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Abstract

Two-dimensional transmission dosimetry in radiotherapy has been discussed in the liter-
ature for some time as being a potential method for in vivo dosimetry. However, it still
remains to become a wide spread practice in radiotherapy clinics. This is most likely due
to the variety in radiotherapy treatment sites and the challenges they would present in
terms of detection and interpretation at the transmitted dose level. Thus, the full po-
tential and limitations of applying transmission dosimetry in the presence of dosimetry

errors still need to be demonstrated.

This thesis is a theoretical evaluation of transmission dosimetry using the Pinnacle? treat-
ment planning system. The accuracy of predicting reliable and accurate absolute trans-
mitted dose maps using the planning system dose algorithm for comparison with measured
transmitted dose maps was initially investigated. The resolution in the dose calculations
at the transmitted level was then evaluated for rectilinear and curved homogeneous phan-
toms and rectilinear inhomogeneous phantoms, followed by studies combining both sur-
face curvature and heterogeneities using anthropomorphic phantoms. In order to perform
transmitted dose calculations at clinically relevant beam focus-to-transmitted dose plane
distances using clinical patient CT data it was first necessary to extend the CT volume.
Finally, the thesis explored the efficacy of applying transmission dosimetry in the clinic by
simulating realistic dosimetry errors in the planning system using patient treatment plans
for a prostate, head and neck, and breast CRT (Conformal Radiotherapy) treatment. Any
differences at the transmitted dose level were interpreted and quantified using the gamma

formalism. To determine whether the transmitted dose alone was a sufficient indicator
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of the dosimetry errors, the magnitude in transmission dose differences were compared
with those predicted at the midplane of the patient. Dose-Volume Histograms (DVHs)
were also used to evaluate the clinical significance of the dose delivery errors on the target

volume and surrounding healthy tissue structures.



Signed Statement

This work contains no material which has been accepted for the award of any other degree
or diploma in any university or other tertiary institution and, to the best of my knowledge
and belief, contains no material previously published or written by another person, except

where due reference has been made in the text.

I consent to this copy of my thesis, when deposited in the University Library, being

available for loan and photocopying.

SIGNED: ...... . ... . . DATE: ...

XXV






Acknowledgements

Firstly I owe my gratitude to Tim van Doorn who planted the first seed for this project
in 2003. It seems like only yesterday that I first step foot in your office and asked to do a
PhD. T would also like to thank you for your supervision throughout the first half of my

candidature and for sharing your expertise with me.

Although it is slightly unorthodox to thank a building, however I must thank the RAH
Medical Physics department itself! It has been a pleasure to share the same office space
once occupied by previous PhD students (the likes of Paul Keall, Wayne Beckham, Peter
Hoban, Jeremy Booth and Peter Greer, who’s door name placards are enshrined on one
of the office walls) whom some of which have become house-hold names in the Medical
Physics community. I have fond memories of this place and I am proud to have been a

member of a highly regarded and well established Medical Physics department.

A warm thank you to Loredana Marcu, whom I had the pleasure of sharing an office with
during the first years. Thanks for your patience, honesty, approachability and words of

encouragement.

Mohammad Mohammadi (“Momo”). What can I say? I have never met such a dedicated
and hard-working individual in my life. It was a pleasure having you as a close colleague
and friend whom I bonded so well with. Thank you for sharing many laughs with me and
for burning the midnight oil with me towards the end of our candidatures. Your Xmas

party antics shall live on ...

XXVii



There are so many other people to thank along the way. I would like to start with Chris-
tine Robinson for just being her - a happy and cheerful individual to have around. Thanks
also for organising all the social events and lunches for the department. In particular, I
would also like to thank Kurt Byas, Kym Quach, Madhava Bhat, Ralph Nicholls, Lotte
Fog, Judith Pollard, Neil Piller, and all the students in the department whom I got to

know. Please forgive me if I have left anybody out!

Last but not least, I would like to express my warmest and sincere thanks to Eva Bezak,
who’'m I am grateful for accepting to take over the reins from Tim as my supervisor in
the second half of my candidature. She is a true professional and great leader whom I
have tremendous respect for as a physicist and individual. Thank you for your patience,

mentorship and diligence towards my project throughout the years.

On a personal note, I would like to thank my family, particularly my parents for their
patience and support throughout this large undertaking. Above all, thank you for having

faith in me. Now its time to celebrate!



Publications in refereed journals

1. P. Reich and E. Bezak, “The use of a treatment planning system to investigate the
potential for transmission dosimetry in detecting patient breathing during breast

3D CRT,” Australas. Phys. Eng. Sci. Med. 31(2), 110-21 (2008).

