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EDITORIALS

In this issue of the Journal Medical Physics
International (MPI, May 2020) we continue with the
focus on the IOMP Regional Organisations (RO). The
focus now is on SEAFOMP (South East Asian Federation
of Organizations for Medical Physics), which celebrates
this year its 20" Anniversary. This issue follows the
previous two issues ommiss on the African Region
(Dec 2019) and the South and Central America and the
Caribbean Region (May 2019). The current issue includes
papers tracing the development of our profession in
Vietnam, Thailand, Malaysia, Indonesia, Philipinnes,
Myanmar and Lao DR. Additionally we have included
abstracts of PhD theses of students from these RO, as
well as information about activities ommiss to DRL in
the resion. SEAFOMP is very active and in the past years
has had very good professional growth. We are grateful to
Prof. Kwan Ng and Prof. Anchali Krisanachinda from
SEAFOMP — our Contributing Co-Editors of the MPI
May 2020 — who solicited papers from the Region.

This MPI issue also includes information about the
International Union for Physical and Engineering
Sciences in Medicine (IUPESM), related to its 40™
anniversary this year. The paper traces the activities of
IUPESM in achieving the recognition of medical physics
at high level — at the International Science Council (ISC)
and the International Labour Organisation (ILO).

As this Edition is published and being read we are all
living in very challenging times with the COVID-19 virus
in our communities around the world. In addition to the
catastrophic effect on health and life there is the major
impact on our professional medical physics activities with
the restrictions on close personal contact for work in the
hospitals and clinics and especially our educational
programs when classes cannot physically get together.
For many with restricted activities and social isolation
there is a need for something to give attention to, other
than the virus!

The Special History Series of this journal at
http://www.mpijournal.org/history.aspx  provides that
opportunity.

Our medical physics profession and associated technical
developments and clinical applications have a very rich
history and heritage. Our knowledge of that provides an
understanding of the foundation and evolution of medical

The section about Educational projects includes some
ideas for more effective teaching, as well as a paper
tracing the progress of the IMPCB (the International
Medical Physics Certification Board) after 10 years
activities in collaboration with IOMP.

We also included information about current
developments in industry (from the IOMP long standing
Corporate member — Varian). The issue also includes
reviews of three new textbooks.

In an ANNEX we provide a booklet with MSc theses
abstracts from the students of the recently IOMP re-
accredited International Programme Master of Advanced
Studies in Medical Physics in Trieste (a collaboration
between the ICTP and the University of Trieste).

We believe that many colleagues will find interesting
information in the new issue of the MPI Journal. We are
happy to inform our readers that the previous MPI Special
Issue (March 2020), related to the Project History of
Medical Physcs, had 8967 downloads for just 5 weeks.
The consistently high number of MPI readers underlines
the importance of the aim of our free MPI Journal -
supporting of the global development of our profession.

Slavik Tabakov MPI Co-Editor-in-Chief

physics as we know and practice it today. History is not a
subject that can be read quickly like the daily newspaper.
It has its value when interacted with and explored and
perhaps related to our own personal experiences.

Here is our opportunity for now. Go to the website and
select an article and begin your exploration. Then
consider passing it along to others. For medical physics
educators needing more online materials for students
consider a short course on the History of Medical
Physics. Each of the articles in the History Series can be
assigned for reading and study followed by some online
discussion.

When the virus is no longer restricting our activities we
will all have a much better understanding and
appreciation for our rich medical physics history and
heritage.

Perry Sprawls MPI Co-Editor-in-Chief


http://www/
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INTERNATIONAL UNION FOR PHYSICAL AND ENGINEERING SCIENCES

IN MEDICINE (IUPESM) 40™ ANNIVERSARY

S Tabakov?
1 King’s College London, UK; 2 International Union for Physical and Engineering Sciences in Medicine (IUPESM)

Abstract—- The International Union for Physical and
Engineering Sciences in Medicine (IUPESM) celebrates this
year its 40" anniversary. The paper presents a short history
of the IUPESM (the Union formed of IOMP and IFMBE)
and its very important activities for the global recognition of
our professions. The paper underlines the role of IUPESM
in representing our professions at the highest level of
scientific  and professional organizations. The paper also
lists the main activities of IUPESM.

The International Union for Physical and Engineering
Sciences in Medicine (IUPESM) started its activities in
January 1980 as a Union of the International Organization
for Medical Physics (IOMP) with the International
Federation for Medical and Biological Engineering
(IFMBE) [1].

The necessity of forming a Union to represent both
sister professions was recognised during the 1970s. At
that time IOMP was an Associated Commission of the
International Union for Pure and Applied Biophysics
(IUPAB) while IFMBE was a member of the Council of
International  Organizations for Medical Science.
However both organisations believed that their scientific
affiliation would be stronger if both joined forces and as a
Union and become directly a member to the International
Council of Scientific Unions (ICSU). This would be
recognition of medical physics and biomedical
engineering as specific branches of science and would
allow further IUPESM activities for the recognition of the
two professional occupations by the International Labour
Organisation. The idea was a very long term strategy at
that time, but was the most important decision taken by
both organisations.

In 1975 a committee between IOMP and IFMBE was
formed with IOMP represented by Prof. R. L. Clarke, and
IFMBE represented by Dr. J A Hopps. They prepared a
paper to be discussed by both organizations at the joint
meeting in 1976. Both colleagues proposed the name of
the Union “The International Union for Physics and
Engineering in Medicine”. That was agreed to at a joint
IOMP/IFMBE meeting at Ottawa during the 4" ICMP
which was organised specifically to follow the IFMBE
Conference in the same venue in Ottawa) [2].

In 1979 both organisations, IOMP and IFMBE, held
their International Conferences together in Jerusalem —
the International Conference on Medical Physics (ICMP)
and the International Conference on Medical and
Biological Engineering (ICMBE). This joint activity was
recognised as the 1%t World Congress on Medical Physics
and Biomedical Engineering. At this event in Jerusalem
the Councils of both Organisations discussed and agreed
to the draft Statutes of the IUPESM.

In January 1980 IUPESM was established as an
Organisation uniting medical physicists and biomedical
engineers. Its Founding President was chosen to be the
then IOMP President — Prof. John Mallard. At that time
the joint workforce of IUPESM (IOMP+IFMBE) was
20,000 members in 54 countries.

The IUPESM officers initiated immediately the
activities for linking our professions with the largest and
most powerful International Scientific Organisation —
ICSU (International Council of Scientific Unions).

ICSU is one of the oldest scientific non-governmental
organisations in the world. It was formed in 1931 and by
2017 it had 122 multi-disciplinary National Scientific
Members, Associates and Observers representing 142
countries and 31 international, disciplinary Scientific
Unions and 22 Scientific Associates. Becoming a member
of ICSU was an immediate recognition of the two
scientific fields medical physics and biomedical
engineering.

The memoirs of Prof. Mallard [3], who has guided all
initial discussions with ICSU, present a brief picture of
this wvery important and long process. IUPESM
application to ICSU was supported by the National
Academies of the countries, founders of IOMP — USA,
Canada, Sweden and UK. The application was also
supported by several Scientific Unions member of ICSU
— the International Union of Pure and Applied Physics,
the International Union of Pure and Applied Chemistry
and the International Union of Biochemistry and
Molecular Biology. A large IUPESM application was
submitted to ICSU. However ICSU insisted to have an
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assessment period, hence an application should be made
for Associate Membership. Another application was
prepared in 1982 and, based on it, in 1983 IUPESM was
accepted as an ICSU Associate Member.

In 1997 a meeting between ICSU and IUPESM gave a
green light for a new application for Full Membership.
This time the process was driven by Prof. Keith Boddy -
President of IUPESM (and Past-President of I0OMP).
Another substantial application was prepared in 1999.
Based on it ICSU accepted unanimously IUPESM as its
full member in September 1999. IUPESM was the 27"
Scientific Union member of ICSU. This major success
was a true recognition for our scientific fields. Since that
time, now over 20 years, IUPESM has sustained this
achievement and takes part in all ICSU meetings. In 2008
ICSU elected one of the IUPESM representatives ,Prof.
Dov Jaron, as member of its Executive Committee. In
2018 ICSU merged with the International Social Science
Council (ISSC). Both formed the International Science
Council (ISC). IUPESM became a full member of ISC.

After the recognition of the two scientific fields
IUPESM increased its activities in another very important
direction — the recognition of both professional
occupations (of medical physicists and biomedical
engineers) by the International Labour Organization
(ILO) in Geneva. It was through ILO, that the
professional occupations could be included in the
International Standard Classification of Occupations
(ISCO). This was of great importance in many countries,
as ISCO, an extensive document of over 400 pages
assigns specific code numbers to each recognised
professional occupation. The lack of such specific codes
for medical physicists or biomedical engineers resulted in
some cases in undesirable employment of our colleagues
under different recognised professional occupations
(often with lower qualifications and remuneration).

Many IUPESM officers took part in the discussions
with ILO, among them — Prof. Colin Orton, Prof. Azam
Niroomand-Rad, Prof. Joahim Nagel, Prof. Fridtjof
Nuesslin, Prof. Peter Smith.

The initial suggestion was to include our professions in
the listing of Health professionals.  However this
appeared to be a long path. Finally, after many
discussions, ILO decided to align the two professions
with science and engineering and a note was added to
clarify their position in relation to other health
professions. Thus both professional occupations were
included in ISCO-08, which came in force in 2012 —
medical physicists are listed under Unit Group 2111, and
biomedical engineers under Unit Group 2149. This was
another huge achievement of IUPESM [4].

To celebrate this achievement IOMP established in
2013 the International Day of Medical Physics (IDMP) —

10

7t November (the birthday of Maria Sklodowska Curie).
Now it is celebrated globally.

These recognitions could only be achieved by a joint
Union of the two professions, which together can
overcome the relatively small number of specialists in
each one.

The current IUPESM activities are administered by a
number of committees, including: Congress Coordinating
Com; Awards Com; Education and Training Com, I1SC
Liaison Com; Union Journal Com; Public and
International Relations Ad-hoc Com; Rules Com;
IUPESM Data Com; Women in Medical Physics and
Biomedical Engineering Task Group. In 2011 the
Education and Training Committee published a book
about academic programs in various countries (Ed. S
Tabakov, P Sprawls, A Krisanachinda, C Lewis) [5].

In 2012 IUPESM set up a Health Technology Task
Group (HTTG) intended to assist countries in defining
their health technology needs, and identifying and
rectifying health system constraints for adequate
management and utilization of health technology,
particularly through training, capacity building and the
development and application of appropriate technology.
In 2017 the HTTG published the book Defining the
Medical Imaging Requirements for a Rural Health Center
(Ed. C Borras) [6]

The main IUPESM publication is the Journal ‘Health
and Technology’ (Springer), which has a number of
regular and special issues bridging subjects of interest of
both medical physicists and engineers [7]. In 2018
IUPESM set up a new activity (headed by M Stoeva and
P Lin) for organizing joint Workshops between medical
physicists and biomedical engineers.

A main task of IUPESM is to lead and coordinate the
triennial “World Congress on Medical Physics and
Biomedical Engineering”. The Union has organized all
World Congresses since 1979 (Jerusalem) and is currently
preparing for the World Congress 2021 in Singapore [8].

The IUPESM General Assembly is the highest
authority of the Union and determines its general policy.
It consists of representatives of the Constituent
Organizations The Administrative Council conducts the
business of the IUPESM between sessions of the General
Assembly  The current members of IUPESM
Administrative Council are: Prof James Goh (President,
Singapore), Prof Slavik Tabakov (Vice-President, UK),
Prof Kin Yin Cheung (Past-President, Hong Kong), Prof
Leandro Pecchia (Secretary General, UK), Prof
Magdalena Stoeva (Treasurer, Bulgaria), Prof Madan
Rehani (President IOMP, USA), Prof Shankar Krishnan
(President IFMBE, USA), Prof John Damilakis (Vice-
President IOMP, Greece), Prof Ratko Magjarevic (Vice-
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President IFMBE, Croatia), Prof Eva Bezak (Secretary
General IOMP, Australia), Prof Kang Ping Lin (Secretary
General IFMBE Taiwan), Prof Geoff Ibbott (IOMP,
USA), Prof Stephen Keevil (IOMP, UK), Prof Timo
Jamsa (IFMBE, Finland) and Prof Marc Nyssen (IFMBE,
Belgium).

Currently IUPESM represents about 150,000 members
from over 100 countries. To celebrate its 40™ anniversary
IUPESM approved a Fellowship scheme.

1380 - 2020
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THE INTERNATIONAL MEDICAL PHYSICS CERTIFICATION BOARD
(IMPCB): OBJECTIVES, HISTORY AND ACHIEVEMENTS IN THE FIRST
DECADE

Tomas Kron!, Raymond Wu?, Carmel J. Caruana®, Siyong Kim*, Adel Mustafa®, Golam Abu Zakaria®
and Colin Orton’

! Physical Sciences, Peter MacCallum Cancer Centre, Melbourne, Australia and Centre for Medical Radiation Physics, University of
Wollongong, Wollongong, Australia
2 Eastern Virginia Medical School, Norfolk, VA, USA
3 Medical Physics Department, University of Malta, Malta
4 Virginia Commonwealth University, Virginia, USA,
5 Yale School of Medicine, Yale New Haven Hospital, New Haven, CT, USA
6 Clinical Engineering, Anhalt University of Applied Sciences, Koethen, Germany
"Wayne State University, Detroit, MI, USA

Abstract— The International Medical Physics Certification |. INTRODUCTION
Board (IMPCB) was formed in 2010 by eleven Charter
Member Organizations to support medical physicists all over Medical Physics is an increasingly important aspect of

the world by defining minimum professional standards for, . . -
and improve the practice of, medical physics using healthcare as medicine continues to benefit from advanced

international standards and guidelines provided by technology and techniques. This can be seen by the ever

organizations such as IOMP and IAEA. This is to be achieved  Increasing number of medical physicists in the workforce(1)
by establishing an accreditation program for national or  and the inclusion of Medical Physicists in the International

regional Medical Physics Certification Boards and a  Standard Classification of Occupations (ISCO-08) of the
certification scheme for individual medical physicists from or  International Labor Organization (ILO)
working in countries where no such boards exist. (https://www.iomp.org/wp-content/uploads/2019/02/

. . . . iomp_guidance_on_isco-08.pdf).(2)
IMPCB has accredited three national programs in the Asia

Pacific region to date with an additional one imminent. However, it continues to be difficult for non-medical

To achieve certification, individual candidates will be expected ~ PhYSICists to identify persons who have the appropriate
to have a degree in physics or equivalent, a higher degree in  SKills and competencies to work in one or more
medical physics (or equivalent) and at least two years of  subspecialties of medical physics. This does not only affect
clinical training in one of the medical physics specialties. The  services to patients but also impacts on careers and
examination is conducted in three parts consisting of recognition of medical physicists. Not surprisingly, many
assessments in general medical physics, specialized medical  countries and regions have established certification boards
physics (e.g., radiation oncology, diagnostic radiology or  tq define attributes that characterize medical physicists and

nuclear medicine physics) and an oral examination. By ; ]
submission date more than 160 candidates have commenced standards by which they should operate. (3-6)

their journey through the examination process with 25 . . .
candidates having been awarded full certification in radiation Internationally, the — International ~ Organization  for
oncology medical physics and 2 in diagnostic imaging medical Medical Physics (IOMP) has developed policies for roles of
physics. physicists and their education. (https://www.iomp.org/wp-

content
IMPCB offers a pathway to individual certification for medical ~ /uploads/2019/02/iomp_policy statement_no_1_0.pdf;

physicists who have no other options. For existing certification https://www.iomp.org/wp-content/uploads/2019/02/iomp,
boards it provides independent evaluation and accreditation policy_statement_no_2_0.pdf) -

with the assurance that the board’s procedures and graduates In collaboration with IOMP. the International Atomic
are meeting international standards. Energy Agency (IAEA) developed and published Guides on
roles and responsibilities of medical physicists (7) and
developed a syllabus for relevant academic (8) and clinical

Keywords—  Medical ~ Physics, Accreditation, Board  training programs for three major specialties in medical
Certification, Standardization, Harmonization. physics(9-11)

Linked to these developments the International Medical
Physics Certification Board (IMPCB) was formed in 2010
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by eleven Charter Member Organizations located in four
continents. It was set up to support medical physicists all
over the world by defining and assessing minimum
professional standards for medical physics with the view of
improving medical physics practice. This was made
specifically in support of colleagues from countries where
Certification schemes and Boards do not exist. The IMPCB
activities are based on international standards and guidelines
provided by organizations such as IOMP, ICRP and IAEA.

The present paper sets out to report on the first 10 years
of IMPCB and its achievements to date. It also explores its
role within the international field of medical physics in
health care.

1. HisToRrY

A brief sketch of the history of IMPCB is given in table
1. IMPCB was formed on May 23™ 2010. However, as one
can see from the table, there were several important
meetings and discussions held even before IMPCB was
founded. Many of these activities originated in the US
where similar discussions about the medical physics
profession were held a few years earlier.(12, 13)

IMPCB was set up to define minimum professional
standards for, and improve the practice of, medical physics
using international standards and guidelines provided by
organizations such as IOMP and IAEA. In particular, IOMP
helped the formation of IMPCB by tasking the Professional
Relations Committee (PRC) chaired by Kin Yin Cheung to
study the feasibility of doing certification. As a result the
PRC facilitated several meetings, which provided the
impetus for the Charter Member Organizations to fund the
formation and incorporation of IMPCB.

The involvement of IOMP became formalized in 2015
when a memorandum of understanding (MoU) was signed
between IOMP and IMPCB at the IOMP Council meeting
during the World Congress 2015 in Toronto. IOMP was
designated the Principal Supporting Organization and it was
agreed that three board members of IMPCB are to be
elected by IOMP.

IMPCB  objectives also include recommending
infrastructure and procedures for accreditation of medical
physics certification programs offered by national or
regional certification boards as well as establishing the
examination procedures for the certification of individual
medical physicists by conducting examinations all over the
world to assess competence of candidates in countries
where no other certification boards exist. The latter is
achieved by conducting examinations to test the competence
of candidates and award certificates to deserving candidates.
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Relatively early IMPCB developed a model program for
certification  (https://www.impcbhdb.org/model-program/),
which can serve as an example for a workable certification
program and can guide others who would like to develop
such a program. It specifies minimum requirements for
persons to be certified in terms of

Education: graduation from an accredited college or
university with an advanced degree (Masters or Doctorate)
in physics, medical physics or an equivalent degree in an
appropriate physical or engineering science discipline, and

Professional training: at least one year full-time
equivalent training preceding the date of application for
examination. Two years of clinical training are required for
sitting the oral part of the examination and achieving full
certification; however, IMPCB admits candidates with only
one year of training to commence the process by sitting the
first part of the exam. Training should be carried out under
the supervision of a Certified Medical Physicist (CMP)
specializing in the same sub-field or under the supervision
of a qualified individual with a level of professional
experience and expertise equivalent to that of a CMP.

Table 1 IMPCB time line

Year Occasion Event/Activity Comment
2008 ACMP Symposium:
meeting, Certification of
Seattle Experienced Clinical
Medical Physicists
2009 ACMP Symposium: Creating
meeting, an International
Virginia Medical Physics
Beach Certification Board
2009 IOMP World IOMP task group to
Congress, investigate
Munich establishment of an
IMPCB
2010 ACMP Establishment of 11 Charter
meeting, San IMPCB May 23, 2010 Members: ABFM,
Antonio ACMP, ACPSEM,
CSMP, CSMPT,
FMOFM,
HKAMP, IMPS,
KSMP, LAMP and
NAMP
2011 Model certification
program adopted
2012 Bylaws adopted
2014 Officers commence
work
2015 MoU between IOMP  Strengthening links
and IMPCB between
organizations
2015  Seoul, Korea November 2015: first Korean Medical
accredited Physics
certification board: Certification Board
KMPCB
2017 ICTP, April 2017: first
Trieste, Italy  written examinations
for individuals
2017 ICTP, December 2017: first
Trieste, Italy  fully IMPCB certified

individual
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The model program is based on a three-part examination;

e  Part | Written Examination (General Medical Physics)

e Part Il Written Examination (Medical Physics
Specialty)

e Part Il Oral Examination (Medical Physics Specialty)
which requires candidates to have successfully passed
Parts I and Il

The model program also indicates the level of
competence and rigor of examination expected of
certification boards seeking accreditation from IMPCB
which are reflected in a requirements document
(https://iwww.impchdb.org/wp-
content/uploads/2017/01/IMPCB_requirements_V10b.pdf).

Figure 1 shows the structure of IMPCB. Five principal
committees support the objectives of the organization with
the Accreditation Committee (AC) being responsible for
many of the actions, which will be described later in the
manuscript. The AC itself is supported by four
subcommittees, the first three of which are dedicated to the
three parts of the examination program. The fourth, the
Examination Setting Subcommittee is responsible for
vetting the examination papers and linking to the
candidates. The Examination Setting Subcommittee is itself
supported by the Question Bank Working Group, which is
the custodian of the actual questions used in the exam.

Charter Member
Organisations

Board of Directors

CEO

Supporting
Organisations

Executive
Committee

o Website ‘
Committee

Principal Committees

Nominationand
Election Committee
— - 1

AC subcommittee 1

! AC subcommittee 2

\- —1 ACsubcommittee 3

% Examination setting
subcommittee

Registry and Records ‘

T |
Finance Committee

Accreditation
Committee AC

Rules Committee

Committee

Question Bank
Working Group

Fig 1: Structure of IMPCB

IMPCB’s remit is towards certification of individuals and
accreditation of national or regional certification boards
only. In parallel an accreditation scheme of medical physics
academic and educational programs was developed by and
is now offered by IOMP
(https://www.iomp.org/accreditation/). IMPCB is working
on making it a prerequisite of IMPCB accreditation of
certification boards.
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I11. ACCREDITATION OF CERTIFICATION BOARDS

One of the underlying principles of IMPCB is that every
suitably qualified medical physicist across the world should
have access to a certification program that attests to others
that they are competent to practice. As physics is identical
all over the world, many if not most components of a
certification program can also be expected to be the same.
Based on this IMPCB offers an accreditation program for
certification boards.

Applications for accreditation can be made at any time
by existing national or regional certification boards or
boards that have just been established. IMPCB is also
providing support and advice to individuals who consider
establishment of a board in their jurisdiction.

Fig 2: Celebration on the occasion of the IMPCB Accreditation of the
Korean Medical Physics Certification Board in the National Assembly,
Seoul, November 2015

An application for accreditation would include a detailed
description of the certification body including terms of
reference, structure and governance, requirements for
examinations, all relevant documentation and list of office
bearers with terms of office. IMPCB will also consider links
to professional organizations, any other accreditations (such
as IOMP) and the number of certified persons in each
specialty. Whilst the legal/regulatory status of the national
or regional certification (e.g., is it required to practice?) is
not necessarily relevant for IMPCB accreditation, it is of
considerable interest as it helps to promote the status of
medical physics.

The evaluation panel consists of the members of the
IMPCB Accreditation Committee plus the CEO of IMPCB.
IMPCB will identify any conflicts of interest and if other
outside expertise (relevant to such issues as contents,
language and culture) is required to assess the application.
Panel members will be asked to assess the application
against the guidelines of the International Organization for
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Medical Physics (IOMP), the contents of the model
program, the requirements document and other applicable
guidelines. The process will take approximately 3 months.

IMPCB has accredited three boards at present (Korean
Medical Physics Certification Board (KMPCB), Hong Kong
Institution of Physicists in Medicine (HKIPM) board and
Hong Kong Association of Medical Physics (HKAMP)
board) with two additional ones in progress. Figure 2 shows
the celebration after accreditation of KMPCB in the
National Assembly Hall in Seoul in November 2015.

IV. CERTIFICATION OF INDIVIDUALS

Certification of individuals commenced in April 2017
with an examination session at the International Centre for
Theoretical Physics in Trieste (https://www.ictp.it/). ICTP
runs jointly with the University of Trieste a Master of
Advanced Studies in Medical Physics Program (accredited
by IOMP) for medical physicists that is particularly aimed
at low and middle income countries. This creates an
environment that is attractive for IMPCB to offer
examinations in and IMPCB has held examinations every
year in Trieste.

\ % |
Fig 3: Group photo taken during the IMPCB part | exam in Riyadh,
February 2019

The certification examination for individuals follows the
IMPCB model program with prerequisites of a Masters
degree and at least two year practical experience, under the
supervision of a qualified medical physicist. The
examination is conducted in three parts as outlined above.
The first two parts each consist of a hundred multiple choice
written questions that allow for coverage of a broad range of
topics in a standardized format. IMPCB has held 13 written
examination sessions in 9 locations over three years. Figure
3 shows a group photo of candidates, local organizing
committee and IMPCB examiners at the part | exam held in
Riyadh, February 9, 2019.

In addition to the exams held at ICTP in Trieste, IMPCB
aims to hold exams in conjunction with major conferences
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to reduce costs. Applications for the examination were
received from 47 countries representing 6 continents with
African and Asian countries most frequently represented.
Four countries had more than 10 applicants, three of them
were hosting examinations. To date, 163 candidates have sat

45 4 OPart!|
WPartll
40

Number of candidates

10 20 30 40 50 60 70 80 920

Smaller than 'score'

Fig 4a: Distribution of marks for IMPCB written examinations part | (n
=153) and part I (n = 98)

part | of the examination and 109 part II.

Figure 4a shows the distribution of scores in the two
parts of the exam. As the examination consists of 100
multiple-choice questions, the maximum number of correct
answers is 100. Given that each question has five possible
answers the probability of getting half the answers correct
by chance is considerably smaller than 1 in 1,000,000. The
results in both parts of the examination are close to
normally distributed with the results for part Il being
slightly better than part I. This may be due to the fact that
many practicing medical physicists would be more familiar
with questions relating to their specialty.

Figure 4b shows the correlation between the scores in
part | and part Il taken by the same candidate. There is a
reasonable association between the scores (r? = 0.48).
Several candidates who failed part | have repeated the
exam. Figure 5 shows the results of the second attempt as a
function of the first. As can be expected, the second attempt
typically yielded a higher score and several persons passed
the examination in a repeat examination.

The third part of the examination is oral and specific to
the various medical physics’ specialties. It must be taken no
less than 3 months after the written examinations. To date
only Radiation Oncology and Diagnostic and Interventional
Radiological medical physicists have completed all three
parts of the examination. In total 27 colleagues are now
fully certified by IMPCB, 25 in radiation oncology and 2 in
diagnostic radiology medical physics.
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Fig 4b: Scores for candidates who sat both part | and part 11 of the
IMPCB examination as a function of each other
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Fig 5: Comparison of the scores achieved by candidates in the second
attempt to the ones achieved in the first (failed) one

V. FUTURE PLANS

The need for medical physicists in the workforce is
increasing due to many factors ranging from increasing
levels of technology in medicine, better quality standards
and safety awareness to the need for reduction of population
doses in high dose diagnostic procedures and the general
problem of aging populations which require more services
(14, 15). This is particularly important in low and middle
income countries that are the focus of IMPCB activities
(16).

It is therefore possibly not surprising that the services
provided by IMPCB, in particular the certification of
individuals, are in demand. All IMPCB work is voluntary
and pro bono. Charges for accreditation or certification are
solely invested in maintaining the services and the
organization. After 10 years of operation, IMPCB is
becoming sustainable. As certification is becoming a more
integral part of the medical physics profession, the IAEA is
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currently developing document on certification of medical
physicists, which will be endorsed by IMPCB.

However, accreditation and certification is only a starting
point. IMPCB is in the process of establishing a registry of
IMPCB certified individuals, which will also list persons
certified by IMPCB accredited boards. This registry will be
accessible by stakeholders serving the public by furnishing
lists of medical physicists who have been certified by the
Board. The next important step is the development of a
process for maintaining certification. From an operational
point of view this may be done by regular re-certification or
through linking registration to participation in a continuing
professional development (CPD) scheme. In any case CPD
and a code of ethics will be central to such a program.

One limitation of IMPCB is that all business is conducted
in English. It is appreciated that this may limit its scope and
that it could make it more difficult for candidates from non-
English speaking countries to achieve full IMPCB
certification. However, as most medical physics literature is
in English and several other international organizations such
as IOMP conduct their business in English this was the most
practical way forward. Examinations in other languages
may be considered at a later stage. In any case, accreditation
by IMPCB does not require the use of English by the
National or regional board.

V1. CONCLUSIONS

IMPCB offers a pathway to certification for individual
medical physicists who have no other options. For existing
certification boards it provides an independent evaluation
and accreditation with the assurance that the board’s
procedures and graduates are meeting international
standards. IMPCB aims to be an important instrument to
support the work of medical physicists world-wide with the
objective to ensure that all suitably qualified medical
physicists have access to a certification process that can
attest to their internationally recognized credentials.
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Abstract —

Molecular biology helps us understand how genetic
information is converted to functional proteins, how
proteins interact through complex networks to determine
the fate and function of a cell and how mutations lead to
diseases. In the era of molecular medicine and

ommissionin medicine, medical physicists need to acquire
basic knowledge of molecular biology in order to
communicate and collaborate with clinical and life science
colleagues.  This article documents our experience in
introducing molecular biology as an academic module in a
regional training course for educators held in Kuala
Lumpur, Nov 2019. The module consists of didactic
lectures, simulation, group exercises, etc. From the positive
feedbacks that we received, the participants benefited from
the exposure and we plan to produce some learning
materials for future courses.

Keywords-  Cancer biology, Molecular biology,

Molecular medicine, Personalised medicine

I. INTRODUCTION

The completion of the human genome project in the early
21% century and the subsequent initiation of the global effort
to map human cancer genes were built on tools and
techniques developed through the 20™ century. The engine
behind this drive towards our better understanding of the
foundation of life and improvement of living experience on
the earth is built on decades of knowledge on cellular and
molecular biology — the study of how molecules in the cell
give rise to functions in the body. Today, technologies such
as gene cloning, gene sequencing, PCR, gene editing,
targeted-cancer therapy are converging at a rapid rate to
change the way human diseases are diagnosed and treated.
Molecular biology helps us understand how genetic
information is converted to functional proteins, how
proteins, like factory workers, interact through complex
networks to determine the fate and function of a cell and
how mutations lead to diseases [1].
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I1. WHY MEDICAL PHYSICISTS SHOULD LEARN
MOLECULAR BIOLOGY

Traditionally medical physicists have been working with
radiology, radiotherapy and nuclear medicine — all requiring
knowledge of human anatomy and physiology. However, as
we are in the era of molecular and ommissionin medicine,
molecular  biology has become fundamental in
understanding how nuclear medicine works. Molecular
biology is also driving new innovations and discoveries in
medical physics. Thus, it behooves medical physicists to
acquire basic knowledge and understanding in order for
them to communicate and collaborate with their clinical and
life science colleagues [2].

4. THE EXPERIENCE OF INTRODUCTION
MOLECULAR BIOLOGY IN IAEA REGIONAL
TRAINING COURSE RAS6088

This Training Course on ‘Basic Radiation Dosimetry,
Molecular Biology and Radiobiology for Radiotherapy
Medical Physics’, was held in Kuala Lumpur, Malaysia,
from 18 to 22 November 2019.

A seven-hour module on molecular biology consisting of
didactic lectures, simulation, group exercises, etc. were
delivered by D Chau and TS Ramasamy.

Topics covered:
1. Introduction to molecular biology
2. Central dogma of molecular biology
3. Cell Signaling

3.1 Cell cycle

3.2 DNA mutation and repair
4. Cancer biology

5. Application of molecular biology in medicine
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the students were asked to compare activities inside a car
factory with activities inside a cell. This analogy allowed
the students to find similarities between a car factory and a
cell, such as the assembly line in a car factor is analogous to
the production of proteins from DNA information.

To understand molecular biology; first
understand what goes on inside a cell

Discuss with the people at your table and make a list

Figure 1: An example of lecture slide in which an active
learning mode was employed to foster understanding of
students of cell and molecular biology using a day-today
related metaphor.

In the next session, the students were asked to
differentiate between gene, genome, DNA, nucleotide and
chromosomes. A cookbook analogy was used to link these
concepts. A cookbook contains instructions, gene contains
information; a recipe is made up of words, gene is made up
of DNA/nucleotide; recipes are translated into making a
dish, genetic information is translated to make proteins,
which captures the central dogma of molecular biology [3].

Central@ogma®fEnoleculariiology

L]

NPy &

Label®his@liagram@vith@heHollowingfkeywords:?
DNA,Hranslation,®RNA,Eranscription,@Protein,Replication?

