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My second home
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Figure 5.1: A histologic slice of dermis and its di↵erent parts. (From Geneser [13].)

injections are preferably made in a thick subcutis. A microphotography of
unilocular cells is shown in figure 5.2. One important characteristics of subcutis,
as many other soft tissues, is its viscoelastic properties, i.e. it has the behavior of
a solid material on a short time scale, but acts like a fluid on a long time scale
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Figure 5.2: The unilocular fatty cell found in subcutis is mainly a fat droplet
surrounded by a membrane and the necessary organelles and cell nucleus are pressed
aside. The fat droplet is not seen in this histologic microphotography as it is dissolved
in alcohol used in the preparation process. (From Geneser [13].)
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Simulation results

Figure 12.1: Left column is a needle injections at t =0.5, 1.0, 1.5 and 2.0. Right
column is a jet injection at t =0.25, 0.5, 0.75 and 1.0.
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General MRI results

a
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Figure 10.4: An intramuscular injection to the left and one barely visible subcutaneous
injection to the right, both are made with jet device and 200 µl saline with 5 %
gadodiamide. a. few minutes after the injection and b. after two hours. T1-weighted
flash sequence (TE =3.4 ms, TR =1530 ms, ↵ = 25�) Pixel size 0.43 mm ⇥ 0.43 mm.

also take inclination of the skin plane in the transversal plane into account. One
example of an output is shown in figure 10.5.

10.4 Summary on general MRI results

Pure saline injections can be clearly imaged with T2- or proton density weighting
sequences. Gadodiamide diluted saline has been used in di↵erent concentrations
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MRI

Mech 
Sim

Needle Jet

My first MRI project, DTU MSc Thesis 2007 
Imaging injections in ‘flæskesteg’ (pork) samples 

MR Spectroscopy detection of 
metabolites

b = 22 000 s/mm2

b = 300 s/mm2

b = 1400 s/mm2

b = 5500 s/mm2

b = 12000 s/mm2

tNAA
tCr

tCho

Glu

Metabolite diffusion

Multiple contrasts over time 
In Multiple Sclerosis

High resolution ultra high field 7T 
MRI in Multiple Sclerosis

Structural spinal cord MRI combined with 
functional MRI during foot motion

All data, Lundell/DRCMR

Quiz-time!

https://forms.office.com/e/XHLkdF5ktZ



The MRI system

Coyne, 2012
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Overall MRI topics
• The basic hardware components of an MRI system 

• Nuclear spins and precession 

• RF-pulses (B1-field), magnetic resonance and relaxation 

• Signal preparation, sequences and contrast mechanisms


• Magnetic field gradients, slice selection and phase and frequency encoding


• The k-space and image reconstruction


• Image reconstruction (exercise)


• Advanced and emerging MRI methods and applications


• MRI safety

Coyne, 2012

https://www.drcmr.dk/news-events/news/item/317-no-harm-done-but-close

Safety around the MRI scanner! MRI Teaching material

• Lecture notes by Lars G. Hanson (47 pages) available in English and 
Danish. (Link in course plan). Today: sections 1-11


• Chapter 12 and 13 in Prince and Links. Today: Ch 12


• Today we will use the CompassMR spin simulator https://www.drcmr.dk/
CompassMR/ and later other simulators from the same resource


• Matlab exercise on November 27 



Today’s Intended Learning Objectives

• Identify main hardware components of an MRI scanner and their role.


• Describe the basic properties of nuclear spins in a magnetic field (B0-
field).


• Describe the interaction between a radio waves (RF, B1-field) and a 
magnetic moment.


• Distinguish between longitudinal and transverse relaxation processes and 
how it relates to the MR-signal.

Nuclear spin
• Protons and neutrons have a property called spin providing a magnetic 

moment (like a compass needle) and is the key property used in MRI and 
NMR


• Even number of protons or neutrons in the nucleus pair up and annihilate the 
net magnetisation


• Nuclei with unpaired (uneven number) of protons and/or neutrons such as 
1H, 13C, 19F and 31P


• The hydrogen (1H) nucleus (often called proton) provides the strongest 
naturally abundant MR signal in the human body and is highly abundant in 
all biological materials.

