Planning System (TPS) (Pinnacle ver. 9.8, Philips
Healthcare, Eindhoven, Netherlands) was used to model the photon energies using the
collapsed-cone convolution, and electron energies using the Hogstrom pencil-beam
electron algorithms, using the data collected. The MLC transmission values were 0.5%,
0.6%, and 0.6% for 6 MV, 10 MV, and 18 MV photon beams, respectively. The electron
PDDs, profiles, and cone factors agree well with the literature. The outcome of radiation
treatment is directly related to the accuracy in the dose modeled in the treatment planning

system, which is based on the commissioned data.

Hejazi et al, [50], investigated on wedge factor of the internal wedge of an Elekta linac
for some wedge degrees for 6 MV photon beam using Monte Carlo (MC) methods. The
wedge factors were calculated by the MC simulation of 60 and 30 and wedge with
various dimensions of 4, 5, 10, 15 and 20 cm? and compared with relevant experimental
measurements. The results indicated that the MC simulation can be regarded an accurate

method for determining the wedge factor for all the wedge degrees. The MC method has
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the potential for investigating the variation of medical linacs wedge factor with the field

size.

2.11 The Oncentra MasterPlan Treatment Planning system.

Medical imaging is a tool mainly used to form a virtual patient for computer-aid design
procedure. Geometry, radiology and dosimetric aspect of therapy are planned using
treatment simulation and optimization [46]. In order for greater modulation to be attained
by the intensity of radiation therapy, simulations are done by carefully selecting the
required beam energy, beam arrangement, catheter positions and source dwell time [49].
The more optimization process is formal, the better the process could be referred to as

forward planning or inverse planning [47].

Oncentra MasterPlan is a treatment planning system comprising of many individual
treatment planning modules for external beam radiation therapy and brachytherapy.
Oncentra is designed for DICOM integration, connectivity and flexibility. Oncentra
MasterPlan TPS allows numerous sets of data points to be classified as applicator points
[45]. For MasterPlan photon dose calculation, parameters such as energy deposition
kernels, electron contamination kernels, fluence matrix, source size, head scatter,
ionization chamber perturbation are required. In using WF value to determine the dose at

isocentre (Diso) and the maximum dose at dmax, (Dzmax), the following equations are used.

Diso = mu X D (Zmax) X ISF x RDF x WF 2.4
Therefore
WF = Diso 2.5

" mu X D (Zmgy) XISF XRDF
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Where mu is the monitor unit, ISF is the inverse square factor, RDF is the relative dose

factor, and WF is the wedge factor, D (zmax) dose at depth of maximum dose.
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CHAPTER THREE

3.0 MATERIALS AND METHODOLOGY
3.1 Introduction
This chapter describes the materials and the experimental methods used for this research.
The research work was carried out using the Linear Accelerator Elekta Synergy platform,
PMMA Solid Water Perspex slabs phantom and other equipment at the Sweden Ghana

Medical Centre (SGMC).

3.2 Materials
The chapter outlines in details the experimental method and the materials employed in
this research work carried out at Sweden Ghana Medical Centre, Accra. The materials

used include:

e ELEKTA Platform Linear Accelerator with 6 MV and 15 MV Dual Energy.
e Solid Water Perspex Slabs Phantom (PMMA).

e lonization chamber (PTW, farmer type 0.6 cm®, PMMAJ/AI, 1 m)

e PTW UNIDOS Electrometer.

e Barometer.

e Thermometer.

e Oncentra master planner (4.3) version 4.3, software 4.3.0.410

3.2.1 Elekta Synergy Linear Accelerator unit
The radiotherapy unit at Sweden Ghana Medical Centre has one Elekta Synergy platform

linear accelerator unit, a dosimetry room and an administrative set-up. The treatment
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room containing the linear accelerator is used for external beam radiation treatment for
all types of cancer treatment. The LINAC machine was installed at Sweden Ghana
Medical Centre (SGMC) by Elekta a Swedish company in 2011.

This Elekta synergy platform linear accelerator at Sweden Ghana Medical Centre as seen
in Fig 3.1 has both photon and electron energy. The photon energies produced are 6 MV,
and 15 MV with electron energies of 6 MeV, 10 MeV and 15 MeV produced by the
machine. The machine has a specialized multi-leaf collimator 2 x 40 leafs and 1 cm leaf
width at isocentre. A 30 x 40 cm? wedge installed in the synergy platform permits a 40
cm maximum filed size at isocentre. It also has a motorized 60-degree wedge in place. In
treatment delivery, the LINAC can be used to give three 3 dimensional radiotherapy,
intensity modulated radiotherapy (IMRT), volumetric-modulated arc therapy (VMAT),
stereotactic radiosurgery (SRS). The treatment couch used at Sweden Ghana Medical
Centre is the precise and hexapod type. Fig 3.1 shows Pictorial view of the Synergy

Platform Linear Accelerator unit at SGMC.

Figure 3.1 A Pictorial view of the Synergy Platform Linear Accelerator unit at SGMC.
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3.2.2 PTW UNIDOS Electrometer

The type of electrometer at SGMC used for this study was a solid state electrometer
called the PTW UNIDOS electrometer shown in Fig 3.2. It is an electrometer mainly
used for daily routine dosimetry in radiation therapy. lonization chambers and solid-state
detectors can be connected. The chamber library makes it possible to store calibration
data. This electrometer displaces measured values of dose and dose rate in Gy, R,
Gy/min, R/min or Gy.m. The electrical values of charge and current are measured in
coulombs (C) and ampere (A) respectively. The device has high contrast LC display
which makes it easy for measured values to be read. Unidos electrometer automatically
checks if there is high voltage between the electrodes of the ionization chamber so as to
prevent damage to the ionization chamber.

The electrometer can be operated on both mains and battery power supply. Air density
corrections are performed by keying-in air pressure and temperature or by means of a
radioactive check device. The check device data are stored in a data babe. This
electrometer has automatic noise suppression and automatic built-in system test. It is
suitable for high precision dosimetry acceptance test of x-ray equipment using ionization
chamber. It is very accurate, having long-term stability, excellent resolution and wide
dynamic measuring ranges. It is suitable as a reference class dosimeter according to IEC
60731 for radiation therapy and as in-vivo dosimeter according to IEC 60601-2-9 for

patient’s dose measurement.
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Figure 3.2 A pictorial view of the PTW UNIDOS E (webline Company, Germany)
electrometer.

3.2.3 PTW Farmer lonization Chamber (Type 30010)

The type of ionization chamber used at Sweden Ghana Medical Centre (SGMC) for this
work was PTW Farmer lonization Chambers. This type of ionization chamber PTW
Farmer 30010 is intended for absolute and relative dosimetry photon and electron beams
in radiotherapy. The ionization chamber used was calibrated against a source of known
beam quality at the IAEA Secondary Standard Dosimetry Laboratory (SSDL). The
calibration was done with a bias voltage of 400 V at the temperature of (23 °C), pressure
of 100.5 kPa and humidity of 50%. The acrylic chamber wall ensures the ruggedness of
the chamber. The chamber is designed for the use in solid state phantoms and therefore
not waterproof. Measurements can be performed in air, water phantoms or solid
phantoms. The PTW Farmer 30010 lonization Chamber is an air ionization chamber
vented through air. The chamber is designed for the use in solid state phantoms and
therefore not waterproof. It is used for the measurement of dose rate, absorbed dose to
water, air kerma or exposure for radiation therapy calibration measurements in air or

solid phantom [17].

37



A thimble chamber (also known as compact chamber) consists of a central electrode and
a cylindrical chamber wall with a spherical or conical end mounted on a cylindrical stem.
A guard on central electrode potential leading up to the sensitive volume limits dark
currents and stem effects. Thimble chambers are used for measuring high energy photon

and electron radiation in air or in phantom material.