Figure 2: Learning about the central
molecular biology through active learning.
The students were given an unlabelled diagram depicting
the central dogma of molecular biology and tasked to
labeled this diagram with the given keywords. They were
allowed to use online resources as they worked through this
task.

dogma of

20

Cancers share many common features and these features
are commonly called the cancer hallmarks [4]. Rather than
telling the students what these hallmarks are, these students
were asked to work in groups and prepare a short 5-minute
presentation on 4 of the 10 hallmarks of cancer. The
students used online resources for this assignment.

Hallmarks®fi@ancer

Sustaining®
proliferative@ignaling

Vo

5
S’

Activating@nvasionGndE
angiogenesis metastasis

Enabling@eplicative®
immortality

As@Eroup,Brepare@B-minutelresentation®oReach®therBtudents@bout®our
assigned@allmarks@f@ancer

Figure 3: Peer-learning the Hallmarks of Cancer. The
students were tasked to work in a group and prepare a short
presentation to teach other students about the Hallmarks of
Cancer.

Since the early 2000s, targeted therapy has become one
of the common regiments in cancer therapy. The basis of
targeted therapy is rooted in our understanding of genes and
mutations. As a closing on the discussion of molecular
biology, the students were given a case study on the use of
genetic information to classified common breast cancer
subtypes and how these information is used to guide
whether the patients will be given tamoxifen or Herceptin as
drug.

activity and presentation. Students
actively participated in teaching and learning process, in
which they used online resources and group discussion to
presents some of the hallmarks of cancer.

Figure 4: Group
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I1l. OUTOCOMES OF STUDENT ACTIVIE LEARNING
AND LECTURE ON MOLECULAR BIOLOGY

The course which is conducted based on lecture, quiz,
discussion and group activities was instrumental in
provoking the thought of the students to absorb the concept
in molecular biology. Students were asked to provide
metaphors for these concepts, in turn, this facilitate their
understanding of the concept and pave a path to amalgamate
this understanding in their job related knowledge. The
student group presentation on the selected topics, in turns,
has demonstrated their great interest and knowledge
acquisition. This indeed stimulate their readiness to apply
knowledge of molecular biology in radiobiology and
facilitate new discover and develop which are much needed.

VI. CONCLUSION

The introduction of molecular biology in the RTC has
proven to be a great success. The participants could relate to
what they have been exposed to in the clinical settings. This
session serves as a model for universities that conduct post-
graduate programmes on medical physics. We hope to
produce suitable teaching materials to share with others.

This article is based on the local experience of organizers
and participants of an IAEA Regional Training Course held
under the Technical Cooperation project RAS6/088; it does
not represent in any way IAEA official opinions nor views.
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Abstract— The internet and World Wide Web (the web)
is an extensive source of images and related visuals that can
be used by medical physics educators to enhance and add
value to their classroom and conference presentations and
discussions. This is a result of the connectivity between local
classrooms and the many creators and providers of visual
resources from anywhere in the world. A major value is
when materials, including images, are posted on the web
they are indexed by subject and can be searched for to find
visuals relating to all medical physics topics. In addition to
searching the complete web by specific subject or topic there
are collections or teaching files provided by medical
institutions and organizations that provide a comprehensive
overview or “table of contents” is helpful. The technical
capability of the web is providing opportunities for major
enhancements to medical physics classroom education. This
includes the opportunity for medical physicists to share their
creations of images and visuals with other physicists
anywhere in the world in the spirit of collaborative teaching.

Keywords— Images, Visuals, Clinical, Concepts, Teaching

I. INTRODUCTION, OVERVIEW, AND OBJECTIVES

The internet and world-wide-web (WWW) is making
major contributions to medical physics education with a
variety of methods and applications. Online modules,
textbooks, and other study materials provide
learners/students with opportunities to study and learn
wherever they are located and not gathered in group
activities; physical classes and conferences. While this
provides many learning activities throughout the world
there remains great value in classes and conferences with
medical physicists actively leading the learning process
and interacting with the learners. Both the learning and
teaching that occurs in those activities can be made much
more effective with images and visuals that “provide
windows” through which the physical universe related to
medical physics can be observed. This enhances the
ability of the medical physics educator to guide the
learning process using their knowledge and experience.
A major value is learning through visual observation
contributes to the development of sensory conceptual
knowledge structures that are required for applying
medical physics to many clinical activities; by both
physicists and physicians. The internet/www is now an
extensive and valuable source of images and visuals that
can be used to enhance classroom and conference
teaching and learning activities. After reviewing the
concepts and factors related to effective learning and

22

teaching and how both are enhanced with images then the
web as a major resource will be described. This will
include the scope of image content, searching and
downloading, legal and academic ethical issues, class and
conference room applications, and opportunities for
medical physicists to contribute to enriched medical
physics education around the world. An overview is
provided in Fig.1.
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Fig..1. The World Wide Web as a valuable resource for effective
learning and teaching of medical physics.

Web-based images are especially important for classes
in Low and Middle Income Countries by providing low-
cost access to the collective medical physics educational
resources from around the world..

Il. EFFECTIVE PHYSICS KNOWLEDGE AND
LEARNING

Physics knowledge is a mental representation of the
physical universe. It is composed of a complex network
of elements including verbal/word descriptions,
mathematical relationships, various sensory images, and
concepts. Each has value with respect to performing
specific activities in the practice of medical physics and
applications of physics to clinical imaging and radiology.
The process of developing effective knowledge structures
for medical physics applications, especially for diagnostic
radiologists, is described in previous publications (Ref.
1,2,3) A major factor is that many medical physics
activities, often described as the higher-level mental
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functions, including analysis, problem solving (non-
mathematical), creativity, etc., require conceptual
knowledge structures composed of images representing
the physical universe. It is knowledge in the form of
images that provides an effective connection to the
physical objects, interactions, procedures, etc. within
medical physics.

I11. CLINICAL IMAGES AS PHYSICAL OBJECTS

Clinical images of the human body interior structures
produced with the wvarious imaging modalities;
radiography, mammography, CT, MRI, etc. are physical
objects with a combination of physical characteristics.
Effective medical physics knowledge for many
applications and functions for all radiology and medical
imaging professionals; physicists, physicians,
technologists, etc. requires mental images of clinical
images along with knowledge of their physical
characteristics.

Medical Physics Students and Trainees

Educational programs for medical physics students and
trainees that incorporate many clinical images provide
many values. Images are the physical objects they will be
working with in many applications including quality
assurance and the optimization of medical imaging
procedures relating image quality to radiation dose.
Including clinical images in the physics curriculum also
enhances and supports learning of the other medical
sciences—anatomy, physiology, and pathology-that is now
recommended and required in many medical physics
programs and for board certifications.

Radiologists and Radiology Residents

Physics is a required subject in radiology residency
programs and for board certification. Providing effective
physics learning activities for radiology residents is a
continuing challenge for several reasons. A major
goal is to provide physics instruction that is relevant to
clinical imaging and of interest and motivating to the
residents. That can be achieved through classes,
conferences, and self-study activities that begin with and
build a strong visual conceptual knowledge structure with
images. Images are the interface between clinical
medicine and physics. The visibility of the structure and
conditions within the human body are determined by the
physical characteristics of the images; including the
physics of the imaging methods and the physical
variables associated with the specific imaging procedure
for each patient. Beginning a physics course with images
as illustrated in Fig. 2 provides the foundation of a high-
effective and valuable physics knowledge that will
enhance the practice of diagnostic radiology. The
emphasis on image based physics is consistent with
trends in examinations for board certification.
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First Physics Class for Radiology Residents
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Fig. 2. Beginning a physics course and classes with images enhances
interest and participation by residents. It establishes images as the
physical object that is the foundation of clinical imaging.

Clinical radiology education is heavily based on
“teaching files” of images collected within academic
departments, by individual radiologists, and provided by
several radiological organizations. It is the established
method for teaching clinical radiology that can be
extended to include the teaching of physics. Structuring
physics education around clinical images helped establish
physics as one of the valuable medical sciences in the
minds of radiologists and radiology residents.

IV. IMAGES AND VISUALS TO DEVELOP
CONCEPTUAL KNOWLEDGE

Developing  effective  knowledge of  image
characteristics, especially relating to visibility of clinical
conditions, requires the use of images in the teaching and
learning process. An example is the use of images to help
learners develop the concept of quantum noise as
illustrated in Fig.3.

X-Ray Image Noise

Image of Anatomy

| Acquired
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l‘ %'I\l j '§

Quantum
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Image of X-Ray Beam
(Noise)
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Fig.3. Quantum noise in a clinical image is an image of the x-ray beam
(random distribution of photons) superimposed over the image of the
human body.
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In addition to clinical images of the human body
which are the physical objects that are being studied,
images and visual representations of the imaging process
are essential to the development of physics knowledge
that contributes to the understanding and effective
application to imaging procedures. These are the visuals
that provide “windows” that bring imaging procedures
into the class and conference rooms where medical
physics educators can use their knowledge and experience
in guiding the learning process for radiology residents
and others. An example of a visual for that purpose is
shown in Fig. 4.

The Three Phases of CT Image Formation
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o Digital Image
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| MA__JBeam wid.|

Major Protocol Factors

Sprnawls

Fig. 4. A visual representation of the CT imaging process relating the
protocol factors to the specific phases in the formation of images.

CT, as well as most modern imaging methods, are
complex procedures with many variables and
relationships. Physics knowledge that is of significant
value to radiologists is the relationship of the image
quality characteristics (contrast, detail, noise, etc.) to the
complex set of protocol factors. This includes how each
factor fits into the specific phases of the imaging process.
This is used here to illustrate the characteristics of physics
knowledge that ommiss high-quality clinical imaging
activities for both physicists and radiologists. That is
comprehensive sensory conceptual structures rather than
memorized facts and symbolic representations which
have other applications.

V. COLLABORATIVE MEDICAL PHYSICS
EDUCATION AND TEACHING

The process of teaching medical physics is much more
than standing before a class and lecturing and writing on
a board. While this can convey some of the teacher’s
personal knowledge, especially facts and symbolic
representations, to the learner that can be memorized it
does not develop the highly-effective sensory conceptual
knowledge that is required for applying medical physics
in clinical activities.
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A longstanding and continuing challenge is the
availability of quality images and visuals that we, medical
physics educators, can use to provide “windows” from the
classroom to the physics of the medical procedures that
are being learned.

It is beyond the capability; time, experience, and
resources, of us as individual teachers to collect and
develop all of the images and visuals that is needed in our
classes. The solution is a “world-wide” collaborative
effort in which many medical physicists are developing
and sharing with others images and visuals that can be
used in their class and conference presentations and
discussions.

That is the concept of collaborative teaching.

4. MEDICAL IMAGE CONTENT OF THE WEB

The characteristic of the World Wide Web (www) that
makes it a major educational resource is connectivity. It
connects learners/students and educator/teachers with a
constantly expanding universe of materials, especially
digitized images and visuals that can be accessed and
brought into the class and conference rooms to support
learning activities. These are provided by many sources
including educational institutions, scientific and medical
organizations, publishers, the medical equipment and
technology industry, and many individual medical
physicists.. Most are available without cost but with some
conditions as described later. When images are posted on
the web they are soon detected by the so called “web
crawlers” operated by the various search engines or
services; Google is an example. Each image is indexed
with specific terms relating to subject, category, source,
etc. to the extent it can be determined. It is these terms
associated with an image that make it possible to search
and find images on specific topics.

VII. SEARCH BY SUBJECT ON THE WEB

Here we are using the search engine google image
https://images.google.com/ , for finding images and
visuals on the web. This site provides a place for entering
the subject or type of image to search for. Examples are
provided below can be used to collect images for
classroom presentations and discussions.

MRI Image Types

To find clinical images illustrating the different mri
image types begin by entering “mri”. A list of sub-topics
will be displayed including “mri t1 vs t2”.


https://images.google.com/
https://www.google.com/search?safe=active&tbm=isch&sxsrf=ALeKk00s1en2YHlZKFmA91L7xcVoUmc9zA%3A1588775692173&source=hp&biw=1280&bih=530&ei=DMuyXsWGB4KEytMPkKiXsAk&q=mri+t1+vs+t2&oq=MRI&gs_lcp=CgNpbWcQARgAMgQIIxAnMgQIIxAnMgIIADICCAAyAggAMgIIADICCAAyAggAMgIIADICCABQ2RdYySRgtokBaABwAHgAgAFWiAHYAZIBATOYAQCgAQGqAQtnd3Mtd2l6LWltZw&sclient=img
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Breast Compression in Mammography

Compression of the breast during mammography is an
important topic for both medical physicists and
radiologists. Excellent visuals can be found by entering
“breast compression mammography”.

Dose Reduction in Computed Tomography

various methods used for ct dose reduction can be
discussed with visuals found by entering “computed
tomography dose reduction”.

Ultrasound Image Artifacts
A collection of clinical images displaying a wide range of
artifacts can be found by searching on “ultrasound

artifacts images”.

These examples illustrate the types and range of clinical
images and related visuals that are available from many
sources that can be accessed by searching on the web. A
major value is the ability to search on very specific topics
as illustrated above.

VIII. LEGAL AND PROFESIONAL EDITHS ISSUES

While the majority of the images available on the web
are free to use for educational purposes there are certain
conditions and restrictions that must be considered.

Copyright Protection and Fair Use  Copyrighting is a
legal process, generally administered by federal
governments, to provide creators, authors, and artists,
with protection of their work from unauthorized use by
others. The creators must apply for copyright protection
and indicate on published work that it is copyrighted with
words or the copyright symbol ©. A major purpose of
copyright protection is to prevent others than the
copyright holder from making copies, especially for
commercial purposes or personal gain, without
permission and authorization. For example it would
generally not be legal to use someone’s copyrighted
image or visual without permission in publications,
presentations, or multiple copies of educational materials.

Copyright law provides for the principle, commonly
called “fair use” that the reproduction of copyright works
for certain limited, educational purposes, does not
constitute copyright infringement. Our interest here is
specifically the use of images and visuals from the web in
class and conference presentations and discussions.
Generally the showing of a copyrighted visual in a
classroom is not infringement. Individual clinical images
as found on the web generally do not meet the
requirements for copyright protection.
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A general principle of the copyright process is to not
interfere with or discourage the educational process and
learning activities. As medical physics educators
conducting classes and conferences we have the
opportunity to enhance the activities with images and
visuals downloaded from the web. It is also our individual
responsibility to follow appropriate legal and professional
guidelines and requirements. Most universities have staff,
usually in the libraries that can provide information on
copyright issues and especially the use of copyrighted
materials for educational purposes.

Academic and Professional Ethics

In addition to the legal there are ethical issues that must
be considered when using materials from the web. This
applies specifically to visuals, illustrations, and diagrams
that represent the creative work of individuals, fig. 3 is an
example.  Guidance is provided by the following
quotation from the AAPM code of ethics.

Creative influence is the cornerstone of creativity and
innovation. Without the appropriate citation or
acknowledgment of the work of others, imitation of the
work of others can result in plagiarism. All forms of
plagiarism, including self-plagiarism, are dishonest and
must be avoided.

When using visuals that are the creative work of others
that should be clearly indicated

4. . THE SPRAWLS ONLINE RESOURCES

The Sprawls Resources online at:

http://www.sprawls.org/resources provides an extensive
collection of images and visuals along with modules and
textbooks that are being used by medical physics educators
in many countries to enhance their teaching activities. The
objective is to provide physics classrooms around the
world with “windows” through which the medical imaging
physics universe can be viewed and used by educators in
the process of collaborative teaching.
Many of the visuals from within the Resources are
organized in PowerPoint presentations and can be
downloaded:  http://www.sprawls.org/PhysicsWindows/ .
This is to support the process of collaborative teaching as
illustrated in Fig. 5.


https://www.google.com/search?q=breast+compression+mammography&tbm=isch&ved=2ahUKEwj6xZvKxJ_pAhWOQzABHSFhB6UQ2-cCegQIABAA&oq=mammography+breast+co&gs_lcp=CgNpbWcQARgAMgYIABAIEB4yBggAEAgQHjIECAAQGDoECCMQJzoCCAA6BggAEAUQHjoECAAQQ1Dz_wNYxuUEYOGMBWgAcAB4AIABoQGIAYoKkgEEMTcuMZgBAKABAaoBC2d3cy13aXotaW1n&sclient=img&ei=b9WyXrrSJ46HwbkPocKdqAo&bih=530&biw=1280&safe=active
https://www.google.com/search?q=computed+tomography+dose+reduction&tbm=isch&ved=2ahUKEwj6xZvKxJ_pAhWOQzABHSFhB6UQ2-cCegQIABAA&oq=computed+tomography+dose+reduction&gs_lcp=CgNpbWcQAzoECCMQJzoCCAA6BggAEAUQHjoECAAQGDoGCAAQCBAeOgQIABBDOgcIIxDqAhAnOgUIABCDAVDNFFjAyANgptUDaANwAHgAgAHFAYgByx2SAQQ1My4zmAEAoAEBqgELZ3dzLXdpei1pbWewAQo&sclient=img&ei=b9WyXrrSJ46HwbkPocKdqAo&bih=530&biw=1280&safe=active
https://www.google.com/search?q=computed+tomography+dose+reduction&tbm=isch&ved=2ahUKEwj6xZvKxJ_pAhWOQzABHSFhB6UQ2-cCegQIABAA&oq=computed+tomography+dose+reduction&gs_lcp=CgNpbWcQAzoECCMQJzoCCAA6BggAEAUQHjoECAAQGDoGCAAQCBAeOgQIABBDOgcIIxDqAhAnOgUIABCDAVDNFFjAyANgptUDaANwAHgAgAHFAYgByx2SAQQ1My4zmAEAoAEBqgELZ3dzLXdpei1pbWewAQo&sclient=img&ei=b9WyXrrSJ46HwbkPocKdqAo&bih=530&biw=1280&safe=active
https://www.google.com/search?q=ultrasound+artifacts+images&tbm=isch&ved=2ahUKEwipk83Lyp_pAhUQdd8KHWXqBFsQ2-cCegQIABAA&oq=ultrasound&gs_lcp=CgNpbWcQARgDMgQIABBDMgIIADIECAAQQzIECAAQQzIECAAQQzICCAAyAggAMgIIADICCAAyAggAOgQIIxAnOgcIIxDqAhAnUN4kWM1oYOyqAWgBcAB4AoABXIgBmRGSAQIzNpgBAKABAaoBC2d3cy13aXotaW1nsAEK&sclient=img&ei=vduyXunACpDq_Qbl1JPYBQ&bih=530&biw=1280&safe=active
https://www.google.com/search?q=ultrasound+artifacts+images&tbm=isch&ved=2ahUKEwipk83Lyp_pAhUQdd8KHWXqBFsQ2-cCegQIABAA&oq=ultrasound&gs_lcp=CgNpbWcQARgDMgQIABBDMgIIADIECAAQQzIECAAQQzIECAAQQzICCAAyAggAMgIIADICCAAyAggAOgQIIxAnOgcIIxDqAhAnUN4kWM1oYOyqAWgBcAB4AoABXIgBmRGSAQIzNpgBAKABAaoBC2d3cy13aXotaW1nsAEK&sclient=img&ei=vduyXunACpDq_Qbl1JPYBQ&bih=530&biw=1280&safe=active
http://www.sprawls.org/resources
http://www.sprawls.org/PhysicsWindows/
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Fig. 5. Windows to the World of Medical Imaging Physics is a
collection of images and visuals that can be used in class and
conference presentations and discussions.

X. THE ENCYCLOPAEDIA OF MEDICAL PHYSICS

The online Encyclopaedia at
http://www.emitel2.eu/ contains over 1500 images
and diagrams that can be downloaded and used in
classroom activities along with extensive text
discussions.

4. OPPORTUNITIES FOR COLLABORATION
AND CONTRIBUTIONS

Many medical physics educators have developed and
collected images and visuals to use in their teaching. The
educational value of these can be greatly enhanced by
sharing with other educators throughout the world. This
can range from a few very good visuals to complete class
presentations. There are several methods that can be used
to post images and visuals on the web.

Academic Institutions

The websites of academic institutions provide a special
value for posting images and visuals for teaching. They
are within a highly visible educational context that will be
viewed by many and also on sites that are being searched
by the web crawlers. Radiology Departments of many
universities have developed and posted teaching files of
clinical images. SUNY Upstate Medical University in
Syracuse, NY provides an example of a teaching file
devoted to medical imaging physics:
www.upstate.edu/radiology/education/rsna/index.php

Medical Physics Organizations

Most medical physics organizations, from international
to regional and national, have websites that have the
technical capability to post images and visuals to support
and enhance the teaching activities of medical physicists.
This provides an opportunity for medical physics

jective is to help all medical imaging professionals develop mn.umepnnl
Win:

<lhares Experience
tes

Educatol

26

organizations to develop programs and procedures using
their websites for sharing images and visuals to enhance
classroom learning activates. In addition to promoting
collaboration among members and more effective
learning for students it provides international visibility for
the educational materials posted by members.

MedPix® by The USA National Library of Medicine

MedPix®is a free open-access online database of
medical images, teaching cases, and clinical topics,
integrating images and textual metadata. Most of the
content is clinical images and related data to be used by
physicians, nurses, and other clinical professionals.
There is a Physics category with limited content. It is
available to medical physicists to upload images that can
be used for teaching.

Login at: https://medpix.nlm.nih.gov/home

XIl. SUMMARY AND CONCLUSIONS

Knowledge of medical physics that can be applied to
optimize and improve clinical imaging procedures by
both medical physicists and physicians requires a highly-
developed conceptual mental structure consisting of
images. This is developed by using images and visual
representations of physics relationships in the teaching
and learning activities conducted by medical physics
educators. The connectivity provided by the internet and
world wide web now gives educators access to an
extensive collection of images and visuals that can be
used to enhance their teaching activities. This recognizes
the value of collaborative teaching in which both the
creation and sharing of visuals and the class and
conference presentations and discussions conducted by
medical physicists for producing effective learning.
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Abstract— This description of novel teaching techniques
is an updated version of a summary of an introductory
presentation in the focus session on educational techniques
at the EFOMP ECMP2018 congress at Copenhagen that was
published in the European Medical Physics News Autumn
2018

Keywords— Medical Physics Teaching

When you start teaching a Medical Physics course or
just give a single lecture, it is wise to know a little bit
about your audience, especially about their composition
and pre-existing knowledge of your topic and, naturally,
their interests. Besides having an oral self-presentation
round of each individual (which is fine only for small
groups) or filling out a questionnaire (works also for large
groups), a quicker and more up-to-date way is to use one
of those (usually anonymous) online-feedback tools via
smartphone. | use such tools even in presentations like the
one on this topic in the session on teaching Medical
Physics at ECMP2018 at Copenhagen. During my talk, |
could only evaluate and show some of the responses live
during my presentation. But afterwards, | was able to
analyze all responses offline. So | know now, that up to
40 participants responded to my questions via such a
smartphone feedback tool, consisting of 60% male and
40% female participants. Among these, 11 are teaching in
diagnostics, 3 in imaging, 9 in radiotherapy, 8 in radiation
protection, 2 in nuclear medicine and even 5 are not
teaching at all (it was possible to name multiple sub-jects
as free text).

What is regarded as the “classic style” of teaching (not
limited to Medical Physics subjects)? From my own
experience of many lectures it is, that someone stands in
front of a black or white board in an lecture hall and is
often clicking through power-point slides, summarizing
content from his or her favourite lecture book or review
papers on the subject (Fig. 1). This is the case for almost
any kind of audience like students, physicists, physicians,
RTs, nurses... This can get very boring as can be seen
even in special lectures such as shown in Fig. 1! If you
are lucky, the lecturer is of the very old style, that is using
the board or flipchart to develop the key points of the
subject taught by writing and sketching in a dialogue
manner together with the audience. As you may have
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experienced yourself in such lectures, it is the
involvement of yourself and especially your thoughts and
ideas, that will keep you awake.

<4 8

Fig.1: "I“eaching in the “classic style”: My Christmas lecture,
where bored students are desperately awaiting the Glihwein to
reach its drinking temperature. © M. Buchgeister

Times have changed and as already stated above, there
are now more didactic tools available besides boards to
write on. If you are teaching at a university or similar
larger institution, you may have the chance to participate
in didactic seminars, where new concepts and the use of
new tools are presented. Already in 2010, the AAPM
summer school “Teaching Medical Physics: Innovations
in Learning” addressed this topic. This summer school
presentations were recorded and videos are available for
free at vimeo.com/channels/ss2010.

Fig. 2 — 4 are screenshots of titles of some of the
presentations given there to get you even more interested
to check out the videos yourself! Just one month before
ECMP2018, there was again a workshop of AAPM at
Nashville, TN, on “Improving the Teaching and
Mentoring in Medical Physics”. The course director was
Victor Montemayor, who is also the current chairman of
the AAPM Committee on Medical Physicists as
Educators (MPESC). I just list three titles of presentations
given there for you: “What Neuroscience Research Has to
Tell Us About the Effects of Learning on the Brain”
(Laurie Cutting), “Best Practice: Project-based Learning
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(PBL) in Medical Physics” (Rebecca Howell) and “Best
Practice: Flipped Learning in the Medical Physics
Classroom” (Matt Studentski).

Innovations in
teaching an
introductory medical
physics class

derson
neer Center
Fig. 2: Title slide of Georg Starkschall’s presentation on
“Innovations in teaching an introductory medical physics class” at
the 2010 AAPM summer school. © Georg Starkschall

Multiple
Technologies to
. Address Multiple
Instructional

' Needs y
F/

=
Fig. 3: Title slide of Robert Beichner’s presentation on “Multiple
Technologies to Ad-dress Multiple Instructional Needs” at the
2010 AAPM summer school. © Robert Beichner

Learning through

“ Problem-Solving

. Cindy Hmelo-Silver

- Rutgers University

- cindy.hmelo-silver@gse.rutgers.edu
Fig. 4: Title slide of Cindy Hmelo-Silver’s presentation on
“Learning Through Prob-lem-Solving” at the 2010 AAPM
summer school.
© Cindy Hmelo-Silver

Do you recognize the already known keywords of modern
style teaching in these titles: Neuroscience, Project-(also:
Problem-)based Learning and Flipped (classroom)
Learning. If you have not heard about these, here is a very
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brief (1) introduction to the basics of the later two
teaching concepts:

Project-/Problem-based learning and/or the flipped
classroom approach just intro-duces the audience to basic
knowledge like facts, tables of data, formulas and hints on
where to start searching for information on the subject in
books, papers and on the internet. This is the longest time
that you will spend in kind of the “old style” standing in
front of the audience since the key mark of these new
teaching techniques is the formation of groups, that work
on a problem scenario or a set of problems on their own.
The basic idea behind this approach is “peer instruction’:
Based on pre-existing knowledge or understanding and
continuation of your introductory information the correct
solution or a reasonable approach to solve the problem
will mingle out by arguments exchanged within the
group. The teacher or lecturer is just an “accompanying
expert”, that consults in a regular sequence with the
group, pre-venting them to get too far off or to provide
deeper specific information upon request if needed. The
results of the groups are finally presented to the whole
audience, so the new knowledge can be gathered by all.

Very important to this approach is the teamwork-aspect:
if you can explain it to your fellow student, you got it! In
the flipped- classroom approach, the basic information
material is provided before the lecture in printed or
electronic form (e.g. via learning management platforms
like “Moodle”) and has to be studied in advance. During
the time present in the class-room, a set of problems is
worked on, mostly in groups as well. But very important:
no basics are repeated in class, otherwise you end up in
the old style! Most important again is the interaction of
the audience (“peers”) with itself accompanied by an
expert (“you”). If you got already interested and want to
know more, start your search for publications on this
topic by one of the pioneers of these teaching concepts in
physics: Eric Mazur.

What are the Pros and Cons of these “new style”
teaching methods?

As you can easily see from the open approach in group
discussions of solutions, it is the project and problem-
solving competence, that is focused on, as well as the
competence to learn and work in groups, enforcing team
and communication skills. If you have worked in groups
yourself, you surely know, that the composition of the
group is an important key to its success. It always needs
someone that did not get it on the first grasp, so it needs
someone else in the group to explain and answer the
“stupid questions” posed. Let me compare this to a dough
that needs kneading (questions) to distribute the
ingredients (answers/knowledge) evenly. A pile of flour,
baking pow-der, raisins etc. will not make a cake on its
own! While it was maybe plain luck in the past, if the
composition of your group was good for its success,
results of modern teaching analysis indicate, that a good
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mixture or heterogeneity of the group is an important key
to its success. It has to be paid attention to existing
knowledge, as well as to social skill aspects among the
group members when forming the groups. Special tools
like questionnaires can facilitate the formation of such
balanced groups as well as introduction of the group
members to dedicated roles or functions of group
members that have been commonly agreed on such as the
speaker or team leader (contact for and reporting results
etc. to the instructor), the protocol secretary (keeping
notes on what has been worked on and what is planned
for the next meeting that is digitally available to all
members and facilitates very much the production of
inter-mediate and final reports), the timekeeper (when to
start and to make a break etc.), the police officer or judge
(deciding on keeping the set rules of the group and agreed
consequences if not being followed like by e.g. a round of
coffee for all) and the “Feel-Good-manager” (organizing
e.g. cookies or a nice setting for the meeting by a piece of
decoration on the table identifying the group). Needless to
say, that these roles can rotate among the group members,
as long as everyone is informed and aware of them. I
introduce this concept to my classes but leave it up to
them to realize them. | just mention that the most
successful project groups of previous classes picked up
my suggestions as start configuration for getting
organized themselves in the project.

When these modern techniques are introduced, students,
as well as teachers, will have to get used to it. It requires
discipline and self-control of your learning or teaching
attitude. Since additional aims are addressed with these
teaching techniques, you have to cut down the content of
your lecture to the very essentials. That means most of the
time fewer formulas and facts are taught in great detail.
The main emphasis is put on the competences to solve
problems and accomplish a new project. The questions
and hurdles of the project will lead automatically to those
details and additional facts that you intend to get into
their brains. If you start a course from scratch, this is at
no extra labour (except that you cannot copy your teacher
of the past...), but if you have already set out your
lectures in the “old style”, you will have to start over
again. Or maybe not completely, as there might be an
“intermediate style” of teaching, too.

Since a few years and as a result from own teaching
experience, as well as input from didactic seminars, |
created my own “mixture”. I use activating breaks of
discussions of the students with their neighbors. This
introduces a “change of view” so that the students look at
some else than me and have to express their thoughts and
ideas to someone besides listening to me. To catch
misunderstandings or misconceptions, | have alternating
students summarizing the content at the start, in the
middle and at the end of the lecture. At the same time, the
others get the content presented once more (varied
repetition is a key to memory!). To train problem-solving
competence, | have this person try to answer/solve a
question/problem within 3 minutes. A clock bar shown by
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the beamer is counting down. 3 minutes are more time
than you may guess at first hand! To add a bit of team
competence training, this is usually done with the help of
another student acting like the telephone-joker in the
“who wants to be a millionaire”-quiz on TV. Being a
“telephone-joker” is limited to two times, so quickly the
“good ones” are out of the game in the class.

With this example of a teaching concept, | have not even
touched the field of good animations, videos or presenting
original pieces of equipment during a lecture of a Medical
Physics subject. All this together will make up the smart
arrangement and activating interaction with the audience
that will render your lecture a success in gained
knowledge for the audience. The is even more important
in the current situation of shutting down regular teaching
at universities etc. due to the CoVID-19 virus lock-down
when you have to use distance teaching tools like
recorded lectures or open-source or commercial video-
platforms like Jitsi, BigBlueButton, Zoom, Webex,
GoToWebinar etc. just to list some for your live teaching
or consultations with your class. This situation is even
more challenging since the non-verbal contact present in
the “normal” situation at class is now missing. You have
to actively address your audience as much as possible by
names and have them speak up, too, to get them used to
the new teaching tools and situations. My current classes
prefer to write questions and remarks through the chat
function of the platform. By calling them up by name to
use the microphone for a direct conversation, | am trying
to get them used to “step out of the dark™ of the class for
verbal communication. Just to add an-other hint to get
them involved in the organization of the lecture, too, for
you: Since it is very hard for me to recognize the point
where they need a break from mostly listening to me, |
ask for a volunteer from the audience at the beginning to
whom by private chat they can indicate if they need a
break. He or she will tell me then as “speaker of the
class”. Some of the mentioned video-platforms already
have such a tool built in to indicate to the presenter to
slow down or to repeat a topic. But this way, | do not
have to concentrate also on this item but on my very topic
and the questions and answers of my class. As mentioned
before: this is about getting them involved as a peer in the
organization of the lecture, too.

