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Prof. Dr. Katia Parodi

Chair of Experimental Physics – Medical Physics

Imaging in 
Medical Physics
SS 2020

Organisational information

Contact data (in normal times…):

Lehrstuhl für Experimentalphysik - Medizinische Physik

Am Coulombwall 1, 85748 Garching b. München 

Telefon:+49(0)89 289-14085
Fax:+49(0)89 289 14072
E-Mail: katia.parodi@physik.uni-muenchen.de

Consultation upon appointment

and for time being only email contact!

mailto:katia.parodi@physik.uni-muenchen.de
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Master in physics @ LMU 
München

https://www.med.physik.uni-muenchen.de/studium_lehre/curriculum/index.html

Required course 24 ECTS
• Advanced experimental physics (9 ECTS)
• Advanced theoretical physics (9 ECTS)
• Key qualification (3 ECTS)
• Physics seminar (3 ECTS)

Compulsory 27 ECTS on Medical Physics
 Specialisation Medical Physics

Practical phase 30 ECTS

1st and 2nd semester

3rd and 4th semester

Master thesis 30 ECTS

Additional 9 ECTS on Elected courses
(also recommended on Medical Physics)

27 ECTS   MedPhys curriculum
Compulsory 24 ECTS 
Lecture (6 ECTS) 
• Radiotherapy (RT, since WS2020/21 as 1 lecture)
• Medical Imaging (since SS2020 as 1 lecture)
Special lecture, 3 ECTS each
• Advanced image guided and adaptive RT (WS)
• Advanced ion beam therapy (SS)
• Computational methods in medical physics (WS)
• Detectors in medical physics (SS)

Additional 3 ECTS (optionally up to 12 ECTS)
• Radiation Biology and Brachytherapy (3 ECTS)
• Digital image processing in MedPhys (3 ECTS)
• Hands-on tutorial on Geant4 and data analysis 

for Medical Physics applications (3 ECTS)
• Radiation protection (3 ECTS)
• Seminar or tutorial (e.g. on motion compensation, 

ion beam therapy, computational methods)
• Praktikum or advanced Lab Course 

(only up to 3 ECTS from Pratika can be used for
specialized curriculum in MedPhys)

Table of contents

Content

• Introduction (Prof. Dr. K. Parodi)

• X-ray imaging (Prof. Dr. P. Coan, Prof. Dr. M. Riboldi, Prof. Dr. G. Landry)

• MRI (Prof. Dr. O. Dietrichs, Prof. Dr. M. Riboldi, Dr. C. Kurz)

• PET/SPECT (PD Dr. Guido Böning, Dr. A. Gösewisch, Prof. Dr. K. Parodi)

• US (Prof. Dr. Katia Parodi)

• Proton & ion imaging (Prof. Dr. G. Landry, Prof. Dr. K. Parodi)

https://www.med.physik.uni-muenchen.de/studium_lehre/curriculum/index.html
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Suggested literature (for this lecture)

W. Schlegel, C. Karger, O. Jäkel, Medizinische Physik Grundlagen –

Bildgebung – Therapie – Technik, Springer

L.W. Brady, H.P. Heilmann, M.Molls, New Technologies in Radiation 

Oncology

Schlegel, Mahr, Multimedia CD, Springer

A few organisational information

• 6 ECTS  

• Examination modalities will be clarified, as depending 
how the situation evolves
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Imaging in medicine

 Medical imaging is an extremely fast growing area in medicine

 It affects several aspects of health care including

 Prevention & early detection of subclinical disease

 Individual risk assessment

 Optimal choice of treatment based on personalized therapy

 Image-guided intervention (e.g., surgery)

 Prognosis

 Follow-up and non-invasive monitoring of treatment effects

 Early detection of recurrence and decision-support tool

Imaging in medicine

It comprises different imaging modalities using ionizing and non-

ionizing radiation

 X-ray imaging

 Magnetic resonance imaging

 Nuclear medicine imaging

 Ultrasound imaging

 Ion-based imaging

It profits from advances in computational 

power, graphics hardware and algorithms 
Charl Botha et al, TU Delft
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Imaging in medicine

Medical imaging, especially X-ray examinations

and ultrasonography, is crucial in every medical 

setting and at all levels of health care 

In public health and preventive as well as 

curative medicine, effective decisions depend 

on correct diagnosis. 

