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Nuclear magnetic resonanc

Protons

MRI measures density of protons as a function of position.
Proton: modeled as a tiny spinning positive electrical charge.
Rotating charge~ magnetic moment.
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There is no net magnetization since the random arrangement of protons c
the magnetic moments to cancel out.
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Protons in a magnetic field

External magnetic fieldBp) causes precessional motion about the direction
Bo.

BO

@

The frequency of this precession (Larmor frequency)

wo = 7Bo

~ is the gyromagnetic constant.
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The magnetic field

MRI scanners use magnetic fields measured in Tesla.

e Clinical scanners typically 0.2T up to 3T.
e For experimental research we use up to 17T.

Conversion: 1T = 10000 Gauss.
The Earth’s magnetic field is 0.6 Gauss.
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Protons

In a volume of matter, precession will be out of phase.

Let the direction oBg be along the z-axis.
Net magnetizationVy occurs in z-direction since

@ Spins have coherent z-component.
@ Spins are out of phase no net magnetization in x-y plane.
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Nuclear magnetic resonanct

During RF pulse

An applied RF pulsef the right frequencwiill cause:

B0

@

@ Spin axis to tip into the x-y plane.
e Precession to be in-phase. (net magnetization in x-y plane)
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After RF pulse

After the pulse ends

e T1: Spins realign with z-axis (recovery of net magnetization in z
direction)

e T2: Spins dephase (magnetization in x-y plane decays)

BO

©

T1 and T2 are time constants associated with these phenomenon
e Mz = Mp(1— exp(—t/T1))

The value of T1 and T2 depend on tissue properties.
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The received signal

e The same coil can be RF transmitter and receiver.
e As transmitter: Current through the coil generates electromagnetic fie
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@ As receiver : Rotating magnetization causes current in the coil. The
current is the signal that is measured.

e Decaying, rotating magnetization leads to an oscillatory signal with
decaying magnitude.
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Magnetic resonance

e Protons act like tiny magnets.
e When a magnetic fieldgp) is applied in z-direction ...

» Proton spins precess about z-axis.

» Net magnetization is induced in z-direction.

» When an RF pulse at the resonant frequency is transmitted ...
* Spins tip into the transverse plane (x-y plane).
* Spins precess in-phase with each other.

* As a result, there is now net magnetization rotating in the x-y plane.

\4

After RF pulse ends ...

* Spins return to z-axis alignment (Time const T1).
* Spins dephase (Time const T2).
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Magnetic resonance imaging

Forming an image from the magnetic resonance
phenomenon

We need the echoed signals to vary spatially.

e Slice selection : signal will only be obtained by listening to one slice a
time.

e Signal acquisition : phase and frequency of signal will encode x-y
position.

e Image formation : Fourier transform.
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Slice selection

Recall : Larmor frequency depends on magnetic field strength.
Apply a magnetic field gradient so that field strength varies in z-direction

B(2) = By + G4(2)

G; is usually a linear function of z.
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Slice selection

Now the Larmor frequency is a function of position (varies in z-direction).

After the RF pulse, tranverse magnetization occurs only in a narrow slice.
_ Aw

G,
whereAw is the bandwidth of the RF pulse.

Az
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Frequency encoding

e After transverse magnetization occurs, remGye

e Apply gradient in x-directiorGy.

e Now the Larmor frequency depends on x-position.
e Record signal.

The received signal contains multiple frequency components, which
correspond to the x-coordinate.
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Phase encoding

e Apply brief gradient puls&y after G, and beforeG,.
e During Gy precession speeds up or slows down, depending on positio

y-direction.
e After Gy precession speeds are equal, but phase is still a function of

position.
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Imaging equation

St) = //Mx,y(x,y,t)dxdy
= / / Myy(X, Y, t) exp[i (7Gxt + yGyyr)]dx dy

Letky = —yGyt andky = —yGyr, then

SO = Sk(t)k) = [ [ Mhofx v expl-iflx+ ky)laxdy
= F(M(xy))
The 2D image of transverse magnetization can be obtained by inverse FT

Process is repeated for multiple slices.
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Pulse sequence
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e Tgr: repetition time between 9RF pulses.
e T : echo delay time - time between RF pulse and signal acquisition.

Choice ofTg andTg control the T1 / T2 weighting of the resulting image.

@ ShortTg, shortTg (Tr < 1000msecTe < 30msec) - T1 weighted image
e LongTg, long Tg (Tr > 2000msec]e > 80msec) - T2 weighted image.
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Magnetic resonance imaging

T1 vs T2 weighting

approximate outline of infarct

white matter| grey matter| water | bone| air | tumor | infarct
T1 bright grey dark | dark | dark| dark | dark
T2 dark light bright | dark | dark | bright | bright

Injected contrast agents can change image properties.
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Other pulse sequences

Changing the pulse sequence (gradient magnitudes and timing) can resul
images sensitive to

e Blood flow (Perfusion MRI)
e Blood oxygenation level (functional MRI)
e Water diffusion (Diffusion tensor MRI)
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