These concepts like the ones described above are
regarded as an educational re-source, just like the
animations or videos e.g. that you may use in your
lectures, too. The goal of an initiative of the EFOMP
Education and Training Committee is to establish a
network of Medical Physics teachers, who are interested
in and would like to share their concepts and materials as
Open Educational Resources (OER) under the creative
commons licensing (CCL or GPL) concept. EFOMP
would like to create a teaching material repository to this
end. At the start, already existing materials and concepts
of teaching could be made available there. Preferably in
English, but this is just a matter of translation. Foremost
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is the creation of links between interested and active
teachers in Medical Physics in Europe and maybe also
beyond, as there exist already links to the AAPM MPESC
mentioned in the introduction above.

I have to show the other results of my smartphone
feedback poll during my presentation at ECMP2018.

Among 35 responders, 40% had already experience with
some kind of “new style” teaching, while 60% did not.
Asked, if they were satisfied with their teaching result,
53% out of 32 responders answered with yes, 47% with
no. So at least for almost half of them, there might be an
interest in improvement. Among 28 responders who are

30

teaching, 79% would be willing to try something new, 4%
would refuse and 18% already teach in the “new style”.
My resume of these figures in total is, that there is a
change of style in teaching Medical Physics on the way in
Europe. And | would like to make the Education and
Training Committee of EFOMP as well as the European
Congress of Medical Physics the place to exchange new
concepts as well as tools/media and foster this change of
teaching Medical Physics!

Author: Prof. Dr. Markus Buchgeister
Email: Buchgeister@Beuth-Hochschule.de
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Abstract— The South-East Asian Federation of
Organizations for Medical Physics (SEAFOMP), which was
established in 2000, stemmed from a vision to galvanize efforts
in promoting and developing the medical physics profession in
the ASEAN region. The South East Asia Congress of Medical
Physics (SEACOMP) - its largest annual scientific meeting,
and in recent years, the ASEAN College of Medical Physics
(ACOMP) had been the catalyst for the growth and progress
of medical physics in this region. In this paper, we present
brief reports of the progress achieved and challenges faced by
its member countries. The llollo Declaration acknowledged
and affirmed the efforts of SEAFOMP members towards
education and training of medical physics, laying out the
strategies and focus of the federation in charting the way
forward for the federation and its member countries.

SEACOMP. Medical
profession, ASEAN

Keywords— physics, education,

I. INTRODUCTION

South-East Asian Federation of Organizations for
Medical Physics (SEAFOMP) started in the year 2000. This
year, we celebrate the 20" anniversary of the federation.
This article intend to summarize the progress and
achievement of the medical physics professions of the south
east Asian region, to commemorate this important
milestone. Fig.1 shows the logo of the 20™ anniversary of
SEAFOMP.

[1. THE BEGINNING OF SEAFOMP

SEAFOMP was formed in an informal discussion
in 1996 during the International Organization of Medical
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Physics (IOMP) World Congress at Nice, France. The
founding members were Anchali Krisanachinda, Kwan-
Hoong Ng, Agnette Peralta, Ratana Pirabul, Djarwani S.
Soejoko, and Toh-Jui Wong (Fig.2 and Fig.3). It was only
in 2000, four years later, that the federation was officially
accepted as a regional chapter of the International
Organization of Medical Physics (IOMP) at the Chicago
World Congress [1]. SEAFOMP started with five (out of
10) member countries of the Association of Southeast Asian
Nations  (ASEAN), namely Indonesia, Malaysia,
Philippines, Singapore, and Thailand. Brunei and Vietnam
joined in 2002 and 2005, respectively[1, 2]. Professor Dr.
Kwan-Hong Ng served as the founding president. Since
then, SEAFOMP has underwent five changeover of
executive committees (Table 1).

SOUTH-EAST ASIAN FEDERATION OF
ORGANIZATIONS FOR MEDICAL PHYSICS

ANNIVERSARY

Fig. 1 SEAFOMP 20" anniversary logo.
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The objectives of SEAFOMP are to promote:

e (Co-operation and communication between
medical physics organizations in South-East
Asian region.

e Medical physics and related activities in the
region.

e The advancement in status and standard of
practice of the medical physics profession.

e To organise and/or sponsor international and
regional conferences, meetings or courses.

To collaborate or affiliate with other scientific
organizations.

One of the most important event that the federation
organised is the South East Asian Congress of Medical
Physics (SEACOMP). The event was initially started as a
biennial event. However, it has proven to be an important
activity that is crucial in promoting every aspect of the
federation objectives that it has since been organized almost
every year, rotating amongst the member countries. Table 2
shows the list of SEACOMPs organised over the last 20
years. In the last few years, SEAFOMP have also been co-
organising the SEACOMP and Asia-Oceania Congress of
Medical Physics (AOCMP) with the Asia-Oceania
Federation of Organizations for Medical Physics (AFOMP).
This synergistic combination has been shown to be
extremely useful towards enhancing interactions, facilitating
knowledge and cultural exchange in the medical physics
community within the larger region of Asia and beyond.
The number of delegates has grown from just over 100 to
more than 600. In 2020, the 18th SEACOMP & 20th
AOCMP is expected to be held in Phuket, Thailand on
October 8-10, 2020 with the theme “Medical Physics-
Achievements, Challenges and Horizons”.

The second South-East Asian Con

Fig. 1: SEAFOMP founding members posing with a plenary speaker (4th
from the left). From left: Anchali Krisanachinda (Thailand), Agnette
Peralta (Philippines), Djarwani S. Soejoko (Indonesia). From the right:
Toh-Jui Wong (Singapore), Kwan-Hoong Ng (Malaysia) and Ratana
Pirabul (Thailand).

TR =
Fig. 2 AFOMP and SEAFOMP founders in 2001 Bangkok, Thailand.

Table 1 The executive committees of SEAFOMP

President Vice Secretary Treasurer
President General
2000- Dr. Kwan Dr Anchali Ms Agnette Mr Toh Jui
2006 Hoong Ng Krisanachind Peralta Wong
a
2007- Dr. Anchali Ms Agnette Dr James Dr Rachmat
2009 Krisanachida  Peralta Lee Widodo Adi
2010- Ms Agnette Dr.James Lee  Dr.Freddy Ms.Sivalee
2012 Peralta Haryanto Suriyapee
2013- DrJames Lee  Dr.Freddy Dr. Ms.Sivalee
2018 Haryanto Supriyanto Suriyapee
Pawiro

2019~  Dr Freddy Dr. Chai Dr.Supriyant  Dr.Taweap
present  Haryanto Hong Yeong 0 Pawiro Sanghangthum

I. BIRTH OF AcOmP

The strong cohesion developed between the member
countries had led to the birth of another ommissionin, the
ASEAN College of Medical Physics (ACOMP) in 2014
during the 12" SEACOMP held in Ho Chi Minh City,
Vietnam [3]. Professor Ng Kwan Hoong was elected the
first chairman of the college. The vision is to make the
ACOMP the premier education and training centre for
medical physics in ASEAN and beyond. It envision to
model itself in the likes of American Association of
Physicists in Medicine (AAPM) and European Federation
of Organisations For Medical Physics (EFOMP) summer
schools.

The ACOMP abjectives were to
« enhance the standard and quality of education and training
of medical physicists,

* provide continuing professional development (CPD)
programmes, and
+ promote the continuing competence of practitioners of
medical physics.
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Table 1 History of SEACOMPs [1]

Date SEACOMP Venue Congress Theme No. Of
delegates
23-24 April 2001 1 SEACOMP Kuala Lumpur, Continuous Quality Improvement In Medical Imaging And 110
Malaysia Radiation Therapy
12-14 November 2" SEACOMP Bangkok, Thailand Enhancing Quality In Imaging And Therapy In South-East 150
2003 Asia
27-29 September 3" SEACOMP & Kuala Lumpur, Progress And Innovations In Medical Physics 220
2004 4" AOCMP. Malaysia
7-11 November 4% SEACOMP Jakarta, Indonesia Physics Contribution To Human And Biosystem 126
2006
21-23 November 5" SEACOMP Manila, Philippines Saving Lives Through Physics And Engineering 124
2007
29-31 October 6" SEACOMP & Ho Chi Minh City , Nurturing Collaborations In Medical Physics 305
2008 8" AOCMP Vietnam
22-24 October 7" SEACOMP & Chiang Mai, Update In Medical Physics 303
2009 9" AOCMP Thailand
10-13 December 8" SEACOMP Bandung, Indonesia Improvement In Medical Science And Technology For 131
2010 Better Life
16-19 November 9" SEACOMP Manila & Bohol, Celebrating Gains And Meeting New Challenges In Medical 115
2011 Philippines Physics
11-14 December 10" SEACOMP & Chiang Mai, The Convergence Of Imaging And Therapy 202
2012 12" AOCMP Thailand
12-14 December 11" SEACOMP & Singapore Advancing Imaging And Radiotherapy With Medical 271
2013 13th AOCMP Physics
23-25 October 12th SEACOMP & Ho Chi Minh City , Medical Physics For Advanced Medicine 239
2014 14th AOCMP Vietnam
10-12 December 13th SEACOMP Yogyakarta, Improving The Quality Of Human Health Through Physics 196
2015 Indonesia
9-12 December 14th SEACOMP, Bangkok, Thailand Medical Physics Propelling Global Health 645
2016 16th AOCMP &
22nd ICMP
1-3 December 15th SEACOMP llo-llo, Philippines Medical Physics Towards Health For ALL 177
2017
11-14 November ~ 16th SEACOMP & Kuala Lumpur, A Sustainable Future For Medical Physics 529
2018 18th AOCMP Malaysia
8-10 August 2019  17th SEACOMP & Bali, Indonesia Improvement On Patient Care And Safety Through The 320
3rd PIT-FMB Innovation In Medical Physics
Since the inception of the ACOMP, the college has been e School on non-ionizing radiation protection

active in organising various workshops around the regions,
enhancing education and training of medical physics. In
2015, the first ACOMP workshop was ommissio in
Malaysia. Since then, ACOMP has organised at least nine
ACOMP workshops, hosted by various regional medical
physics societies, universities and hospitals. The workshops
organised by the college often emphasized on hands-on,
practical sessions. Hence, the number of participants are
often of smaller numbers, ranging from 20 to 214, in
contrast to SEACOMPs. They were often focused on a
specific topic and specialties.
The following were some of the proposed and carried out
ACOMP workshops:
e AAPM/IOMP/ISEP Imaging Physics Workshop
e Workshop on Digital Radiography
e Interventional Radiology: Safety,
Dosimetry and Quality Control
e Workshop on Digital Radiography
e School on Monte Carlo simulation
e Workshop on Radiation Dosimetry — Solid State
and OSL Dosimetry: Physics & Applications
e School on radiation emergency and disaster
management

Optimization,

e Regional inter-comparison in radiation dosimetry
e Workshop on Patient Dose Management and
Monitoring in Diagnostic Radiology

I1. IMPORTANT COUNTRY MILESTONES

A Cambodia

In Cambodia, the history of medical physics is
relatively new and currently there are only four medical
physicists who work in two radiotherapy departments.
SEACOMP member countries such as Malaysia, Thailand,
Singapore, and Philippines have played very important roles
in the building of human resource capacity in Cambodia,
particularly in medical physics education, as there is no
medical physics programme in the country. Two medical
physicists successfully graduated from the Master of
Medical Physics programme in University of Malaya,
Malaysia in 2015 an 2018, respectively [4]. For clinical
training in medical physics, currently there is one medical
physicist who is attending the IAEA-Advanced Medical
Physics Learning Environment (AMPLE) programme and is
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planning to join the new batch of radiation oncology
medical physics (ROMP) programme in Thailand, starting
October 2020.

To summarise, the SEACOMP has a huge contribution
to the development of medical physics of member states.
Certainly, the spirit of growing together for a better medical
physics and healthcare system in ASEAN rings true.

B. Indonesia

Currently, the country has six universities offering
master programmes in physics, with major in medical
physics and two universities offering PhD programmes in
physics, majoring in medical physics related research [2]
The medical physics profession has been recognised by the
Indonesian government, in particular, the Ministry of
Health, Ministry of Man Power and Nuclear Regulatory
Agency[5] [6].

We have also started the registration for medical
physicists in 2012 and continued with licensing for clinical
medical physicists by the Indonesian Health Professional
Board — Ministry of Health. In 2020, it has transformed to
be the Indonesian Health Professional Council (Konsil
Tenaga Kesehatan Indonesia, KTKI)[2].

The medical physics community had also been active in
education and continuous professional development.
Collectively, we had organised three schools in
collaboration with the AAPM, International Centre for
Theoretical Physics (ICTP), Institute of Electrical and
Electronics Engineers (IEEE) and the International Atomic
Energy Agency (IAEA).

From 2016 to 2020, we had established clinical
qualified medical physicist residency programme in
radiotherapy, diagnostic radiology, and nuclear medicine. In
addition, an associate medical physicist training programme
was also established to cater for the national demand of
medical physicist in 2016.

C. Laos

Lao P.D.R, with a population of 7 million is ranked as
one of the Least Developed Developing Countries (LDDC)
in South East Asian region by the United Nations.
Currently, two medical physicists had graduated with
Master of Science in Medical Physics/Medical Imaging
from the Chulalongkorn University in 2017 under 1AEA
fellowships. One medical physicist has been attending
IAEA-AMPLE clinical training in ROMP since the last 2
years (2018-2020), supported by VAMED Company. The
facility consists of the first linear accelerator system at
Radiotherapy Center, Mittaphab Hospital, Ministry of
Health. Their responsibilities are to run a quality assurance
(QA) programme, which includes mechanical and radiation
dosimetry. Medical physicist also involves in treatment
planning of patients and patient verification QA. The
medical physicists are also responsible for radiation
protection and radiation safety in the hospital. They also
lecture on basic radiation physics, quality assurance and

quality control of radiation modalities in medical fields to
technologist student and resident of the Radiology
Department, University of Health Science. In terms of
research, they are also involved in supervision of
postgraduate students in nuclear physics, University of Laos
for research related to radiation. We are still facing many
obstacles such as the lack of experienced medical physicst,
clinical practice; budget and fundings. The most difficult
part is working without clinical supervisors.

D. Malaysia

Malaysia has about 349 medical physicists in the
country [6]. Currently, the country has two master
programme for the education and training of medical
physicists at University of Malaya and Universiti Sains
Malaysia [4, 7]. The master programme at the University of
Malaya is Institute of Physics and Engineering in Medicine
(IPEM) accredited, and had been ommission as a regional
training centre for postgraduate medical physics by the
IAEA, contributing to the development of medical physics
profession in Cambodia, Vietnam and Brunei. Malaysia
currently has two medical physics professional
organizations, i.e. Medical Physics Division (MPD), under
the umbrella of Institute of Physics Malaysia (IFM) and
Malaysia Association of Medical Physics (MAMP). They
have organized several regional conferences, workshops and
seminars under the umbrella of SEAFOMP and ACOMP
(Error! Reference source not found.). In 2015, the MPD
organized a joint workshop with AAPM/ISEP and IOMP on
the theme of imaging physics and has attracted more than
200 participants from the region. In addition, Malaysia has
also hosted three hands-on workshop under the ACOMP.

In 2016, the Allied Health Professions Act (Act 774)
was gazatted. Medical physicist along with 22 other allied
health professions are included under this Act whereby all
the practicing professionals must obtain a  ommission
certificate and compulsory Continuous Professional
Development (CPD) of 30 points per year.

Malaysia’s strength lies in having well established
postgraduate programmes while their weakness is that they
have yet to establish national certification for competent
medical physicists. There is currently no medical physics
residency programme in Malaysia, hence most of the
medical physicists are trained via on-the-job, non-structured
trainings. However, under the IAEA RAS6038 programme,
Malaysia has completed the residential trainings for 6
ROMPs and 2 DRMPs. The latest cohort of the ROMP,
DRMP and NMMP residential training was started in 2018
and expected to complete in 2021. The continuing
challenges faced by the medical physics community in the
country is outward migration of experienced medical
physicists and sustainable research funding.

E. Myanmar
The first medical physicist from Myanmar was trained
in England and later assigned to work in the Radiation
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Therapy Department of Yangon General Hospital in 1958.
In the beginning, a limited number of medical physicists,
who were opportuned to take long term training (more than
1 year), were allocated in Mandalay and Taunggyi General
Hospital. Since then, medical physicist trainings have been
accomplished via local apprenticeship training and some
short course training programmes supported by the IAEA
and World Health Organization (WHO). The candidates for
the training programmes were from academic level or senior
technologist who graduated from physics or equivalent
subject. Our challenges is that we do not have a proper
academic education and training programme at the national
level.

The undergraduate degree course for medical imaging
technology was established by the Ministry of Health in
1991 at Yangon. Currently, there are three universities
which offer undergraduate degrees in medical imaging
technology and two universities which offers master degrees
in that field.

Radiation therapy technologist undergraduate course
was introduced in 2018 at the University of Medical
Technology, Yangon. The first 2-year master of medical
physics programme is expected to be established in 2021 at
the same university.

The Association of Myanmar Medical Physicists
(MMPA) was setup in the 2016 with 30 members who were
working as medical physicists and radiation protection
officers. MMPA joined IOMP, AFOMP and SEAFOMP at
the end of 2016.

F. Philippines

During the past 20 years, giant strides have been made
in the development of medical physics in the Philippines.
The first Certifying Board Examination in Radiation
Oncology Medical Physics was held in February 2010.
There are now 19 certified ROMPs. The first Certifying
Board Examination in Diagnostic Radiology Medical
Physics was held in July 2019. There are now 13 certified
Diagnostic Radiology Medical Physicists (DRMPSs).

Sixty-one health facilities now employ medical
physicists, 19 of which employ three medical physicists
each. The two national radiation regulatory agencies
continue to employ medical physicists. Three companies
now employ medical physicists; they provide medical
physics consulting and testing services. Five universities

employ medical physicists as faculty members. Eight
multinational companies employ Filipino  medical
physicists.

University of Santo Tomas, the only school offering the
master’s degree in medical physics, produced a total of 145
graduates from 2000 to 2019. The ROMP clinical residency
programme started in 2009; that of DRMP in 2010; and that
of Nuclear Medicine Medical Physics (NMMP) in 2018.

The Philippine Organization of Medical Physicists
established in 1986 is now the Society of Medical Physicists

in the Republic of the Philippines, created in 2016. It has
hosted three SEACOMPs.

G. Singapore

Singapore’s demand for medical physicists continues to
grow with our expanding healthcare such as the new proton
beam therapy at the National Cancer Centre and increasing
diagnostic radiology and nuclear medicine capabilities. We
have about 50 medical physicists in the Society of Medical
Physicists (Singapore), formed in 1998. We currently have
two universities offering Medical Physics minor or
concentration at the bachelor’s level and a PhD programme
in one of the university. We have implemented residency
programmes for nuclear medicine and radiotherapy using
the IAEA residency syllabus. At least one of the public
healthcare cluster has  ommission the residency’s
competency framework as part of the career path of a
medical physicist. We also continue to host important
regional conferences such as the AOCMP-SEACOMP in
2013 and the upcoming World Congress on Medical
Physics and Biomedical Engineering in 2021. We continue
to work actively with the IAEA to offer training
fellowships, conduct regional training workshops and
planning meetings for various projects.

H. Thailand

The first medical physicist, Mrs. Pradub Atthakorn was
trained in England and later worked in the Radiotherapy
Department at Siriraj Hospital in the 1960s. Medical
physics education was started in 1972 at Ramathibodi
Hospital, Mahidol University. Followed by Siriraj Hospital,
Mahidol University in 1990. Medical Physics Club of
Thailand was started in 1978. The 3rd medical physics
programme was established at Chiang Mai University in
2001. The M.Sc. programme in Medical Imaging/Medical
Physics was started at the Faculty of Medicine,
Chulalongkorn University in 2002. The 5th medical physics
programme was established at Naresuan University in
collaboration with Chulabhon Hospial and the 6th medical
physics programme was started at HRH Princess
Chulabhorn College of Medical Science, Chulabhorn Royal
Academy in 2018. Doctoral programme in medical physics
was established at Chulalongkorn University in 2016. IAEA
clinical training of medical physicist, 2-year programme, in
radiation oncology (ROMP) was piloted in Thailand in 2005
with the cooperation of Thai Medical Physicist Society
(TMPS) established in 2000, and the support on the
resources by the IAEA. IAEA training guides, template for
self-assessment, six monthly report, external visit by IAEA
experts are obtained under the Regional Cooperative
Agreement (RCA) for Asian Region. DRMP started in 2009
and NMMP started in 2010. In 2016 IAEA-AMPLE was
piloted in Thailand. Residents from Myanmar, Vietnam
Laos and Nepal participated clinical training with Thai
clinical supervisors in ROMP and NMMP. In 2019,
Ministry of Public Health approved the Medical Physicist
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licence. All six master programmes are 2-year programme
of didactic lecture, laboratory, on-the-job training and
research. The success of the first pilot on ROMP, NMMP
serves the needs at major university hospitals and the cancer
centers in Thailand and neighbor countries. DRMP serves
the need in university hospitals and major private hospitals
with international accreditation (JCI). The certification and
accreditation are in progress. TMPS members are 200 in
2020.

I Vietnam

Vietham has about 150 medical physicists in the
country. Currently, the medical physicists trained at the
Bachelor’s degree. Vietnam has yet to have a master
training programme. All medical physicists were received
on-the-job trainings at dedicate hospitals for at least six
months focusing on nuclear medicine or radiotherapy under
the supervision of senior medical physicists before they start
work.

Several universities have a training programmes for
medical physics in the whole country at big cities such as
Hanoi, Hue, Da Nang, and Ho Chi Minh City.

One of the main issues in Vietnam is to maintain
qualified medical physicist resources in order to sustain
development in radiation medicine. To achieve this goal, the
Ministry of Education and Training has approved the first
official syllabus in medical physics and ommission the
Nguyen Tat Thanh University (NTTU) to conduct this pilot
programme. NTTU has developed this Bachelor programme
in compliance with the IAEA TCS 56 Postgraduate medical
physics academic programmes under framework of IAEA
TC project VIE 6030 “Development of education and
training programmes for medical physics”. At this moment
about 80 new medical physics students are currently
enrolled. In parallel, The University of Malaya has
supported the train the trainer programme. Two young
medical physicists have graduated with Master of Medical
Physics degree. The master programme is IPEM accredited.
One of them has since continued with PhD study in medical
physics.

To guarantee working position of medical physicists in
hospitals, the government is going to consider the medical
physicist resource as one of the prerequisite conditions for
licensing.

I11. THE SEAFOMP ILOILO DECLARATION

On the occasion of the 15" South East Asian Congress of
Medical Physics held in Iloilo City, the Philippines on 1- 3
Dec 2017, the ‘Declaration on SEAFOMP Moving
Forward’ was unveiled and endorsed by all those present. It
is a historical landmark for SEAFOMP.

The South East Asian Federation of Organizations for
Medical Physics (SEAFOMP) DECLARATION ON

SEAFOMP MOVING FORWARD hereinafter called
the ILOILO DECLARATION

We, the representatives of the member societies and the
officers of the South East Asian Federation of Organizations
for Medical Physics, on the occasion of the 15" South East
Asian Congress of Medical Physics held in lloilo City, the
Philippines on 1- 3 December 2017;

CONSIDERING the strong friendship among South
East Asian countries as it celebrates in the Philippines this
year the 50" anniversary of the founding of the Association
of South East Asian Nations;

AFFIRMING the importance of cooperation in ensuring
success and solidarity in any endeavour;

ACKNOWLEDGING the extremely important role of
medical physicists in the delivery of quality and safe health
care services and in radiation protection, especially in such
fields as diagnostic radiology medical physics, nuclear
medicine medical physics and radiation oncology medical
physics;

RECOGNIZING the importance of education and
training in ensuring the availability of qualified medical
physicists; and

TAKING INTO ACCOUNT the current situation of a
lack of qualified medical physicists and of the non-existence
of appropriate positions for medical physicists in some
ASEAN countries;

Do hereby agree to:

1. Promote cooperation in the development and
implementation of capacity-building
programmes and sharing of best practices in
critical areas of concern such as radiation
dosimetry, quality assurance, radiation
protection, risk management, and professional
skills enhancement;

2. Raise the professional standards and
competency of medical physicists in the region
through quality-driven,knowledge-based and
value-enriched education; and

3. Strengthen the leadership qualities among

members through role models, mentoring and
empowerment.
Done in Iloilo City, Republic of the Philippines,
on the second day of December in the Year Two
Thousand and Seventeen, in a single original
copy in the English Language.

IV. LOOKING FORWARD

The spirit of ASEAN is resounded in SEAFOMP. The
idea of setting up an organization for South-east Asian
medical physics societies was first mooted in 1996. The
South East Asian Federation of Organizations for Medical
Physics (SEAFOMP) was officially accepted as a regional
chapter of the IOMP at the Chicago World Congress in
2000 with five member countries, viz. Indonesia, Malaysia,
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Philippines, Singapore and Thailand. Today we have nine
members. Looking forward to the future, all members of
SEAFOMP will continue to strive for continual promotion
of the Medical Physics profession by working with world
bodies like IAEA and IOMP. We would need to
continuously enhance our education and professional
development. To sustain this growth, it is essential to
develop new generation of younger leaders, who are
passionate and progressive in this field.

LiST OF ABBREVIATIONS

AMPLE: Advanced Medical Physics Learning
Environment

ASEAN: Association of Southeast Asian Nations

DRMP: Diagnostic Radiology Medical Physics

NMMP: Nuclear Medicine Medical Physics

ROMP: Radiation Oncology Medical Physics

SEACOMP: South East Asian Congress of Medical
Physics
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Anh-Tung Hoang, Nhu-Tuyen Pham, Thanh-Luong Dang
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Abstract— This paper presents the recent activities and
successes of developing education and training programme in
medical physics in Viet Nam. The country has suffered from
shortage of medical physicists in terms of quantity and quality
for many years. This is because of the lack of a formal
education and training programme for medical physics
meeting the international requirements. Fully aware of this
situation, Nguyen Tat Thanh University (NTTU), national
counterpart of IAEA’s Technical Cooperation project
VIE6030 “Developing an education and training programme
for medical physics”, has built several medical physics
education programmes based on the IAEA TCS 56 to meet
national demand. One of these programme is the first formal
education programme in medical physics in Viet Nam.

Keywords— Medical physics, education and training, IAEA TC
Project VIE 6030, Viet Nam

I. INTRODUCTION

It has been more than 20 years since the first cobalt-60
teletherapy unit was installed in Viet Nam. This was
marking the first demand of medical physics profession in
the country. Unfortunately, until now not only the
governmental recognition of roles and responsibilities of
medical physicists does not exist, but also the education and
training programme in medical physics for healthcare is still
not well established.

Fully realizing the danger due to the absence of a
standard education and training programme for medical
physics in the era of rapidly changing in technology
innovation, Nguyen Tat Thanh university (NTTU) has
started to address these issues since 2015. Under the support
from the International Atomic Energy Agency (IAEA)’s
technical cooperation (TC) project VIE6030, the works of
NTTU in this area has borne the first fruits in the last few
years.

In 2015, Viet Nam had a total of 47 radiotherapy
treatment devices, 6049 X-ray machines including
conventional radiography, CT, angiography and 32 nuclear
medicine departments to serve a population of 95.54
million. There are only 105 so called “medical physicists”
[1], most of them are now working in radiotherapy
departments. By 2018, the number of devices have been
drastically increased while the rise of medical physicists is
still limited. Moreover, among this employees, there are
only less than 10 of medical physicists who graduated from
dedicated academic programmes for medical physics
abroad. The lack of such qualified personnel in Viet Nam
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currently has detrimented the development of medical
physics profession in patient care for a very long time.

As reported in [2][3], before 2018 almost all of “medical
physicists” working in radiotherapy department have
gained their knowledge via various undergraduate and
master programmes, which are essentially physics courses
with a few credits on application of radiation in medicine —
so called “medical physics orientation”. The provided
knowledge hardly satisfies the solid background knowledge
requirements  for medical physics, which  were
recommended in the IAEA document TCS 56 [4]. In 2015,
the national workshop on “The roles and responsibilities of
medical physicists and its training, education” was held at
NTTU. The delegates from Ministry of Health, Ministry of
Educaton and Training and Ministry of Science and
Technology and Mr. Ahmed Meghzifene, Head of the
Section of Dosimetry and Medical Radiation Physics —
IAEA have participated in this event. The main outcome of
this workshop is again to emphasise the importance of
medical physics in the modern medicine, and proper
education and training programme in medical physics
should be developed urgently. IAEA recommended to
support this issue via the TC channel.

I1. |AEA TC PROJECT VIE6030

Recognizing the lack of medical physicist resource in
medicine and the importance to have a standard education
programme in medical physics, with an approval from the
goverment, NTTU has been cooperating with IAEA to
prepare the TC national project VIE 6030 “Developing an
education and training programme for medical physics” for
FY 2018-2019 . The overall objective of the project is to
develop human resources in medical physics for radiation
medicine and to generate a new generation of medical
physicists, who will be equipped with professional
knowledge to be able to enhance the effectiveness,
efficiency and ensure radiation protection to meet IAEA
new BSS [5]. For achieving this goal, The IAEA project
VIE 6030 will provide with the following supports in:

* Expert missions.

* Train the trainers.

 Equipment for teaching purposes.

The expert missions are aimed to provide the essential
evaluation and recommendation to the counterpart and
various stakeholders of Viet Nam government and also to
the IAEA regarding the issues addressed in the project; To
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find the gaps that should be fulfilled. This will bring the
great benefits guiding us to implement the project to the
best possible approach. Besides, the experts also provide
some training courses to participants from different
hospitals, regulatory agencies on some issues related to
medical physics and radiation protection in medicine.

Due to the lack of qualified medical physicists in Viet
Nam and the importance of lecturer resource as the key
contributor to the success in developing education
programme and teaching in medical physics, NTTU has
discussed with IAEA to proceed with the trainer training
programme as soon as possible. University of Malaya —
Malaysia has been selected by IAEA as the host university
to train the trainer for us, in which the medical physics
postgraduate course has been accredited by the Institute of
Physics and Engineering in Medicine (IPEM) for 20 years.
Besides academic education, clinical training is also
provided in the qualified associated medical center of the
university, in order to ensure competence for the trainers.
Two young lecturers of NTTU were nominated for
participating in the 2-year master course of medical physics
in the University of Malaya. These two lecturers have
acquired the master degree with distinction at the end of
2018 and now they are participating in the clinic training.
With good success in study both of them have a chance to
continue their study for PhD in conjunction with
contributing to the workforce in NTTU.

In some hospitals, patient numbers are very high, medical
physics staff time is limited and access to equipment to
teach students will be limited or non-existent. With a desire
for the students to have access to medical physics
technologies in the labs and classroom as much as possible.
We carried out an analysis of what medical physics
equipment (e.g. QA equipment) and teaching aids will be
needed. In the project VIE6030 some fund was allocated for
purchasing basic equipment for teaching three sub-fields of
radiotherapy, diagnostic imaging and nuclear medicine and
radiation protection.
As it was mentioned above, the expert missions are very
beneficial for developing the various education and training
programmes in medical physics for different audiences. One
of the important issues is to evaluate the quality of these
education programmes.
During the period of 2016-2019, the NTTU has been
preparing the following three programmes:

* NTTU Bachelor programme in medical physics

* Supplementary education programme for existing

medical physicists
« National framework for Medical physics education and
training programme

The following paragraphs will provide more detail

information about these education programmes.

A. The first Bachelor medical physics academic programme

Through extensive study on IAEA TCS 56 document and
referring to medical physics programme of the University of
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Malaya — Malaysia, and of Chulalongkorn University —
Thailand, NTTU has sucessfully developed the first
academic medical physics programme in Viet Nam during
2016-2018 period. In August 2018, an IAEA’s expert
mission was held to evaluate the Programme.

“The medical physics syllabus developed by Nguyen Tat
Thanh University was compared with IAEA’s TCS 56
(Postgraduate medical physics academic programmes). The
syllabus is very detailed and provides confidence that the
syllabus has been prepared with great thought and after
considerable research” [6], reported by the expert. The
expert also noted that “the BSc degrees in Viet Nam are
typically 4.5 — 5 years in duration. This results in BSc in
medical physics of duration equivalent to that taken for a
BSc in physics followed by an MSc in medical physics
offered in other countries. The academic content in the
proposed syllabus is also equivalent to what would normally
be covered up to MSc level. The result is a BSc programme
that fulfils the requirements of a typical MSc in medical
physics. The difference is purely semantic”.

