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Basic MRI Techniques 

• Introduction to MRI 

• MRI signal generation 

• Imaging the magnetic resonance signal 

• Relaxation times and tissue contrast 

• MRI technology 

• Safety and exposure 



Introduction 



Magnetic Resonance Imaging 

• MRI is a technique that utilizes the magnetic 
resonance signal produced by the protons 
(1H) of tissue water to obtain vivid depictions 
of the internal macroscopic anatomy of soft 
tissues 

 

• MRI has become the “method of choice” for 
nondestructive visualization of brain anatomy 



Magnetic Resonance Imaging 

• MRI is based on nuclear magnetic resonance 

(NMR), which has become an indispensable 

tool in the fields of chemistry, physics and 

structural biology 



MRI is an “old” technique 

Early 20th century 

Postulation of nuclear spin and nuclear dipole moment 

 

1930s 

Attempts to detect magnetic properties of atomic nuclei 

 

1946 

Detection of magnetic field induced by nuclear magnetic dipoles 

independently by Bloch and Purcell (Nobel Prize in Physics, 

1952) 

 

1950 – present 

Nuclear Magnetic Resonance (NMR) used as a tool in analytic 

chemistry 

 

1965-1975 

Development of efficient methods of NMR signal detection and 

imaging by Ernst (Nobel Prize in Chemistry, 1991) 



MRI is an “old” technique 

Early 1970’s: 

First publications on “NMR imaging” by Lauterbur and 

Mansfield (Nobel Prize in Medicine, 2003) 

Studies of NMR relaxation (contrast) in biological tissues 

and cancers by Damadian 

 

Late 1970’s 

First human MRI devices 

Detection of metabolite NMR signals from living cells and 

biological tissues 

 

Early 1980’s 

Development of Magnetic Resonance Angiography (MRA) 

First use of superconducting magnets in MRI scanners 

Biomolecular structures of peptides and small proteins 

(structural biology) by Wuetrich using NMR (Nobel Prize in 

Chemistry, 2002)  

 



MRI is an “old” technique 

Late 1980s – present 

Development of rapid MRI techniques 

Development of Magnetic Resonance Spectroscopy as a 

clinical tool 

Development of MRI contrast reagents 

 

Early 1990s – present 

MRI detection of brain activation (functional imaging) 

Kinematic imaging of the heart 



Magnetic Resonance 

Imaging 

• In the 1970’s, methods for forming 
images from the proton NMR signal that 
is produced by the water in living tissues 
were developed and became known as 
MRI 

 

• MRI is now a routinely used clinical tool 
and has growing utility for investigations 
involving brain structure and function  



MRI scanner 



MRI is a unique biomedical 

imaging technique 

• MRI forms images from an intrinsic tissue 

signal that does not result from 

radioactive decay 

 

• Computed Tomography (CT) and 

conventional radiography form images by 

measuring the attenuation of external x-

rays 



MRI is a unique biomedical 

imaging technique 

• MRI forms images from an intrinsic tissue 
signal that does not result from 
radioactive decay 

 

• Positron Emission Tomography (PET) 
and other nuclear imaging techniques  
measure signals that are produced by 
exogenously supplied radiotracers as 
they undergo radioactive decay 



MRI Signal Generation 



Nuclear spins and magnets 

• MRI is based on the fact that collections of 
atomic nuclei, when placed in a strong 
unchanging magnetic field (B0), exchange 
energy with an externally-applied oscillating 
magnetic field (B1) provided that B1 meets 
certain specific criteria 

 

• Certain atomic nuclei behave as if they are “bar 
magnets” because they have electric charge 
and because they “spin” about an axis. 
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The Static Magnetic Field 

• B0 is typically 1.5 Tesla or greater 

– (30,000 times the strength of the earth’s 

magnetic field) 

 

• Magnetic fields penetrate bony structures 

allowing the brain to be “seen” through 

the bony cranium 

 