Though medical/clinical judgment maybe sufficient in treatment of many 

conditions, the use of diagnostic imaging services is paramount in 

confirming, correctly assessing and documenting course of the disease as 

well as in assessing response to treatment.

www.esf.org

Example of the role of imaging in cancer care

Target volumes,
Organs at risk

Planning

Image-guided
application

Application

Response assessment,
Early detection of relapse

Follow-Up

Therapy strategy

Diagnosis / Staging

This lecture will give 
examples from RT
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Ionizing Non-ionizing

Optical positioning
(seen in WS)

US positioning
(seen in WS)

MRI-based guidance
(seen in WS)

X-ray imaging

Nuclear 
medicine

Example of the role of 
imaging in Radiotherapy

New MR-LINAC
@LMU Klinikum
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3. biological
function & Metabolism

2.  temporal
Movement

1. spatial
Morphology

The goal of radiotherapy The role of imaging

Characterisation of the

tumour and normal tissue

3 x M !!

The role of imaging in radiotherapy

Deliver dose…

…as high

as possible
Tumour

Organ at risk/
Normal tissue

…as low as

possible

Adapted from W. Schlegel, DKFZ

Imaging and the chain of radiotherapy

Imaging for...

The 2 fields of imaging for radiotherapy:

Courtesy W. Schlegel

The role of imaging in radiotherapy
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PTV (planning target 

volume) includes 

positioning uncertainties

ITV (internal target 

volume) includes 

physiological motion

CTV(clinical target 

volume) includes 

microscopic extensions

GTV (gross target 

volume) macroscopic

ICRU- concept of therapy relevant volumes 

(ICRU 62, 1999)

Time (Movement) Space (Morphology)

Imaging for planning

Courtesy W. Schlegel

If you can´t see it, you can´t hit it,

and if you can´t hit it, you can´t cure it !

A fundamental problem
of radiotherapy:

Missing of the goal !!

Courtesy W. Schlegel

The role of imaging in radiotherapy
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(2D-) Irradiation of large volumes 

20 years ago…

…tumour-conformal (3D-) 

irradiation today 

Precision is more important today than ever…

Courtesy W. Schlegel

The role of imaging in radiotherapy

12C-Therapy for Chordoma and 
Chondrosarcoma of the base of skull

The role of imaging in radiotherapy
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CTconventional radiograph

The 1. revolution in imaging for radiotherapy:
from 2D radiography to CT tomography 1980-1990

GTV, CTV, ITV, PTV + electron densities !

Imaging for planning: CT

Imaging for planning: CT
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The increase in image quality

Imaging for planning: CT

EMI CT brain scanner, UK

Siemens SOMATON Plus

Imaging for planning: CT

CT Number or 

Hounsfield Unit (HU)

𝐻𝑈 =
1000 (𝜇𝑥 − 𝜇𝑤𝑎𝑡𝑒𝑟)

𝜇𝑤𝑎𝑡𝑒𝑟

Provides the basic patient 

model information for 

treatment planning 
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Imaging for planning: CT and motion

Free breathing

Problem: 

Failure to account for motion in imaging results in distortion of the target 

volume and incorrect positional / volumetric information

Respiration gated (Exhale)

Solution:

- Slow CT scan (capture entire motion cycle)

- Breath-hold and respiration gated CT (good quality but representative 

of 1 motion state)

Rietzel et al

Imaging for planning: 4DCT

- Respiration correlated 4D CT (full motion information, though with 

extra dose and reproducibility issue)

4DCT data sorting
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Rietzel et al