NTTU has to develop the medical physics Bachelor’s
degree programme instead of Master’s degree programme
because the national regulation [7] does not allow to
conduct a Master programme in medical physics without
conducting the undergraduate course in the same specialty.

In addition, to conduct MSc course in medical physics,
the university needs to have at least five core lecturers with
the title of professor or associate professor or with a
doctoral degree in the same discipline or disciplines close to
the disciplines of the training registration; of which at least
one professor or associate professor in charge of the
relevant specialty.

The bachelor programme consists of 15 trimesters to be
delivered in 5 years, in which the first 3 years student will
be provided with fundamental knowledge such as
mathematics, physics, in the subsequent 2 years, they will
acquire the academic knowledge equivalent to Master level
of medical physics [3]. The Bachelor programme was
submitted to the Ministry of Education and Training for
approval. On 31st August, 2017 NTTU acquired the
approval to carry out the pilot programme. The first batch is
undergoing freshman year with 47 students.

Despite receiving positive assessment from the expert,
NTTU aims to continue improving the programme to
harmonise education programe to achive the international
level. In the future, we will upgrade our course to Master
level and subsequently target to get an accreditation from
international organisations
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Fig 2. Schematic illustration of NTTU Medical physics education
programme [3].
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B. The supplementary programme and national framework
for medical physics education and training programme

Since the BSc programme aims to the next generation of
medical physics, another education programme for the
existing medical physicists! needs to be developed. A quick
survey on this workforce conducted by NTTU showed that
they recognise their significant knowledge gaps and in need
of a supplementary course to approach the global standard
practice. Therefore, NTTU has prepared such a programme
to provide them with core medical physics modules as
recommended in IAEA TCS 56. This manuscript was
assessed via the IAEA’s expert mission for the rationale and
the quality and it was found that the syllabus is generally
comprehensive and appropriate to the needs of the
physicists in their daily clinical practice and it must be
initiated with some urgency. The course is going to be
submitted to the Ministry of Health for approval at the end
of 2019.

For harmonising numerous orienting “medical physics”
education programmes in other institutes, under TC project
VIE 6030, the national framework for medical physics
education and training programme will serve as the
guideline for other institutions to develop their own medical
physics programme. The national framework for medical
physics education and training programme shall be
approved by the Ministry of Education and Training in the
near future. The education framework was assessed by the
IAEA expert and it was reported to be consistent with the
IAEA TCS 56.

! Personnel currently doing medical physicist’s job in medical
centres

I11. THE RECOGITION OF MEDICAL PHYSICS AS A HEALTH CARE
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PROFESSION

Although not planned in the IAEA TC VIE6030 project,
recognition of medical physics as an independent profession
in health care in Viet Nam will serve as the main factor for
evaluating the success in implementing of the project.
Foreseeing the importance of this issue, NTTU attempts to
raise the awareness amongst the regulatory bodies. Through
various consultation to relevant stakeholders, a new decree
on “regulations of conditions for conducting radiation work
and conditions for conducting services supporting atomic
energy application” is going to be enacted in 2019. In the
Decree, an availability of medical physicisist workforce
resource is one of the conditions for the medical radiation
practices to acquire license.

Furthermore, recently, the Ministry of Health in Viet
Nam has circulated the amended Health Care Law for
collecting suggestion, in which the Article 17 stipulated that
medical physicist will be considered to grant a medical
profession certificate. The Law will be passed by the
National Assemby in next year. This will be great progress
for the medical physics career in Viet Nam. The legal
recognition will support not only in material but also spirit
for medical physicist. This will form the foundation and the
catalyst for education and training of medical physics in
Viet Nam to gain further good results.

IV. CONCLUSION

For the last few years, the education in medical physics has
achieved a certain success. The three main education and
training programmes in medical physics prepared by NTTU
following IAEA TCS 56 “Postgraduate medical physics
academic programmes”, which is endorsed by the
International Organization for Medical Physics (IOMP).
Under these education programmes, the new generation of
medical physicists are expected to be equipped with a solid
medical physics knowledge to meet national and
international requirements.

Having this results, the NTTU’s working team, was strongly
supported not only by the NTTU management board but
also from other ministries such as Ministry of Science and
Techonoloy, Ministry of Education and training and
Ministry of Health. We also received the great assistance
from IAEA under the TC project VIE6030.
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Abstract—The recognition of medical physicist in
Indonesia has been implemented in many aspects. In
regulatory point of view, registered medical physicists has to
be present during application of license for ionizing
radiation-utilizing medical facilities in Nuclear Energy
Regulatory Agency (Badan Pengawas Tenaga Nuklir,
BAPETEN). Regulations also mandate diagnostic x-ray
devices to be compliance-tested by BAPETEN-appointed
companies prior to use—with certified personnel in these
companies being mostly medical physicists. One of the major
impacts of these policies is the significant increase in number
of clinical medical physicists from 2016 to 2020, particularly
for diagnostic radiology medical physicist (DRMP). In
addition, the number of radiation oncology medical physicist
(ROMP) is also increasing along with the increasing number
of radiotherapy centers. Similarly, the incresing number of
nuclear medicine medical physicists (NMMP) is also due to
the the increasing number of nuclear medicine facilities in
Indonesia. This situation has been made possible by the
short-term policy of the medical physics professional society
in collaboration with university and regulatory authority to
develop the professional training scheme for medical physics.
Two professional training programs to produce young
medical physicists has been implemented in Indonesia since
2018. The result of the training is presented in this paper.

Keywords — medical
training, Indonesia.

physics, recognition, prefessional

I. INTRODUCTION

Medical physicist as profession in Indonesia has been
recognized by Ministry of Health in Decree No. 48/ 2007.
The profession ‘medical physicist® has also been
mentioned in Government Regulation No. 36/2014, stated
as medical professional under biomedical technology
cluster with radiographer and biomedical engineer. By
law, medical physicists have to be present in
Radiotherapy, Diagnostic and Interventional Radiology,
and Nuclear Medicine services as one of the prerequisites
for medical devices to be licensed for clinical use. It is
regulated by both the Nuclear Energy Regulatory Agency
and Ministry of Health under separate decrees [1].

According to Government Regulation No. 12/2012 on
higher education, medical physics education comprises of
academic and professional training. [1] In line with
international recommendations, the Clinically Qualified
Medical Physicist (CQMP) has academic qualification of
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postgraduate level with minimum 2 years of additional
clinical training at hospital [2].

Il. MEDICAL PHYSICS TRAINING PROGRAMME

2.1. Short-term Policy

Pawiro et al [1] mentioned that direct implementation
of international recommendation on clinically qualified
medical physicist training program faces a challenge
concerning the geography, demography of population, and
medical devices distribution in Indonesia.

Table 1. Radiation medicine facilities in Indonesia and the need
of medical physicists

Province DR RT NM MP need
Aceh 14 - - 11
North Sumatera 56 5 1 78
West Sumatera 11 2 -1 17
Riau 18 2 - 20
Jambi 5 - - 7
South Sumatera 18 1 - 25
Bengkulu 4 - - 5
Lampung 20 1 - 23
Bangka Belitung 4 - - 5
Riau Island 11 - - 10
Jakarta 95 12 6 207
West Java 134 3 2 289
Central Java 99 8 1 207
Yogyakarta 22 3(1) 1(1) 34
East Java 116 5 -(2) 213
Banten 39 1 - 104
Bali 30 3(1) - 32
West Nusa Tenggara 8 1 - 12
East Nusa Tenggara 5 - - 6
West Kalimantan 9 - - 17
Central Kalimantan 6 - - 5
South Kalimantan 11 1 - 16
East Kalimantan 15 2(1) 1 24
North Kalimantan 3 - - 0
North Sulawesi 6 1 - 10
Central Sulawesi 8 - - 6
South Sulawesi 36 3 - 52
South-East Sulawesi 5 - - 16
Gorontalo 4 - - 10
West Sulawesi 4 - - 2
Maluku 3 1) - 1
North Maluku 2 - - 3
Papua 7 - - 3
West Papua 1 - - 0
Total 839 56(4) 16(4) 1470
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This is inline with quantity demand of medical
physicists of around 1600 as calculated from the data of
the Indonesian Nuclear Energy Regulatory Agency (Badan
Pengawas Tenaga Nuklir, BAPETEN) [1]. This prediction
is based on the data of radiation medical facilities as
presented in Table 1.

Table 1 also illustrates the radiation medicine facilities
distribution in Indonesia for diagnostic and interventional
radiology, radiotherapy and nuclear medicine in each
province in Indonesia. The number in brackets indicates
the number of centers currently under development.

In order to answer the quantity demand of medical
physicists in Indonesia, the medical physics professional
society, Aliansi Fisikawan Medik Indonesia (AFISMI)
decided on providing two levels of medical physicists
which are Associate Medical Physicist (Assoc. Medphys)
and Clinically Qualified Medical Physicist (CQMP). This
leveling scheme is in line with the directives from
Indonesian  regulation according to Government
Regulation No. 12/2012. The Associate Medical Physicist
level falls on the category of Indonesian Qualification
Framework (IQF) in Level 7, whereas Clinically Qualified
Medical Physicist is categorized in IQF as Level 8. An
Associate Medical Physicist essentially holds a bachelor’s
degree in Physics and completed the additional
professional training for 6-12 months. Based on the
Competence Standard of Medical Physicist developed by
AFISMI and Ministry of Health, Associate Medical
Physicists are dedicated to play limited role in physics
service; i.e. related with simple equipment, techniques,
and procedures for radiotherapy, diagnostic radiology, and
nuclear medicine. For the use of advanced techniques and
devices in radiotherapy, diagnostic and interventional
radiology, and nuclear medicine, the Clinically Qualified
Medical Physicist (CQMP) must be present. The Associate
Medical Physicist also served as a bridge to match the
current national capacity with the international
qualification of medical physicist in the future [1].

The need of medical physicists as presented in Table 1
is calculated based on BAPETEN’s current regulation
which obliges healthcare facilities equipped with
fluoroscopy, computerized tomography, and/or
mamography devices to hire medical physicists. In
addition, the need of radiotherapy medical physicists is
calculated based on the IAEA recommendation related
with number of patients, whereas each nuclear medicine
centers has to present at least one medical physicist.

Pawiro et al [1,3] explained that the number of member
of society increased from 298 to 381 with clinical
physicists from 161 to 202 in 2016 and 2017, respectively.

Table 2 shows the current number of clinical physicists
in March 2020. Compared to the same data in previous
works [1,3] the number is increased to 438 out of 597
professional society members of AFISMI. From the data,
the number of clinical physicist in diagnostic radiology
(DRMP) increased significantly compared to clinical
physicists in radiotherapy and nuclear medicine. It is
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caused by BAPETEN’s regulation mentioning that
medical physicist being one of the requirements to get
operational license for fluoroscopy, computerized
tomography, and mamography machines. This number is
in correlation with big number radiology facilities in
Indonesia.

In addition, the increasing number of clinical physicists
of radiotherapy (ROMP) is around 10% and is directly
related with the development of new centers and
radiotherapy machines in the country. Furthermore, the
number of clinical physicist in nuclear (NMMP) is also
increasing along with the increasing number of nuclear
medicine centers.

The rest of AFISMI members are bureaucrats at
Ministry of Health and BAPETEN, academics, researchers
at government institutes, and other professionals at
manufacturers and their representatives.

Table 2. Number of Existing Medical Physicists

Province ROMP DRMP NMMP
Aceh - 5 -
North Sumatera 10 19 1
West Sumatera 4 8 1
Riau 3 5 -
Jambi - 2

South Sumatera 2 4

Bengkulu - 2

Lampung 2 3

Bangka Belitung - 2

Riau Island - 1 -
Jakarta 31 45 6
West Java 5 42 2
Central Java 16 51 2
Yogyakarta 10 9 2
East Java 11 27 2
Banten 2 8 -
Bali 8 6

West Nusa 2 4

Tenggara

East Nusa - 4

Tenggara

West Kalimantan - 1

Central - 3

Kalimantan

South Kalimantan 2 1 -
East Kalimantan 3 5 2
North Kalimantan - 1 -
North Sulawesi - 5

Central Sulawesi - 5

South Sulawesi 5 24

South-East - 8

Sulawesi

Gorontalo - 1

West Sulawesi - 3

Maluku - 1

North Maluku - 1

Papua - 1

West Papua - 0

Total 114 306 18
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2.2. Curriculum of Training

The training scheme of Associate Medical Physicist
was developed to produce the large number of junior
physicist who can play role as junior physicist in three
specialities under senior physicists or Clinically Qualified
Medical Physicist. The curriculum of this scheme will
train the candidate to understand the role of medical
physicist in simple diagnostic radiology (general x-ray,
dental and fluoroscopy), radiotherapy (teletherapy
machines with 3D and brachytherapy 2D capabilities), and
nuclear medicine (gamma camera and single photon
emision computerized tomography, SPECT). Therefore,
the 6 to 12 months training for Associate Medical
Physicists will cover the basic competency of medical
physicist in three specialities. The curriculum of associate
medical physicist is decribed in Table 3.

Table 3. Curriculum of associate medical physicist training
scheme
No Module

Length of
training (_hours)
1 Ethics of medical physicistin 16

clinic and research

2 Acceptance and 24
ommissioning of

equipment

3 Quality Assurance of 32
Equipment

4 Radiotherapy planning 28

5 Dose Audit

6 Radiation protection and 68
radiation safety

7 Clinical rotation in 160
Diagnostic Radiology

8 Clinical Rotation in 160
Radiotherapy

9 Clinical Rotation in Nuclear 80
Medicine

In addition to the Associate Medical Physicist training
scheme, we also run international standard of clinical
residency program following the IAEA Training Course
Series (TCS) publication 37, 47, and 50 [1,2].

2.3 Intake of participants

As consensus at the professional society
(www.afismi.org) and the Indonesian Association of
Higher Education in Medical Physics (AIPFMI,
www.aipfmi.org), the educational background to enroll to
the Associate Medical Physics training is described.
Participants must only graduate from undergraduate
program of physics or nuclear engineering with major in
medical physics. The candidate has to proof with their
academic transcript and completed the specified subjects;
anatomy and physiology, radiological physics and
dosimetry, imaging physics, radiotherapy physics, and
nuclear medicine physics. If the candidates come from
other theoretical and applied physics program, they must
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complete the matriculation on the aforementioned core
subjects in medical physics.

The training is initiated and conducted by the Center for
Medical Physics and Biophysics, Institute of Applied
Sciences, Faculty of Mathematics and Natural Sciences,
Universitas Indonesia (CMPB Ul), with participants
coming from other universities throughout Indonesia. The
first batch of this training started in February 2018.

According to the data from batch 1 to batch 5, the
training administrator must select participants based on
admission test scores and also geographical distribution
aspects. The selected participants for the Associate
Medical Physics training can be seen in Table 4.

Table 4. Professional training program for Associate
Medical Physicist

Batch Number of Graduated Job position
participants secured
Batch 1 49 47 44
Batch 2 34 33 23
Batch 3 32 32 26
Batch 4 29 29 12
Batch 5* 33 - -
Total 177 141 105
¢ On-going

International Atomic Energy Agency (IAEA) through
the Regional Technical Cooperation project in Asia Pacific
conducted the pilot project to initiate the Clinically
Qualified Medical Physics residency program in Indonesia
in 2016. The pilot ROMP and DRMP has been started as
described in Tabel 5 under the IAEA project RAS6077
followed the IAEA Training Coure Series, and it was
translated to e-learning system called the Advanced
Medical Physics Learning Environment (AMPLE). This e-
learning system provides the possibility for residents to
submit their work and the supervisor to grade their work
[1]. Table 5 shows the paticipant of CQMP residency
program in Indonesia which is registered by CMPB UI.
The requirement of candidate is graduated form master of
medical physics with background education in physics or
nuclear engineering and have to completed associate
medical physics training scheme before the candidate
started the training. Up to now, this program is a voluntary
program.

For ROMP program, three residents have graduated
from based on asessment in April 2019 which was
performed by external expert of IAEA and local medical
physcists. Two residents of ROMP batch 1 still doing
additional assignment to pass the program. The second
batch will be asessed and evaluated in 2020. The first and
second batch is trial program for 2 years flexible program
depending on the clinical environment. The third batch has
been started with fixed program for mandatory module in
one year and then continue with internship for 6 months.

The DRMP program is started with remote residency
program which is supervised by clinically qualified
medical physicist from Australia. Up to now, we only have


http://www.afismi/
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one resident who still struggling to finish the program. In
addition, the NMMP program is finally started under the
project IAEA RAS6087 with 2 residents in June 2020.

Furthermore, the Table 5 indicated that ROMP batch 3
and NMMP batch 1 will be started with 4 residents and 2
residents, respectively.

Table 5. clinical qualified medical physics residency

program
Specialities*, Number Graduated Job position
Batch Participants secured
ROMP 1 5 3 5
ROMP 2 4 - 4
ROMP 3 4 -
DRMP 1 1 1
NMMP 1 2 - -
Total 16 3 10

*ROMP (Radiation Oncology Medical Physics), DRMP (Diagnostic
Radiology Medical Physics), NMMP (Nuclear Medicine Medical
Physics). The first batch ROMP and DRMP is under IAEA RAS6077
project, wheras first batch of NMMP is under IAEA RAS087 project

After completion of the professional training in both
schemes, medical physicist has to be registered in the
Indonesian Health Professional Council (Konsil Tenaga
Kesehatan Indonesia, KTKI), Ministry of Health. The
council will issue the registration certificate. This medical
physicist registration certificate is a prerequisite document
for radiation medicine facilities license application under
BAPETEN’s authority.

2.4 Placement of the alumnae

As above mentioned, two professional training schemes
is developed to answer national demand of medical
physicists in Indonesia. Tables 4 and 5 indicated the
placement of alumnae of professional training of associate
medical physicist and clinically qualified medical
physicist, respectively.

Table 4 shows that more than 95% of participant have
graduated from AMP training program and around 75% of
them have each secured a job position. Participants having
not secured any job position is because they are also
master students who prefer to finish their study prior to
seeking a job. Since Batch 4 has just graduated in March
2020, that the unemployment rate of alumnae of the
training for batch 1 to batch 3 is less than 10 %.

For the survey, around 80% of the alumnae from batch
1 to 4 work in Java island, while the rest are being
distributed in other islands. This distribution of alumnae is
another issue of the job placement, so the admission
requirement of participants have changed for batch 5,
where we prioritize to select participants from outside Java
island. It is expected that a more proportional distribution
to take place within two years in the future.

In addition, Table 5 shows that all participants of the
clinically qualified medical physicist training already have
a job before their completion the program for batch 1 and
batch 2.
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Based on the distribution of placement, the participants
and alumnae of the CQMP training of ROMP have
occupied jobs in Java and Sumatera Island at new centers
with advanced technology. This has been made possible
thanks to our cooperation with Indonesian Radiation
Oncologist Society (IROS) and BAPETEN. The
aforementioned parties have recommended new centers
with advance technology to recruit new medical physicist
with master’s degree in Physics or Medical Physics and
with on going or graduated from CQMP training.

I11. CONCLUSIONS

The recognition of medical physics profession in
Indonesia has been established. The number of members
and clinical medical physicists is increasing rapidly
especially in diagnostic radiology. There are still
homeworks to increase their competency through the
continuing medical physics education which can be
conducted by collaboration Ministry of Health, AFISMI,
and Universities.

ACKNOWLEDGMENT

We would like to thank all the founders of medical
physics in Indonesia; Prof. Djarwani Soeharso, Mr.
Sudharto Wahab, and Ms. Ratih Oemiyati for their tireless
dedication in accelerating the recognition of medical
physics profession in national level.

REFERENCES

1. SA Pawiro, et al. (2019) Overseeing the Growth of

Medical Physics: Indonesia Case. In: Lhotska L.,
Sukupova L., Lackovi¢ 1., Ibbott G. (eds) World
Congress on Medical Physics and Biomedical

Engineering 2018. vol 68/1.
Springer, Singapore

2. ID McLean et al, (2019) Recommendation for
Accreditation and Certification in Medical Physics
Education and Clinical Training Programmes for The RCA
Region, MEDICAL PHYSICS INTERNATIONAL Journal,
vol.7, No.3, 2019

3. S.A. Pawiro et al, (2017) Current Status of Medical Physics
Recognition in SEAFOMP Countries. MEDICAL PHYSICS

INTERNATIONAL Journal, vol.5, No.1, pp 11- 15: 2017

IFMBE Proceedings,

Contacts of the corresponding author:

Author: Supriyanto Ardjo Pawiro

Institute: Department of Physics, FMNS Universitas Indonesia
Street: Kampus Ul

City: Depok

Country: Indonesia

Email: supriyanto.p@sci.ui.ac.id


mailto:supriyanto.p@sci.ui.ac.id

MEDICAL PHYSICS INTERNATIONAL Journal, vol.8, No.2, 2020

THE ESTABLISHMENT OF UNSCEAR REPORT IN THAILAND
A Krisanachinda!, T.Chaiwatanarat®, T.Phungrassami?, P.Treenavarat!, N.Pongnapang?, S.Srimanoroth?,
J.Laothamatas®

IFaculty of Medicine Chulalongkorn University, Bangkok, Thailand. 2Faculty of Medicine Prince of Songkla University, Songkla,
Thailand, 3Faculty of Medical Technology, Mahidol University, Bangkok, Thailand. “Bureau of Radiation Medical Devices, Department of
Medical Sciences, Ministry of Public Health, Nontaburi, Thailand 5Faculty of Health Science Technology, HRH Princess Chulabhorn College
of Medical Science, Chulabhorn Royal Academy, Bangkok, Thailand

Abstract- The radiation medicine was established in
Thailand in 1921. The rules and regulations on the use of
ionizing radiation had been enacted by the Atomic Energy for
Peace of Thailand in 1961. After that the application of
radiation in various fields had been grown up rapidly. There
was no official report on the increasing use of radiation in any
field until 2019. The Office of Atoms for Peace set up the Sub
Committee on the use of ionizing radiation in medical field
with the main objective is to collect the data according to
UNSCEAR requirements on medical exposure and
occupational exposure and be able to submit such the data for
publication in UNSCEAR Report of the year 2020.

Keywords- medical exposure, occupational
healthcare level, frequency, effective dose.

I.INTRODUCTION

Royal Government of Thailand had appointed a board,
Atomic Energy Commission for Peace, A.E.C. since 1956.
The Cabinet later assigned the committee to implement the
plan to establish a nuclear research reactor and laboratory
for education, training and research of Thai scientists and
engineers pursuing peaceful utilization of atomic energy.
On 15 October 1957, Royal Thai Government ratified the
statue of the International Atomic Energy Agency, IAEA,
as an agency under the United Nations and consequently
was the 58" on the list of IAEA Member States. On May
14 1958, the Cabinet approved the Thai A.E.C. to issue a
contract for the construction of a research reactor building
and the reactor from Curtiss-Wright Corporation, USA at
the location of Bangkhen, Vibhavadi-Rangsit Road on May
20" 1960. On April 25" 1961, Royal Government of
Thailand proclaimed the enactment of the Atomic Energy
for Peace Act, B.E. 2504 resulting in the establishment of
the Office of Atomic Energy for Peace, OAEP. The Cabinet
Resolution on November 215 2006 on transfer of business,
property, authority, liability, and budget involving nuclear
research have separated Thailand Nuclear Institute of
Technology, TINT (Public Organization), from the Office
of Atoms for Peace, OAP, to mainly focus on nuclear
research conduction.

exposure,

At present, the Office of Atoms for Peace is a major
organization responsible for formulating of a national
nuclear policy and strategy for peaceful purposes and for
regulating the use of radiation and nuclear energy in the
country for safety of users, people and environment
according to international standards and obligations. The
responsibility of the OAP is to protect life, health and
property from the hazards of nuclear energy and from the
harmful effects of ionizing radiation.
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I.UNSCEAR

United Nations Scientific Committee on the Effects of
Atomic Radiation (UNSCEAR) was established in 1955 at
the General Assembly of the United Nations. The
committee collected and evaluated information on the
levels and effects of ionizing radiation from all nuclear
explosions. The first two substantive reports®? submitted to
the General Assembly, in 1958 and 1962, presented
comprehensive evaluations of the state of knowledge about
the levels of ionizing radiation to which human beings were
exposed and of the possible effects of such exposures
(Figure 1). UNSCEAR became the official international
authority on the levels and effects of ionizing radiation,
used for peaceful as well as military purposes and derived
from natural as well as man-made sources. The first
UNSCEAR report of 1958 had been recognized that
medical diagnostic and therapeutic exposures were a major
component of artificial radiation exposure globally, a fact
that remains true today. The Committee has systematically
reviewed and evaluated global and regional levels and
trends of medical exposure, as well as exposure of the
public and workers. These reviews have prompted
significant worldwide reductions in unnecessary radiation
exposure, and continue to influence the programs
of international bodies such as the International Atomic
Energy Agency (IAEA), the International Labor
Organization (ILO), the World Health Organization (WHO)
and the International Commission on Radiological
Protection (ICRP).

The Chernobyl accident in 1986 was a tragic event for
its victims and there has been major hardship for those
most affected. From early on, UNSCEAR was involved in
the assessment of radiation exposures and health effects. In
1988 it published a first account of acute radiation effects
in emergency workers and of the global exposures®. A more
detailed assessment of radiation levels and effects from the
accident was published in 2000*. Furthermore, the
Committee held technical discussions on four documents:

e Evaluation of medical exposures to ionizing
radiation;

e Evaluation of occupational exposures to ionizing
radiation;

e Biological mechanisms relevant for influence of
cancer risks from low-dose radiation,

e Levelsand effects of radiation exposure due to the
accident at the Fukushima Daiichi nuclear power
station: implications of information published since
the 2013 UNSCEAR report®.


https://www.unscear.org/unscear/en/publications/1958.html
https://www.unscear.org/unscear/en/publications/1962.html
https://www.unscear.org/unscear/en/media/links.html
https://www.unscear.org/unscear/en/chernobyl.html
https://www.unscear.org/docs/reports/annexj.pdf
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Fig 1: Nuclear explosion

111.MEDICAL RADIATION EXPOSURE

Medical radiation exposures include the exposure of
patients as part of their medical diagnosis or treatment, the
exposure of individuals as part of health screening and
program, and the exposure of healthy individuals or
patients voluntarily participating in medical, biomedical,
diagnostic or treatment research program. Medical
exposure is more voluntary and mostly as accepted to bring
more benefits than risk. Three general categories involve in
medical radiation exposure are diagnostic radiology and
image-guided interventional procedures, nuclear medicine
and radiation therapy.

UNSCEAR Report in 1982° was the first to use a survey
developed by WHO and UNSCEAR to obtain the available
information of diagnostic radiology equipment and annual
frequency of diagnostic X-ray examinations in various
countries. Data on doses were also collected by survey. For
each procedure, the number of procedures per head of
population is multiplied by the effective dose per procedure
and the relevant population size. Trends in average
effective dose in countries of healthcare level | have been
decreasing effectively for chest radiography and
mammography. On the other hand, the average effective
dose per examination from CT examination, which is
relatively high dose procedure, has slightly decreased on
the last 30 years.

For the analysis of medical exposures, the four-level
healthcare model has been introduced in UNSCEAR 1988
Report®. In this model, countries had been stratified
according to the number of physicians per head of
population. Level I Countries were defined as those in
which one physician in every 1,000 people in the general
population. Level 11 Countries, there was one physician
for 1,000-2,999 people, Level 111 Countries there was one
physician for every 3,000-10,000 people, Level 1V
Countries, there was less than one physician for every
10,000 people. This healthcare model has been used in the
analysis of worldwide exposure.
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Fig 2. Trends in the annual frequency of diagnostic medical and dental
radiological examinations for each health-care level”

Only 24% of the population living in the health-care
level 1 countries receives approximately two-thirds of these
examinations. The annual frequency of only diagnostic
medical examination in health-care level | countries is
estimated to have increased from 820 per 1000 population
to 1334 per 1000 population in 1970 to 1979.

The ionizing radiation has been increasingly applied in
medicine in Thailand as an essential tool for diagnosis and
treatment since 1921. The benefits to the patients from
properly conducted procedures have fostered the
widespread practice of medical radiology, with the result
that medical radiation exposures have become an important
component of the total radiation exposure of populations.
Even though the use of radiation medicine in Thailand is
increasing, the information on UNSCEAR survey had
never been collected.

In February 2019, the Sub-Committee in medical
applications of OAP on UNSCEAR had been announced by
the Minister of Higher Education, Sciences, Research and
Innovation. The duty and responsibility of this Sub
Committee are:

1. To design the policy on working and reviewing the
role of each stakeholders in radiation medicine to recruit
the database on radiological equipment, radiation workers,
the diagnostic and treatment procedures and radiation dose
according to UNSCEAR manual.

2. To plan for the short and long term with the

outcome to cover the data collection and analysis.

3. To follow up, cooperation and support the objective

of UNSCEAR

4. To report the progress on output and outcome to the

Sub Committee in Medical Applications twice a
year.

5. To work on other issues relevant to UNSCEAR

survey and questionnaire.

Three meetings of sub — committee had been organized
for short- and long-term planning, data collection and
analysis according to UNSCEAR survey template in 2018.
Two workshops on education about UNSCEAR and detail
on surveys had been practiced. Approximately two hundred
participants from hospitals and related stakeholders
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attended the one - day workshops in July and August 2019.
In September 2019, the UNSCEAR data had been gathered
and analyzed from major centers represent all parts of the
country. The information on the number of populations,
physicians, radiologists, dentists, radiation oncologists,
nuclear medicine  physicians, medical physicists,
technologists, nurses, etc. and the number of equipment in
diagnostic radiology, radiotherapy and nuclear medicine in
2018 in Thailand had been collected. Furthermore, the
number on procedures in radiotherapy and nuclear
medicine as well as the patient radiation dose had been
estimated to obtain the effective dose as detail in
UNSCEAR manual. Unfortunately, the data on diagnostic
radiology on estimated number of procedures and radiation
dose could not be collected in time. UNSCEAR data on
medical exposures in radiation oncology and nuclear
medicine and occupational radiation exposure had already
been submitted to the UNSCEAR Headquarter via OAP
official channel. Information on diagnostic radiology
submitted only equipment and personnel. That information,
hopefully, should be published in UNSCEAR 2020 Report.

IV.OCCUPATIONAL RADIATION EXPOSURE

The information on occupational exposure relates to the
number of all workers working in supervised and controlled
areas with the percent uncertainties. The information
related to dosimetry consists of external and internal dose
monitoring, the value of minimum detectable level (MDL)
per measurement interval. Work categories on medical use
are diagnostic radiology consisted of conventional
diagnostic radiology, interventional procedures - radiology
and cardiology, nuclear medicine, radiotherapy, dental
practice, veterinary medicine and other medical uses. The
workforce consists of the number of workers in dose
intervals such as below MDL, MDL-1,>1-5, >5-10, >10-15,
>15-20, >20-30, >30-50 and >50 mSv, the average and
median effective doses by the dose interval, dose to eye
lens and hands, number of female workers.

V. UNSCEAR REPORT OF THAILAND:

5.1 MEDICAL RADIATION EXPOSURE

The UNSCEAR Survey form version 1.6 in 2018
consists of three parts on

A. Diagnostic and interventional radiology (RD)

B. Nuclear Medicine (NM)
C. Radiotherapy (RT)

There are two methods of data collection regarding the
annual frequency of procedures. First — a representative
sample of hospitals then scaled up to the whole country.
Practically, the data is available from the hospital radiology
information system (RIS). Second- central statistics held by
government department or insurance companies for all
radiology practices in the country. In Thailand, the first
method is used and the data is mostly collected from the
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government offices, organizations, professional societies
such as Medical Council of Thailand, Royal College of
Radiologists of Thailand, Nuclear Medicine Society of
Thailand, Thai Association of Radiation Oncology,
Radiological Technology Society of Thailand, and Thai
Medical Physicist Society, etc.

The government department involving directly in the
survey data on occupational exposure is the Bureau of
Radiation Medical Devices, Department of Medical
Science, Ministry of Public Health. The Bureau of
Radiation Medical Devices offers the service on the
personnel monitoring. The information related to
UNSCEAR survey is well recorded on annual basis.