Large ensembles of nuclei 

• The typical MRI volume element has 

about 1020 protons 

– Some nuclei oriented parallel to B0 

– Some nuclei oriented antiparallel to B0 

• Nature favors the parallel configuration 

– Lower energy 



The Larmor Relationship 

• The precessional frequency is related to B0 

 

f = γB0 

 
f is the number of precession cycles per second 

γ is the gyromagnetic ratio (a unique property of a particular 
kind of nucleus) 

 

• The relationship between the precessional frequency 
and the applied magnetic field on the orbital motion of 
an electron was described by Sir Joseph Larmor in 
1879 



Typical MRI frequency 

 

f = γB0 

 

f = (42 million cycles per second per tesla)(1.5 tesla) 

 

f = 63 million cycles per second 
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Large ensembles of nuclei 

• The two configurations do not differ to a very great 
extent in their energy stability 
– Almost equal numbers in the two configurations 

– Most of the protons cancel each other 

• The “uncancelled” nuclei act like a macroscopic bar 
magnet 
– Referred to as “nuclear magnetization” 

– Not quantized 

• The MRI “signal” results from a small fraction of the 
“uncancelled” nuclei 



Oscillatory magnetic field 

• The stable configuration of the magnetization can be 

disturbed by the addition of a second magnetic field 

(B1) that oscillates in time in coherence with the 

nuclei 

– The oscillatory frequency of B1 must be very near to the 

Larmor frequency  

– The ensemble of nuclear magnets “resonates” with B1 

• B1 is created by a transmitter which is turned on and 

off under computer control as needed  
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The Rotating Frame 
• Use of the “rotating frame of reference” helps 

to make the behavior of the magnetization 
easy to conceptualize 

 

• The rotating frame rotates around the B0 axis 
at very nearly the Larmor frequency 

– The B1 field appears to be “nearly” static in the 
rotating frame 

– Any magnetization in the transverse plane 
appears to be nearly static in the rotating frame 

– The B0 field appears not to exist in the rotating 
frame 
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900 Pulses 

• Rotate magnetization about B1 field axis 

by 90 degrees in the rotating frame 
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Spin Echo 

• For practical reasons imaging is frequently 

performed using spin echo signal detection 

rather than FID signal detection 
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Imaging the magnetic 

resonance signal 



Magnetic Field Gradient(s) 

• A magnetic field gradient is a smooth variation in B0 
from one position to another position 
– Anterior-to-posterior variation 

– Superior-to-inferior variation 

– Left-to-right variation 

• Gradients are purposefully applied as part of the 
imaging process 

• Takes advantage of the linear Larmor relationship 
between magnetic field and frequency 
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The Image 

• “Signal” discussed thus far is depicted as gray 

level of each voxel in the image 

– White = greater signal 

– Gray = less signal 

– Black = no signal 



Relaxation and contrast 



Relaxation 

• Recovery to original state after some perturbation 

 

• T1 relaxation time 

– Characteristic time for recovery of magnetization along 

B0 axis 

 

• T2 relaxation time 

– Characteristic time for decay of magnetization in the 

plane perpendicular to B0  



T2 relaxation process 

Magnitude of the magnetization component in the plane 

perpendicular to B0 decays to zero 
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T1 relaxation process 
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Synonyms for T1 and T2 

relaxation 

• T1 relaxation 

– Longitudinal relaxation 

– Spin-Lattice relaxation 

 

• T2 relaxation 

– Transverse relaxation 

– Spin-Spin relaxation 



Definition of T1 
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Definition of T2 
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63% of the decay of magnetization in the plane perpendicular 

to B0 to be completed 



T1 and T2 are “tissue” dependent 

• T1 and T2 are (mostly) related to how quickly the 
water molecules that generate the signal can 
“tumble” 

 

• Water tumbling speed depends on 
– Viscosity of the biological fluid 

• Solutes -- especially macromolecules 

– Amount of surface (biological membranes) that water 
can “stick” to 

 

