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Las Matematicas en el master de Fisica
Medica: Diez anos de experiencia
Mathematics in the Master of Medical
Physics: Ten years of experience

J.C. Antoranz
Facultad de Ciencias
UNED
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Mathematics in Medicine is more than Statistics

“If you torture your data
long enough, they will tell
you wathever you want to
hear”

«“L ike other forms of
torture, it leaves no
incrimination marks when
done skilfully”

James. L. Mills,

New Engl J Med Volume ;
329:1196-1199. 1993 IntzrﬁvnVeuj
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Think outside the box, please!




Old style: analog sizes
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Basic ideas in medicine: A real case

I've developed an
algorithm to get an area
preserving morphometric
statistical mapping of the

brain with a smoothing
kernel of 15 mm...

Some months later!

| want to

measure
volumes of
some brain
structures

OKk!, but what
about my
volumes?
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Something to remember (RT or ChT, i.e.)

* We are not isolated organs

* S0, we destroy the tumor and its
surroundings (RT)

* Our body cannot undergo elevated doses
without collateral damages (RT and/or
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Understanding the medical language

* We must study anatomy, physiology,
pathology, surgery, etc ... Furthermore,
we don't like it.

— Patients are not assembly line products.
Patients are not models, but ...

— There are not
» Spherical patients
 Linear patients

* Doctors have the same problem - and yet
they study it
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Are Maths and Physics more complicated ...?

Alumnos._ Al % i
.Biologia.y Geologia .. ...§.QA54,._M8,1 1%..,.,..

AAAAA CC.Soc..G.yH. . 50454  816% _
..._E.Fisica _.53.50454  93.0%.. .
E.PlasticayV. 50454 881%
Fisica v Quimica 50454 756% <
Inglés 149474 . T1.5%
—> L. Castellana y L. 1 BD454 758% €—

—> __ Matematicas 50454 709% €——

__Musica 50,454 87.5%
_Religion. ... ...25714 959% .

_._H. Religiones .. 3561 .95%%. .
____Tecnologias ;. 50454 848% .
CURSO 4°
T Al %
_Biologia y Geologia | 25438 . 91,3%
————>_CC.Soc., G.vH. | 44529 846% €

E. Fisica 44.529 9586%
E. Plastica y V, 10.713 ...89.8%
_ Etica 44.529...94.1%.
——>_ Fisica v Quimica....

............ Inalés .1 43917 84’
_ Informatica___.|. 26224 _93.7% _
4>_....L.Qagt@llana.,,mw 44529  832% €——

Ldllll 2.1D0517....864%

~ -

28930 819% €<—
R 18530 92.0%

wn..Religion 22.668 96 8%

-.2..Religiones 42975 97.5%

For mstance 2009/2010 Comunidad de Madrid, 3° y 4° ESO data
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Madrid University entrance exam*‘ 18

UCM UAM URJC UcClii UAlcala
Physics 11,90 12,78
Biochemistry 12,32 12,55 8,17
Mathematics 11,71 12,10 11,54
Biomedical 12,01 12,75
Eng.
Medicine 12,966 13,124 12,792 12,811
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| want to point out that ...

 Mathematics and Physics are base and tool in
Medicine. You must believe me!!

Multidisciplinarity is a common feature in modern
sciences like (Jajaja) medicine

It is useful, so

— Something must change. New concepts

— Common languaje among “species”
— Harvard’s spirit

* This is not cheap nor profitable short-term time
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Where to find Mats&Physics in Medicine?

Ea. O
P

{“ii s Laboratorio de Medida Avanzada por Imagen
l=~_) Dpto. Fisica Matematica y de Fluidos
UNED




Planning CT scan

Abzolute

70.0 Gy

53.0 Gy
50,3 Gy
47,8 Gy

Hypopharyngeal carcinoma
Radiotherapy planification

E.G.C. Troost et al, J Nucl Med, 51(2010):66-76




Radon transform

¢(p, )
y
9 P
N / X
f(x,y)
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Math power! Projection-slice theorem

The projection-slice theorem or central slice
theorem or Fourier slice theorem in two
dimensions states that the results of the following
two calculations are equal:

« Take a two-dimensional function f(r), project it
onto a (one-dimensional) line, and do a Fourier
transform of that projection.