Exercise 1
• Go to https://www.drcmr.dk/CompassMR/ on laptop or 

phone


• Try the push button and describe what is happening.


• Try a low and a high magnetic field strength (B0-slider) 
and describe your observation.


• Activate the “coil” and set B0 to max.


• Describe the phenomena when adjusting the frequency 
and amplitude of the oscillating external field (B1).

Magnetic moment 
+ 

Angular momentum (rotating mass)



Exercise 2
• Go to https://www.drcmr.dk/CompassMR/ on laptop or 

phone


• Enable “coil” and “spin” and give it a push. What is 
happening? Can you describe the motion?


• How could this be detected from the outside and how 
would it appear?

Signal from a precessing spin

Precession
The Larmor equation

For protons

Precession
The Larmor equation Gyromagnetic ratios for 

different nuclei



Exercise 3
• Go to https://www.drcmr.dk/CompassMR/ on laptop or 

phone


• Enable “coil” and “spin”. (Tip: If you need to bring it 
back to rest at equilibrium unclick and click “spin” 
again.)


• Try to find a resonance, is something different?


• Can you see when and how the flip angle changes in 
relation to the oscillating B0 field?

Gyroscopic forces

Gravity

Gyroscopic force   

Exercise 4
• Go to https://www.drcmr.dk/CompassMR/ on laptop or 

phone.


• Enable “coil” and “spin”.


• Find a setting that turns the magnetisation exactly 180 
deg (red end downwards) and leave it there!


• How could this view be realised in an MRI scanner?


• Rotating frame and a circularly polarised B1 field

From one to many spins

The image intensity 
depend on the proton 

density and how 
relaxation effects are 
reflected in the image 

method (the sequence)



Polarisation of spins
• The polarisation of spins in a static 

magnetic field compete with thermal 
fluctuations (eq. 12.4 in Prince).


• At typical clinical field strengths the net 
polarisation correspond to the 
alignment of a few ppm of spins.


• The net polarisations interaction with the 
B1-field can in many ways be understood 
as the single spin in the MRCompass 
simulator.


• The collection of spins, however, interact 
and lead to additional relaxation effects.

Longitudinal relaxation (T1)
• A precessing spin/magnetic moment M0 will interact with its 

surroundings and relax back to equilibrium with the time 
constant T1 (or rate R1=1/T1). For a 90 deg flip angle the 
magnetisation will grow back like: 
 
 
 
 
 
In e.g. brain tissue this process takes ~ 1 s and is called 
longitudinal relaxation. 

Relaxation (T2 (and T2*))
• The measured signal is the amplitude of the rotating projection in the xy-plane - 

the transverse plane perpendicular to the B0 field along the z-axis - and this 
amplitude decay with the constant T2* (“T2-star” or rate R2*=1/T2*). 
 
 
 

• T2* is shorter than T1 since collections of spins dephase over time.


• T2* include both irreversible dephasing from spin-spin interactions (called T2) 
and dephasing from field inhomogeneities at different locations (T2’). The latter 
can be restored with the “spin-echo” effect (next time). T2 and T2* are usually 
shorter than 100 ms. 
 
 

http://xrayphysics.com/sequences.html

The Bloch Equations

Rate of change Precession Relaxation



Free induction decay A simple sequence
Flip angle

Echo time

Repetition time

Short repetition time

The echo time determines T2* weighting

The repetition time determines T1 weighting

From signal to image Today’s Intended Learning Objectives

• Identify main hardware components of an MRI scanner and their role.


• Describe the basic properties of nuclear spins in a magnetic field (B0-
field).


• Describe the interaction between a radio waves (RF, B1-field) and a 
magnetic moment.


• Distinguish between longitudinal and transverse relaxation processes and 
how it relates to the MR-signal.



Recommended reading for next time

• Today we covered contents in Lars G. Hansons lecture notes section 1-7 
and Prince & Links Ch. 12.


• Next time we will recap and expand some of today’s concepts and start 
discussing how different types of contrasts and images are formed 
(section 11 in the notes and Ch. 13.1-2).


