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Introduction of MRI course
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- BEXFREEZIARER
« MRI The Basics 2", Hashemi et al, 2004 by LWW
« Magnetic Resonance Tomography, Reiser et al, 2008 by Springer

- HaiRIDERF
- Magnetic Resonance Angiography: Principles and Applications, Carr
et al, 2012 by Springer
- Magnetic Resonance Angiography: Techniques, Indications and
Practical Applications, Schneider et al, 2005 by Springer

- Tk i it 5 % 51 6] 2
« 7.0 Tesla MRI Brain Atlas, Zang-Hee Cho, 2010 by Springer
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- Dynamic Contrast-Enhanced Magnetic Resonance Imaging in
Oncology, Jackson et al, 2005 by Springer

- BEEMRAGRERIRT

- Diffusion-Weighted MR Imaging of the Brain, Moritani et al, 2005 by
Springer

\

- WIS IKE K P
- Handbook of MRI Pulse Sequences, Bernstein et al, 2004 by Elsevier
- Hit

« MRI of the Upper Extremity, Lower Extremity
- MRI of the Musculoskeletal System
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s ik = A8 R

Basic Principles of Magnetic Resonance
Nuclear magnetic resonance (NMR) <
Magnetic resonance imaging (MRI)
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Electromagnetic Waves

Frequency (Hz)Energy (eV)Wavelengt

Gamma rays and X-rayle:" 1010 10716
108 10° 1018
- All travel at the speed of 102 108 1014
light c= 3 x 108 m/sec 102! 107 10713
1020 109 (1 MeV) 10722 (1 pn
1 . 5 -
- Maxwell's wave theory: 10 10° 107!
. . 18 4 -10
- an electric field £ o L 19 il
L Ultraviolet 10 107 (1 keV) 107 (1 nm
« A magnetic field B 1016 102 10°8
Visible light 1013 10! 1077
Infrared 1014 10°(1ev) 10901 )
E B Same frequency, 90° phase difference 1013 10°! 1073
E \ Microwaves 10]:{IGHz] 102 1074
H : » C 1011 1073 1073 (1 mm
' 1010 10 102 (1 cm)
; 10° 107 1071
MRI 10% (100 MHz) 1076 10°(1 m)
10 107 10!

http://www.ym.edu.tw/~cflu, Textbook: MRI The Basics, Hashemi et al. 2/19/2014 Lesson 1, Chia-Feng Lu 9

Electromagnetic Waves

- The angular frequency w=2mf fis linear frequency

- We are interested in the magnetic field rather than the electric field
- Electric field generates heat

E B Same frequency, 90° phase difference

AT Tl
O\
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Radio frequency (RF) pulse

« The electromagnetic pulse used in MRI to get a signal is
called an RF pulse.

Frequency (Hz = Energy (eV = electron Wave Length (m =
Hertz) volts) meters)

X-ray 1.7-3.6 = 10'8 Hz 30-150 KeV 80-400 pm

Visible light

(violet) 7.5 % 10M Hz 31ev 400 nm

Visible light (red) 4.3 = 10'* Hz 1.8 eV 700 nm

MRI 3-100 MHz 20-200 meV 6-60 m

AM radio frequency0.54-1.6 MHz (540-1600 kHz)
TV (Channel 2) Slightly over 64 MHz
FM radio frequency 88.8-108.8 MHz

RF used in MRI 3-100 MHz
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Spins and electromagnetic field
- Felix Bloch (Standard University, Nobel prize in 1946)

-« A spinning charged particle (such as the hydrogen nucleus) creates
an electromagnetic field.

<— Greater magnetic field

<— Spinning nucleus
with charge

Bar Magnet
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Spin quantum number (S) Magnetic dipole moment (MDM)

« The hydrogen nucleus (a proton) has a spin quantum number
S (H)=1/2

- The number of energy states of a nucleus
# of energy states = 2S+1 (for 1H = 2)

Direction of

- An MDM is found in any nucleus with an odd number of
protons, neutrons, or both.

- MDM is the signal source of MRL

Spin Quantum Number (S)Gyromagnetic Ratio (MHz/T)

magnetic field 1PON !H 12 42.6
9PIN 19 12 40.0

11P12N 23Nq 3/2 11.3

) ( 6P7N B¢ 1/2 10.7

Direction of S[Jil'l SPIN ]70 5/2 58

+1/2 -1/2 Direction of
magnetic field
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Hydrogen Nucleus (1H) Magnetic Susceptibility, x
« We use hydrogen for imaging because of...

- its abundance (about 60~70% of body is water)

- its high MR sensitivity (high gyromagnetic ratio, y = 42.58 MHz/T)

- X is the measure of magnetizability of a substance.

- The x is defined as the ratio of the induced magnetic field (M)
to the applied magnetic field H:

M= xH or x= M/H.

Spin Quantum Number (S)Gyromagnetic Ratio (MHz/T) - The magnetic induction field or magnetic flux density, B, is

¥ 1 - . . .
PN H 12 426 the net magnetic field effect caused by an external magnetic
9PIN  17F 12 40.0 field H:
11P12N 23N, 3/2 11.3
6P7N  13¢ 12 10.7 B=puH=(1+Y)H=H + M.
9N 17 5 . ..
8p9 v a Sis W represents the magnetic permeability.
S # 0, can be MR signal source
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Magnetic Substances

- Diamagnetic
« No unpaired orbital electrons

- Under an external By, a weak M is induced in the opposite direction to
By (x<0and p<1).

