MEDICAL PHYSICS

Internationa

EDITORIAL FROM CO-EDITORS-IN-CHIEF
MESSAGE FROM IOMP PRESIDENT
ENHANCING THE VALUE OF DIGITAL VISUALS FOR TEACHING MEDICAL PHYSICS

MEDICAL PHYSICS AND RADIOGRAPHY TRAINING MODEL TAILORED FOR RESOURCE LIMITED SETTINGS
Prof. HABIB ZAIDI HONORED WITH IOMP'S JOHN MALLARD AWARD
26th INTERNATIONAL CONFERENCE ON MEDICAL PHYSICS (ICMP-2023): IN RETR:
AN INITIAL QUANTITATIVE COMPARATIVE STUDY OF THE AXIAL AND LATERAL §

The Journal of the International Organization for Medical Physics

Volume 11, Number 2, December 2023



MEDICAL PHYSICS INTERNATIONAL Journal, Vol.11, No.2, 2023

MEDICAL PHYSICS INTERNATIONAL

THE JOURNAL OF

THE INTERNATIONAL ORGANIZATION FOR MEDICAL PHYSICS

Internatonal Organization for Medical Physics
- B =

MEDICAL PHYSICS INTERNATIONAL Journal, Vol. 11, No. 2, 2023



MEDICAL PHYSICS INTERNATIONAL Journal, Vol.11, No.2, 2023

MEDICAL PHYSICS INTERNATIONAL
The Journal of the International Organization for Medical Physics

Aims and Coverage:

Medical Physics International (MPI) is the official IOMP journal. It provides a platform for medical physicists to share their
experience, ideas and new information generated from their work of scientific, educational and professional nature. The e-
journal is available free of charge to IOMP members. MPI- History Edition is dedicated to History of Medical Physics.

MPI Co-Editors in Chief
Francis Hasford (Ghana) and Sameer Tipnis (USA)

MPI Editorial Board

John Damilakis, IOMP President (2022-2025), EFOMP Past-President, Greece

Eva Bezak, IOMP Vice-President (2022-2025), AFOMP President, Australia

Magdalena Stoeva, IOMP Secretary General (2022-2025)

Ibrahim Duhaini, IOMP Treasurer (2022-2025), MEFOMP Past-President, Lebanon

Mahadevappa Mahesh, IOMP Scientific Comm. Chair (2022-2025); AAPM President-Elect, USA
Simone Kodlulovich Renha, IOMP Professional Relations Comm Chair (2022-2025), ALFIM Past-President, Brazil
Arun Chougule, IOMP Education & Training Comm Chair (2022-2025), AFOMP Past-President, India
Kwan Ng, IOMP Awards and Honours Committee Chair (2022-2025), SEAFOMP Past President, Malaisia
Chai Hong Yeong, IOMP Medical Physics World Board Chair (2022-2025), Malaysia

Hassan Kharita, IOMP Publications Committee Vice Chair (2022-2025), MEFOMP Vice-President, Syria
Chris Trauernicht, President (2021-2023), FAMPO, South Africa

KY Cheung, IOMP Past-President, Hong Kong, China

Taofeeq Ige, FAMPO Past-President, Nigeria

Marco Brambilla, EFOMP Past-President, Italy

Anchali Krisanachinda, SEAFOMP Past-President, Thailand

Renato Padovani, EFOMP Past Secretary General, ICTP, Italy

Colin Orton, IOMP Past-President; AAPM Past-President, USA

MPI Founding Editors in Chief: Slavik Tabakov (IOMP Past-President) and Perry Sprawls

MPI History Edition Editors: Slavik Tabakov, Perry Sprawls, Geoffrey Ibbott

Technical Editors: Magdalena Stoeva & Asen Cvetkov, Bulgaria

Editorial Assistant: Vassilka Tabakova, UK

MPI web address: www.mpijournal.org

Published by: The International Organization for Medical Physics (IOMP); Web address: www.iomp.org ; Post address:
IOMP c/o IPEM, 230 Tadcaster Road, York YO24 1ES, UK.

Copyright ©2013 International Organisation Medical Physics. All rights reserved. No part of this publication may be
reproduced, stored, transmitted or disseminated in any form, or by any means, without prior permission from the Editors-in-
Chief of the Journal, to whom all request to reproduce copyright material should be directed in writing. All opinions
expressed in the Medical Physics International Journal are those of the respective authors and not the Publisher. The
Editorial Board makes every effort to ensure the information and data contained in this Journal are as accurate as possible at
the time of going to press. However, IOMP makes no warranties as to the accuracy, completeness or suitability for any purpose
of the content and disclaim all such representations and warranties whether expressed or implied.

ISSN 2306 — 4609


http://www.mpijournal.org/
http://www.iomp.org/

CONTENTS

EDITORIALS 281
EDITORIAL FROM CO-EDITORS-IN-CHIEF 282
Francis Hasford, Sameer Tipnis
MESSAGE FROM IOMP PRESIDENT 283
John Damilakis

EDUCATIONAL TOPICS 285
ENHANCING THE VALUE OF DIGITAL VISUALS FOR TEACHING MEDICAL PHYSICS 286
P. Sprawls
MEDICAL PHYSICS AND RADIOGRAPHY TRAINING MODEL TAILORED FOR RESOURCE LIMITED 292
SETTINGS
A.N. Mumuni

INVITED PAPERS 297
Prof. HABIB ZAIDI HONORED WITH IOMP’S JOHN MALLARD AWARD 298
F. Hasford, S. Tipnis
26™ INTERNATIONAL CONFERENCE ON MEDICAL PHYSICS (ICMP-2023): IN RETROSPECT 300
S.D. Sharma
15 YEARS IOMP HISTORY SUB-COMMITTEE 302
Slavik Tabakov

HOW TO 303
AN INITIAL QUANTITATIVE COMPARATIVE STUDY OF THE AXIAL AND LATERAL SPATIAL 304
RESOLUTIONS OF DIFFERENT ULTRASOUND TRANSDUCERS
K. Cilia, M.L. Camilleri
BRAIN TEMPERATURE MEASUREMNT BY MAGNETIC RESONANCE SPECTROSCOPY THERMOMETRY 311
USING REGRESSION ANALYSIS
A.N. Mumuni, M.M. Salifu, M.N. Abubakari
PROPOSAL FOR ANNUAL QA ASSESSMENT OF SAFETY AND CONSISTENCY OF OARS DOSES IN 316
TREATMENT OF CANCER BY BRACHYTHERAPY
P.K. Ndonye, S.N.A. Tagoe
QUALITY ASSURANCE OF PATIENT SETUP USING MEGAVOLTAGE PORTAL IMAGING AND DIGITALLY 323
RECONSTRUCTED RADIOGRAPH IN RADIOTHERAPY FACILITY WITHOUT KILOVOLTAGE IMAGING
M.T. Schandorf, E.C.D. Addison, T.B. Dery, A.A. Yorke
IndoQCT: A PLATFORM FOR AUTOMATED CT IMAGE QUALITY ASSESSMENT 328
C. Anam, A. Naufal, W.S. Budi, H. Sutanto, F. Haryanto, G. Dougherty

BOOK REVIEW 337
TRUE TALES OF MEDICAL PHYSICS: INSIGHTS INTO A LIFE-SAVING SPECIALTY — by JACOB VAN DYK 338
G.S. Ibbott

INFORMATION FOR AUTHORS 341

BOOK OF ABSTRACTS 344

ANNEX 1 345
BOOK OF ABSTRACTS OF THE 26" INTERNATIONAL CONFERENCE ON MEDICAL PHYSICS (ICMP-2023) 346

ANNEX 2 835
BOOK OF ABSTRACTS OF THE ICTP MASTER OF MEDICAL PHYSICS (MMP) THESES 836




MEDICAL PHYSICS INTERNATIONAL Journal, Vol.11, No.2, 2023

EDITORIALS

281



MEDICAL PHYSICS INTERNATIONAL Journal, Vol.11, No.2, 2023

EDITORIAL FROM CO-EDITORS-IN-CHIEF

As the new team of Co-Editors-in-Chief (EiCs) of Medical Physics International (MPI) journal, we took over
from the founding co-EiCs, Slavik Tabakov and Perry Sprawls, in January 2023. Through guidance from the latter,
we worked to produce the July Issue of the MPI publication (Vol. 11 No.1, 2023) which received very wide
readership. The Issue had 280 pages, comprising full journal articles and Book of Abstracts from the First Regional
Conference of the Federation of African Medical Physics Organizations (FAMPO) held in Marrakech, Morocco,
from 10 — 12 November 2022, and Book of Abstracts from the Conference of the Middle East Federation of
Organizations of Medical Physics (MEFOMP) held in Muscat, Oman, from 19 — 22 May 2023.

This current Issue of MPI (Vol. 11 No. 2, 2023) features full journal articles and books of abstracts. It focuses
on publication of the Book of Abstracts of the 26th International Conference on Medical Physics (ICMP 2023) held
in Mumbai, India, from 06 — 09 December 2023. The conference had 233 oral and 359 poster presentations. The
conference was jointly organized by the Association of Medical Physicists of India (AMPI), International
Organization for Medical Physics (IOMP), the Asia-Oceania Federation of Organizations for Medical Physics
(AFOMP) and the South-East Asian Federation of Organizations for Medical Physics (SEAFOMP), on the theme
Innovations in Radiation Technology and Medical Physics for Better Healthcare. Topics covered in the Book of
Abstract cover artificial intelligence in medical physics, technology and technigues of radiation oncology, treatment
planning, emerging and newer techniques of radiation therapy, imaging in radiation oncology, advanced
technologies and techniques of medical imaging, emerging and newer techniques of medical imaging, radiation
dosimetry and radiation safety, targeted therapy, radiation biology, modelling and simulation, translational
research, education/training and certification in medical physics.

This Issue also features abstracts of theses from 51 students of the 8th and 9th cycles of the International Centre
for theoretical Physics (ICTP) Master of Medical Physics (MMP) programme. The MMP programme is accredited
by the International Organization for Medical Physics (IOMP). The MMP is a two-year advanced training
programme run jointly by the ICTP and the University of Trieste (UniT). The programme is co-sponsored by the
IAEA, and is supported by IOMP, the European Federation of Organizations in Medical Physics (EFOMP), the
Italian Association of Medical Physics (AIFM), in collaboration with Trieste University Hospital.

Visit www.mpijournal.org/index.aspx for latest MPI publications and enjoy reading the exciting articles.

Francis Hasford, PhD.
Editor-in-Chief

Radiological and Medical
Sciences Research Institute,
Ghana Atomic Energy
Commission, Accra, Ghana.

haspee@yahoo.co.uk

282

Sameer Tipnis, PhD.

Editor-in-Chief

Department of Radiology
and Radiological Sciences,
Medical University of
South Carolina, Charleston,
USA.

tipnis@musc.edu
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MESSAGE FROM IOMP PRESIDENT

Over the past six months, the IOMP has experienced a period of remarkable
productivity. This report highlights a few key accomplishments. Our revamped
website, which debuted a few weeks ago, is a testament to IOMP's dedication to
embracing modern technology and adapting to the changing demands of our
audience. Its user-friendly interface ensures smooth navigation, allowing visitors
to easily access and find the desired information. We are excited to invite you to
visit the new IOMP website at www.iomp.org and explore its features. Your
feedback is incredibly valuable to us, as it guides our ongoing efforts to refine our
online presence to better serve the needs and interests of our members.

The International Day of Medical Physics (IDMP), celebrated every year on
November 7th, is a significant event that highlights the vital contributions of
medical physicists to healthcare. This year, we organized a special webinar titled "The 60th Anniversary of IOMP
— Personal Memories and Some Thoughts on the Future of Medical Physics." Speakers for the event included Azam
Niroomand-Rad, Colin G. Orton, and Fridtjof Nusslin, whose remarkable contributions and leadership have
profoundly influenced the field of Medical Physics. This webinar was not just an educational event; it was also a
celebration marking the 60th anniversary of the IOMP. It offered a unique opportunity to reflect on the
organization's history, the personal experiences of its influential figures, and to ponder the future trajectory of
Medical Physics. You can view the recording on our YouTube Channel.

On behalf of the organizing committee, | extend our sincere appreciation for your enthusiastic participation in
the International Conference on Medical Physics (ICMP-2023), held from December 6th to 9th in Mumbai, India.
The conference was a success, drawing approximately 1400 colleagues from around the world. Your active
engagement created an environment of rich learning and networking. It was indeed a rewarding experience for
everyone involved, and we are grateful for your contributions.

We also acknowledge the challenges encountered, particularly the visa issues that unfortunately prevented some
of our colleagues from attending the Conference. These situations have offered valuable lessons and highlighted
areas needing improvement for future conferences. We highly value your feedback and insights, as they are integral
to the continuous improvement of our conferences. We encourage you to share any thoughts or suggestions you
may have, as they will be instrumental in shaping the success of future events.

IOMP accreditation is recognized as a mark of quality, ensuring that these events adhere to the highest
benchmarks in educational excellence. During the last months, the IOMP Accreditation Board received several
applications for accreditation of medical physics events. These activities reflect the IOMP's ongoing commitment
to endorsing and promoting high-quality educational programs that contribute to the advancement and
dissemination of knowledge in medical physics. For more information on IOMP's accreditation process and
standards, as well as accredited programs, please visit the ‘accreditation’ section of IOMP’s website.

IOMP plays a pivotal role in enhancing the quality of medical physics globally by endorsing and sponsoring
educational and training events organized by its national member organizations. These initiatives are instrumental
in ensuring that medical physicists are well-trained and updated, which is crucial for the safe and accurate treatment
of patients. In recent months, IOMP has sponsored and endorsed several significant events. | have kept you updated
on these events through my messages in IOMP’s e-newsletter. These endorsements by the IOMP highlight its
commitment to advancing the field of medical physics through continuous education and professional development,
thereby contributing to the enhancement of patient care worldwide.

To support and empower medical physicists in low- and middle-income countries, the IOMP recently issued a
call for expressions of interest to receive free copies of medical physics books. This initiative has received an
enthusiastic response, with over 300 applications from interested colleagues. Currently, the publication committee
is engaged in the selection process to determine the recipients of these books. This step is crucial in ensuring that
the resources are distributed effectively and reach those who can benefit most from them. This initiative not only
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aids in the dissemination of knowledge but also aligns with the IOMP’s commitment to advancing the field of
medical physics globally, especially in regions where access to such resources may be limited.

I would like to express my sincere gratitude to all of you. This year, our collective efforts have led to exceptional
progress. As we look ahead, let's continue to combine our strengths and aspirations for the benefit of our profession.

Wishing you a Happy New Year 2024 and a joyful holiday season!

Prof. John Damilakis

IOMP President

University of Crete, School of Medicine, Crete, Greece
john.damilakis@med.uoc.gr
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ENHANCING THE VALUE OF DIGITAL VISUALS FOR TEACHING
MEDICAL PHYSICS

P. Sprawls

Emory University, Department of Radiology and Imaging Sciences, Atlanta, USA
Sprawls Educational Foundation, www.sprawls.org

Abstract— The development and availability of digital
image technology and methods, including the internet, adds
several significant values for the teaching and learning of
medical physics. It addresses and provides solutions to
several long-standing challenges relating to both the
effectiveness and efficiency of classroom teaching. Medical
physics educators, teachers, can provide effective classroom
and conference learning experiences by using their
knowledge and experience along with visuals (images,
diagrams, illustrations, etc.) to enhance the formation of
useful knowledge structures within the student’s minds. The
values provided by using visuals in the classroom include
multimodality (audio and visual) teaching, enhanced
comprehension and understanding of complex concepts,
ability to physically engage (with sight) with the physical
universe, memory enhancement, (we remember what we see
better than what we are told), encourages critical thinking,
and visuals are a universal language especially valuable for
international medical physics education. The specific value of
digital image technology is providing all medical physics
classrooms and teachers, in every country of the world, with
access to highly effective visuals contributing to the formation
(learning) of conceptual knowledge that is required for many
medical physics activities. This is through the process of
Collaborative Teaching between visual creators and
classroom presenters, each “teaching” and helping students
learn. Digital image repositories provide the link and
availability of visuals for all to use.

Keywords— concepts, digital, effective, efficient, teaching.

I. INTRODUCTION

Learning physics is the process of developing
knowledge structures or mental representations of
segments of the physical universe. It is a natural human
function and process that begins at a very early age as we
interact with the objects and conditions around us through
sensory interactions, especially sight, sound, and touch.
The development of our physics knowledge of water is an
example illustrated here.

This knowledge is a complex network of sensory
concepts developed through interactions with physical
water. It is the type of knowledge that is especially
valuable for guiding future interactions with and
applications of water.

Formal learning of physics comes later in academic
courses and classrooms where the learning process is
organized, directed, and provided by teachers. Traditional
classroom  teaching generally provides abstract
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representations of the physical universe in the form of
verbal (word) and mathematical symbol representations.

Natural Learning of Physics

Development of Sensory Concepts

By Sensing and Interaction
Sprawle
Figure 1. Learning the physics of water through sensory
interactions.

While this type of knowledge is important, especially
preparing learners for tests and examinations, it does not
provide the type of knowledge that will be most useful for
many future applications, especially applications that
involve direct interactions with components and systems
of the physical universe, ranging from preparing a cup of
hot tea to optimizing a computed tomography imaging
procedure. Both require conceptual knowledge, and not
symbolic knowledge of words and mathematical symbols.
This is especially true for both medical physicists and
physicians practicing diagnostic and therapeutic radiology
procedures [1. 2. 3.].

The physics classroom, including the medical physics
classroom, has evolved over the years driven by the
development and availability of technology [4.].

Teaching medical physics in the class or conference
room has several significant challenges. First, the medical
physics universe is outside of the classroom located in the
hospital and clinics, and not always accessible for
teaching.  Student laboratory sessions and practical
exercises in clinics do contribute to the development of
conceptual knowledge but is often limited to the physical
equipment and not the invisible radiations, interactions,
etc. that is the major component of medical physics.

This significant limitation of the traditional class and
conference room can be overcome with visuals that
provide for a sensory (visual) interaction with the medical
physics universe, both visible and invisible.


http://www.sprawls.org/
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Developing Effective Medical Physics knowledge
Medical Physics Universe

J\ =

Network of Concepts

7 e . X

= N
Visuals —T N
lllustrations \
Medical Images
Photographs \
Diagrams \
Charts
Graphs

Figure 2. Visuals enable students to develop useful
knowledge, or mental representations of the physical
universe with a network of sensory concepts.

Sprawls

1. EFFECTIVE TEACHING

Teaching is the process of helping someone learn and
can occur in many forms. Lecturing and telling others what
we know, for example, “Roentgen discovered X-radiation”
conveys facts that can be memorized and is good to know.
The ability to make calculations and solve mathematical
problems is a critical requirement for the practice of
medical physics, a quantitative science. These symbolic
(words and mathematical symbols) do not contribute to the
formation of significant conceptual knowledge that is
necessary for applied physics applications, especially
relating to clinical procedures. Teachers can provide
highly effective learning opportunities, that is effective
teaching, by combining their knowledge and experience
with visuals that provide visual connections with the
clinical procedures or other real-world applications.

Highly Effective Teaching

Medical Physics
Teacher

Image of an X-ray Beam
The Source of Visual Noise

ARandom Shower
of X-ray Photons

As We See It

Sprawls

Uses Personal knowledge and Experience
—P to Guide and Enhance the Students Learning
and Development of Effective Conce?tss

Figure 3. Effective teaching resulting from the
combination of visuals in the classroom and discussions
by an experienced medical physicist.
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I11. ENHANCED COMPREHENSION

A major value of visuals used in teaching is that of
enhancing the understanding and comprehension of
complex ideas, for example “image quality”, systems,
procedures, interactions, etc. Recalling the old phrase, “a
picture is worth a thousand words”. A visual can create
immediate interest and interaction with the subject that
leads to a more comprehensive understanding. The visual
shown here contributes to the understanding of the very
complex issue of blurring in medical imaging, including its
effects, sources, and control.

Blurring in Medical Images

Clinical Used to Test
Significance and Evaluate
Imaging Procedures

General
Apparence

Unsharpness Reduced Visibility Reduced
of Detail Spatial Resolution
- 4 -
Hgh DU —T

il ﬁ 13
Radionuclide |/ 48 £
A \& ;,‘ A 1

"l
‘*2 5 Mammography
Imaging I

Protocol/Technique Factors |

Imaging Staff Sprawls
Figure 4. A visual to help students understand and
develop conceptual knowledge of the many aspects of

image blurring.

IV. MEMORY ENHANCEMENT

We remember what we have seen much better than
words we have heard or were told. Visual memory is a
significant function of our mental process and scientists
have classified it into three distinct categories: iconic
memory, visual short-term memory, and visual long-term
memory. For medical physics education long-term visual
memory contributes to the formation of “visible” mental
representations of items and conditions in the physical
universe, for example what an image with specific artifacts
looks like. This is the type of knowledge needed to
evaluate images. Teaching with visuals provides students
with knowledge that will be remembered and useful in
future work. An example is shown here.