Features

e Vented sensitive volumes of 0.6 cm?

e Suitable as therapy chambers for use in solid phantoms

e Flat energy response

e A variety of different versions is available

The 0.6 cm® PTW Farmer chambers are designed for absolute photon and electron
dosimetry with therapy dosemeters. Three chamber types for measurements in air or in
solid state phantom material are available:

e Type 30010 is the standard chamber. The wall material is graphite with a
protective acrylic cover, and the electrode is made of Aluminium. The nominal
photon energy range is from 30 kV to 50 MV.

e Type 30011 with graphite wall and graphite electrode is used for therapy
dosimetry, where a completely graphite-built chamber is required. The nominal
photon energy range is from 140 kV to 50 MV.

e Type 30012 is used for therapy dosimetry, where a chamber with graphite wall
and Al electrode is required. The nominal photon energy ranges from 60 kV to 50
MV. The electron energy range of all chambers is from 6 MeV to 50 MeV. The

chambers type 30011 and 30012 with their graphite caps are of delicate
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construction and should be handled with extreme care. The guard rings of all
chamber types are designed up to the measuring volume. An acrylic build-up cap

for in-air measurement in ®°Co beams is included with each chamber as shown in

Fig 3.3.
o
' Chamber Cable
Cylindrical
Stem
Build-up cup
Electrode

Figure 3.3 A pictorial view of the PTW 30010 Farmer lonization Chamber.
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3.3  Methodology

3.3.1 Experimental Setup

Figure 3.4 A Diagram of the Elekta Synergy linear accelerator, the PMMA Solid Water
Slabs Phantom, lonization chamber (PTW, farmer type 0.6 cm3, PMMA/AI, 1 m),
thermometer Used for The Data Collection.

3.3.2 Absorbed Dose to Water Measurement

In this measurement, the PMMA Perspex solid slab phantom was placed on the lift table
and the set up was left under the gantry. The distance from the source to the surface of
the Perspex phantom (SSD) was adjusted by the help of the remote control to 100 cm. By
the help of the lasers in the treatment room, the PTW farmer type ionization chamber was
fixed into the Perspex phantom such that the sensitive part coincides with the cross point

of the laser on the Perspex phantom’s surface (that is; 100 cm SSD). All other
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connections including the cable from the PTW farmer type ionization chamber to the
PTW unidos electrometer and that of the thermometer were ensured to be rightly fixed.
The central axis was defined. An MU of 100 was entered in the basic setting area. This
permits the dose to be recorded for 100 MU at 1.5 and 2.5 cm dmax for both 6 and 15 MV.
By selecting common setting, then choosing on measure option on the Omnipro-Accept
software, the absorbed dose values were measured for 6 MV and 15 MV.

Motorized wedge output factors (MWOFs) of 6 and 15 MV photon beam energies were
measured along the central axis using a Farmer-type ion chamber. Measurements were
taken in a phantom composed of 30x30x30 cm® Solid Water Perspex slabs (Sweden
Ghana Medical Centre, Accra) of varying thickness, with 15 cm of backscatter material
to ensure full phantom scatter conditions. Other sheets of the solid water were added to
take readings at the depth of maximum dose (dmax). The PMMA solid water slabs
phantom was set to 100 cm SSD with the help of lasers aligned in the treatment room.
The chamber was placed in the phantom such that the entrance window of the chamber
was flushed with the surface with the central axis perpendicular to this at dmax 0of 1.5 cm
and 2.5 cm for 6 MV and 15 MV respectively. Charges were collected for a fixed number
of monitor units (100 MU) for each MDW angle using PTW Farmer 30010 ionization
chamber and electrometer (PTW UNIDOS webline Company, Germany) for open field.
Measurements were carried out with moving jaw Y1 for both collimator rotation 0° and
90°, so as to include setup errors. This was repeated for symmetric fields ranging from 5

to 30 cm using the same number of monitor units and set up.
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3.3.3 Absolute dose measurement
Water phantom: PMMA Solid Water Perspex Slabs
Electrometer: PTW UNIDOS electrometer.

Chamber: PTW Farmer 30010

Npjw = 5.402x10" Gy/C Ko =1.00
Field size = 10x10 cm 2 SSD =100 cm
Temp. =23.0 °C Pressure = 100.5 kPa

Measured dose:

3.3.4 Absolute dose measurement
Water phantom: PMMA Solid Water Perspex slabs.
Electrometer: PTW UNIDOS electrometer.

Chamber: PTW Farmer 30010

Npjw = 5.402x10" Gy/C Ko =1.00
Field size = 10x10 cm 2 SSD =100 cm
Temp. =23.0 °C Pressure = 100.5 kPa

Measured dose:

The dose is then calculated from the equation 3.1 below,

Dwo = Mg * Npwe * koo

3.3.5 Wedged Output Factor Determination

Zref =15cm dmax

Krp = 1.0234

Zref = 25 cm dmax

Krp = 1.0234

3.1

The ICRU® Report 24 [9] defines the WF of a given wedge with angle as

Dw(a,b,w)

WOF (a,b,W) = Do(a,b,O)
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Where Dw (a,b,w) is the dose at a specified point along the central ray in a field with
dimensions a and b with the wedge in place, and D, (a,b,0) is the dose to the same point
in an open field of equal dimensions for the same time or number of MUs. If the wedge is
manually inserted and the accelerator allows more than one direction of wedge insertion,
the wedge factor also depends on the orientation of the wedge with respect to the

collimator jaws, ot, so that Eq. (1) becomes

Dw( a,b,w)

WOF (a,b,w) = Do(a,b,0)

3.3

Wedge direction is defined as a vector pointing from the thick end to the thin end of the
wedge. The wedge orientation can then be defined as the angle of the wedge direction
relative to the collimator coordinate system. For a modern commercial LINAC, the
wedge can be inserted in one of four possible orientations such that the direction is
perpendicular to one of the collimator jaws. All four of the possible wedge orientations
may not be available on a particular LINAC model. For symmetric collimator settings,
orientations that are 180° apart should have the same WF. However, the radiation
intensity profile for rectangular fields is not the same for orientations that are 90° apart.
Therefore, it is not necessarily true that the WFs are the same for such wedge
orientations. The dose in the presence of a wedge, D (a,b,w), is the sum of three
components: dose from the primary beam, phantom scatter, and collimator scatter.
Phantom scatter is the component of dose due to radiation scattered to the measurement
point from within the phantom. Collimator scatter is the component of dose due to
radiation scattered to the measurement point from within the treatment head and from the

wedge itself. It has been demonstrated for both internally and externally mounted wedges
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that phantom scatter is not significantly changed by the presence of a wedge and that the
change in wedge factor with field size is determined primarily by changes in photon
scatter from the wedge [43] and [10]. Photon scatter is nearly constant because the
additional phantom scatter to the central axis from the thin side of the wedge is
compensated by the deficit in scatter from the thick side of the wedge. Heukelom et al.
[10] have observed that the magnitude of the wedge-induced change of the head scatter
dose component is almost completely determined by the amount of irradiated wedge
volume and, furthermore, that the WF is proportional to the irradiated wedge volume. If
we assume that the wedge profile is linear and neglect beam divergence, then the
irradiated wedge volume is proportional to the field area and is independent of wedge

orientation with respect to the field. So the WF may be written as

WOF (a, b, w, ot) = WF (Aw) 34
where A is the field area, A = ab, ot is the orientation of the wedge. This relationship
between WF and field area was first suggested by Arthur et al [40], Popescu et al [39]
also observed a linear dependence on field area for square fields. Furthermore, an
investigation of in-air WFs for square fields demonstrated that for externally mounted

wedges, the WF is proportional to field area [42].

To construct a full set of WFs requires measurements over the range of available field
sizes Fx and Fy in appropriate increments. If the WF is different for wedge orientations
that are 90° apart, a second set of measurements is required over the same range of field
sizes. Assuming that the field size dependence of WFs is primarily due to scatter from the
wedge and that the wedge scatter is proportional to the irradiated wedge volume, we

expected WFs to be independent of orientation and to increase linearly with the area of

44



the radiation field. Because of this simple relationship, one needs to measure WFs at only
a few selected field sizes, then one can determine the remaining values through linear
interpolation; measurements are only necessary at one orientation. This approach
significantly reduces the number of measurements otherwise required to determine a full

set of field size-dependent WFs.

3.3.6 Data Analysis

A linear regression analysis was conducted to see if field size was a predictor of our
measured MWOF. A one-way between subject’s analysis of variance (ANOVA) was
conducted to compare the effect of treatment planning system on the MWOF. To further
evaluate the variance of output factor with field size by the Treatment Planning System
the coefficient of variation (CV) was calculated. The standard formulation of the CV is
the ratio of the standard deviation to the mean multiplied by 100. All these statistical

analyses were carried out using Microsoft Excel version 14.0.4760.1000 (2010).
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CHAPTER FOUR

4.1  Field Size Dependence

4.0 RESULTS

The Wedge output factor (MWOF) for 6 MV and 15 MV photon beams for field sizes of

5x5 cm?, 10x10 cm?, 15x15 cm?, 20x20 cm?, 25x25 cm?, 30x30 cm? measured are given

in detail from table 4.1 and 4.2 respectively. The measurement precision varies from

0.1% to 0.5%. When the MWOF as a function of field size was analyzed using simple

linear regression analysis, the coefficients varied from 0.971 to 0.988 for 6 MV and 0.141

to 0.892 for 15 MV. The MWOF values for 6 MV and 15 MV photon energy at 100 cm

SSD for the various square field sizes are presented in Tables 4.1 and 4.2.