 Take that same function, but do a two-
dimensional Fourier transform first, and then
slice it through its origin, which is parallel to the
projection line.
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LMAI-UNED, Tomografia Axial Computerizada de raton,
MicroCT Suinsa de alta resolucion 2004
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Basic Math: Strawberries game
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Basic Math: Strawberries game
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De la lenteja al micrometro: medir y mas

—
—
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Medical image registration

* |mage registration is the process
of transforming different sets of
data into one coordinate system.
Data may be multiple
photographs, data from different
sensors, times, depths, or
viewpoints.

» Registration is necessary in order
to be able to compare or integrate
the data obtained from these
different measurements.
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Pharmaco-resistant epilepsy




PET High Resolution
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1977

R. Damadian
L. Minkoff
M. Goldsmith

1st MRI's body

Smithsonian Institute
Washington
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Sc973
TI-FFE!M

T1-FFE

TR 140 ms
TE 45 ms
NEX 1

slices 45
thick 3 mm
FOV 300 mm
Acq.time 24 s

L4

A 27 _ =

F 22 > , - f— ". ’ W 1540
' _ ’ - B ¥ * 4 "L770
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MODE File Tools

i

—
&Ml Measure ToolKit

T || |

7 A

N

(N

K

([

-

4

I0RT Cone propetties

Size [cm) |E 'I

Bevel ([deg) |45 ¥ I

Energy (MeV) |1U 'I

RESET

Cone Axis Rotation:

Kl [»] RIEN I REN | | 0% Dose calibration color bar 100%
FUSE SATUF | y 4 » l
COLOR RANGE GREY RANGE
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CaselID: RIO101 ANCU
Configuration File: PB_Laluz_320G_90B_h15_d80_E6_INTRA.xm|

radiance
N3 ©

| Pencibeam_LaLuz |

Dose (cGy)

Angulation (Deg: \
0 @15 30 %
Diameter (mm) /
40 70 90 /

60 ()80

Energy (MeV)
12 20

Hospital Gregorio Marafién
Primera Simulacién de RIO con Imagen Intraoperatoria
24 de febrero de 2011
Dra. Gonzélez San Segundo y Dr. Santos (Onc6logos)
Dr. Cuervo y Calvo (Cirujanos Traumatdlogos)
Dr. Roberto de Dlego (Anestesista)
Dr. Pascau (UMCE)
Dr. Lépez-Bote y Dra. Jiménez
Emilio Lopez Santamaria y Srta. Cruz (Enfermeria)
Elena Rincén (Técnicos)

| \& Dosimetry Planning

j Segmentation

b (YN
o 6Re
Qi Rl
2 ey

QB0
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2D+t color Doppler velocimetry

@ How to obtain the 2D velocity field from Doppler
echocardiography?
@ Hypothesis: Planar flow in the apical long axis view of the LV

@ Solution: choose linear combination of u(} and ug that
minimizes |u} — u3|
D. Garcia IEEE Trans Med Imaging. 2010

Intraventricular vortex and cardiac function E.T.S. Ingenieros Aeronduticos




Clinical Setting

@ [he 2D+t color Doppler velocimetry captures the formation
and evolution of the intraventricular vortex.