With this visual representation of the Inverse Square
Relationship, often referred to as a “Law”, students
develop a concept, or understanding that is useful
knowledge for the future. It will be remembered much
longer than verbal definitions and equations. With this
conceptual knowledge and understanding the quantitative
relations, equations can be added for making calculations
of actual values if needed
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Inverse Square Relationship

( Radiation Exposure to Distance)

]

: Exposure
""_' {Concentration of Radiation}

J 4:74——1 R

= % 4R

— A .

Figure 5. A visual representation of the inverse-square
relation that is easier to remember and understand than
definitions and equations.

V. MULTI-MODALITY TEACHING AND
LEARNING

Using visuals along with a vocal lecture presentation or
discussion combines two sensory ‘“channels” of
information (vision and sound) that can enhance each
other. Each has specific characteristics. Visuals provide
access to information in the form of objects with
characteristics and relationships distributed in space
throughout the area of the visual. This is especially
significant when it is a representation of actual physical
objects, relationships, events, and activities. The viewer,
typically the student, can get the “big picture” and explore,
concentrate on, and study details throughout the image.
Vocal lectures are in the form of a continuing series of
words, usually organized in sentences that often express
facts. Especially in teaching physics, facts are presented
as true and verified descriptions of some physical
phenomena, observable condition, or event. An example of
a vocally expressed fact is, “aluminum filters are used to
modify the spectrum of an X-ray beam”. Students can
memorize this and correctly answer examination questions
but can have no understanding or concept of what it means
in relationship to an x-ray system. The vocal process is
very different from the information provided with visuals.
It has its value when used together with visuals as
illustrated here.

Highly Effective Multi-Modality Teaching

Visual

Audio

Aluminum filters are used to
modify the spectrum of
X-ray beams.

_ < Filter

X-Ray Beam Spectrum
"+ . & Without Filter

Photon Energy

Sprawls
Figure 6. The value of a visual along with a spoken
description in developing useful knowledge about the use
of filters.
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VI. VISUALS FOR TEACHING PHYSICS
THROUGHOUT HISTORY

Throughout the history of teaching physics, one of the
major challenges has been the availability of visuals to use
in classes, usually limited to sketches on a blackboard
during each class, erasing, and doing it again for the next
illustration. This resulted in low quality illustrations
requiring time to produce, and not permanent for use in
other classes. This was a major factor that limited the use
of visuals in physics classes and encouraged the use of
symbolic representation, words, and mathematical
equations, which were much easier to do.

Fortunately, textbooks often provided high-quality
visuals along with discussion for ‘“multi-modality”
teaching. The early physics textbooks often contained high
quality and detailed illustrations produced by skilled
illustrators or “artists”, as shown here.

Hand Drawn Visual in Early Medical Physics Textbook

sed by Professar Craokes to demonstrate that radiant
o Rayitay Hibe T onslsis'ol'a Hadke fining
ube.

e track so that the paddles in the el
“\\L\‘mﬁ]xc Sfahatdic peddics i g vpper
imoves along the frack away

el

na
bet'

A small Lit
e

631101 are tin R\?d 1 th
i o s
Bfectieaf Source the padde w

Figure 7. An example of high-quality visuals, produced
by skilled artists and illustrators, used in some medical
physics textbooks in the past.

Textbooks continue to be a major source of visuals for
physics education but have transitioned from hand-drawn
to computer-graphics creations.

With the development of copy machines that produce
images on transparent sheets, “transparencies”, and
overhead projectors, illustrations copied from textbooks
and other sources, provided classrooms and conferences
with high quality visuals that were permanent and could be
used many times.

The next major step was the development of 35mm
photography and projectors, especially the Carousel
projector. It became the practical method for copying and
projecting clinical images, photographs of equipment and
procedures, and copied from textbooks, and other printed
sources...and in color. Most radiology and medical
physics programs had cameras mounted on copy stands to
photograph and produce slides that could be projected.
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35 mm Slides and Projectors
Screen

35 mm Slides

Carousel Projector Sl

Figure 8. The photographic 35mm slides and
projectors were a major advancement in providing high-
quality visuals for both classrooms and conferences.

Along with the many values this provided, especially
the ability to display high-quality images on large screens
from permanent records, the slides, remained one
limitation. The slides were physical objects that had to be
organized and stored for potential future use, often
occupying valuable office space. Even though slides could
be duplicated for others to use, this was a limited activity.

VII. DIGITAL IMAGING

A revolutionary and continuing advancement in
teaching medical physics is the development of digital
imaging methods and techniques with technology for both
the creation and sharing of high-quality visuals.

Digital photography, that everyone now has on their
phones, can be used to produce high-quality images of
clinical images, equipment, procedures, and anything else
that is physically visible.

A variety of computer graphics programs are used to
create visual representations of much of the invisible world
of medical physics, including radiation, interactions,
relationships, systems, and much more.

Both methods are valuable, especially when used
together, to create visuals for teaching as illustrated here.

Visuals for Teaching the Physics of Mammography
Digital Photography

p—

Computer Graphics

Anode
e Focal S L
Filter

Anodemo||  Molybdenume—=
AN

Fiiter Ry

XV 20 MA 100

MAS 100

Time 1. 00

Priority CONT
T

L Automatic === spranls \

Visualizing the Invisible Components,
Characteristics, and Factors

Sprawls

Connects Classroom
to the
Clinic
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Figure 9. The combined value in using digital
photography and computer-generated graphics for
teaching medical physics.

The medical physicist who creates and shares visuals is
a teacher with the potential of “teaching” many students in
classrooms all over the world. A visual creator is like a
textbook author with contributions to medical physics
education, doing it with individual visuals.

Medical Physics Visual Creator

Conceptual Knowledge
of
Applied Medical Physics

Imagination
The Ability to
Visualize
the
Invisible

Figure 10. The requirements to be a successful visual
creator.

The two requirements to be a successful visual creator
is to have a comprehensive understanding and conceptual
knowledge of applied medical physics and clinical
procedures and a good imagination...the ability to
visualize the invisible. While visuals, including diagrams
of physical systems and circuits along with charts and
graphs are useful in the classroom, that is for teaching the
quantitative and mathematics of medical physics, it is the
visuals of the invisible that contribute to effective learning
and the development of conceptual knowledge networks in
the mind.

VII1. COLLABORATIVE TEACHING AND SHARED VISUALS

There are two factors contributing to the ultimate value
of visuals for teaching. One is the quality of the content
that helps students learn and build appropriate and useful
knowledge structures and the other is the number of
students that have access to the visual. The value of visuals
in textbooks is that they are viewed and studied by many
students. The value of digital images is that they can be
shared and used in classrooms around the world.

Collaborative Teaching is an established educational
process that exists in several different forms or models.
The common characteristic is that several individuals are
involved together in providing a good learning experience
for students.  Generally, everyone brings specific
knowledge, experiences, or resources to enhance the
learning process. sometimes known as team teaching.

The interest here is in a specific model of Collaborative
Teaching in which visuals are shared to enhance medical
physics classroom and conference presentations and
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discussions and the collaborators are the classroom teacher
and the visual creator.

The general process for sharing visuals over the internet
is illustrated here.

Collaborative Teaching With Shared Visuals

= i f;-:x.n ’ Classroom
S P 'S

Visual
Repository 2%

Visual Creator

Sprawts
Figure 11. The purpose of a visual repository for
collaborative teaching and enhancing medical physics
education around the world.

In this context, a visual repository is any website that
publishes visuals that are available for medical physics
educators to download and use in their teaching. These
include universities, medical physics organizations, and
industry that post images for other purposes but are
available for teaching. Of special value are websites that
provide for the publication of visuals created by
individuals to share with other educators and teachers.

There are two general methods for finding visuals on
the web. One is to search the entire internet (World Wide
Web) by a specific topic for a visual and the other is to go
to designated repositories where visuals are organized and
indexed.

A. Searching Throughout the Internet

There are several internet search programs, sometimes
referred to as “search engines”, that can be used. Google
Image Search is illustrated here for searching by several
specific topics. Go to http//www.images.google.com and
insert a subject to search for. Examples are shown here.

X-ray spectrum: x-ray spectrum - Google Search

x-ray tube: x-ray tubes - Google Search

Mammography Procedure: mammography procedure -

Google Search

B. Searching Specific Repositories
These are repositories with visuals that are organized by
subject and can be viewed before selecting.
e The e-Encyclopaedia of Medical Physics
An extensive text with visuals covering all areas of
medical physics on the web at:
http://lwww.emitel2.eu/emitwwwsgl/encyclopedia.aspx .
e The Sprawls Visuals
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Visuals for teaching the physics of medical imaging for
medical physics students and physicians, especially
Radiology Residents in training.

On the web at: www.sprawls.org/SprawlsVisuals .

I1X. CONCLUSIONS

Teaching medical physics in the classroom has both
advantages and disadvantages. A major advantage is the
efficiency of getting classes together as a group for
presentations and discussions led by a knowledgeable and
experienced teacher. A major limitation and disadvantage
is that the traditional classroom separates the students from
real-world physics, especially in the medical clinics that
they should be learning about. Classrooms are adequate for
teaching the mathematical representation of physics
relationships and interactions along with verbal
descriptions but does not provide sensory, especially visual
interactions that are critical for developing the conceptual
knowledge that is necessary for many medical physics
activities, evaluating the quality characteristics of an image
is an example. This requires visuals (images, diagrams,
etc.) in the classroom to provide a sensory interaction with
the physics applications.

There is now the opportunity to enhance the value of
visuals for teaching medical physics with more individuals
becoming “teachers” by using their knowledge and
experience to create and share visuals for all to use.
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MEDICAL PHYSICS AND RADIOGRAPHY TRAINING MODEL TAILORED
FOR RESOURCE LIMITED SETTINGS
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Abstract— Medical Physics and Radiography training
require a tailored, practical-focused curriculum deployed in
well-resourced facilities. However, resource limited settings in
low- and middle- income countries are faced with challenges of
low expertise, brain drain, and lack of adequate medical
equipment to optimize healthcare services in these regions.
Various training models have been implemented for specific
professionals, which can be modified to develop a framework
for a structured practical training for Medical Physicists and
Radiographers practicing in these regions. This paper presents
a modified Teach-Try-Use approach to training of Medical
Physicists and Radiographers in resource limited settings. The
aim of such a program is to optimize the limited resources, both
human and equipment, to meet the training needs of
professionals in resource limited settings. Recommendations
are made on how the model can be sustained and strengthened
over time. It is expected that there will be challenges in the
initial stages of its implementation, but these challenges should
present opportunities to even make it better in future rounds of
the implementation process.

Keywords— Medial Physics, Radiography, low- and
middle- income countries, curriculum, education

I. INTRODUCTION

Medical Physics and Radiography services have become
the core of healthcare systems in developed nations. In many
of such jurisdictions, there are even healthcare personnel
specialized in sub-disciplines of Medical Physics and
Radiography. The situation of low- and middle- income
countries (LMICs) is very different in terms of the
availability of equipment, expertise and support systems
[1,2] to enable full implementation of Medical Physics and
Radiography practice. The consequence of this situation is
often brain drain of the few experts to the developed settings,
poor maintenance of equipment due to lack of effective
quality control programs in most health facilities, and overall
high cost of Medical Physics and Radiography services to the
general population, where such services are available.

Pragmatic steps are therefore needed to adequately train,
retain and equip the current cadre of professionals and yet-
to-be inducted professionals of Medical Physics and
Radiography in such resource limited settings. This would
not only strengthen the practice of these very critical
healthcare professions, but would ensure equitable provision
of adequate and quality healthcare services in these regions.
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The broader effect would then be a significant step toward
achieving universal health coverage by 2030/2035.

The ideal order of steps to narrow the yawning gap in
Medical Physics and Radiography services between the
developed and developing nations would involve training of
professionals, establishment of active professional networks
of these professionals across borders, and provision of the
relevant equipment in health facilities to support their
practice. The nature and burden of diseases are becoming
complex and, in some cases, could become global pandemics
such as COVID. Preventive measures therefore are crucial in
curbing the impacts of such pandemics. Medical Physicists
and Radiographers have important roles to play in this
regard.

Based on a number of existing models in other
specialties (such as Radiology [3], MRI technology [4],
Artificial Intelligence [5], and Medicine [6]), this paper
proposes a structured model within which various curricular
could be harmonized to train and upskill the expertise of
Medical Physicists and Radiographers practicing in LMICs
where most healthcare facilities are resource limited in terms
of both expertise and equipment. The training model is
relevant for all specialties of Medical Physics and
Radiography and could be curated for any setting.

Il. IMPLEMENTATION OF THE MODEL

A. NEEDS ASSESSMENT SURVEY

There is clearly a need for a structured, tailored, and
sustainable Medical Physics and Radiography training in
regions such as Africa, Latin America and South-East Asia.
However, rather than using a one-size-fits-all approach to
this, there should be a needs assessment using the same tool
in all regions. This will provide information about the nature
and scope of the needs of practitioners in these regions as
well as available training resources, so that the appropriate
training methods and content can be tailored to the needs of
the experts in each region. Where necessary, steps should be
taken to identify training facilities to support the practical
components of the training.

Leadership of regional Medical Physics and
Radiography professional bodies should collaborate in this
in order to coordinate the process through targeting their
members. Experts in the design and analysis of appropriate
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tools for needs assessment could be engaged to assist the
professional bodies in this regard. Not less than a response
rate of 70 % to the needs assessment questionnaire should
be targeted in each region. This would ensure that the
multiplicity of challenges and professional needs of their
members are well captured to influence the content of the
training curriculum.

B. CURRICULUM DESIGN STRATEGY

Based on the needs assessment, a call should be made to
invite curriculum design and educational content
development experts to participate in the curriculum design
process. All of them do not necessarily need to be Medical
Physicists and Radiographers, particularly when there is the
need for the group to work on developing the content and
deploying them through various media platforms.

Generally, the curriculum for both professionals must
have both theoretical and practical components, specific to
each specialization. The theoretical component should cover
all the basics required in the subspecialty of each field. For
example, Medical Physicists in Radiation Protection do not
need to go through the basics of Diagnostic Imaging Physics,
if those topics are not relevant to their practice. Of course,
specific imaging modalities that are based on ionizing
radiation (such as computed tomographic and X-ray
imaging) could be covered, but not in much detail as would
be covered for those in Diagnostic Imaging Physics.
Radiography professionals, on the hand, will be taken
through all imaging modalities, but with limited physics
content. Such fine adjustments will enable the content to be
tailored to all professionals, regardless of their levels in the
profession.

There should be more focus on the practical components
of the curriculum. The needs assessment should have
elements to enable the creation of a database of possible
(private and public) training facilities at universities,
hospitals, medical equipment vending companies, and
research units. Both local and international experts
(researchers, clinicians, equipment vendors, etc.) willing to
form the faculty to provide training should be contacted both
directly and indirectly by invitations. There should be
minimum practical training hours to be achieved by all
participants which would ensure that they acquire the
requisite skillset for their specific practice.

The curriculum design phase should include pooling all
these expertise and equipment together in readiness to
implement all aspects of the training. An example of this
strategy is currently being implemented by the Scottish
Imaging Network: A Platform for Scientific Excellence
(SINAPSE) [7]. SINAPSE is a collaboration of experts with
medical imaging resources pooled from seven universities
in partnership with the National Health Service and industry
within Scotland, to support research and training in Imaging
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Sciences. The goal of the consortium is to develop novel
imaging methodologies and the next generation of scientists
to apply these methodologies in addressing healthcare needs
of the population in Scotland.

C. THE TRAINING MODEL

The tailored curriculum in the respective regions can be
delivered using a modified approach of the Teach-Try-Use
model previously implemented in Artificial Intelligence
training [8,9]. The specific modifications of the model,
incorporating other models, for Medical Physics and
Radiography training are described as follows.

The Instructive component of the model will involve
teaching participants the basics about the relevant themes
related to their practice over a planned period of time. This
can be a combination of live virtual and recorded lectures
delivered by experts in various fields. In some cases, face-to-
face or virtual tutorial sessions and seminars can be planned
at the local sites of the training to provide further
opportunities for participants to properly understand the
concepts. Short quizzes could be used to assess the depth of
their appreciation of the content delivered, whereas the
interactive tutorial sessions will offer them an opportunity to
have their challenging questions answered.

The Try component of the model will involve practical
demonstrations of concepts by experts to participants either
in face-to-face sessions (for those with access to the
equipment) or in live video demonstrations, recorded
versions of which can be accessed online by participants any
time after the sessions. This component of the training
should immediately follow each specific instructional
session on the practical topic so that participants can easily
relate the two for better appreciation of the concepts.

The Use component of the model will involve
participants using the theoretical and practical knowledge
gained to solve a number of practical real-life problems in
their respective disciplines. Well-planned problems will be
presented to them in teams, so that in a peer-to-peer
interaction [3], they share knowledge and experiences in a
problem-based learning fashion [6]. The topics to be
considered here could range from optimization of quality
control protocols, imaging techniques, patient safety issues,
acceptance tests, etc. Solutions could be simulated with the
aid of various simulation/virtual software and platforms and
reports presented as project seminars to be assessed. The
team leaders here will later become permanent facilitators
for the program in their respective countries, whereas the
team members will be added into a database to create an
academy of trained experts who can always be contacted at
any time as experts to train their peers.

Figure 1 shows the summary of the model, Figure 2 shows
the organogram of the model implementation team and Table
1 shows the roles of the team members.
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Table 1 Functions of the various team members to implement the training
model

Team Member Function in the model

Education Committee Develops and revises the needs assessment
tools and presents a synopsis of the
curriculum to the Curriculum Coordinator
to develop it further. Oversees the
effective implementation of all aspects of

the program

Professional
Development Committee

Develops and maintains a database of
accredited training facilities and available
equipment for the practical component of
the training. Responsible for continuous
professional development program
planning, and providing avenues for inter-
regional interactions through conferences,
seminars, summer schools, etc.

Collaborates with the Education and
Professional Development Committees to
recruit and coordinate the functions of the
Curriculum, Human Resource, and
Training Equipment and Platforms
Coordinators.

Program Director
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Curriculum Coordinator Puts a team together through the support
of the Education Committee to develop a
tailored curriculum based on needs
assessment outcomes. Reports to the
Human Resource Coordinator the list of
expertise or specialties of faculty required

to teach various aspects of the curriculum

Identifies, contacts, recruits and maintains
a database of all experts who will serve as
faculty or trainers in the program. In
addition, provides and monitors the code
of conduct of all stakeholders in the
program. Responsible for coordinating a
team to select applicants for the program
based on established eligibility criteria.

Human Resource
Coordinator

Coordinates with the Human Resource
Coordinator to identify and recommend
platforms, software and general resources
needed by the faculty to teach. At the
same time, sends a list of required
resources to the Site Director.

Training Equipment and
Platforms Coordinator

Site Director Recruits a Logistics Officer at their site to
assist them with making arrangements for
logistics support for the training at their
local site. Ensures that an effective
platform and environment are available for
the smooth interaction between faculty

and trainees

Logistics Officer Ensures availability of functional
equipment and other resources to support
a smooth deployment of the training

content to trainees

Faculty Various experts including researchers,
university teachers, clinicians, equipment
vendors, etc. who will be teaching various

aspects of the program content

Team Leader This usually will be the seniormost
member (in rank and expertise) of the
team of trainees who will conduct tutorials
for the team, and at the same time will
receive mentorship on aspects of the
training curriculum. Evolves to become a
permanent facilitator to train others in
their region.

Team Members Each team will comprise of a maximum of
ten members, excluding the Team Leader.
They will receive the training over a
planned period, and are therefore the
target beneficiaries of the program. They
later become academy members as team

of experts to rely on as trainers of their

peers in the future.