The issue of intrafractional tumour motion

Imaging for planning: 4DCT

Video: M. Van Herk, NKI, Amsterdam

The contribution of 4D-CT: ITV

Imaging for planning: 4DCT
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image: Heinz Handels, Florian Cremers, UKE Hamburg

Intrafractional motion and ITV (not suited for particles)

Imaging for planning: 4DCT

All these techniques and 
their background will be 
addressed by Prof. Riboldi

Remaining challenge of artifacts in high dense media 

(despite several proposed approaches for artifact correction)

Courtesy P. Coan

Imaging for planning: CT
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Remaining challenge of artifacts in high dense media 

(despite several proposed approaches for artifact correction)

Courtesy W. Schlegel

Imaging for planning: CT

Moving State-of-the-art CT imaging forward

Ongoing new 

developments of

DECT, spectral CT

Imaging for planning: CT

All these techniques 
and their physical 
background will be 
addressed by Profs. 
Coan & Landry
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New developments in X-ray imaging

N0 N

dx

Transmission

Scattering

Photon attenuation is related to m

m =  tot ( NA / A) 

kV-CT

with  function of (Eg,Ztarget)

The motivation for DECT (and spectral CT)

New developments in CT imaging

Courtesy P. Coan
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Courtesy P. Coan, T. Johnsson

Improved tissue characterization

from acquisition at dual (multiple) energies 

(and single photon counting detectors)

The motivation for DECT (and spectral CT)

New developments in CT imaging

New developments in X-ray imaging

Is X-ray imaging only based on photon 
attenuation?

X-ray interaction with target 
electrons leads to collective low-
energy excitations of the system 
and to electronic excitations, 
yielding various X-ray scattering

Phase Constrast Imaging records 
attenuation and phase changes of 
the transmitted X-ray beam

All these techniques and their 
physical background will be 
addressed by Profs. Coan & Landry

Refraction Absorption
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CT MRI

GTV, CTV, ITV

The 2. revolution in imaging for radiotherapy: 
Introduction of MR-Imaging

Imaging for planning: MRI

Imaging for planning: MRI

Static magnetic field B0

Employs different RF sequences

to visualize different spin 

relaxation properties of nuclei
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Melanoma Metastasis

1.5 T: T1w 2D SE 7 T: T1w 3D GRE

Highfield MRI

(Bilder: M. Bock, dkfz, Heidelberg)

The increase in image quality

Imaging for planning: MRI

All these techniques and their 
physical background will be 

addressed by Prof. Dr Dietrichs
& for RT by Prof. Riboldi & Dr. Kurz

Imaging for planning: CT & MRI
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Integration of 

different MR 

morphological 

information in the 

treatment planning 

process

Imaging for planning: CT & MRI

08.06.2013 K.Frey, LMU – PTCOG 2013

Image registration
Co-registration of different images can be pursued by data processing
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geographical miss ?

misalignment ?

organ movement ?

local tumour-

recidives

The need for advanced imaging

radioresistant subvolume? underdosage ?

biological Imaging

3D/4D- Imaging

morphological

& biological

imaging

(microscopic) 

tumour extension ?

local dose escalation

Courtesy W. Schlegel

D. Hanaha, R. A. Weinberg, Cell,Vol. 100, 57-70,2000

Subvolumes of

differing

cancer cells

Homogeneous 

distribution of 

uniform cancer 

cells

The paradigm shift in radiation oncology

ICRU- concept of therapy 
relevant volumes 
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PTV (planning target 

volume) includes 

positioning uncertainties

ITV (internal target 

volume) includes 

physiological movements CTV(clinical target 

volume)includes 

microscopic extensions

GTV (gross target 

volume)macroscopic

Time (Movement)

Space (Morphology)

Biology

(Metabolism)
radio-resistant 

area

BTV (Biological

Target Volume)
includes biol.

heterogeneities

radio-

sensitive area

ICRU- concept of therapy 
relevant volumes 

(ICRU 62, 1999)