Table 4.1 A Table Showing Field Sizes, Wedge Angles with Their Corresponding

MWOF for 6 MV.

FIELD SIZES
WEDGE 5%5 10x10 15x15 20%20 25%25 30%30
ANGLES
15 0.712249 0.719625 0.722492 0.725892 0.727363 0.728143
30 0.53628 0.543922 0.557632 0.553401 0.556398 0.557806
45 0.399469 0.407258 0.41286 0.419467 0.423391 0.425537
60 0.338122 0.290223 0.289168 0.296928 0.301633 0.304413
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Table 4.2 A Table Showing Field Sizes, Wedge Angles with Their Corresponding
MWOF for 15 MV.

FIELD SIZES
WEDGE 5%5 10x10 15x15 20x%20 25x%25 30x30
ANGLES
15 0.712249 0.719625 0.722492 0.725892 0.727363 0.728143
30 0.53628  0.543922 0.557632 0.553401 0.556398 0.557806
45 0.399469 0.407258 0.41286  0.419467 0.423391 0.425537
60 0.338122 0.290223 0.289168 0.296928 0.301633  0.304413

MWOF values of 6 MV were lower than 15 MV for all field sizes as seen in Tables 4.1
and 4.2. The absorbed dose for 6 MV, and 15 MV photon beams for various field sizes
were measured with the slabs of plastic phantom (PMMA) at 1.5 cm and 2.5 cm dmax
respectively. It was observed from Tables 4.3 and 4.4 that a maximum deviation of
MWOF values +0.55% and +4.11% were observed in various field sizes ranging from
5x5 cm? to 30x30 cm? for 6 MV and 15 MV respectively from the PMMA plastic slabs
phantom measured values. The MWOF was higher for 15 wedges than the rest of the
wedges and lowest for 60° wedges from 5x5 cm? to 30x30 cm?. There is a linear positive
dependence of MWOF with field size (FS). The wedge angle also had an effect on
dependence of MWOF on FS, as the field size increased the wedge angle decreased. The
MWOF increase as the field size increases and decreases with wedge angle for 6 MV but
increases from 5x5 cm? to 20x20 cm? for 45 wedge and increases again from 20x20 cm?

to 30%30 cm? for 15 MV.
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Table 4.3 Shows Field Sizes, Wedge Angles, Wedge Output Factors for Both Measured

and TPS Data (MWOF Cal.), Mean, Difference, %Difference, Standard Deviation,

%Standard Deviation and Coefficient of Variation for 6 MV Photon Energy.

FS WA MWOF MWOF Mean Diff. % Diff. STD % cov
Cal. Mea. STD
15 0.7053 0.7071 0.7062 0.0019 0.273 0.0014 0.1362 0.1928
5*5 30 0.5263  0.5255 0.5259 -0.0008 -0.158 0.0006 0.0587 0.1117
45 0.3895 0.3878 0.3887 -0.0016 -0.423 0.0012 0.1162 0.2990
60 0.2632 0.2629 0.2630 -0.0003 -0.108 0.0002 0.0201 0.0762
15 0.7172  0.7094 0.7133 -0.0078 -1.096  0.0055 0.5525 0.7746
10*10 30 0.5253 0.5291 05272 0.0038 0.721  0.0027 0.2689 0.5101
45 0.3939 03925 0.3932 -0.0015 -0.369 0.0010 0.1025 0.2606
60 0.2727  0.2687 0.2707 -0.0041 -1.508 0.0029 0.2886 1.0661
15 0.7157 0.7114 0.7136 -0.0043 -0.598 0.0030 0.3019 0.4230
15*15 30 0.5343 0.5330 0.5337 -0.0013 -0.247 0.0009 0.0932 0.1746
45 0.4020 0.3975 0.3997 -0.0045 -1.119 0.0032 0.3164 0.7915
60 0.2745 0.2748 0.2747 0.0003 0.121  0.0002 0.0235 0.0856
15 0.7164  0.7143 0.7153 -0.0021 -0.293 0.0015 0.1482 0.2071
20%20 30 0.5385 0.5372 05379 -0.0012 -0.228 0.0009 0.0867 0.1612
45 0.3990 0.4003 0.3997 0.0013 0.314 0.0009 0.0887 0.2220
60 0.2789 0.2814 0.2801 0.0025 0.896 0.0018 0.1774 0.6333
15 0.7477  0.7159 0.7168 -0.0019 -0.257 0.0013 0.1305 0.1820
25*25 30 0.5359 05397 05378 0.0038 0.705 0.0027 0.2679 0.4982
45 0.4067 0.4061 0.4064 -0.0006 -0.156 0.0005 0.0448 0.1101
60 0.2823 0.2850 0.2837 0.0028 0.969  0.0019 0.1943 0.6848
15 0.7177  0.7163 0.7167 -0.0014 -0.201  0.0010 0.1021 0.1424
30*30 30 0.5359  0.5408 0.5383 0.0049 0.902 0.0034 0.3435 0.6380
45  0.41145 0.4076 0.4096 -0.0039 -0.951 0.0028 0.2754 0.6725
60 0.28709 0.2870 0.2870 - -0.032 0.00001 0.0065 0.0226
0.00001
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Table 4.4 Table 4.4 Shows Field Sizes, Wedge Angles, Measured and Calculated
Motorised Wedge Output Factors, Mean, Difference, %Difference, Standard Deviation,
%Standard Deviation and Coefficient of Variation for 15 MV Photon Energy.

FS WA MWOF MWOF Diff % Diff Mean STD % cov
Cal. Mea. STD

15 0.7174  0.7123 0.0051 0.719 0.7148 0.0036 0.364 0.509

5*5 30 0.5544 05363 0.0181 3.313 0.5453 0.0128 1.278 2.343
45 0.4130 0.3995 0.0136 3.341 0.4063 0.0096 0.960 2.363
60 0.3424 0.3381 0.0043 1.255 0.3403 0.0030 0.302 0.887

15 0.7231  0.7196  0.0035 0.478 0.7214 0.0024 0.244 0.338
1010 30 0.5539 0.5439 0.0099 1.811 0.5489 0.0070 0.703 1.280
45 0.4103 0.4073 0.0030 0.736 0.4088 0.0021 0.213 0.521
60 0.3484 0.2902 0.0582 18.223 0.3193 0.0411 4.115 12.886

15 0.7327 0.7225 0.0102 1399 0.7276 0.0072 0.720 0.990
15%15 30 0.5545 0.5576 -0.0032 -0.571 0.5560 0.0023 0.225 0.404
45 0.4257 0.4129 0.0129 3.072 0.4193 0.0091 0911 2173
60 0.2970 0.2892 0.0079 2.682 0.2931 0.0056 0.556 1.897

15 0.7304 0.7259 0.0045 0.618 0.7281 0.0032 0.318 0.437
2020 30 0.5490 0.5534 -0.0044 -0.795 0.5512 0.0031 0.310 0.562
45 0.4216  0.4195 0.0021 0500 0.4205 0.0015 0.149 0.353
60 0.3039 0.2969 0.0070 2.328 0.3004 0.0050 0.495 1.646

15 0.7282 0.7274 0.0008 0.109 0.7278 0.0006 0.056 0.077
25*25 30 05631 0.5564 0.0067 1.199 0.5598 0.0047 0.474 0.847
45 0.4272 0.4234 0.0038 0.892 0.4253 0.0027 0.268 0.631
60 0.3010 0.3016 -0.0007 -0.220 0.3013 0.0005 0.047 0.156

15 0.7282 0.7281 0.00001 0.002 0.7282 0.0001 0.001 0.001
3030 30 0.563 1 NIORSS (8 0.005 0.946 0.5605 0.0038 0.375 0.669
45 0.4272  0.4255 0.002 0.387 0.4264 0.0012 0.117 0.273
60 0.3010 0.3044 -0.003 -1.137 0.3027 0.0024 0.243 0.804
STD 0.1603  0.1576 0.1589 1.377

The MWOF values ranged from 0.29 to 0.71 for 6 MV and 0.30 to 0.71 for 15 MV. The
MWOF values of 15 MV were higher than 6 MV thereby the mean of 15 MV being

higher than the mean of 6 MV. A significant variation in MWOF values was observed in
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6 MV compared to 15 MV and a variation of only 0.60% was observed over the entire

range of 5 x 5 cm? to 30 x 30 cm? field sizes for 6 MV compared to 1.39% for 15 MV.