D. PROGRAM SUSTAINABILITY

The training model can be established and maintained if
the following recommendations are taken into consideration:

e Education Committee

Each regional professional body must have an education
committee whose membership should take on the roles
discussed in Table 1. The function of this committee will,
among others, include taking steps to revise the training
curriculum as frequently as necessary to include new and
emerging themes/topics and best practices for the respective
specialties; they will also conduct participant satisfaction
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and skillset upgrade surveys in respect of whether their
expectations and needs were met after every round of
completion of training session. The outcomes of such
surveys will inform the revisions to the curriculum.

o Professional Development Committee

There must also be a professional development
committee (Figure 2) in each regional society. Their
function will be to identify and create a database of
accredited facilities that will be ready and willing to support
the practical component of the training. The committee
should engage international societies they are affiliated to,
in order to gain access to a wider scope of facilities and
equipment vending companies. Involvement of vendors in
this aspect of the training could offer such facilities firsthand
access to the vending companies for support in areas of
appropriate contract terms, equipment upgrades and
troubleshooting, and site-specific training opportunities. In
addition, the committee must design a structured credit
scoring system to award professionals points toward their
annual professional PIN renewal. Lastly, in collaboration
with the education committee, the professional committee
should organize inter-regional seminars, summer schools,
and establish collaborations to enable exchange of ideas,
networking, and offer platforms for presentation of common
challenges and progress under the training program.

e Center of Excellence

Steps should be taken to either use the SINAPSE model
of resource pooling [7] or establish regional centers of
excellence for Medical Physics and Radiography training.
Exchange programs, internships, and visiting lectureship
arrangements could be made among such centers in the
training process. The centers should be ultimately resourced
and accredited over time to provide structured academic and
continuous professional training toward certification. At the
centers of excellence, steps should be taken to eliminate
language barrier in the deployment of the curriculum by
engaging other trainers who can speak the languages of
trainers, where applicable.

e Training College

There should be an established collaboration between
academic institutions, industry and the managers of the
program in such a way that the relationship could evolve
into an established training college with both virtual and
physical space coverage within each region. Mounting the
training model in such an establishment could make it easier
to consider structured and accredited postgraduate training
as well, to eliminate the barriers to postgraduate
scholarships and opportunities for Medical Physicists and
Researchers who may wish to join academic institutions.
There are limited opportunities for postgraduate education
in these two areas in most LMICs; this program could
therefore evolve to provide such opportunities.
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e Funding

A funding scheme for the program can be established
and sustained through contributions of participating
universities in terms of teaching, supervision, fee waivers,
and equipment. The regional bodies could as well provide
some funding support, through annual dues, to supplement
other sources of funding for the program. Partnerships with
vending companies and global healthcare bodies could offer
opportunities to access funds to sustain the budget for the
program. Indeed, academic training toward postgraduate
certification should be charged to raise funds for the
program, but significant fee waivers should be considered
for applicants from LMICs.

. Motivated Trainees

Finally, participants must willingly apply to participate in
the program and must show evidence of a need and
motivation to engage in the program. Participants must
have specific compulsory deliverables at every stage of the
training, before they progress to the next stage. This is to
ensure their active participation throughout the training
process. Continuous professional training programs should
be free, subject to trainees being in good standing with their
professional societies. Postgraduate training on the other
hand should be charged at high rates of fee waivers.

I11. CONCLUSIONS

Medical Physics and Radiography training require the
deployment of a tailored curriculum in well-resourced
facilities. In the absence of such facilities, there is a need to
develop and deploy innovative curriculum in a way that
should meet the needs and expectations of all trainees. The
refined Teach-Try-Use model is one effective means of
meeting this requirement in resource limited settings.
Challenges to be encountered in its implementation could
provide avenues to perfecting the model in specific settings.

IV. REFERENCES

1. Trauernicht C, Hasford F, Khelassi-Toutaoui N, Bentouhami I, Knoll
P, Tsapaki V (2022).

Medical physics services in radiology and nuclear medicine in Africa:
Challenges

and opportunities identified through workforce and infrastructure
surveys. Health and

Technology 12(4): 729-37. DOI https://doi.org/10.1007/s12553-022-
00663-w.

2. Hasford F, Mumuni AN, Trauernicht C et al. (2022). A review of MRI
studies in Africa with special focus on quantitative MRI: Historical
development, current status and the role of medical physicists. Physica
Medica 103: 46-58. DOI https://doi.org/10.1016/j.ejmp.2022.09.016

3. Chetlen AL, Petscavage-Thomas J, Cherian RA et al. (2020).
Collaborative learning in radiology: from peer review to peer learning
and peer coaching. Academic radiology 27(9): 1261-1267.

4,  Scan With Me (SWiM), training
https://event.fourwaves.com/swim

platform.


https://doi.org/10.1007/s12553-022-00663-w
https://doi.org/10.1007/s12553-022-00663-w
https://doi.org/10.1016/j.ejmp.2022.09.016
https://event.fourwaves.com/swim

MEDICAL PHYSICS INTERNATIONAL Journal, Vol.11, No.2, 2023

The Sprint Al Training for African Medical Imaging Knowledge
Translation (SPARK) Academy, An annual CAMERA capacity
building program in deep learning and medical imaging.
https://event.fourwaves.com/spark

Mogre V, Amalba A (2015). Approaches to learning among Ghanian
students following a pbl-based medical curriculum. Education in
Medicine Journal 7(1): 38-44.

Scottish Imaging Network: A Platform for Scientific Excellence
(SINAPSE), https://www.sinapse.ac.uk/

Elahi A, Dako F, Surratt S, Schweitzer A (2022). RAD-AID’s Teach-
Try-Use Model to Implement Al in Low-and-Middle-Income
Countries. Society for Imaging Informatics in Medicine 2022 Annual

296

Meeting, Kissimmee, Florida, June 2022. Also, here https://rad-
aid.org/programs/informatics/
9.  SPARK Academy, https://event.fourwaves.com/spark/pages

Contacts of the corresponding author:

Author: Abdul Nashirudeen Mumuni
Institute: Medical Imaging, SAHS-UDS
Street: Dungu-Tamale Campus

City: Tamale

Country: Ghana

Email: mnashiru@uds.edu.gh


https://event.fourwaves.com/spark
https://www.sinapse.ac.uk/
https://rad-aid.org/programs/informatics/
https://rad-aid.org/programs/informatics/
https://event.fourwaves.com/spark/pages
mailto:mnashiru@uds.edu.gh

MEDICAL PHYSICS INTERNATIONAL Journal, Vol.11, No.2, 2023

INVITED PAPERS

297



MEDICAL PHYSICS INTERNATIONAL Journal, Vol.11, No.2, 2023

Prof. HABIB ZAIDI HONORED WITH IOMP’S JOHN MALLARD AWARD
F. Hasford!, S. Tipnis?

! Radiological and Medical Sciences Research Institute, Ghana Atomic Energy Commission, Accra, Ghana.
2 Department of Radiology and Radiological Sciences, Medical University of South Carolina, Charleston, USA.

I. SHORT BIOGRAPHY

Habib Zaidi was born and grew up in Algeria. He studied
graduated in Electrical Engineering in 1990 from the
University of Setif in Algeria and then was attracted to the
fascinating world of medical physics and started his
postgraduate program with extensive research training in
Lund University under the supervision of Prof. Soren
Mattsson, ending-up with a Ph.D. awarded by the
University Geneva in 2000 followed by habilitation
(Privat-docent) in 2004 [1].

Fig. 1 Prof. Habib Zaidi, photo taken in 2023.

Habib Zaidi (Fig. 1) is Chief physicist and head of the
PET Instrumentation & Neuroimaging Laboratory at Geneva
University Hospital and full Professor at the medical school
of Geneva University. He is also a Professor of Medical
Physics at the University of Groningen (Netherlands),
Adjunct Professor of Medical Physics and Molecular
Imaging at the University of Southern Denmark (Denmark),
Adjunct Professor of Medical Physics at Shahid Beheshti
University visiting Professor at Tehran University of Medical
Sciences and Distinguished Professor at Obuda University
(Hungary). He is actively involved in developing imaging
solutions for cutting-edge interdisciplinary biomedical
research and clinical diagnosis. His research is supported by
the EEC, Swiss National Foundation, EEC, private
foundations and industry (Total >10M+ US$) and centres on
hybrid imaging instrumentation (PET/CT and PET/MRI),
deep learning for various imaging applications, modelling
medical imaging systems using the Monte Carlo method,
development of computational anatomical models and
radiation dosimetry, image reconstruction, quantification and
kinetic modelling techniques in emission tomography as well
as statistical image analysis, and more recently on novel
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design of dedicated PET and PET/MRI scanners. He was
guest editor for 14 special issues of peer-reviewed journals
dedicated to Medical Image Segmentation, PET
Instrumentation and Novel Quantitative Techniques,
Computational  Anthropomorphic  Anatomical Models,
Respiratory and Cardiac Gating in PET Imaging, Evolving
medical imaging techniques, Trends in PET quantification (2
parts), PET/MRI Instrumentation and Quantitative
Procedures and Clinical Applications, Nuclear Medicine
Physics & Instrumentation, and Artificial Intelligence and
serves as founding Editor-in-Chief (scientific) of the British
Journal of Radiology (BJR)|Open, Deputy Editor for Medical
Physics, and Associate Editor or member of the editorial
board of the Journal of Nuclear Cardiology, Clinical Nuclear
Medicine, Physica Medica, International Journal of Imaging
Systems and Technology, Clinical and Translational
Imaging, American Journal of Nuclear Medicine and
Molecular Imaging, Brain Imaging Methods (Frontiers in
Neuroscience & Neurology), Cancer Translational Medicine
and the JAEA AMPLE Platform in Medical Physics. He has
been elevated to the grade of fellow of the IEEE, AIMBE,
AAPM, IOMP, AAIA and the BIR and was elected liaison
representative of the International Organization for Medical
Physics (IOMP) to the World Health Organization (WHO)
and Chair of Subcommittee on Part 1 Examination of the
International Medical Physics Certification Board (IMPCB)
and the Imaging Physics Committee of the A4PM in addition
to being affiliated to several International medical physics
and nuclear medicine organisations. He is developer of
physics web-based instructional modules for the RSNA and
Editor of IPEM’s Nuclear Medicine web-based instructional
modules. He is involved in the evaluation of research
proposals for FEuropean and International granting
organisations and participates in the organisation of
International symposia and conferences. His academic
accomplishments in the area of quantitative PET imaging
have been well recognized by his peers and by the medical
imaging community at large since he is a recipient of many
awards and distinctions among which the prestigious 2003
Bruce Hasegawa Young Investigator Medical Imaging
Science Award given by the Nuclear Medical and Imaging
Sciences Technical Committee of the IEEE, the 2004 Mark
Tetalman Memorial Award given by the Society of Nuclear
Medicine, the 2007 Young Scientist Prize in Biological
Physics given by the International Union of Pure and
Applied Physics (IUPAP), the prestigious (100°0003%) 2010
Kuwait Prize of Applied sciences (known as the Middle
Eastern Nobel Prize) given by the Kuwait Foundation for the
Advancement of Sciences (KFAS) for "outstanding
accomplishments in Biomedical technology", the 2013 John
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S. Laughlin Young Scientist Award given by the AAPM, the
2013 Vikram Sarabhai Oration Award given by the Society
of Nuclear Medicine, India (SNMI), the 2015 Sir Godfrey
Hounsfield Award given by the British Institute of Radiology
(BIR), the 2017 IBA-Europhysics Prize given by the
European Physical Society (EPS), the 2019 Khwarizmi
International Award given by the Iranian Research
Organization for Science and Technology (IROST) and the
2023 John Mallard Award given by the IOMP for innovative
developments of high scientific quality. Prof. Zaidi has been
an invited speaker of over 160 keynote lectures and talks at
an International level, has authored over 900+ publications
(he is the senior or first author in a majority of these
publications), including 395 peer-reviewed journal articles in
high ranking journals, most of them in Q1/D1 of their
categories (h-index=76, >20’550+ citations | Google scholar
as of 15 December 2023), 475 conference proceedings and
42 book chapters and is the editor of four textbooks on
Therapeutic Applications of Monte Carlo Calculations in
Nuclear Medicine (2 Editions), Quantitative Analysis in
Nuclear Medicine Imaging, Molecular Imaging of Small
Animals and Computational anatomical animal models.

Il. AWARDEE OF IOMP’S JOHN MALLARD
AWARD

The IOMP John Mallard Award honours a medical
physicist who has developed an innovation of high scientific
quality and who has successfully translated this innovation in
clinical practice.

Amongst several very high calibre nominations from all
over the world, the Awards and Honours Committee of the
IOMP considered Prof. Habib Zaidi as an outstanding
medical physicist, with impressive capacity to innovate,
develop and translate to clinical setting technological
advances in the field of multimodality medical imaging and
its application in clinical practice [2]. He has made valuable
and seminal contributions in academia, education and
mentoring and tutoring of many highly qualified medical
physicists. His academic accomplishments in the area of
quantitative PET imaging have been well recognized by his
peers and by the medical imaging community at large since
he is a recipient of many awards and distinctions. He has also
been elevated to the grade of fellow of the IEEE, AIMBE,
AAPM, IOMP, AAIA and the BIR.

Some main achievements:
o He developed versatile PET and CT Monte Carlo
simulation packages that have been used extensively in
imaging physics research.
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Zaidi is highly recognized for pioneering MRI-guided
attenuation correction, carried out in 2002 prior to the
advent of hybrid PET/MRI systems, demonstrating his
visionary and futuristic outlook and paving the way for
a new class of algorithms.

In collaboration with some colleagues, he developed
methodologies for metal artifact reduction in CT and
correction of oral contrast medium for artifact-free CT
and PET/CT imaging that have been applied in clinical
setting.

In collaboration with some colleagues, he developed a
large number of advanced human, primate and small-
animal computational models suitable for radiation
dosimetry research.

In collaboration with some colleagues, he developed
innovative deep learning-powered algorithms for
various multimodality medical image analysis
applications, including imaging instrumentation design,
image denoising (PET and CT), quantitative image
reconstruction, image segmentation, artifact-free
imaging, radiation dosimetry and computer-aided
diagnosis, prognosis, and outcome prediction. Many of
these developments have high potential for clinical
translation.

In addition to being a researcher with more than $10
million in research grants, 400 peer-reviewed
publications, he supervised 29 PhD theses and mentored
and trained over 22 senior scientists and postdoc
fellows.

In recognition of the extraordinary definite impact that
Prof. Habib Zaidi had over the entire field of medical physics,
the IOMP has decided to award him the 2023 John Mallard
Award.

Congratulations, Prof. Habib Zaidi.

I1l. REFERENCES
1. Habib Zaidi web site at https://pinlab.ch/Habib/
2. Announcement of the Award on IOMP web site

https://www.iomp.org/announcement-of-2023-john-mallard-
awardee-habib-zaidi/
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26" INTERNATIONAL CONFERENCE ON MEDICAL PHYSICS (ICMP-2023):
IN RETROSPECT

Sunil Dutt Sharma

! President, Association of Medical Physicists of India (AMPI)
2 Co-Chair, Conference Organizing Committee & Scientific Committee, ICMP-2023

I. INTRODUCTION

The 26th International Conference of the IOMP namely
the “International Conference on Medical Physics 2023”
(ICMP-2023) was jointly organized by Association of
Medical Physicists of India (AMPI), International
Organization for Medical Physics (IOMP), Asia-Oceania
Federation of Organizations for Medical Physics (AFOMP)
and South-East Asian Federation of Organizations
for Medical Physics (SEAFOMP) during 6 to 9 December
2023 at DAE Convention Centre, Anushaktinagar, Mumbai,
India. The theme of the conference was Innovations in
Radiation Technology & Medical Physics for Better
Healthcare.

I1. OPENING CEREMONY

The opening ceremony of the conference presented the
mixture of Indian tradition (lamp lighting, welcome to
dignitaries by flower bouquets, felicitation of guests) and
global scientific culture. Dr. Sudeep Gupta, a renowned
medical oncologist who is currently the Director of Tata
Memorial Centre (a premier cancer institution of India), was
the chief guest for this function. Figure 1 is the photograph
of the opening ceremony of ICMP-2023 showing release of
souvenir and book of abstracts of the conference.

1. PARTICIPATION

ICMP-2023 brought together experts, researchers, and
professionals from around the world to discuss the latest
advancements and breakthroughs in the field of medical
physics and associated disciplines. This conference was well
attended by more than 1300 participants from 33 countries
including 134 delegates/invitees/experts from outside India.
The participation of more than 325 medical physics students
and about 200 medical physics senior citizens was the
testimony of the larger medical physics community of India.
We can proudly state that the ICMP-2023 has brought
together the medical physics professionals of four
generations (4G). Thus, ICMP-2023 was indeed the 4G
conference. Figure 2 is a section of the participants.

IV. SCIENTIFIC PROGRAM

The scientific program of the conference was very
comprehensive and it included almost all the topics of recent
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interests for deliberations such as artificial intelligence in
medical physics, technology and techniques of radiation
oncology, treatment planning, emerging and newer
techniques of radiation therapy, imaging in radiation
oncology, advanced technologies and techniques of medical
imaging, emerging and newer techniques of medical
imaging, radiation dosimetry and radiation safety, targeted
therapy, radiation biology, modeling and simulation,
translational research, education/training and certification in
medical physics.

The scientific schedule included 4 plenary sessions (6
talks), 2 joint sessions (IOMP-1AEA and IOMP-IRPA with 4
talks), 6 IOMP schools (including 2 CMPI teaching
sessions), 14 special symposiums (46 talks), 36 scientific
sessions (36 invited talks plus 102 oral paper presentations),
2 technical sessions (11 technical talks from the exhibitors),
359 poster presentations, 4 poster rapporteur sessions (15
reporters briefing on the poster presented at the conference),
and one evening lecture. Scintillating debates (2 sessions),
namely “Will Al replace clinical medical physicists?” and
“Whether harmonization in certification of medical
physicists is required?” and medical physics quiz
competition (2 sessions) were the special attractions for many
participants. Live telecast of the scientific deliberations was
made through YouTube and links for all the deliberations are
made available at the conference website
www.icmp2023.org. In addition, links of all the presentations
have also been communicated to IOMP, AMPI, AFOMP, and
SEAFOMP for uploading at their websites.

V. SPECIAL INTERESTS

The inclusion of YOGA session (special thanks to Prof M.
Mahesh for the proposal) on the mornings of 2nd, 3rd and 4th
day of the conference was of special interests to many and it
has been well appreciated. | am hopeful the Yoga session
started from ICMP-2023 will be part of many other
conferences in the world. The social aspects of the
conference were equally attractive and have received wide
appreciation from all. Cultural program in the evening of first
day and complimentary dinners in the evenings of 1st, 2nd,
and 3rd days, along with the arrangements for music and
dancing was refreshing for all.


http://www.icmp2023.org/
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Figure 1: Photograph of the opening ceremony of ICMP-2023 [From left to right: VV Subramani, Sunil Dutt Sharma, Eva Bezak,
Dinesh Kumar Aswal, Sudeep Gupta, John Damilakis, Balvinder Kaur Sapra, Chai Hong Yeong, Rajesh Kumar]
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Figure 2: Section of participants at the IMP-2023

VI. SUMMARY

The total deliberations of the conference included 233
oral presentations and 359 poster presentations. To cover
such a large number of oral presentations, it was inevitable
to conduct three parallel sessions (please see the scientific
program available at www.icmp2023.org). It is worth
mentioning here that IOMP introduced four cash prizes
(two for best oral presentations and two for best poster
presentations) to encourage and enhance the quality of
presentations in addition to quality of scientific work.
Thanks to the panel of judges who evaluated the proffered
oral and poster presentations which was indeed a herculean
task.

VIl. ACKNOWLEDGEMENT

| take this opportunity to thank IOMP, AMPI, AFOMP,
SEAFOMP, trade exhibitors/supporters, invitees, experts,
delegates, members/chairs/co-chairs of all the committees
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of ICMP-2023 including members of local organizing
committee and all those who have supported me
directly/indirectly in making the biggest ever international
conference on medical physics (ICMP) of IOMP a
satisfying and successful event. In fact, ICMP-2023 was
the mega event of medical physics which has created a few
records to serve as reference for organizers of future
ICMPs.
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The IOMP History Sub-Committee (HSC) was
established during the IOMP office 2006-209. It was an
activity led by the IOMP Past-President A Niroomand-
Rad, who became the first Chair of HSC in 2008. The HSC
was placed under the IOMP Publication Committee with
the charge to keep information about the history of the
organization, its active members and related data.

The members of the HSC so far include:
2008-2012 Azam Niroomand-Rad, Chair (USA)
Colin Orton (USA)
Slavik Tabakov (UK)
Robert Gould (USA)
2012-2015 Azam Niroomand-Rad, Chair (USA)
Colin Orton (USA)
Peter Smith (UK)
KY Cheung (Ex-Officio)
2015-2018 KY Cheung, Chair (Hong Kong, PR China)
Colin Orton (USA)
Peter Smith (UK)
Slavik Tabakov (Ex-Officio)
2018-2022 Slavik Tabakov, Chair (UK)
KY Cheung (Hong Kong, PR China)
Colin Orton (USA)
Madan Rehani (Ex-Officio)
John Damilakis (Ex-Officio)
Paolo Russo (Ex-Officio)
2022-2025 Slavik Tabakov, Chair (UK)
Azam Niroomand-Rad, USA
Geoffrey Ibbott, USA
KY Cheung, Hong Kong
Perry Sprawls, USA
John Damilakis, Greece (Ex-Officio)
Eva Bezak, Australia (Ex-Officio)
Francis Hasford, Ghana (Ex-Officio)

The first activities of HSC were at the WC2009 in
Munich when a number of past IOMP Presidents, Chairs
and active members were interviewed. The videos of these
interviews were arranged by S Tabakov and M Stoeva as a
free-access web activity. These interviews are now being
re-established.