My heart (hopefully healthy!) Severe D|Iated cardlomyopathy

Longitudinal Stra

Intraventricular vortex and cardiac function E.T.S. Ingenieros Aeronduticos



Vortex Contribution: Mixing

Patient-1 Patient-2 Healthy-1 Healthy-2

Patient-5 Patient-6 Healthy-3 Healthy-6

- H- -

Residence Time (beats): 0 ] - 2

Intraventricular vortex and cardiac function E.T.S. Ingenieros Aeronauticos



Radiobiologia
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e=-(D-Dy)/Dy;  Log(Fg)=yLog(e)

1 1 | | |
= 150 CGy/mln (1) W
09F 7.6cGy/min(1) M -
1.6 cGy/min (1) ™
08k Neutrons (2) @ |
' e High(2) @
e Low (2) :
. e Hypoxic (2 -
07 ypOX|c ?3; A
Hypoxm éig A 4) w
2= i v 4 -
TR I I i (4] v M
Ny +10mM (4) v 250 kVp x rays (5)
14.9 MeV deuterons (5) &
0.5 3 MeV deuterons (5) ¢ T
26 MeV o—particles (5) &
8.3 MeV o—particles (5) &
5.1 MeV o—particles (5)
04} 4 MeV a—particles (5) & |
2.5 MeV o—particles (5) &
0.4 0.5 0.6 0.7 0.8 0.9 1

1-D/D,
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Euclidean Flat Map
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So far and so close!

FIELDS arranceED By PORITY

—>»
MORE PURE
SOCIOLOGY 1S PSYCHOLOGY 1S BIOLOGY 16 WHICH IS JusT OH, HEY, Z DIDNT
JUST APRUED Just APPLIED JUST APPLED  APPUED PHYSICS., SEE YOU GUYS ALL
PSYCHOLOGY BIOLOGY. CHEMISTRY IT'S NICE TO THE WAY OVER THERE.
\ } BE ON TOFR (
X % ‘:;5 3 %/
e g —— a + 4
SOCOLOGISTS  PSYCHOLOGISTS  BICLOGISTS  CHEMISTS  PHYSICISTS MATHEMATICIANS
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Maths, Physics and Medicine

 Maths and Physics
— Both ahead of their time
— Solve nonexistent problems

— Physics links concepts with real things,
mathematics does not need it.

* |t was not new but was not applicable

— Electronics (Quantum physics)
— Computing (Mathematics)
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Where can math help out?

 Too big--biosphere

e Too slow--macro
evolution

« Too remote in time--
early extinctions

« Too complex--brain,
stock market

Joel Cohen, Rockefeller University

Too small--molecular
structure

Too fast--photosynthesis

Too remote in space--
life at the extremes

Too dangerous or
unethical--epidemiology
of infectious agents, war
weapons and strategies
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Interference areas in Medicine

* All you are able to think
— Medical imaging
— Oncology
— Cardiology
— CNS
— Cellular mechanics
— And many other unkonwn fields to me

(v Laboratorio de Medida Avanzada por Imagen
\“—~_J Dpto. Fisica Matematica y de Fluidos



Mathematics & Medicine

] ~ “~ — . New way to predict when electric cars and home
Impenal C0"ege A om0 p P batteries become cost effective
London K ‘

Study « Research & Innovation « Be Inspired « About 4 Visit | What'son | Give | A-Z 4 | Informationfor «  Search P

Department of Mathematics

About us « Undergraduate « Postgraduate « ForStaff MORE 4

Home / Faculty of Natural Sciences / Departments, Institutes and Centres / Department of Mathematics / Research / Public Engagement Projects /

Research S
Mathematics in Medicine
Research Groups
L] L] L] L]
Institutes and Centres MathemathS |n MGdlClne
Sections
Research opportunities 4 Medicine has become increasingly reliant on mathematics in recent years. Differential equations and statistics have long
T —— played a role, but recent medlc'al advances have involved the use of mathematics in new and exciting ways, such as the
role of geometry and topology in:

modelling potential drug targets;

predicting cardiac defibrillation;

comparing human brains;

screening treatments for harmful side effects.

Our goal is to highlight how mathematics - with an emphasis on these subdisciplines - supports both medical research
and treatment, and to involve the broader public in discussions of the future of this research.

