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MRI System KR,

Hugh selection of
contrast generation

No permanent effects

from interactions of

biological systems with

magnetic fields - ~ considered harmless

Learning objectives for today R,

* What is a MR-Signal and how to create it?

* What do we need to create it?
* Why three different magntic fields?
* Some remarks regarding MR-hardware

* What can we do with this signal?
* Creating images
* Linking spectral information to Chemistry

* Some basic image weighting
* T2 weighting
* T1 weighting
* Diffusion weigthing
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Spin R,
= Angular momentum in some
atoms ('H, '3C, '°F, 2Na, 3'P)
= Spin
= Direction of spins is distributed
randomly
0
= Parallel / antiparallel alignment in
an external constant magnetic
field
5
MR-phenomenon R,
Boltzmann-statistic for 1.000.000 'H-nuclei (37°C, B, = 3 Tesla):
N1 = 500.005
N| =499.995 o .
0 E
- net magnetization is low (0,001%) IVVVSVYY
Precession around the By axis 2
’ IW
I Bo e
Sum of all spins & net magnetization
rotating coordinate system / ’
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Excitation R e,

» Resonance frequency w (3T) = 127,56 MHz 2 w =y*B,

Gyromagnetic ratio y = 42,52 MHz/T, Bo static magn. Field [T]

* Excitation (energy absorption) trough electromagnetic wave with resonance frequency,
perpendicular to By

* Net magnetization flips into the transverse plane (90°-puls)

IZH z
i - JJ

/ ' I [®1
MIong = max.X Mlong =0
N _
Mtl’ansv = 0 Mtransv = max.

[ ) Klinik far
What can we measure? KR e,
mlong =0 jll Signal in coil max Bl Signal in coil ca. 1/2
Miransvy = max. ™M . .
M M|ong Ca. 1I2

/ , [Q Mrans ca. 1/2

X

2l Signal in coil min
.
Miong = max
T y
M¢ransy = 0 / {
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T1 relaxation

* Increase in longitudinal magnetization (Mz)

2 A
z
1
—>
Mz
IATLL S !
/ y
240 680 809 2500t [ms]
X
Water/CSF 4000
Gray matter 900
t Muscle 900
— T Liver 500
M; () =My(l—eT;)
Fat 250
Tendon 400
Proteins 250
Ice 5000

T2 relaxation R e,

* Decrease in transversal magnetization (Myy )

¢ spin-spin-relaxation
Myy

z
) e— y
v 84 101 1400 2500
MXY 92
P—————
X
Water/CSF 2000
Gray matter 90
t Muscle 50
-7 Liver 40
= T )
My (t) = My(e T, i
Tendon 5
Proteins 0.1- 1.0
Ice 0.001
S
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T2 relaxation R e,
* Decrease in transversal magnetization caused by dephasing
Eumpg;gradi
:verschoben: 9?'
"y
MXY Periode
’ 1 1 1 1 o »
11

Hardware for B, R e,
» Static field B,
* Superconducting coil
* m =10.000 kg
* Cooling system (cryo

system) with

liquid He (ca. 1000 I)
* Temp. <4 K (-269,15° C)
* 3 Tesla

12
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Hardware for B,

* Excitation coils

Replaceable headcoil

R

fixed bodycoil
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MR signal —what can we do with it? el
g
|
! / |
!
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MR signal vs. Image? Rz,

T—

Where does the signal come from??

15

Gradient fields — slice selection KR e,

* Superposition of an additional (smaller)
location-dependent magnetic field

* Slice selection

* Resonance condition applies only in one
slice

Ort

z \" ! Spoiler ¢
Schichtselektion mod. nach H.E.Méller (2002)

16

Modern Applied Mathematics in
Bioelectromagnetism, Part |, WS 2024/2025 8



J. Bauer: Introduction to Magnetic Resonance 21.01.25
Imaging
. . . L] Klinik fur
Gradient fields — frequency enconding & e,
o
n Vo(x) e VMR AN
JA AN s i +\IVl\vnv/\vm.
HF =Y T it
A RS
G / \ 2 3 4 54
. \_/Ausleseperiode t - [l
mod. nach H.E.Méller (2002)
The readout gradient / frequency w
encoding gradient makes the :
resonance condition dependent from Ort
location. @
17
. . . L) Klinik far
Gradient fields — phase encoding K e,
o
E JAY AN
B
% EgPhasenkodierung t
mod. nach H.E.Méller (2002) . ngl\
The phase encoding gradient makes w
the phase dependent from location :
Ort
Q)
18
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Gradient fields KR i,
Amplitude:
1985: 3 mT/m
PRISMAt: 80 mT/m
dB/dt = 60 T/s Cima.X 200 mT/m
Slew rate:
1985: 20 T/m/s
PRISMAit: 200 T/m/s
Cima.X 200 T/m/s
19
How does the scanner know the locations Qi
Radiologie
of all the MR signals?
* Slice encoding
] @ * Frequency encoding
§@ * Phase encoding
@)
] :
L
$0
I @ k-space Image
1 @ (spatial frequencies) (spatlal intensities)
% (\ (\f \‘u \l‘x \‘H il w\
l Iiu il |H
Frequency encodmg
P ) =) =)
20
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Stepwise filling k-space R iz

readout !‘V
. Npe : # phase encoding steps
Phase encode é fak = * % PE
/—\ L Scan Time=TR*NSA NPE NSA: # signal averages
Siceselect  \_/ —er— TR: Repetition time
EaN——
RE UV K
—
Receiver