- Most tissues in body are diamagnetic.

- Paramagnetic
« Unpaired orbital electrons
« Misin the same direction as B, (x>0 and p>1).
- Become demagnetized once the B, has been turn off.

- Dipole-dipole (proton-proton and proton-electron) interactions
cause T1 shortening (bright signal on T1-weighted images)

- Breakdown products of hemoglobin: deoxyhemoglobin,
methemoglobin, hemosiderin(superparamagnetic),

- gadolinium (Gd) — contrast agent
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Magnetic Substances

- Ferromagnetic

- Become permanently magnetized even after the magnetic field has
been turned off (x>>0 and p>>1).

. Iron (Fe), cobalt (Co), and nickel (Ni)
« Aneurysm clips and shrapnel
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Bulk Water is Diamagnetic ?!

- The individual protons in a water molecule exhibit a
magnetic moment (nuclear paramagnetism), but bulk (free)
water is diamagnetic.

« NMR depends on nuclei (protons and neutrons), whereas
bulk magnetism depends on electrons.
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s ik 15 =2 IR 3E

Basic Principles of MRI
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Concepts/Types of Imaging

. . Light source
. Reflection Object

- Photography, ultrasound .
. Penetration [{I

* X_ray Camera
« Emission

. PET, SPECT, MRI  MRI . Object

RF [ ]
Transmit X-ray source

RF
Receive
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MRI System

- Superconducting magnet (in
a cryotank)

« Gradient coil/ RF coil
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External B, Magnetic Field

« On the order of 1 Tesla (1T) = 10000 Gauss (0.5 Gauss for
earth's magnetic field)

« Required magnetic uniformity is less than 5 ppm (parts per
million), which can be achieved by shimming and shielding.

- Types of Magnets
- Permanent magnets (for open MRI scanners), always stay on
- Resistive magnets (for low field MRI), can be turned on/off
- Superconducting magnets (the most common today)
- operate near absolute zero temperature (-270°C)
- generate a high B, without generating significant heat
« require cryogens (liquid helium), very expensive !!
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Coils

- Gradient coils
« Shim coil - increase B, homogeneities
- Imaging gradient coil — intentional perturbation for spatial encoding

- Transmit and/or receive RF coils
- Linear phase or quadrature (receive or transmit)
. Surface or volume (Helmholtz or solenoid)
. Single or phased-array
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Gradient Coils

- Intentional perturbation (in a linear fashion) in BO to decipher
spatial information from the received signal
« The slice-select gradient
« The phase-encoding gradient
- The frequency-encoding or readout gradient

Gz Gy
\\ Z
Superior nferlor Ay A
Left-right
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- A transmitter coil transmits an RF pulse

- Areceiver coil receives an RF pulse

- Quadrature-phased array coils

RF Coils

- Types of coils

- Body coils: both transmitters and receivers, a
part of magnet

« Head coils: both transmitters and receivers, a
helmet-like device

- Surface coils: just receivers, imaging joints

- Multiple elements of coils, larger FOV and
better SNR
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Precession

- With By, the proton not only spins about its own axis, but also
precesses about the axis of the By,

- Each proton spins much faster about its own axis than it rotates

around the axis of the B,, A
Larmor equation (frequency) 4
W =YBg Precession

y Is gyromagnetic ratio (MHz/T)

For BO from 1.5T > 3T
w=42.6x1.5T =63.9 MHz

=42.6 x3.0T =127.8 MHz
The RF range for MRI Il

only spin
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Magnetic Dipole Moment

- With B, protons line up and approximately half point north and
half point south

- About one in a million more protons point in the direction of By,

- Over time, more spins line up, creating stronger net
magnetization.
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Magritek videos on youtube (6:33)!!
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T1 Relaxation

« T1 relaxation differs from
- The kind of tissue we are imaging
- The strength of external magnetic field

- BO > Tl N(H) is the proton (spin) density
M oc N(H)(1-e¥/T1)
§  Frrzosnomssr——====s
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T, 2T, 3T, 4T,
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Longer T, at Higher Field B,

- A higher magnetic feld is stronge, it will pull the net
magnetization vector ba it's original position in the z-
direction more quides, produc horter T1.

- What is the number of resonant protons that are available
to transfer energy to the "lattice"?

- Increase the magnetic field strength B, the Larmor
frequency increases = fewer protons experience an
oscillating magnetic field at or near the Larmor frequency
=>fewer protons available to transfer energy efficiently to the
lattice, and the T1 time is lengthened.
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Magritek videos on youtube (4:12)!!

Procedure of MRI

- 1. Alignment (magnetization) B,

- 2. Precession w, = yB,

- 3. Resonance (given B; by RF with w,) w; = yB;, B; LB,
- 4. MR signal (EMF, electromotive force)

- 5. Relaxation time
- T, (recovery rate of M along By),
« T, (decay rate of transverse M),
« T2* (consider both T2 and B, inhomogeneities)

- The most effective resonance is produced when w, = w,
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THE END

alvin4016@ym.edu.tw
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