During the period 2010-2015 HSC collected
information and published the full History Tables of the
IOMP, listing various activities and each individual
member of each Committee from the establishment of
IOMP in 1963. These were published at the IOMP web site
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and are updated by HSC during by each IOMP term of
office.

During 2017 a long-term project was initiated “History
of Medical Physics”, which initially began its
publications as Special Issues of the IOMP Journal
Medical Physics International. The first issue related to
the history of the profession was published in 2018 with
Founding Editors Slavik Tabakov and Perry Sprawls. In
2019 Geoff Ibbott join the Editorial team and the three
Co-Editors in Chief continue to produce 1 or 2 history-
related issue each year. In 2022 the history editions were
separated as an independent part of the MPI Journal
family — MPI History Editions.

In the period 2019-2022 the MPI regular issues included
topical papers tracing the professional development within
each of the IOMP Regional Organisations (Federations).
In 2023 the MPI History Editions (MPI-HE) issue was
dedicated to the women-pioneers in medical physics.

In June 2022 MPI-HE published a full issue dedicated to
the 60" Anniversary of IOMP, including as an Annex all
35 IOMP History Tables (with lots of information and all
IOMP Committee members — over 1000 during these 60
years). This issue (230 pages) has thousands of downloads.

HSC express special gratitude to all its members and to
the MPI-HE contributors over these 15 years. We
encourage authors to contribute to the IOMP history-
related activities for keeping a good track of the
development of the profession and its contributions to
contemporary medicine.

Specific history-related links and issues:

1. IOMP History Tables:

https://www.iomp.org/history-sub-committee-

activities/

2. History of Medical Physics — project description:
http://www.mpijournal.org/pdf/2017-01/MP1-2017-01-

p068.pdf
3. MPI-History Edition listing the history of the
IOMP and all 35 History Tables:

http://www.mpijournal.org/pdf/2022-S1-07/MPI-

2022-S1-07.pdf

4. MPI-HE web address with all history issues:
http://www.mpijournal.org/history.aspx

Corresponding author email: slavik.tabakov@emerald2.co.uk
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AN INITIAL QUANTITATIVE COMPARATIVE STUDY OF THE AXIAL AND
LATERAL SPATIAL RESOLUTIONS OF DIFFERENT ULTRASOUND
TRANSDUCERS

K. Cilia, M.L. Camilleri

University of Malta, Msida, Malta

Abstract —

Accurate measurement of the spatial resolution of ultrasound
transducers is critical for medical imaging. Spatial resolution
places a limit on the amount of detail that can be retrieved in
an image and impacts the range of clinical diagnosis errors.
High spatial resolution allows precise and clear visualization of
anatomical microstructures as well as pathological conditions.
It also allows radiologists to detect small abnormalities and
deformities. This article compares the spatial resolution of
different ultrasound transducers, investigates the effect of
spatial resolution with depth for different transducers, as well
as the effect of spatial resolution with different frequencies for
different type of transducers. The spatial resolution results are
from acceptance tests performed between February 2019 and
March 2023 for 14 ultrasound scanners equipped with 51
transducers: 22-linear, 23-curvilinear, and 6-sector. An
ultrasound phantom was also used (CIRS model 040GSE). In
addition, ImageJ was used to calculate the spatial resolution of
the different ultrasound transducers at different depths within
the phantom quantitatively.

Keywords —
Ultrasound, transducers, spatial resolution, Full-Width-Half-
Maximum, ImageJ, phantom

I. INTRODUCTION

Over the decades, the use of ultrasound in medical
diagnostics has constantly developed and improved.
Nowadays, several people are familiar with ultrasound
images from personal experience and prenatal
examinations. However, current ultrasound systems are
much more complex than before. Modern ultra- sound
systems can acquire precise measurements and dimensions
of blood movement, as well as generate three-dimensional
images of moving objects. These images are produced by a
transducer, a device that generates sound waves and receives
returning echoes from tissue interfaces. The collection of
returned echoes are sampled and computed to produce an
image. Post-processing is generated to improve the overall
image according to the clinical protocol.

To ensure that the image obtained is of sufficient quality,
a quality control (QC) programme is carried out on various
types of transducers. This provides verification that the
equipment can be put for clinical use. The QC tests
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evaluate the performance of several clinical imaging
parameters; one of which is ’spatial resolution’. Spatial
resolution is the ability of an ultrasound system to
differentiate between two objects that are relatively close in
space [1]. Appropriate tests must be performed for each
transducer type, frequency, and depth to analyse the
performance and measurements of spatial resolution of
ultrasound systems.

A. AXIAL SPATIAL RESOLUTION

The axial resolution is defined as the smallest separation
between two closely spaced objects along the direction of
the beam axis that can be displayed as two separate objects.
The length of the pulse of an ultrasound beam is a
contributing element that affects axial resolution. This is
recognized as the spatial pulse length (SPL). The shorter the
pulse length, the better the axial resolution. In theory, the
smallest object spacing that can be determined is 1/2 of the
SPL [2]. Conclusively, transducers with higher frequencies
offer better image resolution, since the axial resolution is
determined by the pulse length [3].

B. LATERAL SPATIAL RESOLUTION

Lateral resolution is defined as the ability of the system
to distinguish between two separate points that are
perpendicular to the ultrasound’s beam axis. Lateral
resolution is mainly related to the width of the ultra- sound
beam. That is the wider the beam, the poorer the lateral
resolution, resulting in structures being unresolved.
Therefore, the best lateral resolution is achieved at the focus
[1]. As the ultrasound beam diverges above a certain depth,
the lateral resolution becomes poor.

C. DIFFERENT
TRANSDUCERS

TYPES OF ULTRASOUND

Linear array transducers provide a rectangular field of
view (FOV) that maintains its width near the surface of the
transducer, and hence, they become notably appropriate
when the region of interest broadens to the surface.
Additionally, a linear array transducer appears from the
outside as a shaped block that fits comfortably in the
operator’s hands, along with a rubber lens on the surface that
comes into contact with the patient’s skin. There is also a
matching layer behind the lens, followed by a linear array
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that ranges from 128 to 512 regularly spaced, thin,
rectangular transducer elements separated by narrow
barriers [2]. They are particularly suitable for superficial
examinations, such as the neck, veins, and arteries of the
limbs.

Curvilinear arrays, on the other hand, are characterized
by the fact that the arrangement of PZT elements ahead of
the front is curved or bent rather than following a straight
line. Nonetheless, the maximum useful size of the active
element group of a curvilinear array is smaller than that of a
linear array with elements of the same size. As a result, the
width of the beam in the focal zone is larger providing
poorer performance lateral resolution than the linear array
transducer. This is mainly due to the fact that as the number
of active elements increases, the outermost elements move
further and further away from the centerline of the array
until they can no longer transmit or receive any data at all in
that direction [2]. In addition, curvilinear arrays have the
advantage that the FOV becomes wider with increasing
depth inside the patient. Therefore, they are often used for
abdominal applications [2].

Finally, a sector (or phased array) transducer produces a
cone-shaped image or fan-like FOV arrangement, where the
sound waves emerge from a small vertex. Cardiac imaging
is the most common application of sector transducers [2].
The different transducers are shown in Fig. 1.

C Phased array probe

B Curved array probe

A Linear array probe

Fig. 1: Different transducer types

D. AAPM AND IPEM 102 STANDARDS

According to AAPM ultrasound Task Group No.1, the
preferred way to quantify the spatial resolution is by
measuring the FWHM. AAPM has suggested several
performance criteria values for axial and lateral spatial
resolution. It stated that the axial resolution should generally
be 1 mm or less for transducers with central frequencies over
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4 MHz and 2 mm or less for those with central frequencies
under 4 MHz. However, when measuring the spatial
resolution using the FWHM method, AAPM suggests that
the FWHM of the axial resolution should be less than 0.45
mm for transducers having central frequencies higher than 4
MHz, and an FWHM of less than 0.9 mm for transducers
having central frequencies lower than 4 MHz. The lateral
resolution can be evaluated by measuring the width of a
filament target at different depths; near, mid, and far-field
zones of the transducer [4]. The recommended tolerances for
the lateral resolution are shown below in Figure 2. It was
noted that IPEM 102 does not have any specific tolerances
for spatial resolution during acceptance testing, except for
routine QA.

Lateral resolution

Response
width or
Transducer spacing
Depth  frequency (f ) between
(cm) (MHz) targets (mm) FWHM (mm) FWTM (mm)
>10 <35 <4 <2 <4
<10 35<f<5 <3 <15 <3
<10 =5 <15 <0.8 <15

Table 1: AAPM recommended lateral resolution requirements

Il. MATERIALS AND METHODS

In this study, multiple ultrasound scanners from various
manufacturers that were accepted in the last four years were
used. The scanners used were equipped with different
transducers; linear, curvilinear, and sectors of various
shapes, including hockey stick and endocavity/endovaginal
probes. Also, a dedicated ultrasound phantom with
appropriate features was used for testing spatial resolution.
Furthermore, standard operation procedures (SOPs)
documents authorized by the Medical Physics Department
were utilized to perform acceptance QA physics tests on
ultrasound systems and to conduct data analysis. These
documents have operating instructions on how to perform
several tests, as well as to analyse the ultrasound images
quantitatively.

A. ACQUIRING PHANTOM IMAGES FOR DIFFERENT
TRANSDUCERS

In the first part of the test, ultrasound images were
acquired using a dedicated ultrasound phantom. The images
were acquired following the IPEM 102 method to test the
spatial resolution for Ultrasound Systems’ [5]. An example
of the obtained ultrasound image is shown in Fig. 2.
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Canon

Mater Dei Hospital

Fig. 2: An ultrasound image using a linear transducer on the Canon Aplio
i8000

B. DATA COLLECTION TOOL

An evaluation of the axial and lateral spatial resolution
was carried out between February 2019 and March 2023 for
13 ultrasound scanners equipped with 51 transducers; 22
were linear, 23 were curvilinear, and 6 were sector.
Moreover, one phantom: CIRS Model 040GSE, and one
software package: Image J, were also used in this study.
Subsequently, all transducers utilized were broadband, with
5- 20 MHz frequencies for linear transducers, 3-9 MHz for
curvilinear transducers, and 3-5 MHz for sector transducers.
A list of all the tested ultrasound scanners is presented below
in Table 2.

C. CIRS MODEL 040GSE

A Multi-Purpose, Multi-Tissue Ultrasound Phantom
model 040GSE manufactured by CIRS was utilized during
acceptance testing. The Model 040GSE is equipped with
features enabling it to operate with diagnostic ultrasound
devices. The phantom is filled with Zerdined, a gel material
miming soft human tissue's acoustic properties. A wide
range of transducer sizes and frequencies may be used with
the phantom [6].

The phantom is split into two sections of different
attenuation coefficient: each 0.5 dB/(cmMHz) and 0.7
dB/(cmMHz). Several small targets are positioned at known
intervals in horizontal and vertical directions to check the
precision and accuracy of the distance measurements and
spatial resolution. The CIRS Model is certified to 1SO
9001:2008 standards and backed with a certificate of
compliance [6]. This phantom was chosen since it was the
one used in acceptance testing, and it was the one readily
available at that time. Other commercial phantoms that
could have been used are; ‘GAMMEX Sono 410 SCG’, ‘ATS
539’ and ‘GAMMEX 405GSX".
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Table 2: A list of evaluated ultrasound systems and transducers

Manufacturer Model Linear Curvilinear Sector
Canon Aplio i800 (2) i18LX5 (2) 6MC1 (2)
12418 (2) i8CX1 (2)
Aplio a550 1113 8C1
11C3
a450 11C3 (2)
Hitachi Arietta 65 L64 C251
Toshiba Aplio a400 6C1
Philips
Healthcare Sparq (3) L12-4 (3) C5-1(3) S5-1
S5-2 (2)
Lumify SMT-
7590 (6) L12-4 (3) C5-2 S4-1(2)
EIPQ Elite 5G L12-3 C5-1
Hockey Stick
L15-7io -
CX50 POC 112-3 C5-1(2)
GE Healthcare Voluson 510 C1-5RS (3)
Endocavity
- 1C9-RS -
Vivid iQ 12L-RS (2) - M5Sc-RS
Hockey Stick
L8-18i-RS
Esatote MyLAB X7 SL3116
L4-15
Hockey Stick
IH6-18
Hockey Stick
BK Medical bk3000-01 IH6-18 6C2
Endocavity
E14C4t
D. IMAGEJ

Imagel is a free, open-source software built specifically
for processing radiological images. ImageJ has the capacity
to provide statistical information and data from line profiles.
Therefore, this software tool was used in this project to
measure the spatial resolution in the axial and lateral
directions by implementing the FWHM method. This
software tool was chosen since it is flexible, easily
accessible, and preferred by medical physicists at that time.
Other software tools that could have been used are;
‘MATLAB’, ‘Python’, and ‘UltralQ’.

E. DATA ANALYSIS TECHNIQUE: OBTAINING THE
FWHM FROM A LINE PROFILE

In order to obtain the spatial resolution in the axial and
lateral directions using the FWHM method, a line profile
was drawn across the nylon filaments on the ultrasound.
Then, a dedicated Image J plug-in tool for FWHM was used
to calculate the FWHM for each depth.
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1. RESULTS

The data collected was presented in a series of scatter
plots using Microsoft Excel to analyse the performance of
each ultrasound transducer's axial and lateral spatial
resolution. These graphs were investigated and related to the
objectives of the study. Both of spatial resolution FWHM
results were plotted against depth. These plots made
evaluating and assessing various variables easier. However,
the graphs plotted were based on the limited number of
probes available.

A. RESULTS FOR AXIAL RESOLUTION

A graph of the axial resolution against depth was plotted
for the three different transducers at different frequencies.
The FWHM results of the transducer with the same
frequency were averaged to obtain the most accurate and
precise analysis as possible.

Linear transducers operating at frequencies 5 to 8 MHz
showed the highest axial resolution (~0.54 mm) at the
shallowest depth (10 mm). The axial resolution continued to
increase with depth (Figure 5). Transducers with 9 and 10
MHz frequencies showed better axial resolution (~0.4 mm)
than those with lower frequencies. The poorest axial
resolution was measured at a depth of 90 mm for the 10 MHz
transducer (~0.57 mm). Conversely, linear transducers with
higher frequencies (15 to 20 MHz) had the best axial
resolution at lower depths than other frequency ranges.
Moreover, it was noted that the resolution of the 20-MHz
transducer was worse than that of the 9- and 19-MHz
transducers, especially at 40 mm depth (Fig.3).

On the other hand, for curvilinear probes, the axial
resolution was broader for transducers operating at
frequencies from 3 to 6 MHz. Moreover, the axial resolution
decreased rapidly at 120 mm depth in this frequency range.
However, even with increasing depth, transducers operating
at higher frequencies (8.5 and 9 MHz) showed better overall
axial resolution. The best resolution (~0.54 mm) was
observed for the 8.5 MHz probe at 10 mm depth (Fig.4).

Finally, the best axial resolution for the sector transducers
was observed for the 5 MHz transducers, especially at
depths above 100 mm. However, the 3 MHz probe also had
the poorest resolution, with increasing depths (Fig.5).
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B. RESULTS FOR LATERAL RESOLUTION

The linear transducers with 5-8 MHz frequencies showed
worse lateral resolution, especially at depths of 50-70 mm
and 100 mm, as shown in Fig.6. For transducers operating
at 7 MHz, the lateral resolution deteriorated rapidly at 40-60
mm depths. Since only two transducers were tested at this
frequency and different protocols were used, it might have
impacted the final result. However, the 9 and 20 MHz
transducers had the best lateral resolution, at most 1.19 mm.
On the other hand, curvilinear probes with low frequencies
(3-5 MHz) had the worst lateral resolution on average, even
with increasing frequencies, even with increasing depth.
However, the best lateral resolution was exhibited by the
transducers operating at frequencies of 6 and 8.5 MHz
(Fig.7) Finally, as expected, sector transducers at higher
frequencies experienced a better lateral resolution than the
lower frequencies, even with increasing depth. It was also
found that the lateral resolution at 10 mm for 3 MHz sector
probes was better than that of 3.5 MHz probes. The lack of
limited 3.5 MHz transducers may have influenced this
observation (Fig.8).
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IV. DISCUSSION

This study evaluated and compared the axial and lateral
spatial resolution of the linear, curvilinear, and sector array
transducers. The effect of spatial resolution with depth was
also investigated. This was done with the equipment
previously, and conclusions were drawn from the scanners
and transducers considered in this study. It is interesting to
note that the results from previous literature are consistent
with some key findings from this study. This is essential as
it confirms and strengthens the reliability of the study's
results.

Firstly, it was concluded that linear transducers provide
better axial and lateral spatial resolution than curvilinear and
sector array transducers. The axial resolution of linear
transducers at 5 and 9 MHz did not exceed 0.64 and 0.52
mm, respectively, while the lateral resolution did not exceed
2.56 and 1.05 mm on average. On the other hand, the worse
axial and lateral resolution was observed for curvilinear (C)
and sector (S) probes, with a maximum axial resolution of
1.19 mm (C) and 1.77 mm (S) and a maximum lateral
resolution of 2.71 mm for curvilinear and 3.92 mm for sector
probes.

Linear transducers provide better axial and lateral spatial
resolution due to their shape and design. Linear transducers
theoretically have a narrow beam and provide a rectangular
field of view, which allows them to produce a thin, highly
focused beam that can be guided precisely to the area of
interest in the patient. This concentrated beam improves
axial resolution by minimizing the distance between the two
scanned objects or structures, resulting in better distinction
between them. In addition, the design of a linear transducer
allows the beam to be focused in a specific direction, which
helps to decrease the scattering of the ultrasound beam. As
a result, the ultrasound image becomes more accurate and
focused, providing better differentiation between adjacent
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structures. Subsequently, better lateral resolution is
achieved, thus agreeing with this study's first objective.

Secondly, the relationship between spatial resolution and
depth was also examined. Theoretically, the axial resolution
is determined by the SPL of the ultrasound waves. The SPL
of an ultrasound wave is governed by the period of the
electrical pulse used to generate the wave and not by the
distance travelled. Therefore, SPL is independent of depth,
so the axial resolution should remain constant at any depth.
In this study, it was noted that the maximum deviation of the
FWHM measurement of the axial resolution was less than 1
mm along the depth. The linear transducers experiencing
less deviation than the curvilinear and sector transducers.

On the other hand, lateral resolution was found to
deteriorate with increasing depth. Theoretically, the
ultrasound beam initially converges, reaches the focal zone
and then diverges as it penetrates deeper into the tissue. This
causes the ultrasound beam to widen at the far field, making
it more difficult to identify two adjacent structures. Thus,
the lateral resolution is poorer with depth. This could also
be observed visually from the acquired ultrasound image,
where the first few nylon filaments are well resolved, while
the others became increasingly blurred with depth. This may
happen because the beam’s intensity decreases due to partial
waves being reflected and attenuated across the tissues. In
this way, the second objective of this study was addressed.

Moreover, it was concluded that the axial and lateral
spatial resolution improved at higher ultrasound
frequencies. Theoretically, a higher frequency leads to a
shorter wavelength and, thus, a shorter spatial pulse length.
A shorter pulse length results in a better axial resolution. In
addition, at higher frequencies, the beam width at the focus
is narrower, resulting in better lateral resolution. Hence, the
third and final objective was addressed. To determine if the
current standards are still applicable or need to be revised,
comparing the study's results with the existing standards is
essential. As previously mentioned, there are still no
corresponding FWHM standard values for axial resolution.
However, the results were compared with the
recommendations found in AAPM (Table 1). From the
results obtained, the axial resolution for frequencies greater
than 4 MHz for linear transducers exceeds an FWHM of
0.45 mm for most transducers. The highest value was
obtained for the 8 MHz transducer. This was also observed
for curvilinear and sector probes, where the largest FWHM
was 1.82 and 1.77 mm for the 6- and 5- MHz transducers
respectively. In contrast, for frequencies below 4 MHz, the
FWHM values met the recommended AAPM standards.
Thus, although some values were within the standards, most
results differed widely. Note that the AAPM did not specify
the depth at which the FWHM values correspond (for axial
resolution), so this assessment is general and hence, it must
be more accurate.
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When comparing the lateral spatial resolution results with
the AAPM standards, it was noted that the lateral resolution
at frequencies below 3.5 MHz does not comply with the
existing standards. The FWHM exceeded the recommended
tolerance of 2 mm for curvilinear and sector transducers
operating at 3 MHz, especially after 40 cm (for curvilinear
transducers) and 15 cm (for sector transducers) depth. It is
good to note that the AAPM does not indicate the FWHM
values for lateral resolution for transducers with frequencies
greater than 3.5 MHz having depths greater than 10 cm.
Since spatial resolution was measured at depths greater than
10 cm, the comparison with the relevant standards (for
lateral resolution) was very limited.