For the Medical Exposure Report, the data recorded in
the questionnaires are classified as:

1. Essential information: the number of population
on the survey period in 2018 is 66,413,979

2. Staff and devices:

a. all physicians are 58,025, radiologists 1,834,
nuclear medicine physicians 66, radiation oncologists 174
b. all radiographic systems 28,039, nuclear medicine

equipment 82, radiotherapy system 123 and radiotherapy
imaging system 99
3. Information on the frequency of the radiological
examinations, nuclear medicine procedures (diagnostic and
therapeutic), external beam radiotherapy and brachytherapy
with number of patients is recorded.
4, Dose: the mean effective dose per procedure is
recorded in the unit of mSv for radiology and nuclear
medicine. In radiotherapy the dose is in the unit of gray.
According to the number of physicians at 58,025 and
Thai population of 66,413,979, these result in the ratio of

one physician to Thai population at 1:1144 leading to

Healthcare Level 11 for Thailand.
5.2 OCCUPATIONAL RADIATION EXPOSURE

The personnel radiation monitoring service is available
at the Bureau of Radiation Medical Devices, Department of
Medical Sciences, Ministry of Public Health and Thailand
Institute of Nuclear Technology (TINT). The minimum
detectable level (MDL) per measurement interval is 0.1
mSv. In 2018 the average, median and standard deviation
of the effective dose were 0.45, 0.17 mSv and 1.87
respectively. The number of occupational exposed workers
in Thailand was 86,922. Total number of medical workers
was 50,519. The workers received effective dose higher
than MDL was 20,628 and the number of female medical
workers was 48,816.The workers in RD, RT and NM were
37364, 3349 and 1085 respectively. Number of female
workers in RD, RT and NM were 34,389, 2,215 and 741
respectively.

5.3 THE FUTURE PLAN

The sub-committee will review the obstacles in
collecting data especially in diagnostic radiology. The data
collection on number of radiation workers, equipment, the
frequency of procedures and the patient dose should be
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collected annually. The result should be reported to the Sub
Committee in medical application for the publication of
OAP Newsletter or other relevant publishers.

For diagnostic radiology, the data from simple
procedure could be collected from participating centers at
13 healthcare regions of Thailand while the complex
procedures could be collected at the university hospitals
where the manpower is available. This could be applied for
interventional radiology which the simple procedures such
as TACE and PTBD could be firstly collected in 2020.

The workshop on UNSCEAR should be set to inform
more members in medical field to be more cooperative in
data collection and be aware of the safely use on ionizing
radiation. The future trend on number of workers and
equipment, number of procedures, frequency and dose
could be estimated for the development in medical
radiation exposure of the country. All data could be
archived at the main computer system at OAP.

vI. CONCLUSIONS

The data on the exposure of patients and workers on
national level are valuable. Therefore the data collection
should be improved to provide further relevant data about
levels, effects and risk of radiation exposure from various
sources. The government should support the NCP (National
Contact Persons) and Sub Committee to facilitate
coordination of collection and submission on the exposure
of patients, workers and public in Thailand. The data
should be published annually on website.
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ABSTRACT

The Republic of the Philippines is an archipelagic
state in South East Asia with a land area of 300,00 sq
km. It has an estimated population for 2020 of
109,947,900. With such a big population, it is most
important that a sufficient number of health care
personnel is available in the country to provide
appropriate services. Unfortunately, for medical
physicists, the current number is not enough. There is
also only one university in the country offering the
master’s program in medical physics. In this paper,
the development and current status of medical physics
in the country will be presented.

Key words: Philippines, medical physics, status,
challenges, education, training

I. BACKGROUND

The Republic of the Philippines is an archipelago of
about 7,641 islands (1) including the Philippine Sea in the
north and the east, the West Philippine Sea in the west,
and the Sulu Sea in the south. It is located in South East
Asia and its nearest neighbors are Brunei, Malaysia,
Indonesia, Vietnam, and Taiwan. It has a land area of
300,00 sq km. It has an estimated population for 2020 of
109,947,900 (2) of which 50.4% are male and 49.6% are
female. The age group 24 years old and below comprises
48.7% of its population, while the age group 60 years old
and above comprises 8.6% of its population. Its gross
domestic product in 2019 was US $355.50 billion. (3)

With such a big population, it is crucial for the
Philippines that a sufficient number of health care
personnel is available to provide appropriate services.
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Unfortunately, for medical physicists, the current number
is not enough. In this paper, the development and current
status of medical physics in the country will be presented.

Il. AVAILABLE MAJOR EQUIPMENT

Radiation medicine equipment is among the most
costly equipment used in a hospital. In the Philippines,
both the government and private sectors have invested in
such equipment. Tables 1 — 3 below show the
distribution of selected types of equipment in the country.
(4,5)

Table I: Radiotherapy Equipment

ExternalBeam Radiotherapy 66

Brachytherapy 31
Simulator (CT sim) 48

Table 2: Diagnostic Radiology Equipment
General radiography 2593
Fluoroscopy/interventional 309

radiology

Computed Tomography 354
Mammography 137
Dental x ray 217

Table 3: Nuclear Medicine Equipment

SPECT 10
SPECT-CT 10
PET-CT 12
Gamma Camera 0
Cyclotron 4
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Il. THE FIRST STEPS

The first Filipino medical physicist was Mr. Luciano
N. Niguidula. He was employed by the government —
owned Philippine General Hospital (PGH), at first as an
engineer in the Radiology Department. In 1963, PGH
acquired a cobalt-60 teletherapy unit. Dr. Harold Cook, a
medical physicist from the UK, came to Manila as an
International Atomic Energy Agency (IAEA) expert to
train Mr. Niguidula in radiation dosimetry and treatment
planning. Mr. Niguidula worked in radiation oncology
medical physics well into his late eighties and trained the
older generation of Filipino medical physicists.

In the 1970’s, Rizal Medical Center, another
government hospital employed the first Filipino physicist
in a nuclear medicine department. In the 1980’s, Makati
Medical Center became the first private hospital to
employ a fulltime medical physicist for its radiation
oncology department. In the 1990’s, The Medical City, a
private hospital was the first hospital to employ a fulltime
medical physicist in diagnostic radiology.

Any new profession needs a strong advocate. In the
Philippines this person was Dr. Celia T. Anatalio, a
radiologist and a radiation oncologist, who is considered
the Mother of Medical Physics in the country. She was
the first director of the Radiation Health Office (RHO) of
the Department of Health which was created in 1974.

IV. THE ROLE OF THE REGULATORY AGENCIES

The Philippines has two national radiation regulatory
agencies — the Philippine Nuclear Research Institute
(PNRI) of the Department of Science and Technology
(DOST) and the Center for Device Regulation, Radiation
Health, and Research (CDRRHR) of the Food and Drug
Administration of the Department of Health (DOH).
PNRI  used to be the Philippine Atomic Energy
Commission while CDRRHR used to be the Radiation
Health Office. PNRI regulates radionuclides while
CDRRHR regulates electrical or electronic devices
emitting radiation, and other medical and health-related
devices.

Both agencies have worked closely in the development
of medical physics in the country. The MSc in Applied
Physics, major in Medical Physics, program was
established in 1981 as a joint project of the DOH, DOST,
and the University of Santo Tomas Graduate School
(USTGS), with technical assistance from the International
Atomic Energy Agency. The DOH was also able to tap
the World Health Organization (WHQO) Western Pacific
Regional Office (WPRQO) and the Colombo Plan for
fellowship grants to enable three young DOH physicists
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to take up their MSc in Medical Physics degrees abroad
(Aberdeen University, University of Surrey, University of
Wisconsin-Madison). Upon their return to the country,
they became part-time faculty members in the program
while working fulltime for the DOH. Both regulatory
agencies have also collaborated in the implementation in
the country of IAEA projects in medical physics and
radiation protection.

Regulations issued by the PNRI [for cobalt 60 external
beam radiotherapy (EBRT), brachytherapy, and nuclear
medicine facilities] and by the CDRRHR [for EBRT
using linear accelerators and tomotherapy equipment]
triggered the employment of medical physicists by these
facilities. The existing CDRRHR regulations for EBRTs
and diagnostic radiology facilities are currently
undergoing revision. It is expected that the requirement
for the employment of diagnostic radiology medical
physicists will be incorporated in the revised regulation
for diagnostic radiology facilities while that for EBRT
will be amended.

V. EDUCATION AND TRAINING

In June 1981, the two-year MSc in Applied Physics,
major in Medical Physics, program began in the
University of Santo Tomas Graduate School. The
program started with four students; three of them were
employed by the DOH. These three are currently still
active in medical physics.

However, the first graduates of the program completed
all their academic requirements only in 1986. The IAEA
project for the program needed a medical physicist expert
who could stay not just for a few weeks but for at least a
year to serve as a faculty member and as the thesis
adviser of the students. This assignment was accepted by
Dr. Lars-Eric Larsson from Sweden who was then newly-
retired.

In 2004, USTGS established a second master’s degree
program, the Master in Medical Physics course with no
thesis requirement but with additional units to replace the
thesis writing units. For both programs, the incoming
students have educational backgrounds in physics,
applied physics, engineering, chemistry, and physics for
teachers.

From 1986 to 2019, both programs produced a total of
164 graduates. The first graduate of the MSc program
was Mr. Marlon Raul Tecson. From 1986 to 1999, there
were nineteen (19) graduates. During the period 2000 -
2019, there were 145 graduates.

Through the IAEA Regional Cooperative Project
(RCA) RAS 6038, structured clinical training programs in
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radiation oncology medical physics (ROMP), diagnostic
radiology medical physics (DRMP), and nuclear medicine
medical physics (NMMP) were established in the
country.  Implementation of the residency training
programs in the country was enhanced with the IAEA
RCA RAS 6077 project using the advanced medical
physics leaning environment (AMPLE) platform. It
enabled supervision at a distance because, in many
instances, the resident and the supervisor are not based in
the same hospital, nor even in the same city or island.

IAEA fellowships have also enabled Filipino medical
physicists to undergo short-term training courses or
workshops abroad such as those held in the Abdus Salam
International Center for Theoretical Physics in Italy or in
other countries.

There have also been short-term workshops hosted
locally by the DOH, the DOST, the Philippine Radiation
Oncology Society, and private medical centers, especially
St. Luke’s Medical Center, in cooperation with the
IAEA, the WHO WPRO, the International Organization
for Medical Physics (IOMP), the South East Asian
Federation of Organizations for Medical Physics
(SEAFOMP), the Asia-Oceania Federation of
Organizations for Medical Physics (AFOMP) , the
American Association of Physicists in Medicine, the
American Society for Radiation Oncology, and the
European Society for Radiotherapy and Oncology.

V1. THE PROFESSIONAL SOCIETY AND CERTIFICATION

The Philippine Organization of Medical Physicists
(POMP) was established in 1986. It became a member
of IOMP in 1986 and a founding member-organization of
SEAFOMP and AFOMP in 2000. In 2016, POMP
became the Society of Medical Physicists in the Republic
of the Philippines (SMPRP).

Under POMP, now SMPRP, the first certifying board
examination in ROMP  was held in 2010 with Dr.
Brendan Healy, from Australia, as the external examiner
and Ms. Lilian Vidal-Rodriguez as the local examiner.
There are now twenty (20) board certified ROMPs.

Under SMPRP, the first certifying board examination
in DRMP was held in 2019 with Dr. lan Donald McLean,
also from Australia, as the external examiner with Ms.
Agnette Peralta, Mr. Bayani San Juan, and Ms. Aida
Lobriguito as the local examiners. There are now thirteen
(13) board certified DRMPs.

The board examination for NMMPs is still being
planned.
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VII. MAJOR CHALLENGES

During the first twenty years of the USTGS academic
program, the low number of MSc students in the medical
physics program was the first major challenge. Partial
scholarships were available from DOH and DOST but
these were awarded only to their qualified employees. In
the latter part of the third decade of the program, the
DOST expanded its fulltime scholarship program for
graduate degree courses, and medical physics was
included among the fields. With this development, more
students were able to enroll in medical physics as fulltime
students. Private sector scholarships have also been made
available. A local supplier of linear accelerators
sponsored three scholars. Private investors or hospital
owners who want to put up radiotherapy or nuclear
medicine facilities have employed young BSc physics or
BSc engineering graduates and awarded them
scholarships to enroll in the MSc program.

The small number of graduates was the second major
challenge.  The MSc thesis requirement was an
impediment for graduation of students who were mainly
working students. Several of them worked fulltime in
radiotherapy facilities and, due to their workload and the
distance of their hospitals from UST, were unable to
complete their schooling. Thus, USTGS established a
second program, the non-thesis Master in Medical
Physics degree program.

Because UST is located in Manila, most students are
based in the National Capital Region. The third major
challenge is the establishment of more master’s programs
in medical physics. Currently three universities, one of
them in Mindanao, have plans to do so.

The fourth major challenge was the lack of positions
for medical physicists. This is not the situation anymore.
In 2014, with the DOH plan to establish radiotherapy and
nuclear medicine facilities in most of its regional
hospitals and medical centers, many positions for
physicists in DOH hospitals were created.

The fifth major challenge is the shortage of medical
physicists in the country. This situation has limited the
number of radiotherapy and nuclear medicine facilities
being established in the country.

The sixth major challenge for hospital-based medical
physicists is their workload. Administrative work is
added to their already very heavy clinical workload.
When combined with the mentoring of medical physics
residents, the clinical supervisor is left with no more time
to do research. This situation has also resulted in a
shortage of clinical supervisors for residency training of
medical physicists.
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The seventh major challenge is the recognition of the
important role of medical physicists; this has mainly
already been overcome. After Dr. Anatalio’s retirement,
her successor was Ms. Agnette Peralta, the first medical
physicist director of RHO. She was then succeeded by
another medical physicist, Mr. Bayani San Juan.

The SMPRP also works closely with the Philippine
Radiation Oncology Society (PROS), the Philippine
College of Radiology, and the Philippine Society of
Nuclear Medicine. In 2003, Ms. Lilian Rodriguez
became the first medical physicist to be the examiner in
the physics portion of the certifying examination of the
PROS Board of Radiation Oncology. The Board of
Radiologic Technology (BORT) of the Professional
Regulation Commission has had a medical physicist as a
member of the BORT since its creation in 1992. Ms.
Eulinia Valdezco was the first medical physicist BORT
member.

However, there is still a need to make the rest of the
medical and paramedical professionals and the rest of the
population realize the importance of medical physicists in
health care.

VIII. CURRENT STATUS OF MEDICAL PHYSICS

Medical physicists in the Philippines have post
graduate educational backgrounds in medical physics or
physics. Most of them possess a master’s degree in
medical physics from the University of Santo Tomas
Graduate School or have earned at least twenty academic
units in the same program. Five received their master’s
degrees in medical physics from foreign universities.
Four of them have doctoral degrees in physics, two from
a local university and two from overseas universities.

Filipino medical physicists who live in the Philippines
work in private and government hospitals and free-
standing health-care facilities, two national radiation
regulatory agencies, three private firms providing medical
physics services, six multi-national companies, and three
universities.

There are currently one hundred-ninety (190) medical
physicists active in the different fields of medical physics
in the country with one hundred thirty-seven (137)
working fulltime in health care facilities. The hospital
employing the most number of medical physicists is St.
Luke’s Medical Center with a total of thirteen in their two
branches. Twenty health facilities employ at least three
medical physicists each. Those medical physicists who
have left the country to work and live abroad, or who
have stayed in the country but are not active in medical
physics anymore are not included in Table 4 below.
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Table 4: Subfields of Medical Physics

Radiation Oncology 106
Diagnostic Radiology 23
Nuclear Medicine 8

Others (radiation 53
protection, related fields)

TOTAL 190

IX. CONCLUSION

Establishment in the Philippines of the master’s
program in medical physics was a major step in
responding to the need for medical physicists in the
country. Medical physics has become an attractive field
for BSc Physics, Applied Physics, Engineering,
Chemistry, and Physics for Teachers degree holders.
However, there is still a shortage of medical physicists in
the country. Moreover, there is a lack of awareness of
the medical physics profession among the other
healthcare specialties.

Board certification, regulation by the national radiation
regulatory agencies, support from the government and
private sectors, technical assistance from IAEA, WHO,
and national, regional and international professional
organizations, and recognition by radiation medicine
physicians in the country have all contributed greatly to
the current status of medical physics in the Philippines.

Most important of all, the Filipino medical physicists
through their professionalism and excellent work have
proved their worth in modern medicine and society.
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|. RADIATION THERAPY MEDICAL PHYSICIST

The first medical physicist from Myanmar who trained
in England assigned to work in radiation therapy
department of Yangon General Hospital in 1958. Starting
from 1958, the limited numbers of medical physicists
who had a chance to take long-term training (more than 1
year) were allocated in Mandalay and Taunggyi General
Hospital. From that time, the medical physicist training
accomplished in local apprenticeship and some short
course programs which supported by International
Atomic Energy Agency (IAEA) and World Health
Organization (WHO). The candidates for the training
came from academic level or senior technologist who
graduate from physics or equivalent subject. That will be
the challenge for Myanmar medical physics field which
has no proper academic education and training program
for national level. The bachelor degree course for medical
imaging technology was established by Ministry of
Health in 1991 at Yangon. Currently, there are three
universities which offer bachelor in medical imaging
technology and two universities which give master degree
in that field. Radiation therapy technologist
undergraduate course was introduced in 2018 at
University of Medical Technology, Yangon. The first
medical physics two-year master program is expected to
establish in 2021 at the same University.

Il. NUCLEAR MEDICINE MEDICAL PHYSICIST

Nuclear medicine in Myanmar is an independent
medical specialty which is now operated by seven
departments. The first nuclear medicine department was
founded at Yangon General Hospital in 1963. There is no
medical physicist post in nuclear medicine till 2003.
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The person who had got a Bachelor of Physics was
assigned as a nuclear medicine technologist in 1965.
Limited number of human resources were working in
nuclear medicine at that time. Only one technologist
worked at a time. The first three were trained in United
Kingdom for one year each. Among them, the last
technologist who was also trained in Thailand, Singapore
and China for physicist training became a medical
physicist in 2003. The second medical physicist who
worked in Mandalay General Hospital was a former
radiographer. The third one who worked in Yangon
General Hospital held a Bachelor of Science (Physics).
All of them were already retired.

Present situation, all medical physicist in nuclear
medicine are graduated from University of Medical
Technology and Postgraduate from Thailand. Two
working at Yangon General Hospital, government sector
and two are at Pinlon Hospital, private sector.

I11. MYANMAR MEDICAL PHYSICIST ASSOCIATION

The Association of Myanmar Medical Physicist
(MMPA) was set up in mid of 2016 with 30 members
who were working as medical physicists and radiation
protection officers from Myanmar. The number of
memberships increased to 33 in current year. The
percentage of male and female in the association is 24%
and 76% respectively. The majority of the members are
from radiation therapy totaling of 24 persons. The second
lead is from nuclear medicine with 7 members and
diagnostic radiology with 2 radiation protection officers.

MMPA was an official member of the 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) at the
end of 2016.
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1V. MMPA AND SEACOMP

In December 2016, MMPA participated in 14th South
East Asian Congress of Medical Physics (SEACOMP) at
Bangkok, Thailand with 9 delegates. Moreover, two
members from MMPA joined the 16" SEACOMP at
Kuala Lumpur, Malaysia in 2018 and one joined the 17th
SEACOMP at Bali, Indonesia in 2019.

V. ORGANIZATIONAL ACTIVITIES

The first scientific meeting for the association was held
on September 2016 at Pinlon Hospital, Yangon,

Myanmar. About 50 radiation professionals from variety
of branches around Myanmar joined in this meeting.

The second annual meeting was jointly organized with
Thai Medical Physicist Society on January 2018 at
Bangkok, Thailand. Around 25 delegates from MMPA
attended this program.

Fig 1: The First scientific meeting of Myanmar Medical Physicist Association on September 2016 at

Pinlon Hospital
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Fig 2: The 2nd annual meeting jointly organized with Thai Medical Physicist Society on 2018
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Fig 3: SPECT/CT Quality Assurance Workshop (1/2018) at Pinlon Hospital, Yangon, Myanmar

In the mid of 2018, MMPA conducted the SPECT/CT
Quality Assurance Workshop (1/2018) in Yangon,
Myanmar. This activity could help to strengthen the
quality assurance knowledge of medical physicists who
specialized in Nuclear Medicine.

Radiation Protection and Patient Safety Workshop
(2/2018) was held at the end of 2018. This workshop
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organized with the intention to provide the deep
understanding of the radiation risk, protection and patient
safety not only for radiation professionals but also for
other medical staffs who are not the radiation workers.
The workshop conducted in two hospitals, Shwe Gone
Ding hospital and Pinlon Hospital, Yangon, Myanmar.
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Sharing our knowledge frofi our recent worksnop
Radiation Protection and Patient safety in daily practice
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Date 17.3.2018

Topics.

Interaction of ionizing radiation with
matter and the physics of radiology

Swe Swe Lin 4\

| effects of ionizing radiation

May Phyu Zin Thein l

Radiation Protection and Patient Safety

Fig 4: Radiation Protection and Patient Safety Workshop (2/2018) at Shwe Gone Daing and Pinlon hospital in

2018
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VI. CONCLUSION

Compare to the past, there are more opportunities to
share the knowledges through organizational activities for
Myanmar medical physicists these days than those were
in decade. More than that, the members can seize the
chance of participating international medical physics
conferences in each year. These all can be labelled as the
benefits of setting up the Myanmar Medical Physicist
Association.

In the near future, MMPA will develop the functional
website of the association to offer an easy access with the
medical physics community. The association is going to
take part in more activities of both national and
international levels.

The number of medical physicists in Myanmar would
escalate in the foreseeable future, if the government
initiated the graduate medical physics program in next
year. Myanmar medical physicist community is
anticipating for the compensation of the challenges what
they are facing due to lack of medical physics education
program in the country. They are hoping for the more
promising future.
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MEDICAL PHYSICS ACTIVITY IN LAO PDR
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Lao People’s Democratic Republic (Lao PDR) is a member
of South East Asian Federation of Organizations for Medical
Physics (SEAFOMP) in 2018. Lao PDR is located in Southeast
Asian Region sharing borders with Cambodia (541 km to the
south), People’s Republic of China (423 km to the northwest),
Myanmar (235 km), Thailand (1,754 km to the west) and Viet
Nam (2,130 km to the east). Its total area is 236,800 km2 (land:
230,800 km2 and water: 6,000 km2). The current population of
the Lao PDR is about 7 million and majority is young, with 50%
of the total population under the age of 20. Lao PDR is one of
Least Developed Country (LDC) and aim to be graduate from
LDC status by 2025. At present, National Law on Radiation and
Nuclear was drafted and submitted recently to the National
Assembly of the Lao PDR for consideration and approval. The
Infrastructure in Lao PDR, in Diagnostic Radiology number of
X-ray machine, Fluoroscopy, CT scanner, Mammography are
78, 3, 10, 2 systems respectively. Radiation Oncology was
established in 2016 which Linear Accelerator and CT simulator
were installed and operated at Radiotherapy Center, Mittaphab
Hospital. For Human Resource, there were only 2 medical
physicists who graduated Master of Science in Medical
Physics/Medical imaging at Chulalongkorn University under
IAEA fellowship (2015-2017). One medical physicist is
attending a clinical training in radiation oncology medical
physics (ROMP) for 2 years (2018-2020), IAEA curriculum
(AMPLE) supported by VAMED Company. She obtained a
remote clinical supervisor from King Chulalongkorn Memorial
Hospital in Bangkok, Thailand.

Medical physicist responsibilities in radiation oncology are
to perform Quality Assurance both in mechanical and dosimetry
including daily, weekly, monthly and annually. For 3D TPS,
they are performing treatment planning of patient, export,
calendar, patient QA before deliver radiation dose to patients
and also take role as Administrator in Radiotherapy Center. In
Diagnostic Radiology, they are performing Quality Control of
X-rays DR/CR systems, image quality of CT scanner,
Mammography, Ultrasound, Optimization and Control of
Radiation Dose of Patients in CT. For Radiation Protection and
Safety in hospital, they are evaluating personal dosimeter, report
occupational dose for staff, share knowledges to their college
and other hospitals and survey radiation dose in radiology.
Aside of working as medical physics, they are cooperate with
regional and international organizations, give lectures on
Radiation Physics including fundamentals of ionizing radiation,
radiation interaction with matter, application of ionizing
radiation in medical field, dosimetry principle, quantities and
units used in radiation dosimetry, radiation protection against
external exposure, biological effect of ionized radiation,
principle of QA\QC and practice QC and image quality of X-ray
machine, CT scanner and Ultrasound to radiographer,
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radiologist, student and resident of radiology. They are facing
many obstacles due to the lack of medical physicist in the
country such as workload, opportunities, lack of experience in
clinical practice and limitation of QA/QC equipment. The most
difficult parts of medical physicist is working without clinical
supervision.

We received the supports from regional and international
organizations such as Thailand, Vietnam, IAEA, PMSF,
SEACOMP. AFOMP, and ACPSEM. Hopefully, Lao PDR
could obtain enough the education and clinical training so that
the number of medical physicists would be increasing to meet
the standards in radiology and radiation oncology in Lao PDR in
the near future.
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ABSTRACT

The last few decades have seen tremendous growth in the
health sector in Zambia. At the beginning of the 21%
century, policies were developed and resources allocated,
leading to the establishment of the first radiation treatment
centre in the country; Cancer Diseases Hospital (CDH).
Among the key personnel needed to run this kind of
specialized hospital are medical physicists (MPs). As of
January 2019, the country had less than five medical
physicists on the Health Professions Council of Zambia
(HPC2Z) register.

In 2018, CDH had recorded about 2700 new cancer cases
corresponding to a 12% increase from the past year. This
value was representative of 34.7% patients with access to
radiotherapy. In order to accommodate this rise in patient
load, two radiotherapy centres and smaller satellite
radiotherapy departments attached to existing hospitals
with cancer management capabilities are envisioned.
Furthermore, the Zambian Government in collaboration
with ROSATOM, plan to construct the Centre for Nuclear
Science and Technology (CNST); hosting Radiotherapy and
Nuclear Medicine facilities also. These increases therefore,
necessitate the procurement of more diagnostic and
therapeutic equipment. This will subsequently require a
substantial number of MPs commensurate with the
International Atomic Energy Agency (IAEA) staffing
recommendation.

Growth of Medical physics in Latin America, Asia and
Africa was looked at and a comparison to Zambia
undertaken. The IAEA tool was used to estimate the
recommended staffing requirements of MPs and a
comparison with the prevailing situation done from 2006 to
2019. Future projections and trends were also analysed to
offer a much clearer perspective.
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Results showed that the current growth in MPs is below
the recommended threshold, the future trends are also
indicative of a deficit which will likely not be met in the next
10 years. The following conclusions were made; the need to
develop local curricula, improve enumerations and career
prospects.

Keywords: Medical Physics, Medical Physicists, LMIC,
IAEA, Zambia

|.INTRODUCTION

The cancer prevalence rate in low and middle income
countries (LMIC) is estimated to double by 2050. This is
attributed to several factors including dietary and lifestyle
changes, HIV/AIDS, increased smoking and alcohol
consumption. In Zambia 12052 new cases were reports in
2018, resulting in approximately over 7300 deaths (61.23
%) [1].

According to an IAEA news report in 2003 prior to
setting up of the Cancer Diseases Hospital (CDH) [2],
most patient with cancer had to travel to either Zimbabwe
or South Africa to access radiotherapy (RT) treatment.
Few, though could afford this even with the government
covering most of the associated costs. The lack of proper
treatment resulted in recurrences of most malignancies.
This trend was greatly reduced with the opening of a
radiotherapy centre in 2006 (officially opened in 2007).

The CDH has from inception to present treated over
21247 cases. This is a great milestone, considering that it
recorded only 35 patients at inception [3].
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Figure 1 Cancer patients treated at CDH from 2006 to 2018. Data adapted from [3].

Radiotherapy capacity building in Zambia has been a
phased approach; with the initial phase started in 2001
with funding from OPEC ($5.6M), IAEA and GRZ [2].
Total funding was estimated to be about $7M by
Lishimpi [3]. Phase | mostly catered for the construction
of the radiotherapy unit, with a LINAC, Co-60, auxiliary
equipment and training of initial staff (radiation
oncologists-RO, medical physicists and radiation therapy
technicians-RTT). Phase IlI, commenced in 2012 and
involved the expansion of the Centre to include wards,
Nuclear Medicine wing, dedicated chemotherapy wing,
procurement of another Co-60 teletherapy machine with
an SAD of 100 m and other facilities and equipment. This
phase had a funding of $8M from OFID and GRZ. In
2016 funding of about $40M from OPEC Fund for
International Development (OFID), Government of the
Republic of Zambia (GRZ) and others was secured to
embark on the third phase. The projects under this phase
are the upgrade of CDH (infrastructure, staff and
equipment), setting up of 3 out of the planned 9 satellite
cancer centres across the country.

Nine people have been trained in medical physics from
the inception of radiotherapy in Zambia, even though the
training of medical physicists has not been consistent
owing to several factors. The IAEA has been facilitating
clinical training, though lately academic training has been
facilitated in collaboration with the International Centre
for Theoretical Physics (ICTP) through fellowships in
partner countries. However, other partners have come on
board to offer scholarships for staff to train in the UK and
other countries.

A.  CURRENT STATUS

The country has about ten medical physicists mainly in
academia, health and other allied sectors. There are five
MPs in the health sector, all stationed at the CDH, in
radiotherapy. Of these five, only three have undergone
structured clinical training to be designated as clinically
qualified medical physicists (CQMP). A report by Datta
et al [4] established a deficit of about 13 MPs for the
country as of 2014, though the situation has improved
slightly as 3 MPs were trained and retained since then.

Table 1 IAEA Directory of radiotherapy centres (DIRAC) report for Zambia [5].

RT Centres Clinical Accelerator.

1 1 2

Co-60 CT Simulator.

TPS HDR (Ir-192)

2 1 5 2

Currently there are programmes training ROs and RTT
locally, but none for MPs. The current system does offer
unstructured clinical training. Recently, plans to
commence postgraduate studies at local universities are
underway with curricula already developed. Clinical
Medical Physics training will be offered in the hospital
and efforts are underway to introduce this based on the
Federation of African Medical Physics Organisations
(FAMPO) clinical training curriculum.  There is a
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medical physics elective in the B.Sc. Physics offered by
the University of Zambia [6], while Mulungushi
University has introduced a B.Sc. Physics with individual
medical physics modules in radiotherapy, medical
imaging and nuclear medicine physics rather than
electives. A B.Sc. in Medical Physics is also being
planned, with duration of five years with clinical
attachments during training.
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An inventory of equipment conducted in 2016 by the
Ministry of Health indicated that there were about 90
public medical imaging, one nuclear medicine centre and
one radiotherapy centre in Zambia; with over 250
imaging equipment and three radiotherapy equipment

(Fig. 2) [6].
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Figure 2 Distribution of Public Medical Imaging and Radiotherapy
Centres in Zambia [6].

According to Vassileva et al [7] there should be a
minimum of two clinically qualified Medical Physicists
per Radiotherapy department, one per Diagnostic
Radiology department and one per Nuclear Medicine
department. Therefore, Kawesha [6] established that 94
medical physicists were required to adequately manage
the equipment and patient load in the radiotherapy,
diagnostic and nuclear medicine facilities around the
country.

B. MEDICAL PHYSICS AROUND THE WORLD

When comparing Medical Physics scenarios around
the world to Zambia, similar themes emerge. There is a
high number of patients and not enough MPs in most
LMIC. There are a few examples of countries with
enough MPs to meet their workload demands.

In Nepal, as of 2018, there were 11 medical physicists
working and five LINACSs, three Cobalt Teletherapy,
four Simulators, five HDR brachytherapy, one
Orthovoltage, 18 MRI, 45 CT, over a thousand (1000+)
x-ray, 12 Mammography, one PET and three Gamma
Camera devices [8], [9]. According to their analysis, they
need a minimum of twenty-five (25) Medical Physicists
to manage their workload, more than double the current
number.

In Cuba, as of 2014, there are 53 Medical Physicists
working in Healthcare. This group is tasked with
managing eight LINACs, 12 Cobalt Teletherapy, five
HDR brachytherapy, three Superficial radiotherapy, 21
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SPECT, two Nuclear Medicine therapy, two PET/CT,
over a thousand (1000+) X-ray units, 40 CT, 31
Mammaography and 535 Ultrasound devices [10]. Cuba is
one of the few examples where the number of Medical
Physicists is enough to meet the workload demand.

Worldwide trends show that a consented effort is
underway to reduce the manpower deficit. The IAEA has
actively been on the ground globally to help in this
agenda. Indonesia, a LMIC, has gone through similar
challenges like Zambia. In the work by Pawiro et el [11],
the training of medical physicist at B.Sc. level helped
reduce the critical deficit to an extent, 380+[11], [12].