• Different biological tissues have differences in 
macromolecules and membranes  



T1 and T2 measured in various 

tissues 

Hornack JP. The Basics of MRI. (http://www.cis.rit.edu/htbooks/mri) 



Contrast 

• Ability to detect signal differences between 

tissue types relative to noise 

 



Spin Echo Imaging 

• Spin echo imaging is the most frequently used 

MRI procedure 

 

• Spin echo imaging has two key timing parameters 

that are used to “adjust” the contrast 

– TE (time-to-echo) 

• Gives contrast dependent on T2 

– TR (time-to-repetition) 

• Gives contrast dependent on T1 
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Repetition of Spin Echo Signal 

Acquisition 

• Necessary part of imaging procedure 

 

• Often needed to enhance the image 

quality 



Dependence of Signal on TR and T1 

(with TE held constant) 

TR 

Spin Echo 

Amplitude (S) 

S at TR= infinity  

(Slong) 

S = Slong(1-e-TR/T1) 



Dependence of Signal on TE and T2 

(with TR held constant) 
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Dependence of Signal on TR, TE, 

T1, T2 

S = SPD(1-e-TR/T1)(e-TE/T2) 



Proton Density Weighted Imaging 

• TR >> T1 and TE << T2 

• 1-e-TR/T1 = 1 

•  e-TE/T2 = 1 

S = SPD(1-e-TR/T1)(e-TE/T2) 

S = SPD 



T2 Weighted Imaging 

• TR >> T1 and TE = T2 

• 1-e-TR/T1 = 1 

S = SPD(1-e-TR/T1)(e-TE/T2) 

S = SPD (e
-TE/T2) 
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T1 Weighted Imaging 

• TR << T1 and TE << T2 

• e-TE/T2 = 1 

S = SPD(1-e-TR/T1)(e-TE/T2) 

S = SPD (1-e-TR/T1) 
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MRI Contrast Agents 

• Typical contrast reagents 

are chelates of metals 

ions (e.g. gadolinium) 

having unpaired electron 

spins 

 

• The electron spin 

decreases the T1 of water  

 

• Water molecules must 

“touch” (r << 20 A) the 

agent to enhance T1 

relaxation 

 

r 



MRI Contrast reagents and T1 

• Typical contrast reagents 

are designed to not pass 

the blood brain barrier 

 

• T1 relaxation is enhanced 

only where blood brain 

barrier is damaged 
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MRI Technology 
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Safety and exposure 



Safety 

• MRI is widely regarded as a safe biomedical 

imaging procedure 

– No (ionizing) radiation is used 

– No radioactive materials are used 



MRI Exposure 

• During the MRI procedure, the subject is 
exposed to 

– A strong static magnetic field 
• Largely unknown biological effects 

– A strong oscillating magnetic field 
• Heats tissue (similar to microwave cooking) 

– Magnetic field gradients that are switched on and 
off 

• Induces electric currents in the body 



MRI Exposure 

• No studies have demonstrated that MRI with 

currently available commercial systems has 

any adverse short or long term effects 

– The FDA regulates MRI systems from this 

standpoint 

• Failure to detect an effect does not mean an 

effect does not exist 

• MRI during pregnancy is avoided due to the 

possibility of an unknown effect 



The MRI environment 

A dangerous place 

• MRI magnets create a fringe field that can levitate 
and attract (at great speed) objects that contain iron 
or steel 

• Most MRI magnets use superconducting technology 
are never turned off for cost reasons 

• The MRI room is a controlled environment 
– Iron and steel objects are excluded 

– Certain prostheses are excluded 
• Heart pacemakers 

• Stents 

• Clips 

• etc 



The MRI “experience” 

• Not necessarily pleasant 

– Imaging is a slow process during which the 

subject must not move 

– The magnet space is small and many 

subjects are claustrophobic 

– The gradient hardware makes a very large 

amount of audio noise 