The following results imply that the current AAPM
standards and recommendations need to be revised and
improved accordingly. Both axial and lateral FWHM
standards for spatial resolution should be increased,
especially for those already mentioned. The medical physics
profession needs to recognize these discrepancies and
highlight that the current standards need strengthening.
Technology constantly evolves, and ultrasound scanner
manufacturers continually improve and upgrade their
products to achieve optimal spatial resolution.

V. CONULUSSION

The main conclusions of the study were:

a) Linear array transducers exhibited the best axial
spatial resolution.

b) Linear array transducers provided better lateral
spatial resolution.

¢) Axial resolution remained constant with depth
across all transducers.

d) Lateral resolution deteriorated with depth for all
transducers.

e) Transducers with higher frequencies provided better

axial and lateral spatial resolution.

Suggestions for further research are:

a) Repetition of the study with a larger number of
ultrasound scanners/transducers as well as using a
broader frequency spectrum. This study considered
QC images obtained from acceptance testing on all
available ultrasound transducers. This can be
extended by testing ultrasound scanners/ transducers
in all private clinics in Malta as well as in health

centres.

b) Replication of the study by comparing different
protocols used by different manufacturers. This is a
very interesting recommendation for the future
because one can compare, for instance, a thyroid
protocol with a breast protocol and assess the

behaviour of frequency and/or spatial resolution.
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c) Foramore comprehensive study, this study can be
repeated by adjusting the focus to each nylon
filament across the depth of the phantom. Since
only the results of the acceptance tests were
considered, the focus was set at a specific depth.
Obtaining images with a focus at each depth can
help determine the depth at which the spatial
resolution improves or deteriorates.

d) This study can be extended by examining how
spatial resolution varies among different
manufacturers. In this study, the spatial resolution
for some ultrasound transducers varied depending
on the manufacturer and model of the probe used.
As technology is continually developing,
manufacturers are striving to improve ultrasound
scanners' spatial resolution through image
processing techniques and reconstruction.

The research study's stated objectives were achieved
and answered in depth. A quantitative measurement
protocol and software analysis for evaluating the spatial
resolution performance of ultrasound equipment is the
way ahead for quality assurance programmes. Optimized
spatial resolution leads to precise localization and
identification of microstructures in the imaged region,
which is critical for physicians to make an accurate
diagnosis and ultimately locate the malignancy or any
deformity. It could additionally reduce the need for
unnecessary imaging procedures or invasive treatments,
which can be expensive, time-consuming, and potentially
harmful to the patient. Therefore, ultrasound images with
high spatial resolution can improve and enhance patient
treatment outcomes.
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Abstract— Information about core brain temperature is
relevant for monitoring the physiological state of the body
under both healthy and pathological conditions. Apart from
standard clinical methods, various techniques have been
proposed specifically for brain temperature measurement using
magnetic resonance spectroscopy (MRS) thermometry. The
commonest method is the calibration of the water frequency
shift relative to the N-acetyl aspartate metabolite peak. This
technique is based on temperature-dependent displacement of
the water peak from its normal frequency position. Existing
MRS thermometry methods are often associated with
challenges of direct clinical utility, particularly where
additional information about brain metabolism is required.
This study deduced standard calibration equations using
regression analysis for brain MRS thermometry. Clinically
measured brain temperature (Torain) USING @ temperature gun
was used as the dependent variable and the water frequency
shift from the NAA, creatine and choline peaks were each used
as independent variables in separate regression analyses to yield
equations of the form: Brain temperature (Tbrain) = ki(AH20 —
Smet) + k2, where ki is the gradient of the regression fit, k2 is the
intercept of the regression fit on the Torain axis, AH20 is the new
water frequency after temperature-dependent shift, and Smet is
the normal frequency of the particular reference peak on the
ppm axis (2.01, 3.03, and 3.20 ppm for NAA, creatine, and
choline, respectively). The equations were validated in a
separate group of healthy subjects and were found to provide
accurate temperature estimates, with reproducibility better
than 2.0 %. Future studies are required to assess the utility of
the equations in study participants with a wide range of
physiological characteristics.

brain, magnetic resonance spectroscopy,
temperature, thermometry, regression

Keywords—

I. INTRODUCTION

Proton magnetic resonance spectroscopy (*H-MRS) is a
nuclear magnetic resonance (NMR) technique that is capable
of measuring brain metabolism noninvasively and in vivo.
Normal brain function or pathology can be inferred from the
biochemical profile obtained from a typical *H-MRS data
[1,2]. In addition to the biochemical information, subtle
changes in core brain temperature associated with
physiological activities in the body can also be probed by *H-
MRS [3]. Temperature variation causes a slight displacement
of the water peak from its normal frequency position in the
'H-MR spectrum. The N-acetyl aspartate (NAA) peak,
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unaffected by the temperature variation, is mostly used as the
reference peak relative to which the water peak displacement
is measured, and this frequency difference can be converted
to temperature estimate [4,5]. This procedure is often called
MRS thermometry.

The balance between heat produced by cerebral
metabolism and heat dissipated by cerebral blood flow
determines the temperature of the brain in healthy individuals
at rest [6-8]. The need for early biomarkers of brain swelling
is crucial because decompressive surgery performed before
clinical deterioration can improve treatment outcomes [9].
Pathologies are associated with subtle biochemical changes
in the body which often do not show in anatomical imaging,
but can be probed by 'H-MRS. In pathologies where core
body temperature is elevated, the MRS data may require
some adjustments or corrections to be optimized before it can
be used to estimate absolute metabolite concentrations. The
'H-MRS method allows for a reasonably precise
measurement of brain temperature noninvasively and in vivo
[10] by comparing the chemical changes of water protons to
an abundant internal reference, such as NAA [4,511],
creatine [12], or choline [3]. Indirect brain temperature
measurements, such as MRS thermometry, often require
some sort of calibration techniques to estimate temperature
[13]. This therefore makes them unsuitable for routine
clinical application due to associated patient compliance
issues and inaccuracies in the estimates.

This paper provides a procedure for the establishment of a
standard procedure to deduce calibration equations that can
be used for brain temperature estimation using MRS
thermometry. The technique is applicable to clinical *H-MRS
acquisition, as long as the water peak frequency can be
obtained from the acquired data.

Il. MATERIALS AND METHODS

A. STUDY PARTICIPANTS

Following the approval of the study protocol by the
University of Ghana Ethics Committee for Basic and Applied
Sciences (ECBAS) and the University of Ghana Medical
Centre (UGMC) Institutional Review Board, seven (7)
healthy volunteers (5 males/2 females, aged 22-43 years)
participated in the study. No study participant had any
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magnetic resonance imaging (MRI) contraindication or
neurological condition.

B. MRI/MRS ACQUISITION

Data was acquired on a 1.5 T Philips Ingenia MRI/MRS
System, equipped with a quadrature radiofrequency head
coil.

Prior to going into the MRI bore, brain temperature of
each study participant was taken at their forehead using an
infrared (IR) temperature gun, and recorded as T g.

Structural MRI of the brain was acquired using the T;-
weighted 3-dimensional turbo field echo sequence. Using the
acquired MRI, voxel sizes were varied to fit the head size of
each participant, typically ensuring a longer anterior-
posterior dimension and positioning above the corpus
callosum (Figure 1). Outer volume shimming for Bg
inhomogeneity was performed using both linear and second-
order shims. *H-MRS acquisition was performed using the
standard Point RESolved Spectroscopy (PRESS) pulse
sequence (TE/TR = 144 ms/2000 ms), which yielded the
dominant spectral peaks of NAA, creatine, choline and water
(not shown in Figure 2).

Figure 2: Spectral peaks of NAA, creatine, and choline at 2.01 ppm,
3.03 ppm and 3.20 ppm respectively
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C. TEMPERATURE EQUATION

The raw spectral data were Fourier transformed to the
frequency domain, and corrected for baseline and phase
distortions in the jMRUI software (version 6.0). The NAA,
creatine, and choline resonant frequencies visually were
inspected to ensure that they were at their expected positions.
Each 'H-MRS data was zoomed on the water peak (Figure 3)
to observe the frequency variations in its position which were
then recorded from the jJMRUI analysis. Using each one of
the spectral peak frequencies of NAA, creatine and choline
(denoted by dme) as the reference, the frequency shift of the
water peak from each reference peak was calculated as
(AH20 — Smet).

A regression fit to the scatter plot of Tr versus (AH;0 —
Smet) yielded an equation of the form:

Torain = Tir = kl(AHZO - dnet) + ko (1)

where kj is the gradient of the regression fit, k» is the
intercept of the regression fit on the Tprin Or Tir axis, AH20
is the new water frequency after temperature-dependent shift
on the ppm axis of the frequency-domain spectra, and Smet is
the normal frequency of the particular reference peak on the
ppm axis.

Water peak offset

| | Reference NAA peak
v

\ | i

1' S

Figure 3: Temperature-dependent water frequency shift from its normal
position, away from the reference NAA metabolite spectral peak

D. STATISTICAL ANALYSIS

The clibration equations were validated in a separate
group of healthy volunteers whose temperature
measurements were previously taken using the infrared
temperature gun. Reproducibility of the measured MRS
thermometric brain temperature using each equation was
assessed by the coefficient of variation (CoV) for repeated
measures, calculated as:

CoV = (standard deviation/mean) x 100 %

@)

The thermometer and MRS thermometry tempearature
measurements were compared for differences using the
paired t-test, assuming normality of the data.
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1. RESULTS

Tables 1-3 show the infrared temperature gun
measurements (Tir) and their corresponding calculated
frequency displacements (AH,O-Smet) Of the water peak
(AH20) from the respective reference metabolite spectral
peaks (dmet). Tir Was used as the dependent variable while
(AH,O-3met) Was used as the independent variable in the

regression analysis.

Table 1 Water frequency shift from the NAA reference peak

Tir (OC) AHZO (ppm) ONAA (ppm) AHZO-SNAA (ppm)
36.2 4.65 2.01 2.64
35.7 4.32 2.01 231
36.0 4.65 2.01 2.64
36.1 4.63 2.01 2.62
36.2 4.66 201 2.65
36.0 4.58 2.01 2.57
35.8 4.40 2.01 2.39

Table 2 Water frequency shift from the creatine reference peak

Tr(°C)  AHO(EPM) 5. (ppm) AH,O - e (ppm)
36.2 465 3.03 1.62
35.7 432 3.03 1.29
36.0 465 3.03 1.62
36.1 4.63 3.03 1.60
36.2 4.66 3.03 1.63
36.0 455 3.03 1.52
35.8 440 3.03 137

Table 3 Water frequency shift from the choline reference peak

Tir(°C) AHO (ppm) Scho (ppm)  AH,0 — 8cho (ppm)
36.2 4.65 32 1.45
35.7 432 32 1.12
36.0 4.65 32 1.45
36.1 4.63 32 1.43
36.2 4.66 32 1.46
36.0 4.55 32 1.35
35.8 4.40 3.2 1.20

Table 4 shows the deduced regression equations calibrated
for in vivo MRS thermometry.

Table 4 Calibrated regression equations for brain MRS thermometry

Reference peak Regression equation R?

NAA Torain = 1.3280(AH,0-2.01) + 32.626 0.8909
Cr Torain = 1.3275(AH,0-3.03) + 33.987 0.8843
Cho Torain = 1.3275(AH,0-3.20) + 34.213 0.8843

The equations were validated using single-voxel *H-MRS
data previously acquired from the frontal brain region of six
healthy volunteers. This data was not included in the
regression analysis, but was strictly used for the validation of
the calibration equations. The averages (+ standard errors) of
the estimated brain temperatures using the three reference
metabolite peaks are shown in Figure 4.
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Fig 4 Average brain temperature estimates from MRS thermometry using
the derived calibration equations

IV. DISCUSSION

The observed water frequency shifts have been reported to
be independent of magnetic susceptibility [14,15]. Even
though the NAA peak has been the most preferred reference
choice due to its prominence in the MR spectrum and general
utility in quantitative 'H-MRS studies, the methods of
calibration presented here could be applicable to the creatine
and choline peaks as well. The deduced temperature
equations are valid for temperature prediction interval of
between 35.5 °C and 37.5 °C. Therefore, future in vivo brain
MRS thermometry studies could directly substitute the
measured water frequency shift value into any of the
respective calibration regression equations (Table 4) to
estimate brain temperature with over 80% accuracy.

The calibration equations were validated using previously
acquired clinical *H-MRS data with accompanying brain
temperature measurements. There were no significant
differences between the 'H-MRS thermometric estimates
from each of the derived equations (Table 4) and the previous
clinical thermometer temperature measurements by paired t-
test (p > 0.05). It was noted that the NAA and choline derived
equations yielded slightly higher brain temperature values
than the creatine derived equation (Figure 4). The
reproducibility of the measurements across the validation
group, as measured by the CoV, was better than 2.0 % for all
the reference peaks.

MRS thermometry studies generally use the NAA peak as
a reference, and have used phantoms [16], pH controlled
aqueous solutions [3] or MR spectroscopy imaging methods
[12] in brain temperature measurements. These methods are
largely challenging for direct clinical applications due to the
multiple steps and assumptions involved in the brain
temperature measurement process. One study [3] used all the
three reference peaks as used in this study, and then estimated
brain temperature from the average of the measured
temperatures from the three reference peak equations. Others
have also implemented similar brain temperature
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measurement techniques with the NAA reference peak in
studies of brain activation during visual stimulation [4,11].

Our proposed method is both straightforward and
clinically applicable without patient compliance issues, and
yet provides accurate brain temperature estimates as
observed in our validation estimates.

Our study and those reported in the literature [3-
5,11,12,16] have been consistent in the observation of a
linear relationship between the water frequency shift and
brain temperature. According to Table 4, for every frequency
shift in the water peak away from any of the reference peaks
(in ppm), the measured brain temperature will show an
increase of about 1.33 °C. In addition, in the absence of a
temperature-associated frequency shift in the water peak, the
equations predict a minimum brain temperature within the
range of about 33-34 °C (Table 4). Therefore, our finding of
a positive association between the water peak frequency shift
and measured temperature is consistent with the findings
reported previously. The range of temperatures (35.5-37.5
°C) used to derive the calibration equations are well within
the normal physiological range of human temperature.

It is expected that in pathologies associated with elevated
core body temperature, the water peak should drift
significantly from its expected frequency position than the
observed shifts reported here. This should then scale well
with the expected temperature rise in the study subjects.
However, such a group of subjects were not included in this
study to verify this. Further validation studies of the
calibration equations under different study participant
conditions (both normal and pathological) are therefore
needed to assess their accuracy, reproducibility and wider
clinical applicability.

The accuracy of the regression fits and predictions can be
enhanced (R? > 0.89) by a bigger sample size of study
participants than used in the current study. The procedure for
the establishment and validation of the regression equations
should however be reproducible among different studies.

V. CONCLUSIONS

'H-MRS thermometry technique tailored for clinical
implementation to measure both brain metabolism and
temperature is presented in this paper. Temperature gun
measured brain temperature was used to calibrate cerebral
water temperature-dependent frequency shift into a
temperature measurement through regression analysis. The
deduced models were validated and have been found to be
accurate for brain temperature measurement within the
normal human brain physiological temperature range.
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Abstract

The aim of the study was to assess the safety and consistency
of organs at risk (OARs) doses received by the rectum, bladder
and urethra during cervical and prostate cancer treatments by
brachytherapy and thereafter propose the procedure for annual
QA assessment of all radiotherapy treatments in an institution.
The cervical cancer patients considered in the study received
both EBRT and brachytherapy treatment in 2017 and were
assessed for their bladder and rectal OARs doses received
during the treatment. Only prostate cancer patients who
received 1-125 permanent seed implants brachytherapy doses
alone were assessed for their rectal and urethra doses. The same
study was again repeated in 2022 for consistency comparison
with the 2017 results. The combined OARs doses for cervical
cancer treatment by both EBRT and brachytherapy were below
the recommended maximum doses for the respective OARs.
Rectum and urethra doses in prostate brachytherapy treatment
indicated doses below the target prostate dose, D90%, and thus
received safe doses within acceptable limits. A similar safety
assessment repeated in 2022 after five years did not reflect
significant difference from those for 2017, a confirmation of
consistency in the treatment practice at the hospital. The study
results revealed that for all the cervical and prostate cancer
brachytherapy treatments considered in 2017 and 2022, the
OARs doses were below the recommended maximum dose
limits for the respective OARs, and thus safe. There was no
significant difference in the safety results realized in the repeat
study after five years, a confirmation that the brachytherapy
treatment practice at the institution was consistent. The safety
and consistency assessment demonstrated in the study was thus
proposed as an annual QA procedure in brachytherapy
treatment of cancer and can be extended to cover all
radiotherapy treatment modalities in an institution.

Keywords
Brachytherapy, Organs at risk, Safety, consistency, Cancer

I. INTRODUCTION

Brachytherapy is applicable for the treatment of tumors
where applicators and radioactive sources can be placed
within a body cavity (intra-cavitary, e.g., the uterine canal or
vagina), into a lumen (trans-luminal, e.g. bronchus or
esophagus), into an artery (intravascular e.g. Coronary or
peripheral arteries, prevention of restenosis) and also where
the tumor is accessible to needle or catheter sources being
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placed within or directly into tissue, interstitial, intra-cavitary
or surface application. A major advantage of this mode of
treatment, as opposed to EBRT, is because a high radiation
dose can be delivered locally to the tumor with rapid dose
fall-off in the surrounding normal tissues.

Currently, artificially produced radionuclides such as Cs-
137, 1r-192, Au-198, 1-125, Pd-103 and Co-60 are used.
Radionuclide sources for brachytherapy are now available
with many radionuclides and in various shapes and sizes.
Different sources have different applications depending on
their emission type, radiation energy and how they are
constructed. Below is a table of the most common
radionuclides applicable in brachytherapy treatment.

Treatment of cervical cancer by brachytherapy can be
done by application of high dose-rate (HDR) treatment
equipment which use Iridium-192 sources, and of late,
Cobalt-60 sources. Low dose-rate (LDR) equipment that use
Caesium-137 source or a similar applicable LDR
radioisotope are also applicable, although the HDR
equipment are the most common now and currently
recommendable due to their advantages of use. [1].

Brachytherapy treatment of prostate cancer can use LDR
radioactive permanent seed implants for the treatment. The
current commonly used LDR radioisotope seeds in this case
are 1-125 and Pd-103 isotopes; which are also recommended
by the American Brachytherapy Society, since they have
demonstrated excellent long-term outcomes [2].

HDR treatments normally take a few minutes, depending
on the activity of the source at the time of treatment; while
those for LDR can take several hours. HDR brachytherapy
for cervical cancer is currently more preferable to LDR. This
part of the study was done at a selected hospital in Kenya
where there is a Varian GammaMedplus HDR system. The
system uses an Iridium-192 source, with a half-life of
73.831days. The source would be used for three months (90
days) and then changed for a new one with an initial activity
of about 10Ci.

The cervical cancer treatment itself by HDR
brachytherapy would take a few minutes, but the whole
process from applicator insertion, CT imaging, treatment
planning, treatment delivery, and applicator removal may
take about two hours per patient.
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The external beam radiation therapy (EBRT) treatment
planning system was a Varian Eclipse and compatible to CT
or MRI-based images for treatment planning. The applicators
are platinum made Ring and Tandem or Tandem and ovoids,
with variety of Tandem lengths, example 2, 4, and 6cm. The
ovoids can be small or medium size. Another type of
applicator is in the form of a Cylinder, of different diameters
(1.4cm, 2.1cm, 2.3cm, 2.6cm, 3.0cm and 3.5cm).

The Clinical Oncologist performing a brachytherapy
treatment would physically examine the patient first. Then
choose a type of applicator for a particular patient depending
on the patient’s body anatomy and extent of the disease. The
applicators would then be inserted after simple
premedication of the patient. CT scan of the pelvic area of
the patient would then be done for treatment planning
purpose. Treatment planning Guidelines are available for
planning cervical cancer treatment by different types of
applicators.

The dose prescription protocol for the delivery of the
brachytherapy dose was a boost dose of 16Gy delivered in
two fractions of 8Gy a week apart.

As opposed to EBRT where the treatment dose is
delivered externally and can be verified before entering into
the patient, brachytherapy treatments are normally executed
internally and verification using a diode for EBRT purpose
may not be possible.

The approach for verification of cervical or prostate
cancer brachytherapy treatment was attained by use of the
treatment plan dose volume histogram (DVH). European
Society for Therapeutic Radiology and Oncology (GEC
Estro), in 2006, gave the recommended dose calculations
based on three-dimensional image of the patient obtained
from dose volume histogram (DVH) and the volume
histogram connecting organ with the radiation dose received
[3]. So, the DVH has now become a common tool to express
the dose that is delivered to targets and OARs. It contains
information about the doses delivered to partial volumes
(either absolute or relative) of targets or OARs. So, the dose
to OARs for each patient considered for the study was
acquired from the patient’s treatment plans and the data for
the cervical cancer brachytherapy treatments compiled and
presented in graphical form.