\\ erh
Jinil nen aceThy
» privg guam 0
lﬂa\urum fuig
p =
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Gold-standard

* Medical Physics studies

 AAPM: An applied branch of physics concerned with the
application of the concepts and methods of physics to
the diagnosis and treatment of human disease. It is allied
with medical electronics, bioengineering, and health
physics.

« ACMP: It means that branch of physics that is associated
with the practice of medicine. The term Medical Physics,
as it is used here, includes radiological physics,
therapeutic radiological physics, diagnostic imaging
physics, medical nuclear physics and medical health
physics.

AAPM: American Association of Physicists in Medicine
ACPM: American College of Medical Physicists
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Why?
Where?
How?
To whom?



To whom?
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More data

De los esparioles de 25 a 64 afios, un 28% posee titulacion superior, pero el
50% sdlo ha finalizado los estudios obligatorios.

Grafico A1.1a (extracto de la Tabla A1.1a)
Nivel de formacion de la poblacion adulta (25-64 anos) (2006).

%
100 - o - [ - . I R .
80 4
B0 4

40 4

20 4

Educacion terciaria
Segunda etapa de educacion secundaria
m Preprirmaria, primaria y primera etapa de educacion secundaria

L ULV d 1Vid cd Yy UC UIUU

ﬁ @rganization ferEconomic Co-eperation and Developmentrepornt;, September 2006




Traditional vs distance learning student

* Plenty of time
« Studying in a groove
* Want to be told what

they need to know « Usually have specific
e« Limited life learning needs
experience * Highly relevant life
» Not in a position to experiences to share
pay full cost  May be able to pay

full cost
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Traditional vs distance learning

Teacher is of
knowledge

Learners
knowledge

Learners work by
themselves

Tests given to assess
progress

All learners do the same
thing

Teachers receive initial
training

Good learners identified

Educators are to
knowledge

People learn
People learn in groups

Assessments guide
learning

Individual learning plans

Educators are lifelong
learners

Access to lifetime
learning
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Economic differences

 Traditional

— most funding already
committed

— motivation is to improve
quality of teaching

— NO Nnew money

— must work with existing
system

» Distance learning

creating new business

motivation is to serve new
markets

new students bring
additional income

can work alongside existing
system
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Course

Student

Teacher

Student/Teacher rate

Teacher specialization

Cost

Undergraduate

Tens

Thousands

Tens

High

Low-Medium
MA, MSc, PhD

Low

Graduate

Hundreds

Tens

Tens

Below ten

High-Very High

PhD

Very high



To take into account

the training Institutions

‘,‘,

A

the productive Institutions

technical-professional institutions
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Thinking on ... Spain ...

Lifelonglfermatoen infEureope
ISStWICE than
Iielengiermatieoniin Spain

HOWAISHIPOSSIPIE e talkialhoul
thercommunication/knewledge SeCIEL
With
a'90%0 ofischelarialure?
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Why?
Where?
How?
To whom?



aster en Tecnologia e
trumentacion Biomedica:
pasado y presente

JC Antoranz*, M Desco* y A Santosé
*UNED
*HGU Gregorio Mararion
&ETSIT-UPM




Instituciones

. UNED . BioEM.de Alc?al.é

. HGGM * |nst. Blpmecanlca de
Valencia

* UPM | . CNM

* Univ. Valladolid * Univ. Pompeu Fabra

« UPV N

r ubc , . UAM

* Univ. Miguel Hernandez UCM

) MS.D . * Inst. Salud Carlos IlI

e Univ. Sevilla

« Univ. Rey Juan Carlos
 ONCE

« GesMédica
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European Space for Higher Education (ESHE)

