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Abstract

Dose distributions of COB and CCA type ruthenium-106 ophthalmic applicators, of

diameters 15 mm and 20 mm, respectively, were investigated using small CaSOa:Dy

thermoluminescent dosimeters. The CaSOa:Dy TLD discs were irradiated with a 4MV

linear accelerator (Varian Clinac 41100) at the Royal Adelaide Hospital. A range of

absorbed doses from 0.1 to 10 Gy was used to observe their reproducibility and linearity.

This machine was selected because it provides an electron beam with an energy of

approximately 1.3 MV that is close to the mean energy of beta particles produced by the

decay of ruthenium-106. A TOLEDO Model 645D TLD Reader was used to readout the

irradiated TLDs. It was found that these TLDs respond linearly to radiation doses up to 6

Gy above which supralinearity begins. A sensitivity factor for each TLD disc was

measured and applied to subsequent readouts. Selected TLD discs were cut into small

rectangular wafers with dimension of approximat ely 2 x 3 x 0.4 mm3. The same method as

described above was employed to obtain the sensitivity factor for each small TLD. Their

relative dose response sensitivities ranged around the mean from approximately -20%o to

+l7yo.

Dose distributions of ruthenium plaques were observed by placing the small TLDs in

different positions on an eye phantom. Eye phantoms were made of layers with different

thicknesses and can be built up from 1 mm to 10 mm. The results showed that the

radioactive layer was non-uniform on each plaque. Hot spots and cold spots were found in

various positions throughout the plaques. Úr comparison to the depth dose values provided

by t he p laque m anufacturer, t he d epth d ose values measured by these small TLDs were
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lower, and the percentage uncertainties \Mere considerably improved. The highest

uncertainty obtained was approximately tI}% compared with +30% specified by the

manufacturer. Determination of on-axis depth dose distributions of ruthenium-106

applicators was also conducted with the MOSFET semiconductor dosimeter. Its high

sensitivitytoradiationdoses,instantreadoutanda simple measurement setup are some

advantages of the MOSFET dosimeter. On-axis depth dose distributions measured with the

MOSFET dosimeter rwere comparable with those measured with the small TLDs and those

provided by the manufacturer (o: 8%).
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Preface

Background

Ruthenium-106 ophthalmic applicators have been widely used for treatment of eye

tumours and its clinical use has been developed for more than a decade (Taccini et al.

lggT).It has been indicated in several reports that the treatment of those eye disorders with

the ruthenium plaques (in selected cases), is an effective and reasonable method (Lim &

Petrovich, 2000, and Gunduz et al., 2000). Similar to other tlpes ofbrachytherapy, the

most important requîrement for the use of ruthenium eye applicators is that the prescribed

dose must be delivered to the target tissue with accuracy so an effective treatment is

provided and the irradiation of healtþ tissue is kept as low as possible. This important

objective cannot be achieved without an understanding of the radiological characteristics

of the ruthenium applicators such as dose distribution pattems in the eye ball and

uniformity of the active layer (ruthenium-106) coated on the plaques. Hence, the

determination of the dose distributions and uniformity of the active layer of the eye

applicators should be carefully investigated. Although the radiological characteristics of

the ruthenium applicators, such as absorbed dose rate and depth dose rate distribution,

were provided with the purchase of the applicators, they have an uncertainty of + 30Yo that

is not acceptable for clinical use. Thus, an observation of the radiological characteristics of

the applicators with an appropriate method providing an acceptable level of uncertainty is

necessary.
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Aims of the current research

Although improvements in the determination of the dose distributions of the

ruthenium-106 ophthalmic applicators were achieved in previously published studies,

evaluation of dose distribution characteristics of the ruthenium applicators needs be further

investigated with the aim to obtain more accurate dose distribution pattems. Also, a simple

and fast technique is needed to enable the routine measurement of radiation ouþut of

sources, for example to confirm the doses reported by the manufacturer (acceptance

testing) or to check the integrity of the source after handling during treatments (quality

assurance procedure). Some of the parameters to be investigated regularly may include the

depth dose distribution (relative or absolute) along the central axis of the applicators, the

horizontal dose distribution, and the homogeneity of the radioactive material distribution

(ruthenium-106) in the applicators. Correspondingly, the specific aims of the presented

research proj ect include :

1. Determination of dose distribution characteristics of COB-494 and CCA-610

type ruthenium-106 applicators used for eye radiation treatments at the Royal Adelaide

Hospital. Dose distribution patterns of these particular applicators in great details have not

been reported previously.

2. Determination of dose distribution values (central depth dose and off-axis dose)

for both mentioned ruthenium-106 applicators with an uncertainty acceptable (below 10%)

for clinical use.
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3. Development of a standard dosimetry method that can be used for evaluation of

the dose distributions of ruthenium-106 applicators for routine quality assurance purposes.

In order to achieve this, two dosimetry methods were employed in the current

work: small CaSOa:Dy thermoluminescence dosimeters and a semiconductor MOSFET

dosimeter (the use of which has not been so far reported in literature). Correspondingly, the

structure of this thesis is as follows: The general properties of ruthenium-l0ó applicators

and previous studies about theirs dosimetry were provided in chapter 1, the general

principles of thermoluminescent dosimetry will be summarised in chapter 2, followed by

the study of properties of CaSO¿:Dy TLD (sensitivity, dose linearity, reproducibility, etc)

in chapter 3. Chapter 4 will deal with the experimental details and results of the application

of small CaSOa:Dy TLDs to dose investigation of Ru-106 ophthalmic applicators and

chapter 5 will discuss the application of MOSFET dosimeter for determination of

applicator relative depth dose curve. Finally, the results of the current work will be

summarised in chapter 6.
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