Radiation can be harmful to health if not used properly
and all radiation administration to humans for treatment
purposes need to be done by qualified professionals and the
dose delivery verified for safety purpose.

Our study was in a selected hospital and assessed safety
and consistency in OARs doses realized during cervical and
prostate cancer brachytherapy treatment in comparison to the
delivered tumor dose and the maximum recommended dose
limits to the OAR:s. If the results are within the recommended
values, the procedure would be recommended as an annual
QA in radiotherapy treatments.
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Il. MATERIALS AND METHODS

A. Cervical cancer brachytherapy data

The study involved a total of 41 cervical cancer patients
who received brachytherapy treatment at the hospital in both
2017 and 2022. The treatment applicators used for the
patients were either a ‘Tandem and Ovoids’, ‘Ring and
Tandem’ or a ‘Vaginal Cylinder’. The applicator selection for
a particular patient would depend on the clinical condition of
the patient.

After insertion of the applicators in the brachytherapy
theatre, the patient would then have CT scans of the pelvis
for the purpose of treatment planning on the TPS. During
treatment planning, the doses to the target volume, the rectum
or bladder would be altered appropriately so that doses would
not exceeded the maximum limits on the protocols. The final
treatment plan would then be exported to the HDR Treatment
system for execution of the treatment.

The doses received by the bladder and rectum during the
cervical cancer treatment were taken from the treatment
planning TPS ‘dose statistics’ and also through the TPS
protocols for the OARs (D20, Gy); and the results presented
graphically.  Another graph plotted involved the
brachytherapy OARs data with the EBRT OARs doses
received previously before the brachytherapy boost dose.

The average dose for the bladder and rectum of all the 41
patients assessed were also determined and the results
presented on a table.

B. Combined EBRT and brachytherapy treatment of cervical
cancer

Bladder and rectum were targeted as the main organs at
risk in cervical cancer treatment in both EBRT and
brachytherapy.

We investigated the total bladder and rectum doses for the
41 cervical cancer patients treated at the hospital by both
EBRT linac photon energies (6 MV and 15 MV) and Ir-192
HDR brachytherapy. Recommended EBRT 3D-CRT
prescription total tumor dose is 45-50 Gy to be delivered in
25 daily fractions while brachytherapy need to be delivered
as 6-8 Gy fraction dose weekly, 2-3 times depending on the
patient’s clinical condition. At the hospital, EBRT doses
were delivered as 50 Gy in 25 fractions of 2 Gy daily while
the protocol used for the delivery of the brachytherapy dose
was a total boost dose of 16 Gy delivered in two fractions of
8 Gy a week apart.

C. Prostate brachytherapy treatment and data

Forty-two prostate cancer patients treated by LDR
brachytherapy using 1-125 permanent seed implants were
also assessed. The treatment applies trans-rectal ultrasound-
guided permanent prostate brachytherapy technique which is
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an outpatient procedure associated with a rapid recovery and
return to normal activity.

The Ultrasound equipment is a ‘bk Medical flexFocus
400’ model, used together with a C-Arm X-Ray Image
Intensifier. A Treatment Planning System (TPS) is also
available and linked to both the Ultrasound Guidance and the
Image Intensifier.

The procedure is acknowledged by many brachytherapy
institutions, including the National Cancer Institute [4],
American Cancer Society [5], American Urological
Association [6] and many others.

In Kenya, about 70% of cancer patients are diagnosed at
late stages due to a combination of many diverse reasons.

Thus, majority of our prostate cancer patients are of
‘High-Risk’ classification and thus recommended to receive
combined treatment with EBRT ‘boost dose’ in 6-12 weeks
after receiving the LDR brachytherapy treatment [7], [8].

In our study, we only assessed the OARS doses resulting
from the brachytherapy treatment by LDR 1-125 permanent
seed implants only.

I1l. RESULTS AND DISCUSSION

A. OARs doses in cervical

treatment

cancer brachytherapy

Table 1 below shows the protocols implemented on the
Varian HDR brachytherapy TPS for treatment planning
control of the doses to OARSs.

Table 1. Varian TPS Protocols used for control of doses
to the major OAR during HDR brachytherapy treatment
planning of cervical cancer.

Results of the OARs doses (two fractions) realized by the
41 cervical cancer patients during the brachytherapy
treatment in 2017 were presented in Figure 1A and 1B below.
The maximum dose limit of 8 and 10 Gy for the D20 rectum
and bladder OARs two fraction treatments were also plotted
with 16 Gy for the two-fraction total tumor dose.

Target Actual
Structure  Index Value  Value
Bladder D0.10cc (% of dose) Is less than 125
Bladder D2.0CC (% of dose) is less than 75
Bladder D20.0 (Gy) is less than 5
Rectum D0.10cc (% of dose) is less than 125
Rectum D2.0cc (% of dose) is less than 75
Rectum D20.0 (Gy) is less than 4
Rectum D1.0cc (% of dose) is less than 95
Rectum D1.0cc (% of dose) is less than 95
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Figure 1A. Graph of D20 (Gy) bladder, rectum and total
tumor dose for the 41 cervical cancer patients treated at the
hospital in two fractions by 1-192 HDR brachytherapy in
2017.
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Figure 1B. Graph of D20 (Gy) bladder, rectum and total
tumor dose for 43 cervical cancer patients treated (two
fractions) by 1-192 HDR brachytherapy in 2022.

For both assessments done in 2017 and 2022 for the
brachytherapy treatment of cervical cancer, a mean dose of
the bladder and rectum doses received were determined and
a summary of the results presented on Table 2, below. All the
treatments in the institution were based on 3-dimensional
(3D) CT imaging and also 3D treatment planning and
treatment.

The mean dose to both OARs for the 2017 and 2022
assessments were below the recommended maximum limits
for the bladder (5 Gy) and rectum ((4 Gy) in a single fraction
treatment. Also in accordance with the American
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Brachytherapy Society (ABS) recommendation, [2], the dose
to the bladder and rectum must be below 80% of the
prescribed dose to the cervix. For a prescribed dose of 8 Gy
per fraction to the cervix in our case, the bladder and rectum
must not receive doses above 6.4 Gy. This means that our
brachytherapy cervical cancer treatments are not only not
harmful to the patients but also that the treatment practice has
been consistent. These results were also in agreement with
other related published results, [9].

Table 2. Two fraction mean doses to OARSs in cervical
cancer brachytherapy treatment in both 2017 and 2022
assessments.

OAR Mean Dose, Mean D20 Dose, Max Dose

Gy, (2017) Gy, (2022) Limit, Gy
Bladder 5.8 7.0 10
Rectum 5.2 6.6 8

B. Demonstration of combined OARs doses in cervical
cancer treatment

Late-stage treatment of cervical cancer by radiotherapy at
the hospital is normally a combination of EBRT and
brachytherapy. First, an EBRT dose of 50 Gy in 25 fractions
is administered, followed by a boost dose of brachytherapy,
given in two fractions of 8 Gy, a week apart.

Since the two brachytherapy fraction doses applied during
the treatment of cervical cancer by both EBRT (2 Gy) and
brachytherapy (8 Gy) are different from the EBRT dose, the
brachytherapy dose needs to be converted to match that of
EBRT. The brachytherapy fraction dose of 8 Gy will need to
be converted to equivalent dose to that EBRT fraction dose
of 2Gy. The conversion will utilize o/ ratio which is
dependent on the type of tumor. For cervical cancer, a ratio
of a/B =10, [10], [11], [12], has been used and the following
equations applied to determine the brachytherapy fraction
dose.

BE D= [nxd[1+(d/(a/B)]
Where n = number of treatment fractions,
d = dose per fraction, in Gy,
a/p = dose at which the linear and quadratic
components of cell kill are equal.

Also, a is the linear dose damage response, and 3 the
quadratic dose response in tissue.

BED is the biologically effective dose and is a measure of
the true biological dose delivered by a particular combination
of dose per fraction and total dose to a particular tissue, in
this case, the cervix.
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The biologically equivalent dose (EQD:) is the dose
delivered in 2Gy fractions that biologically equivalent to a
total dose.

So, EQD,=BED/[1+2/(0/B)]

So, the cervical cancer brachytherapy dose to be added to the
50 Gy dose delivered by EBRT will be 12Gy per fraction as
determined from Equation 2. The total EBRT and
brachytherapy (two fractions) treatment dose in our case was
74 Gy.

Below (Figure 2) is the graphical presentation of the
OARs dose data for the 41 patient treatments by EBRT. The
maximum limit for the rectum, which is more sensitive to
radiation than the bladder, is also plotted at 50Gy.

Bladder

Figure 2. EBRT dose to the bladder, rectum and
maximum rectal dose limit for the 41cervical cancer patients
treated at the hospital in 2017.

The maximum limit dose to OARs in both EBRT and
brachytherapy treatments are normally controlled by the
quality assurance (QA) process during the treatment planning
stage. From the data of the 41 cervical cancer patients treated
then on Figure 3 below, the mean total dose to OARs were
below the maximum limit dose of 62 Gy for the rectum and
65 Gy for the bladder. Also reflected on the graph is the total
tumor dose received for the combined EBRT and two
fractions of brachytherapy treatment of 74 Gy. The
recommended total dose for both EBRT and brachytherapy
in high-risk cervical cancer treatment is 80-90 Gy, received
in 50 Gy of EBRT plus three fractions of equivalent
brachytherapy total dose of 36 Gy. For 50 Gy of EBRT
combined with two fractions of HDR brachytherapy
treatment, a total of 70-80 Gy tumor dose was recommended.
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Figure 3. Combined EBRT and brachytherapy doses to
the target tumor and OARs (bladder and rectum) for the 41
cervical cancer patients treated in 2017. The maximum dose
limits realized in both treatments to the OARs are also
plotted.

C. OARs doses in prostate cancer brachytherapy treatment

Brachytherapy DVH has now become a common tool to
express the dose that is delivered to targets and OARs and
contains information about the doses delivered to partial
volumes of targets or OARs. So, the dose to OARs for each
patient considered for the study was acquired from the
patient’s treatment plan.

Analysis of rectal and urethra (OARs) doses from the plans
DVH data of the 42 prostate cancer patients treated by 1-125
permanent seed brachytherapy implants in 2017-2018 was
done.

With a prescribed dose of 110 Gy, the protocol used for
the LDR brachytherapy treatment with 1-125 permanent seed
implants recommends that the target dose to the prostate
should be above 140 Gy [2]. The mean/average ‘Day zero’
dose, D90%, (dose that covers 90% of the prostate volume)
for the 42 patients treated was 139 Gy. D90, also described
as the dose that covers 90% volume of the CTV and would
be larger than the prescription dose, D90>100% of
prescription dose [13], [14]. The mean prostate dose realized
in our study was 139 Gy and was within the acceptable +5%
uncertainty for radiotherapy dose delivery of 140 Gy. The
mean urethra and mean rectal dose were 89.9 Gy and 56.3 Gy
respectively. The urethra appears to be more resistant to
radiation, compared to the rectum, since no significant
radiation-related issues have been reported for the urethra.
Also, being central to the prostate gland, restricting the
urethra to low OAR dose would prevent the targeted prostate
volume from getting the required tumor dose. The maximum
dose received by the two major OARs, rectum and urethra,
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during prostate brachytherapy treatment with 1-125 is
recommended to be below the target prostate tumor dose (140
Gy). So the mean dose received by the rectum and urethra in
our case, were within the acceptable limits.

TOTAL DOSE, GY

TREATED PATIENT

Figure 4A. Target and OARs doses for 42 prostate cancer
patients treated at the hospital by brachytherapy using 1-125
permanent seed implants in 2017-2018.

A ‘learning curve’ plot of the Day zero prostate dose,
D90%, against the respective patients treated had a mean
prostate dose of 139415 Gy as reflected on Figure 4A. Based
on published literature, an acceptable dose range for post-
implant D90% for 1-125 may be 130-180 Gy as long as
normal structures are not overdosed [2]. This confirms that
our treatment results were within acceptable limits and
similarly confirmation that the quality of our past treatments
were satisfactory.

A repeat study of 31 prostate cancer patients treated by |-
125 permanent seed implants in 2021-2022 was done to
assess the consistency of the treatment practice. The results
were presened graphically on Figure 4B for comparison with
those for 2017-2018 on Figure 4A

Table 3 below gives a summary of results for the prostate
brachytherapy treatment by trans-perineal 1-125 permanent
seed implants.

Table 3. Results of prostate cancer brachytherapy
treatment by 1-125 permanent seed implants in 2017 and
2022, showing the prostate target and OARSs doses.

Mean dose, Mean dose  Max dose
Organ Gy, (2017) Gy, (2022)  limit, Gy
Prostate (Target) 139 137 130-180
Rectum (OAR) 56 62 <140
Urethra (OAR) 90 116 <140
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Figure 4B. Target and OARs doses for 31 prostate cancer
patients treated by brachytherapy using I1-125 permanent seed
implants in 2021-2022.

IV. CONCLUSION

OARs doses in both EBRT and brachytherapy treatment
of cervical cancer were assessed, while rectal and urethra
(OARs) doses in prostate cancer treated by 1-125 permanent
seed implants were assessed from the DVH of the treatment
plans.

The mean dose to both bladder and rectum in
brachytherapy treatment of cervical cancer in 2017 and 2022
assessments were below the recommended maximum limits
for the bladder (5 Gy) and rectum (4 Gy) in a single fraction
treatment. Also in accordance with the American
Brachytherapy Society (ABS) recommendation, [2], the dose
to the bladder and rectum must be below 80% of the
prescribed dose to the cervix. For a prescribed dose of 8 Gy
per fraction to the cervix in our case, the bladder and rectum
must not receive doses above 6.4 Gy. Our means single
fraction doses to the bladder and rectum for 2017 and 2022
were below 6.4 Gy (Table 2), a confirmation that the doses
to the OARs in brachytherapy treatment of cervical cancer
were safe and consistent. These results were also in
agreement with other related published results, [9].

In a combined treatment of EBRT and brachytherapy in
treatment of cervical cancer, the combined doses to to the
OARs were also demonstrated as below the recommended
maximum limits and safe.

A plot of the ‘Day zero’ prostate dose, D90%, against the
respective patients treated had a mean prostate target dose of
139 Gy and 137 Gy, in the respective years of assessment,
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2017 and 2022. The doses to the OARs as summarized on
Table 3 are below the recommended target prostate dose.
Based on published literature, an acceptable dose range for
post-implant D90% for 1-125 may be 130-180Gy as long as
normal structures are not overdosed [2]. The maximum dose
received by the two major OARs, rectum and urethra, during
prostate brachytherapy treatment with 1-125 is recommended
to be below the target prostate tumor dose (140 Gy). So the
mean dose received by the rectum and urethra in our case,
were within the safe and acceptable limits.

The repeat similar study after five years produced results
that were similarly safe and a confirmative demonstration of
a consistent radiotherapy practice for treatment of cervical
and prostate cancer by brachytherapy at the referred hospital.

The safety and consistency assessment demonstrated in
the study is thus proposed as an annual QA procedure in
brachytherapy treatment of cancer and can be extended to
cover all radiotherapy treatments in an institution.
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Abstract

The purpose of this study is to assess the quality
assurance (QA) of patient treatment setup using
megavoltage (MV) images and digitally reconstructed
radiographs (DRRs). Thirty anonymized image pairs (30)
of DRR and MV images of patients treated on Varian
Medical System Clinac IX were used. Identical
landmarks were selected by experts on both images using
an in-house MATLAB program called the Assisted
Expert Manual Point Selection Application (ASEMPA).
The differential translations were calculated using the
combinatorial rigid registration optimization (CORRO)
for both Anterior Posterior (AP) and Lateral (Lat)
images to get the 3D shifts from two orthogonal 2D-
images. The anatomical sites used were prostate and
head/neck. The systematic error for Prostate cases
ranged from 0.46cm — 18.62cm, while that for Head and
Neck cases ranged from 1.57cm — 11.56cm. The study
revealed significant variances and aided in evaluating the
facility's setup accuracy. The results proved that our
institution needs to do periodic quality assurance on the
patient setup process given we currently do not have
three-dimensional imaging capabilities for cone beam.
Periodic quality assurance will be a guiding tool in
correcting any discrepancies that may show up in the
clinical workflow as well as periodic education and
training on how to properly set up patients.

Keywords
Patient Setup, CORRO, Image Registration, Quality Assurance

I. INTRODUCTION

The main goal of radiotherapy is to deliver an optimal dose
to the target volume while minimizing the dose to adjacent
normal tissues. External Beam Radiation Therapy (EBRT)
typically accomplishes this goal by employing multiple
beams to ensure an even distribution of doses within the
target volume. External beam radiotherapy techniques
require positioning and the use of immobilization devices to
ensure accurate tumour localization and treatment setup
reproducibility. Accurate and reproducible patient setup
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using Image Guided Radiation Therapy (IGRT) requires
registering the daily images to the reference image set mostly
from the planning computed tomography (CT) [4]. A digitally
reconstructed radiograph (DRR), which is used to verify
treatment in CT simulation, is one of the critical images that
can be transmitted via radiotherapy communication [5]. To
confirm patient positioning, digitally reconstructed
radiographs (DRR) from the planning CT, or the planning CT
itself are from compared to 2D electronic portal images
obtained on the treatment, or 3D cone beam computed
tomography (CBCT) images respectively.

The digital formats are communicated and managed using
Digital Imaging and Communications in Medicine
(DICOM). DICOM is the de facto standard in the industry for
an image file format for radiological hardware [2]. For proper
utilization, consistent portal image quality and a stable
radiation response are required, which necessitates routine
quality assurance (QA).

There are four widely used techniques for evaluating the
integrity of image registration: visual inspection, fiducials,
landmark point sets, and mutual information [5]. The patient
position deviation can be calculated using the landmark point
method to assess the images. Before beam delivery, the
correction is used to align the patient nearly perfectly with the
reference image position. Over the years, physicians visually
verified registered images by comparing portal and
diagnostic quality images to a digitally reconstructed
radiograph (DRR). The accuracy with which this method of
evaluating the quality of image registration is applied has
been reported to be between 5 to 10 mm [4]. However, this
method of registration is subjective and therefore unsuitable
for large amounts of data.

The motivation for this study in our institution was to
perform a quality assurance and management procedure on
our newly installed Clinac IX to make sure patients set-up
was being performed properly and find any gaps in the
process that needed to be addressed.

Currently, our institution uses visual inspection for patient
set up prior to beam delivery, fiducial, and landmark point
methods to verify the patient's alignment, and these methods
are subjective. The facility does not have the means to
quantify the deviation occurring in the setup. Therefore, there
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is a need to input a system that will quantify the deviations
for optimal patient alignment and reduce the unevaluated
incidences of exposure organs at risk. Figure 1 shows an
image retrieved from the treatment offline review of the setup
done for a patient during treatment.

Figure 1: A Treatment Offline Review of Patient Setup from the
Linear Accelerator (LINAC) Machine

Using an in-house developed tool, that employs the
mathematics of combination  without replacement,
combinatorial rigid registration optimization (CORRO) we
demonstrate the optimal alignment of clinical image pairs in
our institution as a way to perform a rigorous post patient set-
up quality assurance to inform future workflow.

Il. MATERIALS AND METHODS

This study was a retrospective study using a quantitative
research approach carried out at the Radiotherapy
department at the Oncology Directorate of Komfo Anokye
Teaching Hospital (KATH), Kumasi, Ghana after seeking
ethical clearance from the Institutional Review Board (IRB)
of the hospital. The sampling was done using the simple
random method from the data provided by the hospital with
a sample size of thirty (30); twenty (20) head and neck and
ten (10) prostate cases. These images were from patients
who had completed their full treatment.

This study was a quality control (QC) measure to improve
radiotherapy patient setup in the radiation beam and to
achieve set up reproducibility. In our facility we currently
do not have a kilovoltage (kV) imager. We currently use MV
portal imaging with a 2D digitally reconstructed radiograph
for patient’s set-up. Since transitioning from our Co-60 to a
conventional linear accelerator (Clinac IX) we haven’t
performed any quality assurance measures to check the
performance of the patient setup process. For an institution
like ours it was very important to go through this
retrospective study to inform and improve our current
practice and workflow.

The centre treats majority of all cancers, with over 1,200
patients treated yearly. Using an independent MATLAB-
based user interface assisted expert manual point selection
algorithm (ASEMPA) corresponding landmark points were
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selected on the MV portal images and the DRRs for both
image sets (Anterior-Posterior view and Lateral view) for a
single case by medical physics experts and the image
registration between the corresponding image pairs are
calculated using in-house MATLAB based algorithm
combinatorial rigid registration optimization (CORRO)
landmark point algorithm. Given the image quality of the MV
images, corners and angles and pointed anatomy were the
regions of focus. The output translation was applied to the
MYV image to match the DRR. The output translation Tx, Ty,
Tz, were used to adjust the patient in three dimensions.