Evidence-based medicine

Student

Egocentrism-geocentrism-like theory

P4 Medicine: Predictive, Preventive,

Personalized & Participatory

Student

Student

Student
A
Student
Student Teacher
Student
v
Student

Teacher

Bologna /

Teacher

Teacher

Teacher
Teacher
Teacher Student
Teacher
Teacher

Copernican-like theory



Copying Harvard & Oxford

« “Only once ... no more” (1985)*
* Old idea but new scenario

* Be needs not technology driven
* Apply Ockham’s Razor

* Develop self-sustained models
* Create students!!
* The goal: To be the best

**Through this revolutionary restructuring of the traditional medical curriculum, HMS students acquire not
only the core scientific, biomedical, and clinical expertise they need to become successful physicians but
also the analytical tools, adaptability skills, and flexible attitudes they require to become lifelong learners.”

(v Laboratorio de Medida Avanzada por Imagen
= Dpto. Fisica Matematica y de Fluidos
«” UNED



(O

https://commons.wikimedia.org/
N\ =N

a

.

{

N,



;il:ll Por Objetivos miércoles, 19 de diciembre de 2007
: 8:52:40
Objetivo Materia Asignatura Tema Obj. Aprendizaje
Amplificadores: ganancia y ancho de
banda
Fisica Electrénica El amplificador operacional (AD) Conocimiento
Fisica Electrdnica Técnicas basicas de analisis de Conocimiento
circuitos
Fisica Electrdnica Amplificacidn con transistores Conocimiento
Biologia celular: DNA-RNA-proteina
Biologia Biologia Celular Informacidn genética, codificacidn, Conocimiento
expresion y regulacion
Biologia Principios basicos de Aspectos moleculares del cancer  Conocimiento
Bioguimica
Fisica Fisica Biomédica | Electrobiologia: efectos bioldgicos  Conocimiento
del campo magnético
Biologia Principios basicos de Patologia molecular y Terapia Conocimiento
Bioguimica génica
Biologia Principios basicos de Genoma Conocimiento
Bioguimica
Biomateriales
Fisica Fisica Biomédica Il Biopolimeros y cinética Conocimiento
enzimatica: Fendmenos
competitivos y cooperativos
Biomecanica
Fisica Fisica Biomédica | Mecanica del miscilo cardiaco Conocimiento
Fisica Fisica Biomédica | Mecanica de la marcha humana Conocimiento
Fisica Fisica Biomédica | Estatica Conocimiento
Cargas en movimiento
Pagina 1 de 14
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MP Master Features

« 120 ECTS  in four semesters

depending on previous
studies and objectives (CAC)

« rst & 2nd gsemesters to obtain a
to face real medical physics studies

* Practices
— Hospital (HGGM) and faculty (UC3M)

* One student one tutor (“personal tracking”)
o qrst & 2nd gsemesters are selective
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Master on Medical Physics

Mader on Medical Physics

Course Biology Assoc. Degee

Iath. Medical Physics [
Ivlath. Ivledical Physics 11
Ivlodem Physics

Atoraic & Nuclear Physics
Optics & Electroraagnetisra
Nureencal Ivethods
Iatheraatical Physics
Cellular Biology
Physiology
Aratoraophysiopathology I
Biochermistry
Arato i

Biormedical Physics I

Biomedical Physics II

Medical [raaging I

Iedical Irmaging II

Physics of Fluids

Iraage Processing

Interaction of radiation & reatter
Radiation Piotec tion

Binlogical systeras (B.S ) raodeling
Nuraencal solutions of B.S. raodels
Iedical Instrarentation

Decision Theoryin Medicine
Biostatistics

Applied Electroracs

Iaster disssrtation

Profile Codes
A Academic Course not allowed for a given profile
R: Research QOptional course (6 ECTS)
P: Professional Basic course 3rd & dth semesters (6 ECTS)
Basic course 1st & 2nd semesters (6 ECTS)
- Master dissertation (Research profile with 18 ECTS)

Color codes

Masgter dissertation (Acaderric & Professional profiles with 6 ECTS)



Medicine-Technology-Physics

4+2 (6 Medicine) years formation
Knowledge expansion (+x2,’73-'78,'03-'08, +x3, ‘09-'15)

(*)OMICS era starts

— Genomics, Proteomics, Transcriptomics (set of all messenger RNA (MRNA)
molecules produced in one/population of cells)

— Cellulomics
« Xenotransplant, Cellular reproduction, Tissue and organs engineering
— Metabolomics

Medical Imaging
Nanomedicine

New technologies
Knowledge gap is, at least, a linear function of time

*omics informally refers to a field of study in biology ending in the suffix -omics
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And our students are ...