From fig 4.2 the MWOF also increases from 5x5 cm? to 10x10 cm? and then from 15x15
cm? to 30x30 cm? for 15° wedge for 15 MV. The same trend is observed in the 15°

wedge for 6 MV in Fig 4.1.

15°
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Figure 4.1 A Graph of Motorized Wedge Output Factor and Field Size for 15°, 15 MV.
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Figure 4.2 A Graph of Motorized Wedge Output Factor and Field Size for 15°, 6 MV.

4.2  Wedge Angle Dependence

The WA also had an effect on dependence of MWOF on FS. The highest change in
MWOF with field size is for the 60° wedge. For example, there is a 1.8% increase in
wedge factor between 5 x5 cm? to 20 x20 cm? for 60° wedge as compared to 1.0% for

15° wedge for 6 MV as seen in Tables 4.5 and 4.6.
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Table 4.5 A Table of Values showing, Difference, Percentage difference, Mean, Standard

Deviation, % Standard Deviation and COV for 6 MV, 60° Wedge.

60° WEDGE
FIELD Cal. Mea. Difference % Mean Stdev 9% Stdev cov
SIZE WOF WOF Difference
5x5 0.263158 0.262874 0.000284  0.107768 0.263017 0.000201 0.020053 0.076244
10x10 0.272727 0.268646 0.004081  1.496463 0.270687 0.002886 0.288589 1.066136
15x15  0.27451 0.274842 -0.000332 -0.121114 0.274677 0.000235 0.023509 0.085589
20x20 0.278846 0.281355 -0.002509 -0.899669 0.280101 0.001774 0.177391 0.633313
25x25 0.28228 0.285027 -0.002747 -0.973163 0.283654 0.001942 0.194246 0.684798
30x30 0.287088 0.286996  0.00001 0.031969 0.287042 0.00001 0.00649 0.022609
STD 0.008333 0.009555 0.894631 0.117811
%STD  0.833307 0.955462 89.46313
Table 4.6 A Table of Values showing, Difference, Percentage difference, Mean, Standard
Deviation, % Standard Deviation and COV for 15 MV, 60° Wedge
MW 60 degree

FIELD Cal. Mea. Difference % Mean Stdev % Stdev = COV
SIZE WOF WOF Difference

5x5  0.342391 0.338122 0.004269  1.246953 0.340257 0.003019 0.301896 0.887261
10x10 0.348412 0.290223 0.058189 16.70111 0.319317 0.041146 4.114555 12.88548
15x15 0.29703 0.289168 0.007861  2.646698 0.293099 0.005559 0.555891 1.896597
20x20 0.303922 0.296928 0.006993  2.300973 0.300425 0.004945 0.494491 1.64597
25x25 0.300971 0.301633 -0.00066 -0.22007 0.301302 0.000468 0.046836 0.155445
30x30 0.300971 0.304413 -0.00344 -1.14364 0.302692 0.002434 0.243388 0.804079

STD 0.023254 0.018043 0.017362

As would be expected, the wedge factors increase with energy. Wedge factors measured

for each available wedge and for different field sizes at depth of maximum dose (dmax)

present a maximum variation with field size of 1.06% and 18% for both 6 and 15 MV

units respectively from FS =5 cm to 20 cm with the 60° wedge.
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4.3  Comparison of MWOF to TPS Data.

The measured MWOF compared very well with the calculated MWOF (TPS data) from
Tables 4.3 and 4.4. However, comparing the results with that from the Treatment
Planning System data, an excellent agreement for 6 MV MWOF with the percentage
differences ranging from 0.03% to 1.51%, with a mean of 0.11% was established.
However, for 15 MV, the MWOF showed good agreement, ranging from 0.001% to
18.22%, with a mean of 1.72%. This is comparable to a study conducted by Popple et al,
[3] where the MWOF was found to be within 1% and 10%. As expected, there was good
agreement between the higher wedge angles for the 15 MV and the TPS data. The mean
MWOF, standard deviation, and coefficient of variation (COV) are illustrated in Tables
4.1 and 4.2. The COV for a single variable describes the dispersion of the variable in a
way that does not depend on the variable’s measurement unit. The higher the COV, the
greater the dispersion in the variable. In this study, the dispersion of the MWOF for the
different field sizes is shown in Tables 4.1 to 4.2 with the MWOF CQOV ranging from
0.02% to 1.06% for the 6 MV. For 15 MV the COV ranged from 0.01% to 12.89%. This
observed variation between the computed results from the measured data and the TPS
data is within experimental errors. Analysis of variance (ANOVA) was used to evaluate
the differences in the data between the computed MWOF and that of the TPS data. For 6
MV photon energy MWOF (Table 3) there was no significant difference between the
computed MWOF and the TPS (F (2, 25), = 0.00027, p-value = 0.989). Also, there was
no significant difference for reported MWOF for 15 MV (F (3, 26) = 0.0234,
p-value = 0.879). The data in Tables 4.1 - 4.8 are further confirmation that the MWOF

can be represented by a single database.
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Table 4.7 A table of Values showing, Difference, Percentage difference, Mean, Standard
Deviation, % Standard Deviation and COV for 6 MV, 15° Wedge.

15° WEDGE
FS Cal. Mea. Difference % Mean Stdev % Ccov
MWOF MWOF Difference Stdev

5x5  0.705263 0.707189 -0.001926 -0.273021 0.706226 0.00136 0.13616 0.192792
10x10 0.717172 0.709358 0.007814 1.089496  0.713265 0.00553 0.55250 0.77461
15x15 0.715686 0.711417 0.004269 0.596468  0.713552 0.00302 0.30185 0.423028
20x20 0.716346 0.714251 0.002095 0.292468  0.715299 0.00148 0.14815 0.207109
25x25 0.71772 0.715874  0.001845 0.257112  0.716797 0.00131 0.13049 0.18204
30x30 0.71772 0.716276  0.001444 0.201209  0.716998 0.00102 0.10212 0.14242

Table 4.8 A table of Values showing, Difference, Percentage difference, Mean, Standard
Deviation, % Standard Deviation and COV for 6 MV, 30° Wedge.

30° WEDGE
FS Cal. Mea. Difference % Mean Stdev  %Stdev COV
MWOF MWOF Difference

5x5  0.526316 0.525485  0.000831 0.157791 0.525901 0.00059 0.05872 0.11166
10x10 0.525253 0.529055 -0.003803  -0.724007  0.527154  0.00269 0.26890 0.51010
15x15 0.534314 0.532996  0.001318 0.246622 0.533655 0.00093 0.09318 0.17460
20x20 0.538462 0.537235 0.001227 0.227770 0.537848 0.00087 0.08672 0.16124
25x25 0.535897 0.539686 -0.003789  -0.707028  0.537792 0.00268 0.26792 0.49818
30x30 0.535897 0.540755 -0.004857  -0.906399  0.538326 0.00344 0.34347 0.63803
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4.4 Discussion

4.4.1 MWOF — Dependence on Field Size

There was a linear dependence of MWOF with some field sizes and this agrees with what
has been reported by Popple et al, 2005. The dependence of MWOF with field size is
more pronounced with thicker wedge. As seen in the Fig 4.3, the MWOF increases
linearly with increase in field size up to 20x20 cm? field size. There is further increase
from the 20x20 cm? to 30x30 cm?. The further increase is not linear as compared to field
sizes ranging from 5x5 cm? to 20x20 cm?. Fig.4.4 is the plot of MWOF against field size.
It can be seen from the figure that for 45° wedge, the linearity is from 5x5 cm? to 15x15

cm? and continues from 15x15 cm? to 30x30 cm?.

15

0.718

y = 0.0004x + 0.705

0.716

0.714

0.712 ffe—%

MWOF

0.71

0.708

0.706
0 5 10 15 20 25 30 35

FIELD SIZE

Figure 4.3 A Graph of Motorized Wedge Output Factor and Field Size for 15° Wedge 6
MV.
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Figure 4.4 A Graph of Motorized Wedge Output Factor and Field Size for 45° Wedge 6
MV.