2. M. Mohammadi, E. Bezak, and P. Reich, “Verification of dose delivery for a
prostate SIMRT treatment using a SLIC-EPID”, Applied Radiation and Isotopes.

In press.

3. M. Mohammadi, E. Bezak, and P. Reich, “The use of extended dose range film
for dosimetric calibration of a scanning liquid-filled ionization chamber electronic

portal imaging device”, J Appl Clin Med Phys. 8, 69-84 (2007).

4. P. Reich, E. Bezak, M. Mohammadi, and L. Fog, “The prediction of transmitted
dose distributions using a 3D treatment planning system,” Australas. Phys. Eng.

Sci. Med. 29, 18-29 (2006).

5. M. Mohammadi, E. Bezak, and P. Reich, “Comparison of two-dimensional trans-
mitted dose maps: evaluation of existing algorithms,” Awustralas. Phys. Eng. Sci.

Med. 29, 179-187 (2006).

Papers submitted in refereed journals

P. Reich, E. Bezak, and M. Mohammadi, “A theoretical evaluation of transmission
dosimetry for a 3D conformal four-field box prostate treatment.” Submitted to Physics in

Medicine and Biology.



Conference presentations

International

1. Mohammadi, E. Bezak, and P. Reich. “Using a Scanning Liquid Ionization Cham-
ber EPID for Prostate and Head and Neck Treatments”. World Congress on Medical
Physics and Biomedical Engineering. 2006. Seoul, South Korea.

2. P. Reich, E. Bezak, and M. Mohammadi. “Using a TPS to model the impact
of 3D CRT patient treatment set up errors on predicted transmitted dose”. 9th
International Workshop on Electronic Portal Imaging. 2006. Melbourne, Australia.

3. M. Mohammadi, E. Bezak, and P. Reich. “Verification of SIMRT for prostate dose
delivery using a SLIC-EPID”. 9th International Workshop on FElectronic Portal
Imaging. 2006. Melbourne, Australia.

4. P. Reich, E. Bezak, L. Fog, and M. Mohammadi. “Predicting 2D transmitted
dose maps using a 3D treatment planning system”. 8th Biennial ESTRO Meeting
on Physics and Radiation Technology for Clinical Radiotherapy. 2005. Lisboa,
Portugal.

National

5. P. Reich, E. Bezak, and M. Mohammadi. “What accuracy is required of predicted
transmitted dose maps for EPID dosimetry in breast CRT ?”. Engineering and the

Physical Sciences in Medicine 31st Annual Conference. 2007. Fremantle, Australia.

6. P. Reich, E. Bezak, and M. Mohammadi. “The effects of simulated patient set-
up errors on transmitted dose in 3D prostate CRT”. Engineering and the Physical
Sciences in Medicine 29th Annual Conference. 2005. Adelaide, Australia.

7. M. Mohammadi, E. Bezak, and P. Reich. “Investigation of two-dimensional dose



distribution evaluation tools”. FEngineering and the Physical Sciences in Medicine

29th Annual Conference. 2005. Adelaide, Australia.
e Awarded IOP Publishing Student Poster Prize.

8. M. Mohammadi, E. Bezak, and P. Reich. “Verification of two-dimensional trans-
mitted dose measurements in the presence of homogeneous/inhomogeneous phan-
toms”. Engineering and the Physical Sciences in Medicine 29th Annual Conference.

2005. Adelaide, Australia.

9. P. Reich, E. Bezak, and L. Fog. “Transmission dosimetry in Pinnacle 3D treatment
planning system”. FEngineering and the Physical Sciences in Medicine 28th Annual

Conference. 2004. Geelong, Australia.

Other presentations

1. P. Reich, E. Bezak, and M. Mohammadi. “The effect of simulated patient set-
up errors on transmitted dose in 3D prostate CRT”. Postgraduate Student Papers
Night. Adelaide, Australia. 2005. Sponsored by ACPSEM, SAMBE and EACBE
(SA branches).

2. P. Reich, E. Bezak, and L. Fog. “Transmission dosimetry using Pinnacle 3D
treatment planning system: towards an online in vivo dosimetry verification sys-
tem”. Postgraduate Student Papers Night. Adelaide, Australia. 2004. Sponsored
by ACPSEM, SAMBE and EACBE (SA branches).



e a



	TITLE PAGE: A theoretical evaluation of transmission dosimetry in 3D conformal radiotherapy
	Contents
	List of Tables
	List of Figures
	Abstract
	Signed Statement
	Acknowledgements
	Publications in refereed journals
	Conference presentations