I1l. RESULTS AND DISCUSSION

The results were obtained after loading the image pairs to
run an analysis on each image pair by picking corner points
on the image pairs for Anterior-Posterior and Lateral views
simultaneously. This analysis was done to compare the
outcome with that which was done clinically. The tx and ty
values gotten after running the registration in the in-house
MATLAB algorithm were pixel values. The values were then
multiplied by the ratio of the MV and kV image spacing since
they did not have the same values. The ratio between MV and
kV Image Spacing was achieved by equation (1):

The ratio between MV and kV image spacing

_MVImage Spacing (1)

kVImage Spacing

The values were changed to centimetres (cm) because the
standard (clinical shifts) are in centimetres.

To convert the pixel values to shifts in centimetres using
equations (2) and (3):
tx (pixel)x Ratio

TX (cm) = o

@
©)

tx (pixel)x Ratio

Ty (cm) = o

Based on Fig. 2 in the information provided, the 2D plane
images for the anterior-posterior plane and the 2D lateral
plane were translated to provide us with the x, y and z values.
For the Anterior-Posterior view, as stated before, the x and z
values were gotten, and for the lateral view, x and y values
were gotten. The two x values were added and divided by 2
to find the average.
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The minimum root mean square distance between the
Image pairs (i.e. MVp and kVp, MV or and KV, ) was
found using CORRO computation using equation 5. The
results were compared to what was reported clinically by the
therapists.

Table 1: A table showing the shifts calculated from the
CORRO algorithm, shifts from the Eclipse Treatment
Planning System (TPS) and the Calculated Root Mean
Square Deviation for ten (10) Prostate cases and Head and
Neck cases respectively.

PROSTATE
Study I | Late,y, | LBy Vitges| Lt LnBogi| Vo | Root
| | | )| G| o) | Mdean
Square
MSE001 | 06 188 -0l 00 00 -0.6 15.616
ME002 | -06 158 -0.4 0.8 04 -1.3 15.527
ME002 5 71 24 16 -3.0 08 12672
ME004 1B -8 -3.3 01 16 1.7 T.084
ME00S | 08 4.6 12 11 02 -0z 5.009
ME006 | -1.0 -0.4 -0.e B 01 -0.e 0781
MS007 0.6 5 0.4 0.6 4.1 -17 18.038
MS008 -2 -8 49 00 0.3 -3.3 2.872
MS009 0.7 20 -0.3 00 04 02 2550
MS012 00 10 13 -1.3 -13 00 3778
HEAD AND NECK

Study ID | Lat,q, | Ingeos) Frtooes| Latoggd L8| Vrtge,, | Root
{em) cm)

(cm) (em) (cm) (em) Mean
Square
HAIS010 | 4.7 -E4 02 0.z 03 04 27849
HALS01L | 07 -7 10 0.z 04 -0z 34438
HMS01T | 0.6 0.4 14 00 00 0.0 15748
HAIS022 | -1.6 33 73 00 00 23 62008
HAIS023 | -0 -1.3 o8 00 00 00 1.7521
HAIS025 | 06 1B 112 04 02 -0z 11.5551
HMS04T | 02 03 53 00 0.6 -0l 54120
HAIS048 | -0.5 0.2 0.8 1.0 0.2 0l 1.6553
HMIS049 | <06 -8 12 00 04 o6 28810
HALIS050 | -1.1 o6 21 -1 -3.6 -l.8 50729

\/(LatCorro - LatClinic::ll)2 + (LngCorro - LngClinical)2+(VrtCorro - VrtClinir:al)2

(®)

Calculating the shifts

Sample results are shown in Table 1 for Prostate and head
and neck cases. The ratio between MV and kV Image
Spacing was calculated to be 0.401 mm.

Table 1 represents the differences between the CORRO
and Clinical Lateral, Longitudinal and Vertical shifts as well
as the root mean deviation. The table shows large variations
between the two registrations. This is as a result of a lack of
accuracy when it comes to patient setup reproducibility and
these were because of the poor patient positioning, as could
be seen in the offline review images. These were of much
concern because they indicated the lack of precision and
accuracy in the setup, and hence this led to the toxicity of
healthy tissues, which goes against the aim of radiotherapy.

8
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Figure 3: Graphical View of the Deviations Occurring in
the Setup for Prostate cases.
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Figure 3 is a graphical representation of the root mean
square deviation that was calculated to find the deviation
occurring between the two registrations. It was found that the
root mean square deviations occurring in the shifts between
that of the CORRO algorithm and that of the Clinical
standard for the Prostate cases was found to be in the range
of 0.46 cm — 18.62 cm. The range buttresses the lack of
patient setup accuracy in the facility. The cases whose bar are
below the red line in the graph are the cases that passed the
facility's accuracy protocol of at most 1cm deviation.

0
HMS010 HMS011 HMS017 HMS022 HMS023 HMS025 HMSO47 HMSQ48 HMS049 HMSO50
Head and Neck Cases

- -
o w0 =) =3

=~

Root Mean Squam Deviation {cm)

—

Figure 4: A Graphical View of the Deviations Occurring in
the Setup for Head and Neck cases.

Figure 4 represents the graphical view of the root mean
square deviation calculated for the CORRO and Clinical
shifts for each head and neck case. The root mean square
deviations occurring in the shifts between that of the CORRO
algorithm and that of the Clinical standard of the Head and
Neck was found to be between 1.57 cm — 11.56 cm. This
represents the systematic error for both cases. The deviations
occurring shows that there are large shift differences between
that gotten from CORRO, which is being used for the quality
assurance of the setup and that of which is done clinically.
This proves that there is a gap that needs to be filled when it
comes to the patient setup at the study location. The bars
below the red line in Figure 4 represent the cases that passed
the accuracy standard of at most l1cm deviation, of the
facility, all others failed.

IV. CONCLUSION

It is well documented that patient setup plays a very vital
role in delivering the prescribed dose to the target. Any
misalignment will be detrimental to the patient. For a
radiotherapy centre in the process of transitioning from Co-
60 to modern linear accelerators without kV imaging
capabilities as a guidance in the patient set up process, it is
important to go through periodic quality assurance of this
process to come up with mitigation strategies or update the
workflow based on the findings. From our study, the results
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showed large discrepancies from the expected results and as
such the large deviations observed between the set-up shifts
recorded versus the results obtained from our CORRO
algorithm in three dimensions. The poor accuracy in the setup
can be attributed to the patients getting their simulation CT
from outside the institution which does not necessarily match
the treatment coordinates. Also, it is recommended that the
radiation therapists perform the CT simulation and record the
treatment positions and any anatomical position the patient
might be in at the time of simulation so that this could be
reproducible at the time of treatment. However, given the
current workflow at our institution this aspect is missing and
puts a dent in the current workflow. As a result, the therapist
must rely on information given to them by the medical
physicists or the diagnostic radiographers the outside
institution who took the images. Hence their exclusion from
this crucial step makes it very difficult to reproduce the
patient’s set-up positioning and this might have contributed
to the large discrepancies. We recommend that clinics with
this current type of workflow must include radiation
therapists or train them to perform patient CT simulation
because such large deviations could be detrimental to the
patient.

VI. ABBREVIATIONS

2D: two dimensional; 3D: three dimensional; AP: anterior
— posterior; ASEMPA.: assisted expert manual point selection
application; cm: centimetre; CT: computed tomography;
CORRO: combinatorial rigid registration optimization;
DICOM: digital imaging and communications in medicine;
DRR: digitally reconstructed radiographs; EBRT: external
beam radiation therapy; EPI: electronic portal images; IGRT:
image-guided radiation therapy; IRB: institutional review
board; KATH: Komfo Anokye Teaching Hospital; kV:
kilovoltage; Lat: lateral; LINAC: linear accelerator; mm:
millimetre; MV: megavoltage; TPS: treatment planning
system; QA: quality assurance.
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Abstract— The quality control (QC) procedure of
computed tomography (CT) is an important task to be
regularly performed. It consists of daily, monthly, and annual
tasks. Each procedure can be time-consuming. Manual QC
can take many hours. Manual measurement of image quality
parameters can also lead to a bias due to the subjectivity of
examiners. IndoQCT answers these challenges by being
automatic, fast, objective, and accurate. Unlike some existing
software that can only be used on one type of phantom and
with limited parameters, IndoQCT can be used to evaluate
CT image quality using various phantoms and numerous
parameters. In this report, the basic workflow of IndoQCT to
automatically evaluate CT image quality on the American
College of Radiology (ACR) phantom was assessed. IndoQCT
provides a total of 9 main tabs, covering various image
quality parameters, namely: CT number (water), CT number
of multiple objects, noise, spatial resolution, low contrast,
slice thickness, laser alignment, distance accuracy, and
gantry tilt. As a tool for productive QC procedures in health
facilities, IndoQCT can increase the efficiency of QC.
Keywords— computed tomography,
automatic

QC, image quality,

IV. INTRODUCTION

Quality control (QC) procedures on X-ray machines,
especially computed tomography (CT) scanners, are
essential to maintain the performance of the machine over
time in order to achieve an accurate diagnosis and to
deliver best treatment for patients. Medical personnel carry
out routine QC procedures covering the mechanical
aspects, output dose, and image quality [1]. Scanner
performance is evaluated using a series of specific
procedures using dedicated phantoms.

Evaluation of CT image quality can be carried out
using manual methods. They mostly involve placing
regions of interest (ROI) on target objects to measure
certain parameters. The manual method is mainly for basic
parameters that do not require complicated mathematical
operations. Unfortunately, it can give rise to variability
between users, and it is time-consuming [2]. Several
automatic tools have been introduced to overcome this
problem, especially for measuring advanced Fourier-based
image quality parameters, such as the modulation transfer
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function (MTF) and the noise power spectrum (NPS) [2-
5].

With automated QC software, two main problems can
arise, namely transparency and comprehensiveness. Paid
software generally does not include complete and
transparent documentation, and the algorithm for the
automated procedures is proprietary. You are not
purchasing the software but only paying to use it. The user
is not able to configure/modify the measurement
parameters to fit the specific image conditions. Itis highly
preferable to be able to create an optimal user-customized
framework that can be configured in a user-friendly
manner according to the specific conditions. With regard
to comprehensiveness, although some open-source
software provides documentation transparency, the
software are limited and can only be applied to one
dedicated phantom type, such as the Catphan (The
Phantom Laboratory, Salem, USA) or ACR (Gammex Inc,
Middletown, WI, USA) [2,6]. Since there are many types
of QC phantoms on the market, especially built-in
phantoms, the limited coverage of this software will limit
easy access for many CT centers having different types of
phantoms. Therefore, availability of a software that can be
used on different types of phantom is important.

Based on these problems, we developed a software
platform called IndoQCT. IndoQCT attempts to address
these issues by integrating automated methods for CT
image quality evaluation for the many types of phantoms
available on the market. In this report, however, we will
only demonstrate the basic workflow for common image
quality parameters on the ACR 464 phantom.

V. METHODS

2.1 ACR 464 phantom

The ACR 464 phantom consists of 4 modules for
measurement of various image quality parameters. The
appearance of each module is shown in Figure 1. Table 1
shows the details of the modules and their roles in
measuring image quality parameters along with their
tolerance limits.



MEDICAL PHYSICS INTERNATIONAL Journal, Vol.11, No.2, 2023

Polyethylene

Wire ramp

L
P it
% S

>
/100 mm

Fig. 1 Images of ACR phantom module (a) #1, (b) #2, (c) #3, and (d) #4.

Table 1 Image quality parameters on each module of ACR phantom

Module  Parameter Tolerance limit
#1 CT number of multiple e Air (-970 to -1005 HU)
objects e Polyethylene (-107 to -84)
o Solid water (-7 to +7 HU)
e Acrylic (110 to 135 HU)
e Bone (850 to 970 HU)
CT number linearity -
Alignment A laser < minimum slice
thickness
Slice thickness A slice thickness < 0.5 mm
TTF* -
#2 Low contrast (visual) Minimum size < 6 mm
CNR** CNR > 1
#3 CT number (water) -7 HU < CT number <7 HU
CT number uniformity <5HU

Noise
Noise uniformity
NPS***
Distance accuracy
Gantry tilt
Point MTF****
Edge MTF
#4 Spatial resolution (visual)

Uniformity <2 HU

10% MTF > 0.5 mm™
10% MTF > 0.5 mm™
Line pair > 0.5 Ip/mm

*) TTF is task transfer function
**) CNR is contrast to noise ratio
***) NPS is noise power spectrum

**%%) MTF is modulation transfer function

2.2 IndoQCT main architecture

2.2.1 Backend structure

IndoQCT was built using Python 2.7.9 with the PyQt5
Graphical User Interface (GUI) platform. To read and
access Digital Imaging and Communications in Medicine
(DICOM) images, IndoQCT used the Pydicom library [7].
Through the interface, the user can execute the automatic

methods provided. The

main

matrix  operation

implemented is Numpy [8]. For the backend process,
IndoQCT employed image processing modules, such as
scikit-image [9], scipy [10], and Open-CV. For each
parameter measurement, IndoQCT processes different
functions, based conditionally on the type of phantom that

can be selected.
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2.2.2 Frontend structure

The IndoQCT GUI has a similar layout to many
DICOM viewer software. Figure 2 shows the layout of the
GUI components of IndoQCT. The main features for
image quality measurement were embedded into the main
tabs on the right side of the main viewer. The 9 tabs are
based on their parameter categories, from top to bottom,
namely CT number (water), CT number of multiple
objects, noise, spatial resolution, low contrast detectability,
slice thickness, alignment, distance accuracy, and gantry
tilt. The tabs were sorted based on the frequency of their
use in field scenarios. In each tab, it can be divided into
sub-tabs according to its specific parameters, such as the
CT number tab consisting of accuracy, uniformity,
homogeneity, histogram, profile, and patient sub-tabs.
However, in this report, we will only briefly elaborate on
the parameters that are commonly assessed in QC
procedures.

In each tab, the components were carefully organized
so that both input parameters and results can be understood
intuitively. Input parameters are useful for configuring the
measurement parameters according to the image
conditions to be evaluated. By default, the input
parameters are set to ideal values that work for most
images. The "Calculate™ button is provided to trigger the
automatic algorithm on each tab. After the automatic
algorithm is activated, the results are printed in the results
column on the right side. More in-depth details for each
automatic measurement will be discussed in the image
quality parameters section.

For each image quality measurement, the results are
compared to the standards provided (Table 1). The
evaluation according to the standard is automatically
accomplished in the standards section
(PASSED/FAILED). Several sets of configurations were
included according to guidelines from regulatory agencies,
such as Nuclear Energy Regulatory Agency of Indonesia
(BAPETEN) [11], International Atomic Energy Agency
(IAEA) [12], American College of Radiology (ACR),
American Association of Physicists in Medicine (AAPM),
and user baseline.
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Fig. 2 The graphical user interface of IndoQCT. It consists of a main viewer, main tabs, and standard sections. A total of 9 main tabs for the measurement
of different image quality parameters is provided: (1) CT number of water, (2) CT number of multiple objects, (3) Noise, (4) Spatial resolution, (5) Low
contrast detectability, (6) Slice thickness, (7) Laser alignment, (8) Distance accuracy, and (9) Gantry tilt

2.3 Image quality parameters
2.3.1 CT number of water

In the tab of CT number of water, sub-tabs of CT
number accuracy and CT number uniformity can be
chosen. IndoQCT segments the phantom and determines
its centroid coordinates. A circular ROl of 2 cm in diameter
is placed at the centroid. Figure 3a shows the ROI
positioning for CT number of water measurement on the
ACR phantom. CT number accuracy is measured by
averaging the pixel intensities in Hounsfield units (HU) of
the ROI. For measuring CT number uniformity, IndoQCT
places 5 ROIs, namely in the center of the phantom and at
the periphery (3, 6, 9, 12 o'clock). Figure 3b shows the
placement of each ROI in the CT number uniformity
measurement. The peripheral ROIs were 3 cm away from
the edge of the phantom. CT number uniformity is
measured as the largest difference between the peripheral
ROI and the central ROI, as defined by equation (1).

UCT = max (ROIp - ROIC) (1)

C)

Fig. 3 Automatic measurements of CT number of water on ACR
phantom. (a) CT number accuracy, and (b) CT number uniformity.

2.3.2 CT number of multiple objects

In the tab of the CT number of multiple objects, a
feature for automatically measuring the CT number of
objects with different densities was provided. The CT
number of multiple objects is automatically obtained by
detecting objects with varying CT numbers, as listed in the
phantom manual book. ROIls are automatically drawn on
the target objects to obtain the average CT number of each
material (Figure 4a). The measurement results for each
material are then displayed in the result column, along with
its density and reference. As an extension of this
measurement, the linearity of the CT number of multiple
objects can be calculated by determining the regression
coefficient between the CT number and the density of each
material (Figure 4b) [13-15].

R? = 0.99

-250

Pixel value (HU)
°

-500

-750

-1000

0.0 0.5 1.0 15
Density (gram/cm?)

Fig. 4 Measurement of CT number of multiple objects on ACR phantom.
(a) ROI placement on 5 different materials, (b) Determining the linearity.

2.3.3 Noise

In the tab of noise, noise accuracy is measured using a
process similar to CT number accuracy (Figure 3a), by

20
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placing the ROI in the center of the phantom. Noise is
measured by calculating the standard deviation of the
pixels within the ROI [16]. In addition to noise accuracy,
noise uniformity is also evaluated to ensure that noise
levels are uniform across regions. Noise uniformity is
measured using a process similar to CT number uniformity
(Figure 3b), by placing 5 ROIs at the center and at the
periphery (3, 6, 9, 12 o'clock). Noise uniformity is defined
as the maximum difference between maximum noise in
one ROI and minimum noise in the one of the remaining
ROIs, shown by equation (2).

U, = max(o) — min(o) @)

Noise texture characterized by NPS is also
available in a specific sub-tab. NPS measurement is
performed by drawing a number of square ROIs (i.e., 1, 3,
or 5) on a homogeneous region in the phantom (Figure 5a).
Then, the two-dimensional (2D) NPS is obtained using
equation (3).

d,d
NP =3y 1FUG0y) = P y)]I? @)
X2y
where u and v are the spatial frequencies in the X- and Y-
axes. dx and dy are the pixel sizes, and Nx and Ny are the
number of pixels in the X- and Y-axes in the ROIl. F
represents the Fourier transform, | represents the pixel
value, and P is the polynomial fit of I.

One-dimensional (1D) NPS (NPS(f)) is obtained by
radially averaging the two-dimensional (2D) NPS. The
peak and average frequencies are determined from the 1D
NPS [17,18]. Figure 5b shows an example of 1D NPS
obtained on an ACR phantom image. An option for a
polynomial fit of the 1D NPS with a maximum of 11-th
order is provided, as proposed by [19,20].

C)

(b)zo

—e— Original
— it

15

NPS (HUZmm?)
=
s

w

Frequency (mm~1)

Fig. 5 Automatic measurements of NPS on ACR phantom. (a) ROI
placement on homogeneous area, and (b) Example of 1D NPS with 11t
order polynomial fit.

2.3.4 Spatial resolution

In the tab of the spatial resolution, several sub-tabs for
various methods of measuring spatial resolution are
provided. Spatial resolution can be determined using visual
observation. The phantom images used generally display

000 025 050 075 100 125
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line pairs. Figure 1d shows an image of the line pairs
displayed at a window width of 100 and window level of
1100, as recommended by ACR. To minimize user
variability in visual observation, IndoQCT provides an
automated method. The ACR phantom image is processed
to obtain a standard deviation (SD) map. The objects for a
specific SD criteria are identified above the threshold to
determine the resolvable objects (Figure 6a).

In addition to using line pairs, spatial resolution can
also be measured through the modulation transfer function
(MTF). In IndoQCT, Point MTF is one of the options to
characterize spatial resolution [21-23]. In the ACR
phantom module #3, there are 2 point objects that can be
used for Point MTF measurement. One of the point objects
is detected using simple segmentation to obtain its
coordinates. A ROl is drawn at the coordinates of the point
object (Figure 6b). The resulting array is summed
according to the selected option (e.g. X-axis or Y-axis,
depending on the desired resolution dimension), to
generate a point spread function (PSF). The PSF is
automatically zeroed and normalized (Figure 6c). A
Fourier transform is performed on the PSF to generate an
MTF curve (Figure 6d). The 10% and 50% MTFs are
displayed in IndoQCT.

In many cases, Point MTF produces fluctuating curves
due to high noise. Edge MTF provides a reliable alternative
option [24,25]. In the ACR phantom, Edge MTF is
obtained by collecting the phantom edge response (edge
spread function, ESF), which is differentiated to generate
a line spread function (LSF). The LSF is then Fourier
transformed to generate the MTF curve. Figure 6e shows
the ROI placement for edge MTF measurement. Since the
edge response was obtained from the phantom edge, the
potential for fluctuation is always present. To anticipate
disturbances, several options to correct the ESF, such as
tail replacement, homogenization, mirroring, and single
logistic fit are provided. Users can select these options
according to their needs.