Linearity would exist if the WF were proportional to scatter from the wedge, wedge
scatter was proportional to field size, and photon scatter from the wedge originated as if
from an isotropic point source located on the central axis. However, the angular
distribution of scatter will introduce additional dependence on both field size and shape,
the scatter is not linearly related to field size, and the scatter originates from within the
wedge volume rather than from a point. In addition, the relationship between WF and
irradiated wedge volume observed by Heukelom etal, [38] was subsequently
demonstrated to be not as strong as originally suggested. Nevertheless, the relationship is
piecewise linear, suggesting that measurements at a few field sizes can be used to

estimate the WF at an arbitrary field size.
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4.4.2 Comparison of MWOF with the TPS Data

The MWOF for 6 MV and 15 MV photon energy of Elekta Synergy have been reported.
As evident in Tables 4.3 and 4.4, there is a good agreement between the MWOF
computed from dose measurement and the TPS data for 6 MV and 15 MV (F (2, 25), =
0.00027, p-value = 0.989). Also, there was statistically significant difference for reported
MWOF for 15 MV (F (3, 26) = 0.0234, p-value = 0.879). Comparing the different values
of MWOF for the measured doses and the TPS data, Pearson coefficient indicates a very
good concordance (r = 0.9998 and 0.9972) for 6 MV and 15 MV respectively (depicting
a strong positive correlation between MWOF of the measured values and the TPS data.
The computed MWOF and that of the TPS data showed deviations of less than 1% for 6
MV photon energy across all field sizes. For 15 MV the deviation was up to 4%
compared to the work done by Popple et al, [3] where Wedge factors computed from five
to seven measurements comprised of square fields and a single, large rectangular field
agreed with direct measurements throughout the entire range of achievable field
dimensions within 0.6% at 6 MV and within 1% at 15 MV. %. Also, comparing our
MWOF results (for 15 MV) with the Treatment Planning System data in Tables 4.4,
MWOF shows good agreement. The agreement ranges from 0.001% to 18.22%, with a
mean of 1.72% with Ahmad et al, [38] observed a non-significant variation of Enhanced
dynamic wedge factor with depth, they found up to 8.9% variation in 60° physical wedge
with depth for a 6 MV photon. This lack of depth dependence for dynamic wedge can be
explained by the absence of beam hardening. Comparing the MWOF in Tables 4.1 and
4.2 for both 6 MV and 15 MV photon energies, it is observed that the MWOF of the

measured data is lower than that of the TPS data. As the MWOF of the TPS data for 6
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MV and 15 MV are compared, there is an increase in the MWOF as the photon energy
increases and this is in agreement to a study by Njeh et al, [32] on enhanced dynamic
wedge output factors. They observed an increase in wedge output factors as the photon

energy increases.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION

51  Conclusion

In radiotherapy practice, using more than one radiation beam in external photon beam
radiotherapy helps achieve a uniform dose distribution inside the target volume with
healthy tissues surrounding the target receiving as low as possible a dose. High energy
beam makes use of wedged fields for isodose distribution modification by compensating
dose inhomogeneity in radiotherapy treatments.

MWOFs were computed from measured absorbed dose values for wedge fields and open
fields for 6 MV and 15 MV respectively.

There was a linear positive dependence of MWOF with field size (FS). The wedge angle
also had an effect on dependence of MWOF on FS, as the field size increased the wedge
angle decreased. Wedge scatter was proportional to field size, and photon scatter from the
wedge originated from an isotropic point source located on the central axis. However, the
angular distribution of scatter introduced additional dependence on both field size and
shape, making the scatter not to linearly relate to field size when the scatter originates

from within the wedge volume rather than from a point.

The MWOF from the measured data compared very well with the Treatment Planning
System. An agreement was found for 6 MV MWOF with the percentage differences
ranging from 0.03% to 1.51%, with a mean of 0.11%. MWOF results for 15 MV also
showed good agreement. The p-values had for predicting the differences in data for the

measured MWOF and that of the TPS showed statistically significant difference. The
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ANOVA values were a confirmation that the MWOF could be represented by a single

database.

Pearson coefficient (r = 0.9998 and 0.9972) for 6 MV and 15 MV respectively showed a

strong positive correlation between MWOF for the measured values and the TPS data.

The measured MWOF and that of the TPS data, showed deviations of less than 1% across
all field size for 6 MV and 4% for 15 MV. The MWOFs were determined for 6 MV and 5

MV Elekta Synergy and the results from the measured data compared to the TPS data.

52  Recommendations
The following are recommendations are suggested to the various stake holders in the

administration of dose to patient and also patient’s protection from ionizing radiation.

5.2.1 Medical professionals
Based on the agreement between the measured and the calculated MWOFs, the measured
MWOF data at SGMC and the calculation method can be used for double check during

beam commission so as to check on the performance of the measuring system.

Also, it is recommended that, calculated Motorized Wedge Output Factor can confidently
be used in calculating monitor units especially when applying both large and small field

sizes to treat shallow tumors for high megavoltage x-ray beam.
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5.2.2 Sweden Ghana Medical Centre

Since there was slight deviation when the measured data was compared with that
obtained on the treatment planning system during commission, it is recommended that
comparison of the measured MWOF with that obtained during commission should be

included in the annual quality assurance (QAs) of the machine.

5.2.3 Regulators
It is recommended that the Regulatory Authority (RA), inspects compliance on radiation
and dosimetric equipment so as to ensure patient’s safety and avoidance of overexposure

or underexposure during the administration of radiation treatment.

5.2.4 Further research work
The study could be further extended by considering various electron energies, addition of

asymmetric fields, measuring at different depth in a phantom.
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APPENDIX

APPENDIX ONE

Table 1. A Table Showing Dose Measured with Wedge in place, Open Field Doses,

And Their Computed Wedge Output Factor for 6 MV with Collimator 0°.

FIELD SIZE

5*5

10*10

15*15

20*20

25*25

30*30

MEAN

WA

15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60

IN

1.792
2.897
3.744
4.503
1923
3.114

4.02
4.838

2.02
3.268
4.217
5.077
2.109
3.412
4.399
3 250
2.156
3.485
4.498
5.413
2,183
3.532
4.556
5.483

ouT

10.23
6.05
2.876

10.75
6.353
3.022

1802
6.522
3.097

11.24
6.645
3.162

11.35
6.709
3.187

11.41
6.743
3.207

Dw/nC

69

12.022
8.947
6.62
4.503
128605
9.467
7.042
4.838
13.04
9.79
7.314
5.077
13.349
10.057
7.561
5.297
13.506
10.194
7.685
5.413
13.593
10.275
7.763
5.483

Dw/Gy
0.649428
0.483317
0.357612
0.243252
0.684704
0.511407
0.380409
0.261349
0.704421
0.528856
0.395102

0.27426
0.721113
0.543279
0.408445
0.286144
0.729594

0.55068
0.415144

0.29241
0.734294
0.555056
0.419357
0.296192

OF

16.98
16.98
16.98
16.98
17.85
17.85
17.85
17.85
18.31
18.31
18.31
18.31
18.67
18.67
18.67
18.67
18.84
18.84
18.84
18.84
18.95
18.95
18.95
18.95

OF/Gy
0.91726
0.91726
0.91726
0.91726
0.964257
0.964257
0.964257
0.964257
0.989106
0.989106
0.989106
0.989106
1.008553
1.008553
1.008553
1.008553
1.017737
1.017737
1.017737
1.017737
1.023679
1.023679
1.023679
1.023679

WOF
0.708009
0.526914

0.38987
0.265194
0.710084
0.530364

0.39451
0.271036
0.712179
0.534681
0.399454

0.27728
0.714997
0.538672
0.404981
0.283717
0.716879
0.541083
0.407909
0.287314
0.717309
0.542216
0.409657

0.28934
0.482235



Table 2. A Table Showing Dose Measured with Wedge in place, Open Field Doses,
And Their Computed Wedge Output Factor for 6 MV with Collimator 90°.