« Coming from:
— 65% “Hard Science
— 35% “Soft Science” m

* Working on
—45% relatedto MP o Q
— 55% not related to °
* Unemployed
— 6% unemployed
—0,5% retired
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Virtual courses: aLF

« aLF platform

— UNED own e-learning

tool
— community oriented
design

* Measurements

— access and login time

logging

— ¢related to success?

* Al index

£TR
L)
versidn .3;/
a LF educativa ot

v Aprende, coLabora, Forma

v Comunicate de mil formas

v Intercambia informacién sin limites

v Learnizcollaborate;educate-cncia

v Enriquece tu aprendizaje

' Entrar en aLF '

Video de ayuda para aprender:

e como darss de alta

como entraren aLF a través de CiberUNED (si @ tiens cuanta UNED)
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Figure 1: Activity-interest index (Al) and final marks for the three mcgre populated subjects of the CAC.
Upper row (a-c) Al accumulated histogram: number of students (ojdinates) having Al larger than that
that given by the abscissas.
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Figure 1: Activity-interest index (Al) and final marks for the three more populated subjects of the CAC.
Upper row (a-c) Al accumulated histogram: number of students (ordinates) having Al larger than that
that given by the abscissas. Lower row (d-f) marks accumulated histogram: number of students
(ordinates) achieving higher marks than that those given by the abscissas.
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Figure 1: Activity-interest index (Al) and final marks for the three more populated subjects of the CAC.
Upper row (a-c) Al accumulated histogram: number of students (ordinates) having Al larger than that
that given by the abscissas. Lower row (d-f) marks accumulated histogram: number of students
(ordinates) achieving higher marks than that those given by the abscissas.
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Master results

» Dropout rate is 58%
* Average residence time in the master's degree is 5.5 years

2010/11 3 - -
2011/12 3 8,04 95,86
2012/13 1 8,07 98,19
2013/14 3 8.07 93,14
2014/15 6 8,0 95,45
2015/16 6 8,05 93,60
2016/17 4 7,98 93,69
2017/18 1
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But ... “Sex, lies and videotapes”

e 30 ECTS*30 hours=

— 900 hours/semester

+ 1 semester <> 180 T Sa
days Vi e

« 180*5/7= 128 work
days

* 900/128<7 hours/
day

* Really 4 months &
— 10 hours/day
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And our conclusions

* Our broad open MP Master has attracted the
attention of a due to the
Curricular Adaptation Course (CAC)

IS a key point, something
inherited from our former master on
Bioengineering and Medical Technologies

* The e-learning platform or the time dedicated by
the average student with the
assimilation of the new information
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And our conclusions

* The former curriculum does correlate,
even in the case of our complementary
CAC, where the students coming from
more technical disciplines outperform
those from health and biological areas

* |t is connected to the higher average
success in bio-health subjects (nearly
100% success) compared to technical
subjects (nearly 50% success)
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Yes!
We can do ik,
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&Mjwk@zre,
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Doctor, doctor, during th

! l .
< last week I've not been 2 =
| able to sleep, nor eat, nor = Y,
* drink. Whatdoyou thinkit T Vg) "ﬂm* ,”
/5 think that you L

happens to me?
are sleepy,

‘ -
| . Y hungry and U

7

)/
True but useless
/. A



Think outside the box, please!
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Thank you for yur attention