Courtesy W. Schlegel

Nuclear medicine imaging

Nature Reviews Clinical Oncology 9, 712-720 (2012)

Visualizes radioactive decay of injected tracers

SPECT -
Single photon emission 

tomography

PET -
Positron emission 

tomography

All these & new techniques
and their physical 
background will be 
addressed by PD Dr Böning, 
Dr. Gösewisch and KP
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J. Battista

The contribution

of PET

CTV, BTV

Imaging for planning: PET

J. Battista

Imaging for planning: PET/CT

> 95 % PET scanners is PET-CT

Integration of PET and CT in single

hybrid scanner
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CT MR

CTV, BTV

PETCT
(DOTATOC)

PETCT
(FET)

Imaging for planning

Functional imaging with PET

Combs et al, van Loon, Eur J Nucl Med Mol Imaging 2010

FDG

HX4

Merging morphological / biological information

C. Hintze, L. Strauss et al., DKFZ HeidelbergMRI + dyn. FDG-PET/CT for NSCLC

CT MR

PET parametric imaging

Imaging for planning
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Imaging for planning: PET/MR

Combination of PET and MR in hybrid scanner 
(first commercial systems available, but still ongoing research)

Hybrid PET MR Project

SiPM

Leibfarth et al, Univ. Clinic Tübingen

Exploring the potential of 

different hybrid imaging 

modalities (PET/CT or 

PET/MR) to assess different 

functional tumor tissue 

characteristics as a basis for 

RT treatment individualization

Merging morphological / 

biological information

Imaging for planning
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MR applications beyond morphology

MR perfusion

MR spectroscopy

P. Zamecnik, DKFZ

C. Zechmann, DKFZ

T2w

ADC

Kim et al., JMRI 2009

Apparent diffusion coefficient

Imaging for planning: functional MR

In order to hit

the target,

you have to

define it

very precisely !

Mahr

Multimodal imaging for planning
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Single CT slices of patients 3, 6 and 5 (left to right) with delineated excision 

cavity contours of all 13 observers (van Mourik et al, Radiother Oncol 2010)

Target delineation and interobserver variability remains one of 

the biggest challenge of RT, where role of imaging is of 

paramount importance

Imaging for planning

Multimodal imaging improves target delineation and reduces inter-

observer variability

CT CT + PET
Steenbakkers et al, IJROBP 2005

Multimodal imaging for planning
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Ongoing research
Elekta “Clarity” soft tissue 
visualization system provides 
autoscan option for automated 
ultrasound scanning from outside  
treatment room, with motorized 
probe at patient's perineum

https://www.youtube.com/watch?v=EYJJP
6Zdfts

The emerging role of US in 
Radiotherapy

Transducer

The principle

“Ionoacoustic” imaging

Thermal 
expansion Acoustic wave

Localised 
energy 
deposition

The sound of

protons in Garching…

W. Assmann et al, Med Phys 2015

https://www.youtube.com/watch?v=EYJJP6Zdfts
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Ion transmission
imaging

Imaging of tissue stopping power properties (SPR, specific to ion beam therapy)

• Dual Energy X-ray CT (DECT) • Ion transmission imaging

Commercially available

Improved SPR accuracy Low-dose imaging

Enables direct SPR 
estimation

Oancea&Schulte, IEEE 
MIC 2018

Enables patient-specific
calibration

Wolfahrt et al, IJROBP 2017

Under development

R. Schulte & pCT collaboration

Proton and light ion imaging will be addressed by Profs. Landry and Parodi

Example of how modern imaging provides new basis for radiotherapy:

CT

MR

PET

SPECT
X-ray-

imaging

Take-home message

 Improved delineation of target volumes & patient model
 Assessment and correction of movements and deformations
 Assessment and  differentiation of biological heterogenieties

Physical background and even more applications 

outside RT will be shown in next lectures !

US

Ion imaging