C. CHALLENGES

There are five main challenges facing the field in
Zambia; high patient numbers, low recruitment and
retention rates of MPs, lack of academic and clinical
training programmes in medical physics and lack of
recognition by health authorities.

The cancer disease burden far outweighs the available
staff and facilities, the required number of MPs as
calculated using the RT staff calculator is 14 against 5
available MPs, a 64% deficit. This value is close to that
calculated by Datta et al in 2012 [4]. It is imperative that
this figure is reduced in order to achieve the vision 2030
of achieving universal health for all. Abdel-Wahab et al
[13] also indicated that as of 2008, we had about 10100
cases and of these only about 6476 were in need of
radiotherapy, about 64%. However, Fig. 1 shows that
only 18.4% of patients actually had access to
radiotherapy. On average, LMICs have percentage access
of about 13.6 [4], indicative that Zambia is above average
in terms of patient access to RT. In RT the IAEA has
recommended a one MP to 400-450 patients per year
ratio[14], translating to around 14 MPs needed as far back
as 2008. The latest statistics (2018) show that there are
about 7800 patients in need of RT and only about 32.4 %
have access, requiring about 17-18 MPs, as calculated
using the calculator. Zambia currently needs about 17-18
teletherapy equipment against the available three,
representing a deficit of 82.3%.

The recruitment of MPs has been uncoordinated
through the years, hence leading to challenges in meeting
the required number for the Country, compounded by
other factors. The retention levels have been quite low
especially with the fluctuating conditions and lack of
progressive structure in the sector. The low entry level
requiring postgraduate qualification is not so attractive,
especially with competing careers offering better
conditions in academia. The high demand for MPs in the
region is also grossly contributing to the low retention
levels experienced in Zambia.
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The current cost of training one MP is between
$112,045 and $152,000 in the Europe Union [15]. For
most LMIC the cost is a limiting factor, as there are
competing needs such as poverty eradication and
HIV/AIDS. Thus, local training is cardinal as it is
affordable and answers the actual needs of the country as
opposed to foreign training.

Clinical MPs register with the HPCZ as health
professionals but this is done for the purpose of working
in a hospital. HPCZ is a government body that conducts
licencing examinations for most medical professionals.
There is no body that solely looks at the welfare and
professional development of medical physicists. The none
availability of a professional body has adverse effect on
the growth of medical physics as there is poor or lack of
communication among individual medical physicists and
at times the low representation leads to low levels of
monetary support flowing towards medical physics
related matters.

A quantitative analysis of the prevailing situation was
done and predictions from existing data and global trends
were done to draw trends specifically for Zambia. The
data estimates have been retrieved from public domain
websites of the relevant UN agencies, peer reviewed
literature and on the ground sources. Proposes and
recommendations have been put forward to address the
challenges.

1.METHODOLOGY AND MATERIAL

Zambia with a GNI per capita PPP of $4100 is
categorised as LMIC [16]. Cancer incidence rates for
Zambia were obtained from the GLOBOCAN,
International Agency for Research on Cancer (IARC) [1].
The incidence rates from 2006 to 2018 were used to
predict incidence rates from 2020 to 2030, these were
then considered to determine staff levels. The
radiotherapy infrastructure retrieved from the Directory
of Radiotherapy Centres (DIRAC) of the International
Atomic Energy Agency (IAEA) (Supplementary Table
S1) [5]. The TAEA’s RO staffing calculator [14] was used
to calculate the required optimal number of MPs for the
period under review [14].
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111.RESULTS AND DISCUSSION

The RO calculator was used to estimate the number of
medical physicists required for the CDH. The average
treated cases per MP over the period from 2006 to 2018
were 410, with values ranging from 35 to 716 as
indicated in Fig. 3.

The IAEA recommended number for medical physicists
was used to forecast requirements for the period from
2020 to 2030, shown below in Fig. 5. In order to predict
values close to other predictions made in other published
works and statistics, the following assumptions were
taken into consideration:

1. Only 8 hours per day excluding overtime hours
were considered. For a scenario were the work
day is extended beyond 8 hours, there will be
need for additional staffing to cover the early
morning and late evening shifts.

2. The average attrition rate was calculated to be
8% for the period from 20062018, which was
mainly due to resignations.

3. The access to radiotherapy has been increasing
steadily from about 5% to 23% over the period
under review, with an average of about 18%.
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Figure 3 The patients to medical physicist ratio for the period from
2006 to 2018. Black line is the recommended value by the IAEA while
the light brown line is the average over the period.

Over the period under review, the recommended levels
increased from 14 to 18 medical physicists, while the
actual numbers increased from one to six with an average
of four. A comparison of the recommended to the actual
numbers shows huge differences throughout the period.
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Figure 4 The actual total number of medical physicists (FTE) involved in cancer treatment at CDH for the period 2006-2019 (light brown) compared to the

IAEA guidelines calculated using

Our estimates indicate a deficit of about 11 medical
physicists by 2030, a slight reduction. There are proactive
measures already underway; the main ones being the
setting up of two cancer centres in Southern and
Copperbelt provinces. Assuming that the centres will
each accommodate a Co-60 teletherapy machine, then
they will increase the current access to radiotherapy by
over 50% [3], [17]. The planned Centre for Nuclear
Science and Technology is anticipated to house a
radiotherapy facility with at least one LINAC on site [18],
[19]. This also will translate into a recommended capacity
of about 450 patients per year. There are plans by a
private organisation to set up a radiotherapy centre on the
Copperbelt, with the facility expected to open in mid-
2020 [20]. The facility is anticipated to house two
LINACs when fully operational in 2021, further
improving access to radiotherapy by 900+ patients year.
On overall these centres will offer 2250 patients access to
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life saving radiotherapy, almost doubling the current
numbers.
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Figure 5 The trendline (black) show the steady increase of medical
physicists at CDH over a 12 year period.
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Figure 6 Correlation between the predicted and recommended numbers of FTE medical physicists at the only Zambian Centre.
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The infrastructure growth will need to be matched by
clinically qualified medical physicists to guarantee quality
care by carrying out quality assurance of the equipment,
personalised treatment planning and commissioning. There
are plans to improve the current staffing levels so as to
alleviate this challenge. These plans involve the
commencement of a postgraduate academic programme in
medical physics reinforced by clinical training, locally.
There is a prevailing notion that postgraduate programmes
alone may not adequately and quickly bridge the gap. There
sectors advocating for an undergraduate programme in
medical physics, with the core radiotherapy courses offered
as a short term solution. However, the stance of most MPs
is that outlined and supported by IAEA and FAMPO[21],
[22]-Postgraduate (MSc) then a two to three year clinical
training.

The setting up of a professional organisation will also
greatly improve the information flow between medical
physicists and other stakeholders. This will also provide a
platform on which some of the current challenges like full
recognition, retention and remuneration can be tackled.

It is interesting to note that the current level (Fig. 3) in
terms of patient to physicist ratio, on average is around the
recommended ratio. In comparison to the region, the patient
to physicist are some of the lowest, this is without
considering factors such as low access to RT and others.

The prediction of the staffing levels from 2020 to 2030 as
shown in Fig.6; do show a reduction between the
recommended and predicted figures. However, the required
number may be higher, as there is anticipated investment by
both public and private players in the sector. This period
will also see improved access to high-end radiotherapy
equipment on overall, therefore requiring more expertise as
more complex techniques will be employed to treat cases.
This will also push up the number of clinically qualified
medical physicists required.

V. CoNcLuUsION

The high attrition rate of about 100 % has been observed
over the period from 2006 to 2018. This is attributed to low
renumeration for MPs on average and lack of career
prospects. The establishment of physics programmes in
local universities has also put a strain on the available
manpower. Therefore, an increased demand for physicists at
the new radiotherapy centres envisioned will further
increase the strain; compounding the situation. So if
challenges relating to pay, career progression and structured
clinical training are not addressed effectively the
developmental gains will be of little significance. The
creation of curricula for academic training in medical
physics would offer a solution in as far as reducing the
manpower deficit, but it would need to be coupled with
retention measures to curb ‘greener pasture’ migration
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around the region and worldwide. The need for clinical
research targeting challenges affecting the practice of
medical physics, adaptation of radiotherapy techniques and
development of new cancer treatment cannot be over
emphasised.

In Zambia, there are efforts underway to set up an
organisation to solely propel the development of medical
physics; dealing with several aspects stemming from career
progression to continuous professional development (CPD).
Such a body would have to work in collaboration with the
HPCZ in the issuance of practising licences and
malpractice.
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NATIONAL DIAGNOSTIC REFERENCE LEVELS OF
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Abstract- The patient radiation dose survey on DRL of CT
procedures was started after the quality control of CT system
and the normalized weighted computed tomography dose
index; nCTDIw (mGy/mAs) was obtained. The CTDI and
DLP values per single scan among various CT procedures
were collected from patient of size selection on brain, chest
and whole abdomen with and without contrast media. DRLs
were determined and compared to other NDRLs for further
optimization on the CT protocols.

Keywords- CTDI, DLP, brain, chest, abdomen.

l.INTRODUCTION

The computed tomography has been used in major
medical imaging departments. In Thailand the number of
CT systems is 903 in 2018 which most of them are installed
in Bangkok and other big cities. There has been a dramatic
increase in the use of CT, furthermore, CT is a relative high
dose technique. UNSCEAR 2000 Report [1] showed that
34 % of patient cumulative radiation dose were from CT
systems.  Mettler FA Jr, et al [2] reported the entrance
surface dose equivalent from chest PA from general X-rays
was 0.02 mSv while CT chest was 7 mSv. The biological
effect of radiation can lead to the stochastic effect or cancer
induction. ICRP 103, 2007[3] reported the risk of cancer
was 5.5 % SvL. If the patient received 10 mSv, the risk of
cancer would be 5.5 x10* Sv! and the risk ratio would be
1:1800. ICRP, IAEA BSS recommended the three concepts
of justification which the benefit is higher than risk,
optimization; As Low As Reasonably Achievable: ALARA,
for the reduction of patient dose from medical exposure
when the image quality had been considered, and the dose
limit. In the survey of patient dose, the Department of
Medical Science, Ministry of Public Health of Thailand has
established DRLs of CT in the national level to be used for
the patient radiation dose reduction and optimization [4].

II.MATERIALS AND METHODS

The data collection from the patients of both male and
female with the body weight at 60+ 15 kg and the patient
age was over 15 years old. The data collected from CT
system consists of CTDI volume; CTDIlw (mGy) dose
length product; DLP (mGy.cm), normalized weighted
computed tomography dose index; CTDIlw (mGy/mAs),
scan length, (cm), and pitch factor. The measurement of
each parameter follows IAEA TRS 457[5]. The DRLs
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consists of CTDI and DLP values per single scan among
various CT procedures.
Il. REsuLTs

In 2018, the national survey of 135 CT systems, 6
manufacturers and 52 models of 4 to 128 detector slices to
establish the DRLs started with the collection of CTDlIy
from the central part of Thailand at 67 CT systems, 15
systems from the north, 35 systems from the north-east, and
18 systems from the south as the details in Table 1 and
Table 2. The ,CTDI values were estimated from head and
body phantom [5] as in Table 3.Table 4 shows technique
parameters of brain, chest, and whole abdomen at with and
without contrast media. Table 5 shows volume CTDI, mGy,
per sequence while Table 6 shows DLP, mGy.cm per
sequence. Table 7 shows the National DRLs from Thailand,
Japan, USA and UK. Our DRLs values of various parts of
the body, with and without the contrast media were lower
than Japan but higher than USA and UK.

Table 1: The number of CT systems at different regions

Region CT Systems
Percentage
Central 67
49.6
North 15 11.1
North-East 35
25.9
South 18 13.3
Total 135
100.0

Table2: CT systems according to number of detector slices

Number of Detector slices CT Systems
Percentage

<16 25 185

16 49 36.3

>16-<64 35

25.9

64 12 8.9

>64 - <128 4 3.0

128 10 7.4

Total 135 100.0
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Table 3 nCTDIw values (mGy/mAs) according to model, phantoms used

Manufacturer Model kVp nCTDIw(mGy/mAs) (meanztsd)
Head phantom  Body phantom
GE Optima 120 0.146+0.038 0.069+0.008
Optima CT 520 120 0.162 0.111
Optima CT 660 120 0.179+0.056 0.111+0.001
Brivo 120 0.161 0.066
BrivoCT325 120 0.180+0.050 0.066
Brivo CT385 120 0.192+0.028 0.095+0.054
Bright Speed 120 0.256+0.045 0.113+0.013
BrightSpeed Elite Select 120 0.222 0.102
Revolution EVO 120 0.181 0.088
Revolution CT 120 0.153 0.071
Revolution ACT 120 0.107 0.135+0.029
Somatom Emotion 130 0.085 0.111
Light Speed VCT 120 0.0995+0.0002 0.090+0.019
Discoverry CT750HD 120 0.106 0.103
PHILIPS Ingenuity CT 120 0.047+0.008 0.057+0.026
Ingenuty FLEX 120 0.038 0.059
Ingenuity Flex 16 120 0.140 0.061
Ingenuity 128 120 0.172+0.019 0.077+0.004
Brilliance CT 120 0.115+0.04 0.064+0.026
Brilliance 64 120 0.095+0.070 0.067+0.014
Brilliance 16 120 0.105 0.057+0.012
Brilliance 128 120 0.126 0.080
SIEMENS Somatom go UP 130 0.120+0.0008 0.114+0.019
Somatom Definition AS 120 0.096+0.025 0.077+0.009
Somatom Definition128 120 0.090 0.520
Somatom Scope 130 0.130 0.083
Somatom Emotion 130 0.138+0.053 0.098+0.034
Somatom Definition flash 120 - 0.026
Somatom Sensation 120 0.108 0.096
Somatom Spirit 130 0.193 0.159
Somatom Perspective 130 0.131 0.120
Definition AS 120 0.163 0.061
CANON Alexion /16 120 0.153+0.068 0.073+0.032
Alexion TSX-032A 120 0.328 0.137
Aquilion Lightning 120 0.230 0.092
Aquilion 120 0.287 0.067
Aquilion PRIME 120 0.130+0.009) 0.052+0.008
Aquilion 16 120 - 0.170
Aquilion 6 120 0.197+0.078) 0.280+0.252
Activion 16 120 0.243+0.079 0.145+0.061
PRIME Aquilion 120 0.218 0.065
PRIME Aquilion/160 130 0.124 -
TSX-021B 120 0.219 0.107
TSX-303A 120 - 0.070
NEUSOFT CLASSIC 120 N/A N/A
HITACHI SCENARIA 120 0.157+0.070 0.098+0.023
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Table 4 CT Technique parameters

Clinical procedures kVp mAs pitch Beam collimator width ~ Scan length (cm)
or Slice thickness (mm)
Brain without contrast media 120-130 91.2 - 468 0.270-1.600 0.375-5.000 13.8-22.3
Brain with contrast media 120-140 105.0-450.0 0.370-1.000 0.500-5.000 14.0-36.0
Chest without contrast media 120-140 48.8-295.0 0.375-1.750 0.500-5.000 14.1-50.0
Chest with contrast media 100-140 60.0-380.8 0.375-1.750 0.500-5.000 14.9-47.5
Whole abdomen without contrast media 100-135 37.5-492.0 0.641-1.750 0.500-5.000 13.5-50.5
Whole abdomen with contrast media ~ 110-130 48.7-400.0 0.641-1.750 0.500-5.000 15.8-49.5
Table 5 CTDIvol per sequence
Clinical procedures No. of CTDlvol (mGy)
Sequence min max median  mean 3rdQ S.D.
Brain without contrast media 1,273 18.6 108.7 48.1 50.1 55.9 16.77
Brain with contrast media 335 26.9 100.0 49.6 51.4 58.2 17.00
Chest without contrast media 415 3.1 33.6 10.6 12.0 13.8 6.44
Chest with contrast media 494 3.7 32.7 119 125 14.7 6.63
Whole abdomen without contrast media 907 2.7 57.5 115 15.2 18.0 11.58
Whole abdomen with contrast media 606 4.4 57.5 12.8 11.0 17.5 12.15
Table 6 DLP per sequence
Clinical procedures No. of DLP (mGy-cm)
Sequence min max median  mean 3rdQ S.D.
Brain without contrast media 1,273 266.7 2,028.0 901.3 953.4 1165 306.47
Brain with contrast media 335 461.0 1,901.1 967.8 1,030.8 1242 298.08
Chest without contrast media 415 101.6 1,267.7 417.2 455.3 557 222.40
Chest with contrast media 494 149.5 1,298.0 421.0 473.0 580 250.93
Whole abdomen without contrast media 907 125.9 1,572.7 470.0 584.7 737 322.64
Whole abdomen with contrast media 606 197.4 1,4159 559.0 579.0 717 299.67

Table 7 National DRLs of CT from Thailand, Japan, USA and UK

Clinical procedures

Thailand, 2018

Japan, 2015[7] USA, 2016[7] UK, 2014[7]

Brain without contrast media CTDlyo (MGy) 56 85 56 60
DLP (mGy-cm) 1,165 1350 962 970

Brain with contrast media CTDly (MGy) 58 - - -
DLP (mGy-cm) 1,242 - - -

Chest without contrast media CTDlyo (MGy) 14 15 12 12
DLP (mGy-cm) 557 550 443 610

Chest with contrast media CTDly (MGy) 15 15 13 10
DLP (mGy-cm) 580 550 469 400

Whole abdomen without contrast media CTDl,, (MGy) 18 20 16 15
DLP (mGy-cm) 737 1000 781 745

Whole abdomen with contrast media ~ CTDIvol (mGy) 18 20 15 15
DLP (mGy-cm) 717 1000 755 745

IV Discussion

The objective of a diagnostic reference level is to help
avoid radiation dose to the patients that does not contribute to

the clinical purpose of a medical imaging task[6]. This is
accomplished by comparison between the diagnostic
reference value with the mean or appropriate value observed
in practice for a certain reference group of patients or
reference phantom. A diagnostic reference level is not
applied to individual patient. In this survey of patient
radiation dose from CT , the data had been collected from
different healthcare regions in Thailand. The results obtained
from all CT manufacturers and models available, and all
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clinical procedures both with and without contrast media. The
results show the reasonable value when compared to other
national DRLs from Japan, USA and UK]7]. It is the first
attempt to establish the DRLs on CT in Thailand. Hopefully,
the second survey could be established in 2025 for the study
of DRLs in CT.
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Abstract— The patient radiation dose survey on national
diagnostic reference level (NDRLs) of digital mammography
was planned to be established in 2018 by Department of
Medical Sciences, Ministry of Public Health, Thailand. The
survey covered 157 from 456 digital mammography systems
installed at various parts of Thailand. At least twenty patients
had been selected per system which 3320 patients were
included. The x-ray output and the entrance surface air kerma
(ESAK) had been measured as part of the quality control of
the mammography system to determine the mean glandular
dose (MGD) from the routine techniques. The patient
compressed breast thickness (CBT) had been recorded in
relation to the MGD. The mean, 1%t quartile, 2" quartile
(median), 3" quartile, maximum and the standard deviation
for MGD and ESAK were determined. The NDRLs were
obtained from the third quartile of MGD, ESAK and
compared to other NDRLs and RDRLs for further
optimization on the mammographic protocols.

Keywords— DRL, digital mammography, MGD, ESAK

I. INTRODUCTION

Breast is one of the highly radiosensitive organs. The
annual screening of mammography for women aged 40-80
years is associated with a life time attributable risk, LAR, of
fatal breast cancer of 20-25 cases in 100 000 (BEIR VII)
[1]. The benefit and risk ratio for annual mammography is
estimated to be greater than 50:1 for both the 40-80 and 50—
80 year old screening groups, but drops to 3:1 for the 40-49
age group mammography. Mammography dosimetry is a
complex issue. MGD depends on the breast size,
compressed breast thickness (CBT), kVp, mAs, and
compression force (CF). The MGD slightly decreases with
increasing patient age. Current methods of dose
optimization make assumptions of the breast composition of
gland and other breast tissue at 50:50, and using Dance
models [2] for estimating glandularity and patient-specific
dose. According to the CBT from 20 to 50 mm, the MGD
slightly increases with increased CBT then decreases, no
difference in dose at CBT greater than 90 mm. ICRP[3]
recommends MGD as a DRL quantity, even though it is a
measure of organ dose rather than the amount of ionizing
radiation used to perform a medical imaging task. Entrance
surface air kerma (Ka, e) allows direct comparisons among
mammography units with similar target/filter combinations.
Incident air kerma (K, i) per mAs is derived from output
measurements, made with the breast compression device in
position. This is then multiplied by the mAs used to obtain
the incident air kerma for the examination. Incident air
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kerma is required for the calculation of mean glandular
dose. The relationship between incident air kerma and mean
glandular dose is highly dependent on breast thickness and
composition, as well as beam quality. MGD is calculated
from the incident air kerma used for the examination for a
specified thickness of compressed breast. The incident air
kerma and MGD will depend on the size of the breast and
its composition, which changes throughout a woman’s life.
For mammography, the recommended DRL quantity is one
or more of incident air kerma, entrance surface air kerma,
and MGD, with the choice of quantity depending on local
practices and regulatory requirements. Establishing DRL
values for different breast thicknesses is a more complex
but better approach to refine the DRL process for
mammography. When entrance surface air kerma or
incident air kerma is used as the DRL quantity, evaluation
program arrangements should be based on medical
physicist’s recommendations to ensure that dependence on
breast thickness and differences in glandular dose are taken
into account. Surveys of patients recommended as the main
method of evaluating the amount of radiation applied in
mammography as phantoms do not assess the full range of
breast sizes for which examinations will be undertaken, and
do not reflect clinical use of the equipment. Compliance
with DRL values does not indicate that the procedure is
performed at an optimized level with regard to the amount
of radiation used. The median value of the national
distribution can serve as an additional tool to aid in
optimization, may be a desirable goal at which to aim using
standard techniques and technologies, and represents a
situation closer to the optimum use of the applied radiation.

ICRP recommends setting local and national DRL values
based on DRL quantities for imaging examinations and
procedures performed on patients [3]. Data on DRL
quantities can be collected using surveys, registries, or other
automated data collection methods. All dosimeters must be
calibrated and should be traceable to a primary or secondary
standard laboratory. The accuracy of DRL quantity data
produced by and transferred from x-ray systems should be
verified periodically by a clinically qualified medical
physicist in diagnostic radiology.

1. MATERIALS AND METHODS
The hospitals in Thailand are classified according to the
number of beds, such as the community hospital equipped
with 10-120 beds, general hospital equipped with 121-500
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beds, regional hospital with more than 500 beds.
Specialized hospitals are cancer centres, psychiatric
hospital, cardiac center, and etc. The survey covered 157
from 456 digital mammographic systems in Thailand. From
all parts of the country, only 1 system was randomly
selected from community hospital, 52 systems from general
hospitals, 22 systems from regional hospitals and 82
systems from private hospitals as shown in Table 1. Select
at least 20 women from each system with average CBT at
50 £ 5 mm.3320 women were included in the survey on
MGD of 4 views of cranio-caudal (CC) and medio- lateral
obligue (MLO) for left and right breasts per woman
resulting in total 13,280 views in the survey Extract CBT,
kVp, mAs, MGD and ESAK from the system displayed
monitors, PACS and DICOM header.

Table 1 157 mammographic systems from the community, general,
and regional hospitals, Ministry of Public Health, and private hospitals at
various regions of Thailand included in this survey.

result in various exposure techniques and the MGD
according to the CBT, the breast tissue composition and the
breast glandularity.

Table 2 Technical parameters on tube voltage (kVp) for cranio- caudal
(CC) and medio- lateral oblique (MLO) views on right and left breasts and
mean values at 25" percentile (1% Quartile), median (2" Quartile) and
achievable dose, 75" percentile (3 Quartile), maximum and standard
deviation.

Number of mammaographic systems

kVp
RCC LCC  RMLO  LMLO  Mean
1Q 28 28 28 28 28
;ﬂedi 29 29 29 29 29
Mean 289 29 203 203 201
31 Q 30 30 30 30 30
Max 35 35 35 35 35
SD 17 17 18 18 18

Table 3 Technical parameters on tube current time (mAs) for cranio

caudal (CC) and medio lateral obliqgue (MLO) views on right and left
breasts and mean values at 25" percentile (1% Quartile), median (2"
Quartile) and achievable dose, 75" percentile (3 Quartile), maximum and
standard deviation.

Region ﬁ?tr;mu | HGen_era Regior_lal Pri_vate Tot
Hospital ospital Hospital Hospital al
North 1 15 2 12 30
Middle - 9 12 41 62
E‘aos‘;th' - 14 4 12 30
East - 2 2 10 14
South - 12 2 7 21
Total 1 52 22 82 157
1. ResuLTs

The patient data on the compressed breast thickness
(CBT, mm), the mean glandular dose, MGD (mGy) and the
exposure techniques of kVp and mAs were recorded from
PACS. Among the data distributions, the first quartile (25"
percentile), the second quartile (50" percentile) or the
median and achievable dose, the mean, the third quartile
(75" percentile), the maximum and the standard deviation
were determined for CBT, kVp, mAs and MGD as in table
2,3,45.

IV. DiscussIoN AND CONCLUSION

Eighty seven percent of the mammographic system in
Thailand is the digital mammogram while the other thirteen
percent is computed radiographic system and had not been
included in this survey. Such the CR system will be
obsoleted in the near future. Among 157 digital
mammographic systems in this survey, the x-ray target
materials were molybdenum (Mo), rhodium (Rh) and
tungsten (W). The filters were molybdenum, rhodium, and
silver (Ag). The target/filter combinations were Mo/Mo,
Mo/Rh, Mo/Ag, Rh/Rh, Rh/Ag, W/Rh, and W/Ag which

mAs

RCC LCC  RMLO  LMLO r':"ea

1Q 82 80 75.9 76 78.5
;\f]edi 1108 109.7 109 106 108.9
Mean 1203 119 1143 111 116.2
39Q 1481 1476 148 144 146.9
Max 384 447 420 400 41238
SD 5.5 56.3 50.4 55.6 56.7

Table 4 Compressed breast thickness (CBT, mm) for cranio caudal
(CC) and medio lateral oblique (MLO) views on right and left breasts and
mean values at 25" percentile (1% Quartile), median (2" Quartile), 75"
percentile (3" Quartile), maximum and standard deviation.

CBT (mm)
RCC e RML | mLo  Mea
(@) n

1%Q 45 45 46 46 455
aMnedi 51 52 53 53.3 523
Mean 51.9 52.3 53.6 53.7 52.9

31 Q 58 58 60 60 59

Max 100 03 95 9 %
sD 104 106 108 11 10.7
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Table 5 Mean Glandular Dose (MGD, mGy) for cranio — caudal (CC)
and medio lateral oblique (MLO) views on right and left breasts and mean
values at 25" percentile (1 Quartile), median (2" Quartile) and
achievable dose, 75" percentile (3 Quartile), maximum and standard

deviation.
MGD (mGy)

RCC  LCC  RMLO LMLO  Mean

1stQ 1.23 1.22 1.29 118 1.23
Mnedia 157 157 1.62 158 1.59
Mean 172 17 1.74 1.69 171

3rd Q 2.05 2.06 2.04 201 2.04
Max 5.29 5.05 5.69 6.42 5.61

SD 0.68 0.67 0.66 0.78 0.70

Table 6 National Diagnostic Reference Levels of MGD among
Thailand Australia and Japan in comparison to regional diagnostic
reference level of the International Atomic Energy Agency (IAEA). The
ESAK (mGy) from Thailand and IAEA are displayed in the table

NDRLs & RDRLs (mGy)
Thailan Austr Japan IAEA
d alia
MGD
2.04 2.06 24 3
(mGy)
ESSK(mG 974 ) 11

In this survey, the national authority at the Department of
Medical Science, Ministry of Public Health had planned and
requested the government budget in 2018 to arrange the
quality control test of the mammographic system in
Thailand [4]. The incident air kerma and the entrance
surface air kerma of all mammographic systems in Thailand
had been determined by following the technology as
mentioned in IAEA TRS 457[5]. The cooperation between
the national authority and the professional societies such as
Royal College of Radiologists of Thailand, Radiological
Society of Thailand, Radiological Technologist Society of
Thailand, and Thai Medical Physicist Society had been set
up to establish the mammogram guidelines for training the
users on the concept of LDRLs, NDRLs on digital
mammogram with the applications of the guidelines, the
methodology on data collection and analysis [4].
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The first NDRLs on the digital mammogram system is
established in 2019 in Thailand. From 157 mammographic
systems, 3320 Thai women with the average CBT was
52.9+ 5 mm, the third quartile of the MGD was 2.04 mGy,
the mean was 1.71 mGy, the median and the achievable
dose (2" Q) was 1.59 mGy. The third quartile of ESAK was
9.74 mGy. NDRLs on mammogram of Thailand had been
compared to other countries, it was close to Australia at
2.06 mGy and lower than Japan DRL (2015) which was 95™
percentile at 2.4 mGy. RDRLs established by IAEA, MGD
was 3 mGy and ESAK was 11 mGy as in table 6.

NDRLs in mammography should be stratified according
to CBT and detector technology. The age and breast density
may need to be taken into account. The digital
mammographic system with the digital breast tomosynthesis
(DBT) would be increasing at the tertiary care hospital such
as cancer center, university hospital and private hospital.
The national survey on DRLs in digital mammogram with
DBT is planned in the next three years and established in
2025.
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MAKING ON-LINE ADAPTIVE RADIOTHERAPY POSSIBLE USING
ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING FOR EFFICIENT
DAILY RE-PLANNING
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Abstract— Adaptive therapy involves the ability to alter a
radiotherapy treatment plan based on tumor and anatomical
changes over a course of therapy. The goal is to better target
the tumor, reduce dose to healthy tissue and potentially
improve overall outcomes. To date, achieving this has
typically required time-consuming re-planning between
treatment sessions or monopolizing a linac for an extended
period while a patient waits on the treatment couch for new
plans to be generated. Neither of these alternatives has been
deemed practical or affordable at scale, as very often clinics
don’t have the resources even if they have the tools.

Consequently, Varian Medical Systems developed Ethos™
therapy, a radiotherapy treatment system that uses artificial
intelligence (Al) and machine learning to accomplish adaptive
radiotherapy. In this paper, we describe the technology that
underlies the adaptive capabilities of the system.

Keywords— Adaptive radiotherapy, artificial intelligence,
machine learning, Ethos, RapidPlan, treatment
planning, neural networks, .

VII. INTRODUCTION

A number of challenges exists in the delivery of adaptive
radiotherapy. Briefly, the challenges have been:

e The challenge of performing a full treatment
planning workflow during a radiotherapy treatment
session, while the patient is on the treatment couch,
in treatment position. Treatment planning is a
complicated task and requires time and significant
attention and knowledge. The pressure imposed on
clinicians performing on-couch adaptive therapy
heightens opportunities for mistakes.

e The challenge of manually delineating
influencers—anatomy that influences the shape of
targets—during the detection of daily anatomy.
Manual delineation of target structures for daily re-
planning is time-consuming and technically
challenging. The process can be particularly
challenging in the presence of artifacts.

e The challenge of producing quality plans using
inverse planning, which is typically performed by
dedicated treatment planning staff and the manual
or templated application of optimization cost-
function based objectives or constraints. The skill
and expertise of the treatment planner can have a
major impact to the final plan quality.

7

Additionally, plan generation in existing
commercialized  systems  typically  requires
moderately complex user interactions which
distract the focus during the on-couch session.

The Ethos system was designed to address these
challenges. In this paper, we take a deeper look at the
technologies within the Ethos system that address these
challenges.

VII1. ON-COUCH ADAPTIVE THERAPY WORKFLOW

The challenges involved in delivering on-couch adaptive
therapy are addressed, in the Ethos system, through a re-
planning workflow that has been reduced to well-defined
and predictable clinical decision points in order to lower the
cognitive load of the clinician.

Figure 1 (p. 3) illustrates the on-couch adaptive work-
flow implemented in Ethos therapy. It guides the user by
presenting focused information and asking for a single
decision at the time.

o After the kV-CBCT image is acquired, it is
presented to the clinician for evaluation. The
clinician can either accept the image or decide to
acquire a new one (Decision 1).

e Once the image is accepted, the system detects
selected normal organ structures directly on the
kV-CBCT. These structures are referred to as
“influencer” structures. They are those structures
that are in the closest proximity to the target(s) and
have the biggest impact on their shape and
position. The influencer structures are then
presented to the clinician, who is asked to review
and adjust them, and then to confirm that they are
adequate (Decision 2).

e Once confirmed, the influencer structures are used
to guide an algorithm that propagates the target
structures from the planning, or reference, image to
the kV-CBCT image. This ensures that features
and relations between target and anatomy
structures that were present on the reference image
are preserved on the kV-CBCT image. The
propagated targets and the detected normal
anatomy structures comprise a new patient
model—the session model. The user is asked to
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review and accept the session patient model, with
focus on the propagated targets (Decision 3).

e The session patient model is then used by the
automated treatment planning to produce two
plans. The scheduled plan is obtained by
calculating dose from the reference plan on the
session patient model while the adapted plan is
obtained by running a new optimization and
calculating dose using the session patient model.
The two plans are then shown to the user so the
appropriate one, scheduled or adapted, can be
selected for treatment (Decision 4).