FIELD SIZE

5*5

10*10

15%15

20%20

25*25

30*30

WA

15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60

IN

1.76
2.848
3.672
4.419
1.892

3.06
3.947

4.75
1.985
3.211
4.143
4.985
2.074
3.354
4.326
5.206
2121

3.43
4.424
5.324
215
3.476
4.485
5.397

ouT

10.22
6.04
2.871

10.75
6.355
3.019

11.02
6.512
3.095

11.24
6.644
3.056

11.34
6.706
3.187

11.41
6.749
3.204

Dw/nC

11.98
8.888
6.543
4.419
12.642
9.415
6.966
4.75
13.005
9.723
7.238
4.985
13.314
9.998
7.382
5.206
13.461
10.136
7.611
5324
13.561
10.225
7.689
5.397

70

Dw/Gy
0.64716
0.48013
0.353453
0.238714
0.682921
0.508598
0.376303
0.256595
0.70253
0.525236
0.390997
0.26929
0.719222
0.540092
0.398776
0.281228
0.727163
0.547547
0.411146
0.287602
0.732565
0.552355
0.41536
0.291546

OF

16.96
16.96
16.96
16.96
17.84
17.84
17.84
17.84

18.3

18.3

18.3

18.3
18.66
18.66
18.66
18.66
18.83
18.83
18.83
18.83
18.9
18.9
18.96
18.96

OF/Gy

0.916179
0.916179
0.916179
0.916179
0.963717
0.963717
0.963717
0.963717
0.988566
0.988566
0.988566
0.988566
1.008013
1.008013
1.008013
1.008013
1.017197
1.017197
1.017197
1.017197
1.024219
1.024219
1.024219
1.024219

WOF
0.706368
0.524057

0.38579
0.260554
0.708632
0.527747
0.390471
0.266256
0.710656
0.531311
0.395519
0.272404
0.713505
0.535798
0.395606
0.278992

0.71487

0.53829
0.404195

0.28274
0.715243
0.539293
0.405538
0.284652



Table 3. A Table Showing Dose Measured With Wedge in place, Open Field Doses,

And Their Computed Wedge Output Factor For 15 MV With Collimator 0°.
ouT

FIELD SIZE

5%5

10*10

15*15

20%20

25%25

30*30

WA

15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60

IN

1.807
2.946
3.831
4.656
1.984
3.239
4.214
5.394
2.148
3.454
4.493
5.441
2.237
3.651
4.752
5.752
2.305
3.759
4.889
5.917
2.344
3.827
4.976
6.025

10.16
6.076
2.904

10.93
6.537
3.126

11.39
6.798
3.25

11.73
7.01
B

11.88
7.104
3.393

11.98
7.161
3.424

Dw/nC
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11.967
9.022
6.735
4.656

12.914
9.776

7.34
5.39%

13.509

10.252
1.743
5.441

13.967

10.661
8.098
5.752

14.185

10.863
8.282
5.917

14.324

10.988

8.4
6.025

Dw/Gy
0.646457
0.487368
0.363825
0.251517
0.697614

0.5281
0.396507
0.291384
0.729756
0.553813
0.418277
0.293923
0.754497
0.575907
0.437454
0.310723
0.766274
0.586819
0.447394
0.319636
0.773782
0.593572
0.453768
0.325471

OF

16.74
16.74
16.74
16.74

17.9

17.9

17.9

17.9
18.63
18.63
18.63
18.63
19.18
19.18
19.18
19.18
19.44
19.44
19.44
19.44
19.61
19.61
19.61
19.61

OF/Gy
0.904295
0.904295
0.904295
0.904295
0.966958
0.966958
0.966958
0.966958
1.006393
1.006393
1.006393
1.006393
1.036104
1.036104
1.036104
1036104
1.050149
1.050149
1.050149
1.050149
1.059332
1.059332
1.059332
1.059332

WOF
0.714875
0.538949

0.40233
0.278136
0.721453
0.546145
0.410056
0.301341
0.725121
0.550295

0.41562
0.292056
0.728206
0.555839
0.422211
0.299896
0.729681
0.558796
0.426029
0.304372
0.730444
0.560326
0.428353
0.307241



Table 4. A Table Showing Dose Measured with Wedge in place, Open Field Doses,

And Their Computed Wedge Output Factor for 15 MV with Collimator 90°.

FIELD SIZE

5*5

10*10

15*15

20%20

25%25

30*30

WA

15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60

IN

1774
2.895
3.764
6.691
1.953
3.186
4.143
5.014
2.085

3.4
4.421
5.355
2.204
3.597
4.676
5.661
2.267

3.7
4.814
5.828
2311
3.771
4.902
5.938

ouT

10.16
6.079
2.906

10.94
6.544
3.122

11.38
1.167
3.28

11.73
7.013
3.349

11.87
7.102
338

11.98

7.162
3.421
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Dw/nC

11.934
8.974
6.67
6.691
12.893
9.73
7.265
5.014
13.465
10.567
1.671
5.355
13.934
10.61
8.025
5.661
14.137
10.802
8.204
5.828
14.291
10.933
8.323
5.938

Dw/Gy
0.644675
0.484775
0.360313
0.361448

0.69648
0.525615
0.392455
0.270856
0.727379
0.570829
0.414387
0.289277
0.752715
0.573152
0.433511
0.305807
0.763681
0.583524

0.44318
0.314829

0.772
0.590601
0.449608
0.320771

OF

16.75
16.75
16.75
16.75
17.89
17.89
17.89
17.89
18.63
18.63
18.63
18.63
19.18
19.18
19.18
19.18
19.42
19.42
19.42
19.42
19.61
19.61
19.61
19.61

OF/Gy

0.904835
0.904835
0.904835
0.904835
0.966418
0.966418
0.966418
0.966418
1.006393
1.006393
1.006393
1.006393
1.036104
1.036104
1.036104
1.036104
1.049068
1.049068
1.049068
1.049068
1.059332
1.059332
1.059332
1.059332

WOF
0.712478
0.535761
0.398209
0.399463
0.720682
0.543879
0.406093
0.280268
0.722759
0.567203
0.411755

0.28744
0.726486

0.55318
0.418405
0.295151
0.727961
0.556231
0.422451
0.300103
0.728761
0.557522
0.424426
0.302805



Table 5. A Table Showing Field Sizes, Wedge Angles, Wedge Output Factors, Mean,
Difference, Percentage Difference, Standard Deviation, Percent Standard Deviation
and Coefficient of Variation for 6 MV Photon Energy (Collimator 0 And 90).

FIELD SIZES

5*5

10%10

15%15

20*20

25%25

30*30

15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60

0.708009
0.526914

0.38987
0.265194
0.710084
0.530364

0.39451
0.271036
0.712179
0.534681
0.399454

0.27728
0.714997
0.538672
0.404981
0.283717
0.716879
0.541083
0.407909
0.287314
0.717309
0.542216
0.409657

0.28934

WA WOF0O WOF90 MEAN

0706368 0.707189
0524057 0.525485
038579 0.38783
0260554 0.262874
0708632 0.709358
0527747  0.529055
0390471 0.39249
0266256 0.268646
0.710656 0.711417
0531311 0.5329%
0395519 0.397486
0272404 0.274842
0.713505 0714251
0535798 0.537235
0.395606” 0.400293
0278992 0.281355
071487 0.715874
053829 0539686
0404195 0.406052
028274 0.285027
0715243 0.716276
0539293 0.540755
0405538 0407597
0284652 0.28699

0.001641498
0.002857413
0.004080341
0.004640101
0.001451747
0.002617509
0.004038952
0.004780809
0.001523399
0.003369027
0.003934725
0.004875803
0.001492499
0.002873166

0.00937568
0.00472469
0.002009092

0.00279284
0.003713272
0.004573917
0.002066091

0.00292311
0.004119017
0.004688471
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DIFFERENCE % DIFFERENCE STD

% STD

cov

0.232116037” 0001160715 0.116071459 0.164130824

0.5437664310.002020496
1,0520046490.002885237
1.765140632 " 0.003281047
0.204656364  0.00102654
0.4947513870.001850858
102905769 0.00285597
1.779594339 " 0,003380543
0.214135794  0.001077206
0.632092383 0,002382262
0.989901491" 0.00278227
1.774036842 0003447713
020895996 0.001055356
0.534806159 0.002031635
2.342201899 0006629607
1,679265922 0,003340865
0.280648717  0.001420643
0.517493087 0.001974836
091448175 000262568
1,604729642 0003234248
0.288449155  0.001460947
0.540561059 0.002066951
1,010560067  0.002912585
1.633635475 0.003315249

0.202049591
0.288523712
0.328104689
0.102653988
0.185085828
0.285597028
0.338054259
0.107720603
0.238226187

0.27822705
0.344771349
0.105535599
0.203163538
0.662960686
0.334086461
0.142064287
0.197483591
0.262567986
0.323424775
0.146094702
0.206695083
0.291258514

033152494

0.384500931
0.743943261
1.248142911
0.144713903
0.349842061
0.727653671
1.258363225
0.151416872

0.44695681
0.699966057
1.254433481
0.147757005
0378165062
1.656186845
1.187420321
0.198448611
0.365922871
0.646636246
1.134715212
0.203964353

0.38223439
0.714573876
1.155154723



Table 6. A Table Showing Field Sizes, Wedge Angles, Wedge Output Factors, Mean,
Difference, Percentage Difference, Standard Deviation, Percent Standard Deviation
and Coefficient of Variation for 6 MV Photon Energy (Collimator 0 And 90) From

Treatment Planning System.