TTF is an image quality parameter characterizing
spatial resolution as a function of contrast and local noise.
TTF plays an important role in describing the spatial
resolution of CT systems in non-linear and shift-variant
iterative reconstruction. TTF is analogous to MTF.
However, when reporting TTF, contrast and local noise are
also reported [26]. To measure TTF, circular disk-shaped
inserts made of various materials are required. In the ACR
phantom, 4 circular objects are available, namely bone, air,
acrylic, and polyethylene. These four objects are
automatically detected to identify their coordinates. A
circular ROI is placed on each object coordinate and the
object edge responses obtained radially. The ESF is
calculated as the average of the edge response samples.
The rest of the process is similar to those for edge MTF.
Figure 7 shows an example of TTF measurement in
IndoQCT.
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Fig. 6 Automatic measurements of spatial resolution on ACR phantom. (a) SD map with line pair annotated, (b) ROI placement on point object, (c)
Example of zeroed and normalized PSF, (d) MTF curve derived from (c), (¢) ROI placement on phantom’s edge, (f) Example of ESF obtained, (g) LSF

derived from (f), and (h) MTF curve derived from (g).
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Fig. 7 Automatic measurements of TTF on ACR phantom. (a) ROI
placement on 4 circular objects, (b) Example of TTF curves from various
materials.

2.3.5 Low contrast detectability

In the tab of the low contrast, visual low contrast
detectability —and contrast-to-noise  ratio (CNR)
assessments are provided. Low contrast detectability can
be visually observed by a human observer. In the ACR
phantom, a low contrast module consisting of a series of
cylinders with various diameters is provided. An
automated low contrast detectability assessment workflow
is available in IndoQCT. After opening a suitable image,
the user can set the window width and window level to 100
and 100, as recommended by ACR, using a button
provided. By doing so, the appearance of low contrast
objects will become clearer for identification. Using an
automated method, IndoQCT identifies the coordinates of
each target object through a reference object (a 25 mm
diameter cylinder) to place a ROl on each target, in
addition to placing a ROI in the center of the phantom for
the background. The CNR of each object against the
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background at the center of the phantom is calculated using
equation (4). Using the set CNR threshold, the CNR of the
object series that is not less than the threshold is considered
resolvable against the background. The smallest object
series that is still resolvable indicates low contrast
detectability of the image [27]. Figure 8a shows the
detection result of the low contrast object series on the
ACR phantom.

In addition to visual observation, CNR is also widely
considered to describe the ability of a CT system to
emphasize low contrast lesions. IndoQCT provides an
automated tool for CNR measurement on a phantom. In
CNR measurement, two ROIs are drawn on the object (25
mm diameter cylinder) and background (Figure 8b).,
Segmentation of the phantom and the low contrast object
is performed to obtain the center coordinates of both. CNR
is then calculated using equation (4).

IIobject - Ibackground |
o

CNR = 4)

C) (b)

Fig. 8 Automatic measurements of low contrast detectability on ACR
phantom. (a) Visual observation of series of objects (blue circles indicate
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resolvable objects, and red circles indicate non-resolvable objects), (b)
CNR measurements.

2.3.6 Slice thickness

On the tab of the slice thickness, slice thickness can be
automatically measured. In the ACR phantom, a pair of
wire ramps with a spacing of 0.5 mm each is provided.
Slice thickness measurement is performed by enumerating
the number of wires visible on the axial image. To
minimize the subjectivity of manual observation,
IndoQCT provides an automated method [28]. Two profile
lines are drawn on the left and right sides so that they
crossed both ramps. The pixel profiles from both sides are
then normalized. The number of peaks is calculated as a
representation of the number of enumerated objects. Slice
thickness in mm is measured by multiplying the object
count by the distance between them (0.5 mm). Figure 9
displays the ROI placement of the automatic slice
thickness measurement on the ACR phantom.

(b):o

Normalized pixel value

0 100 200 300 400
Pixel number

Fig. 9 Automatic slice thickness on ACR phantom. (a) Two profile lines
placed on wire ramps, (b) Example of object counting from their
normalized pixel profile. Red line indicates the threshold value and it can
be set by user.

2.3.7 Laser alignment

Laser alignment is the mechanical aspect test of CT.
Laser alignment as a tool helping to locate the phantom on
the iso-center. The accuracy of the phantom placement at
the iso-center directly influences the image quality and the
dose distribution within it. In the ACR phantom, several
markers (at 3, 6, 9, 12 o'clock) to evaluate alignment are
provided. These marker objects exist in modules #1 and
#4, shown in Figure 1la and 1d. Through laser alignment
measurement, the accuracy of phantom positioning in the
X, Y, and rotational axis directions in degrees can be
determined. IndoQCT segments the alignment marker
objects and measures their precision against the image's
central axis [29]. Figure 10 shows the automatic detection
of the alignment measurement.

2.3.8 Distance accuracy

ACR phantom provides a module for distance accuracy
measurement, in the form of two point objects at a distance
of 100 mm in module #3 (Figure 1c). This parameter
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evaluates the accuracy of CT reconstruction, especially in
terms of geometry in XY coordinates. IndoQCT provides
a feature for automatic measurement of distance accuracy
in the distance tab. An example of the detection results of
the two point objects measuring distance accuracy on the
ACR phantom is shown in Figure 11.

Fig. 10 Automatic phantom alignment measurements on ACR phantom
module #1. The red lines indicate the lines through the center of the
image, and the blue lines connect four markers.

Fig. 11 Automatic measurements of distance accuracy on the ACR
phantom.

2.3.9 Gantry tilt

Gantry tilt measurements can be easily and
automatically done on the axial image using IndoQCT. By
segmenting the phantom object, the lateral (LAT) and
anterior-posterior (AP) diameters can be obtained. The tilt
angle (0) is calculated using equation (5) [30]. The
measurement results are compared with the gantry tilt
information that can be accessed from the DICOM tags,
using the (0018,1120) Gantry/Detector Tilt tag. Figure 12
shows the detection of LAT and AP diameters on the ACR
phantom.

LAT)

9 = cosms (4T
COS AP

®)
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Fig. 12 Automatic gantry tilt measurement on ACR phantom.

2.4 Initial assessment

As an initial study, various parameters of image quality
of ACR phantom scanned from 3 scanners were measured.
The acquisition parameters for the 3 scanners are shown in
Table 2. Measurement of image quality parameters was
performed using the default configuration of IndoQCT.

Table 2 Acquisition parameters of ACR phantom image from 3
different scanners

Parameter Scanner #1 Scanner #2 Scanner #3
GE GE GE
Scanner type Discovery Revolution Revolution
LS ACTs EVO
Scan mode Axial Axial Axial
Tube current (mA) 250 200 120
Tube voltage (kV) 120 120 120
Slice thickness (mm) 5 10 5
Field of view (mm) 240 250 233
Filter type Body Head Head

VI. RESULTS

Table 3 shows a summary of the results of the ACR
phantom image quality assessment from the 3 scanners
automatically using IndoQCT. In some measurements, the
results were evaluated automatically using the standards
set by ACR. Of the various measurement parameters, laser
alignment showed results that did not meet the standard,
especially in scanner #1, where the delta x and y exceeded
the 2 mm tolerance limit. This indicates an off-center
phantom position up and to the right. In the measurement
of CT number of multiple objects, IndoQCT can detect the
target objects correctly and obtain the desired
measurement results. The CT numbers for the bone insert
were above the upper recommended range for scanners #2
and #3. The NPS measurement describes the noise
distribution at different frequencies, indicating a difference
in texture between the 3 scanners despite them having
similar noise levels. In the spatial resolution measurement
using several methods, the measurement results showed
close agreement between line pair assessment, point, and
edge MTF.

VII. Discussion

As a tool in carrying out QC procedures in productive
healthcare facilities, IndoQCT is reliable and provides a
simple workflow to run. This is demonstrated from the
measurements in the Results section, where all parameters
in every dataset were comprehensively evaluated in only
about 5 minutes.

Table 3 Summary of image quality assessment for ACR phantom image from 3 different scanners

Main parameter Sub parameter

Scanner #1  Scanner #2 Scanner #3  Standard

CT number of water Accuracy (HU) -1.0 -2.2 -2.0 =710 +7
Uniformity (HU) 3.3 0.8 1.6 <5
CT number of multiple Accuracy (HU)
object o Air e -998.8 e -978.0 e -9935 e -970 to -1005
o Polyethylene e 918 e -995 o -97.2 e -107t0-84
o Solid water e -10 o -17 o -13 o -7to+7
e Acrylic e 1209 e 1183 e 11938 e 110to 135
e Bone e 916.7 e 10524 e 980.0 e 850t0 970
Linearity (R?) 0.9984 0.9906 0.9958 -
Noise image Noise level (HU) 53 247 3.16 -
Uniformity (HU) 1.0 0.4 0.3 -
NPS: Peak frequency (mm™) 0.29 0.06 0.23 -
NPS: Average frequency (mm™) 0.33 0.26 0.29 -
Spatial resolution Automatic assessment on line pair object (mm™)  0.70 0.60 0.70 0.50
Point MTF: 10% MTF (mm) 0.68 0.63 0.70 0.50
Edge MTF: 10% MTF (mm™) 0.62 0.58 0.78 0.50
10% TTF (mm?)
o Air e 0.69 e 0.60 e 0.76 -
o Polyethylene e 0.67 e 0.62 e 0.73 -
e Acrylic e 0.73 e 0.60 e 0.74 -
e Bone e 0.69 e 0.57 e 0.90 -
Low contrast detectability Automatic assessment with various size (mm) 4 3 5 <6
CNR 13 2.6 1.7 >1
Slice thickness Slice thickness (mm) / Difference (mm) 52/0.2 9.8/0.2 48/0.2 Difference < 1.5



MEDICAL PHYSICS INTERNATIONAL Journal, Vol.11, No.2, 2023

Laser alignment e X-axis (mm)
e y-axis (mm)
Distance accuracy

Gantry tilt Gantry tilt (°)

Distance accuracy (mm) / Difference (mm)

e 49 e -05 e 18 e <2

e 84 ¢ 08 e 04 e <2
100.1/0.1 100.1/0.1 100.1/0.1 Difference < 1
0.0 0.0 0.0 -

*Bold shows FAILED values.

VIII. Discussion

As a tool in carrying out QC procedures in productive
healthcare facilities, IndoQCT is reliable and provides a
simple workflow to run. This is demonstrated from the
measurements in the Results section, where all parameters in
every dataset were comprehensively evaluated in only about
5 minutes.

This study only showed the measurement of various
parameters on the ACR phantom using IndoQCT. IndoQCT
itself can measure various parameters from many other
phantoms, such as Catphan, AAPM CT performance, GE,
Siemens, Toshiba, Philips, Hitachi, and Neusoft. With the
many phantom options in IndoQCT, it helps healthcare
facilities having different phantoms. The automated method
in IndoQCT improved efficiency for the evaluation of a set
of image quality parameters. Moreover, automatic detection
reduces manual user interventions and leads to more
objective results. IndoQCT can also save the image quality
evaluation in the database. This is very useful for observing
shifts in quality trends over time, leading to its potential for
research and monitoring.

Using IndoQCT, medical personnel can develop a report
in a pdf file from the results of QC tests conducted
periodically. This feature helps medical personnel to report
QC results to related parties and to physically archive data. It
is noted that the image quality parameters discussed in this
report were also limited to the most commonly evaluated
parameters. This report did not include advanced parameters
such as CT number homogeneity, noise homogeneity, z-
MTF, and so on.

One of the challenges for automation software such as
IndoQCT s its robustness to various image conditions.
Object detection algorithms that use thresholding techniques
or other image processing operations may suffer when
applied to images with extreme conditions, i.e. high noise or
prominent artefacts. Suboptimal object detection may result
in mis-positioning of the ROI, leading to measurement
inaccuracies. Therefore, in addition to the automatic method,
the option of a manual method is also provided. The
workflow of the manual method depends on the type of
phantom and the image quality parameters to be measured.
For example, in Figure 2, in the parameter input section, a
measurement method option was provided for each
parameter. When the manual option is activated, the user can
manually place the ROI on the desired object, and proceed to
the calculation as usual. Another example is the slice
thickness measurement on the ACR phantom, where the
manual method only requires the user to enumerate the wire
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objects and select the number in the user interface (Ul)
provided. IndoQCT s still at the development stage.
Improvements are needed to assess new types of phantoms,
as well as new methods for CT image evaluation.

IX. CONCLUSIONS

IndoQCT was used to automatically evaluate the image
quality of the ACR phantom. The image quality parameters
were CT number (water), CT number of multiple objects,
noise, spatial resolution, low contrast, slice thickness, laser
alignment, and distance accuracy. Due to its simple workflow
displayed on an intuitive GUI, IndoQCT has the potential to
increase the work efficiency of medical personnel for QC
procedure.
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1. REVIEW

Many of us equate the origins of medical physics with
the discovery of x rays by Wilhelm Conrad Roentgen in
1895. Indeed, we might think of Roentgen as the first
medical physicist, as Juan del Regato clearly did in his
book Radiological Physicists. [1] Roentgen is the subject
of the first chapter, with Marie Curie, Max Planck and
Ernest Rutherford following in the second through fourth
chapters, respectively.

338

But in fact, the first person whose job title was
“medical physicist” was none of these admittedly
legendary pioneers, but a French physician called Jean-
Noel Hallé (1754-1822). He was appointed the first
Professor of Medical Physics and Hygiene at the Paris
Ecole de Santé (School of Health) in 1794, more than 100
years before Roentgen’s report of his discovery. The term
“medical physics” itself had been coined long before that,
in 1719, and appeared in print as the title of a journal: Les
Mémoires de Médicine et de Physique Médicale, in 1779.
The journal published accounts of general physics in
medicine, including reports of the use of electricity and
magnetism. The founder of the journal, Félix Vicq d’Azyr,
was instrumental in reforming French medical education,
including the teaching of general physics and medical
physics as one of the important basic sciences. The reform,
and Hallé’s appointment, led to the recruitment of
physicists to teach in medical schools, and the publication
in the early 1800s of textbooks containing “medical
physics” in the titles. Hallé developed a curriculum that
included general physics with applications in medicine,
including temperature, light, electricity, and magnetism.

| learned this fascinating history of our profession
from one of the first chapters in this new book by Professor
Jacob van Dyke of Western University in London, Ontario,
Canada. The chapter was written by Professor David
Thwaites and is spellbinding in its description of the
applications of physics in medicine, going back to the
earliest recorded history of medicine itself. This chapter is
representative of the remainder of the book. Each chapter
is written by a medical physicist of note who, in one way
or another, answers the question we’ve all been asked:
“what is a medical physicist?”

Professor van Dyk tells us that the contributors to the
book are all award-winning medical physicists whose
recollections will give the reader an unusual insight into
the field. As such, the book, while educational and
entertaining for practicing medical physicists, also will be
of value to people who have a passing acquaintance with
the field, such as the friends and relatives of medical
physicists. It also will be enlightening for members of the
public, particularly those who anticipate undergoing a
medical procedure such as diagnostic imaging or radiation
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therapy, or perhaps have recently done so. By reading
about the work of the medical physicist, as told by those
physicists themselves, they will gain an appreciation and a
personalization of the field, rendering it far less opaque
than it probably seems to many of them.

Some of the contributors used this opportunity to
describe their own entry into the field. For example, |
learned that while in high school, Marcel van Herk built a
working computer based on a recycled Intel 8080 chip and
programmed it to solve chess problems. He would have
entered a computer science program in college, had it been
available in Amsterdam, but instead studied physics
because, as he explains “physics is such a wide field ... it
teaches problem solving more than specific topics”. At an
early point in graduate school, van Herk investigated
research options and chose to work with a medical
physicist at the Netherlands Cancer Institute who was
building an electronic x-ray imager. The project allowed
van Herk to combine his interests in physics and computer
science and clearly led to the work in imaging and
treatment planning for which he is known. By the way, van
Herk’s high-school computer is still functional, having
been upgraded numerous times with parts acquired from
flea markets and cast-offs from various sources.

Other contributors take a different approach, such as
Arthur Boyer, who described a typical day in life, his life,
as a medical physicist. He relates a representative day early
in his career, driving to work in San Antonio, reviewing
the class he would be teaching to the radiology residents
later that day. After arriving at work, he finalized some
shielding calculations he had prepared for a proposed
addition to the cancer center, requiring occupied space to
be constructed over the linac vaults. He attended his
regular weekly meeting with the medical director of the
cancer center, who was Boyer’s boss, to discuss minor
staffing issues and also a new project; the replacement of
one of the institute’s cobalt units with a linear accelerator.
This presented another shielding problem. He also spent
part of that day with a colleague, refining their
development of the superposition convolution algorithm in
dose calculations. Boyer credits his introduction to, and
consequent familiarity with this algorithm to his education
in fast Fourier transforms while a graduate student at Rice
University in Houston.

Cari Borras recalls a day in her professional life that
was anything but typical and describes it as “the scariest
day of my life.” She explains how, in 1989, early in her
career with the Pan American Health Organization, she
was assigned to travel to El Salvador as part of a PAHO
mission to investigate a radiation accident at an industrial
irradiator. The fact that the unfamiliar device was not a
medical irradiator was just the beginning of a series of
rather terrifying events; amplified by the uncertainty
arising from a decrepit and unsafe facility, and the lack of
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security associated to a visit to a country in the 10" year of
a bloody civil war. Her investigation of the accident
involved interviewing several of the operators who had
received high doses and had been evacuated to a hospital
in Mexico. She describes driving through San Salvador in
a taxi whose driver had to change directions frequently to
avoid the sounds of gunfire. She arrived at the airport early
in the morning, as advised by the airline, only to find the
doors locked and to hear the sounds of approaching troops.
Scary indeed!

It might be interesting to determine how many medical
physicists have performed some sort of public service, as
medical physics, like all of medicine, is a “giving”
profession. Stephen Thomas is certainly an example,
having served in the Peace Corps while taking a sabbatical
from graduate school. Dr. Thomas writes that he spent two
years in Ghana, Africa, teaching physics in one of the
secondary schools in the capital, Accra. A section of
Thomas’s chapter is devoted to his volunteer experiences,
which were mostly very positive, and his time immersed in
a country embroiled in unrest leading to a military coup,
from which he emerged unscathed but educated to life in a
country far from his home.

In his own chapter, van Dyk describes a laundry cart
that played a critical role in the construction of the first
cobalt unit to deliver patient treatments, and another
laundry cart that was employed to measure tissue-air ratios
in large field sizes from one of the subsequent clinical
cobalt units. These measurements were needed for
calculations of dose to patients receiving hemi-body or
total-body therapy. Once completed, the measurements
were used to extend the TAR data in tables published in
supplements of the British Journal of Radiology. The BJR
supplements were relied upon widely by medical
physicists for treatment planning calculations as, at the
time, scanning water phantoms were expensive and
uncommon. While all of this seems improbable, | leave it
to the reader to learn just how a lowly piece of hospital
hardware could have figured so significantly in the early
days of megavoltage radiation therapy.

The book is loosely organized by topic, with chapters
covering similar aspects appearing in appropriately-named
sections, although there is naturally some overlap and
random assortment of discussions. For example, the
chapters by both Thwaites and van Dyk appear in a section
called “Medical Physics: More than History”. The chapter
by Boyer is grouped with several others in a section called
“Medical Physics: More than Clinical Service, while those
by Thomas and van Herk are grouped under ‘“Medical
Physics: More than Research” and Boras’s chapter is one
of several in “Medical Physics: More than Protection of the
Public”.
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The remaining sections are called “More than
Teaching” and “More than Commercial Developments”.
The authors not mentioned above include Peter R.
Almond, Gary T. Barnes, James A. Purdy, John W. Wong,
Paul L. Carson, C. Clifton Ling, Terry M. Peters, Carlos E.
de Almeida, Arun Chougule, Jerry J Basttista, Thomas
Kron, Martin Yaffe, Aaron Fenster, Maryellen L. Geiger,
Thomas “Rock” Mackie, and Radhe Mohan.

The book can be read cover-to-cover, but of course one can
jump from one author to another, as each chapter stands on
its own. Each contributor describes both the scientific
aspects of note that defined his or her career, the principles
that guided their work, and the seemingly random and
often surprising events that led to their entry into the field.
This glimpse into the personal lives of some of our senior
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colleagues is fascinating, and learning how they navigated
the events, sometimes challenges, of their early careers
offers a window into their personalities that most of us
might never experience otherwise. This book is highly
entertaining and recommended reading for those interested
in learning a little about medical physics and what medical
physicists do, as well as for those who have spent their
careers in the field.

I11. REFERENCE

Radiological Physicists, by Juan A. del Regato, MD. American
Institute of Physics, New York, NY. 1985.
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