IX. DETECTION OF DAILY ANATOMY

To address the challenges involved during detection of
daily anatomy, an Al-based algorithm that is based on
convolutional neural networks is used to contour the
influencers on the session images.

Neural networks

A neural network is a collection of connected units or nodes
called “artificial neurons” that behave much like biological
neurons. They have an input layer, an output layer
(prediction) and one or more hidden layers. The depth of the
network depends on the number of hidden layers. Deep
neural networks are neural networks with multiple hidden
layers. Deep learning convolutional neural networks
(CNNs) make the explicit assumption that the inputs are
images, which allows for the incorporation of certain
properties into their architecture. CNNs are best for solving
problems related to image recognition, object detection, and
other computer vision applications. A typical CNN can be
viewed as a sequence of layers that transforms an image
volume into an output volume.

Varian’s in-house developed and trained deep learning
model for Ethos therapy utilizes TensorFlow, CUDA and
CuDNN libraries, and processes images on different
interconnected resolution levels. Ethos uses full-image deep
convolutional neural networks with tailored architectures
that share many similarities with U-Net and DenseNet,
which are widely used in image segmentation tasks. The
network itself takes the full 3D iCBCT as an input and
returns the same size of segmentation as an output. The
neural network models used in the influencer segmentation
process are static and do not continuously learn based on
user input. This ensures the stability and performance of the
algorithms over time.

Deep neural network model production

Neural network training was performed in a supervised
learning setting using images and ground truth contours
from several hundred patients. Data was acquired from
multiple clinics across the Americas, Europe, Australia and
Asia. Images for the training set were selected to represent a
realistic spectrum of anatomical variety and typical image
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artifacts. Human anatomy experts created the ground truth
contours as part of the algorithm development. A single set
of contours was produced for each training image.

Training involves three separate datasets:

1. Training dataset. The training dataset is used to fit
the model. This process involves utilizing a large
set of consistently contoured data, which is used to
perform the actual training of the neural networks.
Contours in training data sets are randomly peer
reviewed to ensure adherence to selected
guidelines.

Validation dataset. The validation dataset is used
to provide an unbiased evaluation of a model fit on
the training dataset while tuning the model with
hyperparameters. ~ The validation data set is
considered a subset of the training data set.

Test dataset. The test dataset is a smaller set of data
used to provide an evaluation of a final model fit.
Scans related to a patient that belongs to test set
cannot be used for network training. Each image
and contour in test set is reviewed by physicians
for accuracy.

A neural network is trained using the classical backward-
error-propagation algorithm. An error is computed at the
output and distributed throughout the network layers. The
gradient descent optimization algorithm uses back
propagation to adjust the weight of neurons by calculating
the gradient of the cost function. A cost function is a
measure of how well a neural network performs with
respect to the given training sample and the expected
output. The cost function is typically expressed as a
difference or distance between the predicted value and the
actual value. It can be estimated by iteratively running the
model to compare estimated predictions against the ground
truth.

2.

3.

Hyperparameters in deep learning models
Hyperparameters are settings that can be tuned to control
the behavior of a machine learning algorithm. Conceptually,
they can be considered orthogonal to the learning model
itself; although they live outside of the models, there is a
direct relationship between them.
Examples of hyperparameters:

e Learning rate — the learning rate quantifies the
learning progress of a model in a way that can be
used to optimize its capacity.

e Number of hidden units — the number of hidden
units is key to regulating the representation
capacity of the model.

e Convolution kernel width — In CNNs, the kernel
width influences the number of parameters in a
model which, in turn, influences its capacity.

Hyperparameters may be tuned using two basic approaches:
manual or automatic selection. Both approaches are
technically viable but choosing between them typically
represents a trade-off. The decision is related to the high
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computation costs required for automatic selection  learning models, a hyperparameter optimization is used to
algorithms. During training of the Ethos therapy deep  determine random weight initialization, as well as both the
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loss function and the layer order.

Post-processing of convolutional neural network outputs
The segmentation output of the networks is passed through
a post-processing module that ensures that the output
matches the selected clinical guidelines. The processing
operations include the removal of smaller segments or
dislocated segments, smoothing the final contours as well as
selecting terminal slices for segmentation.

Model verification and validation

Each trained neural network model undergoes verification
tests that compare the obtained classification to the ground
truth contours on multiple test sets. Several evaluation
metrics are computed and evaluated during each verification
test against passing criteria that are established for each of
the evaluated structures. Models that pass verification tests
qualify as candidates for validation tests. Because of low
correlation between similarity metrics and measured
correction and review times, the verification tests by
themselves do not qualify models for deployment. Models
that passed verification are then validated by clinicians in a
test that better estimates the clinical review effort. Passing
validation testing ensures that the model meets user needs,
which qualifies the model for deployment. Performance of
deployed models is monitored and compared to validation
test results enabling algorithm improvement over time.

Propagation of targets

The generation and evaluation of a new treatment plans
requires the fast generation of new target volume. The new
target volume needs to be anatomically consistent with the
initially defined target, that is, it must include the same
areas of the body as the initial target. Usually, these areas
are the primary tumor, the primarily affected organ, and
regions where invasion of lymph nodes has been observed
or is expected. The initial target volume is informed by
many sources of clinical information which might include
imaging, anatomical boundaries, or clinical disease spread
knowledge, and therefore contains medical reasoning for
which a human clinician is needed. Detecting it
automatically on a new image consistently with the initial
medical reasoning is thus not a straightforward process.
However, finding a suitable geometric transformation that
considers the large motion of organs and the partial rigidity
due to anatomical circumstances at the same time, e.g,
proximity to bone, is a feasible approach.

In Ethos therapy previously detected normal organ
structures that strongly affect targets (so-called influencers)
are used as a guidance together with partial rigidity
constraints in a new deformable registration algorithm. This
is a non-demons algorithm using the discretize-then-
optimize approach. It is formulated as an optimization
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problem — NGF(CT(y),CBCT)+Curv(y)—min - using the
normalized-gradient fields image similarity measure (NGF),
which tries to align image edges, and the curvature
regularizer (Curv), which utilizes the Laplacian to penalize
large deformations y. Hence, we are solving for a
deformation y so that CT(y) becomes similar to CBCT. The
proposed algorithm extends the objective function with a set

of penalty terms. For each delineated structure Scr
available on the planning CT and its corresponding structure

Sceer on the CBCT, we can add a structure guidance term

[(Scr — Scper)?dx called sum-of-squared-differences.
Those additional terms are driving the result of the
deformable image registration towards a maximum overlap
of the structures. This term enables an improved organ
match for high magnitude deformations. The resulting
deformable registration is then used to propagate the target
from the planning CT to the new image.

X. ON-COUCH ADAPTIVE TREATMENT PLAN GENERATION:
INTELLIGENT OPTIMIZATION ENGINE

The challenges involved in delivering on-couch adaptive
therapy are addressed, in the Ethos system, through a re-
planning workflow that has been reduced to well-defined
and predictable clinical decision points in order to lower the
cognitive load of the clinician.

Within Ethos therapy, the treatment planning is highly
automated to allow the user to focus on the clinical aspects
of the patient’s therapy. In order to automate the plan
generation, we introduce the Intelligent Optimization
Engine (IOE), an algorithm that orchestrates the plan
optimization. ~ This algorithm aims to perform all the
actions necessary to generate high-quality dose distributions
that meet the clinical expectations for the plan and ensure
that the plan is dosimetrically accurate. It sets up the
optimization problem for the Photon Optimization
algorithm and then controls and monitors the optimization
process. The IOE is used in the Ethos Dose Preview
workspace, which provides a fast, optimized dose
distribution to check for potential clinical trade-offs, as well
as in the automated plan generation, which produces IMRT
and VMAT plans for a given set of inputs. In both cases, the
IOE works as follows:

Pre-processing: Translation of goals to objective functions

The primary input of the IOE is an ordered list of clinical
goals. The ordered list of clinical goals is created in the
Ethos treatment management RT Intent module by the
physician. 10E performs translation of the ordered list of
clinical goals into objective functions for the Photon
Optimizer and creates Quality-functions (Q-functions) to
monitor and guide the progress of the optimization. Since
the clinical goals from Ethos treatment management have an
enforced syntax, the goal to objective function translation is
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straightforward. The Q-functions are described in more
detail below.

Pre-processing: Overlap handling and objective setting

Prior to initiating the optimization and plan generation,
the 10E performs a structure pre-processing step. In this
step, the system examines the ordered goal list and the
contoured organs and targets and assesses possible conflicts
and overlaps between targets and organs, as well as between
targets with different dose levels.

A common overlap situation that requires resolution prior
to the plan generation occurs when a target overlaps with an
organ and the user has specified goals for the target and the
organ that conflict with one another. Due to the overlap
these goals cannot be physically met. IOE uses the ordered
clinical goal list to determine how to resolve these overlap
situations. The IOE then creates a modified optimization
structure set and adjusts the objective functions to account
for the overlaps. In Dose Preview, the physician can
investigate the effects of overlaps and fine-tune the clinical
goal priority order prior to authorizing the RT Intent and
starting the automated plan generation.

Figures 4 and 5 (p. 6) show some overlap examples and
how they are resolved.

Optimization progress monitoring: Q-functions

The IOE establishes a set of piecewise continuous
“quality” functions (Q-functions) for driving the plan
quality optimization. The Q-functions are derived from a set
of prototype functions per type of clinical goal. Examples of
the different types are target lower dose (TLD) goals (goals
which specify the minimum dose desired for a target), target
upper dose (TUD) goals (goals which specify the tolerated
maximum dose to the target), and organ upper dose (OUD)
goals. The functional form of each prototype is based on the
known features of a good dose distribution as described in
the next chapter. The Q-functions are formed from the
prototype functions by inserting the goal priority and
relative goal value (dose or volume). This places the
functions on the Priority-Quality-plane (P, Q) in such a way
that the Q function goes through the goal point (Pi,Qi),
where Pi is the priority for goal i and Qi is mapped to the
relative goal value (volume or dose) for that goal.
The Q-functions for TLD goals are increasing for P<Pi.
This advises the optimizer to improve the dose for the target
if the plan quality metric is smaller than Pi. For P>Pi the
TLD Q-functions are constant P=Qi. This signals the
optimizer that there is no need to improve the achieved
value for the goal once the goal is met. TUD and OUD Q-
functions start as constant P=Qh for P<Pi-1, where Qh is a
large Q-value. This ensures that while P is in this range, the
goal plays no role in the optimization. After the constant
part the functions have a steep decrease towards the goal
value Qi. This advises the optimizer to work on these goals.
Furthermore, for some P>Pi the TUD Q-functions decrease
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towards the prescribed Q-value and the OUD Q-functions higher priority goals. This guides the optimizer to try further
towards a Q-value that can be met without compromising improvements even if the goal is met.

Fig 4. Conflict from multiple overlapping targets. A) High dose target (PTVhign) overlapping with lower dose target (PTV o). B) User specifies a goal
for maximum dose in PTV o, Which is in direct conflict with the minimum dose goal for PTVpgn. The system crops the PTV o, from PTVyign (with
some margin for dosimetric fall-off) and then applies a maximum dose objective which follows the needed form for the PO algorithm (created from the
input maximum dose goal) to the remainder of PTV .

Fig 5. Conflict from organ (blue) overlapping with target (red). A) Target in shaded red with overlapping organ in shaded blue. B) Organ goal has
higher priority than target goal: the target is cropped with the organ including a margin for dosimetric falloff. C) Target goal exists with higher
priority than organ goal: the oar is cropped with the target, again with a margin for dosimetric falloff. The dashed lines show the unmodified structure
outline.

Figure 6 (next page) provides an example of the Q functions  associated Q-function to determine an achieved Pa value for
for a set of 3 goals, one for each goal type: target upper,  the goal. The goal of the IOE is to maximize the collection
target lower, and organ upper. Once Q-functions are  of P values in a given optimization. Figure 7 illustrates how
established, the system starts the optimization and then  the Q-functions are utilized to monitor the progress of the
interrogates the achieved values for each goal at specified  optimization.

intervals (certain number of iterations) and then uses the
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A)

Fig 6. Intelligent Optimization Engine Q-functions (goal functions). In this example, the vertical axis in each panel is a quality measure for a goal. A
goal meets its quality measure if the achieved value is the same or better than the goal value. The horizontal axis is a depiction of the relative priority
of the set of goals. A) Red line is a TLD Q-function with priority 1, orange line is a TUD Q-function with priority 2, green line is an OUD Q-function
with priority 3. In each, the circled point is the goal value in relative dose or volume. Note that organ goal functions have a decreasing component for
P>Pi. This guides further improvement after the goal is met. B) Q-functions for a different set of goals: user has decided that the OUD goal has highest
priority, and TUD has lowest priority.

Q)

Intelligent Optimization Engine: monitoring
the optimization progress.

In order of priority:
* Orange line = TUD Q-function
* Red line = TLD Q-function
* Green line = OUD Q-function

Fig 7. 1OE, monitoring the optimization progress. Example with three goals. Optimization is started with fixed weightings for all objective functions.
A) After x iterations, the dose distribution is interrogated, and P values obtained. IOE elevates cost for objective function with lowest P (TLD
goal=0.82; red line). B) After another x iterations, dose distribution is interrogated again. TLD goal is met and P is at a maximum value (6.0 here). IOE
elevates the cost for the goal with P=1.68 (TUD). C) After another x iterations, dose distribution is interrogated a third time. Target upper goal is now
met with P evaluated to 4.25. IOE elevates cost for the goal that had P=2.68 (OUD). Optimization continues until the collection of P is maximal and
cannot further be improved.
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The shape and location of the goal functions along the
priority axis cause the optimization to progress similarly to
how a human planner would work. Unmet goals with higher
priority receive attention before unmet goals of lower
priority. When goals are met, additional effort is expended
to reduce the dose to organs where possible. The example in
Figure 6 could be performed with the goal functions from
panel B of Figure 7. In that case, the highest priority goal is
the organ upper and would be achieved first, prior to
focusing attention to the lower priority goals. Since this is
goal-based optimization, the system does not stop when one
goal is unmet; instead, the IOE detects the condition and re-
baselines the goal function to higher (for organ or target
upper goals) or lower (target lower) values.

Extra controls for clinical plan quality

Some aspects of clinical plan quality are not easily
conveyed through clinical goals. To remedy this, the IOE
adds some extra goals, structures, and optimization
objectives for the PO algorithm.

Normal tissue dose is controlled using several methods.
Firstly, hidden normal tissue optimization structures are
created by the I0E. A ring-structure 1 cm away and 0.5 cm
in thickness is created around every target. Another large
normal tissue structure is created encompassing everything
outward from the ring structures. All the normal tissue
structures are given dose controlling clinical goals which
the 10E will treat similarly as other clinical goals but with
lower priority. The normal tissue dose is also controlled via
Photon optimizer automatic normal tissue objective and a
maximum dose objective that is assigned for the whole
body.

The clinical quality for the dose coverage of PTV is also
controlled. When the PTV is given a clinical goal that is not
a minimum dose goal, the IOE adds a maximum of three
helper objectives for the PTV. The objectives are placed
along a parabola that has its maximum at V=100% and goes
through the goal point (Di, Vi). Thus, the objectives have
volume values between the goal volume Vi and full volume
and the dose values are smaller than the goal dose Di. The
addition of the objectives gives a tighter shape for the
shoulder of the PTV’s DVH curve. For example, a goal of
D95%>50Gy will have extra objectives placed between
95% and 100% volume. The helper objectives are not added
in cases where they would conflict with higher priority
goals supplied by the user.

An extra control for clinical plan quality is also added for
the plan complexity. This aspect is controlled and monitored
during the optimization using an Photon optimizer
smoothing objective. If the user has selected to use a
RapidPlanTM model, the DVH estimates from the model
are used as an additional guidance for the algorithm as
described in a separate section below.
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XI. RAPIDPLAN KNOWLEDGE-BASED PLANNING

Within the context of the aforementioned Intelligent
Optimization Engine, the establishment of clinical goals
compatible with the patient’s unique geometry is not always
intuitive. The proximity of a critical normal organ to the
intended target may limit the potential for sparing and a
compromise may be needed.

RapidPlan® knowledge-based planning, a machine
learning tool that can potentially enhance the quality and
efficiency of treatment planning based on historical patient
data, addresses these challenges. The user builds models
with RapidPlan by taking inputs from dosimetric and
geometric parameters of the plans included in a training set.
As an output, the models can generate predictions of the
dose volume histograms for modeled structures and
generate the optimization objectives needed to drive DVHs
to those predictions. This permits the clinician to evaluate
the predicted normal organ sparing prior to generation of a
deliverable treatment plan, as well as incorporate the
prediction to the plan quality evaluation.

Organ Partitioning

Organ volume partitioning is performed on each structure
of every plan included in the training set and in application
of a specific model to a new clinical case. The beam
geometry is used to create the partitions, as the beam’s eye
view (BEV) from each field or control point is necessary to
determine if a structure will receive any radiation dose at
all. By combining the information obtained during
partitioning, the software is able to predict dose volume
histograms (DVH) for modeled structures. As shown in
Figure 8, the organ partitions are:

e Out-of-field region — the region of the structure that
receives only scattered radiation dose

e Leaf transmission region — the region where the
structure is always covered by leaves from a
multileaf collimator (MLC)

e Overlap of the organ with the target (or union of all
targets)

e The in-field region — the region that that is distal or
proximal to the target in the BEV and is not one
the aforementioned regions. It represents the
greatest contribution of dose to the modeled
structure.

Partition modeling

Every case in the training set undergoes partitioning and
RapidPlan extracts the average and standard deviations of
the dose in the out-of-field partitions, leaf transmission
partitions, and target overlap partitions. The in-field
partition receives different treatment. This partition uses a
supervised regression model of machine learning to infer
characteristics that permit prediction of dose for this region.
Combined with the result of the other three partitions, the
entire DVVH can be predicted.
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Geometry Expected Dose

In order to extract information which connects the
geometry of the patient to the observed radiation dose, we
utilize the concept of Geometry Expected Dose (GED). The
GED is a score for each voxel within the treatment volume
based solely on basic photon beam characteristics and the
relationship of the structure with the radiation fields.

100
Il Out of Field
80 Leaf Tramission

In Field

&0 Il Overlap
40
20
0

20 40 &0 80 100

Fig 8. Organ volume partitions used in the machine learning DVH
models. Each partition contributes to the sum total DVH as shown.

GED includes understanding the following properties:
e Field geometry
e Photon behavior
e Target geometry and dose levels
e Heuristics about which kind of beam arrangements
lead to sparing of normal tissue
The GED can be calculated very quickly and only
requires the field geometry, planning CT, and the structure
geometry on the planning CT.

Supervised Regression

Once the GED for a given case is calculated, we can
tabulate the GED volume histogram for the in-field
partitions of modeled structures. These are considered to be
highly correlated to the dose volume histograms for the
same structures. This assumption is based on the observable
fact that the geometry relation (proximity) to a target highly
influences how well a structure can be spared in a given
treatment plan. Over a population of similar treatment plans,
or treatment plans from a similar anatomical site, the DVH
of the in-field partition and the GED volume histogram will
be highly correlated.

To extract the correlations, RapidPlan uses principle
component analysis applied to both the collection of in-field
DVH and GED volume histograms in a training data set.
The coefficient obtained from the principle components can
be arranged and analyzed through regression models to
extract the correlation from a given GED volume histogram
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to an observed dose volume histogram. For any case for
which a DVH prediction is desired, the dose volume
histogram for the in-field partition is predicted from this
regression obtained from the training data set.

RapidPlan compatibility with Ethos therapy

Any RapidPlan DVH estimation model can be imported
and applied to a RT Intent within Ethos treatment
management. If attached to an RT Intent, the DVH
estimates for modeled structures are shown in the Ethos
Dose Preview and in the Plan Review work areas.
Additionally, the lower border of the DVH estimation band
is used to derive a line objective which is applied during the
plan generation process for both the initial planning and
adaptive planning workflows in Ethos treatment planning.

Because there is not a known priority order for the line
objective derived from the RapidPlan model, we cannot
utilize the Intelligent Optimization Engine to effectively
monitor or modify the strength of this line objective. The
cost function derived from the line objective is added to the
overall optimization, but at a level low enough not to
overwhelm the objectives that the IOE determines, places,
and monitors from the input goals and priority rankings. As
such, its primary use in Ethos therapy is as a quality
monitor. If the Ethos treatment planning Dose Preview or
candidate plans from automated plan generation cannot
achieve a result within the DVH predictions, the planner
may need to add additional goals, change the order of goals,
change the beam geometry, or determine that the case is not
suitable for automated planning.

XIl. CONCLUSION

Varian introduced and received CE mark for the Ethos
therapy system in September of 2019; first patient
treatments occurred later that month at Herlev Hospital in
Denmark. The system received 510(k) clearance from the
U.S. Food and Drug Administration in February 2020.

The Ethos therapy system incorporates technology that
uses artificial intelligence and machine learning to create
contours and generate adapted plans for physician review
while a patient is on the treatment couch. The system offers
radiation oncologists a set of simple tools that enable them
to achieve their intention for each patient. The daily
variation in a patient’s anatomy, captured and visualized by
iterative kV cone-beam CT (iCBCT) imaging, enables the
on-couch adaptive workflow.

Ethos further allows a physician to choose which plan to
deliver and to complete an adapted treatment within a
typical 15-minute treatment time slot.

Clinical images at treatment delivery

Ethos therapy integrates multi-modality diagnostic
images at the point of treatment on the treatment console.
This means the daily re-planning sessions can utilize the
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same multi-modality images that informed the initial
planning stage. At each treatment, Ethos therapy shows:
e That day’s anatomy with iCBCT images
e Registered CT, PET, and MR images
e The expected 3D radiation dose to the target and
organs at risk for both the un-adapted and adapted
plans

Decision-making guided by Al

The goal of Ethos therapy was to design a simple
adaptive therapy workflow for both the initial planning and
daily re-planning sessions.

During initial planning, Ethos therapy automatically
produces several plan candidates with various beam
geometries and techniques using prioritized target and organ
at risk goals from the physician’s intent. The clinician
chooses the most suitable plan and authorizes it for delivery.
This step provides confidence that the goals and patient
geometry are compatible, and that plan automation can be
performed each day. Each treatment day, once the daily
anatomy is reviewed and accepted, Ethos therapy will
prepare a new adapted plan using the beam geometry of the
initial plan, the initial set of target and organ and risk goals,
and give the clinician the choice of either the original or
adapted plan for delivery.

The process is guided by the technology, as follows:

e A decision tree guides the entire adaptive therapy
process

e Treatment management and treatment planning
applications are tightly coupled and context-aware

e Clinician approvals move the process from one step
to the next

e Every step of the workflow is optimized for speed
and engineered for safety

Automated dose accumulation
Each day, the Ethos therapy system automatically

reconstructs delivered dose in relation to today’s anatomy.
This capability:

e Demonstrates that the patient is receiving the

intended dose

e Improves understanding of the treatment progress

e Helps identify when re-simulation may be required

o Simplifies off-line adaption

Familiar, efficient QA
QA for Ethos therapy follows a familiar workflow.
e The flexible workflow for pre-treatment QA
accommodates phantom- or calculation-based QA
methodologies.
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e Initial planning and adaptive planning at the
console use the same algorithms for consistency.

e Independent adaptive plan QA can be performed
on-demand, without impeding treatment workflow.

This article derives from a Varian technical brief on
Ethos™ therapy artificial intelligence.

Intended use summary: Varian Medical Systems’ linear
accelerators are intended to provide stereotactic
radiosurgery and precision radiotherapy for lesions, tumors,
and conditions anywhere in the body where radiation
treatment is indicated.

Important safety information: Radiation treatments may
cause side effects that can vary depending on the part of the
body being treated. The most frequent ones are typically
temporary and may include, but are not limited to, irritation
to the respiratory, digestive, urinary or reproductive
systems, fatigue, nausea, skin irritation, and hair loss. In
some patients, they can be severe. Treatment sessions may
vary.

Corresponding Author: Stephen Thompson

Varian Medical Systems

3100 Hansen Way, Palo Alto, California, 94089 USA
Email: stephen.thompson@varian.com
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“AN INTRODUCTION TO MRI FOR MEDICAL PHYSICISTS AND
ENGINEERS” BY ANTHONY WOLBARST AND NATHAN YANASAK

Godfrey, D. 1,

1 Duke University, Durham, North Carolina, USA

Abstract— This article is a brief review of the textbook
“An Introduction to MRI for Medical Physicists and
Engineers” by Anthony Wolbarst and Nathan Yanasak,
2019, Medical Physics Publishing, ISBN-13 978 1 930524 20
0

“An Introduction to MRI for Medical Physicists and
Engineers” is a comprehensive presentation of MRI
fundamentals -- beginning with the simplest NMR
concepts and building ultimately to thorough descriptions
of many of today’s most widely-used clinical MRI
algorithms and technologies. Conceptual explanations
are presented along with their fundamental mathematical
underpinnings in a way that is understandable and
engaging for the reader. Throughout the book, simplified
quasi-quantum mechanical (QM) explanations of protons
in spin-up and spin-down states are logically woven
together with the more rigorous and powerful classical
physics (pulsed energy) view of NMR. Numerous clear
diagrams and tables are provided to illustrate key topics,
and helpful exercises are included in each chapter.
Interesting historical developments and examples of
MRPI’s clinical utility are also sprinkled throughout,
helping the reader anchor abstract physics concepts to
practical imaging implementations. Though the book is
intended for the biomedical engineer or medical physicist
in training, the content is comprehensive enough that
practicing medical physicists and imaging instructors will
also find it useful to enhance their own understanding of
MRI.

The book is organized as follows:

Chapter one introduces the fundamental concepts of a
nuclear spin magnetic moment, the gyromagnetic ratio,
the quasi-QM notion of a proton’s spin-up and spin-down
states when placed in a magnetic field, the Larmor
frequency and resultant energy necessary to flip a
proton’s spin, nuclear magnetic resonance (NMR), the
spatial encoding of different voxels via a gradient
magnetic field, the classical presentation of a voxel’s net
magnetization precessing in the plane normal to the
external magnetic field, as well as the “T1” and “T2”
spin-relaxation mechanisms of a nucleus with its local
microenvironment — i.e., the interactions of protons in
water and lipids with the nearby biomolecules that exist
within and between cells --that create the exceptional
soft-tissue contrast for which MRI is renowned.
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Chapter two provides a helpful overview of
electromagnetism, including Maxwell’s equations;
magnetic susceptibility (diamagnetism, paramagnetism,
and ferromagnetism); proton-proton dipole interactions;
NMR at the Larmor frequency; and a simple
demonstration of NMR in water. The final pages address
the differences between a simplified QM treatment and a
classical treatment of NMR in a manner that illustrates
how the same phenomenon can be viewed through each
physics lens.

Chapter three addresses 1D proton density (PD) image
creation via spatial encoding, standard image quality and
performance figures of merit, and common MR artifacts
(nonlinear  gradient  field, chemical shift, and
susceptibility).

Chapter four presents the origins of net voxel
magnetization. Thermal equilibrium, and the constant
battle between entropy and energy in a system, are
explained. The Boltzmann distribution is introduced to
describe the population statistics of spin-up and spin-
down protons at thermal equilibrium. This leads to a
discussion of the resultant impact of MRI magnet strength
BO on net voxel magnetization, and therefore image
quality. Stimulated radiative spin transitions brought on
by EM waves at the Larmor frequency which drive the
system away from thermal equilibrium, and non-radiative
spin transitions -- including T1 relaxation --which return
the system to equilibrium, are also introduced.

Chapter five extensively reviews the basis of Fourier
theory and other mathematics and statistics principles
required to understand MRI physics, signal processing,
image reconstruction, and artifacts.  Graduate level
physics students will likely already have been exposed to
most of these concepts, but seeing them applied to the
MRI-specific examples presented in the chapter is
helpful.

Chapter six considers the classical approach to proton
NMR in a voxel, relating the useful analogies of
gyroscopic precession and nutation under the influence of
gravity. The Bloch equations are presented, and the
effect of applying an orthogonal pulsed magnetic field
(B1) near the Larmor frequency follows.
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Chapter seven -- free induction decay (FID) imaging of
a hypothetical 1D patient -- stitches together all of the
previously presented concepts into a method for mapping
NMR signals along a line, including consideration of the
signal induced in a receiver antenna, and the inverse
Fourier Transform required to convert k-space data into a
spatial NMR map.

Chapter eight details the major components of an MRI
system, including the main magnet, shim coils, gradient
coils, and transmit/receive RF systems.

Chapters nine and ten dive deeply into the
fundamentals of T1 and T2 relaxations, respectively,
along with the mechanisms that create anatomic and
physiologic contrast between different tissues and
molecular environments. Spin-echo (SE) sequences are
introduced as a method to separate purely biological T2
dephasing from the effects of magnetic field
imperfections. The use of electron-paramagnetic contrast
agents, such as gadolinium chelates, is also explained.

Chapter 11 further explores spin-echo pulse sequences,
including the theory behind inversion recovery (IR), fluid
attenuated inversion recovery (FLAIR), short T1 recovery
(STIR), and fat suppression sequences.

Chapters 12 and 13 expand 1D MRI theory to voxel
selection and image reconstruction in 2D and 3D,
respectively. Phase encoding, gradient echo (GE) vs
gradient recall echo (GRE), echo planar imaging (EPI),
and the impact of k-space sampling and readout —
including cartesian vs non-cartesian (radial and spiral)
trajectories, and periodically rotated overlapping parallel
lines with enhanced reconstruction (PROPELLER)
approaches — are all explained.

Chapter 14 explores the use of MRI to map fluid
motion in the body, including MR angiography (MRA),
perfusion imaging, diffusion tensor imaging (DTI), and
functional MRI (fMRI) with the blood oxygenation level
dependent (BOLD) effect.

Chapter 15 covers standard MRI quality assurance and
safety processes and hazards, and American College of
Radiology (ACR) accreditation.
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And, finally, Chapter 16 wraps up the book with a
presentation of MRI future developments that are already
underway.

Summary: The authors manage to successfully take
the reader on a journey from the discovery and
fundamentals of NMR all the way to novel k-space
sampling and advanced MR imaging sequences — and
their underlying molecular physics — in a manner that is
quite thorough, yet should be approachable even to a
reader with limited prior MRI knowledge. | believe this
will be an excellent source for graduate students and
professionals alike, and intend to incorporate it into my
own teaching.

An Introduction
to VIRI

for Medical Physicists and Engineers

-
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“ADVANCED RADIATION PROTECTION DOSIMETRY” BY SHAHEEN
DEWJI AND NOLAN E. HERTEL

Damilakis, J. 12,

L University of Crete, Greece, 2 Vice-President IOMP

Abstract— This article is a brief review of the textbook
“ADVANCED RADIATION PROTECTION
DOSIMETRY” by Shaheen Dewji and Nolan E. Hertel,
2019, CRC Press, 480 p., ISBN 9781498785433

1. Description

‘Advanced radiation protection dosimetry’ covers in
10 Chapters aspects of radiation protection dosimetry that
physicists need in order to use ionizing radiation
efficiently. The techniques presented in the book can be
employed to determine radiation doses to patients and
workers and, therefore, they are useful for medical
physicists.

2. Purpose

This book is written primarily for experienced
physicists wishing to acquire advanced and detailed
knowledge in the field of radiation protection dosimetry.