FIELDSIZE WA  TPSO TPS90 MEAN DIFFERENCE % DIFFERENCE STD % STD cov

15 0705263158 0.705263158 0.705263158 0 0 0 0 0

545 30 0526315789 0.526315789 0.526315789 0 0 0 0 0
05 0.389473684 0.389473684 0.389473684 0 0 0 0 0
60 0263157895 0.263157895 0.2631578%5 0 0 0 0 0
15 Q77U OTUTUAAT O.TUATATT 0 0 0 0 0

1040 30 055252505 05252555 0525252525 0 0 0 0 0
05 0393939394 0.393939394 0.393939394 0 0 0 0 0
0 0202727273 020277273 0.3 0 0 0 0 0
15 0715686275 0715686275 0715686275 0 0 0 0

15*15 0 0529411765 0539215686 0.534313725 -0.009803922 -1.834862385 0006932419 0693241042 197443635

45 0401960784 0.401960784 0401960784 0 0 0 0 0
60 0274509804 0.274509804 0.274509804 0 0 0 0 0
15 0711538462 0721153846 0.716346154 -0.009615385 1342281879 0.006799104 0.679910367 0.949136619
2000 30 0533461538 0538461538 0538461538 0 0 0 0 0
45 0394230769 0.403846154 0399038462 -0.009615385 -2.409638554 0.006799104 0.679910367 1703871762
60 0.278846154 0278846154 0.278846154 0 0 0 0 0

15 0714285714 0721153846 071771978 -0.006868132 -0.956937799  0.004856503 0485650262 0676657207
2525 30 0533333333 0538461538 0.535897436 -0.005128205 0956937799 0.003626189 0362618862 0.676657207
15 040952381 0.403846154 0406634982 (0.005677636 139608194 0.004014709 0401470883 0987179023
60 0285714286 0278346154 028228022 0006868132 2433090024 0.004856503 0.485650262 172045455
15 0714285714 0721153846 071771978 -0.006868132 -0.956937799 0.004856503 0485650262 0676657207
3030 30 0533333333 0538461538 0.535897436 -0.005128205 0956937799 0.003626189 0362618862 0.676657207
15 040952381 0413461538 0411492674 -0.003937729 0956937799 0002784395 0.278430483 0.676657207
60 0285714286 0.288461538 0.287087912 -0.002747253 -0.956937799 0.001942601 0194260105 0.676657207
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Table 7. A Table Showing Field Sizes, Wedge Angles, Wedge Output Factors, Mean,
Difference, Percentage Difference, Standard Deviation, Percent Standard Deviation

and Coefficient of Variation for 15 MV Photon Energy (Collimator 0 And 90).

FIELD SIZES

5%5

10*10

15*15

20%20

25%25

30*30

WA  WOF
15  0.713445
30 0537871
45  0.401525
60 0.27758
15 0.72001
30  0.545053
45  0.409236
60  0.300738
15 0723671
30  0.549195
45  0.414789
60  0.291472
15 0.72675
30  0.554728
45  0.421366
60  0.2992%
15 0728222
30  0.557679
45  0.425177
60  0.303764
15  0.728983
30  0.559206
45  0.4274%
60  0.306627

WOF

MEAN
0.711053 " 0.712249

0.53469” 053628
0.397413 0399469
0398664 0.338122
0.719241" 0.719625
0.542792 0543922
0.405281 0.407258
0279708 0.290223
0.721313 0.722492
0.566069 0557632
0410932 0.41286
0.286865 0289168
0.725033  0.725892
0.552074 0553401
0.417568  0.419467
0.294561” 0.296928
0.726505 0.727363
0.555118 0556398
0.421606 0423391
0.299503 0301633
0.727303” 0.728143
0.556407 0557806
0.423577 0425537
0302199 0304413

DIFFERENCE

0.002392146
0.003181057
0.004112552

-0.121083833

0.000769028
0.002261457
0.003955151
0.021030331
0.002357059

-0.016874396

0.003857005
0.004606978
0.001717101
0.002653702
0.003798436
0.004735036
0.001716764
0.002560475

0.00357057
0.004260902
0.001679449
0.002799082
0.003918715
0.004427639
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-3,026081944

% DIFFERENCE STD

0335858254 0.001691503
0593170725 0.002249347
1,029505221 0,002908014

3581070988 0085619199

0106865035 0.000543785
0.415768492 0001599092
0.971165395 0.002796714
7246267717 0.01487069
0.326240083 " 0.001666692
0.011932
0.934215648 0.002727314
159318266  0.003257625
0.236550661  0.001214174
0.479526115 0.001876451
0.905538671  0.0026859
1504672742 0.003348176
0.236025711” 0.001213936
0.4601872990.001810529
0.843325876 0.002524774
1412610428 0.003012913
0.230648261  0.00118755
0.501801925" 0.00197925
0.920887401" 0.00277095
1454484661 0.003130814

% STD

0.169150276
0.224934708
0.290801361
8.561919932
0.054378464
0.159909176
0.279671374
1.487068956
0.166669205
1.193199994
0.272731427
0.325762538
0.121417387
0.187645052
0.268589976
0.334817642
0.121393579
0.181052929

0.25247741
0.301291304
0.11875499%
0.197924993
0.277094991
0.313081353

cov

0.237487649
0.419435042
0.727970123

25.3219958
0.075564991

0.29399272
0.686717636
5.123885041
0.230686575
2.139763063

0.66059022
1.126550263
0.167266577
0.339076168
0.640312535
1.127603909
0.166895381

0.32540156
0.596321446
0.998866413

0.16309295
0.354827544
0.651165726
1.028475967



Table 8. A Table Showing Field Sizes, Wedge Angles, Wedge Output Factors, Mean,
Difference, Percentage Difference, Standard Deviation, Percent Standard Deviation
and Coefficient of Variation for 15 MV Photon Energy (Collimator 0 And 90) From
Treatment Planning System.

FIELD SIZE WA

5*5

10*10

15*15

20*%20

25%25

30*30

15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60

WOF TPS WOF TPS MEAN

0.717391 0.717391” 0.717391
0.554348 0.554348 0.554348
0.413043 0.413043” 0.413043
0.282609 0.402174" 0.342391

0.72449 0.721649  0.72307

0.55102 0.556701 0.553861
0.408163 0.412371  0.410267
0.408163 0.28866 0.348412
0.732673 0.732673" 0.732673
0.554455 0.554455 0.554455
0.425743 0.425743" 0.425743

0.29703  0.29703" 0.29703
0.735294 0.72549  0.730392

0.54902 0.54902" 0.54902
0.421569 0.421569 0.421569
0.303922 0.303922" 0.303922
0.728155 0.728155  0.728155
0.563107 0.563107  0.563107
0.427184 0.427184" 0.427184
0.300971 0.300971" 0.300971
0.728155 0.728155  0.728155
0.563107 0.563107  0.563107
0.427184 0.427184° 0.427184
0.300971 0.300971" 0.300971
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0

0

0
-0.11957
0.00284
-0.00568
-0.00421
0.119503

O O OO OO oo o o o

DIFFEREN( % DIFFERE STD

r
0 0

r
0 0

r
0 0
-34.9206 " 0.084545
0.392813" 0.002008
-1.02564  0.004017
-1.02564 0.002975
34.29952 " 0.084502
0" 0

r
0 0
0 0

r
0 0
1.342282" 0.006932
o 0
0 0

r
0 0

r
0 0

r
0 0
0 0

r
0 0

r
0 0

r
0 0
0 0

r
0 0

% STD

0

0

0
8.454538
0.20084
0.401681
0.297541
8.450172
0

0

0

0
0.693242

O O OO O o oo o o o

cov
0
0
0
24.69262
0.277761
0.725238
0.725238
24.25342
0
0
0
0
0.949137
0
0
0
0
0
0
0
0
0
0
0



APPENDIX TWO

Table 1. A table of Values showing, Difference, Percentage difference, Mean,
Standard Deviation, % Standard Deviation and COV for 6 MV, 45° Wedge.

