Magnetic Resonance Imaging:
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MR imaging
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Extreme flexibility with respect to...
e body part, coverage and orientation
® contrast mechanisms: structure, flow, diffusion, thinking...

Overview, 1st lecture

Supplementary material

Basic NMR
Equipment
Nuclear spin and magnetization
Precession
Resonance and excitation
Pulse sequences

Contrast
Quick overview
Relaxation
Dephasing
Spin-echoes

Lecture notes:
e http://www.drcmr.dk/MRnotes
® 47 pages in English and Danish
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Animations and software:
o http://www.drcmr.dk/MR
e http://www.drcmr.dk/bloch

Repetition: Java compass
http:iiwww.dremr.dk/MR

Equipment

You need...

e Magnet, radio wave transmitter and receiver, patient




Nuclear spin

Influence of the magnetic field

Certain nuclei possess "spin"
e H-1, P-31, C-13, F-19, Na-23, He-3,...

Protons (Hydrogen nuclei):

Proton spin gives rise to magnetic property:
Hydrogen nuclei behave like bar magnets with angular momentum

Partial alignment of the magnetic moments:
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A macroscopic magnetization is formed.

The equilibrium magnetization is along the magnetic field.

Precession

Precession and the RF field

When a compass needle is kicked...
...it oscillates in a plane through north,

N

When a proton is kicked...
...the magnetization "precess" in a cone around north:
By
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Mt M % By
Radiares!

The difference is due to the rotation of the protons.

The magnetization precess at the Larmor frequency:
[ =By =42 MHzT- By
» The "gyromagnetic ratic” is 42 MHz/T for hydrogen.

Typically the RF field is also rotating around Bo.
e Magnetic field vector follows precession.
® This is most ef ficient.

The spin distribution

The spin distributin

Equilibrium spin distribution in absense of field is isotropic:

Field effects: Polarization and precession

Reasons that nuclei don't align perfectly:
@ Nuclear interactions and motion.
» Think compasses in tumble dryer.




The equilibrium magnetization

The spin distribution

The net magnetization:
® Nearly nothing (Boltzmann: a few ppm compared to full alignment).
» It is proportional to the applied magnetic field.

o It is impossible to detect in the equilibrium state.

Radio waves can rotate the spin distribution as a whole.
» The magnetic component of the EM field is responsible.

Relative orientations are preserved:
e Sufficient o keep track of net magnetization!

The MR signal

Excitation

The basic MR experiment:

e Place patient in the strong magnetic field.

® Apply radio waves perturbing the equilibrium magnetization.
» E.g. 0 30 degree rotation, By

M

® Switch of f RF and measure the precession of the magnetic dipole:
Bo
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IMdt =M = By
Rudistes!

® Analyze the weak emitted radio signal.

Rescnance:

The pertubation is induced by radio waves (excitation).

Large effect if the system is perturbed at the right frequency.
By
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Pushing the swing at the eigen-frequency changes the amplitude.
Radio waves at the Larmor frequency changes the angle v.

Transfer of energy!

Precession
Reestablishing the equilibrium after excitation:
By
40MHZT W
dM/di =M x By relax. terms
Radiates!

Precession of the magretic dipole.

The system returns to thermal equilibrium.
Radio waves are emitted and detected.

Upcoming....

Animated Bloch Dynamics




Animated Bloch Dynamics

AM fdt =M = (By + By (1)) + relaxation terms

Precession
Resonant excitation (soft pulses)
Non-selective excitation (hard pulses)
Transversal and longitudinal relaxation
The spin ensemble
The rotating frame of reference

starring

By : The main magnetic field along z
oy =¥, : The Larmor precession frequency
o : The RF field frequency
By : The amplitude of the wransversal RF field (i.e. in the xy-plane)
75 : The transversal relaxation time (i.e. orthogonal (o By)
17 ¢ The longitudinal relaxation time (i.e. along By)
> Start Bloch

The MR signal

The oscillating transversal magnetization:
Magnetization

® Representation as a complex number, Mxy = Mx + i My:
My (1) = My exp(—ianr) exp(— /1)

» The transversal relaxation time T2 is time constant for signal loss.

The MR signal

The Bloch equation demonstration

A voltage is induced in the receiving ceil (antenna).
MR signal with a single frequency component:

FID

260 My, regquencystd Hz

Sigral jothognal deection)

oo 500 1000 50,0 200.0
Timairma)

Orthogonal coils detect changes in Mx, My, respectively.
Signals are modulated down from the Larmor frequency to hear zero.

The demonstration showed:
& Precession:
» The magnetization oscillate in the xy-plane
* Rodio waves are emitted

e Resonant excitation (selective, soft pulse)
» A weak resonant RF field will rotate the magnetization.
» Only circularly component following precession contribute.

® Non-selective excitation
» A short strong RF pulse excites non-selectively

® T2- and Tl-relaxation
»
e Rotating frames of reference
+ Often chosen to match the RF frequency
* MR measurements are described in this frame
» Measurement data are demodulated by this frequency o 45, B

Software and animations with soundtracks:
e http:/ /www dremr.dk/bloch
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MR sequences

MR sequence definition: 90?
® A succession of RF pulses, gradient pulses,
Sampling

waiting and sample periods.
MR sequences can be fairly complicated and have long acronyms.
® Example: MPRAGE (Magnetization Prepared Rapid Gradient Echo)
® Long coherence time leaves enormous room for creativity.

» Sequence and sequence parameters determine contrast.

Contrast

















