3. Content and features

The book starts with a short introduction that includes
basic information on radiation dosimetry and
international committees and organizations that publish
reports, guidelines, regulations and standards in the area
of radiation protection and dosimetry. This introduction is
very useful for individuals planning to follow a career in
medical physics. The scientific content is structured in 9
Chapters. Chapter 2 provides an overview of units and
quantities and describes briefly the atomic structure, the
radioactive decay and the interactions of radiation with
matter. Chapter 3 provides an interesting historical review
starting from the discovery of X-rays and early reports of
skin burns and other radiation-induced injuries. The status
of protection standards during the early period (1905-
1925 and 1925-1950) is very well covered and the
transition to the risk-based model of radiation regulation
(Linear No-Threshold model) is also discussed. Chapter 4
focuses on radiation detection. Dosimeters used in
everyday clinical practice such as dosimeters based on
ionization chambers and description of methods for
calibration and testing are covered very well and,
therefore, this chapter is very useful for clinical medical
physicists. Chapters 5-8 are devoted on the scientific
models in radiation dosimetry employing reference
phantoms, biokinetic and dosimetric models as well as on
dose coefficients. Medical physicists interested in Monte
Carlo simulation will benefit considerably from the
wealth of experience of authors who provide all necessary
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details on the above topics. Chapter 9 provides important
information about cancer risk coefficients. Sections on
limitations and uncertainties associated with these
coefficients are very well written and include useful
references for medical physicists. The appendix on BEIR
VII risk models is also a useful addition to this subject.
The last chapter examines the process of interpreting
metabolic models for estimating the intake of
radionuclides.

4. Assessment

This is a very well-written, comprehensive book on
radiation protection dosimetry. An indispensable resource
for medical physicists, this book provides theoretical and
practical information from experts in this field.

Series iN Mepicat Prysics anp Biomepicat ENGINEERING

ADVANGED
RADIATION PROTECTION
DOSIMETRY

Edited by
Shaheen A. Dewji & Nolan E. Hertel
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“PROBLEMS AND SOLUTION IN MEDICAL PHYSICS — NUCLEAR
MEDICINE PHYSICS” BY KWAN HOON NG, CHAI HONG YEONG AND
ALAN CHRISTOPHER PERKINS

Brambilla, M. 12,

1 University Hospital of Novara, Italy ? President EFOMP

Abstract— This article is a brief review of the textbook
“Problems and Solutions in Medical Physics : Nuclear
Medicine Physics” by Kwan-Hoong Ng , Chai Hong Yeong,
Alan Perkins, 2019, CRC Press, 139 p. ISBN
9781482240009

The book Problems and solution in Medical Physics —
Nuclear Medicine Physics represents an innovative way
of teaching.

Instead of using the conventional flow of introducing
the basic principles, explaining the theory, providing the
numerical equations linking the physical figures of merit,
providing examples and finally proposing to the reader
some practical exercises, the authors Kwan Hoon Ng,
Chai Hong Yeong and Alan Christopher Perkins have
chosen a completely different approach.

They start from a problem and ask the reader to
provide an answer. The problem can be theoretical,
descriptive, technological or practical. Irrespective of the
nature of the problem, the authors provide a detailed and
comprehensive solution for each of them. In doing so the
introduce the underlying theory, suggest the qualitative
link between the variables involved, illustrate the
numerical equations which allows to quantitate the
relationship between the variables and guide the reader
step by step in the numerical calculations necessary to
obtain the final solution, when needed.

Following this approach, they cover all the different
areas of the Nuclear Medicine specialty: radionuclide and
radiopharmaceutical production; imaging, with a special
focus on the instrumentation (counters, planar camera,
SPECT and PET), the techniques and the ways to ensure
the quality of the imaging; radionuclide therapy; internal
dosimetry and radioprotection.

I was fascinated by this approach, which I found in line
with the modern educational techniques. Having had the
privilege of chairing the EFOMP - European School for
Medical Physics Expert, | was always challenged with the
increasing need and demand coming from our students of
practical, hands-on, question and answer sessions.
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I am pleased to recognize that this book provides
many, if not all, the answers to the questions that a
Medical Physicist must answers in his everyday clinical
practice as a health professional.

A famous quote of Yogi Berra, a former US baseball
player says: “In theory there is no difference between
theory and practice. In practice there is”. This book
reconciles practice and theory, showing the reader, step
by step, that should this difference really exists, it must be
negligible.

Semses i Menscar Puvsics axo Biomenical EXGINEERING

Problems and Solutions

in Medical Physics
Nuclear Medicine Phvsics
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LESION DETECTABILITY ON DUAL ENERGY COMPUTED TOMOGRAPHY
ABDOMINAL IMAGING: PHANTOM STUDY

H. Jantawong?, A. Krisanachinda?

Doctor of Philosophy Program in Medical Physics, 2Department of Radiology, Faculty of Medicine, Chulalongkorn University,
Bangkok, 10330, Thailand

Abstract—Background: Computed Tomography (CT) is
a widely used imaging modality to detect and diagnose
liver tumors. The early detection of hepatic lesions is
crucial because the treatment for liver malignancy is most
effective when the tumor is small (< 2 cm). The major
problems of small hepatic lesion detection in CT are
lower lesion-to-liver contrast in nature and higher noise
level relative to other organs. Many studies [1] suggested
the detectability of low contrast liver lesion in CT
depends on acquisition and reconstruction parameters,
lesion characteristics, radiation dose and patient diameter.

Dual-energy computed tomography (DECT) is
considered a promising new development in CT that had
a potential to improve lesion detection and
characterization beyond the levels currently achieved by
conventional single energy CT. Based on reconstructed
low- and high energy images can create virtual
monochromatic images at energy E as a weighted average
of the CT number at low (CTY)- and high-energy (CT")
scans, which is given by

CT(E) =w(E)-CTt +[1 -w(E)].cTH
1

where L and H represent low- and high-energy,
respectively and w represents weighting factor is given by

_ B uf - E)ul | pg
wiE) = urps-ufug ()
)

where “u” is linear attenuation coefficient, 1 and 2
represent the two basis materials.

Therefore, the monochromatic image generated from
image space data is simply a linear combination of the
two CT images at low and high energies, where the sum
of the two weighting factors equals 1.

The purpose of generating the monochromatic images
in the image domain is primarily to generate a single
optimized set of images for routine diagnosis.

The aim of this study is to investigate the lesion
detectability in low keV-VMC (virtual monochromatic)
images from dual energy and low kVp images from
single-energy CT and to determine the characteristic of
lesion detection in different phantom size and kV
combinations in dual-energy CT.

Methods: A semi-anthropomorphic abdomen phantom
(QRM Moehrendorf, Germany) with two additional rings
represent the abdominal size of small, medium and large
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adults (Fig.1). The phantoms were acquired in both dual-
and single-energy scans with a dual-source CT scanner
(Somatom® Force, Siemens Healthineer, Germany). The
single energy (SE) scans were acquired at kVp 80, 100,
120, each scan using the same radiation output, expressed
by CTDlva (a standard 32cm-CTDI phantom), as in a
typical clinical protocol performed at 120 kVp. The
CTDlyoi were 7.3, 10.5, 14.5 mGy for small, medium and
large phantoms, respectively. For each phantom size,
three dual energy (DE) acquisitions were performed at the
same CTDlIy as in the SE scans using the different kVp
combinations of 80/150Sn, 90/150Sn and 100/150Sn.

The VMC images at 4 energy levels (40, 50, 60, 70
keV) were then created using Syngo Dual Energy
Application, Siemens, Healthineer (Fig. 1.) for each
phantom size and each scan setting. Only low keV (40-
70) images were investigated in this study because these
energy levels provide a superior contrast than the higher
energies and is comparable to the low kVp SE images.

Fig. 1. The abdomen phantom images; the top row is generated
VMC images of at 40, 50, 60 and 70 keV from a dual-energy scan with
80/150Sn kV combination and the bottom row is conventional axial
images reconstructed from SE scan at 70, 80,100 and 120 kVp.

The lesion detectability of virtual monochromatic
images from DECT scan) and polychromatic images from
SECT scan, were analyzed by using conventional matrix;
in term of contrast to noise ratio (CNR) and task-based
images quality matrix; in term of detectability index, d’.

For each single and dual energy data sets, the CNRs
were calculated by measuring the CT number of
hyperdense liver lesion and adjacent uniform liver
background, and noise in the liver background.

To calculate a detectability index, d’, the imQUEST
software version 6.01 designed by Duke CIPG had been
used. A method of non-pre-whitening observer model
with eye filter (NPWE) that incorporated the resolution,
noise texture, diagnostic task, and viewing conditions[2],
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were selected in this study, ¢’ was obtained from equation polychromatic energy of single-energy scans for the three sizes of

(3) phantom.
d? = [Jf W(r)2.TTF (r)2.V (r)?rdr]? 6
T [ W@ATTF(r)2V4NPS(r)rdr+[f ngW (r)2TTF(r)2.NPS(r)rdr 5 T
©) 4 T
T~ e
. *——o— o o ~a —e
- - - - - = v_77’~‘_’*7—,, —
where W is a task function, r is radial spatial I e | ey
—@—Small (5 mm) —@—Small (5 mm)

frequency, TTF is task transfer function, V is visual
response function, dr is radial variable, NPS is noise
power spectrum, and nj is internal noise of the eye.The
lesion sizes were 5, 10 and 20 mm diameter in d’
calculation

Results: CNR as a function of virtual monochromatic
energy (40, 50, 60 and 70 keV) for each phantom size is
plotted for different kV combinations in dual-energy
scans (Fig. 3). The maximum CNR for each phantom size
was found at 40 keV and the CNR gradually decreases
when increases the monochromatic energy. At these
VMC energies, CNRs at all phantom size were higher
than that of a conventional SE scan at 120 kVp except at
70 keV from 80/150Sn. The use of low kV SE-scan at 70,
80 kVp showed superior result in CNR compare to VMC
images.

The impact of kV combination was also observed in
this study, as increasing the difference between of low
and high tube voltage (from 80 kV to 100 kV combined
with 150Sn), CNR is improved for all phantom sizes
except at large phantom size, the use of 90/150Sn kV
combination has a higher CNR compare to other kV
combinations.

For small lesion sizes of 5 mm, using DECT showed
inferior result in 4’ compare to 120 kV SE scans.
However, at larger lesion size of 10 and 20 mm, the VMC
images provide improved d’ compare to 120 kVp SE
scan. The SE-scans at 70 and 80 kVp provide better d’
compared to low energy VMC images in all lesion sizes
for each size of phantom.
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Fig. 2 CNR as a function of monochromatic energy for the three
phantom sizes and three kV combinations of 80/150Sn, 90/150Sn and
100/150Sn in dual-energy scan, as well as the CNR as a function of
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Fig. 3 Detectability index (d)’ for 5-,10- and 20-mm lesion sizes as a
function of monochromatic energy for the three phantom sizes at
80/150Sn in dual-energy scan were plotted, as well as &’ in different
polychromatic energy of single-energy scans.

Conclusion: The lesion detectability were evaluated
among the use of low energy VMC images in DECT and
low kV in SECT-scans. The larger different of kV
between low and high energy in DECT improves CNR
and d’ especially in small phantom size. For a small
lesion size (5mm) using low kVp SE-scan showed
superior outcome on d’ than the DECT scan.
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DETERMINATION OF FIELD OUTPUT CORRECTION FACTORS OF
RADIOPHOTOLUMINESCENT GLASS DOSIMETER IN 6 MV SMALL
PHOTON BEAM

S. Yabsantia

Medical Physics Program, Department of Radiology, Faculty of Medicine, Chulalongkorn University

Abstract— Background: Small field is utilized in
advanced radiotherapy techniques for performing the
complex fluence to achieve the better dose distribution in
radiation treatment. However, the small field problems
including the lateral charged particle disequilibrium, source
occlusion and size of detectors with respect to the field size
limit the response of each type of detector and impact the
absorbed dose determination.

These problems lead to the large variation of output
factors (ratio of reading) among various detectors types. The
IAEA and AAPM group established the proposal for small
field dosimetry and proposed the field output correction
factors (kgsl‘ii;‘:’;':‘nssrr) in order to improve the output factor
determination. In 2017, the IAEA/AAPM TRS 483 has been
released and the kéiﬂ::’;':‘ns; of several active detectors were
reported. The kggir‘:’;‘:‘ns;r is defined using the following
equation.

fclin Efclin
Felinfmsr _ _W-Qclin/ _detQclin (1)
Qclin/@msr pfmsr /Efmsr
wW,Qmsr/ “det,Qmsr
Where D/¢lin and p/mst are absorbed dose in water
W,Qclin W,Qmsr

for clinical field size and machine specific reference field

size, respectively. [_)(fgigdin and Egg‘tsgmsr are average

absorbed dose in sensitive volume of detector for clinical
field size and for machine specific reference field size,
respectively.

Radiophotoluminescent glass dosimeter (RPLGD) is a
passive detector and increasingly applied for output factor
measurement due to its small size. However, high Z (12.04)
and high physical density (2.61 g/cm® of RPLGD restrict
its response for small field output factor measurement.
Moreover, the orientations of RPLGD with respect to the

beam central axis may influence the jlelinfmsr aq o

Qclin/Qmsr
consequence of altering the detector size with respect to the
field size.

Therefore, this study aims to determine the
fclinSmsr

cuimomr of RPLGD in 6 MV small photon beam for

perpendicular and parallel orientations using Monte
Carlo (MC) simulation.

Methods: The kgd?“'fm“were determined using
clin.@msr

EGSnrc Monte Carlo code. The TrueBeam linear

accelerator) Varian Medical Systems, Palo Alto, CA,
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US) with 6 MV WFF was simulated using BEAMnrc
code. Each component module of simulated machine
is illustrated in Fig 1. For tuning the source
parameters, the PDD and beam profile were
reproduced by DOSXYZnrc and compared with the
measurement data.

Target
Primary collimator
Vacuum window

‘ Flattening filter

s Monitor chamber

// Mirror
Jaws

Fig. 1 The treatment head geometry of linear accelerator
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Fig. 2 Example of particle track of perpendicular RPLGD using egs_view

The egs-chamber was utilized to simulate the
detector or point of water in water phantom and to
calculate dose in scoring volume (Fig. 2). The
orientations of RPLGD were studied in both
perpendicular and parallel to the beam axis. The
absorbed doses in water and average doses in
sensitive volume of detector at 90-cm SSD and 10-cm
depth for field size ranging from 0.5x0.5 to 10x10 cm?
were calculated. The number of particles were set to
maintain the statistical uncertainty less than 0.08%.
The dose in each field size was normalized to 10x10 cm?

machine specific reference field. Then, the k/clin/msr g

Qclin.Cmsr
determined using equation (1).
The equivalent square small field size (Scin), Which was
given by the geometric mean of full width of half maximum
(FWHM) of in-plane and cross-plane, was determined.

Results: For MC commissioning, the suitable source
parameters were 5.9 MeV initial electron energy and 0.11
cm FWHM. The average percentage differences between
measured and simulated dose distribution were within 1%.

The ratio of RPLGD reading which was determined
using MC is shown in Fig. 3. For field size 2 x 2t0 6 x 6
cm?, the ratio of RPLGD reading showed underestimation
comparing with the water. This is influenced by the over
response in 10 x 10 cm2 RPLGD exhibits an energy
dependent response and over response to low energy
scattered photon in large field size due to the high Z of this
material.

At the smallest field size, the ratio of RPLGD reading
for perpendicular orientation presented underestimation
while parallel showed overestimation. In small field size,
the perturbation effect was typically affected by volume
averaging effect and high density of material. The volume
averaging effect was pronounced in perpendicular RPLGD.
Therefore, the underestimation was detected. On the other
hand, the volume averaging effect was small in parallel
orientation and the high density of RPLGD affected the over
response, so the overestimation was discovered.

The field output correction factors of RPLGD are

demonstrated in Table 1. The kgz;:::’é‘:‘nssrr of RPLGD were

1.000-1.118 and 0.954-1.017 for perpendicular and parallel,
respectively. Their overall statistical uncertainties were less

than 0.13%. Moreover, the kég}i::’é‘:‘::rof perpendicular and

parallel RPLGD deviated from unity within 5% for field
size downto 1 x 1 cm? and 0.5 x 0.5 cm? each.

1.0 ¥
09 F B
F @ B
2 08 F %
s r
s n
£ 07 F &
S F
e F X Water
2 06 F "
g r ORPLGD_perpendicular
~ 05 ; Q ARPLGD _parallel
0.4-||||I||||I||||I||||I||||
0 2 4 6 8 10
Equivalent square small field size, Sq;, (cm)
Fig. 3 The reading ratio of RPLGD determined from MC simulation for

perpendicular and parallel orientation in comparison to water

Table 1 Field output correction factors
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Side of square S dlin RPLGD RPLGDpar

field (cm) (cm) perpendicular allel

10 10.01 1.000 1.000

6 5.98 1.006 1.010

4 4.04 1.010 1.014

3 3.00 1.010 1.016

2 2.00 1.011 1.017

1 1.00 1.011 1.004

0.5 0.52 1.188 0.956
Conclusion: The kéd?“'fmsr of RPLGD for both

clin/@msr

orientations were reported in this study. The correction
factors were practical for field size down to 1 x 1 and 0.5 x
0.5 cm? for perpendicular and parallel orientations,
respectively. The parallel orientation of RPLGD might be
preferred for small field output factor measurement.

Keywords — Field output correction factors, Monte Carlo
simulation, Radiophotoluminescent Glass Dosimeter,
Small field dosimetry
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INTERFACE AND SMALL RADIATION FIELD DOSIMETRY
USING A MOSFET-BASED DETECTOR

W.L. Jong!, N.M. Ung?, J.H.D., Wong?,

1 Clinical Oncology Unit, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia
2 Department of Biomedical Imaging, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia

Abstract— Accurate dosimetry is a critical step in
radiotherapy. Generally, essential dosimetric parameters are
measured in a relatively flat and homogeneous water phantom,
where charged-particle equilibrium (CPE) exists. However,
dosimetry in certain conditions such as skin, small radiation
field and interface region of two different media, CPE does not
exist and therefore, poses challenges to achieve dosimetric
accuracy. For accurate dose measurements in non-CPE
conditions, a detector should have a small sensitive volume and
water equivalent packaging to avoid dose perturbation effect.
In this study, the feasibility of a MOSFET-based detector, the
MOSkin detector (Fig. 1) for skin, small radiation fields and
interface dose measurements were investigated. The
advantages of the MOSkin detector are its water equivalent
depth of 0.07 mm, small sensitive volume and water equivalent
packaging.

The MOSKin detector was first characterised for in vivo
dosimetry under megavoltage photon and electron beams.
Then, the MOSKkin detector was used to measure patients’ skin
dose in tangential breast radiotherapy and compared against
dose threshold for different skin reactions. The clinical
application (Fig. 2) showed that the MOSkin detector is
suitable for in vivo dosimetry and it is necessary to accurately
determine the skin dose for better clinical management of skin
complications.

The suitability of the MOSkin detector in “Edge-on”
orientation (Fig. 3) for small radiation field was investigated.
Results showed that the MOSKin detector (Fig. 4) is suitable
for dose assessment in small radiation fields as compared to
other commercial detectors. The feasibility of the MOSkin
detector for dosimetric verification in  stereotactic
radiotherapy was also tested. The result shows that it is a
suitable verification tool for stereotactic radiotherapy.

Challenges in treating a lung tumour are related to
respiratory-induced tumour motion and accuracy of treatment
planning dose calculations in non-CPE conditions. The
dosimetric characteristics near the interface of lung and
Perspex media during static, respiratory-gated and non-gated
(moving) radiotherapy were investigated using Gafchromic
EBT?2 film and the MOSkin detector in a moving phantom. In
non-gated radiotherapy, dose smearing effect was observed
and this effect was reduced in respiratory-gated radiotherapy
(Fig. 5). However, there were still some dose discrepancies due
to residual motion. The accuracy of different dose calculation
algorithms near interface region was evaluated. It was found
that over-estimation of the dose coverage will lead to the choice
of smaller field size and thus, under-dosage to the tumour.
Therefore, better dose calculation algorithms are essential.

In conclusion, the MOSKin detector has been characterised
and used for dosimetric assessment in the non-CPE regions.
The results suggest that the MOSKin detector possesses
suitable physical characteristics for dosimetric assessment of
interface and small radiation field.
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Keywords— in  vivo dosimetry, quality assurance,
characterisation, stereotactic radiotherapy, skin

dosimetry, electron beam dosimetry.
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Fig. 1 The MOSKkin detector system
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Fig. 2 Total skin dose for 13 patients who underwent “no bolus
radiotherapy” and “bolus radiotherapy”. The black dots show the average
total skin dose. The dotted lines show the dose threshold for different skin
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may appear on other skin sites.
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Fig. 3 The MOSKin detector in “Edge-on” orientation.
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25% gating window (motion amplitude of 40 mm).
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Abstract—  Yttrium-90 (°°Y)-microspheres have been
increasingly used for transarterial radioembolization (TARE)
of hepatocellular carcinoma (HCC). Y (a pure beta emitter)
does not show sufficient post-procedural imaging capability.
Samarium-153 (¥%3Sm) may serve as a better alternative, due to
its promising theranostic (therapy and diagnostic)
characteristics. This thesis explored the production of 5Sm-
microparticles and dosimetric studies for its application in
TARE of HCC.

A pilot study was performed to determine the suitable
microparticle (diameter: 20 — 40 pm) to be labelled with 53Sm.
Two commercially available ion-exchange resins; Fractogel®
EMD SOs and Amberlite® IR-120H*, each was labelled with 1
g of Samarium Chloride (*®SmCls) in six different
formulations and sent for neutron activation in the TRIGA
PUSPATI research reactor. Radionuclide purity of these
microparticles were tested via gamma spectrometry, and the
optimum formulation for each microparticle was determined
following a 48 h radiolabelling efficiency study in distilled
water and human blood plasma (Fig 1). Amberlite® IR-120H*
was chosen, as it possesses excellent (99.9 %) radiolabelling
efficiency and did not produced any radionuclide impurity
following neutron activation.

Physicochemical properties of the chosen microparticle (Fig
2) before and after neutron activation was further investigated.
Fourier Transform Infrared (FTIR) spectroscopy showed its
unaffected functional group throughout the preparation
processes. Energy Dispersive X-ray (EDX) spectroscopy
confirmed the absence of radionuclide impurity. The
microparticles possess irregular surface with increased
fragments (< 10 um) following neutron activation, as seen via a
Field Emission Scanning Electron Microscope (FESEM) (Fig
3). The measured particle density was 2.5 g.cm with specific
radioactivity of 54 Bq per microparticle, and settling velocity
of 0.03 cm.s™,

Monte Carlo (MC) simulations were done using the
Geometry and Tracking 4 (Geant4) software toolkit, to study
the dosimetric accuracy of the routinely used Medical Internal
Radiation Dose (MIRD) based partition model (PM) for TARE
with %Y-microspheres. It was found that PM markedly
underestimated the normal liver dose by up to — 78 % (Fig 4),
due to exclusion of cross-fire irradiation between the tumour
and normal liver tissue. The model also overestimated both
tumour and lung dose by up to 8 and 12 %, respectively (Fig
5). These data can be used to recognise the cases with large
dosimetric inaccuracy when PM is being used. Also, a
corrected formula for lung dose was suggested for future used.

Dosimetric assessment for TARE with %3Sm-microparticles
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was performed using similar MC method. Various treatment
scenarios were simulated by targeting 120 Gy to the tumour.
The 3Sm-microparticles were able to deliver comparable
tumour dose with normal liver and lung dose close to that of
90Y-microspheres, and other organ doses far below 1 Gy.

Finally, the simulations were repeated with other potential
radionuclides; Holmium-166 (*%Ho), Lutetium-177 (*’’Lu) and
Rhenium-188 (**Re), and the doses were compared with Y
and 53Sm.

158Sm-microparticles showed great potential as alternative
to Y with advantage of post-procedure imaging. It possesses
ideal characteristics including; stable for neutron activation,
excellent radiolabelling efficiency, absence of radionuclide
impurities, stable in suspension, low production cost, and
ability to deliver comparable tumour dose, without exceeding
the organ dose limit. However, improvements should be made
to its physical structure for better intraarterial delivery to the
tumour.

Keywords—  Samarium-153, Yttrium-90, Microspheres,
Radioembolization, Hepatocellular ~Carcinoma,
Geant4 Monte Carlo Simulation.
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(@ (b)

Fig. 2 The Amberlite resin (a) beads (620 — 830 pm) and (b) powder (20 —

40 um) following size reduction.

Fig. 3 The FESEM images of the Sm-Amberlite microparticles, (a) before
and (b) after 6 h neutron activation with their corresponding EDX spectra

(c) and (d), respectively.
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Abstract— Radiation dose and contrast medium administration
are two major concerns in coronary computed tomography
angiography (CCTA). This study aimed to assess the radiation
dose and risk of radiation-induced cancer associated with different
prospectively ECG-triggered CCTA protocols, and to optimise the
radiation dose, image quality and contrast medium administration
with an improved retrospectively ECG-triggered CCTA protocol.

This study is divided into four phases whereby the phases that
involved patients’ recruitment were approved by the Institutional
Ethics Committee (Medical Ethics No: 989.35). Firstly, radiation
dose received from prospectively ECG-triggered CCTA using
different generations of CT scanners was assessed through organ
doses measurement in a standard female adult anthropomorphic
phantom. The measured organ doses were used for the estimation
of lifetime attributable risk (LAR) of cancer incidence in different
sex and age. Secondly, a low tube voltage (100 kVp) protocol was
developed for retrospectively ECG-triggered CCTA and tested in
30 patients. The radiation dose and image quality were compared
to the routine 120 kVp protocol. Then, a personalised contrast
volume calculation model based on patient characteristics and test
bolus parameters was developed and validated in 30 recruited
patients. Finally, an improved retrospectively ECG-triggered
CCTA protocol was developed using the combination of 100 kVp
and personalised contrast protocol and validated in 30 recruited
patients.

Among the prospectively ECG-triggered CCTA protocols, the
highest effective dose (He) was received from 2 x 32-detector-row
dual-source CT (DSCT) scanner (6.06 £ 0.72 mSv). Although the
heart is the organ of interest in CCTA imaging, the highest
radiation dose was received by breasts and lungs (4 to 8 times
higher than heart). The estimated LARs were generally low for all
cancers (less than 0.02 to 113 cases per 100,000 population).

For patient’s body mass index (BMI) less than 30 kgm, using
automatic tube current modulation, statistically significant (p <
0.05) radiation dose reduction (37.8 %) and higher vessel contrast
enhancement (VCE) were achieved at 100 kVp. A strong linear
relationship was found between VCE and contrast volume (r =
0.97, p < 0.05). Age, sex, body surface area (BSA) and peak
contrast enhancement (PCE) at test bolus were found to be
significant predictors for VCE (p < 0.05). A personalised contrast
volume calculation model was then developed by applying these
factors. The model successfully reduced the total iodine dose
(TID) while achieving optimal VCE and image quality at 120 kVp
compared to the routine contrast protocol (9.8 %, p < 0.05).

When combining both the low tube voltage (100 kVp) and
personalised contrast protocol, optimal VCE and image quality
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were achieved with statistical significant (p < 0.05) radiation dose
(33.8 %) and TID reduction (43.9 %) compared to 120 kVp.

The radiation doses and LAR for cancer incidence from a
prospectively ECG-triggered CCTA are relatively low and depend
on the scanner model and imaging protocol. This study
successfully developed a scanning protocol using low tube voltage
(100 kVp) and personalised volume calculation that optimise
radiation dose, image quality and contrast medium administration
for retrospectively ECG-triggered CCTA.

Keywords— coronary computed tomography angiography, tube
voltage, radiation dose, image quality and contrast
medium.
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Abstract— X-ray guided interventional procedure is a common
diagnostic and/or treatment modality for various vascular, and
cardiac diseases. Advanced technology has enabled interventional
radiologists in performing more complex neuro-radiology
procedures, resulting in concomitant increase in radiation dose to
the patients. The main contributions of this thesis were firstly,
characterization of the MOSkin detector in kilovoltage photon
beams, and testing its suitability for in-vivo patient’s dose
measurements during interventional radiology procedures.
Secondly, a comprehensive evaluation of the exposure parameters
contributions on patient’s dose during neuro-interventional
procedures was performed. It was found that the lateral x-ray tube
contributed considerably high radiation dose to the patient’s eye
lens. This led to the design and fabrication of a novel type of eye
lens protector for those procedures that the patient’s eye is
repeatedly positioned within the lateral tube exposure field, where
the applying of collimation on lateral beam is not possible. An eye
lens protector was particularly designed in order to be placed
within the x-ray field of view, attenuating the direct beam from the
lateral x-ray tube while being sufficiently radiolucent not to
perturb the radiological image and the interventional procedure.
Finally, a new type of an anthropomorphic head phantom was
fabricated with more options for dosimeter placement and more
similar tissue substitute materials to the actual human eye to
evaluate the dose delivered to the patient’s eye lens during a
clinical neuro-interventional procedure.

The MOSKin detector has been proven to be a reliable and
suitable dosimetry system for the measurement of the radiation
dose in kilovoltage photon beams and has been successfully
utilized during 35 clinical neuro-interventional procedures to
evaluate the radiation dose received by the patients’ eye lenses.
This study revealed that among the 35 patients, the left outer
canthus regions of 8 patients and left eyelid region of one patient
were found to receive higher dose than the recommended threshold
dose for cataract formation (500 mGy). Based on the study of the
contribution of exposure parameters on patient’s dose, it is
recommended that the judicial use of acquisition imaging
techniques, and the use of the lateral x-ray tube particularly in the
anterior-oblique orientation to reduce the patient’s eye lens dose
during neuro-interventional procedures. In the situation where the
application of physical collimation on lateral tube beam is not
possible, the novel eye protector layer may be used to attenuate the
direct radiation beam to the patient’s eye lens. This work showed
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that for a simulated aneurysm procedure, this protector reduced the
maximum radiation dose received by the eye lens and eyelid up to
67.0%, and 23.3%, respectively. The eye protector also had
negligible effects on the exposure parameters by a maximum of
8% for the tube current-time product of the DSA (2 frame per
second) imaging mode, and image quality (increases the
fluoroscopy image pixel value up to 4.7% + 0.6%). Lastly, the
fabricated anthropomorphic phantom has been proved to be a
suitable tissue-mimicking medium for the evaluation of the
radiation dose received by the patient’s eye lens during clinical
diagnostic procedures.
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Title:

A comparative study of two treatment planning systems

for IMRT optimization

Prospective/Objective: The
Eclipse™  treatment  planning
system is in routine use at Istituto
Nazionale Tumori Regina Elena,
ltaly, to generate individual
treatment plans. The institute has
recently purchased the research
version of the Pinnacle3 treatment
planning system. The Pinnacle?
treatment planning system
incorporates the Auto-Planning®
optimizer that automates many
processes of the manual
optimization. The aim of this study
is to compare the plan quality
among plans manually optimized
both in EclipseTM and Pinnacle3,
and plans generated by the
Pinnacle3 Auto-Planning R engine.

Materials and methods. Nine
cases including three breast, three
head and neck, and three prostate
were selected for this study. IMRT
plans were generated using the FiF
technique for the breast cases,
fixed gantry inverse planning IMRT
for the head and neck cases and
VMAT for the prostate cases. Two
plans were manually optimized for
each case: the first plan was
optimized using EclipseTM and the
second plan was optimized using
Pinnacle3. A third plan was
generated using Pinnacle’s Auto-
Planning® optimizer for the
prostate and the head and neck
cases. The target coverage, dose
homogeneity, dose conformity,
organ at risk sparing and delivery
efficiency were evaluated. The

PQM% and the APQM% scores
calculated using the plan quality
algorithm in the PlanIQ™ software
provided a measure of the overall
achieved plan quality of the plans.
Statistical analyses were
performed using paired t-tests
with a level of significance at 5%.

Results. There were no significant
differences between the FiF plans
created in EclipseTM and Pinnacle3
treatment  planning  systems.
Similar DVHs where obtained from
the IMRT plans. On average dose
conformity was better in the
EclipseTM IMRT plans but with
significantly increased monitor
units. The Auto-Planning® IMRT
plans provided better sparing of
the OARs. The PQM% scores were
slightly higher in the Eclipse™
IMRT plans but the differences
with the manual Pinnacle3 and the
Auto-Planning® IMRT plans were
not significant. VMAT plans
optimized with Auto-Planning® had
better target coverage, dose
homogeneity, OAR sparing, and
higher PQM% scores than the
manually optimized EclipseTM and

Pinnacle3 VMAT plans. The
monitor units obtained from
EclipseTM, Pinnacle>  manual
planning and  Auto-Planning®
VMAT optimization were
comparable.

Conclusions. While the
optimization algorithms,
optimization tools and dose

computation algorithms differ in
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the Eclipse™ and Pinnacle3
treatment planning systems, IMRT
plans of similar quality can be
created. Auto-Planning®,  with
manual intervention, could
increase the quality of IMRT and
VMAT plans. Auto-Planning® could
be used as a starting point. Manual
improvements to the dose
distribution could then be made
starting from the Auto-Planning®
solution.
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