45° WEDGE
FIELD Cal. Mea. Difference % Mean Stdev | % Stdev Ccov
SIZE | MWOF | MWOF Difference
5x5 | 0.389474 | 0.387830 | 0.0016434 | 0.4219590 | 0.388652 | 0.001162 | 0.116207 | 0.299001
10x10 | 0.393939 | 0.392490 | 0.0014491 | 0.3678398 | 0.393215 | 0.001025 | 0.102464 | 0.260581
15x15 | 0.401961 | 0.397487 | 0.0044743 | 1.1131176 | 0.399724 | 0.003164 | 0.316381 | 0.791498
20x20 | 0.399038 | 0.400293 | -0.001255 - 0.399666 | 0.000887 | 0.088738 | 0.222032
0.3144940
25x25 | 0.406685 | 0.406052 | 0.0006329 | 0.1556273 | 0.406369 | 0.000448 | 0.044754 | 0.110131
30x30 | 0.411493 | 0.407598 | 0.0038952 | 0.9466002 | 0.409545 | 0.002754 | 0.275432 | 0.672531
Table 2. A table of VValues showing, Difference, Percentage difference, Mean,
Standard Deviation, % Standard Deviation and COV for 15 MV, 15° Wedge.
15° WEDGE
FIELD Cal. Mea. Difference % Mean Stdev | % Stdev cov
SIZE WOF WOF Difference
5x5 0.717391 | 0.712249 | 0.005143 0.716844 0.71482 | 0.003636 | 0.363635 | 0.508708
10x10 | 0.72307 | 0.719625 | 0.003445 0.476378 0.721347 | 0.002436 | 0.243566 | 0.337654
15x15 | 0.732673 | 0.722492 | 0.010181 1.389605 0.727583 | 0.007199 | 0.719924 | 0.989474
20x20 | 0.730392 | 0.725892 | 0.004501 0.616197 0.728142 | 0.003182 | 0.318244 | 0.437064
25x25 | 0.728155 | 0.727363 | 0.000792 0.10877 0.727759 | 0.00056 | 0.056004 | 0.076954
30x30 | 0.728155 | 0.728143 | 1.23E-05 0.001689 0.728149 | 8.7E-06 | 0.00087 | 0.001195
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Table 3. A table of VValues showing, Difference, Percentage difference, Mean,
Standard Deviation, % Standard Deviation and COV for 15 MV, 30° Wedge.

30° WEDGE
FIELD Cal. Mea. Difference % Mean Stdev | % Stdev cov
SIZE WOF WOF Difference
5%5 0.554348 | 0.53628 | 0.018068 3.259258 0.545314 | 0.012776 | 1.277574 | 2.342823
10x10 | 0.553861 | 0.543922 | 0.009938 1.794402 0.548891 | 0.007028 | 0.702757 | 1.280321
15x15 | 0.554455 | 0.557632 | -0.00318 -0.57288 0.556044 | 0.002246 | 0.224604 | 0.403933
20x20 | 0.54902 | 0.553401 | -0.00438 -0.79802 0.55121 | 0.003098 | 0.309803 | 0.562042
25x25 | 0.563107 | 0.556398 | 0.006708 1.191307 0.559753 | 0.004744 | 0.474351 | 0.847429
30x30 | 0.563107 | 0.557806 | 0.005301 0.941318 0.560456 | 0.003748 | 0.374811 | 0.66876
Table 4. A table of VValues showing, Difference, Percentage difference, Mean,
Standard Deviation, % Standard Deviation and COV for 15 MV, 45° Wedge.
45 WEDGE
FIELD Cal. Mea. Difference % Mean Stdev | % Stdev cov
SIZE WOF WOF Difference
5%5 0.413043 | 0.399469 | 0.013575 3.286498 | 0.406256 | 0.009599 | 0.959874 | 2.36273
10x10 | 0.410267 | 0.407258 | 0.003009 0.73343 0.408763 | 0.002128 | 0.21277 | 0.520522
15x15 | 0.425743 | 0.41286 | 0.012882 3.025854 0.419301 | 0.009109 | 0.91092 | 2.17247
20x20 | 0.421569 | 0.419467 | 0.002102 0.498526 0.420518 | 0.001486 | 0.148608 | 0.353392
25x25 | 0.427184 | 0.423391 | 0.003793 0.887907 | 0.425288 | 0.002682 | 0.268206 | 0.630645
30x30 | 0.427184 | 0.425537 | 0.001648 0.385699 | 0.426361 | 0.001165 | 0.116506 | 0.273258
Table 5. A table of Values showing, Difference, Percentage difference, Mean,
Standard Deviation, % Standard Deviation and COV for 15 MV, 60° Wedge.
60° WEDGE
FIELD Cal. Mea. Difference % Mean Stdev | % Stdev | COV
SIZE WOF WOF Difference
5x5 0.342391 | 0.338122 | 0.004269 1.246953 0.340257 | 0.003019 | 0.301896 | 0.887261
10x10 | 0.348412 | 0.290223 | 0.058189 16.70111 0.319317 | 0.041146 | 4.114555 | 12.88548
15x15 | 0.29703 | 0.289168 | 0.007861 2.646698 0.293099 | 0.005559 | 0.555891 | 1.896597
20x20 | 0.303922 | 0.296928 | 0.006993 2.300973 0.300425 | 0.004945 | 0.494491 | 1.64597
25x25 | 0.300971 | 0.301633 | -0.00066 -0.22007 0.301302 | 0.000468 | 0.046836 | 0.155445
30x30 | 0.300971 | 0.304413 | -0.00344 -1.14364 0.302692 | 0.002434 | 0.243388 | 0.804079
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APPENDIX THREE
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Fig 1. A Graph of Motorized Wedge Output Factor and Wedge Angle for 20x20 cm?
6 MV.
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Fig 2. A Graph of Motorized Wedge Output Factor and Wedge Angle for 25x25 cm?
6 MV.
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Fig 3. A Graph of Motorized Wedge Output Factor and Wedge Angle for 30x30 cm?

6 MV.
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Fig 4. A Graph of Motorized Wedge Output Factor and Field Size for 30°, 6 MV
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Fig 5. A Graph of Motorized Wedge Output Factor and Field Size for 45°, 6 MV.
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Fig 6. A Graph of Motorized Wedge Output Factor and Field Size for 60°, 6 MV
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Fig 7. A Graph of Motorized Wedge Output Factor and Wedge Angle for 5x5 cm?,

15 MV.
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Fig 8. A Graph of Motorized Wedge Output Factor and Wedge Angle for 10x10

cm?, 15 MV.
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Fig 9. A Graph of Motorized Wedge Output Factor and Wedge Angle for 15x15

cm?, 15 MV.
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Fig 10 A Graph of Motorized Wedge Output Factor and Wedge Angle for 20x20

cm?, 15 MV.
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Fig 11. A Graph of Motorized Wedge Output Factor and Wedge Angle for 25x25

cm?, 15 MV.
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Fig 12. A Graph of Motorized Wedge Output Factor and Wedge Angle FOR 30x30

cm?, 15 MV.
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Fig 13 A Graph of Motorized Wedge Output Factor and Field Size for 30°, 15 MV
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Fig 14. A Graph of Motorized Wedge Output Factor and Field Size for 45°, 15 MV.
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Fig 15. A Graph of Motorized Wedge Output Factor and Field Size for 60°, 15 MV.

86




APPENDIX FOUR

DOSE CALCULATIONS AND THEIR CORRESPOMDING
MOTORISED WEDGE OUTPUT FACTOR

Dwq = 12.022nC x (5.402 x 107<) x 1.00

Dw( a,b,w)

MWOF = Dc(a,b,0)

0.649428
0.91726

MWOF =

MWOF = 0.708009

2. Dyq =8947nC x (5.402 x 107%) x 1.00

Dwq = 0.483317 Gy

0.483317
0.91726

MWOF =

MWOF = 0.526914

3. Dwq=662nC X (5402 x 107) x 1.00

0.357612
0.91726

MWOF =

MWOF = 0.38987
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4. Dyq=4.503nC x (5.402 x 107 %) x 1.00

0.243252
0.91726

MWOF =

MWOF = 0.265194
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