>

v
4

Other k-space
trajectories:

A
A

~ radial ~ spiral

21
. . . . [ ] Klinik far
Repetition time and echo time KR i
UK Miinster
Gradient echo
RF The echo time (TE) represents the time from the
ulse (\ center of the RF-pulse to the center of the echo.
p
Slice select
gradients
The repetition time (TR) is the length of time
Frequency between corresponding consecutive points on a
encode gradients repeating series of pulses and echoes.

Phase encode

gradients

Signal

acquisition

TE and TR are the main contrast parameters
> that determine the image weighting.
22
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Sequence families - GE

Gradient echo

N

RF
pulse

Slice select
gradients

Frequency
encode gradients

Phase encode

° Klinik far
Radiologie
UK Miinster

This gradient causes a calibrated change of the
local magnetic fields and thus a slight change of
the resonance frequencies in the sample

A rephasing gradient is applied with the same
strength but opposite polarity to the dephasing
gradient, reversing/ undoing the phase scramble. A

gradients small GRE has been generated
Signal
acquisition
Ar——
TE
> —_— >
TR
23
ol ° Klinik fair
Sequence families -SE QR e
UK Miinster
Spin echo v
90° Remember:
A [\
pulse N___
Slice select . Inhomgeneous magnetic field
gradients Chemical structure
More or less shielding
Frequency .
encode gradients
Phase encode Dephasing
gradients Lost of tranv. magnetisation
Signal
acquisition
TE Rephasing
...... —_— Spin Echo
TR
24
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Contrast generation KR,

M;
ke weiBe Substanz
*
T2*<T2<T1
T1 relaxation e graue Substanz
240 680 809 2500? [ms] Water/CSF 4000 2000
Gray matter 900 90
Mxv A Muscle 900 50

weiBe Substanz Liver 500 40
18 Liquor Fat 250 70
Tendon 400 5
H Proteins 250 0.1-1.0
T2 relaxation ax e 2 -
ce A

graue Substanz

t[ms] Relaxation times depend on
84 101 1400 2500 . velocity of molecular motion
92
25
. . L) Klinik far
Weighting R iz,
Signal intensity S
TE short (compared to T2)
TE/T2=0
ef=1
T2 effects largely disappear = T1 dominates
Scaling factor
TR short (compared to T1)
Proton density TR/T1=0
el=1
T1 effects largely disappear = T2 dominates
26
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T1 weighting 2 Tlw KR i,
Short TR Short TE
TR <500 ms TE<20 ms
CSF very dark
White matter bright
Gray mater dark
[ Let’s have a look on https://virtmri.keks.li/ }
27
. . [ ] Klinik far
T2 weighting 2 T2w R ez,
Long TR Long TE
TR = 1800 ms TE = 80 ms
CSF very bright
White matter dark
Gray mater bright
28
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Proton density weighting = PDw Rk,
Short TE
CSF
White matter
Gray mater
29

Inversion recovery—> FLAIR R

Grey matter
fat

water

Short TE
90
[

B TR > 2500 ms TE > 100 ms e.g. TI'=2000 ms

InversionTime Tl

Null point

TI

Lesion detection!

30
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Inversion recovery—> FLAIR KR e,
31
. o] . . L) Klinik far
Suceptibility weighting=> SWI KR e,
32
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_ * [ ] Khmkaur
SWI + FLAIR = FLAIR KR e,
* Central Vein Sign
33
. . . . . [ ] Klinik far
Diffusion weighted imaging = DW!| KR e,
* Brownian motion, or pedesis, is the random motion of particles
suspended in a medium
* In fluids isotrop
* In biological tissue it depends on cell size, cell form, cell density .....
- motion is directed = anisotropic
* In white matter: Diffusion direction is oriented to the nerve fibers
34
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_Diffusion weighted imaging = DWI Rz,

* Principle: creating a signal decrease in tissues with high directed
diffusion using additional diffusion gradients

90° 180° b = yz GZ 62 (A_6/3)
RF -nv .n, magnitude (G), duration
KL). (6) separated by time
interval (4).
c[
Gaiff
S |
A

Stejskal-Tanner 1965

35

_Diffusion weighted imaging = DWI Rz,

Diffusion-weighted, ADC, calculated from
b =1000 s/mm?

(at least) 2 b-values

36
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Advanced DWI| = DTI <&

* Giving the diffusiongradients (some or more) directions

* Calculating eigenvectors € with corresponding lenght A = Tensors

FA, calculated from
DWI in > 6 directions

37

High-end DTI KR e,
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Thank you for your attention! iQ

=
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